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Preface

Frve years have passed sinee the anti mflammatory effect of cortisone
was announced and since this hormone was made available to physicians
During this period extensive mestigations have been made of the action
and uses of cortisone Iy drocortisone and corticotropin Becau e of the wide
spread interest in the effects of these hormones studies have tended to be
scattered among the numerous medieal specialties There 1s no compilation
of these results and there 1s no authontatve compendium of sound clinical
judgment concerning their use It 1s the purpose of this monograph to fill
these needs

Accordmngly the judgment of a group of physicians with wide experience
1 the use of adrenal hormone therapy has been assembled n one volume
The authors not only cite the ample literature 1 their several fields but
present their own conclusions as to the place of these hormones i various
diseases Where there 1s agreement much repetition has been allowed 1n
order to record these relatn ely new medieal experiences as fully as possible
Y 1th equal justification some differing and possibly contrary opmions have
been retained The Lditor has tried not to interfere with any author s
freedom of expression escept when lrmitations of space or the faetor of
unnecessary repetition demanded curtariment Consequently he accepts no
ctedit for the accumulated nealth of Lnowledge here presented although he
tahes a collector s pride 1n the presentation of so many outstanding chapters
Certainly profound thanks are due to the alreadyv overburdened authors
who have taken the time to record and thus to share such valuable mfor-
mation Thexr reports should provide an excellent gude to the constructive
employment of cortisone and related hormones 1n medicine The most effec-
tive and safe u-e ot the e agents will demand of physicians a skill similar to
that which they now apply to the use of such maunstay s of medteal practice
as digttalis thyroxin and insulin

In additton the help of many friends 1> gratefully achnowledged
Drs Robert F Loeb Diclonson % Richards Chester S heefer Walter A
Bauer Augustus Gibson and Charles E Lyght helped in the selection of
the topics and the planmng of the monograph Drs F Curtis Dohan
Donald M Pillsbury Willam L Peltz P Robb McDonald Joseph L
Hollander J happ Clark and Willam A Jeffers have helped by reading
one or more chapters Particular thanks are due Miss Elizabeth Michel for
her assistance 1n editing the manuseripts and n indexing this volume
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1
Physiology of the Adrenal Cortex

Jane A Russell and Alfred E Wilhelmu

Although 1t 15 now nearly a hundred years since Addison first de-cribed
the sy mptoms of adrenal msufficiency 1 man 1t 1s only m the past twenty
five years that some undertanding of the adrenal cortex as an organ of m
ternal secretion has been gained Swingle and Pfiffner! and Hartman and
Brownell? 1n 1830 were the first 1m estigators to prepare extracets of adrenal
cortex tisue which were actinve m muntaming hfe i adrenalectomzed
ammals Since that time 1ntensne physsologic studies of the actions of
adrenocortical extracts have been aceompanied by an even more arduous
and thoroughgoing study of the chemustry of the adrenal cortex and the
nature of its actine principles Four groups of v estigators led by T Reich
stemn 1n Switzerland and E €' hendall O Winterstemer and J J Pfiffner
m the Umted States have played a major part m the 1solation and char
acterization of six active and more than twenty mactnve crystalline steroids
from the adrenal cortex ? The first demonstration of the physiologic activity
of a crystalline product of the adrenat gland was made tn 1936 by Mason
Myers and hendall ¢ who showed that compound E of their sertes (11-
dehydro-17 hydroxycorticosterone later named cortisone by hendall and
Hench) could restore the vigor and endurance of the working muscle of
the adrenalectomized rat Ten years later Sarett* reported the first partial
synthess of corticone from ox bile by 1948 a commercially feasible process
had been achiered by utihzing the diceovertes of hendall ¢ Sarett 5 and
their associates Thus cortisone became available m quantities which per
rutted 1ts applications m clintcal medreine and greatly mcreased the range
and depth of fundamental studies of adrenocortieat function

The stimulus to this contemporary actinity came about through the
convergence of results of fundamental studies of adrenocortical function
with the tdeas developed by Hench and his colleagues” $ during their chinieal

From tte Department of Biwochemi try Lmrry Unnersity Scheol of Medieme
Emory University Georgia

1



2 MEDICAL U4§S OF CORTISONY

study of rheumatoid arthritis from 1923 to 1939 Fherr work gradually led
them to the conviction that the processes of the disease were reversible and
to the reahzation that the urcumstances in which this reversibiity was
somrtimes mamfedted—pregnancy  jaundice foreign protem reactions
starvation surgieal operations and other streswes—were of such arnety
that the alleviation of symptoms could best be explained mn terms of some
rommon denommator a substance possibly a hormone, elaborated by the
body In the latter vears of this sfudy other mvestigators had begun to
dehne the metabolic actions of the adrenal cortex and werc establishing the
poiit by a multiphaty of ebseryations, that i normal amimals the secretorv
activity of the gland was ncreased i a wide vanety of conditions of .tress
many of shich were simifar to those which Hench and his calleagues had
learned to assoaiate with the rehef of rheumatutd arthritis This revaved and
strengthened an carlier view whirh had been Inid asde for some years
that the adrenal cortex might be assactated with the disey ¢ At the first
opportumty when cortisone beeame avnlible i suffictent amounts i 1948
it was tried 10 a series of patieats T arly i 1649 an additional serses of ob
servations nas made with eortisone and with eorticatropin The excellent
therapeutic effects of both these agents were reported by Hench ot 2l % m
Apnl 1949 The fruit of these obseryvations is attested 1 the remamder of
this v otume

Three ponts may he made in bringing this brief introduction to a close
Farst the practical therapeutic applications of cortisone and corticotropin
provide one of the most bulhant contemporary examples of the value of
research directed tow ard the fundamental understanding of physical cherm
cal physiologic and pathologic processes Second 1t Mlustrates the mter
dependence of sctentific hnowledge <nce the practical reabization of a very
good 1dea amang from a fundamental chimcal mvestigation had to anat
the development of thought and practice mn synthetic argamie chemstry
biochennstry and physiology as well as the development of dustrial
energies and shills of a verv uncommmon order Fually a legitunate pride
m practicl achievement must be moderated by the fact that the funda
mental problem s as yet unsolved the essential mechanism of action of the
adrenocortical hormones 1s not understood

The Adrenal Gland

the mammahan adrenal gland 18 4 compound endoerine organ con
sisting of 1 thak «diular eortex secretng the cortical hormones and a
medullary portion which sccretes the hormones epinephrime and notepine
phrine  The crenlation to the two parts 1s common The (ntermy vessels
tonasting u ually of several branehes from nearby arterinl trunks, penetrate
the capsule and then branch into artenoles and capiilaries whieh pasg
toward the center of the gland 1he bload from these capiflaries drans into
ainusoidal spaces m the mner cortex and medulia and finally emerges from
the gland m a angle adrenal vemn In embnonic opgin the two parts of the
adrenal gtand are quite distinet the cortex anses from the cclomie mesoderm
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near the urogemtal ndge and the medulla dilferentiates from the neural
erest The nature of the sceretions and the physiologie functions of the two
parts are entirely different and although 1t seems unlikely that the intimate
anatomic relationship found 1n higher ammals should be irrational, no direct
physologic connection between them s now hnown

Structure

The adrenal gland varies in shape m different species from the nearly
round organ <een m rodents to the flattened caplike structure found 1n man
1t 15 enclosed by a fmrly heavy fibrons eapsule which may penetrite the
gland to some extent Within the capsule the large epitheliond eells of the
cortex are arranged 1n loose cords or nets Three zones generally are dis-
tingwishable the zona glomerulosa & thm layer just beneath the capsule
1 which the cells are arringed n 1rregular layers the zona fasciculata the
widest portion 1n which the eells are found in cords tending radsally and the
zona reticulanis where the cells ltie 1n loose anastomosmg nets or whorls
Histologic evidence suggests that the cells of the cortex anse primarily 1n
the layers Just beneath the capsule and move mward diiding and perhaps
differentiating further as they do so and then finally degenerate and dis
appear 1n the reticular zone Although this view has been debated 1t1s clear
that after enucleation of the gland the remaming cells of the glomeralosa
or capsule are capable of g1ving nise to all of the cells of the adrenal cortex **
Also when bits of the adrenal capsule and glomerulosa are transplanted
functioning glandular tissue develops but transplants contamning only
fascicular and reticular cells do not take '* Thus 1f any differences in func
tion of the several zones exist they would not appear to result from the
presence of distinet stramns of cells but most probably would depend upon
the stages of matunity achteved by the cells m the different zones

In the human embryo the adrenal gland cont uns between the cortex
proper and the medulla a thick boundary zone which has been described as
the "\ zone or as the fetal cortex During late prenatal and early postnatal
hife this zone disappears by mvolution and 1s not observed agam A some
what stnmlar distinetive zone has been described 1n the adrenal of the mouse
here 1t appears shortly after birth and disappears some weeks later From
mdirect evidence this zone has been suspected of havmg an androgenic
funetion * Whether the human fetal adrenal has any similar physiologic
relationships 1s not known 13

Chemustry The cells of the adrenal cortes are rich in lipids of several
types In addition to much sudarophil mitenal they contain also & large
number of droplets both coarse and fine which are acetone soluble bire
fringent autofluorescent Schuff posttive and reactive with hydrazines
These properties collectively have been taken to indicate the presence of
hetosteraids m the droplets snce this 1s said to be the only group of com
pounds known which 15 characterized by all of these reactions * 15 However
1t 13 quite possible that each of a number of different substances could dis
play some of the reactions and the identification of ketosteroids by thewe
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procedures has been disputed Sinee the most spearfic of these reactions the
formation of hyvdrazones oceurs with sterouds containing hetone groups at
earbon 3 17 or 20 '° 1t 15 obnous that at best these hastochemucal methods
cannot differentiate between physiologically aetne and mactne sterowds
m the gland The distributions of the sudanophs! mtenal and of the “heto-
steroids  have recerved mueh attention as possible mdieators of phy silogic
actaty i different regons of the gland ' ¥ ™ Ngrmally there are moderate
amounts of these substances 1w the glomerular zone inttle if any m 2 th
band separ ting the glomerutir and fascieular zones (called the sudanophobe
zone} and farly 1ntense reactions i the faserculata, especially m the outer
half or two thirds of this regron. Dyounution m the amount of viable hipids,
m partiular the  hetosterowls,” may be assocsated with etther decreased
or wmereased function

Cholesterol 1 found m the adrenal m very high concentrations {up to
4 or 5 per cent of the wet weight), and a considerable part of the <udano-
philia and birefningence of the cortex must result from the presence of this
substance In contrast to other tissues m wlich cholesterol 1s a relatively
um ary g constituent the adrenal may exlabnt ver; marked fluctuations
e its cholesterol content 1 different phystologie conditions In general,
the cholesterol level 1 Ingh when the gland s 1nactive and s depleted when
1t 18 stimulated to secrete the adrenal hormone ¥

Another consprenous component of adrenocortical tissue 1s weorbie 1erd
Extenseve myestigations of the adrenals of rodents hase indieated that tlus
stihotanee undergoes depletion whenever the adrenals are shimulated by
aither endogenous or exogenous adrenocorticotropic hormone

Control by the Anterior Pumtary

The adrenal cortex 1s neary pletely d dent for sts $ronal
ntegnty upon actiation by the adrenocomcotmpm punople from the
antenior pituitary 2+ Not onhy s corhicotropin essential for the main
tenance of the normal size and archtecture of the gland, but 1ts continual
seeretion iy required to stimulate the adrenal eortex to respond to the varying
needs of the anmaat

As P E 8mith first demonstrated mn 1916, removal of the hypophy«is
18 folloned by marked atrophy of the adrennl cortex In rodents the weght
of the adrenal 8 few weehs after hy pophyseetomy 15 tbout one-half or one-
third of the normal but v other specses the decrease m size ma3 not be so
nerrhed 1he cells of the cortex are duninshed both i size and 1 number
and though they reman viable in appearnce they arve largely depleted
of the stamable Iimd and  ketosterosd”’ draplets whieh are normally found ¥
The farge fasercular zone 1s most affected frequently bemg reduced to only
a fraction of its pormal width The plomerular zone usually exhints httle
change in s17¢ In the rat this zone retams the usuad hipid and © hetosterord’
roactions but an other species these relfls too may be depleted of hipid 3 3¢

Tunctionally  the hypophs<ectomized animal exhubits most of the
chmnges <hown by adrenalectomized anrmals except that uwually 1t does
not dhie of the adren 1 deficienes The effects of adrenalectoms upon dishetes
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mellitus muscle function mesenchy mal tissue changes and <ensitnty to
stress of all types we practiclly dupheated by by pophysectomy  Howesver
the hypophyveectomized wmmil m ordmary arcumstances can mamtam
nearly normal concentrations of salts in its body fluids Tor this reason and
heeauw of the apparent autonamous et tence of the glomerular zone of the
adrenal cortey, 1t hiis heen proposed that the it and water functions of
the adrenal corten are not under pitwitary regulation and that the glomerular
region 38 the site of seeretion of the steroids responsible for this function 15 %t
Additional evidence for this theory has been presented by Deane Shaw
and Greep®® nho descnibed histochemical changes induced 1n the glomerulosa
by alterations i the <ilt content of the diet or by admintstration of desovy
cortrcosterone (poc) However thisview has not 3 et been found uni ersally
acceptsble 2 ¢ The admmustration of corticotropin 1s not without effect
upen silt and water brlances or upon the histochemustey of the glomeru
losa. 5% morcover secrction of a specific salt and water hormone has not
yet been demonstrated As will be noted later mtnute amounts of <ome of
the adrenal steraids amounts fir from adequate for normal function in
most respects still are capable of mamtammg hie i adrenalectomrzed
anmimals Such a basal ecretion might well contmuc from the adrenals of
the hypophysectomized ammal, erther from the glomerulosa or perhaps
from the remaming faseicular cells
The rather remarkable powers of regeneration and of physiologic hy per
trophy of the adrenal cortex are completely dependent upon the pre ence of
the pituitary When the adrenal glands are enucleated and only a small
part of the glomerulosa left adherent to the capsule complete regeneration
of the cortex occurs within 2 short time 2nd similarly the removal of one
adrenal s followed by hyportrophy  but neither of thes processes ocenrs
at all 1n the ab ence of the hy pophysis not does enlargement of the adrenals
oceur with continued stresses of varwous types [he evidence on this pomnt
has been discussed fully by several investigators? ~ ¢ 7
The action of corticotropin erther endogenous or exogenous apparently
15 first to stimulate the formation and mmmediate secretion of cortical hor
mone for chemical changes in the gland and effects of mnereased <ecretion
are readily detected within an hour or less One of these effects the rapid
depletion of ascorbic acid 1n the adrenal cortex has been widely employed
as an indicator of the seeretion of corticotropin by the pituitary and in the
as<ay of corticotropin preparations Other changes include the depletion
of the cholesterol content of the gland and dimmution or disappearance of
the stainng reictions for pids and for  hetosteroids  On continued stimu
lation of the cortex by corticotropm f it 18 not too severe these matenals
may reappear and perstst or even he mereased 1 amount during, the sub-
sequent period of growth of the gland With prolonged extreme strmulation
the cortex bccomes greatly enlarged but may be nearly empty of heto-
steroids beequently arcas of } hagic necrosis and fatty infiltration
may appear 1n the mner zones This stage has been desenibed frequently
as one of exhaustion but this 1s not certamnly the ca e 32¢ 7
The means by which corticotropin effects 1ts control of cortical activity
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procedures has been disputed Sinee the most speesfic of the ¢ reactsons, the
formation of hydrazones oceurs with sterouls contaumng Letone groups at
earbon 3 17 ar 20¢ st 13 obnious thiat at best these histochemical methods
cannot differentiate Iutween phywologicstly wtne and mactine sterods
m the gland The i trtbutions of the sudanophit matenal and of the “keto-
steroids  have recenved much attestion as possthle mdicators of phy aolagie
activats i different regions of the glind 97t Normally there are moderate
amounts of these substsnces m the glomerulyr zone httle of any m a thn
band separating the glomcrul sr ind fasueular zones (cabled the wudanophobe
zone) and fardy mtenwe reactions 1n the facciculata especnally m the outer
half or two-thards of tius repon. Dirunution m the amount of vissble lipds
i particabir the  hetosterowds  mat be awociated with erther decreased
or sncreased function

Cholewterol 1 found m the adrenal m very hagh concentrations {up to
4 or o per cent of the wet weighty ond 8 considerable part of the sudano~
phiba and birefringence of the cortex mast result from the presence of this
substance In contrast to other tissues m winch cholesterol 53 a relatnely
amvaning constrtuent  the adrenal muy exfubit ven marked fluctuations
s cholesterol content m different phywiologie conditions In general,
the cholesteral tevel 15 high whea the gland 15 mactine and 1 depleted nhen
1t 1 stimulated to wecrete the adrenal hormone * 1

Another con preucus component of adrenocortieal ti sue 1s ascorbre sad
Extensive i estigations of the adrenals of rodents have indieated that this
substance undergoes depletion whenever the adrenals are shimulated by
erther endegenous or exogenous adrenscorticotropie hormone ¢

Control by the Anterior Pituitary

The adrenal cortes 1s nearhy completely dependent for its functional
mtegnity upen actiiation by the adrenceorticotrope prinaiple from the
antertor pitwtary 7~ 4 Not only 13 corticotropin escentsal for the mam
tenance of the normal size and architecture of the gland but its continusal
serretion is required 1o \trmulate the adrenal cortex to respond to thevaryng
needs of the anmumal

As P E Smuth first demonstrated mn 1916 remoral of the hy pophyus
1s followed by marked atrophy of the adrenal cortex In rodents the weight
of the adrenal a few weeh« after by pophy <ectomy 1 sbout one-half or one-
third of the normal hut 1 other specres the decrease m size may not be <o
marhed The cells of the cortex are dimumished both 1 size and in number
and though they remawn visble mn appearance they are largely depleted
of the stamable hpd and  hetosterod * draplets winch are normally found
‘The large fascrcular zone 1 most sffected frequently bewng reduced to onhy
2 fraction of is normal sidth The glomerular zone usualls exhibits hittle
change m ~ize In the rat thhs zone retains the usual ipid and “hetosteroxd
renctrons hut 1 other species thewe celfs ton mav be depleted of hipid 8 ¢

Functronally the hypophy«ectormzed ammst exhbibits most of the
changes <hown by adrenalectomuzed animals ¢xcept that usually it does
ot die of the adrenal defiency The effects of adrenalectomy upon diabetes
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as ay 18 then seldom less than 0 1o or 020 corresponding roughly to an
error of 440 to 60 per cent When the e activities are compared to those
of the respectine standard preparations and a ratio 1s then madc between
two such relatine potencies (as mn the ratio ascorbic acid activity adrenal
weight actinity) the standard error of this ratio 18 at Jeast 03 log units
corresponding to a range of from one hall to two times or fourfold The
9o per cent confidence limits here would be about 0 6 log umts or a range
of sixteenfold Obitously, unless complete assays with full statistical treat-
ment are performed only very large diferences in potency ratios may be
considered signtficant

Second the ratio of potencies obtamned 1n different methods of assay
need not agree 1f the mechanics of the respon e are essentially different
For instance a response related to a single pul e of enhanced <ecretory
actrsity may be essentially independent of any duration of effect whereas
a responsc related to su tamned actiity and growth may be not onh de-
pendent upon duration of effeet but hmited in rate and magmitude by the
very nature of the cellular processes that are bewng stunulated In the latter
ease the physical and chemical properties of different actrvc preparations
may be instrumental in determinmg the proportion of a dose lost by mactina
tion or excretion the rate of access of active material to the target and the
duration of effect m the target organ iteelf Until some means of entical

tion of these posabilities 13 devised 1t will not be po-sible to draw

any certain ] from discrey i potency ratios between
different methods of bioassay

The Adrenal Steroids
Chenustry and Properties

Of the 28 known (rystalline steroid 15olated from the adrenal cortex
only the G illustrated 1 Frgure 1 have <o far been found to have marked
charactenstie biologic activity * 3 They are all C-21 oxysterords The com
mon features ¢ssential to their biologic actions are the o8 unsaturated
3 ketone groupmg, innng A and the a ketol side chain at carbon 17 oriented
on the same side of the plane of the ring as the angular methy! groups at
C-10 and C-13 The ab ence of an otygen atom at C 11 as1a 11 desoxy~
corticosterone (poc) and 11 desoxy 17 hydroxy corticosterone {compound
or 11 de<oxycortisone) 1s associated with virtual ab ence of effects upon
carbohydrate metabolism but with most marked effects upon electrolytes
and water The four eompounds with a ketone or hydroxy! group at C-11
are less active with respect to electrolytes and water and are highly active
m carbohydrate metabohism The latter activity 18 greater in those com
pounds with a 17 hydroxy substituent and 1s greatest mn 17 hydroxycorts
costerone (hvdrocortisone) 1n which there 1s an 11 hydroxy group as well

Lhe 1nactrve (of very much less active) steroids 150lated from the adrenal
cortex differ from this group mn one or more of the followng, respects 1)
Pimng A 15 saturated and the 3 hetone group 1s reduced to a hydrovyl group
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is uphnown “mee the amounts of hormone present, m the adrenat ave small
relative to the ymounts rerreted under the nfluence of corticotropm 3t
~cems bl cly that a part at least of the action of corticotropin should be on
som¢ phase of the synthe.s of the sterowds peeuliar 4o this organ This has
also becn ndicated to be the (ase by the reeent ob ervation that cortico-
tropin ncrensed the uptahe of M from aretate mto 17 hydrosy cortico
sterone (compound I or hivdrocortisone) by adrenal tisue 1n safro #* The
depletion of cholesterol in the gland may readify be envistoned as o r<ult
of 1ts conversion to adrenal hormone the changes in ¢ ketosterods,” which
may welude intermediate products as wedl 18 hormonil seroids myy be
mterpreted amalarly  The muning, of the depletion of ascorbic and 18
obscure for ether evidenee of adrenal activaty muy be seen m scorbuti
guInea PIgs or in v n species m ik the ascorbie acid does not appear
to he affected It seems possible that subsequent hy pertrophy of the cortex
18 a consequence aof the continued actinity of the cells in producn,. the
hormone under the mflucnee of corticotropin

Adrenocorticotrome Hormone

The preparation propertis boassny of cortwotropn, and control
of its seeretian are descrbed in the following chapter in connection with the
uee of this hormone m man  Among, these important categones ont currefit
{al oratory problem deserves comment Varnous protemn and poly peptide
fractions which have physiologie sctivity have been prepared This frx
mentation of corticotrapin has brought with 1t the question of the frag
mintation of 1ts biolegie effects 13 well \lore than one worker~3 has
ohserved that different prepiritions of corticotropin mav differ widely
from one another and from the standard protem preparation n the ratio
of thar aetivities 1 the ascorbic anxd depletion test3® and m the adrenal
reparr test 22 91 34 Because a number of myestipators have found no correla
tion between the potency of certmin  nounpratemn  corticotropmy prepary
ons w the Savers test?®® and o adrenal weight-repur or ~mamtenance
tests 1t has buen suggested that there may be an adrenal werght-increasing
factor and an aseorbie aaid -depleting factor which are partly separated
from one another m the newer methads of puritving corticotropn ¥ # As
vet these two actnvities have not been completely separated and although
the po sibihty of more than one factor cannot be excluded the following
points must b kept n mind Tirst a3 of the methods of ass1y of cortieo
tropm esven when conducted m proper design with adequate numbers of
anmals arc subjeet to crrors of the order of at least 2o per cent Not many
published ostimates of the potency of corticotropmn preparations have
actually been established by full dress nssay and they are therefore subject
to muack larger errors

Trom publ hed data the standard deviation of these assiys by ather
the adrenal weight or tscorhie =cid-depletion methods may be calenlated
10 be 12 most cases of the order of 04 ta 051 terms of logarithm of the
dosage 3 Wath small groups of anmals, the standard error of a single group
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The « ketol side cham 1s eapable of reducing, alkaline silver diamine
tripheny Itetrazohum chionide alkilme copper and phosphomoly bdic acid
The last two reactions have been standardized and applied to the quantity
tive deternination of small amounts of compounds of this type 3% The
o f unsaturated 3 hetone grouping also reduces phosphomolybdic aeid
so that compounds contuning etther or both of these groupings are deter
muned by thig reagent When 17 hydrosy group 15 present with the a hetol
ade chan, reaction with 2 4 dimitropheny thy drazine leads to the formation
of an osazone lhiw reaction has been applied to the quantitatine deter
mmnation of cortisone by Porter and Stlber ** and to the determmation of
blood corticosterords in the method of Nelson and &imuels * The oxidation
with chromic oxide of 17 hydrony compounds with a ketol or glycol side
chams yields 17 hetosteroids and this reaction has been apphed to the
estimation of this class of compounds in urine by determuung 17 keto-
steroids before and after onidation ** Periodic aad oxadation yields formal
dehyde from compounds pos essing either the « hetol or the glycol side
chain 42 This reaction forms the basss of the estimation of the formalde
hydogenic sterords n urine extracts -4 Compounds with an ov) gen fune
tion at C-11 tend to lose water i acid ~olution forming a 9 11 unsaturated
steroid Dernvatives of this type have becn identified 1 urine extracts ¢

The 28 crystalline steroids 1solated from adrenocortical extracts do not
represent the sum of the biologic activity of the crude extracts Whatever
the method of fracttonation employed a noncrystalline residue remains—
the so called amorphous fractien—which contains from 10 to 50 per cent of
the total actinity as judged by hfe mamntenance of the omgnal erude
extract Although the solubility properties and apparent chemical com
poation of the amorphous fraction resemble those of the C ;O sterowds ats
biologic actions are more lihe those of poc No systematic study of the
biologte effects of this fraction has y et been made since only imited amounts
have been available Ingle * 1n a review of a number of reports has sug
gested that the observed effects and the order of activity are sufficiently
at vanance with those of the known active compounds to indicate that new
products with htherto unrecognized types of biologie action may yet be
1solated from the amorphous fractron

The first partial synthesis of an active corticostermd poc was achieved
by Steiger and Reichstein® wn 1937 and for some time this was the only
adienal steroid available 1n any apprecable quantities Although 1t 15 most
actrve i hfe muntenance puc does not hayve many of the effects of adreno
ortical extracts which are now associated with the 11 ovysteroids Since
the natural sources of the 11 oxysteroids of adrenal ongn are himited a
great effort much d by the d ation 1n 19497 of the thera
peutie effects of cortisone has been exerted i the synthests of these com
pounds The major problems were (1) the selection of cheap abundant
and appropnate starting materials for partial synthesis (2) dev 1sing methods
for the mtroduction of oxygen at C 11 and (3) the construction of the
dihydroxyacetone grouping correctly orented at C 17 There 1s at present
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(2) The 20-ketone group s reduced =o that the sude chain beeomes a gly eol
CH OH CHOM- (3) 1he 21 eohol group 1s reduced to a methy ] group
() The wde cham 1s lost leaving a hetone group at C-17 \anous com
bmations of these four changes can lcad to v large number of mactne
steroids sharmng come of the chemieal and physieal propertics of the mx
active substnces Ihis has contrihuted to the difficulties of thetr 1 olation

G T

CORTICOSTERONE 17 HYDROXYCORTICOSTERONE
7 HYDRDXYCOK“COSTERONE

;HzOH

el Al

11 DENYDROCORTICOSTERONE 11 DESOXYCORTICOSTERONE
17 HYDROXYCOR“COSYERQNE
F1e¢ 1 Structure of the six knoun active edrenal sterords The parent saturated
hadrocaibon of the e € 21 steroids i~ allopreynane By comention the angular
methy} proups at € 10 and C 13 lie on the same wde of the plane of the ring system
projecting abote the plane of the paper The spatiad refation of substituents 1n the
nucleus eg the 11 or 17 hadrony groups v dessgnated 8 1f they are on the same
side of the plane of the nings as the angular methyl groups e 1f their projection
opposite The orentation of the ide chaun at C 17 ha been shown to be § the
17 hndrony group therefore his the a-ortentation The de ignations given the o
compounds by different myestigators wre as follows Corticosterone~—Ivendalis B
Rewchsteins I 17 Hydrovycortico terone—hendalls ' Rewch tems M hydeo-
corhicone 11 Delndro 17 hvdroxy corticosterone—hendall « & Rerchsterns Fa
Tinterstemners ¥ cortirone 11 Dehydrocorticosterone—hendalls 4 11 Desoxy
corticosterone—Reichsteins Q@ poc 11 Desony 17 hyvdroycorticosterone—Reich
steins S 1l-desoxicortisone

and dentification as well as to the uncertamty and lack of speafiuty of
methods for their determmation 1n unine blood and tissues

The loss of the ide chain may lead to a series of (~19 sterards with
androgenie activity of which three have actnally been solated m cry stalline
form androstane 38 118 diol 17 one  A* andro~tene-3 11 17 trione (adreno-
sterone) md A* androstene 3 17 dione Whether these repre ent produets
of a normal functional activity of the adrenal cortex by products or inter
medintes 1 the synthests or metabohsm of the € 21 <terouds produets of
abnormal cortical metaboh m or artifacts of the proces es of citraetion
and 1solation cannot be deeided certainly A thorough and svstematic study
of the androgeme substances of the adrenal cortex has yet to be made #
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of thest compounds from cholestirol or some other precuror Perfustons
with aither acetate o chofesteral tagped with € led to the production
of ratioctine adrennl sterords so that both rompounds my <ene as
Precur-ors

The tesulls of studies of the vy nthetse actn ties of minces of hog adrenaly
meubated 18 tifro by Hames®® confirm m many rexpeets the obsen ations
made by perfusion Inculntion of aerited hiog adrennt bras for 48 to 120
hours brings abont & fasge swere e wo st sterord content ss wiped by
ammys by the Ingle muscde work test or by the gheogen depoution test
cted later m this chapter It was fend modentally  that quel froren
ghands ennt sined mote than twsce as much Cirhobydrate regulating hormone
activity ne glinds collected withont immedsate freezmg and thit o targe
proportion of the aetissty was lost durmg a few kours autohvery In the
presence of added aubstrates- boc nnd 11 desosycortisane- the bog gland
brer Ihe the perfused adrenal produces the corresponding H hydrowy
compoundy This procedure expanded to large scale may thercfore greatly
wsugment the supplies of corticosterone and bnvadrocortisone Whun radso~
artive geetate 59 used a5 @ ~ubstrate the brer sy nthoewzes & muxture of radio
active adrenal steroids  predonmwnantly however hydrorortisone—~ whieks
accounts for over 90 per cent of the urable carbalydrat 4
actnity

Sumilar obeervations have beer made by others working with adrenal
fissue shices or homog nates The picture of the wtcrmediate transforma
tions gung nice to the adrensl stirewds 1s of course fur from complete
\lthough acetate s & hpown precursor of cholesterol as well a3 a precursor
of the adrenal stesands 1t s proboble but not certamb, cetabliched that
cholesterol 15 not an obhigatory mtermediate m the latter synthesis The
ease with which poo 15 11 by drovylnted dosg not tmply that it s a normal
intermediate 1 the synthetss procesy siace nather it nor ecortwasterone
appests to undergo any further chauge on long turm meabation or per
fusion  and jet most workers arc aprecd that hydrocortione 1s alnays
predominant i the mnturc of stererds found i the freshest glands snd i the
mucture formed during a3 nthesss from acetate or cholesterol

SBome of the mmplustions of the foregowg studies are borne out by the
obsery ations of i estigators who haye sueceeded 1n measuring and identify
mg mirensl sterodds m blood # ¥-% In tiery mstante the cortieosterond
present m lavgest smount (n penipherd vemn biood or adrenal vem bloed
after mjection of eor mn m dogs) was kyd tisone  Lorticosterone
was usually alse present hut im much smaller amounts “\elon et al ¢
using 2 method rpecsfie for 17 hy drovy cosbiensterods® fonnd 4 to 10 micro
grams of such matenal (wisth may be presumed to be mamly hydro-
cartisonel per 100 cc of penpheral blood of human subjects The amounts
were snefeased after wjection of corticotyopm and it 5y mieresting 1o note
that thew best sustamed eficets with lower dnsages uete obtaned with
Lonstant intrarenous mfnsion of catticotropny
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no complete atcount of the suecessful efforts of many groups of workers
who have deait with these problems ndeed the present ntensity of work
and the rte of discovery of new and smprovcd procedures nearly preelude
1 comprehensive roview at this time  Partiid aceounts of the work are
presented by Heard ¥ hendall ¢ and Julian® lhe more recent phases of
the work are the development of methods for using <oyr steroids and
steroidal sapogenims m addition to the bile aads (a more limited source)
as startmg matenls * the devising of methods of total synthesis by Wood
ward® and Sarett ¢ and ther assorites and the discovery that certam
miroorpatems can introduce oxygen at C-11 mto the relitnvely more
Cly synthesized poc and 11 de ovy cortisone 8

Formation and Secretion

Tinownledge of the hosynthesis of the adrenal stcroids and of the nature
of the compounds secreted by the giand has rceentiv been extended by the
study of 1nolated perfused survinving adrena) glands by suecessful incuba
tions of adrenal gland munces and by appiitation of micromethods for the
determination of blood corticosterords The success of these mvestigations
depends upon recent techmcal developments m methods of column chro~
matography 1o infrared spectrophotometry and most rccently in the
method of paper chromatography devised by Zaffarom and his assoctates®™ 7
which makes posuible the separation dentificition wnd semiquantitative
determination of microgram quantities of the adrenal sterords

Perfustons of 1solated beef adrenals by Hechter and associates®® and
by Ziffarons Hechter and Pincust® have thrown much light on the nature
of synthetic and secretory processes in the gland The untreated adrenals
release small vanable but sigmficant amounts of formaldehydogeme
steroids 1mnto the perfusate The output 1s greatly increascd when cortico
tropin 13 added to the medmum and this is the result of increased sy nthesis
rather than mncreased liberation since the total amount of sterowds i the
system greatly ncreases Although 15 differcnt o hetols may be detected
1n the perfusates L0 per cent of the total 13 accounted for by corticosterone
and hydrocortisone the amounts of all the e ketols are however increased
1n about the same proportion when corticotropm 15 added Addition to the
perfusate of poc 11 desovycortisone A¢ indrostene 3 17 dione  andro
sterone and progesterone led to the appearance of the corresponding
118 hydroxy compounds The glands appeared to be unable to introduce a
17 hydroxs group mto DoC or into corticosterone but with added pro-
gesterone 17 hydroxy progesterone and pregnenolone the products found
were 11 hydroxyprogesterone 17 hydroxy progesterone corticosterone and
hydrocortisone The gland therefore can mtroduce a hvdroxsl group 1t
C-11 C-17 and C 21 and can also alter the 38 hydroxy! (of pregnenolone)
to an & B unsaturated 3 Letone Since these transformations occur readily
yn the abscnce of corticotropin 1t 15 suggested that the action of cortico-
tropin In promoting sy nthests must be on some earlier stage n the formation
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of these compounds from cholesterol or «ome other precursor Perfusions
with either acetate ar cholesterol tagged with C* led to the production
of radioactive adrenal steroids <o that both compounds mav serve as
precursors

The results of studies of the sy nthetic activities of minces of hog adrenals
meubated tn tatro by Hunes® confirm m many respects the obseryations
made by perfuston Incubation of aerited hog adrenal bress for 48 to 120
hours brings about 4 large inerease m active steroid content as judged by
assays by the Ingle muscdle work test or by the glycogen depositton test
aited later m this chapter It was found medentally, that quick frozen
glands cont yned more than twice as much carbohydrate regulating hormone
actinity as glands eollected without immediate freezing and that a lirge
proportion of the activty was lost dunng o few hours’ autolysis In the
pre ence of added substrates—poc and 11 desoxycortisone—the hog gland
brei, ke the perfused adrenal produces the corresponding 11 hydrony
compounds Thi< procedure cxpanded to large scale may therefore greatly
augment the supplies of corticosterone and hydrocortisone When radio-
active acetate 15 used as a substrate the brei synthesizes a mixture of radio
actne adrenal sterords—predommantly however hydrocortisone—which
accounts for over 90 per cent of the measurable carbohydrate-iegulating
activity

Similar ob<ervations have been made by others working with adrenal
tissue slices or homogenates The picture of the intermediate transforma
tions giving mse to the adrenal steroids 18 of course far from complete
Although acetate 15 a known precursor of cholestcrol as well as 1 precursor
of the adrenal steroxds 1t 13 probable but not certamnly established that
cholesterol 13 not an obligatory intermediate m the latter synthesis The
ease with which poc 1s 11 hydroxylated does not imply that 1t 1 2 normal
intermediate 1 the synthetie process smee neither 1t nor corticosterone
appears to undergo any further change on long term mcubation or per
fusion and yet most workers arc agreed that hyvdrocortisone 13 always
predominant tn the mixture of steroids found 1n the freshest glands and in the
mixture formed during synthests from acetate or cholesterol

Some of the implications of the foregoing studies are borne out by the
observations of investigators who have sueceeded in measuring ind identify
mg adrenal steroids 1 blood 8 #-% In cvery mstance the corticosterord
present in largest amount (in peripheral sem blood or adrenal vemn blood
after injection of corticotropin m dogs) was hydrocortisune Corticosterone
was usually also present but m much smaller imounts Nelson et al &
usmg a method speafic for 17 hydroxycorticosteroids®® found 4 to 10 micro
srams of such materal (which may be presumed to be mamly hydro
cortisone) per 100 cc of peripheral bluod of human subjects The amounts
were mcreased after njection of corticotropmn and 1t 15 mteresting to note
that therr best sustained effects with lower dosages were obtatned with
Constant intravenous mfuston of corticotropin
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Excretion

Three general ty pes of method hayve been apphed to the study of unnary
adrenal steroids and therr dernatives bioassay, chemical determination,
and 1salation and identafication Tach method suffers from the limitation
that the amounts of these materials are very small, not only presenting
difficulties 1 switable evtraction and estimation hut also constituting a
meager fraction a wavering and possibly unf uthful reflection of the total
adrenocortical ~cerction [he methods must also compromise with two
compliating areumstances  lhe first 13 lack of speeifity No bioassay
tells which active compounds mght be present, and the <everal chemieal
methods measure functions which are possessed not only by the active
adrenal steroids but also by their less active dernvatives and by many other
components of extracts of unnar hiptds [he second complieation lies 1n the
fact that many of these substances arc excreted 1s conjugates with glucurome
or sulfuric acid They 1re not all equally sensitive to the same methods of
hydrolysts and many of them undergo chemical change in the process

Frtracts of urme havc been as<ayed n adrenalectomized ammals for
various charactenstic effects - ife mamtenance resistance to msulin or to
water imntoxication work performance protection from eold and deposition
of Iner glycogen during fisting The latter two form the baws of <everal
sensitive and reasonably aceurate bioassay s for the active (11 ovy ) eortico
steroids -the glucocorticords—in urme 2* % which have been widely used m
chmical studies ¢

The chcmieal propertics responsible for the action of the adrenal steroids
mn reducing phosphomolybdic acid or alkalme copper or tn generating
formaldehy de on oxidation with periodic acid ot 17 hetosteroids on oxida
tion with chromie oxide have already been outlined “The methods based on
these properties are converuent and useful but they meastire broad classes
of compounds and ire subject to large errors 2¢ QOne farwly simple and
accurate chemical determination which has been widely employed 1s the
estimation of 17 ketosteroids 768 It 15 now generally agreed that about
one third of the daily excretion of these compounds i the male takes ongin
from the testis the remainder 13 dertved from the adrenal cortex which
also appears to be wholly responsible for the exeretion of 17 hetosteroids
1 the female The ongin of these compounds 1s still m some doubt They
may anse from the adrenal androgens 1f androgens are 1n fact products of

the normal adrenal cortex 7The ease with which the 17 hydroxy « hetols
or glycols may lose their side chain on muld oxidation suggests that the
17 ketosterowds may be dernved from this group of the adrenal stcroids
7his 1s borne out by the recent observation that the administration of
cortisone 1s folloned by a small but sigmficant nse 1 17 hetosteroid excre-
tion by the 1olation from urmne extracts of 11 ovy-17 hetosterords and
by the observation that the admumistration of poc corticosterone or
progesterone, which are lacking the 17 hvdroxy group does not lead to
2 1ive m 17 hetosteroids  Although the administration of corticotropin has
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been shown to merease the excretion of glucocorticods formaldehy dogenie
or reduang steroids and 17 hetosterods abhe not every condition i
which there 15 evidence of ncreased adrenocortical activity 1s accompanied
by a nse m 17 ketosteroids Conversely there are crreumstances mamnly
mstances of tumors of the adrenal cortex, in which the 17 hetosteroids alone
are greatly mereased Becwse of this lach of correspondence <ome m
vestrigators have concluded that the 17 hetosteroids are indicators of an
aspect of adrenocortical activity (for instance a supposed androgenie
function) different from that ging nse to the glucocorticords and the
redueing and formaldehy dogenc stcroids It must be remembered, however
that the uninary steroids represent only a fraction of the total <ecretion
and that the mrxture of compounds exereted 15 a resultant of the composition
of the output of the adrenat cortex (normal and abnormal) and of the
changes 1n this compoaition brought abont by the (normal or abnormal)
metabolism of the corticosteroids n the tissues Until more 1s hknown about
the metaholic fate of the adrenocortical hormones in different organs and 1
different errcumstances the 17 Letosteroids must be a rather uncertam
ndex of adrenocortical activaty

Table 1 prescnts a limited sample of repre<entatiy e values for the urnary
corticosteroids as determuned by the various asailable methods More
extensne data may be found in papers by Sayers * and Venmng®® and for
17 ketosteroids by Dorfman®® and Mason and Engstrom * The points of
greatest mterest are the small amounts excreted daily by normal persons
and the relative orders of tude of the gl ticoids the
and formaldehydogenic steroids and the 17 ketostcroids

Tatle t

Miiuiersxs oF URINARY CORTICOSTEROIDS LXCRETED IN TWENTY rour IHoUrs As
DETERMINED BY DIFFERENT MeTiODS

Reducing Sterods

Gl ;eo;mt; 7 Rele
uco- | aldehydo- 17 Reto-

Subyects corticords ges, Phosphon | Heronds

Sterovds | Copper P

Normal Males 004009 (0517 | 010040 [102.,] 530
Normal Females 003007 (0411 {010040[1020]| 222
Cushing s Syndrome | 004-0 0 | 08230|090-120| 48 | 2080
Addison s Disease 00000150108 | 0020 % 0075

* Reckoned as cortisone

The 1s0lation and identtficatton of urimary steroids have provided a great
deal of information about the nature of steroid metabolites and about the
possible pathways of change which the steroid hormones may follow 1n the
body 3 34657 Nfore than 50 pure sterords have by now been 1solated and
h 1zed and the possibilities of finding additional new members of the
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Excretion

Three general types of method have been pplied to the study of uninary
adrenal steroids and ther dirnatnes hwaseay, chomerd determination,
and 1solation and dentificaton Fach method suffers fram the hmutation
that the amounts of these matcnals are very small, not anly presenting
diffienlties m swtable estraction and estimation but alo constituting a
meager fraction & wavermg nd posably unfaithful reflection, of the total
adrenocortical secretion The methods must also compromi e with two
complieating, creumstances The first 1 faek of speafiaty No boisay
tells which ictice compounds miht be present and the several chemical
methods metsure funetions which are possesscd not only by the acine
adrenal stcrosds but also by ther fess active dernatives and fiy many other
components of extracts of urtnary hpids The second complieation fies in the
fact that many of the ¢ substances are exereted ns canjugates sath glucurome
or sulfuric acid  [hey are not all cqualls scnatnve to the <ame methods of
hydroly~s and many of them undergo chemial change m the protess

Etracts of unne have been aswayed i adremlictomized ammals for
sartous charwterntie «ffects - hfe mmntenance reastinee to msulin or to
water intowcation work performance protection fram cold and deposition
of Iner glstogen durnng fasting The latter two form the brus of several
seusitrve and reasounbly accurate bigassavs far the etive (11 ovy ) cortico~
sterotds  the glucocorticaids 10 urne #* € which have been wadely used
climeal stuches

The el 1 properties resy ble for the action of the adrenat steroids
m reducing phosphomolybdic acd or alkalme copper or i generatmg
formaldehyde on owdation with penodic aod or 17 hetostermds on ovida
ton with chromic oxtde hase atreads been outlined The methods ba ed on
the.e properties are convement and useful but thev measure broad ¢lasses
of compounds and are subjet to Jarge errors ™ One fauly smple and
accurate chemicnt determimnstion wlnch has been widely employed 1s the
estimation of 17 ketosterowds §7 6% It 15 now generally agreed that about
one third of the daily excretion of thewe compounds m the male takes ongin
from the testrs the remainder is derved from the adrenal cortex which
also appears to be wholly responsible for the excretion of 17 hetosteronds

in the femalc  Ihe orign of these compounds 1s still m some doubt They
may artse from the adrenal androgens if androgens are n fact products of
the normal adrena) cortex The ease with which the 17 hydrovy o ketols
or glycols may lose therr ide cham on mild ovidation suggests that the
17 Letosterouds mny be denved from tlns gronp of the adrenal sterods
Tins 15 borne ont by the recent obeervation that the adminstration of
cartisone 13 folloned by a small but sigmficant 1 e m 17 hetosterad excre

tion by the 1solation from unne extracts of 1 oxy 17 hetostcrods and
by the abseration that the admumstration of poc cortiCosterone or
progesterone  whieh are lackang the 17 hydroxy roup does not lead to
a1 em 17 hetosterods  Although the admumstranon of corticotropin bas




PINSIOLOCY OF THE ADRENAL CORTF\ 1o

once the critieal postoperaine period was passed The removal of the
adrenal medullas alone was shown not to endanger life

\fter the removal of the adrenal glands « varicty of metabolte defects
become evident 377 At first f operative shock has been avorded the
animal appears relatiely normal, but later a decline setyn rather abruptly
1n some ctses and death occurs 1n most speczes withm a few weeks [he
symptoms <cen before deith melude anorexia asthema yomrting and
diarrhea  hypoglycerma  hy potenston, hemoconcentration, often a fall mn
body temperature and renal fmlure In young ammals growth cea es 1n
older ammals there 1s usually loss of werght The adrenalectomized ammal
19 also extremely su eeptible to stresses of all types such as trauma cold
Leat orinfection The cause of death vares Shoch with hemoconcentration
and renal failure 1s perhaps the most frequent cause but tn some species
like the rat, hy pogly cemia may be fatal before the full course of the other
defects ss ran  Death from infection or other stress i1s common 1 all speeies

Brochemical Changes

The biochemical changes associated with adrenocortical deficieney con
cern chsefly the concentrations of electroly tes and water m the plasma and
m the tissues and the metabolism of earbohydrates and protein

Electrolytes and Water Iow concentrations of sodium and chloride 10ns
m the plasma of adrenalectomized ammals and benefieial effects of extra
salt were first observed bv Baumann in 1927 Some years later Loeb? 7
obseryed stmlar changes 1n the plasma of patients with Addison s disease
He also found that restriction of the salt intake could preciprtate a crsts
of adrenal msuffictency Since that time 1t has been well established that
in the absence of the adrenals there 1s exce sive excretion of sodmm nd
chlonde by the hadney and diminished clearance of potassium % In con
sequence the serum sodwum falls and the serum potassmum rses These
changes are accompanied by movement of water and potassium into the
cells (Table 2) and diminution mn the extracellular fluid 1olume 3 38 The
blood pressure then begins to fall the blood becomes more concentrated
circulation trme 1s increased and as a result the renal glomerular filtration
rate 1s progressively dimimshed ¥ The elevation of the blood nonprotemn
mtrogen (N PN ) which 13 often seen 14 probably a consequence of the
renal failure, since 1t develops somewhat later than the first hemody namre
defects and 15 prevented by treatment with saline (Tables 2 and 3)

Salt Therapy If sufficient amounts of sodium chloride with water are
guven to adrenalectomized ammals the downward course may be slowed
or prevented entirely The salt which continues to be lost 1 the urme 15

laced by this and m add the resulting diures:s helps to
wash out the potassium which othernise tends to zccumulate (Tables 2
and 3) Hemoconcentration 15 prevented normal blood pressure and renal
function may be mamtamed and appetite and digestion are improved
Young adrenalectomized rats grven 1 per cent salt m their drinking water
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complex mutuse of excretron produets have not been exhausted A pomt
of great mterest 1s that the known actine corticosteromds are rarely evcreted
unchanged m any vens large vmounts, even 1n conditions an which famly
large doses have been given or when the adrenal corte has been powerfully
stunulated This 1s borne out by the low voaluey wsually found for guco~
corticords {Table 1) Mason and Sprague® were the first to 1molate an actise
corticosterod  bydracorticong  from the nnne of a patint with Cuching »
syndrome Iater Misen™ isolsted cortr-one from the urme of patients with
Sddwon s diseyse o theumaterd arthntis whe had been treted with
the hormone More recenth Burton Zafferont and heutminn ¥ and
Schnesder®™ hase wkentibied small amounts of cortisone ind by drovortrone
(of the order of 20 to 60 ms rograms per hiter) in the urme of normal pervons
o mvestigetor has 83 vt found pot in urine estracts

The sterod metabohites found m urine are generally more reduced than
thewr presumcd precursors The o 8 un<aturated 3 hetone groupmg may be
partly or completely reduetd the osygen ot €11 may be lost the & hetol
side chamn may be reduced m sarying degrets or lost to lewie a 17 heto-
sterord These componnds tend to differ from the actise cortwcosterads
therefore 1w much the ~ame re-pects as the 22 compaon sterods isolated
from adrenal extracts This often makes 1t tmporssble to asagn n definute
ongm to o gien metabolite but certam structural signs—the presenee of
osygen at C 11 {or of © 13 unsaturation} m a few 17 hetostermds and the
presence of the side chamy unchanged or partls reduced  are clues to the
ongm of some of the metabehites from the adrenat The abeesice of certam
metabolites from the urine in Addison s disease or their diappearance after
adrenalectomy or rastration and the appearante ol some unnary sterords
m large amounts in some wnstances of adrenocortienl tumors have 4l o
provided clues to thewr omgm s escellent account bath of the progress
made and of the difficulties ta be met 1~ given by Dobrner and T reberman
New and mproved nalytical methods now make 1t possible to study the
metabolism of the adrenal corticosteroids i wolated tisues Work of
this kind should provide more direct mmformation about the metabolites
of the active cortical hormones The metabolic reduction of the o8 un
saturated 8 hetone grouping of cortisone and poc by hner tesue o utro,
and the appearance of the products formed among the urimary sterards his
alrewdy heen reported by Schnewder and Horstmann 7 7

Adrenal Insufficiency

That the adrenocortieal secretton 15 essential for life or practically so
w25 demonstrated by ses eral wy estigators duning the years 1920 to 1930 74 75
Earher disagreement as to the wmportance of this hormone was shoun to
be the result on the one hand of the great susceptitnlity of adrenalectomized
ananls (o <hock and sepsis which wers often immediateh ftal and on the
other hand of the abihty of cortical remnants or of extra 1drenocornc'll

4

“yests’ ta hyperirephy ta the pont of the antmal iy
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may of itself result i low absorption rates, and adrenalectomized rats in
which appetite and food mtahe have been well mamtamned by adequate
«alt treatment may exhibit normal rates of sb orption Hence 1t may be
concluded that this deficiency 1s secondary to the dimimished food intake
and that 1t 15 not necessarily related directly to adrenocortical function
Tndireet effects of adrenal deficiency include besides anorexvia and digestive
disturbinces, loss of wught and of body fat, failure of young ammals to
grow, hemoconcentration, dimimished renal plasma flow defectise glomeru-
lar filtration rates, and nse 1 blood N P\

Table 8
Thipvey FuNcTion 18 Tie AprevALECTOMIZFD DoG
Clearances of
Ratworh | 3P
C,;;:,,,"M ,ﬁ"'f: Urine Plasma Som
o | w e
Normal 58 33 28 16
Adrenalectomized untreated 2t 8 10 2
Adrenalectormized gis en sodium ealts 3 25 6 32
Adrenalectomized given cortical ex
tract with salts 45 30 29 15

* All estimations were made on the same ammal each figure ts the average of five
determmations
This table 1s based upon data contamed 1n the artiele of Harri on and Darrow 8

Although treatment with saline overcomes the loss of salt and prevents
the disturbances m hemodynames the tubular reabsorption of sodium
continues to be deficient and potassium 15 not concentrated normally 1n
the urine *** Thee defects are corrected by treytment with cortical ex
tracts or with certamn adrenal sterords (Table 3)

Water Excretton Another defictency in adrenalectomized ammals re-
lated possibly to the excretion of electroly tes but as yet meompletely under
stood 1s their failure to excrete excess nater loads *° This defect 15 shown
by ammals or human subjects with even a mild degree of msufficiency and
1t has been employed as the basis of a climeal test for Addison’s discase
Several factors may contribute to the defect 1n water diaresss One 15 that
1n subjects with low conccutrations of salt in the extricellular fliids and
increased osmolar concentrations mtracellularly & larger proportion of the
ngested water would be expected to be taken mto the cells and this has
1n fact heen demonstrated to be the case t Howeser there 13 also retention
of water in the extracellular compartment so that this extrarenal dis-
turbance cannot account for all of the deficiency The dimmution 1n renal
plasma flow and n glomerular filtration rate 2lso may contribute to the
picture but the latter disturbance may be largely controlled by admimstra-
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are able to live indefinrtely and to row at nearly normai rates The balance
between the sodwim and potassum mpested as well as the amount of
sodium appears to be important for exccss potassium is deletcnons and
m wome species reduction m potassium nitahe as well g nerease m sodium
18 requured for muntanance Smee adrenalectarmized ammals may bo hept
ahve for prolonged or mdefimite periods by control of the amonnts of salts
tahen w or even by pentoneal Javage * cortieal function cannot to this
extenit be <ard to b absolutely essential for hfe Howover the salt treated
adrenalectormized amumal 15 by no means restored entirely to normal and

as will be scen some of the remamng defects also are <uch as often to
cndanger bie

Talle 2

PLasMA axp Tissur [LECTROLYTES In ADRENAILCTOMIZED RATS

Serum Vuscle
Ne | A jCl|MIN Na 1S
Fo
SEVLRETR MR SR T
Tt Lte | e 1t vysue | feeta e
Normal 144 ) 6 21 100 3> 256 109
Adrenalectonuzed untreated 136 [~ 4] oF 90 188 u
Adrenalectomized given sodwm
salts 3|5 ™) 102 2% 236 100
Adrenalectomized gaven cortical
extract for 48 hours M55} 101 22 20 106
—

* Al the adrenalectonuzcd rats were aifowed to become msufficient before treatment
was started with sodsum salts (chloride and bicarbonate) or cortical estract The figures
are averages from groups of 8 to 20 rats

This table 13 based upon duta contmncd i the article of Harnson and Darrow 3

The fact that some of the more prommnent effects of adrenal insufiiciency
may be trented successfully by other means than substitution of the hor
rmone has o consequences which are wmportant i amy consideration of
adrennl physiology One 13 that smee under certamn conditions uo hormone
at all mav be required to mamtain a semblance of normality the amount
of hormone needed by the deficient subject will vary very greatly depending
upon the diet and other conditions and also upen the nteria chosen **
Hence niso wide varations miy be mamfest m the apparent potencies
of cortical preparations

1 ke second consequence of the success of treatment with salt or strmlar
therapy 15 that it allows a distinetion to be drawn betneen what have been
called direct and indirect effects of adrenal insufficiency For example a
low rate of absorption of pglucose from the gastromtestinal traet has been
reported frequenthv m adrenalectomized rats Iowever n normal rats a
degree of mmamtion such as 15 usualin untreated adrenalectomized amimals
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may of itself result mn low absorption rates and adrenalectomized rats mn
which appetite and food mtahe have been wddl mamntamed by adequate
<alt treatment may exhibit normal rates of absorption Hence 1t maj be
concluded that thi~ defi 'y 18 dary to the d hed food imntake
and that 1t 13 not necessanly related drectly to adrenocortieal function
Indirect effects of adrenal deficiency mclude bestdes anorexa and digestine
disturbances loss of weight and of body fat falure of young ammals to
grow hemoconcentration dimished renal plasma flow, defective glomeru
lar filtration rates, and nse in blood N PN\

Table 8
RapeY Fuvemov 1N THF ADrENALECTOMIZED Doo
Clearances of
Pawoof h | N
Cregtinane | Urea | Urine Plasma | 100 mi
I per | M pe ot plama
m ot [
Normal 58 33 28 16
Adrenalectomized ustreated 21 8 10 72
Adrenalectomized given sodwm salts 37 25 [ 32
Adrenalectomized given cortical ex
tract with salts 45 30 29 15

* All estimations were made on the same ammal each figure 13 the average of five
determmations
This table 13 based upon data contained yn the article of Harri on and Darrow 8

Although treatment with salme o\crcomes the loss of salt and prevents
the disturbances in hemodynamics the tubular reabsorption of sodium
continues to be deficient and potassium 1s not concentrated normally m
the urine * %4 These defects are corrected by treatment with cortical ex-
tracts or with certain adrenal steroids (Table 3)

Water Excrefion Another deficiency 1n adrenalectonmized ammals re-
lated possibly to the excretion of electrolytes but as yet incompletely under
stood 15 their failure to excrete excess water loads *® This defect 1s shown
by animals or human subjects with even a mild degree of insuffictency and
1t has been employed as the bass of a climeal test for Addison s disease
Several factors may contrnibute to the defect m water diuresis One 1s that
m subjects with low concentrations of salt in the extracellular flds and
creased osmolar concuntrations mtracellularly, a larger proportion of the
mgested water would be expected to be taken into the cells and this has
1 fact been demonstrated to be the case ?! Honever there s also rctention
of water 1 the extracellular compartment so that this extrarenal dis-
turbance cannot account for all of the deficiency Lhe dimmution 1n renal
plasma flow and m glomerular filtration rate also may contribute to the
picture but the latter disturbance may be largely controlled by admrmustra
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tion of fed carbohydrate was somewhat ncreased, the glucose tolerance
cunve continued to be highly abnormal Hence 1t was considered that a
reduction n the rate of gluconeogenesis was chiefly responsble for the
effect With the observations of Ingle on force fed adrenalectomized diabetie
rats, m which the mitrogen excretion remamed farly ligh ™ and with
repeated ndieations that large amounts of adrenocortical hormone may
mterfere with earbohydrate utilization !5 opimon has snung to the view
that the effect of adrenal deficrency upon diabetes 13 caused n part at
least by the resumption of carbohydrate oxidation 1o what extent this
15 true remans to be demonstrated If lipogenesis 1s i fact enhanced when
the adrenal hormone 18 absent some resumption of utilization of carbo-
hydrate by this route would be expected W hatever the processes imvoled
or whether the adrenal hormone may be considered truly a disbetogeme
agent, the presence of the adrenal secretion appears to be required for the
full expression of the diabetic state

Lipid Metabolism W\ hether the adrenocortical hormone play s any direct
role i hpid metabolism 1s questionable ¢ It 1s true that processes which
ordinarly produce fatty livers in normal ammals fail to do so m adrenal
ectomized amumals and that the usual responses to hetogenic agents gen
erally are somewhat reduced However cortical extracts or known steroids
do not themselves inerea o hiver fat or hetone body production As will be
described later in this chapter the adrenal secretion may not intervene
directly in these processes but mstead 1t may be required for the rapd
mobilization of fat and the formation of ketones under the mfluence of
other factors

Recently 1t has been reported'®? that although adrenalectomized rats
when well fed were able to mamntam normal fat stores thes lost body fat
at a faster rate than control amimals when they were severely restricted m
food mtake Here treatment with cortisone prevented the ecesstve loss
of fat Since untreated operated ammals had no difficulty i replenishing
their fat depots on resumption of feeding 1t 15 evident that the absence of
adrenal secretion did not interfere with the ability to store or to draw upon
fats 1n the ordmnary way It 1s possible that the greater utibzation of fat
could have been a consequence of diminushed withdrawal of protein mn these
circumstances but 1n the absence of parallel data on nitrogen loss thisis
not certan

Protemn Metabolism Low rates of mitrogen excretion have been observed
frequently 1n adrenalectomized ammals in a anety of crcumstances
Though usually no abnormahty 1s discermble 1n amals ingesting normal
quantities of food diminished rates of extretion have been commonly
but not universally '™ 1 noted m simple fasting states In phlorlzimzed
fasting adrenalectomuzed rats on the other hand the defect 15 extremely
pronounced and 1t 15 usually large also 1n fasting adrenalectormized diabetic
ammmals The eviscerated adrenalectomized rat has been reported to liberate
ammo mitrogen mto the blood at a slower rate 10 Purther the negative

mitrogen balance which occurs regularly after fractures or other trauma
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1s not seen 1n the absence of the adrenals 119111 nor 15 the prompt ncrease
1 urca formation which occurs after other stresses seen n the adrenal
ectomized nephrectomized ammal ' These observations indieate no
ab olute interference with protemn catabolism m the ab ence of the adrenal
hormone, but suggest that m conditions m which this process 1s repu
larly accelerated, the ability to mcrease the rate of protem breakdown 1s
imp-tred -1

Whether the defect in protein metabolism 1 adrenal deficiency 15 1
the balance between breahdown and synthests of tissue protemn or i the
catabolism of the amino acids has been debated The evidence cited above
suggests that the major difficulty 1s 1n the withdrawal of body proteins, and
this has been substantiated by observations of normatl rates of uren forma
tion from admumstered protemn or mixed amino acids 1n a variety of con
ditions On the other hand, some difficulty m the handhng of amino acids
particularly by 1solated tissues has also been reported It 1s possible that
the maumum performance of the Iner and hdnev could be affected 1n
directly by the mld but chrome alterations 1n blood flow to which even
the salt maintained adrenalectomized animal 1s subject

Functional Alterations

In addition to the biochemucal changes Just described the adrenal
deficrent subject gives evidence of a vanety of defects which cannot jet
be deseribed 1n metabolic terms 77 These mnclude functional alterations
m muscle and m the vascular system abnormal physiologic responses of
Iymphoid tissue and susceptiblity to the deleterious effects of stressful or
noxious agents of many tvpes

Asthema and Fatigue of Muscle Yeahness and fatigabzhity are char
acteristic signs of adrenal deficiency 1n addisonian patients and they have
been observed commonly m adrenalectomized animals as well However
no complete studies have been made of muscle function as 1t may be affected
by the composition of the blood the blood pressure or other indirect
changes 1n adrenal insufficiency o that it 15 mmpossible at present to
describe the disability m speaific terms In recent experiments the hemo
dvnamze situation has appeared to be of eritical importance 115

Two methods of measuring the degree of muscle failure i adrenal
ectomized animals hase been employed extensively 1n the assessment of the
value of replacement therapy Eiverse and de Fremery!!® recorded the con
tractions of the leg muscles of rats to an inthial tetanic stimulation followed
shortly by several briefer stimuli In these circumstances the muscles of
the deficient ammals responded normally to the first tetamie stimulation
but contracted less extensively m response to the succeeding shocks The
farlure of the musele 1n this acute test may be related to the hemodynamic
state for 1t 1s prevented by the treatment of the amimals for several days
with sterords which have a Ingh degree of activity i respect to salt retention
and restoration of the blood volume " Howeser no reports of the influence
of nonspecific factors on thiy response are available

N
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The second method that of Ingle 1% 1% differs considerably from the
previous one [fere the weighted musde v subjected to <upramaximal
faradie shmulation at regular mterials and the total work done by the
muscle 15 recorded In these conditsons the normal ywumal may contmne
to work for many davs but the adrenalectomized amimal lo esats ability
to work 1n this fashion m a matter of hours It 1s doubtful whether the
defitiency made evident here 1~ 1 true fatigue of muscle for the contra
Iaterl vistimuiated muscle shares almost equally 1 the disturbanee
The tatlure to work ts assotnted with hy pogly cemea and depletion of car
bohvdrate stores and its onset mmy be delaved by the admimstration of
ghicose ' ° However these mimaly also ultimately exlubit circulatory
callapse and the contimuous mfusion of gluco e alone has not heen found
to mmprove the total work performance very much t ! Ingle has xpres ed
the view that although the deplction of carbohvdrate storcs may be one
important factor falure of other physiologic <y stems also must play a part
Since changes i the concentrations of sodim wnd potassium m the body
flutds do not appeat to be entical m the apprarance of this fulure the ¢
additional proce ses rematn elusive It 15 posuble that they are related to
dehaencies i adyustment of the eardioy aseular «system to the work loads
mposed

Cardiovascular System [he cardiovwscul system of adrenalectomuzed
anmmals apperrs to be less responsne than the normnl to most pressor
agents ! 2 To what degrce functiomil deficiencies of the heart muscle
arterioles or capillares share m producing this di abilits 15 not decided
but all masy do so Various changes m cardiac function have been de
scribed 77124 6 and heart fufure has seemed to be the ciuse of deith in
some instances of adrenal msufficiency Pt of these effects mas be related
to the merease 1n potassium concentrition of the plasma but not all are
believed exphcable on this basis To judge from available evidence how
ever the heart may be abnormally sensitive to changes mi ome compo 1tion
of the errculation It has been suggested also thit i thrs condition the heart
1> unable to mcrense its work output under cireumstances m which it
normally does <o %

Increased permeibihty of the vascular bed m adrenal msufficreney has
been reported frequently  is Chambers and Zseifach?*? have pomted out,
this effect may not be caused by changes in the tegnty of the capllary
walls but by dimimnution of vascular tone in the arterioles and of vt o
motion 1n the eapillary bed The latter effects reported to occur i adrenal
ectormzed rats before meufficiency s well advanced and m salt mauntamed
ammals ' ** # would be such as to impede the 1venous return aud to promote
the passage of water and other substances out of the vascular bed Further
more the responsivenc ~ of the mesenteric arterioles and precapillaries to

pnephrine ind norep hrne and to a vasoexeitor matenal from the
Jadney have appeared to be dimimnt hed or to be Iost very quickly Wath
continued application of norepinephrine or of stressful stimuly the eapillanes
became quite ttomic and refractory with mereasing cireulatory stasis
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Ttz and I evine! #suggest that not only are the blood vessels of the adrenal-
ectomized ammils unable to muuntam a normal re ponse to svmpathetic
humoral stimulatien, but that m fuling to do so the vessels become en-
attzed to the novious effcets of such 1gents Thes defiaency would have the
effect of preventing the normal shunting of blood from one. area to another
as demanded 1 respon e to many types of stress Such defects m the roae-
tivity of the cardiovascular system may well contnbute to the tendendy to
hy potension and to the great susteptibility te shotk mdueing procedures
which are demonstrated by adrenal-deficient subjects
Lymphoid and Related Tissue Ihe lymph nedes and thymus of the
adrenalectomized ammal have been reported to be larger than normal
when obsery ed some time after operation and the Iy mphocyte count of the
blood also tends to mise 39 1 \ore importantly there 18 univer«al agree
ment on the point that the lymphoid tissue does not undergo 1nvolution
1n situatrons 1 whreh this 1s usual such as in fasting or other stress states
nor 1s the normal fall in blood 1ymphoes tes seen 1n these conditions 131-133
In view of the depletion of the lymphord tissue and the Iymphopenia which
are induced by adrenccortical steroids or corticotropm or by agents whach
stimulate the secretaion of these hormones the suggestion 1s strong that
the normal values m these respects are & function of continuing adreno-
cortical activity and that the apparent hypertrophy of lymphod tissue
1s the result of remoial of this influence The finding that the Iymphocvte
count increases more rapidly in adrenalectomized mice under stress than i
¢ nonstressed  adrenalectomized arimals suggests that the absence of ad
renal excretion may reyeal lymphopoietic forces othernise not deteetable 122
The cortial secretion appears to have widespread effects upon the
reactions of tissties of mesenchymal orgin and 1t may also affect endothehal
cells It would be antieipated that adrenal defictent subjects would display
alterations of this type 1 an opposite sense but few of these have so far
been desinbed m tonvineng detal From observations of the reactions of
several types of tissue mn anaphylaxis Dougherty '™ constdered that the
mitial nfl ory respon of adrenalectormzed ammals resembled
the normal guahtativelv but were much more marked m extent and severity
Clearly the primary reactions of the tissues to insult are not suppressed
by adrenal deficiency However 1t would appear that some elements of the
sequence which tend to limt the extent of the reactions erther do not appear
or are unable to exert their usual effects
Resistance to Stress The adrenal deficient subject is remarkably
sensitive to the deleterious effects of a wide vanety of agents such as
trauma cold toxins anaphylactic reactions thyroxin listamune and
many drugs Tlis susceptibility 1= not directly dependent to any great
degrce upon abnormahittes 1 the salt or carbohvdrate levels m the body
since nonspecific supportive measures afford hittle protectron m most situa
tions and since cortical preparations may at times be effective n the
absence of matersal alterations 1 these factors Stressful agents such as
those mentioned have been shown to promote the activity of the adrenal
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cortex m normal =ubjects Henee 1t 1s suppo-ed that the adrenal deficient
subject s sensttized by the absence of same protective mechanisms which
aither are avin ated by the cortical secretion or more Yikely, are able to be
fully effective only 1 the presence of sufficient of the h
Undoubtedly these mechanisms conecrn the homeostatic responses of the
t~sties to chinges m local environment, perhaps for resstance to many
ty pes of stress 1t 13 the reactions of the mesencinmat and 1ascular systems
which are most important, but the ¢ssential nature of the processes affected
1s quite unknown

Effects of Cortical Extracts and Adrenal Steroids

Becwwse of the vanety of effeets whach mu e mduced by adreno
cortical extracts and m view of the nuraber of active steroids known com
plete understanding, of the phvsiologie (ffects of these materials requires
comparative assays of the several compounds over the whale range of
activities This tash has not vct been completed but a summary of available
esidence 1s presented in Table 4 The naturc of the effects measured will be
diseus<ed 1n the following sections

Life Mawntenance and Kidney Function

Mamtenance of Lfe The six adrenal steroids desentbed 1n Table 4 and
progesterone as well are ablc to mauntamn hie and a semblance of heajth m
adrenalecfomized ammals  Insofar as the relative effectiencss of the
sterowds 1n this respect has been mea ured quantitatinely, poc and perhaps
the amorphous fraction have appeared to be the most potent The prn
cipal mechamsms affected by the scveral sterords may differ however s
noted below, poc seems to have its pumany action on the retention of st
and by virtue of this actnaty to preserie the blood volume Lidney fune
tion and appetite An anumal mamtamed with poc develops hypogly comia
readily and remains abnormally senstinve to <l forms of stress differmg
but httle m these and hindred respects from ammals mamtamed only
by adjustment of salt intake On the other hand adrenalectomized dogs
guen cortical extract or fairly large amounts of cortisone but httle or no
salt, may be revived from ensis or hept i apparent good health for many
weehs without there necessarily oceurrmg any correction of the abnormat
concentrations of sodiwm chloride and potassmm n the plasma 13818
The physiologic actrons of the hormone which are effective m the support
of adrenalectomized anunals under these conditions have not been clanhed

The smportance of the retention of salt 1 the mamtenince of hfe may
be indieited by the general paralichism 1 the effectiveness of the adrenal
steroids 1n these two respects (Table 4) Cortione lone exee pt perhaps
m very large dosage has not always appeared to constitute adequate re

1 t therapy m adrenal d dogs or mn praents nith Addison s
axscase but 2 combination of small amounts of poc with cortisone has been
reported to be qute effectine Insoung adrenalectomized rats on the other
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Table §

Rrtatne POTENCIES OF THE ADRFNAL STEROIDS

Com | Com | Com | Com DOC | Com | Amor

pound | pound | pound | pound pound | phont
F F B 1 8 | Frae
d C Ct 11 De- | 11 Des- | 11 Des- lion

Tort bydto- oy ¢t oxy

° teo e ot conterone 3

¢
Vamtenance of adre

nalectomized dogs + 3 15 12 100 ++

Growth 1n adrenal
ectormzed rats 219 | 100 { 18 + ++ ++

Salt Metaholism
Excretion ratio of
radiosodium to
radiopotassium 7 [ 14 7 100

8

Sodium balance + Ed ++ ++ ++++ *
Glycogen deposition 155 | 100 54 47 0-2 o 0
Disbetogenic activity | +++ | +++ | ++ ++ +
Muscle work perform

ance (Ingle metho 1) 160 100 46 32 2 2 10
Musele fatigue preven

tion (Everse-de

Fremery method) 4 6 100 + 2
Depletion of lymphoid

tissue [ A | A [
Pratective action

agamnst

eold 100 9 33 8 +

water load ++4+ + +

anaphylaxs 4 | 0

egg white reaction
(intact rats) 133 100 40 Q

These obsersations have been drawn principally from the papers of Dorfman
Kuizenga *and others ! 1 47138 yith some additional eyidence from other investigators
hand good growth may be obtained with any of the six adrenal steroids
and no extreme differences 1 potency among the compounds 1s apparent
The effectis eness of the adrenal steroxds i respect to effects upon survival
and health has been most difficult to evaluate quantitatively and in par
ticular the activities of other 11 ovysteroids than corticone have not been
fully esplored Hence at present 1t 1s not at all certain whether one of the
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sterowds right in reasonable amounts act as 4 “complete’ hormone, ar
whether the combmed actions of two factors would more closcly simulate
the natural secrction of the adrenal cortex

Electrolyte Metabolism Restoration of the st balance wn adrenal
deficient subjects by cortieal cxtracts and extra retention of salt i subjeets
with intact adrenals piven either cortical estracts or corticotropin have been
obscrved many times In both normal and adrenalectomized ammals poc
dupheates thos effect and romarkably small doses of this steroid may be
shown to dimmish the excretion of <odium M0 Tlus effcet yppears to be the
result of an mcrease i the rate of resorption of sodmm by the tubules ™
The action of wdrcnl sterods on the exchnge of salt 15 not confined to the
hidney  however for corticotropim or poc will dimuush the concentritions
of sodm and chlonde m the sweat'8 142 and i the salrea % and desoyy
corticosterone acetate (pca) has been reported to dimimsh fecal sodium '

To what extent the other actine adrenal steroids share m this type of
aetinity has been & moot question In mtaet subjects large doses of cor
tisone or hydrocortisone have several times been observed to (e 8
temporary mereasc in sodium exerction rather than retention of salt 14914544
and this has led to o common belief that the 17 hydroxy steroids are mactine
n the usual sense m this respect However Conn, Lows and Iajans'®
have rcported that hydrocortisone mduced 2 constderable dogree of <alt
retention in a normal subject and several observers agree that cortisone
also 1s artive 1 adrenalectomized animals 199 141148 In the Iatter mstances
the cffectivcness of cortione was one-twenticth to one thirtieth that of
poC

The reason for the orcasional reversal of the <odium effect with the
17 hydroxy steroids 1s not clear The dostge range tested may be important
for in conditions in which larger doses of the oxy steroids appeared meflective
<maller amounts tended to induce retention of sodmum " The degree of
activaty of pea on the retention of ridiosodium was dimimshed as the
amounts of sait given were mcreased ' so 1t 1s possible that hugh sodim
loads would tend to obscure the weaker effects of the other sterords Stll
another factor may be the flud lond Cortisone and other adrenal steroids
can act as dwretic agents espeaially 1 conditions of overhvdration and
1n some nstnces 1n which the amount of sodium excreted was somewhat
mereased the concentration of sodium 1n the urme was i fact mueh dimin
1shed Here a tendency to mercase the resorption of sodiim may have been
obscured by the large urnine flow  In the absence of information on the exact
roles of the steroids m the excretion of water as well as of s2lt and of the
nfluence of the amounts of salt and water in the body on these effects 1t 1s
obiious that any conclusions as to the existcnce and nature of an antagomsm
hetween cortisone and poc 1n these respects may be premature

The sodum retamning properties of adrenal sterods other than cortisone
and poc are even less well known In two sets of parallel observations cort:
costerone was reported to (wuse sodium rctention n conditions i wlhich
v drocortisone induced loss of sodum 14214 and cortreosterone has been
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held to be a morc effective agent than cortisone m the mamnterance of
deficient ammals Hence 1t 18 poswible that the two 11 ovysteroids which
Iich the 17 hydroxy group would be more wine with re peet to ~odum
metabolism than the cortisone type 11 Desovycortisone wlich 13 found
1n the adrenal gland but has not been shown to be <cereted by 1t has heen
constdered to resemble poc n 1ts properties but f so 1ts actinity evidently
18 much less than that of the latter compound ™ lhe amorphous fraction
also has been said to be very active m mamtanung hfe <o there 15 still
the posstbility that umdentified substances from the adrenal may contribute
to the activty of cortical extracts Obviously 1t s not yet entirely clear
whether the sodium retaming eficets of the adrenal cortex erther with or
without corticotropin can be accounted for by the activity of the steroids
known to be secreted by the gland

The role of the adrenal steroids in the metabolizm of potassium appears
to be complex and 13 but little understood All of the steroids and cortico-
tropin as well, have been reported frequently to increase the excretion of
potassium both 1n mtact and in adrenal-deficient subjeets No very marked
differences 1n the potencies of the several adrenal steroids have been noted
1 this respeet Part of this effect may be aseribed to an increase n the
concentrating capacity of the kadney for this 1on ® However under some
conditions the amounts of potassium excreted may not be increased and
yet dimmnution of the plasma potassium level 13 observed 41132 Hence 1t
has been proposed that the hormone may act 1n an extrarenal capacity,
presumably promoting the movement of potasstum imto the cells in some
or all tissues With intensive treatment with the oxysteroids on the other
hand large amounts of potasstum may be lost from the body The depletion
of intracellular potassium here may perhaps be correlated with liberation
of protem from the tissues

Whatever the mechamesms mvolved, 1t should be noted that depletion
of the plasma potassium to dangerous levels may be seen durng the
sdmimstration of large amounts of corticotropn or adrenal sterotds
Fortunately the symptoms of this deficency may usually be corrected
by judicious treatment with potassium salts

‘Water Balance The <everal adrenal sterords may i different cireum
stances either increase or dimimish the excretion of water Yhere sodum
1s being retamed m any quantity water tends also to be retamed and at
times a distinet excess of extracellular flwxd may be produced On the other
hand if hydration 1s complete or particularly if phystologic saline has been
given the cortical factors tend to induce dwresis Additronally when large
amounts of steroid espeerally poc are used chronically a state resembling
diabetes mnsipidus may be seen here the large urine volume appears to be
prinaipally the result of polydipsia following the retention of salt Caunt
Birnie and Eversole®® and their associates™ have summarized the indiea
tions that cortical sterowds are active diuretic agents presumably diminish
ing the tubular resorption of water and that the oxysteroids rather than
poc are the more effective substances in this respect
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Possible Extrarenal Effects upon Salt and Water Metabolism While
the effects of the adrena steroids upon the concentrations of electrolytes
and water mn the fluds and tissues of the body have appeared 1n most
mstances to be exphicable on the basis of changes mduced in hidney function
and the resulting, shifts in osmotie balances, %3 @ number of mvestigators
have constdcred that there must also be extrarenal effccts espeenally with
1espect to movements of water and potasstum  Swingle and s asso-
e1ates!?® 13 have pointed out that extensive alterations in plasma or extra
cellular fluid volumes can oceur i hormone treated adrenaleetomized
ammals without concomitant restoration of the electrolyte levels Altera
tions obserycd in the proportions of extry and mtra cellutar water in adrenal
cctomized ammals  with and without treatment were conadered by
Gaudimo and T cvitt®® to be too large to be explained by changes in plasma
electrolytes Recently, Bloodworth'™ has reported that the extracellular
flud space appeired to be increased at the expense of the iatracellular
compartment when adrenocortical extract (but not pca) was gien m
experiments to normal dogs The nereases were of such magmtude (20
to 40 per cent) as not to be explaned adequately by the renal retenton of
sodium which could take place m the short time of the expenment The
frequent farlure of changes 1n serum potassium to be correlated with the
excretion of potassium has already been mentioned Turther, Ingle Nelson,
and Tendall®® have reported that cortieal extracts will diminish the extent
of the increase 1 serum potassium which oceurs m adrenalectomized
nephrectomized rats These observations taken together tend to suggest
that the distribution of water and perhaps of potasstum may be nfluenced
by cortical hormone m some more direct fashion as well as indireetly
through alterations in electroly te balance

Effects of the sterords upon the excretion of sodium and chlonde by
other routes than the unne were discussed under Electrolyte Metabolism
Cvidence that movement of sodum within the body may be affected
directly 15 not strong although Flanagan Davis and Overman!®® con
sdered that the changes in extracellular electrolytes seen i dogs gong
wto and recovering from mnsufficiency were too large to be caused only by
alterations in the amounts excreted 1n the urine Changes in the permeability
of certatn tissues to sodtum have also been postulated 197 158

The maplications of these and related observations have been dis
cussed by several mnvestigators 76809014t Jf the adrenal sterowds do have
widespread effects throughout the body upon movements of water and
clectrolytes the mechamsms remain obscure Possibly these actions could
be related 1 part to the maintenance of capillary tone and reactivity or
changes mght be mduced 1 the concentrations of nondiffustble substances
within the eells or the hormones might affect the metabolie systems which
maintain the diffcrential permeability of the cell membrancs

Carbohyd and Lipnd M boll

Mantenance of the carbohydrate levels in the blood and tissues of
adrenalectomized ammals and mncreases in the carbohydrate content, of the
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tineues of normal ammals treated with cortical extract were first reported
by Britton and Stlvette in 1932 131 In this early worh howcver 1t was
difficult to distinguish between the effects of the hormone upon appetite
or the general conditton of the ammals and those upon carbohydrate
metaboltsm per «¢ The nature of the actiuty of the adrenal sterouds in this
respect was first clearly outhned by Long Iuatzin snd T'ry in 1910 %¢
Gluconeogenesis In fasting ammals, either normal or adrenalectomized
and mamtamed with salt, the admnistration of moderate amounts of
cortrcal extract or of the 11 oxysteroids 1s followed by some elevation of the
blood glucose and by the accumulation of considerable amounts of gly cogen
m the Iner (Table ) Since the muscle gl cogen s not dimmished m these

Table &

ErsFcts oF Corrical ExTrAcT UFOY CARBONYDRATE STORES AND N1TROGEN LXCRETION
v NORMAL FasTING Rats

Blood | Luer | uscle | 200l | Vitrogen

Carbo- | Excreted
Glucose | Glycogen | Gly ogen | 4 570s | (15 Faea)

L A M,
Merr 108 & 106 Sm 100 &m 106 &m
budy | bodywt | bods wt | body wt
Untreated 1 7 253 301 54
Cortical extractt 108 72 2F0 390 81
Increase 31 72 891 a7t

Calculated on the as umption that blood glucose and muscle glycogen each are
distributed 1n 50 per cent of the body weight with no significant merease m tissue
glycogen

t Grven hourly during fast 12 hours of a 24-hour fasting perrod
1G N (extra earbobvdrate extra mitrogen) = 33
This table 15 based upon data contmned 1n the article of Long Katzin and Fry

conditions the glycogen Jud down m the hiver must be newly formed
from noncarbohydrate precursors In rats and mice in standardized con
dittons the 1nerease m liver glycogen 13 closely related to the dose of hor
mone so that this effect of the adrenal steroids now forms the basis of
several widely employed methods of issay for adrenocortical actity
The substances which are actrve here are sometimes referred to as gluco
corticoids As hown in Table 4 this property 1s virtually confined to those
steroids hasing an oxygen atom at C 11 Those also bearng a C 17 by droxy
group are more potent than the others, and most investigators agree also
that hydrocortisone 1s the most active steroid m the group

A sumular effect of adrenal steroids upon gluconeogenesis has been
demonstrated m fasting phlorhiziuzed adrenalectomized ammals 181-16
Here the low rates of excretion of both glucose and mtrogen may be restored
to normal by treatment with any of the 11 oxysteroids In these conditions
poc also has some degree of actinity and 1t 15 possible that some part of
the effects seen m these ammals 1s the result of improvement m the hemo-
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dynaniie state and the consequent merease m hudney snd hsey fisction
No noteworthy sffects of the sterords m mtact phlorhizinzed mals have
been reported

In adronalectomized muce gnen msulm the meidence of convulsons
mav be greatly rednred by admmstration of cortieal extract or of some
11 ovisturads ## This contra mesulm effect has been correlated with the
recumutation of glycogin in the Iner ¥ and 1t may he supposed that s
caused fargels by the provsaon of extra glucose 1ia pluconeogenesis

The mechuusm by whith the cortiosterods imduee gluconeogenesis
his not been preacly defined When the mirogen eseretion has heen
measured concurrentls sith the deposition of glycogen m the hver or the
exere tron of glucose i phlorhiziuzed ammals the lows of mirogen has teen
found 10 be increa ed proportionstely, and sl of the new carbohydrate
could have come from the evtra pratem idieated to hase been metaholized
(Fable »1 Thus the most probible source of the earhohydrate produced m
fasting ammals under the influence of the sterowds 15 the protewns of the
body In phlorhizimzed adrenalectomized ammals grien sluune or Lictate,
the amounts of glutose excreted were reported to be mereased by treatment
with cortical extiacts but smec the exeretion of (vogenous glueose was
affected stmtlarly  this effect was interpreted as bong (au ed by dimmution
wn the oadation of carbohvdrate and its intermediates rather than by
ncren ¢4 gluconcogencus ¢ \o convinang evidence has yet becn offered
to wdiate that the admimstration of stermds to normal amumals enhances
the <omverwon of evogenous protuns or amino amds to carbohydrate
In vsew of these facts 1t seems libely that the principal effect of the steroids
w upon the breihdawn of bods proten rather than upon the process of
gluconeogencsis itwelf and that new formation of earbohcdrate follow s upon
the provision of available substrate

Diabetogenic Effects The gluconeogenety actiuty of the adrenal sterods
descrihed above 13 best ob erved 1 fasting ammals When the subjects
are frd 1t 1 possible that additional effects of the hormones come into plav
In arnic expenments i which earbohydrate 13 fed verv large amounts of
gl cogan are deposited 1 the ner and musele Lhecogen too may be some
what mereased The R Q usually 1~ Jow m such wuumals s gesting an
mterference with the utilization of carbohvdrate °* With pratonged treat
ment with large amounts of hormone diminution 1 the glicose tolerance
angd glyrosurts mas be produced These  thabetogems  effects of corfieal
extracts were first demonstrated in the rosumption of ghy cosuna m adrenal
ectomzed depancreatized imimals and i the exicerbation of the ditbetes
n partially depancreatized rats # I ater, with quite large nmounts of steroid
or of corticotropin Inglel®s 1% gnd hus associates™ found that force fed
witact rats could also be made glycosuric The 11 oxysterowds are by far
the most effectise disbetogenic sgents but poac 15 not entirely without
aetiaty 1%

The diabetes induced by adrenal steronds appears to differ somewhat
from pancreatic diabetes 1 that the ammals are enarmously rewstant to
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msulin and such associated effects as diminutton m glucose tolerance
hetosts and loss of water, salts and mirogen are often not commensurate
with the depree of glvcosuria Smee m bilance experiments  the nerease
m mtrogen excretion with adrcnal sterods has usually been too small
to account for the amounts of glucose excretcd 1t has been supposed that
the hormone must interfere with the utilization of carbohydrate Recently
however Welt et 1l 8 gving, radioglitcose to corticone-treated rats found
that the prmapal effect of the hormone was to incrense greatly the dilu
tion of the admmistered carbohydrate by nomsotopie glueose hence the
rate of gluconeogenesis from unknown precursors must hase been increased
commensurately Iittle change was seen 1 the oudation of the radio-
glucose The question 1s still open whether 1 addition to mereasing gluco-
neogencwts the hormone may interfere with the utilization of glucose vra
fat formation

While the diabetogcnie effects of the adrenal steroids or corticotroptn
mav be readily demonstrated m rats in other species the effects have been
less marhed On the other hand anterior pitmtary extracts or punfied
growth hormone containing little or no corticotropwn are strongly diabeto-
geme 1n intact cats and dogs as well as in partially depancreatized rats
but not 1n intact rats The ‘“ptwtary diabetes 13 not seen in adrenal
ectomized ammals but 1t has been reported 1n ammals mamtained with
mimmal amounts of cortical extract * Recently Engel et al ' found that
growth hormone may be rendered diabetogenic i the mtact foree-fed rat
if some cortrcotropin 1s given as well and that the degree of glycosuna <o
mduced 15 related to the amount of growth hormone rather than to the
amount of corticotropin A similar permissive role of the adrenal hormone
has been reported wath respect to the R Q depressing and gly cogen con
serving effects of prtuitary extract or growth hormone'”!? and with
respect to diabetogenic effects of certamn estrogens * These observations
rawe a serious question as te whether the adrenal steroids act as primary
diabetogemic agents or whether nstead they are neces ary in some mdeter
mnate amounts for other factors to take effect As will be seen shortly
a simular situation seems to hold for the action of adrenal steroids on mtrogen
catabolism  Yhether the mechamsms activated by the adrenocortical
hormone are the same 1n all mstances 1s not hnown

Lipid Metabolism Lattle 1s known of the possible effects of the adreno-
cortical hormone ttpon hprd metabolism ' If the hormone tended to dt
minh the ubihzation of carbohydrate it would be expected that the
utihization of fat would be mcreased but few signs of such activity are
evident Nerther the hnown adrenal steroids nor cortieal extracts of the
usual type produce hetosis except perhaps during <evere sterod diabetes
nor have they usually been observed to inerease the mobilization of fat
to the hiver Corticotropin on the other hand has been reported in some
nstances to induce hetonerma and in prolonged experiments an increase
m Inver or body fat It may be that the adrenal secretes an umdentified
¢ fat factor as mamtaned by Hartman and Brownell ? but this view has
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not recened general acceptance Corticil hormones do however appear to
be required for the demonstration of adipokinetic activity of other f1ctors ¥
From pre<ent evidence 1t <eems possible that the reported activity of some
corticotropin preparations could result from the action of another pituitary
factor worhing with the adrenal steroids and that the oceasional observa
tions of adrenal steroid activity in these respects are expressions al o of
some sort of indirect or sy nergistic role

The obesty frequently seen in Cushing’s syndrome has not been repro-
dueed mm anumals given adrenal sterowls Since i both man and ammals
an merease 1n appetite often accompanies the administration of corticone,
1t scems bihely that the gencralized obesity could be due to an imbalance
between food mtake and actinity  Lhe peculiir loealized deposition of fatty
tissue which may be scen n this condition s not understood

Protein Metabolism

Tihen any of the 11 ovysteroids or corticotropin 15 gnen 1n moderately
large amounts to man or to amimals a considerable mcrease i mtrogen
exeretron usually follows within a few hours This oceurs mamly 1 the
form of urea or m birds as uric actd In man there 1s also an increase in
uric aeid excretion but the factors affecting the action of cortical hormones
on purine metabolism hayve not been studied m any detml

The increase in general catabolism of protem under the mfluence of
adrenocortical hormone 1s seen in both fed and fasted ammals, with con
tinued treitment serious losses of body tissue may be induced This cata
bolic effect 1s not however obligatory It tends to dimmmsh with time ©
that after some days or weeks a negative mtrogen balance may or may not
be evident '°% 1t 1s less apparent when the diet 1s high m protem 151t may
be abolished by mtreasing the food mtake or in acute expertments by
administering glicose or amine acid mistures 1% and 1t has been reported
to be prevented by wcreasing the potassium intake * Duidently the extent
of the increase 1n protem catabolism induced by idrenocortical hormone
15 strongly conditioned by the metabolic state of the subject

The converse of this relationship 1s also true for the catabolic effects
of other agents upon mtrogen metabolism appear to be determimed to 2
considerable extent by the amount of adrenal hormone ax-ulable The
permissive role of the adrenal 1 the post traumatic loss of nitrogen has
been referred to earlier In extensnve studies of this phenomenon in intact
as well as 1 adrenalectomized rats Engel' "¢ has shown that not only
1s cortical hormone required for the catabolie rexction but that with mild
degrees of stress (such as moderate hy pogly cemia or the mjection of small
amounts of formalm) cortreal extract or corticotropin hastens and augments
the catabolic response This 1vestigator suggests that fasting it<elf maght
be regarded as a stress which could grve nise to the charactersstic metabolie
pattern of mjury only in the presence of cortical hormone In the expen
ments of Engel and of others also the magnitude of the effect has appeared
to be dependent more upon the degree of stress than upon the amount of
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hormone prosided that some minimum quantity was present However,
this mimmum amount appears to vary mnersely with the seventy of the
stress and 1t 15 possible that with muld departures from the basal’ state
the amount of hormone would be found to he & determmng factor alvo
Thus whether a catabolic effect of cortical hormone will be seen depends
not only upon the intensity and duration of treatment and upon the nutn
tional state of the subject but also very much upen the degree of stress if
any to which 1t bas been subjected

The mechanisms by which erther cortical hormone or the various stresses
1nduee loss of nitrogen are largely unknown Most of the tissues of the body
appear to be affected by the hormone 1n some degree 18 The lymphod
tissue undergoes the most profound depletion 1 all conditions Although
during fasting the hver loses o greater proportion of 1its mtrogen than do
most tissues evcess of cortieal hormone does not accentuate this depletion,
but rather tends to prevent it (Table 6) Also cortical hormone hastens

Table 6

E¥¥rrcr oF ADRENALECTOMY AND oF Corticar EXTRACT UPON THE Loss OF MTROGEN
FroM 1HE TISSUE OF FASTING MicE

Alterations sn \itrogen Content durtng 48 Hours

Group Later Carcass Lymphotd Tissue
g Fo1 Mz o e Fo1

pe. P o3 P C b P Cat

Joo [ EE] doo 1 Gy G| oo [ FyGY
Lont Nt Lost Nt Lot ot
Intact -39 78 | -340 88 -9 69
Adrenalectomized 31 83 | -120 9% +64| 18

Adrenalectomized gven

cortical extract -23 87 | —230 92 | —137 55
l:werage standard error +6 *3 +50 *2 +10 *5

10 to 12 ammals per group
1 Intact unfasted controls
Ths table 1 ha ed upon data contained 1 the article of White and Dougherty 17

the regeneration of Irver tis ue 1n partially hepatectomized anumals Hence
1t may be inferred that the hormone favors the mosement of protem from
the rest of the body toward the liver The cortteal factors and the pituitary
growth hormone are mutually antagomstic with respect to sheletal growth
as well as to nitrogen balance and 1n young ammals an excess of cortical
hormone induces dwarfism with a relative splanchnomegaly 'Thus the
peripheral tissues seem m general to be rather more sensitive to excess
~~~treal hormone than are the viscera
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There has been Iittle evadence so far to suggest any effect of the hormons
upon the catabolism of amine acads themsclies or upon the metahobism of
exogenous protem and most i estigitors have considered that the hor
mone must either mcrease the brenhdown of protem or suppress s syn
thesis 1n most or 2l tisswes When isotopre gly cine has been gnen to ammals
or human subjects treated with <ortimone or cortiotrapin or to patients
with Cushmg’s syndrome o constderably larger proportion of the ssotopie
nitrogen has been evereted than tn the vontrol subjects $2-1%% [lus has
been anterpreted to men that v smaller proportion of the ammo aeds
the bodv ways bong syntheazed mto proten However m fasting ammals
this effect wos weompanid by o Lige dilution of the esercted rotope
mtrogen with nomsotopr mtrogen from the body * mdieating that in these
condstions the principal effect was upon proten breahdown It 1s posible
that both m Insted and fed subjects the meressed excretion of Jaheled
mtrogen could hate been duc to a washing out of mitrogen through the
delnery of cxtessice quantities of ammo acids (or protemn) to the Iner
This nterpretation 1« eonsistent with the finding reported by Clarh ¥ of
inereased guantities of 1otope in the hver protein and nonprotein mtrogen
and dimmashed amounts of 1sotope 1 the wtrogen of the carcass tisstes of
cortisone treated raty It 1s supported also by the obseryations of Roberts'®
that the tissues of adrensl hormone-treated anmals borated more protemn
mto the medwsm durnng icubation tn ufee and that m parteslly hepa
tectomzed rats the regencration of hver protews was histened and the fall
m serum albumm prevented by ireatment with wdrenal sterouds

The conclusron to be drawn from thus dneraty of observations seenys
1o be that the cortical hormone does not itself divectly stimulate the cataho
hsm of amino acids or protemn but that 1t serves to labilize or sen<itize the
hady protemns so that they are more renddy drawn upon when other agents
largely unhnown tend to enliwnee the movement of protern Whether the
process affected 35 catabolic or antianabobic m nature 3o still debatable
In view of the mtimate relationship hetween the actions of adrenal sterowds
and of stress m protem metabolism and the nenrly abeolute lack of Anow!
edge concernmg the mechanisms by which the v arous stresses exert thew
effects further generabzatsons roncerming the exact site of action of thest
hormones are scarcely warranted at the present time

Functional and Morphologic Effects

As mdicated earher cortrcal hormones display a wide range of wctivaties
which are g yet but ittle understoed One of the major probleres of adrenat
physiology 13 that of definmp the relationstup of these effects to the ho-
chemical and metabolie actavities swluch has e been desenbied above

Muscle Function In two types of muscle funetion tests which have
been exammned tn some detm] cortical hormones are able to improve the
performnee of adrenalectormzed nmimals, but i nerther ease b1s any effect
been demonstrated upon muscle function m narmeal awmals In the Ingle
test 119180 the ability of adrenalectomszed nephrectomized rits to sustam
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continued muscular activity 1s measured Here n wide range of responses
has afforded the opportumity of measuring the relative poteneies of the
steroids 1 & quantitative manner \s indicated n Table 4, the relative
activities 1n this test parallel remarhably closely those found in respect
to gly cogenesis However the admimistration of glucose does not reproduce
the effects of the steroid and moreover the most active steroids generally
achieve a mavumal effect short of complete restitution Fuidently, under
these conditions other factors than the rate of gluconeogenesis must lrmit
the ability of the muscle to contiue working The tonditions of this test
are such as to constitute 2 serious generilized stress to the orgamsm so
3t 15 Iikely that <ome fundimental actinity of the hormone 15 common to
the effects upon glycogenesis and to the ability of the ammal to continue
working and probably also to the promotion of some aspects of general
resistance to stress

In the Everse-de Fremery test!* where the immediate neuromuscular
response to brief stimulation 1s observed the reported order of the effective-
ness of the several steroids has been the reverse of that seen in the Ingle
test The steroids here were ginen over a four day period to otherwise
untreated defient animals The fact that the relative activities of the
steroids hasve appeared to be similar to those seen 1n respect to <alt reten
tion suggests that this effect could be related to the maintenance of normal
salt concentrations i the body fluds or extrreellular fluid volume and
blood pressure

This divergence i relutive activities of the cortical steroids m two
different tests of muscle function indicates that the cortteal factors act on
this system  more than one way This conclusion 1s 1n accord with recent
observations made in adrenalectormzed dogs by Goldstein Ramey and
Levine U In this work 1t was observed that the responses of the gastroc
nemius muscle to stimulation could be maintamed or restored when the
blood preseure was held at moderate levels and that this could be achieved
by any of several means However adrenalectomized ammals <upported
only by poc could mamtain neither the blood pressure nor normsal musele
contractions when stimulation was continued for any length of time Thus
the 1mtial responses of the mustles of hormone-treated adrenalectomized
antmals myy well be a function of the mamtenance of the blood pre surc
through protection of the antmals against loss of salt However for con
tenwed activity there must be additional support of the eirculation achres od
by other means This could be in part at least through adjustment of the
cardioy ascular system to the demands of continued musele work

Functional and morphologue effects have also been demonstrated on the
cardiovascular system 76131719 The effects upon lymphatie tissue long
studied m the laboratory ¥ '#-'* and other effects upon the hemopoiette
system are described elsewhere 1 this volume The capacity of cortisone
or corticotropin to alter the usual cour<e of inflammation 13419 ~196 gnd
of other stresses depends upon a mechanism which has not yet been elua
dated Because most of the follow g chapters deal with vanous aspects
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of this major ndrenocortical function 1t 13 not included here Certamly one
of the sigmficant results of the development of cortisone 1s the stimulus to a
renewed study of nflammation

Summary

Early studies of the physiology of the adrenal cortex revolved largely
around the effects upon electrolyte metabolism which are so important
for the muntenance of hfe A httle later, mcreasimg emphasis was given to
those aspects of the metabolism of carbohydrate protem and fat m which
the adrenal hormone 15 actine here present evidence indicates that to a
considerable extent the hormone acts not so much as a prime mover but
rather as 2 necessary adjurant to other phyiologic processes Most recently,
the therapeutie success of the hormone 1n certamn condittons of disease has
turned attention to effects of the hormone upon some aspects of cellular
tunction which though not completely unforescen had been largely un
suspected In all of these fields there are still Iarge areas in which our under
standimng 1s limited The outstanding problem howeser 1s that the effects
of the adrenal hormone mn these several phases of physiology are still
unrefated by any general hy pothesis concerming their mechamisms Logt
cally 1t may be espected that some common ground will be found for all
of these manufestations that some one type of reaction 1s controlied by the
hormone The wide vanety of effects demonstrited by the hormone may
be produced not by a multiplieity of actrvities but, rather by the nature
of the different tissues and systems affected and the circumstances 1n which
the action of the hormone 15 observed
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P]larmacologlc Aspects of Adrenocortical
Hormones 1n Man, and Their Effects
1 Adrenal Insufficiency

George W Thorn, Dalton Jenkins, John C Laidlaw,
Fredenick C Goetz, Joseph F Dingman, Walter L Arons,
Dawnid H P Sireeten, and Brian H McCracken

The importance of the adrenocortical steroids as essential mediators
of metabolic processes 15 well established In the treatment of adrenocortical
msufficiency these hormones are capable of restoring severely 1l patients
to g state of health that 1s remarhably near normal In the wider field of
mflammatory diseases therr action 15 no less dramatic althou h the indica
tions for their use and their ultimate place m the therapeutic armamen
tanum are naot yet clearly defined Experience has emphasized the necessity
for exerasing unusual care m 1nitlating or terminatmg a therapcutic tral
with these agents Regardless of the extent to which they may eventually
be employed in the everyday practice of medicine the necessity for under-
standing as clearly as possible their mode of iction m the human body
remains This chapter 1s presented therefore in the hope that a reassessment
of the more 1important pharmacologic aspects of the action of the adreno
cortical hormones may prove useful to the practicng physiaan The struc-
ture of the C-21 adrenal steroids has been shown in Figure 1 of the precedmg
chapter
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11-Desoxycorticosterone

The first adrenal steroid to be synthesized was 11-desony corticosterone
In this mstance the synthesss of a terord hormene was accomphshed prior
to 1ts wdentification and i<olation from adrenal gland extracts The im-
portant phy siologie processes that thrs hormone controls are well established
Whether or not a hormone of this exact chemieal composition 1s secreted
by the normal human adrenil gland has been open to serious question
Because of 1ts marhed potency one might espect to find only traces of
desowy corticosterone (poc) in adrenal extracts or perfusates It has been
considered that the virtual elmination of sodium from the urine of normal
subjects treated with corticotropmn probably ndicated the secretion of an
adrenal steroid more salt retuning than either the 11 or 11 17 oxysterords
However, recent experiments? have shown that the intravenous infuston of
hivdrocortisone (compound F) m 2 normal subject at the rate of 12 mg
per hour 1s capable of inducing profound sodium retention hence the
occurrence of « mairhed reduction m sodum excretion after mtensne
stimulation with corticotropin does not necessanly require the seeretion of
poc like steroids

On the other hand the probability that the adrenal glands <ecrete poc
15 suggested by the experiments of Hechter ¢t 4l * who have detected this
sterord 1n blood after perfusion of 1c0lated beef 4drenal glands Recent ex
peniments of Simp on et al * have demonstrated that a new and highly
potent electrol te regulating, compound 15 present 1n adrenal gland etracts
and 1n the adrenal venous blood of laboratorv ammals This compound
was found to be distinet from cortisone hydrocortisone corticosterone and
DoC was much more potent 1 1ts «alt retainmg capacity than any of these
agents and appenred to be responsible for most of the electroly te regulating
activity of the original extract Finally 1t should be remembered that the
amorphous fraction remaming after the preparation of adrenocortical
aqueous extracts econtams highly effectrve and as vet umidentified elec
troly te regulating substances ¢ Although under eircumstances of mawmal
adrenocortical stimulation 1t 15 possible that electrolyte regulation eould
be mediated by the quantity of hydiocorts one-like substances secreted n
all ikelihood under normal cireumstances electrolvte regulation 1s effected
through the action of more potent salt retayning substances It must be
admitted that whereas the ¢xact status of poc as a ratural mineralocorticord
1s still uncertain 1t remains the most potent steroid available today for the
control of sodmum and potassium urtnary excretion

Physiologic Actions W hen administered 1o adequate dosage to normal
subjects as well as to patients with adrenocortical msufficiency poc pro
duces definite changes i electrolyte and water balance as regulated by the
kidneys sweat glands salivary glands gastromtestinal tract and m all
probability body cells i general As might be antitpated these effects
are demonstrated much more readily mn patients with Addicon s disease
than 1n subjects with mtact adrenal glands
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Kidney The renal effects of poc i man conuist of the retention of sodum
chlonde and water and an ncreased exeretion of potassium 7 Although
changes . the urmary exeretion of enlium and phosphorus may oceur,
the effects upon total balace we vanable ind usually of a mmor degree
In patients with adrenocortical msufficiency Ddoc produces as a direct
result of the restoration of clectrolyte and wter balance, an cxpansion of
plasma and cxtracellular flnd volumes o gam 1n body weight, and o nse
blood pressure ®® In addition renal plasma flon glomerular fltration rate,
and the clearance of uren and endogenous creatmne are enhanced The
studies of Pitts!® suggest that these changes n renal hemodynamies are
sccondary to the restoration of total body electrolyte and water eontent
resulting from the primary action of the hormone on the renal tubule
Thus, 1t appears probable that the primary effect of poc on hidney fune
tion 15 the enhancement of sodium reabsorption and of potassium elimina
fion by the renal tubules Indecd patients with advanced hidnev diseace
characterized by enormous lo ses of urnary sodium and chlorde (salt
losing nephritis)!! are unable to respond to poc admimistration with erther
sodium retention or an mnereased output of potassium

The mechamsms by which this steroid mfluences the regulation of
electrolyv te exeretion by the renal tubules have been mvestigated by Patts *
These studies carried out m adrenatectomzed dogs 1ndicate that adreno-
cortieal steroids are capable of regulating the reabsorption of approumately
2 per cent of the total tubular load of filtered sodium It appears likely on
the basis of the response engendered by the stress of moderate acd loading
(for example with ammomum chloride} that poc mfluences the tubular
exchange of sodim potassium and hydrogen 1ons However the modifying
influence exerted by this steroid on the renal actions of mercunal duretics
and Pitressin suggests that the hormonal action on electrolyte excretion
15 not confined to 1its effects upon the 10n exchange mechamsms A direct
effect upon the tubular processes responsible for ammonia secretion may
also occur 1 The lorus of the-e actions 1s considered to be the distal tubules

Studies carried out n normal human subjects show a definite eflect
upon the renal excretion of electrol tes within twe to four hours of intra
muscular’* as well as intrayenous® adminstration of poc It 1s of interest
that the admimstration of desonycorticosterone acetate (pCa) to human
stibjcets during the rigid restriction of sodium 1mtahe produces httle or no
rise 1n the urinary excretion of potassium nd has no effect upon the external
exchange and mternal distribution of water 151 "These results suggest the
exwstenee of a renal mechamsm that controls the excretion of both sodtum

and potassium and i« subject to the wfluence of poc s suggested by
Putts!  furthermore 1t 18 apparent that the effect of the hormone upon
potassum elimmation 15 conditioned by the degree of concurrent sodium
retentron
In contrast to patients with Addwons disease whom the effeets
deseribed are ordmanly obtamed at a dosage Ievel of I to 3 mg per day
ormal subjects usually require the admunistration of considerably larger
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Rudney The renal effects of poc 1n man consiat of the retentson of <odwm
chlonide and water and an wnereaced everction of potassum 7 Aithongh
changes 1 the unnary exeretion of eilesum and phosphorus mas seeur
the effects wpon total balance are varble and w uslls of 2 mmor degree
In patients with adrenocortical iufficency  boc produces as a duwect
result of the restoration of electrolyte and water balance an expansion of
plasma and extracellular flind volumes 3 gam i body weight and a psein
blood pre~wure 8¢ I addition renal plasma flow glomerular filtration rate,
and the clearance of uren and endogenous creatinine are enhanced The
studies of Pitts?® suggest that these changes m renal hemodsnamues are
secondary to the restoration of tatal bods electrolyte and water content
resulting from the primam acttor of the hormone on the renal tubule
Thus it appears probable that the pnmary effect of poc on hidnes func
tron 18 the enhancement of sodwm reabsorption and of potaswum ehmina
tion by the renal tubules Indeed, patients with advanced hidnes dieae
characterized by enormous losses of urmary <odmum and chlonde (st
losing nephritis}* gre unable to respond to noc admunnstration with either
sodium retention or an increased output of potasstum

The mechansms by whach thes <terowd mnfluences the regulstion of
electroly te excretion by the renal tubules hatve been s estigated be Prtte !
Thewe studies carned out in ad H 3 dogs mdreate that adreno-
cortsen] sterords are capable of regulating the reabsorption of approvamately
2 per cent of the total (ubular load of filtered sochum It appears bhely on
the bass of the response engendered by the stress of moderate aeid loadmg
{for example with ammonmum chlonde) that poc influences the tubular
exchange of sodmam potassium and by drogenons Howerer, the modifving
influence exerted by thus steroid on the renal actions of mercursal duretics
and Iitressin suggests that the hormonal zetion an electrolvte escretion
15 noy confined 1o ats cffcets upon the 1on evchange mechamsmy A& direct
effect. upon the tubular proce -es re~ponsible for smmonia secretion mas
al<o occur 1 The locus of the<e actiops 1s convidered to be the distal tubules

Stuthes carried ont i normal human subjeets show a definste effect
upon the renal exeretion of electroly tes within two to four hours of wntra
muscular'* as well as mtrayenous® admmstration of poc It 1 of interest
that the sdmmstration of desonycorticosterone acetate {pci} to human
subjects during the ngid restriction of sodram mntake produces hittle or no
nse mn the unnarsy exeretion of potasssum snd has no effect upon the external
evchange and snterna} distobution of water ¥ The e results suggest the

of 2 renal Ji that controls the excretion of both sodium
and potassum and i~ =ubjeet to the mfluence of poc as suggested by
Pittstt, {urthermore 1t 1s apparent that the effect of the hormone upon
potassrum ehmination 15 conditioned by the degree of concurrent sodm
retention

In contract to patients with Addion s disence, 1m whom the effects
described are ordmanty obtamed at a dosage tevel of 1 to 3 mg per day
normal <ubjects usually require the admumstration of considerably hrrger




PUARMACOLOGIC ASPECT~ OF ADRENOCORTICAL JIORMONES IN Man ol

1n electrolyvte balance produced by mtensive renal tubular sodium retention
and pota siim lo <

Howerer, 1t has long been recogmzed that poc mav esert an effect
upon mtracellular electrolytes and water mdependent of its effect upon
renal tubules Consistent with thes 1s the fact that Woodbury * has sue-
cecded 1n demonstrating 1 change 1 the tissue content of sodizm n the
nephrectomized rat recening pey

Recent studies by Tuft 2% ;m which simultaneous measurements of ~odmum
balance and total \a? space were carried out mn patients with ntact
adrenal glands recenving liurge doses of pey over prolonged periods
provide further evidence for extrarenal actions of this sterodd  Although
the imtial period of marked sodium retention was folloned i all cases by an
eseape to a state of normal balance and even negatine balince dunng con-
tinued pcy administration the distnbution space of radio odium <teadily
enlarged The lack of correlation between external balance and internal
di tnbution must signify a direet effect of the hormone upon odium stores
mdependent of 1ts action on sodum exeretion

Other Actions Sayers? has demonstrated a weak setion of pca in m
hibiting pituntary secretton of corticotropin Thia effect 15 not potent enough
to be of pharmacologie sigmificanee m man, m the dosage usualls emplosed
n the regulation of \ddicon s disease 1e 2 to 3 mg daihv  Although m
proved food intake and electrolyte regulation are the prinerpal factors
respon«ible for the alterations observed in carbohydrate metabohsm 1n
most patients with Addison s disease all available evidence ponts to the
conclusion that poc exhibits a muumal direct effect upon <arbohydrate
metabolism  The sdmimstration of poc does not 1nduce costnopema and
no cortrrone-hike effect upon inflammatory  ind allergic  phenomena 1s
observed

Patients with \ddions disease on long-ontinucd poc maintenance
theraps despate an improved <ense of well being and capacits to work
usually extubit one or all of the following metabolic abnormalities 1n-
capaeitv to tolerate prolonged fasting without hy pogly cerme manifestations
abnormal response to water load and persistence of the abnormal electro-
encephalographic pattern

Although 1t 15 widely recognized that poc can produce a Pprogestatronal
endometrium 1n estrogen treated oivariectomized or mmmature ammals 3
comparable effects have not been demonstrated i human subjects

Toxicity The undesirable sde effects that may follow poc overdosage
are the direct result of an accentuition of the metabolic effect obtained
with phystologic quantities of the hormone These mnclude hy pernatrernia
hypokalerma edema hypertenston and cardiac enlargement  With 1n-
tensiy e sodium retention and potassium depletion a sigmficant intracellular
exchange of sodmm for potassum may oceur Advanced mtracellular
potassium loss mav eventuslly result i sertous mu cular wealness and
even paralysis under these conditious morphologic lesions m ecardine
muscle may be found * These changes can be effectiely mmimized by a
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have demonstrated a definte measure of protection with nes, 20 mg dady
mjected wtramuscularly agamst the mereased foss of sodwm 1 the bowel
caused by the oral admumstration of s cation evchange resn {fagure 2)
It 15 possible that the gastromtestinal upsets obeerved so frequently 1n
patients with untrested Addison’s disease are wtensified by a fadure to
reabsorb sodmm and ebloride cffectively from the Jumen of the honel
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Amberkite X286 eation exchange resn 1-2 mI q of pota sium per gram

¥16 2 Dxerehum of eodivm and potassum m a prtent with Addison s disease

The prtient was on o consiunt diet-—210 mLq of sodwm and 72 mEq of potasaum

Stools and urme were wollected 1 three-day poels and the values for sodum and
potasaam represent asverage dasly eerotion

Body Celis Dunng the admumstration of pea to normal subjects or to
pabients exhinting overt signs of adrenocortical msufficiency the expansion
of extracetlufar fluid solume may well exceed the change 1 external water
balance ndicating a staft of water from miricelluinr to extracetiular
space 8- 3 A sigiuficant elesation of sntracellutar sodiam and @ decretse m
ntracellutar potassum hive also been Srequently demaonstrated durmg
pey sdrnsstration to ammals® and man ' It appears probable that these
changes i miracellular composition are largely dependent upon alter itions
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1n the do~ages ordmanly employ ed for dimeal management, give rise to an
1nereased excretion of urinary 17 ketosteroids However studies on ovar-
ectomized and ovarectomized adrenalectomized primates have demon
strated the conversion of poc to 17 ketosteroids *

Preparations It has long been recognized that the metabolie activity
of sterord hormones ean be significantly modified by estenfication and by
the phy<ical state in which they are administered Miescher et al * originally
demonstrated sigmficant differences i the duration of effects exerted by the
acetate palmitate and butyrate esters of poc m ail solution For many
vears however the acetate of poc has generally been employed for elinrcal
use A sgmheant advance 1n the adminstration of steroid hormones was
achieved by the formulation by Deanesly and Parkes 43 of estrogenie and
androgenic hormone tablet~ for subcutaneous mmplantation Thorn et al ¢
subsequently standardized the mamntenance treatment of patients with
Addison s disea e by the subcutaneous implantation of pca pellets In
additton  both the mtravenous and mtraoral routes have been utihzed
for the admiustration of this hormone to patients with adrenocortical
m ufficiency

Sy preparattons of poc are at present avadable for elmical use bt
m sesame or peanut o1l for mtramusculir mjectron pea pellets for sub-
cutaneous 1mplantation poc m propyvlene ghcol for sublingual admims
tration pea buccalets for ntraoral ab orption a microcrystalline aqueous
suspension of poc tnmethylacetate for mtramuscular injection and an
aqueous solution of poc glucoside dewigned for mtrasenous infusion

Desoxycorticosterone Acetate tn Ol After its imtial synthesis and 1nola
tion the acetate ester of poc was promptly shown to be of therapeutic
value m the management of both acute and chromie adrenocortrcal -
sufficteney 4246 Admmstered by deep mtramuscular mjection bpey
sesame o1l was thereafter widely emploved for the mamntenance therapy of
patients with Addison » di ease and subsequently for the standardization
of daily hormone requirement prior to the mmplantation of pellets for long-
term treatment The preparation 1s ordmanly admmmstered once daily
since the effects of a single ntramuscular do e endure for approuimately
24 hours The average daily dose used n the treatment of patients with
Addison s drsea e 15 1 to 3 mg a dav 7 Larger doses of 5 mg or more may
be required 1n unu ual patients and m adrenal erwsts

Desoxycorticosterone Acetate Pellets The mamtenance therapy of pa
tients with Addisons disease by the subcutaneous implantation of pea
pellets offers certain distinct advantages the proiision of a more constant
rate of hormone absorption reduction of the total hormone requirement
owing to the cfficiency of utthzation resulting from continuous absorption
and the avordance of darlv intramuscular injections Dunng the past
decade the admmmstration of pcs by ths techme has without doubt con-
stituted the mamstay of substitution therapy 1 the majonity of patients
with chrome adrenocortical m ufficiency and has been responsible m no
small part for a significant reduction 1n the mortality of this di ea e
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restriction of sachum and chlonde mnt \he and the admmstration of supple-
mentary potissim
In view of the potenttal importance of the adrenal cortex m the mam
tenance of experimental and essuntial hypertension® # conuiderable m
terest has centered upon the capauty of evecssine quantities of pea te
provehe hypertcnsion i patients with Addison’s disease ¥ Turthermore,
1t has been noted that hlood pressure may be restored to alnormally hgh
levels by the admmstration of bea to normotunsve patients math Addison’s
dicease who were afflicted with essential hs portension prior to the deyvelop
mant of adrenal msufficiency * Although the administration of the hormane
1o patients with essential hypertension®¢ has been reported to produce a
wgnificant mse i blood pressure this effeet s qute unusual i normal
“ubjects 3% The observation that prolonged admuimistration of large quantt
ties of bes to patienss with ¢ Lait Josing nephnbis’ rauses no mse mn blood
pressure and in the absence of a suffinent intake of sodmm chionde wmay
be accompanted by actusl bypotenwon indicates that this action of the
harmone ts w all hkelthood dependent upon the intact hidney but does not
distingmi b betwecn an effect upon sadwm retention and g possible m
fluence on the renal production of vasopressor substances
Absorption pea 1¢ absorbed readily by the intramuseular or subcutane
ons route and also by the mucous membranes of the mouth It differs from
other adrenal sterords such as torticosterone cortisone and hy drocortisone,
m being relatisely meffective when admmutered orally humzenga and
Nlson®? have shown m rats that poa 15 one thirty fifth as effective orally
a5 parenterally and that 1t 1s destroved locally in the gastromtestinal tract
This finding, 18 in agreemens with chmcal expenence * Investiyations of the
percutaneocus and roctal routes of admuustration in patients with ddron 5
disease demonstrated absorption to he poor
Intermediary Metabolism and Excretionn 11ttle 15 Fuown of the meta-
bolic processcs myvohved 1n the degradation and transtormation of poc
Hechter ef 4l ¢ reported that the perfumon of tins hormone through beef
adrenal glands gave rise to the formatio s of corticosterone (compound 1)
Recent studics by Schneider? on the meubation of pou with survivmg rat
hver shces have demonstrated < rapid dicappearance of the conpugated
unsaturated syvstem {3 heto-A¢ structure) Four allopregnane dernatives
three of which possess a hydroxy} group at tirbon 3 were ssolated 1t 33 of
interest that bioassav of the hetonte friction indicated that pprosimatels 3
per cent of the mcubited poc had been comverted to andro eme matenal
Although none of the metabolites 1solated by Schneider hay¢ been shown
to be exeretory products of poc there s sufficient evidune that the hor
mone 15 cxeretcd at lest  part «s pregnanediol Horwitt et al ¢ hue
demonstrated prepnanediol exeretion after ihe oral admimstration of pea
to 2 male and 1 female patient with Addweon s dise e and to 1 male subgect
with hypogonadism  Simtlarly Cuyler ¢t gl ¢ nere able to demonstrate

Tus transformation m healthy men
" The admmstration of pea to patunts © ith Addison s divease does nat,
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m the do ages ordinanly employ ed for chnical management gnen e toan
mereased excretion of urmary 17-hetosteroids However studies on ovan
ectomized and osariectomized adrenalectomized primates have demon-
strated the consersion of poc to 17-hetosterords +

Preparations It has long been recogmzed that the metabolie activity
of steroid hormones ¢an be signifieantly modified by esterification and by
the physical state m which they are admnistered Miescher et al 3 ongmally
demonstrated significant differences in the duration of effects exerted by the
acetate palmitate and butyvrate esters of poc m o1l solution For many
jears however the acetate of poc has generafly heen employed for clinteal
use A agnificant advance i the admunstration of steroid hormones was
achieved by the formulation by Deanesly and Parkes ¢ of estrogeme and
androgenic hormone tablets for subcutaneous implantation Thorn et al #
subsequently standardized the mamtenance treatment of patients with
Addison s disease by the subcutaneous implantation of pcy pellets In
additton both the mtratenous and mtraoral routes have been utilized
for the admnistration of this hormone to patients with adrenocortical
msufficlency

Sy preparattons of poc are at present available for cluncal use pca
n sesame or peanut o1l for mtramuscular injection e pellets for sub
cutaneous 1mplantation poc 1 propilene ghcol for sublingual admins-
tratron pes buccalets for mtraoral absorption a microcrystalline aqueous
suspension of poc tnmethylacetate for mtramuscular mjection and an
agqueous solution of poc glucoside de-igned for intraxenous infusion

Desoxycorticosterone Acetate in Oil After its mitial sy nthesis and 1sola
tion the acctate ester of poc was prompth shown to be of therapeutie
value 1in the management of both acute and chromic adrenocortical in-
sufficieney 44 \dmumstered by deep intramuscular ngectton pes
sesame o1l was thereafter widely employed for the mamntenance therapy of
patients with Addiwson s disease and subsequently for the standardization
of daily hormeone requirement prior to the mmplantation of pellets for long
term treatment The preparation 15 ordmnanly adminstered once daly
stnce the effects of a single mtramustular dose endure for approvimately
24 hours The average daily do e uced m the treatment of patients with
Addison s disea e 15 1 to 3 mg a dav V7 Larger doses of o m,, or more may
be required 1n unusual patients and n adrenal crists

Desoxycorticosterone Acetate Pellets The mamntenance therapy of pa
tients with Addison s disease by the ubeutaneous implantation of pes
pellets offers certain distinet advantages the provision of a more constant
rate of hormone ab orption reduction of the total hormone requrement
owing to the efficiency of utilization resulting from continuous absorption
and the asoidance of daly mtramuscular injections During the past
decade the admnstration of pea by this technic has without doubt con-
stituted the mamstay of substitution therapy 1 the majority of patients
with chronie adrenocortical msufficiency and has been responsible m no
small part for & mgmficant reduction tn the mortality of this disease 4
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restriction of sodium and chlende 1ntake and the admmstration of supple-
mentary potas~itim

In vien of the patential smportatice of the adrenal cortex m the man
tenance of experimental and esseuntial hy pertension®? 2 considerable in
terest has centered upon the «ipacity of execssite quantities of pea to
provohe hypertension in patients with Addison s discase ® Turthermare,
it has been noted tht biood pressure may by restored to abnormally lugh
levels by the admimstration of pea to normotensive patients wath Addwon’s
diseane who were affiicted with essential by pertensson prior to the develop-
ment of wrenal insuffictency ¥ Although the admnstrition of the harmane
to patients with ewential hypertension® has been reported to produce a
sigificant mse g1 blood pressure  thes effect 15 quite unusual i normat
subjects # The observation that protonged admimstration of large quant
ties of pea to patients with  salt losing nephritis  causes no rise m blood
pressure and i the absence of a suffictent mtake of sodmm chloride may
be accompinnd by actual hypotemsion indieates that this action of the
hormaone 1s i alt bhelikood dependent upon the mtact hidney, but daes not
distinguish betwecn an cffect upon sodim retention and & possible m
fluence on the renal production of 1 asopressor substances

Absosption pea 14 absorbed readily by the mtramuscular or subcutane
ous route and also by the mucous membranes of the mouth It differs from
ather adrenal steraids such as corticosterone cortisone and hydrocortisone,
m being relatively meflective when administered orally Iwuzenga and
Nelson® have shown in rats that bea 15 one thuety-fifth as effective orally
a5 parenterally and that it 1s destroyed locally mn the gastromtestinal tract
Ths fmding 15 1n agreement with chimeal experience ¥ Investigations of the
percutaneous nd rectal soutes of adminsstrition 1 patieuts with Addwon's
disease demonstrated absorption to be poor

Intermediary Metabolism and Excretion Isttle ss hnown of the meta
bolie processes mvolsed in the degradation and transformation of pec
Hechter ¢t al * reported that the perfuston of this hormene through beef
adrenal glands gave nse to the formation of corticosterone (compound B)
Recent studies by Schneider® on the weubation of poc with surviving rat
Irver shices have demonstrated v rapid disnppearance of the conjugited
unsaturated system (3 heto-At structure) Four allopregnane derivatiies
three of which possess 4 hydroxyl group at carbon 3 were wolated It 5 of
terest that boassay of the ketome fraction mdicated that appravumately 3
per cent of the meubated poc had been comverted to androgeme matenal

Although none of the metabolites 1solated by Schnesder have been shown
to be exeretory products of poc there 13 sufficent evidence that the hor
mone 15 exereted at least m part as pregnanediol Horsstt et al # bave
demonstrated pregnsnediol exerction after the oral admmstration of po
10 2 male and 1 female patient wath Addison s disease and ta 1 male subject
with ky pegonadhsm Simitarly Cuy ler et al ¢t were able to demonstrate

this transformation m healthy men
The sdaumstration of pes to patients © 1th Addison’s disease does not,
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acetate m 1sotonic stline solution, contammng methyl cellulose and Iween
20 as suspendimy, agents An nenge erystal size of 50 microns ensures 4
freely injectable suspension Balance studies have revealed maximal sodum
and chloride retention within 48 hours of njection (FKigure 3) The rierage
pertod of effectnne electrolvte regulation resulting, from a single mntra-
muscular mjcetion m patients with adrenocortical msuffierency 15 five or
sin weehs \pprovimately one thirticth to one-fiftreth of the mjected dose

WD 25 ADDISONS DISEASE

URINARY EXCRETION

SQDIUM
mEq p v 24 brs

POTASSIIM
mEq pr2ths

CHLORIDE
mEq pe 24 hs.

DAYS

Fie 3 Effect of desoxycortico terone trimethylacetste upon electroly te exere
tion The patient was on a constant diet that included 146 mEq of sodium and 64
mEq of potasstum The tnimethylicetate of desoxycorticosterone (peTVA) was
Liven as a «ingle intramuscular 1mnjection

13 absorbed daily Therefore the admimistration of a smgle 30 mg dose
provides a dailv absorption of approximately 06 to 08 mg The njections
are convemently admnistered at monthly mtervals to msure sufficient
overlap of metabolic effects to avert all evidences of madequate hormonal
control Ihe advantages of thts techme of poc admimstration are as fol
lows mfrequent mjections avoidance of the munor surgteal procedure
imvolved m pellet implantation flextbility of dosage schedules and con
stancy of control espectally 1 comparnson to the termmal period of pellet
therapy during which the symptoms of adrenal msuffietency appear com
pamm ely often

ne Gh de Originally prepared by Miescher
et J«l s Doc glucoside 1s considerably more water soluble than etther free
poc or the acetate ester The material 1s available as a 1 per cent solution m
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Iwo pellet preparations ire currcntly avalable one contaimng approxy
matcly 12> mg nd the other 7y my of hormone Pullcts rontaiming
12) mg, of pos ure absorbed at a rite of approvmatcy 0% 1o 0 4 my, per
day which s equinalent i torms of metabolie ¢ffcet to the duly intre
muscular myection of appronvimatey 0 » my, of the hormone 1n o1l solution
It s apparent that the continuous absorption of hormone provided by
subentancous pellets s appronimatcy 25 per cent more efficient than that
reslting from antermuttent itramuscul e myection: One pellct  therefore
may be consdered cquvalent to a dady do e of 01 e of the standard
prepunations of ooy oib Pedlcts contuming 75> my, of hormone are ab-
sorbed at a rite of approvimatels 021 mg a day® and are equvalent to
approxvmately 005 o of the ol <olution injected daly

The number of pedlets requircd for optimal mamntenance therapy 1
establ hed on the b1 1s of the daily requirement of pes m o1 admmistered
by mtraimusculir mjection The durition of (Mective electrolyte control
whieved durmng, sub titution therayn by pellet implintation 1+ approv
mately S to 12 monthis This mcthod of hormone admimstration therefore
produces the longest thernpeutic action of the preparations of by currently
wahible for duueal w e IThe techme of pallet implintation has heen ade-
quately desenbed el ewhere

Sublingual and Intraoral Preparations of Desoxycorticosterone Acelate
The administrition of pea by the sublingurl and intraoral routes has been
advocated by Andersan et al 2 Ihe sublingu il pre par wtion was admimstered
m droplet form the hormone bemg, dissalved 1 propyvlene gheol and al
cohol Farly studies with this preparition®™ demonstrated that approv
mately 5 mg of the hormone admmistered sublingually m divaded do es
throughout the div was required to produce a met iholic cffect equiyalent
to that resulting from the daly al orption of 1 my, of net from subcutancous
pellets  The nece vty for frequent administration the objectionible taste
evpericnced by some patients ind 1 tendeney to precipitate on coohing or
exposure to atr have largely resulted in the replacement of sublimgual drops
by the mtraotal tablet or buccalet which avmilable as hird compres ed
tablcts contuning 2 mg of pes m o propylene ghycol-w i\ bise 15 placed
cither m the buceal pouch or beneath the tongue for direct absorption
through the oral mucous membrine lhe average hormone do ¢ reported
by Anderson et 1% was 48 mg a dun ordmanb admmstered m divided
doses It 15 to be emphastzed that the admuimstration of pey by this route
does not provide adcquite treatment for pitents m wdrenal crrsis

Microc Il P of D T hyl i
Recently the trimethy lacetate ester of poc onginally prepared by Wieland
et al,®2 s been demonstrited to produce a protracted metibole effect
:n man®® and ammals®* 8 after the mtrumuscular adminstration of a single
dose An estensive chnieal trial in pattents with Addeon s diseqse has
confirmed these observations and established the uscfulne s of this prcpua
tion 1 substitution theipy 86 ] he prep tration employed, soon to be avail
able for general use, 1> 1 murocry stalline suspenston of poc trimetinl
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acetate 1 1otonte sahne solution contaning methsl cellulose and Lween
20 as suspending agents  An average crystal size of o0 microns ensures a
freely 1njectable suspenston Balance studies have revealed mavimal sodium
and chloride retention within 48 hours of injection (Tigure 3) The average
peniod of effectine clectrolvte regulation resulting from a smngle ntra-
muscular ingection m patients with adrenocortieal msuffictencs 15 five or
six neeks Approumately one thirtieth to one fiftieth of the mjected dose

WO 231 ADDISONS _DISEASE

URINARY EXCRETION

SODIUM,
mEq p r 24 by

POTASSIUM
mEg, p ¢ 24 hr

CHLORIDE
mEq pe 24 ks

DAYS

Fic 3 Effect of de oxycorticosterone trimethylacetate upon electrolyte excre
tion The patient was on a constant diet that included 146 mEq of sodium and 64
mEq of potassum The tnmethylacetate of desonyeorticusterone (DUTMA) was
given as a single intramuscular njection

1s absorbed daily Therefore the administration of a single 30 mg do e
provides a daily absorption of approximately 06 to 0 8 mg The njections
are conventently admraistered at monthly 1mtervals to msure sufficient
overlap of metabolie effects to wvert all evidences of inadequate hormonal
control The advantages of this techmic of poc admumstration are as fol
lows infrequent njections avordance of the minor surgical procedure
mvolved m pellet implantation fleability of dosage schedules and con-
staney of control especially 1n comparison to the terminal pertod of pellet
therapy durmg which the symptoms of adrenal nsufficiency appear cora
paratively often

Desoxycortic Gl de Ongmally prepared by Mescher
et al % poc glucoside 15 constderably more water soluble than either free
Doc or the acetate ester The material 1s avarlable as a 1 per cent solution i
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10 per cont plucose contmming 10 per cent acctwmide for stabilization
and has been chiclly cmploved for itrasenous admimstration Comparative
studies m ammals huwe demonstrated that the water soluble glucoside
produces o more rapud onset of action and o more transient effect than the
ol soiution of pey #% Swingles® has found that the intrasenous administra
tron of poc lucoside i doscs of 300 mg 15 capable of reviving adrenal
ectomuzed doos from severt adrenal meutheency even when no supple
mentary theripy 15 cmployed
Admnistrtion of this preparation to human subjects by trimuscutar
mjection®® and mtr s cnows infuston®! resulted 1 ~odmm and chloride reten
tion Inaddition an merc s m water cxcretion and a decre wwe w the tubular
reabrorption of glucose during the period of hormone infuston have been de-
scribed  Lhe poc glucostde has been ittle u ed m this country i the treat
ment of adrenal cnsis Toreipn reportss? indicate however that imtrayenous
admunstration of 100 to 300 my, of the glucoside preparation 15 benefieral
In our experience the effect of these large doses on electroly te excretion 1s not
«ignificantly greater than that obtuned from the duly tramuscular injec
tion of 1o to 20 mg of ncy ol
Clinical Uses of Desoxycorticosterone The value of poc in the treatment
of \ddison s discive 1s well established With measurements of body weight
hematocrit blood pressure and heart size as guides to dosage the optimal
hormone requirement 1s determined by the daily mtramuscular myection of
pcs ol When do<age has been firmly established at a constant level treat
ment may be contimued with a long acting poc preparation
When subcutaneous pellets are cmployed for long term maintenance
therapy the followng, dosage equivalents may be employed Foreach 05 mg
of pey i ol myected duly one pellet of 120 mg mny be substituted alter
natively for 03 mg of the o1l solution jected datly one 7 »-mg pellet may
be implanted Ordinanly when more than four pellets are required one less
than the calculated number should be employed to avord overdosige The
number of pellets implanted 1  series of 180 patients with Addison s disease
seen in this elimie ranged from one to eight per patient the average require-
ment varied between two and four pellets per implantation
The alternative method of mantenance treatment 15 the intramuseular
jection of poc trimethylacetate Dosage 1s determined 1n the manner de
seribed for pellet implantation and for each millisram of pea ingected datly,
30 milligrams of the microcry stalline suspension 1s admunstered at approxt
mately 30-day tntervals Although the quantity of hormone absorbed each
day from the depot of long acting matenal 1s actually somewhat less than
that provided by daily injection of pca 1 ail, the efficiency of constant
hormone absorption enhances the ultimate metabolie effect derived from the
trimeth; lacetate ester in the same manner described for subcutaneous pellets
Dosages employed m a series of 60 patients with Addison s disease recently
treated with this preparation ranged from 15 to 90 mg a month with an
average requrement of 30 to 60 mg One may most easily determine the
adequacy of the dose by following the patient s weight (Pigure 4) In our
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opion, this technie of poc administration currently constitutes the method
of chotce for long term mamtenance therapy

Along with cortisone poc has also been employed as replacement therapsy
1 patients who have undergone complete bilateral adrenalectomy for hy per
tension or for reactisated carcinoma of the prostate with metastases 8 In
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Fig 4 Weight curves i patients with Addison s disea e treated with desoxy
corticosterone trimethylacetate (Dcm1s) A = no weight change—satisfactory dose
B = typreal weight chart with shght wei ht gam i the muddle of the period—
satisfactory dose C = excessive neight gam with edema—overdosage D = weight
loss toward the end of the period indicating underdosage

the former group an attempt 13 made to obtan adequate regulation with
cortisone and supplementary salt In some cases however the administra-
tron of mimmal quantities of poc 15 essential for the maintenance of electro-
lyte balance Whereas from a theoretic point of view poc therapy 1s con-~
tramdicated 1n the treatment of patients with hypertensive vaseular disease
after complete adrenalectomy this 1s rot trye in the management of post
adrenalectomy prostatic cancer ince the quantities of poc employed 1n the
clinical regulation of electroly te metabolism lead to no detectable mcrease mn
the urinary execretion of substances with androgenic activity



58 AEDICAL USES OF CORTE ONG

Sdvantage hay boen taken of cortmn of the phymologie actions of poe
attempts to modidy other chinsal conditions The ohwn ation that the ad
minstration of oes to normal rits rar (s the threshaold of respon e to electro-
comvulsnve trestment® hay led to the use of they hormone 1 patients with
eplepsy * % In wome chrew o decre e i ghe frequenes and seventy of at
tachs has been noted Becan ¢ of cortam strihing, simsariies betw cen adrenal
Tris and tr wmoane shock 9 poc has undergone extensy e <dsngeal anid expen
ment il triads w the trestment of the Jatter syadrome The results obtuned
kave been conflietamyg, and esceedimgh vanable ® In view of its potentul
effects upon bload pressure the hormane has been tried as gy adyunet i the
therpy of pitients wath sy ucop il sttacks asooated with orthostatn hypos
tenwion Contmued treatment Js resulted m au apprecable nse m both
systolic and dhastolic blood prossure and o definste amehoration of the
syneop il epsodes although a me wurable fall i pressure st aceurred m the
upnght pasition ¥ Because of pasaible extearenal effects au the steenaf dis
tnbution of clictrofvies poc has been admimstered to by perh slemic patents
with lower nephron nephross without demonstrible benefit ° In the hght of
recent studies on the regulatory offuet of adrenyd hormones upon gastro
mtestmal abnarption of clecirohytes the possibility of employmg po¢ 1 pa
tients with diartheal disea s should be esplored

Faperence to d we mdicates thst poc 1s meflectnve w the treatment of
dise wes assonnted with mflammatory or Werge reactions

Corticosterane (Compound B)

The presence of corticosterone or compound 1} of hendall m relatively
hugh concentration in adrenocortical extracts his lang been recogmazed 771
Recently s qignificance by heen emphasized by the studies of Hechter
et 2l ¥ who have shown that corticosterone and 17 hiydross corticosterone
(I drocortisone) e the printipal sterord substances obtamed by perfusion
of the solited hovme adrenal gland with corticotropm The synthests of
corticosterone from a pregnancdiol derss stive has been aclues ed ¥ and suffi
ctent. maters f has been made sy ailable for study to allaw 2 prelmunary eyl
uation of its chmeal as well us st physologn effects

Physologic Actions s muht be antiespited from it chemied structure
corti goterone possesses qualitatisely the electroly te regulating retivaty of
O 1y wel} 15 some of the potenty ilitses of the tarbeby drate regulating bor
mones {cortisone and hyvdrocartisone}

1n 1940 Thorn et 1 ¥ gave by ntr imuscular myechion 80 my, of cortico
sterone 1solated from adrenccortical extraet by hendall to s pattent with
Addison s disease and noted an merease 10 fasting blood sugar a depression
m nenprotem respiratory quotient (R Q) and mereas d revistance lo hypo
glyeerma In the same year Ferrebee and his co workers™ reported hittle
sigmficant effect upon either carbohs drate metabolism or electroly te excre
tion 10t patient with Addison s diserse who Was gisen 90 mg of corticoste-
rote, however the sterord was grven m drvided dose oser s fise-day perod
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concomitantly with the continued admuistration of a maintenance do ¢ of
LN

Only recently with more Liberal supplies of corticosterone ayvaulable has
further studs been pos tble In 1901 Conn and his collaborators™ ™ reported
their studies on corticosterone given to normal subjects and to pattents w 1th
Addi on~ dicease They were able to demonstrate quite marhed odrum-
retaming propertics In Addison s disease the duly micetion of 2> mg of the
wterord produced sodm retention more marhed than that iduced by the
combmed mtrimuscular adminstration of 20 mg of cortisone acetate and

CONTROL PERIOD TREATMENT PERIOD TN 28 NORMAL

URINARY EXCRETION 2
POTASSIUM
mEq p rhr e
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.

INTRAVENOUS PHYSIOLOGIC SAUNE

© pe
INTRAVENOUS CORTICOSTERONE
12mg pe b

HOURS 1J213]4ls(elrfels]w|un]te

Tie 5 Effects of intrivenous injection of corticosterone upon electroly te exere-
tion The patient was fasting throughout the experiment

2mg of pcy dailv <wmlarly n a normal subject 200 mg of corticosterone
Pproved more effectin e than an equit alent dase of cortisone acetate The renal
excretion of potassium was mereased i patients with Addicon s disease and
1 1 of 2 normal subjects studied The associated mcrease in body weight and
decrease m hematocnit were sumilar to the changes scen with sodium reten
tion mnduced by poc  During continued administration to normal subjects an

escape  from sodium and chlonde retention stmilar to that frequently
observed with poc occurred In both normal subjects and patients with
Addi on s disease corticosterone led to decreased carbohyvdrate tolerance
greater resistance to in ulim and clevation of fasting blood sugar As with the
electroly te changes much larger doses were required to produce these phe-
nomena 1n normal subjects than 1n patients with Addison s dicease Further
more the effects upon carbohydrate metaboltsm were considerably less
strilang than those upon electroly te metabolism
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Our findings i normal subjects 1 pitients previousty subyceted to com
plete bilateral wrcnkectoms ind i ptients with Addison’s di ease treated
with carticosteratie are simtiir to those of Conn et al and may be umma
rized s follows

Desoxycorticosterone Effects “1he cffccty of corticosterone upon the
renal exeretion of efectroly tes are woll silustrated m Eigure 5 16 1v ypparent
that the mtrivenous admmiste wson of corticosterone (free a5 obol) to a vor
mal subject at arite of 12 mg per hour over an eight hour period resulted in
mirhed sodum and chlonde retention with mereised potassum exeretion
The changes i sodiwm and potassium exer tion beeame evadent withm an
hour or two of the begnnmg of hormone wfusiun were approumately
simultwmeous m onset and rapudly attamed o maximal level

The mtramuscular admumstration of corticosterone to patients with
adrenocortical msufficieney m doses of approuimately 50 mg o day causes
retention of urinary sodium and chloride promotes urmary potassium excres
tion and lowers the ratio of sedum to potacsium n siliva The e effects
appear to be approvimatels equal to those produced by the datly mmjection
of Lor2mg of pca Itiscvident that milligrim for milligram corticosterone
1s more potent than cort: one m the reguiation of electroly te excretion Al
though the-c effects of corticosterone are more pronounced with intramuseu
lar mjection than with oril admunstration Figure 6 demonstrates that
sigmficant changes i elec trofy te excretion cau be produced by Iarye doses of
the hormone £1ven by mouth

The poc hike qualities of the steroid are further illustrated by the effects
of corticosterone after complete ilateral adrenalectomy mn a patient with
hyvpertension The admmistration of 50 to 100 mg of free corticosterone by
mouth and subsequently by myertion produced a recurrence of headache
weight gamn & sigmficant elesation of blood pressure and an merea e in
cardiac size

Cortisone like Effects The administration of o0 to 100 mg of corti
costerone daily improves the response of patients with Addison s disease to
hy pogly cemia mduced by msulin myection or prolonged fastmg It 19 of
mterest however that the mse i total mtrogen excretion obtaine d 1s mm
mal even with doses as large as 300 mg o dvy (Figure 6)

Corticosterone has been shown to be capable of restorig to normal the
charncteristically slow electioencephalogram (1 1 @) encountered in untreated
or pot trcated patients with Addison s disea ¢ \s iight be expected from
this finding patients with Addicon s diseace may expericnee a definite m
crease m sense of well bemg during (orticosterone tre itment On the other
hand mdoscsup to 300 mg aday corticosterone has produced no sigmificant
change 1n the level of rrulating eosmophuls and 15 constderably less effec

tive than corticone m restoring to normal the impawred capacity of the pa
tient with Addisan’s disease to excrete an mgested water load (Figure 7) No
evidence of an effect upon nflammatory or allergic processes has been

reported
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Toxicity \o tovic effects of corticosterone have been described other
than those that may boe ¢ fered to be an ex: ton of 1ts phy siologic
action through overdowage Because of the relatively potent salt retammng
effect of thts compound n relation to its carbohy drate-regulating capacity

CARCINOMA PROSTATE
WT 052 ORCHIECTOMY; BILATERAL ADRENALECTOMY
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Fie 6 Metibolie studies on the effect ot the oral admimistration of cortico

sterone The patient was on a con tant diet (odium 141 mEq and potassium

84 mEq) All values shown repre ent mean daily exeretions (The tncrease in

17 Letosterords and formaldehy dogeme sterotds 1s to be contrasted with the decreage
1 17 hydroxy eorticosterouls }

excessivesalt and water retention may be obseryed 1 patients with Addison s
disense even though dosage 13 nad te for satisf: 'y regul: of the
electroencephalographic abnormahty the disturbance in water turnover
and the tendencs to fasting hs pogls cemua
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Absorption and Fate Lhere 1s Iittle knowledge concerning the mode of
absorption of corticosterone Physiologic activity after oral and mtr imuseu
lar admunistrition shows that absorption oceurs by either route, but quants
tative data are laching

\lthough 17-hetosterowds continue to be detect ible i the urine of pt
tients with Addicon’s dwsease m untaned on corticosterone, thes substance
seems to be much less actine as a precursor of 17-hetosteronds than either
cortisone or hydrocortisone  his 1s 1tlustrated by the strhing differences n
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T'1e 7 Comparatine effects of corticosterone and cortisone upon the water te t
i Addison s disease Water excretion 1s expressed as per cent of water mgested

Letosteroid excretion of a patient with earcinoma of the prostate previousls
subjected to bilateral orchiectomy and total adrenalectomy During a five-
day period 1 which he was given 300 mg of free corticosterone daily by
mouth, 11 6mg 2 day was the highest level of ketosteroid exeretion attained
and the mean output for the period was 9 8 mg a day (Figure 6} In contrast
with 300 mg of oral hydrocortisone acetate (equivalent to 282 mg of free
hydrocortisone daily) urinary hetosterords reached the mmpres 1ve figure of
472 mg a day, the values obtaned duning cortisone admuustration were
intermediate Srmularly, measurement of the biologic androgenic activity of
the urine m the same patient indicated that corticosterone was a much less
eficetine precursor than either cortwsone or hydrotortisone 77 lthough the
abwolute v lues for all three compounds were relatively low Studies carned
out by Wolfson et al’® huve demeonstrated still another difference m the
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urinary ond products derved from the e hormones \ sigmuficant r1 ¢
urmary steroids detectable by the Pettenhofer colorimetric reaction (aud
furfural) was produced by the ad ration of corticosterone but not by
cortisone or hvdrocortisone Simce adrenal activation with cortrcotropm
also eau ¢s ar ein urinary Pettenhofer chromogens these studies were con
atdered to provide additional es idence that corticosterone 1 a pnmary secre
tory product of the adrenal cortex

Cheretion of formaldehy dogenie sterords i patients with adrenal meuffi
ciency receiying mamntenance doses of corticosterone appears to he the same
3 that seen m patients recenving cortisone It 13 of intcrest to note onthe
other hand that the urinary excretion of total 17 hvdroxy corticosterods 1s
not mnereased (Tigure 6) Stnee the latter procedure™ measures chiefly cortr
costerone dernatnes possessing a hydrovyl function at C-17 1t 15 evident
that admmmstered corticosterone does not undergo a significant degree of
17 hydrovylation This 15 1n agreement with the results of adrenal perfusion
wlrot

Preparations and Dosage At present hmuted amounts of free corticoste-
rone are avarlable for inyestigational use only i tablets for oral admmustra
tion and 1 2 saline suspension for intramuscular mnjectton In the matnte
nance of patients with adrenal insufficiency the daily dose of corticosterone
appears to be approsimately 25 to o0 mg by mtramuscular mnjection or 10 to
100 mg by mouth

Clinical Uses The chinieal usefulness of corticosterone appears at present
to lie prineipally 1n 1ts potentialities as replacement treatment for patients
with adrenocortieal msufficiency 4 few chinwcal trals have <hown 1t to
possess no antitheumatic activity 0

Lirmted experience 1n this clinic supports Conn s impression that cort
costerone may prove satisfactory as the role adrenal replacement in patients
with Addison s disease A 33 year old man with Addison s disease of two
years duration has been well mamntatned for four months on no treatment
other than corticosterone first intramuscularly and then by mouth It was
found that 50 mg, by injection was suffiesent for mamtenance of weight and
electrolyte balance but that 100 mg by mouth was required to mamtain the
same beneheial effect This 15 1n accord with Conn s finding that intramuscu-
lar mjectton of corticosterone 1s tno to three times as effective as the oral
form The patient s EFg 13 normal his feeling of well being equals that which
he experienced on 25 mg of cortisone daily A muld ensis precipitated by a
resptratory mfection was satisfactonly controlled with no hormonal treat
ment other than 200 m,, of corticosterone mtramuscularly

A 44 year old woman with iddison s disease has been treated with cort1
costerone alone for two months she has not fared av well however as the
patient just desersbed On 100 mg of cortrcosterone dwly by mouth she
suffered from excessive salt retentton which required reduction of the dose
to 50 and then to 3o mg a day At these levels of desage she 1s free of edema
but lacks a sense of well bemng comparable to that produced by 20 mg of
cortisone acetate daily
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Lhus our preliminary improssion 1s that corticosterone which combes
the (hcmp(‘utlr‘ propertics of poc and cortisone 1 preperition actne h)
mouth muay be sitisfactory as the sole mamtenance treatment for some pa
tients with Addison’s discase On the other hand the <ame combination of
properties may be a dis wlvantage i paticnts who prove to be more sensttive
to the salt retmnng, than to the carholvdrtc regulating propertics of the
hormone Cortisonc snd poc grven separately ind thercfore mdependently
vartable appear to provide a more flexible method of controlhing the require
ments of pitients with \ddison's disease

The relatrvely small ticrease in unnary output of 17 hetosteroids after
oryl Wdmimstration of corticosterone 1s accomphished by only 2 moderate
mcrease m metabolie products with androgemic actinity Corticosterone may
therefore have a place 1n the specialized problem of the mamtenance of the
patient with earunoma of the prostate who has undergone orchiectoms and
adrenalectomy for the purpose of reducing the level of androgen production
It 15 also possible that corticosterone will act as a satisfactory inlibitor
of the normal adrenal cortex m patients with eancer of the prostite or
breast

Tew data are availablc so far on the cfiectiveness of corticosterone as an
mhitntor of adrenocortical activity in the abnormally acttve adrenal glhind
Wilkins et al # have recently compared the effects of corticosterone and of
cortisone upon electroly te regulation i a 1 year old girl with adrenogenital
syndrome and accompanymg wdrenil msufficiency  Adrenal suppression as
Judged by urinary 17 ketosteroid exerction was more complete with cortisone
than with corticosterone which howeser had a defimite effect On the other
hand corticosterone m this patient was more potent than cortisone m caus
my, sodrum retention

Compound A (11-Dehydrocorticosterone)

The history of compound A 1¢ similir to that of corticosterone Dehydro
corticosterone was the first adrenocortical hormone with carbohydrate-
regulating activity to be produced m quantities allowing adequate chmeal
mvestigation # Early studies® # ndrcated that eompound A hke corticoste
rone possessed both electrolyte regulating and carbohy drate-regulating
effects Both actions were more easily demonstrated in patients with Add:
son s disease than m normal subjects 3

The mtramuscular injection of 40 to 100 my, of compound A to patients
with Addison s disease produced moderate salt and water retention, weight
gam g nse m blood pressure and an inerease m cardiac size Changes
mtermediary metabolism were less promment, although small increases were
observed 1n the exeretion of urmary mtrogen potassium phosphorus and
une arid The effects of the sterod upon glucose and insulin tolerance were
yarable but the occurrence of hypogly cemic symptoms during prolonged
fasting was successfully prevented

The therapeutic uses of compound A appear to be the same as those of

corticosterone
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Compound S

Reichstein and Yon Fuw were the first to 1solate 11-desoxy 17 hyvdroxy
corticosterone or compound S from beef adrenal glands m 1938 In 1940 the
same worhers accomplished 1ts sy nthesis 3

In 1ts physiclogie action compound S hehaves hke poc # Chnton and
Thorn?" observed a moderate decrease mn unnary sodium and chlonde 1n a
dog given 20 mg of compound S by ntramuseular mjection In 2 normal
human subjects given 400 mg of compound S eetate daily by mouth for
five days and 200 mg of the hormone mtramuscularly for fise days respee-
tively no changes i nnnary sodium potas wm or chloride were noted
Similar findings were obtamed by Terry and [ ondon # Pearson et al * on
the other hand observed a shight retention of sodium chlonide in 4 patients
with chrome lymphatic leuhemia who were given 200 mg of compound S
acetate daily for 10 to 24 days We obtamed simtlar results i a patient who
had undergone orch y and bil i 1 y for metastatic
carcinoma of the prostate and recenved 300 mg of the hormone bv mouth
darly for four days Compound $ had no effect upon ealerum and phosphorus
excretion

In doses up to 400 mg aday both by mtr lar and by oral ad. -
tration 1 the human bemng compound S acetate appeared to have no influ
ence on organt metabolism as measured by intravenous glucose tolerance
tests and changes in ~erum total ipid and cholesterol and urine glucose une
arxd ereatinme and total nitrogen 5 %

Compound S exhibited a weak corticotropmn suppressing activity in the
rat 3 The hormone showed no effect upon the response of adrenalectomized
rats to water loading ** o eo~mnophil response follow ed erther the oral or the
intramuscular administration of compound “ acetate to man * * In contrast
to cortisone and hydrocortisone this hormone was without effect upon the
lymphatie tissue of patients with chromie Iy mphatic leukermia

That compound S may be absorbed from the gastromntestinal tract 1s
tndicated by the nse in urinary 17 ketosteroids that oceurs when the hor
mone 1s grven by the oral route ¥ Fajans et al * however found no increase
m urinary 17 ketosteroids when the hormone was admimstered by intra
muscular injection to 2 normal man m a dose of 200 mg daily for five days
In neither case was there any apprectable nise in urinary formaldehy dogenie
steroids Polley and Mason ! however found slight mcreases in the urine of
both 17 ketosteroids and formaldehy dogenic steroids after the intramuseular
administration of 200 mg of compound § acetate daily for seven days to a
patient with rheumatoid arthritis We have observed a considerable nse m
the urinary everetton of 17 hydroxy corticosteroids 1n the patient who under
went orchiectomy and bilateral adrenalectomy for metastatic carcinoma, of
the prostate and recerved 300 mg of compound S acetate by mouth daily for
four days Hechter et al * reported that the perfusion of compound & through

beef adrenal glands caused the formation of 17 hydrox;y corticosterone
(compound F)

1
adr
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Compound S acctate has betwn found to be without effect m rheumatod
arthntes nd chrome hhmphate leuhemia % No anstances of 1ts u e m other
diserses have been reported

Corusone

Cortisote was first solated from adrenocartieal extracts m 1936 almo ¢
stmultancoushy 1w the laboratones of hendall ® Retehatesn * and Winter
stemer 9% Shthough at the dose Yevels ongmally employed the drug vas
nearly devaxl of netivity an the mamtenance of Iife m adrenles tomized
animals the demonstration By Mason et al 2 of the effectiy ene s of cortt one
w the mu de work tost of Ingle™ etually constinted the firet estdence of
phywotogit artin wm o oy tadhine stermd of 1drenal omgin The partiad
synthess of cortrone from desoxy cholie aeid wax eventu iy accamph hed
m 3346 by Sarctt * cmploving methods extending the proeedures developed
elefly by Retchotews®® and hendalt % Sub cquent improvements i the
syathetic pracess made possble the production of cortisone 0 quingities
sufficent for chimest tral In 3998 Thits 20 years after the mitial preparation
of efft ctive adrenocortycal extracts the tolation chemar al charaeterization
partnd synthesas and hoslly largeeseale production of this nghh etine
sterord hormone were wecomplished Rerent advances e this remarkably
cotaples field mclude the complete <3 nthess of cortisone™ and the ntshzation
of microorgraisins for enzy matic ovy genation nt £ 11 9 1 he Litter ingentotts
procedure has been sceemsfully adapted for large <edle production

The mmmedsite pphestion of cortisone folloned two general hnes of
iy estiation an snaly s1s of s mmportant metabolie offects and its efficars
as subsbitution therapy m panents wath chrome adrenorortiedt m uffi
caency 7wt and ap evploritien of 1fs possible usefulness i the tre wment of
rheumatord arthntis™® ind other inflammatory diseases 98 Fhese  tuches
has ¢ provided a s onside rable hnow ledge of the phy siologie effer ts of torty one
i man but have as yet gien httle waght mto the precise mechansms by
which these efferts are produced It scems meivitable howeser that an
eventual understanding of the dners mflnences exerted by cortisone on 4
wide variety of dieases depends upon the succesfut delineation of the
fundamental actions {or artion) that the hormone exerts on the mechinnms
of cellular metabohsm  Although this 1deal 1 admsttedly di tant 1t s quite
apparent thit the wdsent of eortisone ns 4 therapeutic sgent of stnhing even
dramtie consequences hay already contributed sguemnth to the study of
metaboht processes on the one hand and of pathalogtr proce <o on the ather

Phystologic Aclions
The phy siologie actions of cortisone may be discussed cans cmently under
four herdings the wmfluence of the hormone au wtermedary metibolism
1ts effects upon specific tissues its mfuence on gronth and its effects upon
mechamisms of defense
diary Metabol Organec
Curpottiorate \Merinotsyt The da sic espeniment of Tong K itzm
and X ry 9 showed that adrenal msuffcienty m ammals 15 charactenzed by
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low blood gluco e levels duning fasting depletion of hiver but not muscle
glycogen deerereed cxeretion of urinary mtrogen high standard R Q, and
mereased sensitivity to msulin Similar findings mn patients with Addison’s
dasease were reported by Thorn ct al * In both mnstances the metabolic dis
turbances could be reversed by the admnistration of cortisone

There 15 little doubt that the influence of cortisone on carbohy drate
metabolism may be explamned 1n part by 1ts ability to stimulate gluconco-
genests from protemn Pl 1s indicated by the coexistence of mereased exere-
tion of unnary mtrogen and mcreased gh cogen stores 1n ammals and human
beings after cortisone adnunistration Further support for the view that this
hormone influences gluconeogenesis has recently been provided by Welt
et a1, who showed that cortisone fed rats given a constant nfusion of
CH labeled glucose mereased hver gly cogen from some source other than
body glucose That cortisone may accelerate gluconcogenesis from fat has
been suggested by Iuncell et al '°° who demonstrated that in diabetic pa
tients maintamed on carbohy drate-free diets the hormone may produce 2
degree of gly cosuris in excess of that redily exphieable on the basts of gluco
neogenesis from protein alone It 1s of mterest in this connection to note the
wide discrepancy between nitrogen excretion and blood sugar level resulting
from the mtravenous infusion of cortivone over an eight hour period 1n 4
normal fasting subject (Figure 8)

In addition to 1ts effect upon the stimulation of gluconeogenesis 1t has
been felt™? that cortisone must inhibit some phase of carbohy drate utihiza
tion (storage as glycogen oxidation to carbon dioude and water or con
version to fat and protemn) This view has been supported by the following
evidence the observation that cortisone will cause 4 fall n the R Q 1 am
mals'® and human bemngs ™ the finding that cortisone suppres es the toler
ance of the eviscerated rat for intravenousty admmistered glucose % and the
observation that there 13 a decreased conv erston of carbohydrate to fat in the
cortisone fed intact animal 1 It 1s not clear whether the mmhibatory effeet of
cortisone upon carbohydrate utihization s exerted at the 1mtial reaction m
volved m glucose uptake by tissues 1e  the hexohinase reaction or at some
other pomt 1n the metabolic pathway of glucose That the hormone may
inhibit the cons ersion of carbohvdrate to fat at a pont other than the hexo
kmase reaction has been indicated by the observation of Brady et al 1% that
the tncorporation of € labeled acetate by rat Iner slices into long cham
fatty acds s mhibited by the previous mjection of cortisone

In a discussion of the influence of cortisone on carbohydrate metaboliom
the relation of thiy hormone to diabetes mellitus 19 of particular nterest
Long and Lukens!!! were the first to show conclusively that adrenalectomy
decreases the sevenity of pancreatr diabctes Glyeosursa 15 dimnished and
there 15 a marked merease 1n msulin sensitivity That this 15 also true in man
has been demonstrated 1n patients with coeusting Addison s disease and
diabetes mellitus 11 123 The onset of adrenal msuffictency 1 dizbetic patients
13 marhed by a deereasing insulm r t and by an d tendency
to hypogly cemuc reactions of unusual seversty m addition to the usual symp
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toms of Addison’s disease On the other hand Tong et al ¢ obseryed 1 1940
that the glycosurit of the partially depanereatized rat could be mtensfied by
cortisone Shortly thereafter Ingle'™ reported the production of glycosunia
i foree fed normal ammals by the admmstration of cortisone Of prticular
nterest to the cliician are the more recent observations made m both nor
mal subjects and diabetic patients during the administration of ¢orticone or
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Fra 8 Result of intravenous cortisone infusion in a normal subjeet The patient
was fasting throughout the experiment All urinary analyses were performed on
one hour collections
corticotropin Coun and his collaborators'® haive shown that the admmis
tration of corticotropin in doses of 75 to 150 mg daily for 5 to 10 days may
produce n normal subjects fasting hyperglvcemia glycosuna and dimm
1shed tolerance to carbohydrate The chntcal diabetes thus produced was
further characterized by a renal component of gly cosuria by a marked degree
of insensttivity to msulin and by 1ts complete reversibthty upon discontinu
ance of hormone administration  Although Conn's abserty aions have been
confirmed by a number of mvestigators the general opnion has been that
such marked diabetic responses are the exception rather than the rule m

normal subjects or patients who show no evidence of preevisting diabetes
For example m a series of 27 patients with rheumatoid arthritis Sprague
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et al 1 found that the prolonged admmustration of cortt one m do es of 100
to 200 mg duly cuced hight wnd mcony tent icrerses m fisting blood
glucose and deereased gluco e tolerance of a muld degree m only 4 patients
Similar findings have been reported by Wilson and his assoctates 17 who
concluded that the functional reserse of the pancreatic islets 1s usually suffi
cient i normal subjects to compensate for the diabetogeme 1ction of
cortisone
Protery MEeranpouisy Fasting adrenalectomized animals and patients
with Addison s discase™ exhibit a decreased urmary nitrogen exeretion that
can be reversed by the admmnstration of cortisone In addition 1t has been
repeatedly shown that large doses of cortisone 1n the intact orgamsm will
lead to a negative nitrogen balance It should be emphasized however that
thisresponse may be diminished by the feeding of high carbohy drate or lugh
protemn diets and by the ad traition of suppl ary potassium '3 The
precise mechanisms by which cortisone 1ncreases urmary nrtrogen excretion
are not clearly understood Hoberman !9 1n studies of the effect of cortisone
administration upon the fate of injected 1sotopte gly cine i adrenalectomized
animals reported both a stimulation of protein catabelism and an mhibition
of anabolism The latter observation supports the hy pothesis first proposed
by Albnght 12* Hoberman was unable to detect any abnormality mn amino
acid catabolism 1n adrenalectomized rats The finding of a lessened accumu
lation of amino acids m the plasma of hepatectormzed adrenalectomized
rats'?! likew1se emphasizes the antianabalic action of the 11 17 oxysteroids
sueh as cortisone The observation? ? that cortisone will restore to normal
the dumimshed actuity of liver amuno acid ovidase n adrenalectomized
ammals indicates however that this hormone masy act in part at the ammo
acd level of nitrogen metabolism
After intense stimulation of the adrenal cortex 1n man there 1s a greatly
wereased unnary everetion of histidine pglutammne alamme  threomne
glvane =erine lysme and small increases m glutamic and aspartic acids
cystine and methionme ' * The associated rse 1n serum amino acid nitrogen
indicates that the hormone action 1s not limited to 1ts effect upon renal
threshold * ¢ The mcrease 1n urinary cystine and methionne accounts for
only 50 per cent of the increase in urinary organie sulfur s After cortico-
tropin admimstration 1n man there 1s also a rise in the urmarv total sulfate
which may result 1n part from an mcreased uninary output of sulfurie acid
conjugates of adrenal steroids
Lattle 1s known of the influence of cortisone on purine and pyrimidine
metabolism It has been shown however that the admimstration of this
hormone to normal human beings'¢ and to patients with Addison s disease?
leads to an mcreased urinary excretion of unic acid (Figure 8) In some sub
tects hittle change in serum une anid level was noted suggesting an ncrease
n urate formation or mobilization Studies with 1sotopie uric acid m a pa-
tent with gout! ® indicated that the effect of 11 I7-ovysteroids such as
cortisone upen urne actd metabolism ts predomunantly one of ncreased renal
clearance rather than mereased production
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I MerwsoLtsy Studies of the mfluence of cortisone on lipid metaho-
hsm heve been meager and thar terpret tion difficult Ievin and Iarber'?
showed that the Iners of fasting adren dectomized rafs cont uned consider
ably smaller quntitics of neutrl fut than those of intaet animals, pretreat
ment with cortisone prevented this disturbance The admmstrition of Jarge
doses of corttsone was found to cause ntense lipcma and fitty dvers m
mtact rabbits! ¥ and shght mcreases m ncutral fat in the Iners of normal
rats ' 7 These obsery itions have been interpreted m the past as mdieiting 2
tow rite of fat mobihzation and eatabolism i the adren lectomized antmal
that can b reversed by cortisone Stoerh and Porter, ' however found that
partidly starved adrenaleetomized rits showed less neutral fat in both hver
and c1ircass thin did intact ammals on 1socalorte diets 1his finding of 2 Jon
body fat i adrenslectomized animals must indicate either o dimmished
liponeangeneas or an inercased catabolism of fat Welt and Wilhelm *° from
a study of the uptake of deuterium mto Iiver and eareass fat by adrenalee
tomized rats on high carbohydrate fat free diets, concluded that adrenal
ectoms w1 followed by an increased rate of hpogenests from ¢arbohydrate
Lhus 1t seems that there 15 mereased fit cataboltsm after adrenalectomy
That the absence of hetosts m the fasting adrenalectomuized ammal does not
s alidate thisview may be mferred from the finding of Vallee and Hastings'
that acetate the chief immediate precursor of hetone bodies 1+ ostdized to
carbon dioide at a normal rate 1n the diaphragm of adrenalectomized rats
The observations of Thorn et al 2! that a n ¢ n bload hetones and a fatt i
R Q follow corticone admimstration to patienty with \ddison s diea e do
not necessarily mdieate that this hormone produces an nerewed oxidation
of fat Similar results nught be obtauned if there were an inereased coty ervion
of fat to earbohydrate or 2 deereased hipogenests from carbolvdrate Fui
dence for such an effect has been provided by Brads et al 1° who found that
cortisone inhubited the meorporation of € % acetate into the fatty acds of
rat hiver slices

Ittlersknown of the mfluence of c ortisone on phospholipid and cholesterol
metaboltsm  Adlersberg et al 13t studying, the serum hpids i o vanety of
conditions observed a gradual mereasc of total and estentfied cholesterol as
well as of phospholtpid but a sharp decrease of serum neutral {1t

MucoroLysiceranripps Cortisone has been observed to restore to nor
mal the high serum level of hexosamine in patients with dissemmated lupus
erythematosus ' the high blood levels of glucosamimne pely sicchandes non
glucosamine polysacchanides and albumin poly saccharides m patients with

rheumntic fever ikewise returned to normal % The changes observed were
associated with clinieal remrssion i both studies Lay ton'** has reported that
cortisone mhibits the synthesis of chondroitm sulfate a constituent of the
connective tissue ground substance by embry onic and healing wound tissue
maimntamed o2 tiére The degree of polymerization of the hyalurome acid of
the joint flurd of patients with rheumatoid arthntis 1s satd to be inereased
after the intra articular injection of corttsone 1# An mhibitory effect of cortr
sone upon the activity of by aluronidase n c22o both 1n ammals and 1 man

has been demonstrated 3¢
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Exzives Numerous studies of the wnfluence of cortisone on enzyme sv<-
tems hay e been reported ** %% The major sy stems on which an action of this
hormone has been clcarly demonstrated may be summarized as follows
Cohen reported that cortisone admimstration to mice and human beings
re ults 1n an nere 1se 1 scrum glucuromdase actnvaty hochakin!® found
that the liner and hidney arginase actisity of mice 1s elevated after the mnjec-
tion of cortisone Umbreit!* noted that the low actnitres of Inver ammo aud
ovdase and hidney proline onidase of adrenalectomized rats could be re-
stored to normal by the adminmstration of the hormone this observation i«
of ome intercst i view of the hnown mfluence of corticone on collagen and
the fact that of all the proteins of the body collagen 15 characterized by a
high proline content The inhibitory effect of cortisone upon hyaluronidase
actnaty 1 1o has alreadsy been described The mereased <ecretion of pep-
smogen that follows corticone idmmistration m man 1s discus ed below

It 15 apparent that none of the known effects of cortisone upon enzyme
systems gives a clear preture of the mechanisms mmvolved n the over all
phy siologic actions of the hormone Umbreit'* potnts out that m the major
1ty of studies the rates of the various enzy matie reactions tend to be dimin
1 hed or unchanged after adrenalectomy and to be increased after prior treat
ment with cort1 one It should be particularly empha 1zed that no effect of
cortisone upon enzyme s stems has been clearly demonstrated in the abeence
of the intact cell This fact rawmes the possibility that the hormone acts by
controlling the access of substrate or eofactors to the enzyme within the cell
rather than by a direct action on the enzyme 1t elf

Inorganic Metabolism The effects of cortisone upon electroly te cxeretion
1n man conform 1n general to the metabolie pattern presiously described for
voc and other less highly oxygenated adrenacortical steroids sodium and
chlonde retention and enhanced potas mum excretion 7 However the ult
mate effects are considerably more vanable and appear to be largelv deter
mined by hormone dosage route and duration of admimstration and m all
Ithelihood by the fundamental state of the adrenal glands in normal persons
and the nfluence of mmultaneous poc therapy 1 patients with adrenal
nsufficiency Early studies in normal and adrenalectomuzed anmals ut1
hizing small quantities of cortisone acetate for hrief pertods conclusively
demonstrated that the electrolyte regulating capacity of this hormone was
sigmificantly less mtense than that of pca 149144 Indeed the net result of
cortysone administration was m most ea es a loss of sodium and chlonde It
was therefore concluded that one phyvsiologic consequence of 17 hydroxyla-
tion of the corticosteroid structure was a marked decrease 1n the capacity of
adrenal steroids to mfluence the renal handling of electrolytes Although sub
sequent studies 1n animals'*s and man!*® showed that more prolonged admin
Istration of larger doses of cortisone acetate ordnanly result m sodium rc

tention and potasstum elimimation the simultaneous admimstration of Do
411(1 cortisone acetate to patients with Addison s disease has on occasion
produced less retention of sodim and chloride than the same quantity of
och qlone 1 In view of the known pharmaeologie opposition of these two
steroids in their effects upon other tunctions such as electroshock thre<hold 14
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1t 15 of mterest to consider the possibilits of sterordal competition at certan
locr under proper conditions of dos e and func tional organization

Aprenat InstrHcrescy  Lhe effects produced upon electrolyte exere
tion by the adminstration of cortisone acctate to patients with Addison's
diserse are variable and unpredictable necessitating ¢ sreful evaluation m
mndividual cases A refativedy small number of patients can be successfully
mamntamed n electroly te balince on werage substitution doses of cortrsone
acetate (1.2 ) to 2> my, 2 day) and supplementary salt Sumlirly patients
with essential Inpertension ean often be adequately controlled after com
plete bilateral adrenilectomy by the administrition of somew hat larger do es
of corticone wetate (37 5 to H0 my 2 dsy) and additional salt 3 However,
the majority of patients with Addicon s dicease and a sigmific int number
of hypertensive subijects who have undergone total adrenalectomy reqire
the addition of pey for the mantenance of adequatc electrolste regula
tion ¥ 13 1T Comparitiye studies bised on sodmum and chloride retention m
patients with Addison s disease have mdicated thit cortt onu acetate his
approsimately one thirtieth to one-fiftieth the potency of pey ** Cortt one
15 somew h it more effectin ¢ m the control of electrols te excreton after intra
muscular mjec tion than after oral administration reflecting apparently the
mmportance of constant hormon il effect upon the renal tubular mechanisms
myolved

The effccts of maintenance doses of cortisone upon potasstum everetion
m patients with adrenal msufficiency are highly vanable Although an initial
shight merease 1n uriary potassiim output may oceur restoration of bilance
or even a rebound potassium retention rapidly enisues sometrmes a defimte
deere e i potassitm excretion 1s encountered In such cases 1t appears that
the effects of cortisone upon earbohjy drate metabolism are predominant over
renal changes w clectrols te output and that the positive potasstum balance
1s due to increased storage of Iiver glycogen This mterpretation 15 strength
ened by the observation that morgime phosphorus output also frequentls
dechines 1n assouation with potassium retention 7

AonyiL SunsECTs anD PaTipnts witnt InticT 3prevAL Granps The
administration of large do es of cortisone to hoth narmal subjects and pa
tients with intact adrenal glands 1s ordiarily followed by definite sodium
and chloride retention and an increased exeretton of potas wm 118 1% With
continued administration of the hormone sodium and chlonde retention
ordinanly decrcases In fact a negatthve halance may occur as previously
described for prolonged courses of pcs An merease mn both urmary and fecal
exeretton of calerum and phospherus 15 usually produced by mtensive cortt
sone admnistration ¥ Tnitially phosphorus output ordinarily exceeds the
theoretic excretton of ealelum and mtrogen, calculated on the basts of theo-
retie ratios of caleium to phosphorus and nitrogen to phosphorljs 1 bone and
protoplasm, respectiv ely Ths ph 15 1n all Iikelth caused by a
sigficant merease 1n the renal clearance of phosphorus Subsequently, how
total phosphorus excretion 1s often less than that anticipated on the
leulatrons It appears probable that the latter effect 1s

ever,
basis of theoretic ca
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the result of a movement of phosphate intracellularly in association with an
merease in Jnver gly cogen deposition ¢ On the basis of actual ti sue analyses
aswellasthe ealeulation of internal balances,#* 1t 1s evident that a sigmificant
degree of intracellular potassium and phosphorus depletion may be pro-
duced Simultaneously, an intracellalar mgration of sodium may oceur but
apparently only n the presence of cellular potassium loss without equivalent
phosphorus loss 1e  relative cation depletion 19 An itial retention of
<odium 1n excess of chlortde without 4 sigmficant change mn serum concen-
tration 13 additional evidence of the movement of sodmm 1nto cells
It 1s apparent on the basis of the oter all lo ses of mtro,en potassium
and phosphorus that mtracellular protoplasm undergoes depletion as a
result of intensive cortisone action This effect alone however, 1s meapable
of accounting for the total pattern of metabolie changes produced For exam-
ple the loss of potassium precedes that of mtrogen and 1s 1n excess of the
theoretic proteplasmic mitrogen potassium ratto This 1s well illustrated 1
Figure 8 which shows the mitial metabolic responses of a normal fasting
subject to mntravenously nfused cortisone The discrepancy between the
theoretic mtrogen and potassium contents of protoplasm and the observed
excretory pattern 1s obvious It 1s of mterest to note the rapidity with which
mawamal changes 1n electrolyte exeretion are produced by the continuous
ntrayenous admimstration of cortisone In fact the effects obtained are
only <lightly less mtense than those resulting from the mntrasenous mnfusion
of an equal quantity of poc Thisisin direct contrast to the relative potencies
of these steroids given by mtramuscular injection 7
Prolonged administration of cortisone in large doses mtensifies the effects
described above resulting in hypochloremia hypokalemia and metabolie
alkalosis The changes are simlar to those eniginally described by heplertst
m patients with Cushing s syndrome Simultaneously the electroly te con
tent of musele also resembles that encountered 1n hy peradrenoccorticism de-
creased intracellular potasstum and phosphorus with or without increased
sodium '* The administration of testosterone either to patients with Cush
1ng 8 syndrome Or to patients recetying large quantities of cortisone results
1n 8 dimnution of potasstum phosphate and caletum loss ¥ Evidence has
been presented that the benefic1al action of testosterone 1s the result of a
direet anabol fl on pr lasm rather than a block 1n the metabohe
action of eortisune on end organs
Additional effects on 1norganic metabolism resulting from adrenocortical
timul or the ad ration of cortisone iclude a moderate decrease
m unnary exeretion of % and the production of an acute hypo-
ferremia i dogs % the latter effect has not been obsery ed m human subjects
Water Metabolism The first physiologi function of adrenocortieal hor
mones to receive emphasis was the regulation of electrolyte and water
metabolism 1 Although 1t was early recogmzed that a redistnbution of fluid
occurred 1n adrenalectormzed ammals resulting m a shift of water from the
extracellular to the intracellular space ** most authonties attributed this
change to uncontrolled salt loss " However numerous studies concermng
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the relation of adrenccortical bormones ta w iter metiboham have made it
abundantly clear that chnges i water distnbution cannot be Gpluned
solely by an alteratien m electroly te excretion ¥ ¥t 15 also quite apparent
that changes m water excretion affer cortisone administration cannot Le
tonsdered merely @ passive response to changing lectrohvie levels Tor
examplc cortisone may result 1m 4 rctention of sodwm md water with a
con equent expansion of extracclular fud valame ufficently great tore ult
m edomn On the other hand o marked dis oeiation between the unnaty
axeretion of electroly tes and water sometimes aecurs durmy, cortione admm
wiration Turthermore sinee the admimistration of cortivone m ecrt un ar
cumstanees may resalt m a provounced water dure 13, 1t 1 cvadent that
adrenocortieal hormones may exert ather 4 diwretic or an antidiretic
action depending upon the existing phy wologic state of the subject

Apweaar Instrrcirey Strnbing sbnormalitics o body water dis
tribution m1e apparint patients with adrenocortacal msnfioency conast
mg of un ¢xpansion of mtracellutar volume at the (\penec of extriecllular
volume Tt hasnever been ddfimtely  cttled whether this v distmbution 1s the
resudt of o change v external odium balance with o conscquent osmotie
mtracellular shaft of water or of an mterna) mosement of salt as well as
wate1 from the extraeddiular flnd space inte body o Ns on the basys of 3 dircet
effect nt the celinlar lovel Swingle'® coneluded that an endo,enous sinft of
salt and water from the extracellular compartment mto eclls m exoess of that
attributable 1o by potonieity secondary to renal salt {oss occurred mn adrenal
cctom ed dogs Harnson and Darrow ™ al<o demonstrated an mtracciular
movement of water during the development of adrenocortical insuffi renct
but attmbuted 5t entirely to uninary <odmum loss Recent experiments by
Gaudino and I evitt & appear to confirm the exstence of o combined salt and
water shaft during adrenal msufficiency

Stnce the passage of water mto red blood cells wonld re.ult 1n a chiution
of crythrocste hemoglobmn and thercfore a fall m the mean carpusculer
hemoglobin concentration (M C H €)' (hanges wm thas index have buen
used m this [aboratory to study alterations in the distribution of water
patients with Addison < disease durning overhydration #t Durmg overt
adrenal msufficieney an mcrease m ery throevte hydration was apparent as
evidenced by afailin M C H C The mtrasenous administration of cortisone
mduced a prompt decrease 1 ers throes te volume and a rapid excretion of
exeess body water These results are i accord sath those of Harrop ¢ who
<howed that adrenocortical extract eauscd a removal of eswess mtracellular
water a decrease 1 mean corpuscular yolume and a restoration of normal
flud equilid 1 the ad lectomized dog

TRowntree and Snelit® ongmaily noted, during the course of ilution
tests, o decrded Jag 1 the onect and extent of water dcesis The mability to
excrete o water load promptly was sub equently made the buss of 4 useful
sereepng tost for adrenal msufficiency ¢ This defect has heen the objert of
numeroud studies and has been variously ascnibed to delayed absarptin of
water from the ¢ wstromtestinal tract, a decreased glomeralar filtration rate
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and renal plasma flow abnormally high levdds of antidiretic substances,
on the basis of serum!® and urine'® assays, either an ereased sensitivity
to'* or decrersed capicity to mactinate’® eirculating antidretic sub
stances, and abnormahity of the renal tubules resulting in excessive water
reabsorption 13
Delayed absorption has been ruled out by 4 lack of dwresis after intra
venous mjection of flid'® and by 1 normal plasma dilution after water in
gestion by patients with Addicon s discase 1% Since the admumstration of
pes to patients with adrenal msufficieney his been shown to restore glomeru
lar filtration rate to normal without materially improving the rate of nater
diuress a reduced filtration rate can hardly be implicated Fudence that
casts doubt on the importance of eirculating antidiuretse substances has been
aceumulated Hypophy ectomized animals'®* and patients with loss of both
anterior and posterior pituitary function'® mamfest a defective durests
although postertor pituttary hormoncs are presumably abeent Recently,
patients with Addison s disease were shown to have a normal sen 1ty to
admumistered Pitressin that was not altered by cortisonc admimistration 17
Some patients with Addison s disease demonstrate a normal fall m urinars
specific gravity after water loading apparently indicating that persistent
tubular reabsorption of water 1s not wholly responsible for the faulty durests
observed '* In addition Reforzo Membrives and Repetto?™ found a normal
mhibition of tubular reabsorption of water in patients with Addison s diceace
n response to water loading
The finding of an c\cessiv e and prolonged trapping of admimistered water
in the ery throcytes of patients with Addison s disease accompanying a fal
ure of diuresis ndicates that defective distribution of a water load may pre
clude adequate renal excretion !5t Striking improyement in water excretion
occurs n these patients during cortisone therapy *7 exther with no significant
change 1n the depressed glomerular filtration rate'™® or without a direct cor
relation bctween improvement n filtration rate and water diuresis 17 These
findings suggest that a normal dwrests 15 facthtated by an improy ement m
water distnibution as a result of cortisone therapy
NORMAL HUBJECTS 4AND PATIEANTS Wit INTACT ADRFNAL CLanps The
admimstration of cortisone to normal subjeets mduces an inerease mn extra
cellular flud volume 7% and a dec rease i intracellular water content without
a marhked change 1n totil tissue water 49 Salt and water retention usually
occurs early 1n the course of treatment and revcrts to a normal balanee m
8 t0 10 days '® The mavumal change m body flud content and distribution
ordinarily comneides with a maximal ncrease 1n glomerular filtration rate and
filtration fraction 173 Cortisone therapy augments the rate of urme flow dur
mg constant water loads m subjects with normal adrenal glands without
altering the ~ensitivity to exogenous Pitressin 7 It suppresses the normal
diurnal thythm of water and electrolvte exeretion 1n normal subjects 175
Further studies on the relation of corticosteroids ta the degree of ervthro-
eyte by dration 1n response to water loading demonstrated an actual contrac
tion of erythrocvies during a water test performed on a patient with Cush
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mg s syndrome (Tigure 9) 18 After lateral tofal adrenalcctomy and the
onset of ehimeal remison from this disease, there was a change i the en
throes t¢ puttern to one mueh 11k ¢ that ~een i Addison’s disease The admm
wtration of Tirge doses of eortisone for a three-day penod restored the cor
puscudar pattern to that <cen preoperatinely, agun with contraction of the
erythroryies m response to water These findmgs it the absence of any
sigmficant alteration 1 the magmtude of water retention or m the degree of
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expressed as perecntage of nater mgestcd A e i mean corpu cular hems globin
concentration (A\{ C H C ) reflects a decrea e in erythrocy te aize

hemodiluhion suggest that corticone has an netion on the transfer of water
into the ery throey tes that s mdependent of 1ts diuretic effect and that ex-
ces nne amounts of (orticone hke sterords may induce a paradoie shrmhage
of the ervthroey tos desmite a normal fall in serum tonuty

Effects upon Specific Tissues The charartenstie changes in speatfic
nisencs of the bods resnltmg from the admimstration of corts one are obst
ously consequent to the widespred metabolic dtersttons ju t de enbed It
I~ to bt emphsized thercfore that use of the hormont m el therapy at
Ingh dosage levels ¢ntails alterations in the metabolin wnd potentially
the structure of a1l tissues An evatuation of therapy undertaken far the pur
pose of produging a speafic scthion m a speaifie tr sue ar organ system must
take snto account the over all effects of the hormone In short cortivone
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affects such a wide vanety of metabolic proecsees and cellular structures that
one must nterpret any single hormonal action m terms of the aggregate
effects upon the entire orgamsm

Kudney Apreaan Insurricicaey It has long been recognized that
defectis e renal function constitutes one of the major physiologie dsorders of
chromc adrenal msufficieney In fact the degree of azotemia resulting from
dehydration hemoconcentration reduced plasmt volume and diminished
renal blood flow has often been used as an mdes of the seventy of adrenal
wsufficiency 1n adre nalectomized ammals Studies of renal function m pa
tients wath Addison s di ease have demonstrated a diminished glomerular
filtration rate and a less marhed decrease mn renal plasma flow  the filtration
fraction 1s consequently reduced "7 These abnormalities are frequently
returned virtually to normal by cortisone 172 17¢ Pitts'® has postulated on the
basmis of acute experiments 1n adrenalectomized animals that the effects of
cortisone as well as of poc do not represent a primary action of these hor
mones on renal hemodynamies but depend upon the restoration of both
volume and compontion of body fluds quent to the reestablish t of
electrolyte balance

The capacity of the hidney to compensate for alterations in acid base
balance 15 reduced tn adrenal nsufficency This dehait 18 primanly the result
of an impairment of normal base saving mechanisms that depend upon a
tubular exchange of hydrogen 10ns and ammoma for sodium '* The admmis
tration of cortisone has been d rated to cause an imer d exeretion
of ammonia and titratable acidity 1n response to acid loading with a result
ant conservation of fived base It should be pomnted out that although the
effect of cortisone 1n the regulation of tubular 1on exchange processes and
seenndarily of renal hemodynamucs s sumilar to that of poc much larger
doses of the former sterowd are required 17 Chis 1s mn heeping with the fact
previously emphasized that cortisone 1s mtrinsically much less active than
Doc 1n the control of electrolyte exeretron

Although the renal abnormality assoriated with adrenal insufficiency has
not been completely defined there 1s sufficient evidence that the ineapacity
to limut salt loss 18 due to decreased tubular reabsorption of sodium 157 180
However R 1t et al 12 have d ated that adrenal 1 am
mals infused with hy pertome saline solution are unable to exerete the admin
wtered salt at a normal rate because of inereased tubular reabsorption of
sodium  Sumilarly Burnett!™ showed that umnary sodium ecretion by
patients with Addison s disease given 4 per cent sodium chloride solution
intravenously was markedly subnormal Neither a sigmificant rise 1n urme
flow nor an increase 1n urinary sodium concentration was observed The de-
fect was partially corrected by cortisone but hittle influenced by poc These
studies llustrate an tmportant aspect of cortisone action 1ts effectiveness in
ncreasing, renal tapamty to change the reabsorpiive rate of sodmum irre-
spective of the imitial defect probably reflects a fundamental action directed
toward the maintenance of homeostasis This concept of adrenal sterord
function has been well delineated by Ingle 18




78 MFDICA! USFS OF COITI ONF

Nomsn SuBIECES AND ParirsTs wrtn IvTser Aprisar C1aos The
wmimsthation of comparatively Lirge doses of corti ane to normal wtbjects
produces defimte tcrations i renal function Glomerular filtration rite s
sigmficantly eclevated renal pla ma flow s usudlly only shghtly mereascd
and the ealeutited or ufeetive flon 13 ordininly not mgmficantly changed
beeause of an weompany g fall m venows homtocnt 173 Consequentiy
the filtration fraction 18 mcreased Simce maamid tabubar transfer rte of
p aounoluppurate (TP} was not devated Burnctt et a1V cancluded
that cortisone does not produce an merense i kidnes mas A nse n glo-
merular hy drost e pressure could not be mpheted as the caust of m
cased glomerutar filtration rite m normal subyeets  Although an eler ation
of blond pressure was observed in patients with Addison’s disease the result
ant rice 1o hydrostatic pressure was insuffiaent to account for the sygmficant
changes an filtration rate

Studics earried out by Ingbar et al ** in normal subjects de monstrated
an mcreased unmary excretion of une acrd wnd phosphorus after cortisone
adminstration In both mstances the rise in urinary output was independent
of thanges 1 serum conrentration and the rito of exercted solute to hitered
sofute rose markedly 1he changes obsery ed indieate an aiteration of tubular
transport of ure aexd and phosphiorns under the influence of cortisone
Sodmum (veretion deetcased as a result of mereased tubular reabsorption
DPotassum output however was sigmificanthy elevated only during con
cumitant sodim lorwling emphasiang agun the potcntial importance of
sodiam re ibsorption as a ronditioning, factor 1 the renal excretion of potas
wum That there 15 8 renal component i the ghy cosana that may be induced
m mw by the admmistration of cortisone has been mdicated by Conn
et 1} 1% who noted gy cosum assouated with hittle or no nse in blood sugar
It 35 evtdent that a decrease in renal threshold may result from a reduction
m mavumal tubular transfer rate of glucow (To glucose) or an inerease i
tubular Jo 1d due te either a n.e in blood sugar concentrition or an clevation
of glomerular filtration rate or a combmation of both %

Antopol'® obseryed granulomatons nodules in the hadnevs of miee gnien
rclatively large doses of cortisone, and Sely €' reported that the admimstra
tion of large doses of this hormone to unilaterally nephrectomized rats re-
conng a ligh sodwm high protan dict may result in hyalimzation of glo-
merulwr capiilaries and eventually w nephros duross Rich? ¢ demonstrated,
m ammals gen farge doses of corticone the development of renal kswons
that were morphologically similar to the Iimmelstiel-VYat on nodules found
m patients waith long standing diabetes mellitus  \lthough the mjanty of
chmeal reports fail to indicate sigmficant changes m conjunction w 1th corti-
sone therapy the possibility remams that long, continued admimistration of
corticone at 4 hugh dosige level wail inducy renal changes wumilir to tho ¢
reported i eases of spoutancous Cu hing sy ndrome ¥ It 15 of interest that
rupeated climeal tnals have reyealcd cortisone to be relntively meffective in

modfymg the mflammatory ronat estons of acute glomeralonephnitis 188 dis
8¢ ted lupus ery th and poly wtentis although other lestons of

-
r'e
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the last two disorders may bhe remarkably benefited \ggravation of hy per
tenson and azotemin has been obsersed with cortisone therapy n patients
exhibiting ady anced renal discase 1 assocration with these <yndromes
Effects upon Endocrine System Anterior Pitustary Body and Adrenal
Glands It 15 well known that the admmistration of cortisone to animals
and man lewds to a <uppression of endogenous adrenocortieal secretion
Several hines of evidence may be cited Patients both male and female with
an mtact pitwtars adrenal system may show a decreased urinary 17 heto
steroid output during cortisone theripy (20 to 7o mg 1dav) After cortivone
admimstration corticotropin may elieit 4 poor adrenal response as meas

mmmmnmm\mm'lmm

HHIH
IHETRIC 1] 4

Fic 10 Effect of corts one upon the adrenal gland The gland on the left was
obtained from 2 four year old girl with acute leukemia who recernved cortisone 100
mg adav for four weeks before death The gland in the center was from a four year
ald gurl with pulmonary stenosts who died during operation The gland on the right
came from a four vear old gul math Letterer Uiwe disease who recerved 50 mg of
corticotropin dailv for three weeks before death (Courtesy Dr Sidney Farber
Department of Patholo,y The Chuldren s Ho mital Boston )

ured by eosmoplul fall and 17 ketosteroid and formaldehydogenie sterord
rise 1n the urme When cortisone therapy 1s suddenly withdrawn chinical
eudences of adrenal msufficiency such as weakness fatigabthty hypoten
sion and collapse may be observed These <igns and symptoms may be
accompanied by a relatively high eo mophil count and a low 17 ketosteroid
and formaldehydogentc steroid excretion 1n the urme Indeed death from
adrenal insufficiency has heen reported under these rcumstances 19 Acute
adrenal msufficiency 1s more commonly ob erved after the withdrawal of
orally admimistered cortisone becau ¢ of the abrupt decrease in hormonal
levels 1n contrast to the more giadual dechine after discontinuation of ntry
muscularly injected hormone Finally atrophy of the adrenal cortex has

oy,
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NoryaL Stmrrers anp Partr ars witn INTaer Apresas Crasps The
adminstrition of comparatiseh large doses of cortr one to normal subjects
produces defimite alteritions in renat functron Glomerular ltration rate 5s
stgmificantly elos vted, renal plasma flow 1s uwually only shghtly mereased
and the cieulated or effectine flow 13 ordinarthy not mpnific imtly changed
beeause of an accompanying fall in venous hematoent 17245 Con equentls
the filtration friction 18 mercaved Since manimal tubul e transfer rate of
p amunohippurate (T Pauj was not clevated Burnett et al 7 concluded
that cortisone does not produce an mcreisc 1 hidney mavs A mve m flo-
merufar hydrostitie pressurc could not be implicated s the cau e of m
creascd Llomerular (itration rate m normal <ubjects Although an dlevation
of blood pressure was obseryed in patients with Addison < di ease the result
ant nise 1 hydrostatic pressure was insufficicnt to account for the significant
changes 1n filtration rate

Studies carried oat by Ingbar ¢t al © 1 normal subjeets demonstrated
an mereascd urnnary exerction of urie aerd and phosphorus after cortisone
administration In both instances the rise 1n urmary output w 1s mndependent
of changes m serum concentration and the rat1o of exercted <olute to filtered
solute rose markedly lhe changes ob erved indieate an alteration of tubular
transport of urie acd and phosphorus under the wmnfluence or cortisone
Sodmm exeretion decreased as a result of increased tubular reabsorption
Potisium output however was sigmficantly elevated only during con
comitant sodmm loading emphaizing agun the potential importance of
sodium reabsorption as 4 conditiotuny, factor it the renil cxerction of potas
stum That there 1s 1 renal component i the glyeosuri that may be induced
m man by the admimstration of cortisone has been indicated by Conn
et al ' who noted gly cosuna assotiated with little or no 1 e m blood sugar
1t 1s evident that 1 decrease i renal threshold may result from y reduction
m maumil tubular trander rate of glucose (Tw gluco ¢) or an ncrease in
tubular lond due to either a rise m blood sugar concentration or an eles ation
of glomerular filtration rate or a combination of both 1%

Antopol!# obsery ed granulomatous nodules 1n the hidney s of mice gnen
relatively large doses of cortisone and Sely et reported that the admimstra
tion of large doses of this hormone to umlaterlly nephrectomized rats re-
cening & high sodium high protein diet may result m hy alimzation of glo
merular cnpillaries and exentually m nephro cleross Richt®® demonstrated
m anmmals given large doses of cortisone the deyvelopment of renal lesions
that were morphologieally simidar to the Jammelstiel Wilson nodules found
m patients with long standing diabetes melhitus Although the majority of
cluncal reports fail to indicate sigmficant changes m conjunction with cortt
sone therpy the possibility remains that long contued admimstration of
cortisone at a high dosage level wilt mduce renal changes stmilar to those
reported 1 casos of spontancous Cushing, s syndrome 1* It nlol' interest that
repeated chimel trials hove revealed cortisone to be rcl-mlw 3 l}"LHccf:‘\g i
modifying the mflimmatory renal lesions of acute glomerul ouct[; ity w(
sernmated lupus erythematosus and polyartentis although other Iesions o
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the last two disorders may be remarkably benefited \ggravation of hy per
tension and azoterma has been ob erved with cortisone therapy in patients
exhibiting, 1y inced renal dist we m association with these syndromes
Effects upon Endocrine System Antertor Pituitary Body and Adrenal
Glands It 13 well known that the admmistration of cortisone to ammals
and man leads to a suppresston of endoginous adrenocortical seerction
Several hnes of cvidence may be ated Patients both mele tnd female with
an intact pritwitary adrenal system may show a decrey od urmary 17 heto-
steroid output during corticone therapy (00 to 7rmg adw) After cortisone
admim tration corticotropm may diat 1 poor adronal response s meas-

pggglgwmunwumnwmT]"iﬂmu;ui.

¥16 10 Effect of corti one upon the adienal gland The gland on the left was
obtained from a four vear old gult with acute leuhem:y who recened cortisone 100
mg aday for four weeks before death The gland i the center was from a four year
old girl with pulmonary stenosis who died during operation The gland on the i ht
came from a four year old gul with Letterer tine disease who recerved 50 mg of
corticotiopin daily for three weehs before death (Courtesy Dr Sidney Farber
Department of Pathology The Childien s Hospital Boston )

ured by eosinophul fall and 17 hetosteroid and formaldchydogemc steroid
rse m the urine When cortisone therapy 1s suddenly withdrawn clinieal
@vdences of adrenal m-ufficency such as weakness fatigabibity hy poten
ston and collapse may be obsersed The e signs and symptoms may be
accompanied by v relatively lugh cosnophil count and a low 17 hetosteroid
and formaldehy do,enic steroid excrction mn the urnine Indeed death from
adrenal msufficiency has been reported under these errcumstances 1*° Acute
adrenal msufficiency 1s more commonly observed after the withdrawal of
orally admimstered cortr one because of the abrupt decret e n hormonat
levels in contrast to the more yradual declie after discontmuation of imtra
muscularly injected hormone Fimally atrophy of the adrenal eortex has
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been repeatedly ob erved 1 bhoth intmals®t and min® after the dmimstra
tian of cartisone (¥ ypure 10) Thas atrophy 1elargely eonfined to the fascienlar
and retienlar favers, shere there 1s a reduction of kpid eoucentration The
zana glomeruloss remains virtuathy unchomged
There 1s strong evidence that the suppression of adrenocortieal activits
v secandary to the depression of the output of cortitotsopin by the antener
prtustary body The adren i responer 1o strees as measured m anumal expert
ments by adrenal by pertrophy and depletion of ascorbie acad and cholesterol
may be blocked by the admunstration of cortisone Y ath ticreasing wtensits
of stresy the amount of strosd requttred to suppress adrenocortienl activity
becomes correspondingly greater %2 Lurthormore the adrenal atrophy that
follows cortisone therapy may be prevented by the sumult me aus mjection of
cortrcotropm ** Tinally suggestine oadence of a diret effect upon the
prtustry glond has been provaded by Savers et al ¥ whe demonstrated
dimimished blood levels of corticotropm m pitients with wdrenogental
syndrome after cortisone theripy  The strhing sumilanty of adrenocortieal
TEsponse to corticotropy i patsents wath hy pomtwtansm wnd m patients
with mtaet adrenal glands aftr o prolonged eourse of corticonc therapy 18
ustrated m Taigure 11 Ehe posubality remams however that corty one
alvo exerts a direet effect upon the adrenal gland
Although the suppression of torticotropm output by tortone seems
farrly well established evidence of suppression of the ontput of other pitm
tary bormones 15 nat o clear cut 1t ks been suggested that the reduetion
1t the atutity of the thyrod gland to collect 1odine obsers cd wath Inrge doses
of cortisone mny 1 part refleet depression of thnrotropic hormene {Tsn}
Biheration 98 Jiowesver no measurements of Tsi blood leyels under these con
ditrons hase bevn reported Indecd o tologie studies of the pitmtary glands
of rats treated with Jarge dowes of cortisonc for a prolenged penod mdicate
that the beta cells undergo (hanges comparable to those seen m anmals after
thyrodectomy o finding, suggestive of an ncreased output of Tsit by the
prtwmtary gland * Sohyal and boffer'®s has e reported an merease i unnan
gonadotropin e<rretion after cortisone admumstration Information s not
naable on the possible effects of cortisone upan the secretion of Lrowth
hormotie uid diabe togenie hormone
Postenor Pitustary Body No ¢vidence of o direct aeon of cortisone on
the postenor pitwitary gland or on the release of 1ts hormones has been re
ported The effect of cortisone on the peripheral action of antidiuretic hor
mone 18 discussed n the preceding <ection on Water Metabolsm
Intermedtary Lobe of the Pituitary Gland The evistence of thyz part of
the pitwtary gland as 2 functional umt m mun 1s vet to be established It
has been suggested however thit the pigmentation of patients with \dd-
son s disease may be related to hy peractivity of the intermediary lobe of the
by pophysist® and that the lighteming of the shin seen with corticone theraps
of by poadrenalism may resnit from snbibition of thns lobe rie
Thyrowd Gland Cluucal data indicate a definite effect of corfiso e upon
measurements of thyroid function Thus, W olfson et al o and Hill and s
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as ociates ° hatc demonstrated a decrease in the I ¢ accumulation grady
ent’ n patients with normal adrenal function or with Addivon s disease
on moderate doses of cortisone (00 to 100 mg a day) 3\ smular effect with
massts ¢ doses of eortr one (000 mg a day) on the 24 hour 10dine uptake has
been demonstrated by T redrickeon et al ¥ A decrease in the level of protem-
bound 10dine during tortisone therapy has also been observed 120

The exact mode of action of cortisone m mhibiting, 10dine uptahe 1s not
clear It appears that thus effect 1s not due to an mtubition of it formation
or release by the antenior pitwitary body ¥ Woodbury and his co-workers ™

AFTER CORTISONE {7 5 GM. BY
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Fie 11 Different adrenocortical responses to daily ntravenous imnfusions of
corticotropin All infusions extended over exght hour periods

ob erved in hypophysectomized rats that the increase in I'* accumulation
that followed the admimstration of Tsu was partially suppressed by cortt-
sone It therefore appears that cortisone excrisits action 1n part at least by
either & direet effect upon crrculating Tsi or an incomplete block of the
mechanism by whieh Tsu influences sodine uptake This view 1s strengthened
by the finding that m hypophysectomized rats eortisane alone docs nat de

press the aceumulation of 1131 by the thyroid gland * Perry ® and Albert
et al % howeirer have reported that im intact rats the buologie decay of
thyroidal radiorodine 13 not altered by cortisone an indication that the
steroid does not interfere with the influence of Tsi on this measurement 1t
remains possible that the cortisone efiect upon 1odine uptake by the thyroid
gland reflects alterations 1n either 10dine distiibution or exeretion ® It s
well to Leep i mind that although changes in measurements of thyrod func

tion can be induced by cortisone the relation of these measurements to
thyrowd hormone production may not be an absolute one The effect of corty
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been repe tedly observod m both antmalst® and mantt piter the sdmmistra
tron of corttsane (Tigure 10) This ptrophy 1s fargely confined to the faseicular
tnd retrcwdar lagcrs, where therc 1s a rcduction of hpid concentration The
zons glomerulo-a remmins virtualis unch inged
There 1s strong evidence that the suppression of adrenotertical getnaty
18 recondary to the depression of the output of cortaotropin by the antenor
pitutary body  The adrennd response to stress, 25 measured in wmmal exper-
ments by adrenal hy pertrophy and depletion of ascorbne 201d and chalesteral
may be blocked by the admmmstrtion of cortisone W ith mercasig ntensity
of stress the amount of steroid rogquired to suppress adrenacartie il actinaty
beeomes correspondingfy greater 19 Parthermore the rwdrenal atrophy that
follows cortisone therapy may be preyented by the sumultaneons ingection of
corticotropin ¢ Fimally supgestne cndence of o dircet effect upon the
pituitary gland bas been provided by Sayers et a1 ¥ who demonstrated
dimimshed blood levels of corticotropin in patients with adrenogemtal
syndrome after cortisone therapy  1he strilang stmidanty of adrenocortical
Tesponse to corficotropin m patients with hypopitntensm and m patients
wathsnt st adrenal glands after 1 prolonged cour ¢ of cortt ane therapy 18
tinstrated m Digure 11 Jhe possbihity remawns hanever that cortisone
alse exerts 1 direet ffect upon the rdrensd gland
Although the suppression of cortiotropm output by corti gne seems
faarly well ectablished (vidence of suppression of the outpnt of other pim
tary hormones 1> not so clear cut It his been sugge sted that the reducton
m the ability of the thyrod gl ind to collect 10dine obsers ed with hrge doses
of cortisane may n part riflect depression of thy rotropie hormone (o)
biberntion ¢ However no measurements of T=n blood 10y els under the e con
ditions have been reported Indeed ¢y tolome studies of the pitutary glands
of rats treated with Inrge doses of corticone or o prolonged penod mdicate
that the beta cells undergo changes comparable to the ¢ seen m apymoals atter
thyroidectomy o finding sugzestive of an mere wed output of Tsi by the
piturtary gland 7 Sohval and Soffer'®s have reported an inerease m unnary
gonadotropi excretion after cortisone admuustration Information 1s not
axvailable on the possible effcets of cortisone upon the secretion of grow th
hormone and dighetogenn harmone
Postenor Pitustary Body o evidence of 2 direct uction of cortisone on
the postertor pitmtary gland or on the releast of 1s hormones has been 1
ported The cffect of cortisone on the peripheral action of antidiarctic hos
mone 15 discussed 1n the preceding section on Water Metaboli m
Intermediary Lobe of the Piuntary Gland “1he estente of thns port of
the pitwitary gland as a functional umt m man 1s vet to be established 1t
has been sugrested howcser that the mgmentation of patients with Adds
son & disease moy be related to hy peractivity of the intermediary Yohe of the
hy pophy s191%? and that the hghtening of the skin seen with cortisone the rapy
of by poadrenalism may resul from ntsbabion of this fobe *
Thyrowd Gland Climcal dota indicate a defintte effect of cortisone upon
reasurements of thyrond funetion Thus Wolfson etal # and Hill and his
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Mutotic figures were rare and new beta edls appearcd to arse duefly
metamorphon i of the (ocre actinr s s a momner smabar to that de
sertbed by Tohn on M an partsath depnereatized grinea pig

Beeher 3 has drawn an mteresting paratiel betneen the drabetes resulting
from the admmstration of cortinone or corticatropn ind the type of human
diabetes charwtenzed In ratmd capalbiny ancursems Jamnd tiel Wit on
Te mus o the hidiey and the fadure to dovedop hetoss i thie b enre of
evogenous wanhin $hs author ponted out that porastent hotonoma or
acrda s ravely develops 1 patients with steroid dimbetes He neported the
appearwnce of retss sl sapilary aneuryams in 2 paieats whe wore recanany,
cortscotropsnt intrayenonsly for arcmdo w Timadh he reeatied the obrersa
tron®® that renad te rons of the hammeltel Wat on tvpe may develop m
rabbsts piven cortr one On the huas of the o fmdings 1t 1s of interest to
specutate that iy both stevard drbetes rud  pontaneous dizbetes eharacter
1zed by tqpillany ancuryams o relative esce s of the hyperghoemy plycoe
genolvtic factor of the ipha cells of the pancreasin the presence of a normal
or mildly deficient supply of msulin mught explun the defiet of hapergly
cemta wud the capillary damage obsersed m both retiny wd hadner

The us<c of corticone 1 the treatment of pasients with coeusting Adidr
von s disease and drabetes mefiitus provides an Muvtration of the nece ity
for evaluating the efferts of the hormone upon speatte metabolie functions
m terms of the beneht to the tota) organtsm In pite of an urease m the
severity of the duabetic st ite (rcflected m a materndd rive mrnsubin require-
ment) as 4 result of admumstration of tortisore w munterance do es of
122t02, mg aday the alleviation of the wlrenal m ufhacney (reflceted 1n
Tucressed Jood mtake werght gun aud exerase tolorune) procduces 4 marhed
mmprosemoent w the over Akl phy wal states of the patrent Todeed advan
tage 15 deliberateh taken of the duabetoptme astion of the hormone to pro-
tect thewe patients from the exer pre ent threat of hypoglycemic eprsodes
the net result bemg a considerable stabthizitton of the diabetes and a defunte
faciistation of therapeutie coutrol

Effects upon Integument [he admuustrition of cortisone to patients
with Addwon s dicence ordmanly produces stribing <hasnges 1 shan texture
and eolor The shin becemes perceptebfy warmer <ofter and less dry reflect
mg atleast mpart <n waprovement w hydestion soultmg from the restors
tian of Buid and electrolyte batance Rewont studicos carned out in this labo-
tatory employing the Hardy reflectance spectrophotomctor hwve provided
ohjectsve esidence of the changes that mn resalt from corts one idmans
tratien 2 1he distingwshing fetures of the reflectince curves m Addeon s
disease have been shonn to be as follows ¥ sigmhcant lowering of the entire
furve reflecting the mireaned deposition of melaun and diffuse pigmenta
hion that 15 & consprenous feature of adrenat msufficrency 1 de presoion of the
cune m the near ultraviolet regron wdicating the presence of melanod 2
degradation product of melanm and 2 fattenmg of the curve i the ol to
470 millimueron area and a losy of the chartenstic fluctuations due fo
oxyhemoglobin o <hsft that 15 probably eau ed by 2 smaller cantent of blood

.
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sone upon the over Wl function of the thyrord gland i torms of hormone
output reguires further study

The interesting possibility also anses that cortrsone aids in the penpheral
utilization of thyroid hormonc  1hus ikl and fus assouates © noted a rise
n basal metabolie rate m a hy pothyroud patient recening subaptimal do es
of thyrowd dunny, cortisone admuustrition Irman 7 also deserthed 2 pa
tient with by pothyrordism whose poor responsc to thyroid was markedly
mmproved by cortisone admimstration Beicrwaltes et al 28 demonstrated s
cdorigeme effect of cortisone m 2 pitients with untreated myvedema It
not elear whether this effect 15 mediated dircetly by the sterowd or bn an
mere e i thyroid hormone uttlizntion In contrast Wolfson et Wl ® <peeu
lated that normal thyrowd function 1s ncces<iry for maximum cort1 one effect
and that 4 decre sed effcct of continued cortisone therapy may depend upon
secondary depression of thyrend function Esidence for such 4 suppo ihon
15 however shll tenuous

Gonads There 1s httle information to indi ite an effect of cortisone upor
gonadal structure and function in man The occurrence of amenorrhea 1
women and lovs of libndo 1 men with Cushing, s <y ndrome suggests a po ble
gonadal effcet of the hormone Monstru il abnormalities are sametimes seen
m female pitients to whom eortisone 13 being admumstered Oligomenorrhea
and arregularity of menstrual flow are the usual changes observed Tapen
mental duta are conflicting W inter ¢t 1l 297 showed no sipmficant cffect of
cortisone upon the prostate and seminal y esicles of rats whereas Antopol™
noted retarded dey elopment of testes seminal vesicles prostate and ovanes
of mature mice Brown et al 2 made the interesting obseryation that cortico-
tropm Cin mhubit the activity of admuimistercd gonadotropm an hy pophy
sectomized rats

Pancreas The effects of cortisone upon carbohydrate metabolism and
the rclation of this hormone to diabetes mellitus are discussed in the section
on Carbohydrate Metabolism

It 15 )»mportant to reemphasize the relatively infrequent occurrence of 2
significant degree of hy pergly cerma and gly cosursa 1 nondiabetic patients
receivIng cortisone or corticotropin therapy Cases tn which these mamfesta
tions develop are often those m which a famihial tendency to diabetes 1s
evident After withdranal of the hormones hyperglycerma and glyco una
regularly disappear ' Then in Cushing s syndrome overt diabetes 1s com
paratinely uncommon Although 31 of the 33 patients destnbed by FPlotz
et 171 exhibited diabetic glucose tolerance curves only 9 had glycosuna
and frank diabetes was present in only 5

Pancreatie lesions 1n patients with Cushing » sy ndrome are common The
Jestons found have included fatty necrows carcinoma purulent panereatitls
and pancreatic mfarets and cysts 1n the few cases i which the tands of
1 angerhans have been carefully studied hy perplasit has been seen 147 The
changes produced n the pancreatie 1slet tissue of rats that had been grven
farge doses of cortieotroptn have been muestigated by Baher '3 Tiyper
trophy, byperplasia, and degranulation of the beta cells were observed
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lation Jnview of the deerease in sebum 1t 1s of interest that Brunsting * has
pomted out the fact that acne occurning during the admimstration of cortr-
sone 13 not often accompanted by schorrhea
Healing of acute inflammatory lesions of the shin during treatment with
cortisone may be accompanied by the local deposition of pigment Local
pigmentation 18 frequently scen 1n the scar at the site of implantation of
cortisone pellets In contrast to the effects of corticotropin howesver the
adrmimstration of large quantitics of cortisone over prolonged periods does
not ordinaridy result in a genetalized darkenmng of the skin
Effects upon Musculoskeletal System Muscle “Muscle weakness 1s a
cardinal symptom of Addison's disease Furthermore, the capacity of
adrenalectomized animals to perform muscular work has served as the basis
of tests proposed by Everse and de Fremery * and by Ingle® for the detec
tion and assay of adrenocortical steroids The latter procedure has proved of
mestimable value in the comparative assay of erystalline steroids and 1n the
eluadation of the physiologie actions of the e compounds 22! Although the
advent of muscular exhaustion 1n the adrenalectormzed animal subjected to
continual muscle stimulation 15 apparently correlated with errculatory farl
ure the probabihity remams that 11 17 oxysteroids are directly 1nvolved in
the mnintenance of metabolic proccsses mtrmsie to muscle cantraction
Cortisone has proved conwiderably more cffective than poc corticosterone
and dehydrocorticosterone 1in the mamtenance of muscular capaeity
adrenalectomized animals ! and 1n patients with iddison s disease It 1s of
mterest however that cortisone is definitely less effective mn the Ingle work
test than aqueous adrenocortical extract On the other hand neither adreno-
cortical extract nor any erystalline steroids vet available ean elevate muscle
work output m the adrenalectomized rat to levels charactenstic of normal
animals or 1ncrease further the work capacity of normal muscle
During the admimstration of cortisone to patients without primary mus
cle disease an merease n creatine excrction 1s sometimes encountered Pre
formed creatinine output howeiver remams unchanged In view of the
studies of Zierler et al 2 3 on the mfluence of pcs on the mechamsms of
creatine exeretion cortisone may also be eapable of reducing tubular reab-
sorption of creatine
8hy et al 4have shown that the adminstration of cortisone to patients
exhibiting the primary muscular abnormality of myotonia may result in a
significant decrease 1 myotonic response Since the pharmacologic charac-
tenstics of myotonia are diametrically opposed to those of mjyasthema
gravis 1t 1s difficult to reconctle this result with the improsvement of neuro
muscular conduction muscle contractility and strength reported 1n myas
thema gravis during mtenstve adrenocortical stimulation 5 Tt appears that
the abnormalitics in neuromuscular funetion 1n myasthema gravis are often
considerably aggravated during hormone admimstration with subsequent
umproy ement above control levels of function during the rebound period of
relative adrenal msufficiency after hormene withdrawal
Duning protracted admimstration of large doses of cortisone muscular
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m the reflecting, tissues and  relative snerease m venous blood content After
the instrtution of mantenance cortisone acetate therapy o generalized and
progresaine hightemng may be demonstratcd owing to n decrease m the shin
content of melamn The reduction 1 pigmentation howeser, 13 far from
complete as indieated by & persistence of the charactenstic reflection pattern
of melanoid A reversion of the oxy hemoglobin Land tow ard norm « undoubt
edly reflectsimpros ed vasculanty and hy dration Other changes encountered
during substitution therapy with cortisone mnelude an nerease 1n hair
growth m the scxual areas and on the extremities At the dosage level ordy
nanly employ ed 1n the treatment of patients with Addicon’s dis ase no other
chnges attnbutable to androgemc activity have heen seen

ihe employment of larpe dow s of cortisone durmg prolonged penods of
therapy of paticnts with intact adrenal glands may result in strihing, changes
m the shin comparable to those encountered 1n patients with Cu hings
syndrome A gencrahized thinning of the shin 14 sometimes ob eryed and may
be accompanied by the formation of violaceous stniac The mechantsms of
these changes in Cushing s syndrome have been cloquently discussed by
Albnight 2 who considered the antianabalie effects of adrenal oxisterods
upon protein to be responsible A characteristic roundmg of the face 1s often
encountered, constituting an early sign of cortisone overdosage This change
m facial appearance 1s not necewartly corrclated with the oceurrence of
werpht gain or edema and has usually been attributed to a local mnerea e n
fat deposition [he appearance of acne heratous pilans and occasionally
hirsutism during the prolonged admitustrition of large doses of cortisone
refiects the metabolic comversion of this hormone nto steroids possessing
definite androgenie actinaty  Lhe effects of large doses of cortisone admims-
tered both systermically and locally upon the shin of rats have been carefully
studied by Baker et al 17 Striling changes m shin structure were produced
mcluding a thinmng of the (pdermus due to an absolute reduction m the
number of epithehal cells an almost complete mhubition of hair growth and
an atrophy of scbaccous glands The dermus was similarly affected with a
pronounced decrease 1 thichness caused by a  melting down  of collagen
fibers 1nto & comp1ct almost homogeneous mass and an absolute reduetion
m the number of fibroblasts with shrinkage and pyknotie changes i the
nucle of the cclls that survived Tlastie fibers were apparently spared Itis
of interest that munction of cortisone over a protracted period in these
ammals had no systemae effcets

A careful investigation of the shin in numerous patients representing
large group of dermatoses treated with cortisone and corticotropin has been
parned out by Sauer and his assoeiates #'¢ The results of these studies can be
summoanized as follows the abrorption time of intracutancously mjected
saline solution was ssgnificantly shortened shin temperature showed o div
tict tendency to elevation sweating was augmented scbum and other fat
<oluble matenals delivered at the slan surface were diminmshed and exami
nation by steregstopic microscope rev caled an enhanced blood flow All the
effcets histed were interpreted as evidence of an accelerated penipheral erren
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A 51 year-old womn with nontropieal sprue of 13 yewrs duiition ind severe
generahized osteomaliaa sustuned hiliteri] rmpacted subeimtal fractures of the
femoral necks as the result of 4 fill Uwing to a complete ab ence of healing after
five weeks of intensive supportive therapy lilateral lup naling was performed
Despite the presence of severe bone disease the oral admimstration of 100 mg of
cortisone acctate 1 day was begun before operation and continued at this dosage
level for one month ind at vlevel of oD mg 4 dav thereafter Tor the firat time since
admi s0n to the ho pital diwrther was controlled and the appetite was marhedly
mmproved the pitient gamed 20 pounds 1n weight duning a three month period Bath
fractures healed ati fictorily and three months after operation no distinet fracture
lIine w1s evident

Certunly the over all therapeutie benefits accruing from cortisone therapy
1n this case overshadowed the nish of interfering with fracture repasr, indeed
it appears quite probable that the anabolic consequences of mereased food
ntake and 1mproved gastrointestinal absorption resulting from the use of
cortisone contnibuted sigmficantly to a satisfactory process of healing

Jotnts One of the earliest detectable effects of an elevated adrenocortical
secretion i human subjects 13 the reduetion 1 potcntial difference between
the mner surface of the sy nov11l membrane and a reference electrode apphed
to the shin In patients with active rheumatowd arthritis the abnormally
clevated potentral may be reduced by 50 per cent and sometimes to normal
talues within 20 mmutes of cffective adrenocortical stimulation 3 A de
crease of intra articular temperature m actnvely inflamed joints has been
found to oceur within 24 hours of cortisone admimstration * In addition to
<uppressing inflammatory changes cortisone has been shown to revert the
chemteal abnormalities of joint flud to normal \fter both systemic and
ntra articular admimstration of cortisone jomnt flud viscosity 15 elevated
1efleccting an 1nerewse m concentration o1 polymenzation of hyaluromc
aud '3 It should be noted hewever that the hunefieial effect of the mtra
articular mjection of hydrocortisone 1s considerably more consistent than
that of cortisone 23!

Effects upon Connective Tissue Numerous observations have been made
on the effects of cortisone upon connective tissue and other mesenchy mal
dervatrves ¥ Baker 7 has emphasized that all three essential components
of connective tissue—cells fibers and ground substances—are susceptible to
the actions of the hormotie * 7 Fibers and ground substances are derv ed from
and dependent upon celis damage to which may have profound effects upon
the structure of supporting tiscues

Large doses of cortisone delay fibroplasia an action apparently independ
ent of the imtiating stimulus Its capaeity to inhit the genesis of fibrilshas
been demonstrated an cultures ot fibroblasts by Sacerdote et al 23° The
actions of the hormone on fibroelastic connective tissue have been well
demonstrated by Castor and Baker * mn a study of the effects of prolonged
local applieation to the skin of rats Fibroblasts were matenally reduced m
number and residual cells were often shrunken Collagenous fibers became
arranged 1 an almost homogeneous compact mass as a result of which the
dernus was greatly thinned The ground substance was reduced 1n amount
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function and strength may Lecome seriously impurcd It 15 apparent that
the majority of ¢1ses result from serious potassium depletion dthough pa
tients with temporary musculir weakness have been de cnbed in whom no
signitficant loss of potassum could be demonstrated M1 Sinec a deerense in
muscle strength 15 a well recogmzed component of Cushing’s syndrome, a
prolongcd mterference with protem <vnthests during chrome corticone ad
minstration may be responstble m part for the imparment of musele fiber
strength

It 15 of mterest therefore that muscudar wethness may be a prominent
feature of both adrenocortieal hormone deficiency and hormone excess It
appears that the mechumsm most frcquently re ponsible 13 a sgmficant
alteration of serum (and undoubtcdly tissue) eleetroly te concentrations An
extremely v eful index for evaluating serum electroly te content 18 the readily
obtamable ratio of <crum sodium to potasstum 43 A marhed alteration of this
ratio i either direction may well result i stnking abnormalities in muscular
function

Bone and Cartilage 1he admunstration of farge doses of cortisone ordi
nanly results m an mereased output of caleum and phosphorus Changesm
calelum balanee ire considered to reflect chiefly alterations i bone compost
tion Discrepancies m the antiapated renal exerction of phosphorus based
on theoretic ratios of <alelum to pho phorus and mtrogen to pho phorus
bone and protoplasm respectively have been attributed to changes i the
tubular trinsfer of phosphorus and to retention in a< ocration with merea ed
Inver gl cogen

Bechs et al ? ¢ have shown that intensive adrenocortical hy persecretion
results in a derangement of the normal processes of long bone grow th in rats
as evidenced by a strthing reduction 1in width of the epiphy eal cartilage
Baker 7 has also reported decreased prolifcration of eartilage cells ampair
ment of resorption and myision by bone marrow conncctive tissue and
dimmshed formation of new bone due to a reduction in the number of active
osteoblasts Winter and hus co-worhers 9 desenibed comparable change after
prolonged cortisone administration

Osteoporosis may result from long continued adrmimstratton of cortisane
Albright! ® concluded from a classe study of Cushing’s syndrome that an
anttanabolie action of ovysteroids of the cortisone type could account for
osteoporasis A decrea e m the formation of osteord matrn resulting from
the interfercnce with protemn synthesis 1s probably responsible for ealeium
and phosphorus loss A direct cffect upon calcium exeretion may accentuate
the loss due to dimmished ealeum deposttion Reports of pathologie frac
tures 1n patients treated for long pe riods with cortisone ' ®serve to empha
qize the potent effect of the hormone upon bone formation

Although the direct effects of cortisone upon bone structure are rucog
nized as bemng antianabolic the following ease emphasizes the importance
n chnieal therapy of evaluating the net effects of the hormone upon *
speafie tissue in terms of the over all effects of the hormone upon the total

orgamsm
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sone upon wound healing It was deaisively demonstrated that protemn
depletion produced by starvation facilitated the imterference with wound
healing by cortisone and conversely that the admimmstration of cortisone ac-
centuated impairment of healing due to protein depletion 1t1s apparent that
marked differences in the «ffects of adrenal steraids upon wound repair n
debihtated and m adequately nounshed patients should bé taken into
consideration

Cortisone has heen demonstrated to exert an mhibutory effect upon the
development of penicardinl pleural # and peritoneal®! adhesions exper:
mentally produced in animals with tale A practieal extcnsion of thus effect
appears to he the increase in mobility produced by cortisone 1 patients with
Dupuy tren s contracture 2% It 15 of interest that growth hormone in con
trast to cortisone and corticotropin enhances the granulomatous response to
mjurrous <ubstances ¢ This obseryation appears to support the hy pothesis
that growth hormone and adrenocortical steroids are antagonists in their
action on the nflammatory potential of conneetive tisue

Although the predommant influence of igh doses of cortisone on protein
metabolism 1s an interference with protein synthesis 1t should be pomnted
out that this action can often be modified or even reversed during therapy as
aresult of the salutary effect of the hormone upon appetite and improy ement
of protein and ealoric intake The most stnking Mustration of this phenome
non of cour e 1s found 1n patients with Addison s disease after mstitution of
cortisone therapy A markedly improved <ense of well being and stimulation
of appetite ordinarily result in a sigmficant often pronounced weight gain
Tt 15 obvious that the mncrease m protein intake so far outweighs the potential
deletenious effects upon protein metabolism of the small substitution doves
employed that the net effect of the hormong 1s a stimulation of tissue anab
ohsm Similarly 1n certan carefully selected patients with chronic inflam
matory disease a judicious regulition of cortisone desage may permit a
sufficient stimulation of calorie and protein intake to offset matenally al
though indirectly any impairment of protem formation The final effect of
cortisone upon protein metabolism and other prrmary actions of the hor
mone must therefore be evaluated 1n terms of the entire range of metabolic
changes elicrted

Effects upon Hemopotetic System Characteristic changes in the pattern
of errculating blood cells are encountered 1 states of hypoadrenalism and
adrenal hyperfunction In addition to hemaconcentration the blood of the
majonity of patients with Addison s disease exhubits the following abnor
malities a normochromic normocytic anermia and & subnormal white cell
rount with an increase in the number of lymphorytes and normal to lagh
levels of eosmophils Although poc therapy wilt lead to an increase 1n plasma
volume with alleviation of the hemoconeentration only cortisone mill cause
the cellular changes to revert to normal * In Cushing s syndrome eosino~
pemarsobserved inahigh percentage of cases Iy mphopeniaisencountered less
frequently whereas poly ¢y themia 1s found 1 approsimately half the cases

The marked effects of corticotropin upon lymphoeytes?s and arculating
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and evidence of actual chemueal alteration was obtaned ¥ lastie fibcrs were
apparently unaffected and thercfore appeared more concentrited Tn addy
tion all epathelial structures, including hor and sebaceous glands underwent
regression and subcutancous fat almost completely disappearcd

Tymphod organy are essentrally composed of parenchymal eclls e
bedded 1n o network of retscular conneetive tissue The mgmific inee of the
reticulum has been well stated as follows by Baker ©

In 1 sense the reticular ronnectine b sue cell represents the retention in the
adult body of 3 primitive form wiieh pos esses miny potentialities for development
It mav give nse to amy of the vinous types of blood colls phagoeytes and other
ety Therefore what bippens toat i the Ity peradrenal state e of utmost import mee
to the wclt hung, of the bo lv

Intensive cortisone ad ration has been di rated to produce ex
tensn e dismtegration of the reticular network, with shrunken cells eontam
g, irregular and frequentty prhnotie nudder and fragmented reticular fibers
Turthermore evidence of an inbuintion of Ivmphocy te and thy mocy te pro-
duction has been dernved from the scareity of cells that are tranaitional be
tween rcticular conneetive tissue eells and more mature forms and from
actual degeneration of the progemtor rctienlar cells themseh es 22 Evidunee
concerntng the effects of adrenal hormones upon the phagocy tie actisaty of
the reticulo-endothebia) systems conflicting Gordon and hatsh?ss descnbed
an acceleration of splemie phagoeytosus Spun et al #7 honever noted &
dimmnished phagoeytic response 1n cortisone treated mmmals It appears
possible from the extensne structural ehanges descnibed shove that pro-
longed and mtenwive hormone admimstration may well interfere with the
phagoey tic capacity of the reticulo-endothclia) sy stem

It appears well estabhished by vumerous studhes in both ammals
and man*? that the administration of large quantities of cortsone may delay
wound heahing Delryed wound healing has also heen frequently observed
m patients sith Cushing s syndrome It 1s of particular mterest that local
application of cortisone to wounds effcctively hibats granutation providing
evidenre for a direct action on processes of growth 24

The retardation of wound healing, by eortisone has been shown to mvolse
a depressant action on many phases of the healing process mchuding fibro-
plasia, va<eulanzation and the deposibion of extraceliular Lround substance
Although the mfl ory el are largely supy d only a shght
interference wath epithelization has been ob trved Changes described i the
course of expenmentalfy produced wounds 1 ammals recenny, large doses
of cortisone havencluded a delay i the appearance of edema atter wound
g o thimmng of the surface layer of red blood eells and fibrin and a paucity
of nhute blood cells & mgmificant defay n the otwet of hbroplasia and an
abnormal appearance of the fibnl bundle» a delay m onset of vaseulanzation
and an abnormal degree of camlilary dilatation, and an over ol thinmng of
adjacent tissues
Fradlsy and Hovestt carried out an v estigation of fundamental impor-
ce on the relation of protem nutntion and depletion to the «ffect of corta

39 99
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demonstrated by Iills et al 4% and many others This effect 15 transient, and
with eontimmg, wdministration of the hormone 1 gridund return to normal
1ymphocy te levels m the peripheral blood usually oceurs Iike the eostno-
pena followng cortisone the 1y mphopema can be prevented by hepann in
1210 B7 One of the factors i cortisone induced fymphopeniy may be an
accumultion of Iymphoty tes in the hone marrow as shown by Yoffey aind
his co worhers 3 An n titro destruction of these cells 1 the presence of
adrenocortical citract has however been demonstrated by T'eldman 50
Halman  hikewise showed a neerohizing cffect of cortrsone upon Ivmpho-
¢y tesn tissue cultures Baldndge and his associates ¢ howeser were unable
to demonstrute ¢y totonu effests of this hormone upon human tymphoey tes
m cultures of the buffy coat

The Iymphopenic effect of cortisone 15 not confined to the peripheral
blood Fised Iy mphord tissue such as the thymus and 1y mph glands * and
temporarity at least the abnormal eells of lymphosarcoma and chronic Iym
phatic leuhemia ¥ are sensitive to the action of the hormone

Neutrophils 1t has been clearly demonstrated that cortisone will often
produce a strihing neutrophilia '8 ¢ This effect appears to be due to stimu
latton of the bone marrow Indeced myeloid hyperplasta has been obseryed
after cortisone admimstration to amimals %

Erythrocytes Cortisone has been shown to cause a sigruficant reticulocy
tosts and an 1mproy ement of anemia in a variety of conditions such as rheu
matoid arthritts and Still s disease ?* and disseminated lupus erythematosus
Since little or no 1improvement of anenua has been obsersy ed when the chnical
response has been poor 1t 13 believed that the cortisone effect in these pa
tients 15 dependent more upon the control of the underhying disease than
upon a speaific stimulation of the bone marrow A reticulocy tosis has been
observed tofollow the admimstration of cortisone to patients with pernicious
anemia ® No reports of the orcurrence of polycythemia mn assoctatron wath
cortisone treatment have appeared

Platelets \o effect of corticone upon the number of platelets or mega
Larvocy tes has been observed 1n man m conditions m which there 1s no
abnormality of these elements ® The hormones are meffective i throm
bocytopenie purpura when the marrow 1s hypoplastic or when platelet
formation has been depressed by chemical intovication or irradiation In
states in which the thrombocy topenia 1s assoctated with normal bone marrow,
particularty m1diopathic thrombotytopeme purpura, honever the admims
tration of cortisone may cause the number of platelets in the peripheral blood
to return to normal ?* Itisof interestthatinthese conditions the bleeding time
may become noimal before any change i platelet counts s observed Sym
larly cortisone may control the hemorrhagic mamfestations of aplastic
anemia dissemmnated lupus erythematosus and leukemia although platelet
counts may not change %

Blood Coagulafion There 1s a varance of opiion about the effect of
cortisone upon blood coagulation Prompted by the observation that eorty
sone and corticotropin therapy was attended by an increased meidence of
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cosinophils ## have stimulated numerous s estigations of the action of
cortisone on the hemopotetic system

Eosmophtls \ fall m the peripheril co mophil rount 15 now recogmzed
a~ the most strihing, effect of cartisone upon cellular constituents of the blood
The magmtude of this f1ll v wries with the dosage and route of administration
of the hormone *® * and 13 probabls proportional to the concentration of
sterord attained i the blood stream Studics indicate that the eo mopenic
action of cortisone 1s as raprd and effectin e when the hormone s admmistered
by the oral route as when it 1s given intravenously  Beeau e of <low ab orp-
nion of intramuscularly mjeeted cortt one on the other hand far larger do es
hive to be given by this route to produce an equnvalent netion 16 3¢ Eo no-
pema may persist for a prolonged period 1 the pre ence of 2 high blood level
of sterond

Three mam explanations are offered for the eosinopenic action of corty
sone The first attributes the effect to an mhilntion of the production or
release of eosinophils in the bone marrow The second propo es that eo o~
phils are caused to enter and to be wegregated n such organs as the spleen
and the lungs The third theory postulates thit corticone exerts a destructine
mfluence on the costnoplils Thidence that a bone marrow effect may be 1
factor in the eosinopenia has been provided In Rosenthal et al * who dur
g corty onc trcatment of 7 patients with nonhematologic di ea ¢ ob erved
decrea es 1 the blood eostnophil counts 1 all cxses (61 to 100 per cent) and
consistent ncreases i the bonesmarrow cosnophil count (42 to 372 per
cent) Gordon and hus as ociates™ have noted however that large do es of
cortione re<ult 1n 4 marhed decrease in the cosinophil content of bone mar
ron 1 mice That sequestration of co inophils may oceur under the influence
of cortisone has been suggested by demonstration of a sigmfieant dropn the
number of the ureulating eo mophils during pas age through the lung s
o conclusne evidence for the participation of such a mechamsm i the
eosimopcma resulting from adrenal activation or cortione admmstration
has yet been presented It has been adequatels demonstrated that splenet
toms 1n man does not alter the capacity of adrenal steroids to mduce eosno-
penia ** Padawer and Gordon®® have presented strong cvidence i support
of the vien that cortisone has a destructiv e effect upon the eo nophil, they
have ob erved progres ne degunerative changes in the eo mophils m the
blood and the peritoneal and pleural fluids of rats after admmstratson of this
hormone Furthermore Muehrche et al # have demonstrated en tatro a fall
m the eostnophil count of blood incubated for four hours 1n constant contatt
with corticone acetate although m very high concentration (1 mg per 3 c¢
of blood) Thisevidence 15 the more comvineiny, smee it has been shown that
heparin would block ths effect n 114ro® as 1t does 1lso zn 1o 37 Howerer
the sgmficance of these studies m relation to the actual process of eo mo-
penta 1n t1o remains to be demonstrated

Lymphocytes The work of Dougherty and White ¥ showed a fall in the
number of errculating Ivmphocy tes after injection of corts one and cortico-
tropin 1n rats muce and rablats A lymphopenic action m man has been
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demonstrated by Hillset al **and many others This effect 18 tranwent and
with continumg wWmimistration of the hormone a gridual return to normal
Ivmphocy te levels in the peripheral blood usualls occurs Tike the eosino-
penia following cortisone the Iy mphopem can be prevented by heparin 1
1o ¥ One of the factors in corts one mduced lymphopema may be an
accumulation of lvmphoes tes m the bone marrow as shown by Yoffey and
his co-workers * An n tiro destruction of the e cells n the presence of
adrenocortteal extract has however been demonstrated by Feldman
Heilman ¢ hikewt e showed a necrotizing effect of eortione upon Iy mpho-
ey tes i tissue cultures Baldndge and his associates ¢ however were unable
to demonstrate (vtotove effects of this hormone upon human hmphory tes
1 culturcs of the buffy coat

The 1ymphopenic effect of cortisone 15 not confined to the peripheral
bLlood Frved lymphoid tissue such as the thymus and Iy mph glands +7 and
temporanly at least the abnormal cells of lymphosarcoma ind chronic Iym
phatic leushemia ! are sensitine to the action of the hormone

Neutrophils It has been clearly demonstrated that cortisone will often
produce a stnhing neutrophiha '* ¢ This effect appears to be due to stimu
lation of the bone marrow Indeed myeloid hyperplavia has been observed
after cortisone administration to ammals @

Erythrocytes Corti one has been shown to cause a significant reticulocy
tosis and an impros ement of anemia n a variety of conditions such as rheu
matoid arthntis and Still s disease ¢ and dissemimated lupus erythematosus
Since little or no1improy ement of anemua has been obseryed when the chinical
response has been poor 1t 15 believed that the cortisone effect in these pa
tients 15 dependent more upon the control of the underlving di ease than
upon a specific stimulation of the hone marrow A retieulocy tosis has been
observed to follow the admimstration of corts one to patients with permcious
anemia % \o reports of the occurrence of poly ey themia in association with
cortisone treatment have appeared

Platelets \o effect of corticone upon the number of platelets or mega
Lanocites has been observed 1n man In conditions in which there 15 no
abnormality of these elements ¢ The hormones are meffective 1n throm
bocytopeme purpura when the marrow 1s hvpoplastic or when platelet
formation has been depressed by chemical intonieation or irradiation In
states in whach the thromboceytopema is assocrated withnormal bone marrow
particularly 1mndiopathie thrombotytopeme purpura howenver the adminms-
tration of cortisone may cause the number of platelets in the peripheral blood
toreturn tonormal * It1sof interest thatinthe<e conditionsthebleeding time
ma) become normal before any change n platelet counts 1s observed Sym
larly cortisone may control the hemorrhagic mamfestations of aplastic
anemia dissemunated lupus ervthematosus and leukerma although platelet
counts may not change

Blood Coagulation There 15 a vanance of opmion about the effect of
cortisone upon blood coagulation Prompted by the obsersation that corty
sone and corticotropin therapy was attended by an increased meidence of
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eosiophils ¥ # have stimulated numerous iy estigations of the action of
cortisone on the hemoporetic svstem

Eosinophils \ fall in the penipheril eosinophil count 1s now recognized
as the most strihmg cffect of cortisone upon cellular constituents of the blood
The magnitude of this fall v aries with the dosage and route of admimstration
of the hormone® *! and 15 probably proportional to the concentration of
steroid attaned in the blood strcam Studies indiate that the eo inopene
action of cortrsonc 1s as rapid and effectis e when the hormone 1s admimstered
by the oral route as when 1t 15 given intrayenously Beeau e of <low ab orp-
tron of intramuscularly 1njected cortisone on the other hand farlarger do e
have to be given by this route to produce an equisalent action ' 5 Eo ino-
pema may persist for a prolonged period 1 the pre ence of & high blood lesel
of sterod

Three main explanations are offered for the eo mopenic action of corts
sone The first attributes the effect to an inhibition of the productron or
releasc of eosinophils i the bone marrow Fhe <econd proposes that eoaino-
phils are caused to enter and to be segregated 1n such organs as the spleen
and the lungs The third theory postulates that cort1 one exerts a destructne
mfluence on the cosinophils Tvidence that a hone marrow effect may be 8
factor in the eosinopenta has been provided by Ro enthal et al * whodur
Ing eortisone treatment of 7 patients with nonhematologie dieases obserted
decreases in the blood eosinophil counts i all cases (b4 to 100 per cent) and
consistent mcereases 1 the bone marrow eosinophil count (42 to 372 pet
cent) Gordon and his a-sociates ** have noted hoseser that large doses of
cortisone result i a marked decrease in the eosinophil content of bone mar
row 1n mice That sequestration of eosinophils may oeeur under the influence
of cortisone has been suggested by demonstration of a sigmficant drop in the
number of the arculating eosinophls duning passage through the lung *
No conclusive evidence for the partiapation of such a mechanism 1 the
eosinopenta resulting from adrenal activation or cortr one admimstration
has yet been presented It has been adequately demonstrated that splenec-
tomy 1n man does not alter the eapaaty of adrenal steroids to mduce eo~no-
pemia *# Padawer and Gordon?* have presented strong evidence 1n support
of the view that cortisone has a destructiye effect upon the eosmnophil they
have observed progressive degenerative changes in the eosinophtls n the
blood and the peritoneal and pleural fluids of rats after administration of thrs
hormone Furthermore Muchrche et al * have demonstrated tn vitro a fall
1n the eosmophil count of blood mcubated for four hours 1n constant contact
with cortisone acetate although in very high concentration (1 mg per 3 ¢
of blood) This evidence 1s the more convineing since it has been <hown that
Lieparm would bloek this effect i t2tro % asat does also wn taze 37 However
the significance of these studies in relation to the actual process of eo mo-
penia tn tuo remamns to be demonstrated

Lymphocytes The work of Dougherty and White ¥ showed a fall n the
number of crculating 1y mphocy tes after wnjection of cort1 one and cortico-
tropin 1n rats mce and rabbits A\ 1y mphopemc action m man has beent
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demonstrated by Hills et al * and many others This effect 1s transtent, and
with continung wdnumistration of the hormone a gradual return to normat
Iymphocyte levels i the peripheral blood usually occurs Iike the cosino-
pema following cortisone the Iy mphopenia ean be prevented by heparm n
1120 27 One of the factors i corticone induced lymphopenia may be an
accumulation of lvmphocy tes in the bone marrow as shown by Yolffey and
his co-norkers ¥ An wn tlro dostruction of the o cells i the presence of
adrenocortical extract has however been demonstrated by Feldman
Herlman * likew: e shoned a nucrotizing effeet of cortrsone upon lympho-
cytesm tissue cultures Baldnidge and hrs associates ¢ however werg unable
to demonstrate ¢y totoxe effects of this hormone upon human Iy mphoey tes
m cultures of the buffy coat

The lymphopenie effect of cortisone 15 not confined to the peripheral
blood Fixed Iymphaid tissue such as the thy mus and lvmph glands 7 and
temporanty at least the abnormal cells of Iy mphosarcoma and chrome lym
phatic Jeuhemia M2 are scnsitive to the action of the hormone

Neutrophils It hns been clearly demonstrated that cortione will often
produce a striking neutrophilia '* ¢ This effect appears to be due to stimu
lation of the bone marrow Indeed myeloid hyperplasia has been observed
after cortisone administration to ammals *

Erythrocytes Cortisone has heen shown to cause a significant reticulocy
toxis and an rmproyement of anemia in a variety of conditions such as rheu
matoid arthntis and Still s disease 26 and dis eminated lupus ery thematosus
Sinee little or no improvement of anemia has been obsersed when the elinyeal
response has been poor 1t 1s believed that the cortrcone effect m the e pa
tients 1» dependent more upon the control of the underhying disea e than
upon a specific stimulation of the bone marrow A reticulocytosis has been
obsened tofollow the administration of cartisone to patients with pernicious
anemia * No reports of the occurrence of pols cy themia 1n assouation with
corfisone treatment has e appeared

Platelets \o effect of cortisone upon the number of platelets or mega-
Laryocytes has been observed m man in conditions 1 which there 15 no
abnormality of these elements ¢ The hormones are meffective i throm
bocytopenic purpura when the marrow 15 hypoplastic or when platelet
formation has been depressed by chemieal ntoxication or irradiation In
statesn which the thromboc ytopemia 1s assocrated with normal bone marrow
particularly m idiwpathie thrombocytopenic purpura however the adminis
tration of cortisone may cause the number of platelets in the peripheral blood
to return to normal ? Itisof interest thatinthese conditionsthe bleeding time
mav hecome normal hefore any change in platelet counts 1s observed Sim
Jarly cortisone may eontrol the hemorrhagic mamfestations of aplastic
anemta disscminated lupus ervthematosus and leuhema although platelet
counts may not change 26¢

Blood Coagulation There 15 a vanance of opimion about the effect of
cortisone upon blood coagulation Prompted by the obsers ahon thag corty
sone and corticotropmn therapy was ded by an

of
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thrombocmbolie complieations Cosgnff Diefenbach, and \ ogt?¥7ins estigated
the effccts of the e drugs upon blood coaguiation They found that cortisone
100 mg daily induced a great decrea ¢ in dotting time i all 5 pitients m
vestigated with no uffeet upon the heparn retarded clotting time, the pro-
thrombin time or the crrculating heparin like substances Simular findings
were obtained by Codlowski 27 Monto et al  * on the other hand reported
that torticone nd corticotropin produced a transient imtial mnerease 1
clotting, time and 1 errculating, heparm hike substances followed after 24
hours by a decrensed dottng time 1n 12 out of 20 patients Fahey * how
ever observed no blood coagulition changes in patients given large doses of
cortisone by both oral and intrumusculir rontes

Effects upon Cardiovascular System Blood Pressure 1he oceurrence of
hy potension 1n patients with adrenocortic il hy pofunction and a high e
dence of hy pertension in adrenocortic il hy perfunetion 1s well known and has
long stimulated speculition concormng o possible ~upportie role of the
adrenal cortex m e~sential hy pertension 7 The obsers ation that the de elop-
ment of \ddison s disea ¢ 11 a patient with essential hy pertension s ordi
narily followed by a return of blood pressure to normotensn ¢ or even hypo-
tensive Ievels directiy suggests o fulure of mechanisms mvolved in the
muntenance of the hy pertensive state after the loss of adrenocortical fune
tion Recent ~tudies of the effects of total® and subtotal?™ adrenalectomy 1n
patients with hy pertension are indicatine of the intense imterest that sur
rounds the important guestion of a possible relation between the adrenal
cortex and the hypertensive state

Numerous studies hav ¢ been earried out concerning the effect of adrenal
ectom) 1n experimental hy pertension 7 7 and the relation of poc to both
functional? *and structural?™ alterationsn the cardioy asenlar system Com
paratively few reports are ay ulable however on the mfluence of cortivone
on airculation The admimstration of the hormone to unilaterally nephreeto-
mized rats mamtained on a igh sodium high protem mtahe has re ultedin
hy pertension ** After adrenalectomy renal hy pertension in the rat has been
restored by the admunustration of cortisone 7 In addition hypertensne
effects of cortisone have been demonstrated in nephntic (¢vtotovie serum)
rats before and after adrenalectomy 7 Although cortisone has been shonwn
to cause a resolution of the mflammatory component of noc induced hvper-
tensivc artertts in rats no mfluence on nephrosclerosis was evident and the
onset of hy pertension was somewhat accelerated 715 It therefore appears that
the capacity of cortisone to inerease artenal pressure 12 hhe that of pac
accentuated 1n the presence ot renal damage and states of adrenal msuffi
ciency 2 * The admimistration of cortisone to dons has been shown to produce
a defimte rise in plasma hy pert levels u panied by ar emn
blood pressure *° No effect upon hy pertensinogen levels 1n human subjects
could be demonstrited The observations of Rich!s® on the deselopment 1
yabhits of vascular lesions stnlangly similar to nodules of the Kimmelstiel

Wilson type are desernibed above
The admimstration of cortrsone alone has been demonstrated to be




PHARMACOLOGIC ASPECT OF ADRENOCORTICAL HORMONES IN MAN 93

capable of correcting peripheral vascular failure encountered in acute
adrenocortieal msufficiency For mauntenance therapy on the other hand,
the mejonty of patients with Addison’s disease require small doses of poc in
addition to dmly substitution doses of cortisone Growing experience with
the use of cortisone therapeutically has made it evident that the admimstra

tion of moderate doses (20 to 150 mg dailv) to normal per~ons rarely pro-
duces a sigmficant nise 1 blood pressure Exen doses as large as 300 to 000
mg gnen dally by intramuscular mjection or by mouth over prolonged
periods have been found to cause only a shight ni<e 1 blood pressure 1 ocea-
sional patients These findngs are magreement with those of Spragueetal 116
who obseryed an elev ation in blood pressure 1 only 1 of 33 patients on long

continued cortizone or corticotropin therapy Perera? has emphasized the
occurrence of hy pertension during cortisone therapy in patients with 1m

parred renal function an cxpenence that eomeides with the results achieved
by administration of the hormone to ammals with acute renal damage 2%

It has been observed that under certain arcumstances cortisone may
actually reduce blood pressure This action has occasionally although not
consistently been scen after adminmstration to patients wath essential hy per
tension %2232 Smmilarls  both hypotensive 3¢ and hypertensive 8 effects of
cortisone have been reported 1n rats made hy pertensne by the admimstra
tion of bea That cortisone 15 able to counteract an elevation of blood pres-
«ure due to certain abnormal patterns of adrenocortical steroid secretion has
been convineingly demonstrated by Wilkins et al #* who recorded the
restoration of normal blood pressures in 3 hypertensive patients with con-
gemtal adrenal hy perplasia after treatment with cortisone acetate

Penipheral Curculation An increase in captllary resistance m human
subjects treated with cortisone has been reported by Robson and Duthie 226
Confirmatory evidence has been obtamed by the intravenous mfusion of
T 1824 dye m wounded cortisone treated anmmals 2 The diffusion of dye
mto the wounds of these ammals was demonstrated to be less than that
oceurring 1 the wounds of control ammals not recening cortisone It 1s of
mterest that Swingles? arnved at a sumilar concluston many years ago con
cermng the relation of adrenal hormones to capillary permeability on the
basis of infusion evperiments in adrenalectormzed dogs

Recently Ramey et al ¥ showed that infusion of norepinephrine pro-
duced a nse i blood pressure that was smaller in adrenalectormzed than in
normal dogs and that the administration of adrenocortical extract (but not
Doc) cau ed a sigmificant nse 1n blood pressure 1n adrenalectomized amimals
recersing simultaneous tntravenous infusions of norepinephrine Further
work by Fritz and Levine * demonstrated that the responsiveness of the
vessels of the rat s mesoappendix to the topical application of norepinephrine
was reduced by adrenalectomy and sub ly restored by the loeal

)| of ad tical extract Again poc proved imactive
Simularly human subjects respond to norepinephrine and Neo-Synephrine
with a brisk nise 1 blood pressure after complete bitateral adrenalectomy
duning the admmstration of adequate doses of cortisone acetate
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The observations of Brust Ransohoff, and Rerer * are of mtcrest n
relation to the passble ¢ffects of cartrene and corticotropin upon humoral
mechansms affeeting, vasculir tone  1he admimstr ition of cortisone to both
normotensiv ¢ and hy patensive subjects resulted 1 a sgmficant deerea.e
the by potensiy € response to tetracthy lammonmm chlonde (te ac) Watheon
tinued admustration of the hormones the normat depressor effects of Teac
were eventuaily comverted into a prossor mse poc proved meffective The
responses were mdependent of sodmim retention and often preceded the
maximal eostnopentc response to the hormones 1hese studies were con
sidered to demonstratc that certan vaseul i effects of cortisone and cottico-
tropin may be medivted by an umdentificd humoral mechanism that s
potentnited by autonomic blochade

The increased cutineous blood flow and the changes i renal hemody
namics that may reult from the admimstration of corticone have already
been descnibed Myers and Taslor *° have demonstrated 4 ugmficant nse n
hepatic blood flow nd an merease m splanchme ovygen consumption

The marked vavular fragiity of pitients with Cushung » svndrome 1
well known “mudar changes may be scen after the protracted admimstration
of large guantitics of cortisone It has been suggestcd?® thit this alteration
of vasculir structure represents an additional example of the fundamental
action of the hormone on protein formtion

Since cortizone myy merease plasma cholesterol levels <tudies of ats
ffect on wtherogenesis haye been carricd out Stamler et al 21t found 1agmfl
cntly greater meidence and seventy of aortic and eoronary atherosclerows
m cortisone treated chihs rceenmg a high cholestero! diet Fthendge and
foch Tigetr 7 described an increascd deposition of hipid i the intima and
media of paucnts under 11 vears of age after prolon,¢d therapy with cortr
sone or corticotropn Bed wie of the ipparent correlation between the serum
level of giant (halesterol contatmng hipoprotems of the S 10 20 das with
atherascierosts m human bemgs Bloom and Pierce *¥ studied the effuct of
cortisone upon thest substances After wimumstration of the hormone for
penods as long 1s 19 months however no defimte alteration m lipoprotem
level could be demonstrated It 15 of interest that a comparable study 1n
rabiats revealed pronounced changes i hpoprotein pattern indicating that
cattinone wduced a * metabolie block  at the level of S 40-80 dlass of
hipoprotems with a resultant accumulation of lugher S, molecules

Cardiac Function Tew studies have been reported on the action of
adrenocortic ! steroids on cardiac function Perera * reported a shght dc
(rease 1 cardi i output after cortisone 1 1 hypertensive subject Horwitz
and his assomates? a) o noted 4 mald deerease mn eardiac output n normo-
tenstve patients with theumatord arthritis during cortisone therapy but con
sidered the effcct largely seeondary to o fallin cardiac rate as a result of the
mproy ement 1n mflammatory dicease Patients with Addicon » disease often
<how iariows nonspearfic abnormahties of the eleetroardio ram (1¢6)

These nonspecific abnormalities may be mamnfested as T waves that are
flat or i erted a prolonation of the Q T P R, or @ Smterval, ow voltage
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and depression of the S-T scgment Somerville et al * demonstratcd that
the admunistr ition of cortisone 1 m untenance doses freguently resultsn 1
sigmficant 1mprovement or even complete reversion, of these cardrographic
abnormalities Comparative studies of the EcG m patients with Addison’s
disease and Cushing s syndrome 7 deseribed the 1nteresting finding that the
I’ R mterval tends to be an the upper range of normal or abnormally fongin
adrend sufficiency  where ws the opposite situation obt uns in hy percortr
etsm The mechinsms by which cortisone imfluences the electrie activity of
the heart remam unknown
Effects upon Gastrointestinal System Cortisone has been <hown to have
the same gqualitati e effects as poc upon the elcetrolyte content of saliva It
causes a reduction i the sodium and an increase in the potasstum concentra-
tion with a resulting fall i the ratio of sodium to potassitm ° similiar to
that deseribed under 11 De=ovycortisone
The influence of the adrenal cortex on gastrie secretion hay recerved con-
«ulerable study Tuerhischer and Wertheimer * first demonstrated 1n rats
that adrenalectomy produced an incrcase in the pH and muein content of
fasting gastric juice and a reduction in the volume aadity pepsin and remmn
content of the secretion stimulated by cholinergic drugs These changes could
all be reversed by the admimstration of adrenocortical ¢xtraets Numerous
studies by Gray and his assouiates - established the clinical importance
of the effects of adrenal steroids upon gastrie function Cortisone has been
shown both n normal persons and in patients with Addison s disease to
cause an merease m the basal and nocturnal hydrochlonce acid secretion
associated with a pronounced rise 1n the pep-in content of gastric juice This
elevation in peptic actis ity was reflected in a greatly mereased urmary exere
tion of uropepsin the output of which was frequently rased to the high
levels encountered in patients with peptic uleeration No effect upon urmary
uropepsin occurred 1n patients with permelous anemia (atrophie gastitis) or
1n patients previously subjected to total gastrectomy Experimental observa
tions demonstrated that the action of oxysteroids in augmenting the volume
and audity of gastric juice occurs 1n dogs with denervated as well as inner-
vated gastric pouches ¥ In man the admimstration of cortisone to patients
who have undergone vagotomy has been found to produce an increase m
uropepsin excretion #? It thus appears that the action of cortisone on the
cells of the gastric mucosa may be 2 direct one and not mediated through
nervous pathways It has not been possible howesver to demonstrate such
an effect en 1atro 14
The development of gastrie or duodenal uleers or the aggravation of per-
sisting ulcers in patients under treatment with cortisone or corticotropin has
been reported by Gray ¢t al ! hursner Iulotz and Palmer 35 and others
It has been suggested from these results th it psychogeme and other stress
factors long considered of etrologic importance m patients with peptic uteer
may bring about their adserse ¢flects through the influence of an elevated
level of circulating adrenal steroids on gastrie secretion Obseryvations in this
laboratory have confirmed the high degre¢ of sensittvaty of a rise 1 urinary
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uropepsin excretion vs an wdex of wdrenocortseal stimulation In fact, a bigh
correlation enists botween the uninary content of wiopep=in and 17 hdrow
cortieosteronds after adrenocortical actnation

A consistent, though shight, fail 1 serum bilirubin levels has been re
pedtedly obverved with the admmstration of cortisone and corticotropin to
patients with chrome Inver dicase #6397 Think and Willlam<® have de-
scribed a ducrense i s rim ble a0 Jevels after the administration of cortico
tropin to patients with bibary arrhows Although these effects have been
aseribed to wn anty inflammatory attion of the oxysteraids recent studies
this taboentors ¥ finy ¢ indicated that rereased bift ey exeretion may plas 8
role Bile was obtuned by duedenal intubation before snd after corty one
administration to a series of normal pereons and to patients with hepatic and
pancreatic disorders After the mtravenons mjection of o0 to 100 mg of
cortisone reetate, an mncrease i the rate of be flon and in the conrentration
of biliruinn w the duodenal flind was conwstently observed

o studies of the influence of cortisone on intestimal absorption 3n normal
subjects or patients with Addison’s disea « hasve been reported The promo-
tion by this hormone of frt protein and vitamun A absorption in patnnts
with nontropscal sprue, however, bas repeatedls been observed »° The
mcchamsm of this ¢ffeet 15 unhnown

Effects upon Nervous System In 1944 Honbecher?™ reported 4 cases of
Cushing's sy ndrome in wiich degencratn e changes m the eells of the para
ventricular nucles could be demonstrated It was sugge ted thot these
changes could be mdieative of a hypothalimie disorder responsble for the
well recogmzed abnormahty of mtwtary adrenal fanction in ths disarder
The sub.¢ quent report of Castor et al 2 however mdieated that these
Icstons were 1 il probabihty the resnlt of hyperadrenocortieal actruty
rather than the cause of the discase Theee workers observed that i corth
sone treated rats chromatolysis and eytoplasmic vacuolation developud 1o
the hypothalamur parey entriculnr ard suprasptie nucler as well ag 1 many
nudler of the thalamus

The £xa which 1n eases of Addison s discase 1s characterstrcally siow and
not matertdly bonefited by <alt or poc therapy reverts to normal sn a ligh
percentage of pattents recerving maintenance doses 2o g a day, of cortt
sone acetate ** Abnormal £re s have frequently been encoustered 1n pa
tients with Cushing s synidrome®* or after the admimstration of corusone
or earticotropint 5 3% T ficse chinges do not appear to be related to alters
tions 1n carbohydrate metabohsm Lid. and Ins co-w orhers™* found no carre
iation between alterations mn the £2a and changes m mood and behavior
obseryed 1n patients who demonstrated mental disturbances while recenng
cartisone Convulsive sepzures have been reported with sufficient frequency
during intensi e cortisone therapy to indicate a significant effect of ad eno~
cartical hormones upon bramn exeit ialiy ¥ It appears howcier thatm
moat caces the precipit stran of convul sons by eortisone has o curred during
1hy treatment of discases known to mvabve the central nervous system
Fhese obsertations are of nterest i vies of Woodbury’s® demonstration



PHARMACOLOGIC ASPECTS OF ADRENOCORTICAL HORMONES IN MAN 97

that cortisone 18 capable of increasing the exeitbnlity of the bramn as ind
cated by a lowenng of the electroshock seizure threshold

1t has been suggested that the benefieial effects of cortisone and cortico-
tropin upon diseases such as rheumatord arthntis are mn part due to an
analgesic action of these hormones Crokoest et al % evaluated cutaneous
dental and visceral pain in patients with rheumatowd arthntis before and
dunng the admmustration of cortisone and eorticotropin Cutaneous pain
was tested by intradermal mnjections of <ikme solution and distilled water
tooth sensitivaty by electrie stimulation and visceral pam by distention of a
balloon placed 1n the duodenum The pain threshold and intensity were sim
lar before and during the administration of the hormones and no true anal
gesia could be detected

Mental 5y mptoms may be promment in patients with untreated Addi-
son s discase or may bt s0 mild 1s to escape casual ohservation Inability to
concentrate and periods of drowsiness may alternate with restlessness and
msomma  As the disease progresses patients become mereasingly irritable
and apprchensive  Although these symptoms may dimimsh with poc
therapy still greater improtement in the patient s mental state occurs when
cortisone 1s given vlong with poc

The patient with Cushmg s syndrome may Ithewsse show mental dis-
turbances In 4 recent review Plotz hnowlton and Ragan®!* report that
mental symptoms ranging 1 <eventy from wrritabdity and depression to
major psy choses occurred 1n one third to two-thirds of patients with Cush
mg s syndrome The mental illnesses included hysteria swiaidal depression
states simple schizophrema and paranota Of particular nterest to the
climeran are the paychologie changes that may oceur n patients recening
cortivone therapy *'° Paresthesias in the frontal portions of the head usually
described as a sense of heaviness fullness or fuzziness are commonly noted
‘There 13 often an increase m appetite Loss or increase of ibido may be seen
Euphoria which s an early and frequent symptem 1s not necessanly related
to the relief of pamn or disability since st may be seen m the normal subject
given cortisone Brody®® has reported a series of patients in whom the
euphoria was soon replaced by psychotic reactions such as delusions de
pressions hostility and ambivalence whieh could be correlated with former
behavior patterns and seemed to be exacerbations of them He con<idered
that the rapid action of cortisone 1n allevtating physical symptoms was
expenenced by these patients as a threat to the neurotic equiibrium

In other patients recerving eortisone therapy thinking and behasor may
be accelerated to the point of mental excitement restlessness wah fulness
and a rapidly fluctuating mood A detuled deseription of the more severe
mental disturbances that may complicate treatment with cortisone or cor
ticotropin 15 contained in Chapter 15

Effects upon Growth Animpres-ive array of evidence demonstrates that
under certain conditions body growth 1s suppressed bv oxy corticosteroids!s
or by intenave adrenocortical stimulation with cortieotropin * ! Cortisone
farls to sustamn normal growth rate 1n young immature adrenalectomized
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rats®?? and an large do es frankly mintats growth i mature adrenalecto-
mized*® and normal®™ rats 1urthermore, mhitntion may be extreme, do
spite n greatly mercased food intake durning cortisone admmitration Siee
agh level cortisone treatment may nterftre with growth of epiphy cal
cartifage in immature ammals and suppress chondrogenews and ost it
m mature rats 71t 1S not surpnsing that elevated levels of corticontero ds
antagomre the somatotrophic ¢ ffects of growth hormone 28 Other structurcs
particularly susceptible te grownth reterdation are the shin and s append
ages Iymphod organs and mevenchymal tiue 3¢ The Joc 1f apphe ron of
cortisone to these tissues redutey or even halts further gronth <upgesting
that the hormone cxerts 4 dircet ecliular actson on grow th procesacs m addi
tion to an mdirect effect consequent to the mruction of 4 negatn e mitrogen
balance 7 A suppression of mitotie activty i the shin epithelum of mice
follened bath prreateral and loead admumstration of cortisone acetate ¥
DeRopp®2¢ has shown that the eaparity of the hormone to suppress growth
extends excn to cortmn plant tumors That gron th mbition 1s of more than
acadumie interest however 1s mdieatcd by reports of w suppresson of
growth 1o children with Cushing s sy ndrome ? 7 1n prem rture mfants dunng
mtensiie corticatroptn therapy 7 * and i nfauts with congemtal wdrenal
hyperplasin during treatment with ecortione 3 *

Of partieuiar intcrest are the numerous studies establishing the capatity
of cortisone to infnbit at least temporaniy the growth of certamn fumors
Neaplasms demonstrated to be susceptible to suppression include trans
plantable {ympho-arcomas m mice ¥4 sl earanomas mduced i mice by
methy leholanthrene 1 the W alker caremema 1 rats ¥ transplanted rhab-
domy osarcomas in mce* and osteogere sarcomas in mice ** [n almost all
cases tumors esentually recurred and became refractory to further trent
ment In man cortisone has produced regression of 1y mphomatous tumars
meluding (v mphosarcoma levhema Hodghin s disease and in occastonal
cases plasma cell myeloma ** Unfortunately the neoplastic proce s recurs
when treatment 1s withdrawn and response to further therapy 1s usuadly
dimmeshed or Jacking, Turthermore therapeutse results after cortisone ad
munistration even in these relatnely susceptible forms of tumor are unpre
dietable This implics a peculiar therapeutie specifietty that hag been wter
preted as evidence for the eustence of multsple ehiologe factors Hencet s
possible that the results of steroid therapy are largely dutermined by both
the intrinsic biologie nature of the cells affected and the metabolic alter tions
produced i the emsironment of those cells rather than by an effect npon
neaplastie growth m general 3%

The adrmstration of Iarge doses of cortisone to pregnant mice has been
found to result m a surpnsngly high medence of cleft palate m the oft
sprng ¥ In view of the fact that the defect could be produced after the
period when the nasomanilary fissure normalfy eloses the authors suggested
that the defect s degeneratne rather than a consequence of defayed devel
y view of the comparitivedy mmemse doses of hormone used 1t 15
lications of these experiments to the thura

opment 1r
not posible to transfer the impl
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peutic use of cortisone 1 human pregnaney ¥7 Nevertheless the data are of
great interest m relation to the problem of etiologme factors i the develop-
ment of congemtal defects
Effects upon Mechamsms of Defense lhe capacity of the orgamsm to
respond to stress 1s profoundly modified 1 the presence of a deficiency or
eveess of adrenocortical hormones Vuinerability to exogenous stress 1s the
predominant charactenstie of patients with Addicon s disease equally strik
g 18 the marhed protection from ordinary levels of stress that relatnvely
smill quantities of 11 17 oxssteroids such s cortisone afford These stable
doses of hormone do not howescr permut the fleuibihity of rsponse to vary
g grades of stress enjoy ed by the person with intact adrenal glands Indeed
this mobilization of adrenocortical steroids 1n response to exogenous stress
forms the basis of Selye s challenging concept of the processes of adapta
tion *7* This concept embracing the sum of the systemic reactions of the
body that follow exposure to stress has succeeded in emphasizing the central
role of pitwitary adrenal activation in the mechamsms of nonspeeifie resist
ance Continuous overactivity of this system (Cushing s disease) however
may profoundly alter the reactions of the organism to certain forms of stress
particularly infection and trauma indicating a potent mfluence of adrenal
steroids on processes of inflammation and the reparative capiaty of the
mesenchymal system That a state of induced hyperadrenocortirsm may
Iihewise influence these processes has become mereasingly evident in this era
of extensive mnvestigation of the experimental and therspeutie applications
of adrenocortieal hormones
The ongmnal observations of Hench et al ¥ on the dramatic effect of
cortisone and corticotropin upon rheumatoid arthritis served to eall atten
tion to the capacity of adrenocortical hormones to suppress the processes of
inflammation Thas suppression was evidenced chinically by a rapid lessening,
of the classic signs of inflammation and histologieally by a decreased number
of plasma eclls and lymphoeytes a reduction of papitlary tutting a decreased
deposition of fibrn and diminution of necrosis and edema m the synovial
membrane The e historic observations have been confirmed 1n numerous
studies in which cortisone has been shown to be capable of suppressing the
mflammatory response to a wide variety of mating agents including chemt
cal irntants 39 3 foreign proten®® 34! and microorganisms ¥ 343
In a detarled study of the tissue response to the subiutaneous injection
of histamine 1n adrenalectomized mice Dougherty 34 found the mtensity of
mflarmatory reaction to be reaprocally proportional to the amount of corts
sone or hvdrocortisone available i the inflamed area The hormones effec
tively intubated the destruction of fibroblasts and the invasion of polymor
phonuclear leukocytes and macrophages Rebuch et al s employing the
shin window technic 1n man studied the effect of adrenocortical strmulation
upon the inflammatory reaction to foreign proteins (ovalbumn and tubercu
lin) As a consequence of hormonal therapy there was an mhibition of lym
phocytic hypertrophy and migration resulting in a relative predominance of
neutrophils and histiocytes The effect of mtramuscularly injected cortisone
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upon the local mflammatory response to cutaneous and testicutar pneumo-
cocenl mfections m rablits has been described by € ermuth and his as on
ates 3¢ In control anunals there were numerous neutrophilic lewhacy tes
nerrosis and thrombosis of small vewsels hemorrhage and edema In treated
anmals the leuhoey tie response was defimte by suppressed the blood veseels
were normal and the number of viable bacterit was greatly increased Since
the number of areulating neutrophnls merca cd the paucity of these cellsat
the inflimmatory wte was considercd tobethe consequence of an imterference
with ccllutar migration The (apaaty of the inflammatory process tolimt the
spread of mifcction sas dearly dinunishod duning cortisone administration
and anntenutication of hastercmaa o eurred In view of the possible produe
tion of hyaluromc nad by mast cells 1t 1s of mterest that m several species,
meluding man the number of these «clis in cutancous conneetive t sue de-
ehined during the admumstrtion of cartisone 39
The studies of Ebert and Barelay 1 utlizing the ear window techmem
rabbits huve emphauzed the changes produced by parenteralis admuinie-
tered cortisote on the va culir component of the focal imflammators re~
sponse to tuberculn In untreated ammals the reaction was assocated wath
an weren ed stiehing of leut aey tes to vasenlor endothelm fabnhty of the
wrculatton evidenced by alternating penods of 1asoconstriction and dilata
tion hemoconcentration stass wnd 1 weular thrombo @ and merea ed
exudation and hquefaction of ¢ 1 cous matenn! The effectise suppression of
these changes by cortisone was considercd to be the resait of a preservation
of 1astular tone and endothchum Menkin® has also demonstrated hy
dve diffusion studies % reversal of the enhanced ¢ apillary permeatnlity
as~ociated with acute inflammation
Tt 1s clear therefore that cortisone eserts @ suppressne effect upon the
basic proeesses of mflammation aseular permeatubity 1s decreased exuda
tion dimmshed and the migration of mflymmatory cells matenally m
parred resultingn an over all reduetion m loes! phagoey tic activaty Conse-
quentls the classic signs of acute inflammation are lessened and the pread
of microorgamsms faciitated Furthermore repirative processes mav be
ihibited by vartue of the potent effects upon the reactity of other me 0
chvmal elements Corfisone affects all components of connectine t1 sue re-
sulting o decre 1 of fibroplasia ind a Jhnmhage of collagenous fibers
These changes arc reflected i delaved wound healing Intensification of
hormone actiity e ds to a disorgamzation of the reticulum and probably
results i an mhibition of hete roplastic differrntiation of 1y mphocy tes® and
a curtmied production from parent reticulum of all types of phagocytic
celts
The mhintory effects of cortsone upon the mamfestations of infections
ind inflammatory discase ate not confined to the local proce<<es of wufl imm=
tion "The systemie mamfestations such s fever and signs of tovemia may
also be suppressed This apparently benefielal alteration m the reactron of
the host is usery however, becanse the ¢ iclogic agent remans unaffe oted
by the hormone The now classic example of this phenomernon is the strihing
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but temporary suppression of the mamfestations of rheumatowd arthritis
The perforation of a v t~cus without signs of peritonitis and the dissemination
of mfection without signs of septicemia are extreme and potentially danger
ous, examples of the same phenomenon he exacerbation of tuberculows
duning cortisone administration descryves speaal emphasis Numerous re
ports on the ggravation of expenmental tuberculous infection in wmmals
have appeared®! and a growing chnical experience has confirmed these
ohservationsin man ¥ It 1s strongly recommended therefore that cortisone
and eorticotropin should not be used in patients with activ e tuberculoss and
hould be employed only with considerable caution 1 patients with latent or
mactive discase
The dramatic effects of cortivone and cortiotropin upon diseases known
or assumed to be of allergic ongin have stimulited cxtensn e myestigation of
the mfluence of thesc hormones on the humoral mechanisms of defense An
extensive hterature has appeared that 1 hughly complex often conflicting
and difficult to mterpret Recently however certamn trends have emerged
based on meticulous well controlled studics which promise eventual
dlanfication
The report, of Dougherty Chase and White %31 1940 called attention
to the po sible relation between adrenal hormones and antibody formation
Evidence was presented that the adminstration of corticotropm to im
munized rabbits resulted mn a liberation of antibodies from 1y mphoid tissue
Subsequent workers howeser 334358 were unable to detect a sigmficant rise
1 artibody titer under these conditions In addition numerous studies 1n
man failed to demonstrate an effect of cortisone upon crculating antibody
titers 40336 or upon the production of antibodies in response to specific senst
tization * 7 However more recent experimental studies in ammals employing
careful quantitative immunologic technies have mdicated that these hor
mones are not without effect on serum antibody levels Bjornchoe et al 358
and Germuth?? hax e demonstrated a significant inhibition of the nise i ant:
body titers follow g specific sensitization durng the admimstration of cort
sone and corticotropin  Moreover the hormones failed to alter the rate of
disappearance of antibody 1n passiely immumized ammals It was concluded
that the predominant effect of cort1 one and cortrotrapin was an mhibition
of antibody synthesis The ohservations by { ermuth and hus co-worhers?s®
of a marked suppression of the acfie phenomenon of Arthus during hormone
adminsstration and the farture of Fischels° to inhubit the local passie Arthus
reaction are consistent with this view On the other hand the oceasional
observations of & marked declme 1n antibody level after only a few hours of
cortisone or corticotropin admimistration®®! mdicate 1n view of a demon
strated half hfe of antibody protemn of approumately 14 days * that an
alteration 1n distribution or acceleration of antibody degradation may also
be imvolved
It 15 generally considered that cortisone 1s incapible of mhibiting the
umon of antigen and antthody This view 1s based on the failure of most
workers to prevent anaphylaxis in various species In addition 1t has been
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observed that cartisone may bhloth aetnely mduced nephratoic nephnts
(hovne gamma globulm 2 and horse scrum®t), wher s the pr nel m
duced discase (hadney antiserum) 1s not prevented ¥ In the former aninter
ference with antibody production undoubtedty occurs ** but a suppre son
of tissue reactnaty by the hormone may alo be molved ¥ It should Le
pomted out that m a fow experments™ 38 aeite anaphd s i heen e
ees, tully prevented s bs occurred wath compar ey g doses of the
hormone, atnd it hishoenassumed that o black i tesue responsesim ol ed 24

The resemblanee between the pharmacologc effccts of st unme and the
m unfestations of wute anphyvlavas hes led to the sug,.cstion that antigen
mubody umoen may provohe a release of histamune or hastamine e sb-
stances™ from the tssues % number of studisindicate that intense adreno-
cortual stimul ition dues not mignificantly atter the alilits of tisue to release
histamine hike substances or torespond toeither these substances or histamine
atself 269 It 1o unthehy therefore that the therapeutie effectys eness of corts
sone n aliergye state < s related to an snterference with these mechint ms

The effects of cortisone and corticotropm upon cert un jocal allcrae
phenomena haye also been myestipated An ntubntion of the tubcrealinreac
uon by comparatisedy large doses of the hormones has been reported by Long
and T v our 37 Stocrh 3 and others Toahat™ has obsert ed a suppression of
allergie encephafomyehitys i ammals Tt {ly agreed that the Shwartz
man phenomenon muy alvo be effectively blorhed 372 It appears that the
effects of the hormanes m these phenomena depend wpon an mterference
with some phase of tivsue reactivity

Lhere 1s no doubt that cortisone and orta otropm may f1s orably modifs
the conrse of o vancty of discnscs of by poesensitinity i man such as Herpt
dermatitis 74 bronebi axthma®™ and bay fover * ¢ The actuat site of acuen
15 not dewrly understood Trsthelt has recently discussad the potential
smpheations of the expenimental obsers ations cited above to the mode of
achion of these hormones i human allerme diorders It was ¢ mphasized
that although it has been (learly demonstrated that wtibody syntheas s
depressed by cortisone the depression 13 small 1 extent and oceurs only
when extraordinaniy Jarge quantities of the hormones are employed That
the antibody effect 1s probably not of major importance i the therapy of
alergic states 15 c11dent i patients with wsthma or hay fever whose symp-
toms may be adequately controlied by cortrsone but tn whom suffiex nt
reagm or antibody 18 pre<ent to give satisfactory skan reactions Fischel con
cludes that the simea) efficacy of cortisone prabably bears httle relatan to
antibodv ntubition except i certamn speafic disorders such as acquired
hemolyhie anemia 10 which <himeal improvement usully comedes » sth v
disippear ince of abuormal anttbodses from the blood

In summary 1t ¥ apparent that corfisone and corticotropin are eapable
of suppressng the local and systemu response of the organsm to a wide
sanety of meting agents 1t 13 prohable that the mechamsm of action of

ve state 1s fund fally sl to their

e In all likehhood

these harmones on the hyp:
effect upon the milammatory yesponse of connectss e trssu
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the common factor i the multiple actions of cortisone and corticotropin on
the bodily mechantsms of defense 15 « modification of the reactiuty of
mesenchymal tissue

Toxicity

Cortivone 1s exther a natural secretory product of the adrenal cortex ora
potent metabolically active adrenal steroid demvatne It 1s to be expected
therefore that the undestrable effects that may follow 1ts climeal use would
be of two general tvpes those due to overdosage of the hormone, represent
ing am exaggeration of 1ts physiologre actions and occurring during intensts e
and prolonged administration and those occurring chiefly after hormone
withdrinal reflecting a state of adrenal insufficiency duced by hormonal
suppresston of adrenocortical function Lhe former effects are epitomized m
the patient with classic Cushing s syndrome the latter exemphiy the major
metabolic defects of patients with Addison s disease

It 13 to be emphasized that the dose of cortisonc ordinanly employed
m nonspeaific chinieal therapy 15 different from the quantity of hormone nar
mally ecreted by the adrenal cortex Although it has been suggested that
the therapeutic action of cort1 one may depend upon the correction of a state
of relativ¢ adrenal hormone defizency at the tocal wite of disease there 1s no
doubt that to achieve a therapeutic effect one must defimtely exceed the
well delineated do age of cortisone required in the maintenance therapy of
patients with adrenal nsufficiency Indeed the very basis of successful
steroid therapy appears to be the controlled induction of  state of hormone
overdosage Thus 1t 1s mevitable that effective cortione therapy will be
assocrated with significant alterations in the normal pattern of metabolic
reactions Imitially these alterations are effectnely offset by the compensa
tory mechatusms of homeostasts VWith contimung hormonal therapy how
ever the capacity of these mechamsms may be exceeded and overt mam
festatrons of overdosape may appear at first on a biochemcal plane and
eventually on a structural level It should be pointed out that cirtam cond:
tions predispose to the development ot sperific overdosage phenomena at
dosage levels that are mcapable of inducing the entire picture of Cushing s
syndrom¢ Pertinent examples nclude the production of frank diabetes 1n
patients with latent diabetes the exacerbation of a quiescent peptic ulcer
the aggravation of hypertension m the presence of renal damage and the
development of osteoporosis in immobihized patients Both the brochemical
and the structural changes assoeiated with prolonged cortisone admimstra
tion hav e been discussed 1n detail i the earlier section on phy stologie actions
Fortunately the majonty of these changes ean be presented or mintmized
by speufic measures and with few evceptions thev completely disappear
after discontinuation of therapy

In contrast to the mamfestations of hormone excess that appear during
cortisone admimstration sy mptoms of hormone deficiency oceur with erther
a drastic reduction in dosage or the abrupt cessation of the drug These
symptoms may be m:ld or severe depending upon the duration of therapy
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level of dosage and rapichty of hormone withdrawal After prolonged treat
ment even with moderate doses of cortisone, a profound depres 10n of
adrenocortieal function may ensue In some patients the «himeal mamfesta
tions of adrenal msuffieiency may continue for a protracted period, i unu uat
cases this state may persist for as long a3 60 to 90 days The adyvent of adrenal
msufficieney  partieularly 1f 1t 1s accompamed by esther a violent relap ¢ of
the disease for which hormonal therapy was instituted or by an intercurrent
stress, such as infection or triuma may prosedisastrous Fortun itely <erous
manifcstations of adrenocortical insufficieney associated with cortisone with
drawal may be miimized by a gradual tapermg of hormone dosage and the
concomitant stimulttion of the adrenal gland with corticotropin

In addition to the preeipitation of adrenocortical msuffiiency by the
sudden cessation of cortisone therapy a state of relatiy e hy poadrenocorticism
may develop during the course of therapy as a consequenee of superimpo-ed
stress Under these errcumstances 1t 15 assumed that the adrenocortical
atrophy <ccondary to long continued therapy prevents or modifies the
capaaty of the gland to increase ity <eerction of hormone The suseeptibility
of patients to supenimposed stress in the presence of what would ordmarly
be an adequate quantity of circulating hormone 1s no doubt conditioned by
the adaptation of the orgamsm to the continued admumstration of gh doses
of hormone \ «tate of relati e adrenal insufficrencey after the sudden impost
tion of stress m1y cren occur o a patient who bee wse of prolonged cortisone
therapy exhibits clineal mamfestations resembling those of Cushing’s syn
drome In these aircumstances additional cortisone should be grven

Procedures Required during Therapy Certamn procedures should be car
ried out 1n all patients who arc candidates for prolonged cortisone therapv
In the first place 1 vicw of the potentinl aggrasation of active tuberculoss
by cortisone . ray esamination of the lungs 15 aduised In the presence of
active tuberculous disease treatment with cortisone acetate should be with
held except as substitution therapy in patients with Addison’s disease
Should 1mactive lesions be discovered hormonal therapy majy be mstituted
but periodic reesaminitions are mdirated Secondly a history suggestive of
peptic ulcer warrants roentpenographic <\amination of the upper gastro-
mtestnal tract In the presence of an active ulecr the admmstration of
cortisone 13 contramdieated If a deformity indicatise of 2 healed lesion 15
diseorered hormonal therapy may only b undertaken if the mdications for
1ts use are carefully evaluated and accepted measures for ulcer management
are instituted Thirdly a urinalysis for the presence of glucose should be per
formed In the presence of a strong famuls hustory of diabetes both a fasting
and 2 postprandinl blood sugar determination should be made Neirther
Jatent nor overt diabetes melhtus contrundicates cortisone therapy How
ever 1n their presence pe riodic blood sugar measurements and routine uringe
tests are mdicated Timally the basal blood pressure should be determined
Anclevated level €venn the presence of renal diveasc does not prahibit the
therapeutic use of cortivone but does indicatc the necessity for frequent
blood pressure meastrements throughout therapy
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The use of cortisone 1n patients with heart disease 15 a problem requiring
creful medieal judgment 1n individual eases Nesther severe though well
compensited eardiac divense nor heart falure that is sati factonly controlled
by medieal therapy contramdicates treatment with the hormone in these
c1ses, however one must tahe particular care to prevent both evcessive
sodiumn and water retention and potassium loss Intractable heart failureisa
contramndication to cortisone therapy unless 1t 15 caused by a econdition that
may be alleviated by the hormone ¢ g acute rheumatie carditis

A low salt diet and supplementary potassium administration are routine
measures that should always weompany prolonged cortisone treatment
Sodium restriction numimizes but does not entirely elimn ite urmary potas-
sium lo s 377 ;n a manner comparable to that described for poc A high
potassium intake on the other hand matertally reduces sodium retention 78
These measures therefore wil largely offset the deelopment of edema due
to sodium and water retention and the muscular weakness and hy pohalemic
alkalosis caused by potassium depletion A few relatively simple measures
facihitate the detection of the common manifestations of overdosage ¥° Body
weight should be determmned daily If weight gamn and edema ensue ngorous
salt restriction should be instituted and if necessary diuretic agents should
be admimstered Potasstum depletion may be evidenced by sheletal muscle
weahness characternstic electroeardiographie changes an increase i scrum
carbon diovide combimng power and a deerease in serum chloride and potas
sum levels (hvpokalemic alkalosis) The deselopment of sigmficant potas
sium depletion however 1s unusual 1n the pre<ence of an adequate diet and
a daily supplement of 1 t0 3 Gm of a potassium salt Periodie unralyses for
the presence of glucose should be performed Clycosuria in the absence of a
signaficant degree of hypergly cerma may be ignored If a marked degree of
hypergly cemia develops insuln therapy should be mstituted

Possible Complications of Therapy The remaiming common complica
tions of eortisone therapy can be detected by careful chinieal obvervation
Rounding of the face 1s & sensitive and early sign of overdosage Character
1stic changes in fat distributton as seen in Cushing s syndrome likewise may
octur relatively early Acne muld hirsutism and exentually cutaneous strine
may appear A suppression of menses and changes n libido are not 1nfre
quent These mamfestations do not contraindicate continued hormonal
therapy

The major complications of intensive cortisone therapy are few but of
sertous import The development of sy mptoms and signs of peptrc ulceration
constitutes an absolute contraindication to the contmuation of therapy
owIng to the danger of perforation and massive hemorrhage One should be
con tantly alert for the development of intercurrent infection since hormonal
therapy may effectn ely attenuate the inflammatory mamfestations of 1nfec-
tion without affecting the etiologic agent If the cansative orgamsmis known

and an effective antibiotic 1s available hormonal therapy need not be dis-
continued On the other hand if effectve control of the mfectious agent 1s
Tat nacehle, continuation of cortisone therapy may prove extremely hazard-
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ous One must he partienlwly alert for the deelopment of v suvere degree of
osteoporoms with s tendwrt b wd of pathologie fracture m paticnts
long ymmofnfized or m whom osteopoross alreads casts (as m postmeno-
pausal women} In these cascs the mantenance of a tugh protem intake and
the admingstration of testosterone may at I wt partialis Lounteract the
wtinabohe effects of cortisone A nerious terference with wound hieling
rarely otours unloss the dosage 13 Jugh (reater thn 156 mg 2 day ) and pro-
tonged, and proton mtake 19 madequate Growing experience mdicates that
the v ast magonity of fractures trimatic wounds and aporative weosions
tieal satisfartoniy despitt concomtant cortisone admimstration Accumu
lating reperts sugpest that an wareased wadence of thromboembelic phe
nomeni may b assonated with cortisond thernpy  parucularly dunng the
period imme drately after withdranal [t appears that the presence of chrome
v er disease may predispose to the developrent of thus complication Rarely
signs of vanular fragiity such as casy brnsibahits and purpura may be-
come serere ¢nouph to require a1 reduction w desage Comuline strzures
octasionally ocenr bemng seen predominantly in patients with dicorders of
the central ner ous system In these caxes €ather a reduchion of the dose or
mstitution of anticon ulsant therapy s indicated

In the present state of hnownledge 1t appears mmpossible to prudiet acen
rately which patients may mamfcst severe mental symptoms dunng corht
sone therapy Mild cuphona or less commonly mild depression and moder
ate mental and physieal hyperactity do not m themeeles nece sitate
discontinuation of therapy A marked progression of these symptoms or the
appearance of rertamn warmng sign such as pronounced paresthesias
uncontrolled thoughts and mental confusion may presige the deyelopment
of serious aberrtions of affect or hehavior and require smmediate cessation
of trentment

The need for meticufous case m withdrawal of cortisone after protonged
therapy bas already been emphasaized Dosage should be tapered off gradu
ally eg 1251025 mg aday at interals of tno toseven davs espeaally of
the hormone has been given by the oral route Duning the penod of with
dranal corticotropn should be admimstered until norm\ levels of €ndoge
nous adrenocortieal secretion are restored Fither the mtray cnous infusion of
corticotropn or the wtramuseular injection of a potent long acting prepara
tion of ortiotropin 1s partiutarly effretise

Absorption Intermed M Y and Excrelt

Absorption One of the ¢ arhie st indications that adrenocortical hormones
might be absorbed from the gi.trointestinal tract came from a report by
Osler™ m 1896 of 3 patient with Addison s discase who appeared to ymprot¢
after the oral admmstration of a givrerol extract of hog adrent glands
In 1931 Bntton and Silvette®! clearly demonstrated that orally admums
tered adrenncortical extract could sere as adequate aubstitutron therapy m
adrenalectomized cats Fhat cortisone isclf might be absorhed from the
pastrointestinal traet was first :ndicated by Freyherg ¥*? who 1¢ported the

D ~ -
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effectiv eness of oral administration of this harmone m the treatment of rheu
matie diseasc 1hns view was amply confirmed i many reports desenbing
the oral use of cortisone mn a varnety of conditions and by the metabolie
studies of Thorn et a1%*® 1n man Thorn and s associates compared the
effects of cortisone given by the oral and intramuscular routes upon the
erirculating eosinophls urmmary sodium  potasstum and chloride excretion
and thyrowd and adrenocortical activity It was found that orally admims
tered cortisone reproduced the complete spectrum of metabolie ictions of
mtramuseularly administered corticone Its action however was more rapid
and cvanesecnt It thus appe s that the hormone 1s rapidly absorbed from
the gastromtestinal tract whereas absorption from an intramuseular depot
13 slow and prolonged A further rllustration of the different rates of absorp-
tion of orally and intramuseularly grven cortisone has come from studies of
the levels of plasma 17 hydrovy corticosteronds after the admimstration of
the hormone by the two routes Nelson et al % obsers ed that the oral admin
1stration of 200 mg of cortrsone as esther the acetate or the free alcohol led
to a prompt nse in plasma 17 hy droxy cortic osterords with a peak at approw
mately one hour and a gradual return to control levels in four to exght hours
A stilar response was seen when the free aleohol was given in ethanol solu
tion by a single intramuscular myection When 200 mg, of cortisone acetate
was administered ntramuscularly mn ~ahne solution however, little or no
elevation of plasma 17 hydrox corticosterond levels occurred
The pathway of absorption of cortisone from the gastromtestinal tract 1s
unknown The findings of Chaihoff et al ** that in the rat chole-terol 1s ab-
sorbed almost exclusively 111 the intestinal lymphaties and thence travels
through the thoracte lymph duct to the sy stemic cireulation suggest that it
may not be correct to ascume that the bulk of cortisone that has been ab
sorbed from the intestine passes via the portal vemn to the lver
Intermediary Metabolism o studses of the distribution of admimstered
cortisone 1n the mammalian organism have been reported Studies of this
kind depend upon the availability of 1sotope labeled hormone At present the
ynthests of C labeled cortisone 1s bemng actively pursued and the re ults
of metabolic studies with this material are eagerly awaited
The bosynthesis of cortisone from 1cetate has been demonstrated i hog
adrenal shices incubated with € acetate®s and in beef adrensl glands
through which radioactive acetate has been perfused ¢ The hormone has also
been 1solated from normal human urme * ©3 7 It has not however been de
tected in the adrenal venous blood®® or the peripheral blood®® of amimals
1t 15 of interest that cortisone has recently been 1solated from the human
placenta suggesting that sy nthews of the hormone may oceur in this organ 30
One cannot be certam from these ob.ert ations that cortisone 15 a primary
secretory product of the mammahian adrenal gland Indeed the finding that
hydrocort1 one (compound F) 13 the prmeipal corticoid m adrensl gland per
fusates ¢ adrenal venous blood®* 3! and peripheral blood®* has led to the
view®® that eortisone 1 erther 4 precursor or 1 metabolite of the prineipal
adrenal produet compound F
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There 15 strong evidence that urculating cortisone undergoes rapid re
moval from the blood stream and mactiy ation in the tivsues After the mtra
venons nfusion of cortisone 1 dops, \elsan ¢t al ¥* observed that 90 per
cent of the hormone disippearcd from the cirenlation withm 16 munutes
Studies of rteros enous differences i 17 hydroxs cortieosterond levels after
the mtrasenous injection of cortizone revealed & defimite transformation of
the hormone w tincr but not i muscle or hidnes #* Heehter™ hiew ere
potted the rapid disappeirance of cortisone perfused through rat hver
Pa chlas and s co-warkers®¥ meubated cortssone with various tisues of
the rat and assaved the remaming harmone by the maouse g1y cogen-depost
tion method  They found that tissues such as muscle and braim were just s
cffectine as iver sy mactiv ating, the hormone 3 1th mmlar technies Louchart
and Jaler™” demonstrated over 70 per cont transformation of cortisone after
a three hour mcubation with mouse hiner hidney and spleen slices, blood,
serum nd sfices of musel and Eram however did not appreciably mactivate
the hormone A detaled mvestigation of the ( ffeets of meubation of eottisone
withniancty of surviving rat tieencs has recently been reported by Schnerder
and Iforstmann ™ The hormont was added to mnees and <hees of fiver and
hidney to adrenal homogenates and to <hees of draphragm and heart musch
The metabobism of the sterond wasstudicd with the ud of ultraviolet spectro-
photometry piper chromatography ind the Porter Silber?® wnd penodate
oudation 1sars It wazobscrved thit only fiver und ta 2 Jesser extent hal
ncy eansed 8 raipsd reduction of the o 8 unsaturated ketone grouping 1n ring
A (Frgure 12) and extensn e degradation of the side chaw at C 17 That the
Iiner also plays an important role m the transformation of cortisone to
17 hetosterords 1s indicatcd by the finding of Butt et al 49 that less admums
tered cortisone was converted to 17 Letosteroids i patients with hepatic
disease than mn patients without demonstrabic iner domage

Excretion No studies on the excretion of eortisone or its me tabolites 10
feces have been reported It 1 not hnown whether cortisone may be com
pletelv oxadized to water and carhon dioaide which would then appear
the exprred ar onhy when 1sotope labeled hormone becomes available can
thia question be answered

The bulk of knowledge concerning the metabolic fate of cortisone has
come from studies of sterordsn urme chiefly mman It well known that i
patients with Addison’s discase the admnustration of cortisone leads to an
ancren & m the urme of 17 hetosterods and sterosds with an o betol sidc
chun at C17 (formaldehydogeme sterowds and reducing corticoste
rordst® 4% (Tigurc 12 ) Sumlar findings are obtained 1n subjects with watard
adrenal glands provided the dose of cortisone 13 sufficiently high v With
smaller doses of the hormone (10 to 100 mg daily) the admmistration of
corticone may be followed by a fall m the 17-ketosterad values particularly
1 the snstial levels of unary 17 hetosterowd=are normal or bugh It1s beheved
that tiue fall indicates a suppres<ion of endogenous adrenacortical secretion
wd that the 17-ketosterords exereted duving the wdmmistration of & sup

pres 1ve ' dose nre demsy ed Iargely, if not entirely, from the cortsone admuus

P
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tered This behef 1s supported by the ob~ervation that under these conditions
the speetfic 17 hetosteroids androsterone and ctiocholinolone, wiich are
ordmarily found 1n urine and which, 1n women, are solcly denved from the
adrenal cortex, cannot be detected It should be noted that after the admm
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Wy NE n 14 KETOETIOCHOLANOLONE
Fic 12 Pathways of cortisone metabohsm

* = a ketol mde chan at C 17

t = «f unsaturated hetone group mn ring A Tius figure represents examples of
the major metabolic changes that cortisone undergoes iz tito 1 = Reductionat C 11
2 = Reduction of thea § unsaturated hetone group nning A the formation of tetra
hydrocortone mvolves the addition of two hydrogen atoms at C 3 and a single
Bydrogen atom at C-4 and C 5 with saturation of the 4-5 double bond 3 = Redue
bion of the o B unsaturated ketone group m ring A with partial degradation of
the side chamn at C17 4 = Reduction of the o8 un<aturited hetone group m
Ting A with complete degradation of the side cham at C 17 and the formation of
17 Letosteroids

wstration of small doses of cortisone to human subjects with intact adrenal
glands the magmtude of the nse i urinary 17 hetosterords and « hetolic
corticords 1s vanable and may not be mamtamed during long contmued
hormonal therapy

‘The major portion of both the 17 ketosterords and « ketohe corticords of
normal urine and the urime of human subjects who have been grven cortisone
appears to be conjugated as glucuromdes and ethereal sulfates ¢ A gmall
broportion of these steroids may be conjugated m 2 manner as yet un
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hnown 4 The rise i unnary 17 hetostcrods folloning cortisone admus
tration v larpely due to an micre ssed escretion of three 11 oy sterouds
11 hetoetiocholanolone 114 by droxyetiocholanolone and 118 hydroyyan
drosterone, 9% Therc 13 no discernshle merease m the output of such
steraids a4 androsterone or ctiocholanolone which Jack the (-11 ovygen
[ndeed the Jo < of the oxygen at =11 dunng the metahoh m of cortt one
hs nat yet becn demonstrited It 14 bolicved that the adronal precurors
of the 11 desoxy 17 hetosteronds are hormones that do not mtialh po €3
av oxypen atom at ( 13 suwch a3 1 desoxy 17 hydronyeorficosterone
{compound S) and 17 by droxy progesterone Thus Lehef 19 supported by the
demonstration that the adnunistration of the Ditder substances labeled
with rudiowtive cirhon leads to the exeretion in the urme of radipacing
androsterone and (tiocholanolone o

It 15 well Anown that the admumstrition of large do es of cortisone
fomale patients may mdure acne and Inrsytism  Recent expenments'™ i
this laboratory mdicate that 1n man cortisone Ciuses urn s excretion of
substances that possess biofogie androgen artinty Pittents who had under
gone bilateral orchiectomy and bilaternt complete adrenalectomy for meta
static caranoma of the prostate were given varying doses of cortisone by
mouth and specimens of urine were assayed for androgenic actnaty by the
chich comb method 1t w15 observed that although androgen ¢xeretian Was
propartionsl to cortione dosige and roughly parafieled the level of unnary
total neutral 17 hetosteroads even at a dose of 300 mg 1 day the level of
arinary biologteally sctive androgens was lower than that m s normat man
In addition the quantity of androgens der ed from a given do e of cortisone
was somewhot Jower than that obtamed with hydrocortisone but higher
than that seen with torticosterane

1he principat o hetolie corticord m pormal urme$7 #19 and m the vrine of
human subjects who have been grven cortisone’'® has been wdenbified a2
tetrahy dracortisone (pregnane 3« 170 21 triol-11,20 dsone) (Sec Figure 12 }
Studics with ths compound an man have fuled to demonstrite any meta
bolie activity 3 Tetrahydro hydrocortisone (pregnane 3« 118 17221 fetrol
20 one) 4% dihy drocortisane (pregnane-17a 21 diol 3 11 20-trione) ¥ corb
sone and hydrocortisonetst 3 «s o= haye abso been eparated from the
« betohe fraction The preence of the reduction products 1 e, tetrahy dro-
cortisone, tetrahy dro-hydrocortisone and dihy dracortisone, mdicates that
one of the metaboli transform wtions of cortisone w veeo imvolves parhial or
complete ssturation of the o § unsaturated hetone grouping, n ring At
teresting that in normat human unne and in the urme of subjects w ho hae
rccenved rortisone 7 4% the proportion of the urmary tetrahydrocorts one
eustmg as & plucurotisde conjugate 15 much higher than that of the urinary
corticone  These observations suggest that the reduction of cortisone to
tetrahydrocortisone facihtates glicuronide conjugation The po atbility (lu;t
cortnone and hydrocortisone are excreted i part as non~17 by droxylate:

ctols must be consdercd
: LThM partiai transformation of the side chawn st C 17 may accur dunng



PHARMACOLOGIC ASPECT OF ADRENOCORTICAL HORMONES IN MAN 838

the metabolism of cortisone has been shown by the isolation of 21 desony-
tetrahvdrocorts one (pregnane-3a 17« diol 11 20 dione) from the urme of
patients recenning cortisonc © (Ligure 12) Theres also evidence that reduc

tion of the €' 20 hetone group with production of sterowd gly cols occurs 08

The major metaibohic transformations of cortwone in 1o may be sum

manzed as follows the hormone may be excreted unchanged 1t may undergo
reduction at C-11 with the formation of hydrocortisone (Pathway 1 Figurc
12), there may be partiil or complete reduction of the a8 unsaturated
hetone grouping tn ning \ with the formation of dihydrocortisone tetra

hydrocortisone and tetrahvdro-hydrocortisone (Pathway 2 Tigure 12),
partial degradation of the <ide cham at € 17 may occur with the formation
of 21 desoxytetrahy drocorticone (Pathway 3 ligure 12) and there may be
complete degradation of the side chain with the formation of 17-ketosteroids
(Pathway 4 Tigure 12) which appear to retamn the oxvgen atom at C 11 It
1s to be noted that whereas the reduction of the « 8 unsaturated ketone
groupmng 1 nng & of cortisone may take place without further catahohism
of the sterond, this change mu t proeced or accompany any metabolie alter

ation 1n the side chain at € 17 % 1t appears hhely that the metabolie prod

ucts of cortisone are evereted for the most part 1s conjugates of ghicuronie
and sulfuric acrds Tmally the need for further deselopment of this complex
field 1s emphasized by the knowledge that the greater part of administered
cortisone disappears and 15 wnaceounted for by the sum total of known
Taetabohtes

Preparations and Routes of Admimstration

Cortisone 1s supplied for therapeutic u e mn the form of the acetate ester
Four preparations are currently available tablets for oral administration
contaimng 5 or 2 mg of cortrsone acetate for intrimuscular mjection a
mzerocrystalline suspension of cortisone acetate i phy siologic saline solution
contalming 25 or 50 mg per c¢ (minute quantities of suspending agents such
as polyoxyethylene sorbitan mono oleate and sodium carboxy methy leellu-
lose and apreservative such as0 § per cent benzilalcohol are also present)
2 macroery stalline suspension of cortisone acetate m a solution of phosphate
buffer for ophthalmie (topical) use contaming v or 2> mg per ce with suib
able preservative and two ophthalmic omtments with 1 > per cent concen
tration of cortisone acetate 1n petrolatum base one of whieh also contams
1000 umts of bacttractn per Gm

Solutions of cortisone suitable for eontinuous mtrayenous admimstration
have recently been prepared m this laboratory '3 the nonacctylated (free
aleohol) compound bemg used since 1t has not been possible to date to pre-
pare a satisfactory solution of cortisone acetate for intravenous use The
following method of formulation has been employed a sterile aqueous sus-
pension of cortisone (free alcohol) contmmng 25 mg per ce 1~ added to
sterile 9y per cent ethvl alcohol and stenle water 1 the order gnen 1n the
proportions of 4 ce of steroid suspension, 6 cc of aleohol and 4 ce of water
This solution 15 immediatels diluted to ans desred volume i phy siologic
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salme solution or 5 per cent destro ¢ 1 water for mtrayenous mfnsion It
aqueous suspensions of the sterowd are unavarlable, satisfactory solutions
may be prepared from crvstalline corticone, a hnown quantity of sterile
corticone (free aleohol) bemy, dissolved by vigorous shaking m 80 per cent
cthy! aleohol 1 the proportions of 10 mg per cc This solution 1s then m
jected rapidly nto the dewred volume of <alne or dextrose diluent for
travenous mfusion \o untoward effects have been ob erved from the
relatively small quantity of aleohol used The admimistration of 100 mg of
cortisone dissohved m 500 cc of sihme or devtra e solution by continuous
mtravenous infusion over & period of eight hours or longer has been demon
strated to praduce metabolic changes of neirly maximal intensity 4

Cortisone 18 ordimanly admimstered for therapeutic purpo es by either
the mtramuscular or the oral route In addition the hormone has been
fu <d mtravenously dropped into the conjunctival sac and myected directh
mto 1ccessible body <paces mcluding jointe bursas and the pleural pen
toneal and penicardial compartments ‘1he hormone has been rubbed onto
the skin i omntments and ~olutions mplanted under the skin in the form of
pellets and sprayed into the upper respiratory tract as an aerosol Such a
diversity of routes reflects the attempt to modify largely by restnction of
hormonal actinity to speeific arcas the generalized metabolic effects obtaned
with systemic admunistration

The first preparation of cortisone avaulable for general clineal use was
the microcry stalline suspension m phy siologie saline solution for mtramuscu
11t myection Dissolution of the mtramuscular deposit of sterord crystals
proceeds so slowly that the blood levels of free corticosteroid are usually
only moderately elevated # Consequently the effectn e duration of a single
dose ordinarily extends over a period of 24 hours or slightly longer Although
the peak actnity of a single dose usually occurs between 8 and 12 hours
after intramuscular injection both metabohie and chmeal effeets are often
evident within 3 or 4 hours To obtain a raprd and sustamed les el of maximal
actinity the hormone 1s ordinarily admimstered at inters als of 8 to 12 hours,
for mamtenance therapy however a smgle mjection dunng each 24 hour
period 15 ordinanly sufficient After prolonged mtramuscular admumstration
of large doses of cortisone acetate cumulation of the hormone 15 exdenced
by a persistence of effects for seseral days after the discontinuation of
mjections

It has repeatedly been demonstrated 1n man that the oyer all metabolic
and therapeutic effects of equnalent daily doses of orally and mntramu cu
larly admmistered cortisone acetate are not strikingly different The chnical
dosage equisalence ratio of orally to mtramuscularly given hormone has 1n
most cases ranged between 10and 15

The effects of cortisone acetate given ntramuscularly and by mouth
differ chiefly m therr time response relations This 1 well Nlustrated by a
comparison of changes m arrenlating eosnophils ehieited by single doses of
the hormone in paticnts with Addison s disease 1 whom sanations in
endogenous cortico teroud secretion do not influence the evaluation of re-
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sults The maximal effect of cortisone by mouth 1s ol
eight hours and rapidly declines thereifter In cont
achion of wtramuacularly inyeeted cortione acetite
not only much less intense but also markedly delayed ¢
a <low absorptien rate ien with continued datly mt
of 100 to 200 mg  eosinopem may not be pronouncad
actions of the tramuscular depots become app rent
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Fic 13 Companson of effect of oral and mtramuscular
80N, upen renal exeretion of electralyte The periods of
adnunsstration were con ecutsve (Reproduced from Thorn

bimuilar differences hetween the two routes are well
panson of the effects upon urmary electroly te excretion
of intramuscularly and orally admmstered cortisone
with Addison « disease (Figure 13) Upon substitut
cortisone acetate for an equualent total darly dose o
otmone a prompt rise in sodium and chlonde exere
fatt 1n urinary potassium mdicated raprd disappearanc
oral preparation In addition the ouset o effectrie el

dehyed untif the third day of intramuseular admimsty
PRIt od $hencnh 3hoa £FE Fnes afbom 3hm Yook o mnbosm A
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appenrs however that the mtramuscular preparation 15 somewhat more
cifectne moats deetroly te repulating, paaty, once maumal aetnaty 33
rewched, than the orilly dmnistercd hormone 1t 1< probable that thes
hifference 15 attnbutable to the sustaned effect upon renal function of a
redatnehy slow bt contimuons aheorption of eortisone

A further dispanty between the effects of oral and intr imnscular admn
wtration of the hormont deserves amph s Walkans ¢t 1 # haye well demon
strated that mtramusculanly imjected cortisone acetate, de pite a ddday m
on et of ahion 13 conwderably morc effiaent than an equiy alent quantity of
sterond wdmimsirred orally m the suppresaon of adrenscortical actinty m
patients with congenital adrenal hvperplasia T xpenence m this dime inds
(ates that this findmg, apphes equally well to patients with normal adreno-
cortical function  These observations supgest thit the release of corts one
acetate from mtramuscular depots more effcetively dubnts the output of
corticotropin from the anterior mtrt iy body than the mtermitent actrity
of orally admimistered hormone It seems cvident that differences m time
response relations between these tno systemic routes of hormone admint-
tration as well as quutitatn e differences i eertam metabolic actions, can
be attnibuted to the mrked dispinty oceurring in the rate of sbsorption of
the hormone

It 13 thercfore apparent that the oral use of cortisone acetate m ehmeal
therapy requires frequent admmistration In most cases the therapentic
effectin eness of cortisone acetate gven orally at six hour inters als 15 approy
mately equal to that of intramusenlar myection once daily Turthermore, %8
rapidity of tion makes the oral admmstration of cortisone arctate pref
erable to mtrimuseulr mjcetion 1 acute conditions requiring 1mmediate
igh levads of enculating corticosterod Although the absenee of & protonged
effact after cessation of aral theripy materially les<ens the hiasard of per
sistent hormon il action m patients with serious signe of steroid overdosage
3t must be eraphasized that this rapid dechine m hormonal action may m the
presence of effective prtwtary adrenl idubition rapidly project the patient
mto an reute state of relatn ¢ adrenal msufficency The comparatively slow
dechne of accumudated miramuscu) i depots of hormone on the other hand
tends to prevent this unfortunate equel of prolonged admimstration

Cortisone acetate pelicts have been employ ed for the lom, term sub tite
tion theripy of pattents with Addions diwease ¢ The optunum pellet
weight W 1s found to be between 10 and 15 Cm per implant The nverige
duly dissolution was approvimately 10 my, of hormone a day The duration
of chinteal effectrieness of 2 smgle 1mplant averaged four or five months
Although the effects of tlus form of therapsy wcre identical to those obsery ed
after cortisone gren other intramuseularly or orally, the Iatter routes of
admmstration are preferable for general chimeal use Henderon et al ¢
have recently described the use of cortisone acetate pellets in the munte
nance treatment of patients with rheumatoed arthrrtis The pellet implanta
taon 18 spparently feasible only 1n patients whose daily hormone requirement

18 very small
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The admimstration of cortisone intravenoush obviously constitutes the
method of chorce 1 situations requiring an mmedinte and sustaned high
level of eirculating corticosteroid The prinapal therapeutic advantage of
this reute hies 1 the speed with which metabohe effects of mavimal intensity
are produced Morcover large quantities of cortisone can be rapidly admn
wstered to patients who are uneonserous or m whom oral medication 15 pre
cluded  Therdfore for acute addisoman crists or conditions requinng
mmediate operatton wmtravenous therapy with cortisone 1s clearly the pro-
cedure of choice

Tocal administration of cortisone acetate has been used extensively only
n the treatment of inflamm itory eye di eases *'¢ Topical therapy 1s economt
cal far less of the hormone bewny, required than n svstemie adminstration
In addition, effective sterord concentrations may be achicved without
undesrable systemie effects This route has proved effective chiefly m
discases of the anterior segment disorders of the posterior segment are
ordinanly treated more effectinely by parenteral admmistration Topieal
application has been espeerally helpful in the rehef of pan and photophabia
associated with corneal lesions Leopold et al 417 have presented evidence of
effectine penetration of the hormone 1nto mtraocular fluds

I'no concentrations of ophthalmic suspension are available (0 5 per cent
and 2 5 per cent) the choice depending largely upon the severity of the m-
flammatorsy reaction to be treated In acute severe disease treatment 1s
oftenimihated with the more concentrated preparation Mamtenance therapy
may then be continued with the dilute suspension The most widelv em
ployed therapeutic pro ram consists of the adminstration of 1 or 2 drops of
suspenston every hour during waking hours and every two hours at mght 1%
When control of the disense has been establi hed dosage may be reduced to
1drop every four hours or even four times daily In cases requming an eye
pad the ophthalmic omtment may be more convenently applied than the
suspension The ointment 15 also useful for nocturnal apphieation Cortisone
acetate has been admimstered subconjunctivally 2 00> to 04 cc of the
saline suspension being mnjected under local anesthesta The deposit remains
beneath the conjunctiva for several days with a repository effect No contra
mdications to the topical use of cortisone acetate have been described with
the exception of ocular tubereuloss

Cortisone acetate has been admimstered locally by njection mto mn
flamed jomts without therapeutic effects approaching those achicved with
hydrocortrsone 3t The hormone has been aero~clized for admimstration by
mhalation to patients with bronchial asthma * * Therapeutic benefit was
comparatively slow to appear and aside from the absence of undesirable
Systemic effects the method appears to offer no real advantage over oral or
DParenteral admimistration Cortisone acetate has been applied locally to the
skin m patients with chrome discord lupus erythematosus??! and other
dermutologlc disorders with only moderate clinical improvement Agaimn 1t
appears that hydrocortisone 15 considerably more effectrve than cortisone
after iunction
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Hydrocortisone

Hvdrocortisone or compound T was first 1<olated from adrenocortieat
estracts m 1937 by Resehstem? and Mason of al ¢ * Subsequently ths com
pound v 1s shown to be more active than erther corfrsone or cortrcosterone
m the worh performance of achenalc ctomized rats ¢ * 1 the glyeo.eme test
m wWrendectomized tite! fand moats diabetogeme wtion and wtianabolie
effect upon protem m force fed normal rats 2 ¥ In 1918 the isolation of hydro-
cortisone from the urme of 2 patient with Cushung, s syndrome by \Mason and
Spraguet * provided direct eyvidence concerning the chemicil nature of a
sterord hormone produced by the adrenal cortcs This tsolation and the dis
wovery m 1949 of the potent ants mflammatory eficcts of cortisone®® ledtoa
reav akening of interest i hy drocortisone ind 1 1950 Hench and his assoct
ates!® reported the beneficial effects of this hormone m rheumatoid arthntis
In 1950 the partial chemical synthesis of hy drocortisone was first reported * ¢
Subsequently  hy drocortisone has assumed mcreasing importance with the
discotery that 1t 1s the prinupal corticoid m adrenal glind perfusates ¢
adrenal venous blood*® #* and peripheral blood % These findings hate led
to the view that hydrocortisone 15 the principal hormone secreted by the
adrenal cortex

Phystologic Actions

Quantitres of hydrocortisone suffirient for general use have only recently
become avatlable It1salready quite apparent that most of the major meta-
bolic and therapeutre actions of cortisone and hydrocortisone are stmilar
Certamn mmportant differences have alieady been demonstrated hownever
and are pertinent to any comparathe esaluation of the two steroids

Tarly physiologie studies with hydrotortisone admrmstered by mter
mittent intramuscular or subcutaneous mjection demonstrated by various
enitera that this hormone possessed greater metabolie activity than cort
sone 214 34 4 That the difference m potency was not due ta differences
either the rate of absorption or speed of mnactivation has been unequivocally
demonstrated by the studies of Ingle and his co workers 27 i which the
hormones were admmstered by contmuous mirayenous mfuvon and assay ed
by the muscle work test Hvdrogortisone was found to be approximately
twice as effectnve s corteone Comparative studies m man 1 which the
1ntravenous route of administration was used have confirmed the greater
potency of hydrocortisone ‘8 This 15 demonstrated i Figure 14 whieh
shows the eosmopenic effect of free hydrocortisone to be approuimately
twice that of cortisone Measurements of other metabolic mdeves also reveal
a greater activity of hydrocortisone 4 *

A particularly striking example of the diffcrence m potency between the
two hormones 1s the supenority of hydrocortisone after local administration
1n the shan * ? eyet!® and jomnts 4% It has heen suggested from these findings
that cortisone io be therapiutacally effective must be transformed to
hydrocortisone or that locally appled hydrocorticone 1s l;()llverted more
efficiently than cortisone to a hypothetic actrve metabolite #*! However the
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effectivencss of cortisone after local wstilition mto the conjunetival sic
argues agunst this hypothesss Hollander 3 has suggested that since hydro-
cortinone 14 only one-eventh as soluble as corticone 1 body fhurd 1t raght
diffuse less rapidly from the site of loenl action The final esplanation of the
difference 1 local effectnences hety ecn the two hormones 1 not hnown
The marhed influence ob~erved by Conn et al 432 of the route of admung
tration on the metabolie actions of hydrocortisone acetate has important

IR ADDISONS  DISEASE
EOSINOPHILS
EALL
%
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Tic 14 Eosminophil re ponse to the ntravenous adnunistration of corti one (E)
and hvdrocottisme (F) w a thurty three vear old man with Addi one disea e
Cortisone amd hydrocorts one nere sl tered by four hovr intratenou snfustons
Eosmophrl counts nere performed mmediately and at tour hours No hormonal
therapy other than b1 was adnumistered during, the e studies

therapeuti wnplications Hydrocortisone acetate was found to have meta
bolic effects of the same iutensity after oral admmt trition as free hydro
eortisone gnen either orally or by intramuseular injection Intramuscularly
admunstered hvdtorortisane acetate however wa relatively mert Salasea
and his assoctates'® attributed this difference to a <low rate of absorption of
the acetate ester from the mtramuseular depot Boland*™ has confirmed
these observations 1 a study of the antirheumatre effects of hy drocortisone
aretate It was believed 1n addrtion that the acetate ester was considerably
Je 5 actrve than free hydrocortisone nhen gnen by mouth

The metabolic effects of hy drocortisone tn man haye been demonstrated
10 be qualitatrvely sumilar to tho e of cortisone 47 =57 These include a de
creased carbohydrate tolerance with ghyco urta an mnereased excretion of
total nitrogen and uric acid retention of sodum chlorde and water potas
stum loss, and an mcreascd escretion of caleum and phosphorus
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1fydrocortisone acetate has huen hown to he eapable of correetimg the
abnormal respouse of patients with Addion’s diseace to mpested water
foads 1 Witk et al # and Jaler, T ouchart, and Cotull®** have found wtra
muscularly ijectcd hy drocortisone 1o be an effectrie mbubitor of the pitw
tary adrenai system w patients waith the adr nopemtal syndrome Relman
and Schwartz*® demenstrated « depression of I uptake by the thyrod
gland of patients treated with orally admimstcred hy drocortisone acetate
Clark Blars and Tonnimg'*® commented on the fact that the admmstration
of hydrocortisone to patients ith rheumatowd arthritis i doses capable of
gving mahed metabolu effects was ecompamed by conaiderably lew
euphora than that experiented with equal doses of corticone Tius obserta
tion corrcsponds with the demonstration by Woodbury ™ of a smaller de
erease m the electroshock threshold of rats after hydrocortisone acetate
This difference between the tno hormones bas been emploved to good ad
rantage mthis dimc i the treatment of patients with Addison s di ea em
whom average muntenance dosed of cortivone mduced excessive nersous
stimutation Iy drocortieone has proy ed effectis ¢ 1n the dissolytion of Iy mph
oid tiue 1 patients with a vanety of Iy mphomatous tumors ¢

Au nereasmg, number of reports indicate that hy drocortrsone 1~ an effec
ive agent for the suppression of acute wflummatory phenomenad #1-5
and of certam hy persensitinity phenomena 48447 Jt 15 probable therefore
that the actions of the hormone on both celfular and humoral mechamsms
of defen ¢ are also sumilar to those of cortisone

In summary the over i physiologae actions of hy drocortisone sppear to
be qualitatively comparable to thowe of corbeone althongh quanttatively
1ts effects are more intense  Whether the differences 1 lowal effectiveness
of these two hormones reflect a fundamental difference 1 metabolism
remamns to be determmed Twally the state of estenification exerts a greater
mflucnee on the rate of absorption and therefore on the intensity of met2
holic and therapeutic action of hydrecortisone

Toxtcity

Experience to dite has shown that the tovic effects of hy drocortisone 8¢
quabitatis ¢y sumilar to those of cortisone Boland % however has reported
that duning the mamtenance treatment of patients with rheumatond arthritts
fewer adversc effects are obsery ed with free hydrocortisone than with eorts
sonc He attributes this difference to the faet that smalier doses of hydro-
cortisone are required to contro} the disease A greater antirheumatic sctivity
of free hy drocortisone does not appenr to be accompanied by - cotresponding
merease m tendency to produce toxic compheations

Absorption Intermediary Metabolism and Excrefion

Absorption Numerous obsersations that the oral admuustration of
hy drocortisone as either the acetate or the free aleohol Jeads to stakmg
altershons m carbohvdrate protom and electrolyte metibolsm mdieate
that the hormone 18 effectinely absorbed from the gastromtestinal tract
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This 1s further lustrated by the studies of \elvon et al *% on the levels of
plasma 17 hy droxy corticosteroids after oral admimistration These worhers
reported that the oral admimstration of hydrocortisone, as either the acetate
or the free aleohol led to a prompt rse 1n plasma 17 hvdrox; corticosterods
with a peak at approuimately one hour and a gradual return to control levels
m four to cl;.ht hours On the other hand when hydrocortisone acetate was

1 mtr larly as & susp n 1 physiologie saline solution
only alight metabohe effects were observed and no appreciable rise 1n the
level of plasma 17 hydroxy corticosterords accurred

Intermediary Metabolism There 1s strong evidence that hydrocortisone
1~ the principal hormone ~ccreted by the adrenal cortex This compound has
been shown to be the chief corticoid i dialysates of the peripheral blood of
dogs 3 1n the adrenal venous blood of dogs which have been grven cortico-
tropin 3% %91 and in the perfusates of bovine adrenal glands 4 Moreover the
addition of corticotropin to the perfusmg flmd of bovine adrenal glands
1ncreases the output of hy drocortisone from the solated gland

The biosynthesis of hy drocortisone from acetate has been demonstrated
1 hog adrenal slices incubated with C1* acetate and 1n beef adrenal glands
through which radioactive acetate has been perfused * Cholesterol however
was found to be considerably more effective than acetate as a precursor *
From analysis of the isotopie data 1t was reasoned that sy nthesis of hydro-
cortisone from acetate and from cholesterol may proceed along separate
pathways Some inkling of the mtermediate steps involved has come from
the finding that thce perfuston of progesterone through beef adrenal glands
leads to an mereased formation of hydrocortisone and the obsersation that
compound S may serve as a precursor for hydrocortisone in the i1solated
adrenal gland! and 1 adrenal homogenates 44

Schneider and Horstmann®* have presented evidence that hydrocorti
sone hke cortisone 15 rapidly metabolized m the hiver Incubation of the
hormone with rat liver shees and examination of the reaction produets with
the md of ultraviolet spe ctrophotometry paper chromatography and the
Porter Silber and periodate oxidation assays indicated that rapid reduction
of the o @ unsaturated ketonic grouping 1n rmg A and extensn e degradation
of the side chan at C-17 oceurred Similar findimgs were obtaned when
hydrocortisone was perfused through the 1solated rat liver 3%

Excretion The administration of hydrocortisone to patients with adrenal
msufficiency hhe that of cortisone leads to an mncrease m the urne of 17~
ketosteronds and steroids with an « ketol side cham at C 17 Similar findings
are observed 1n subjects with ntact adrenal glands provided the dose of
hydrocortisone 1s sufficiently high with small do es a fall in urinary 17 Leto-
steroid levels may occur As with cortisone the admimstration of hydro-
cortisone to patients who hay e undergone bilateral orchiectomy and bilateral
tomplete adrenalectomy for metastatic carcinoma of the prostate has heen
found to lead to a mse m urimary bologic androgen exeretion 40 In these
patients hy drocortisone has been observed to be a more effecti ¢ precursor
of both 17-ketosteroids (Figure 15) and androgens than cortisone although
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evenatado ¢ of 300 my, adyy the level of trinars androgens does not eveeed
that of & normal man

3 drocortisone has been 1solated from normal urine®* ¢ and from the
urine of patients with Addison s disease’!t 11 and normal human subjects
who Kave been givan cortisonc 4% [hese findimgs aud the recent observation
that the administration of hydrocorticone to human subgects led to an m
creased excretion of cortrsone m the unne'® proyide strong evidence that the
reversble reaction hy drocortisone 5 cortisone muy oceur mnrato Although
no detailed mvestigations of spectiic sterowds m the urine of human subjects
who have 1ccaved hydrocortisone have heen reported 1t miy be ferred
from studics of the ~tcrords of normal urine and from studics of degeadation

CARCINOMA PROSTATE

BILATERAL ADRENALECTOMY
MT 2 52 BILATERAL ORCHIECTOMY

20
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© % | 300mg/24 pa 300 mg/24 po.
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110 15 Iffect of hy drocortisone acetate and cortisone acetate upon the 17 heto
steronl exeretion after hilateral adrenalectomy ind bilateral orehtectomy v a fity
two yerr old man with caretnom of the prostate

wn v2lro® * that the metabolism of hy drocortisone 15 stmular to that of cortt
sone 1he hormone myy be cvercted unchanged reduction of the a 8 unsatu
rated hetone prouping m rm,, A m1y occur with the formation of tetrahy dro-
cortisone and the tctrahydro hydrocorts one, and finally there may be
degradation of the wide chain at C-17 with the production of 11 ovy 17
Letosterords

Preparations and Routes of Administration

Tne preparations of hydrocortioone are currently available tablets for
oral admumstration contamning 5 10 or 20 mg of free hydrocortisone for
mtra articular or intrabursal injections a microerystalline suspension of
hydrocortisonc acetate m physiologic saline solution contaimng 2o mg per
cc (09 per cent benzyl aleohol as a preseryatne and small quantities of
polyosyethylene sorbitan mono oleate and sodwum carhovymethy lecllulose
as cuspending agents are also present) & microcrystallne suspenston of
hy drocortisone acetate 1n a solution of phosphate buffer for ophthalmic wse
containmg 5 or 2o mg per ¢ with surtable preservatrve ophthalmi omt
ment of 15 per cent concentration of hydrocortisone acctate petrolitum
base and topieal omntment with 1 per cent and 2 5 per cent concentration of
hy drocorticone acctate

Orally admmstered h)drocortisone 55 adequately absorbed from the

l,ustmmtcstmal tract The time response curve of the oral preparation 13
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quite comparable to that of cortisone acetate and m fact approaches that
obtamed by a single intrayenous injcetion of hydrocorts enc

The sahne <uspension of hy drocortisone acetate 1s specifieally dispen<ed
for ntra articular mnjection i the treatment of localized noninfectious
mflammatory jomt dicease The indieations for 1ts use i thenmatord arthritis
and the proper technic of mjection have been well outlined by Hollander
and by Boland 4 Dosages range between 10 and 50 mg  depending upon
the size of the yoint and the severits of the nflamm tory process The dura
tion of climcal improyvement after injeetion 15 variable but ordmarily 1t lasts
for 31021 days That the benefic1nl effects produced by hy drocortisone after
local mjection are nonspecific 1s mdieated by its effectsy encss in osteoarthri
t1s traumatie arthntis gouty arthntis acute burvtis and the acute pleuntis
of lupus erythematosus 3

The local admimistration of hydrocortisone acetate has also proved effec
tiven divorders of the anterior segment of the eye**! and in eertamn mflamma
tory lesions of the skin * ¢ The usual dosn.e schedule consists of 1 or 2 drops
of the ophthalmic suspension ut hourly mteryals during the day and every
two to four hours at mght Experience to date indecates that hy drocortisone
1 somewhat more effectne than cortisone m the treatment of ocular
mflammatory disease 4™ ( oldman* has demonstrated 1n several ingenious
experiments « much greater suppression of cutaneous inflammation by mtra-
cutaneously mjected hydrocortsone than by cortisone Subsequently Sulz-
berger and Witten %% using an ointment contuning 2o mg of hy drocartisone
acetate per Gm of base consisting of lanolin and petrolatum observed defi
mte 1mproiement in the lesions of <ome patients with atopic dermatitis
although no response was obt uned in eases of chrome discoid lupus erythe
matosus or chronie hichenoid dermatoses

Admimstration of the <aline suspension of hydrocortisone acetate by
intramuscular mjection 15 not recommended for therapeutic use because of
1ts slow absorption rate which results in a considerable reduction 1 meta
bohe and therapeutic actrity

Solutions of hydrocortisone for intravenous use have been prepared mn
this laboratory 112 1n the follow ing manner a stenle suspension of free hydro
cortisone (free aleohol) 1n phy~ologie saline solution contammng 23 mg per
e 15 added to sterile 9o per cent ethyl alcohol and sterile water in the order
&iven in the proportions of 4 cc of steroid suspension 5 cc of alcohol and
3 cc of water The resulting clear solution 18 immediately diluted as desired
in physiologic saline or dextrose solution for intravenous administration
When concentrations of hy drocortisone not execeding 20 m., per 100 ce arc
required the alime suspension of hydrocortisone may be dissolved dnectly
m either the saline or the dextrose diluent The majorty of metabolic and
therapeutic studies on the wtravcnous sdmumstration of adrenocortical
hormones hay e employed hydrocortisone and a satisfactory preparation wall
soon he a3 atlable for hinical use

In situations m which a rapid and ntense hormonal effect 1» neces ary
the ntravenous mfusion of hydrocorticone 35 the procedure of choice since
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the chief ads antage offered by this route 14 the raprdity with which metabolie
effects of marimal itenaty are produced Figure 16 shows the changes
clieited 1n a fasting, normal subjcet by the intrayenous admimstration of
hydrocortisone at 2 rate of 12 mg per hour A satisfactory eosmopema and
uricosurta were obtained Particularly strihing were the rapid and impressne
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Fic 16 Changes obtuned m a normal subject with the rtrayenous ﬂdmmxstl’)l
tion of hydrocorti one (12 mg per hr) The subject wasm the fasting state throug! ‘l
out the esperiment Al urmnary anslyses were performed on specimens collerted
hourly (Saline solution w1s infu ed at a rate of 60 cc per hour)

changes 1 urmary electrolyte everction 2 pronounced mst 1 pota am)m
output and an almost complete suppreswon of sodium esciction l‘l(
absence of an increase 1n total urinary mtrogen mdieates that durng the
Jnitial acute phase of hormonal action the elevation of blood sugar cannot
be ndequately accounted for by an augmented gluconcogenesis from l;.wt?)?e
The progressive Tise 1 total 17 hydroxy corticord exeretion cet'xbhsr es e
time-responsc curse of urinary cortrcord exeretion m the prc;cnccto ntsuo[
tamed gh level of areulating hydrocortisone In view of the intensity
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hormonal effects upor both orgamic and 1norganic metabohsm mtrayenous
by drocortisone therapy 1s clearly ndieated m existing or potential states of
acute adrenocortical msufficiency

In summary 1f the pharmacologic triad of imcreased potency without
proportionate merease 1n toxiaty and mereased effectivencss when admins
tered locally in the joint and the eye are borne out by future chinieal expers
ence, 1t appears possible that hydrocortisone will become the adrenal corta
coid of choice 1n the therapy of diseases 1n which 11 17 oxysteraids are of
value

Adrenocortical Extracts

Two types of adrenocorticy] extracts are available commercially for
climeal use cxtracts dernved from beef adrenal glands 1 aqueous solution
switable for subcutaneous ntramuscular or intrasenous use, and a single,
highly punfied extract derived from hog adrenal glands prepared 1n sesame
o1l for intramuscular use only and assayed in terms of 1ts corticosterone and
cortisone equnyalence

For the darly mamtenance therapy of patients with Addisen s disease
adrenal extracts have been replaced almost entirely by a combination of
pea and cortisone or hydroeortisone  Aqueous adrenal extract his a useful
place 1n the therapeutic armamentarium of acutc adrenal crisis partreularly
1n the absence of a commeraially available preparation of cortisone or hy dro-
cortisone for intravenous use In the treatment of adrenal crisis or acute
adrenal msufficiency adrenocortical extracts may be used as follows 30 to
o0 ec of aqueous adrenal extract mjected rapidly as an intrayenous infuston
followed by 10 cc of aqueous adrenal extract or 2 cc of hipoadrenal extract
ntramuscularly every one or two hours for twelve hours and then every two
to three hours for the next twelve hour period thisis followed by 5 to 10 cc
of aqueous adrenal extract or 1 to 2 cc of hipoadrenal extract Subse
quently the dose 1s mamtamed but the period of administration = increased
tointervals of three four and s hours

Whether or not adrenal extraets possess anv distinet value in the mamn
tenance therapy of Addison - disease over and above that of cortivone und
hydrocortisone supplemented with poc 13 not known Certainly the over all
difference cannot be great since cortisone and hydrocortisone has e been used
repeatedly with great success as the sole source of adrenal hormone therapy
m the treatment of adrenal crisis

Corticotropin

The classic studies of Srmth! 45 showed that marked atrophy of the
adrenal cortex followed hypophysectomy 1n the rat and that thuis change
could be prevented by intramuscular implantation of rat piturtary glands
Sub equently 1 1933 four groups of Investigators'*: 4% reported that
anterior pitttary extracts could produce adrenocortieal hy pertrophy i an1
mals Since that time there has been steady progre s in the preparation of
highly potent pituttary fractions nossessing  tropic’ activity with Tespect
to the adrenal cortex
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Nature of Corticotropin

Ihe adrenocorticotropic activity of pitmtary extracts has heen wsayed
principally by three methods the first being that hased on adrenal size and
structure Collip et al #* onginally determined the effects of pituitary ex
tracts upon adrengeortical wize ind histologie structure in hypophy erto-
mized rits Subsequently v arous modifications of this procedure have been
mtroduced **-#¢ The second ty pe 15 the Sayers procedure 1he obsers ation
by Sayers et al 48 that the ascorbic acid content of the adrenal gland of the
rat 1s rapidly reduced by 2 single dose of eorticotropin led to the development
of a sensitive assay method for corticotropm m hy pophysectomized rats
Modifications designed to stmplify thrs method when applied to a large num
ber of amimals have been mtroduced by Munson Barry and hoch *** The
third method which 1s applied to human subjects assays the adrenocortico-
tropic activity of mituitary preparations bv the change in circulating eosino-
phils $8 46648743148 after intramuscular administration of the hormone and
by the change 1n blood eostnophils and urmary steroids® #** after intravenous
mfuston of corticotropm Although assay methods based on changes m
adrenal waght and on a<corbie depletion have been essential i facihtating
the punification of corticotroptn the most reliable method of predicting the
therapeuttc efficacy of a given preparation has been the determmnation of its
activity m man when 1t 15 admimstered by the route to be emploved m
chinical therapy

After development of the Sayers assay the first standard of potency the
preparation La 1 A 469 was established and potency was thereafter expressed
m terms of this preparation on a weight basis Subsequently Ia I A was set
up as an international standard and the activity of 1 m, was defined as 1
mternational umt Recently because of the short supply of the mternational
standard a new standard has heen established by the U nited States Pharma
copoera whereby by defimtion 1 US P umt equals 1 mnternational umt

The history of the deyelopment of extraction and purification procedures
for the preparation of corticotropin has been ably reviewed by Astwood
et al 47 The first systematic study of methods for the 150lation of cortico-
tropin was carried out by Collip and his associatest”=47 between 1933 and
1941 In 1942 and 1943 almost stmultaneous reports by Li et al 4 47¢ and
Sayers and his co workers*’ 477 announced the tsolatton of corticotropin 1
pure form Modifications of the acetone-hydrochloric acd method of I yons*™®
were used and purification was carried out by salting out and 1soelectric
precipitation In both instances the product was regarded as 2 pure protemn
on the basis of electrophoretic and ultracentnifuge studies and 1ts relative
freedom from other pituitary hormones The molecular weight was estimated
to be 20 000 and the 1soclectric point 4 7 Subsequent nvestigations how
ever have shown that adrenocorticotropie activity may be separated from
this protemn by a number of methods In 1943 Tyslowit7*' established the
fact that ultrafiltrates of aqueous and glacial acetic extracts of poreine

pitmtary pow der possessed corticotropic activity Recently the method
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of ultrafiltration has been shown to be an efficient means of purnfymng
corticotropin 450

The finding that the punfied protemn preparation of Liet al and Sayers
et al could be subjected to partial degradation by pepsin*™ or by boiling 1n
one tenth normal solution of hydrochloric acid without loss of actinty led
Tt o wuggest that the aetivity of the punfied protem rested m a constituent
peptide fragment that could be split off by these hydroly tic procedures The
average size of the constituents of the hvdroly ates corresponded to peptides
with 7 to 9 amimno 101d readues ** Recently with the ud of chromatographie
fractionation T1 et al ¢ 3 obtaned actne fractions with mean molecular
weights varying between 410 wnd 2800 an indication that corticotropic
activity my be possessed by a serics of peptides of differtng, composition
Lesh and his assoaates 4 using, peptic digestion obtamed fractions 100 to
150 times more acttve than the ongmal protemn with molecular weights
estimated to be between 2 500 and 10 000

The most recent ady ance in the punification of corticotropin has been the
use of ovy celludose 1o adsorb the hormone from glacsal acetie auid extracts of
pitwitary tissue *3* By this means highly potent corticotropin preparations
assayng up to 100 units per mg have been obtained On the bawus of these
and other studies Astwood et al #7° have concluded that whereas cortico-
tropm hasvet to beisolated in pure form one can be reasonably sure that the
hormone 1s a water soluble nonvolatile organie compound of modest molec~
ular size It1s eolorless has no unique ultraviolet absorption spectrum above
210 mihimierons and contains no large hipid component and no carbohy drate
sulfur phosphorus or heavy metal The fact that the brologic activity 15 de-
stroyed by trypsin pepsin and carboxypeptidase suggests that one or more
peptide bonds are present The finding that there s a loss of potency upon
treatment with mtrous acd or dimtrofluorobenzene indicates that one or
more ammo groups are essential components of the molecule Inactivation
on esterihcation suggests that onc or more carboxyl groups are lihewse essen
tial for biologic activity Finally the hehavior of corticotropin preparations
1 the presence of organic acids and cation exchange resins indicates that the
hormone may possess a strongly basic group

Release of Corticotropin

It 15 well estabhshed that the release of corticotropin from the anterior
pitwitary gland 15 an essential element 1n the mechanism responsible for
adrenocortical activation In man highly purified preparations of cortico
tropin have been obsers ed to produce all the changes elicited by the admins
tration of crvstalline adrenal steroids In ammals exogenous stress nerca es
adrenocortical weght and decreases the concentration of cholesterol ascor-
bic acid and sudanophilic matertal In the absence of the pitwitary gland
none of these changes 15 observed Furthermore hy pophysectomy re-ults
1n adrenocortical atrophy 455 and the hy pophyscctomized antmal like the
adrenalectomized amimal 1s extremely sensitive to a great vartets of non
specific stresses 438 457
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Source of Corticotropin There 1s little agreement concermng the speaific
cellular source of corticotropin i the anterior pritwitary gland Larly evidence
dernved from the sturly of the hy pophy i3 1n patients with Addion s dicease
suggested that the basopluls were the site of secretion 4% The correlation
described by Cushing**? betw een the presence of a basophilic pitwitary tumor
and the existence of chinieal mamfestations now recogmzed to be the conse
quence of adrenocortical hy perfunction has also impheated the basophhe
cclls as the source of corticotropmn D’Angelo et al 4% noted that starvation
in ammals was characterized by a decrease 1 the number of prtuitary
acidophils an increase m the number of basophils and adrenal hy perplasia
These findings were interpreted as indicating an inereased output of cortico
tropin from the basophils but the possibility remains that hormones other
than corticotropin were primanly involved I'inerty and Briseno-Castrejon®t
observed that i umlaterally adrenalcctomized rats with compensatery
hy pertrophy ot the remaming adrenal gland the number of acidophils in the
anterior piturtary gland was considerably mereased 7They therefore postu
lated that corticotropin was dernved from the acidophulic cells Pearse®® con
cluded that istochemical technics aie inadequate at the pre ent time to
1dentify the source of corticotropin Recently Marshall®*? prepared fluores
cem tagged antiserums to hog corticotropin Exammation under fluorescent
light of hog pituitary shices exposed to the tagged antiserums shoved that
only the basophils st uned to any sigmificant degree suggesting that that cell
1s the source of corticotropm Although the question cannot be considered
settled conclusisely majority opinion fay ors the orgm of corticotroptn from
the basophuls

Regulation of Secretion An mecreare m the rate of corticotropmn release
has been assumed to be the meck ponsible for the m adreno
cortical secretion ob erved m a wide varety of situations Three types of
regulatorsy mechamsms have been considered to control the rate of discharge
of corticotropm humoral sympathicoadrenal and neuroh al

Humoral Control Savers'®s has suggested that the regulation of the
adrenocortical secretion of teroids and the pituitars release of corticotropin
are controlled by the blood level of adrenocortteal hormones Thus a fall m
the circulating lev el of adrenocortical steroids as a result of mereased cellular
utilization serves as a stimulus to augment the secretion of corticotropin
Conversely an abnormally high blood level of cotticosterowds mhibits the
rate of corticotropin release A considerable body of direct evidence for this
hypothesis has been accumulated i both animals and man The adreno
cortical hy pertrophy that follows umlateral adrenalectomy appears to repre
sent a compensatory mncrease in corticotropin output as a result of & tempo-

rary decrease m the circulating level of adrenocorticosteroids The prolonged
admnistration of adrenal steroids results i adrenocortical atrophy 9 das
Turthermore the discharge of corticotropin 1n re ponse {0 exogenous stress
mar he blocked by the wdmmtstration of cortical hormones and the amount
of sterod requured to suppress corticotrome actiuaty vaues directly with the
ntensity of the stress ** The e relations have been considered to demon
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strate that the rate of corticotropin relea e from the pituitary gland reflects
the varying requirement of the orgamism for adrenocortteal hormones
Sayers and Say ers'®* hay e suggested that the regulating effect of eirculating
cortieal sterords upon corticotropin discharge mvolyves a direct effect of the
sterouds upon the hy pophy sts

The maun obstacle to aceepting a mechanism based on reeiprocal blond
levels of adrenal steroids and corticotropin as the wole regulator of cortico-
tropin release concerns the rapidity with which the pituitary adrenal system
13 eapable of responding to certamn stimuht Tor example Cray and Munson*s
have shown that after intrayenous histamine mjection 1n rats corticotropin
15 di charged wathin a few  econds Iong***® has deseribed an equally rapid
response to scnsory nerve stimulation \everthidless 1t appears that the
peripheral humoral mechanism of pituttary adrenal eontrol contributes to
the basic regulation of the release of corticotropmn

Sympathicoadrenal Control As an extension of the classic view of
Cannon*#’ concermng the ubiquitous role of the autonomie neryous sy stem
and epinephrine m the preservation of homeostasis Long et al 4% 49 haye
postulated that the prompt release of corticotropm from the hypophy<is
under conditions of stress 1s 1 result of the secretion of epmephrine In sup-
port of this concept they have reported a delay m the adrenocortical response
to stress in the demedullated animal and have demonstrated that the direct
appheation of epinephrine to pitwitary transplants i the anterior chamber
of the eye results in a significant degree of eosinopenia ** Previous studies
had demonstrated o satisfactory correlation between eosinopema and adrenal
ascorbie aeid depletion after epinephrine Considerable disagreement exista
however concermng the capacity of the demedullated or sympathectomzed
demedullated animal to respond to stress most workers®= 3 haye reported
normal adrenocortical responses 1n these anmmals Y ogts® found that the
intravenous infusion of epinephrine m splanchnicectomized doys resulted in
o prompt rise 1n the adrenal venous content of substances eapable of pro-
tecting adrenalectomized ammals from cold stress The effect was attrib
uted*®® to an mcrease 1n the rate of corticotropin release However the
specific esrcumstances under which this response was obtamed (splanchnicee
tomized dogs) should be considered carefulty in appheation of these observa
t10ms to the mtact organism and to other spectes

Recent studies 1n man have faled to suppert the concept of epinephrine
asa physiologic activator of the pituitary adrenal system Although 1t1s well
hnown that the admimstration of adequate doses of epinephrine to human
subjects produces a ficant degree of 20 sub t investa
#at1ons have not succeeded in demonstrating that this fall in the number of
arculating eostnophils 1s the result of an ncrease n the rate of secretion of
sterord hormones from the adrenal cortex After admnistration of epmeph
Tme an eosinopenia can be elicited 1n patients with Addison s disease’® and
has frequently been obsersed to follow complete bilateral adrenalectomy ?
The adminstration of epmephrme has resulted in o marked fali in crrculating
¢osinophuls even though repeated mtrat enous mfusions of corticotropin have
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produced no effect Nelson® recently found that the blood level of 17
hydrexy corticosterords i normal subje cts and patients did not ehange after
the intravenous mjection of epmephrine despite a fall 1n blood eosmophils
Jeffries®®? was also unable to produce either metabolc changes or urinary
steroid changes with epinephrine consistent with incretsed corticotropm
relea ¢ Thorn et 113 compred the effeets of intraxenous subcutaneous and
intramuscular myections of ¢pimephrine m normal subjeets with those pro-
duced by corticotropin Despite the occurrence of eosinopema no rse m the
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ston of epmephrne 17 Hydroxycorticosteroids were measured on four hour unze
samples collected before and during h d trat hils were
counted at the b and compl of i fuston (From Thorn
Jenhins and Laidlaw 2)

unnary output of 17 hydroyy corticosteroids was obtamed (Figure 17) Al
though the administration of extremely large quantities of epinephrine (such
a8 15 to 30 mg per day) to patients recerving a sy mpatholytic agent has beent
demonstrated to result 1n an increase m urmary 17 hetosteroids 5 the doses
of epmephrine required to produce this effect can hardly be considered
physwlogic

1t must be concluded that with the methods at present available 1t has
not been possible to demonstrate an elevation 1 the rate of adrenocortical
steroid secretion 1n man with reasonable doses of epmephrine furthermore,
epmephrme has been shown to produce eosinopenia mm the absence of func
tioning adrenocortical tissuc  Although the fall m ctreulating eosinophils
that occurs after corticotropm administration has been found to be closely
correlated with the rise m unnary 17 hydrovy corticosteroids * 1t 15 evident
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that eosmopema alone does not provide 4 rchiable 1ndex of adrenocortieal
actnvation after erther the administration of epinephrine or exposure of the
patient to environmental conditions capable of stimulating the release of
hrine or other T agents
Neurohumoral Control There 15 a growing body of evidence that the
secretory functions of the anteror pitutary gland are sigmficantly influenced
by the hy pothalamus In view of the established importance of hypothalamic
centers m the regulation of the activittes of the autonomic nervous system
1t 18 evadent that the hypothalamus occupies a stritcgie position for the
integration of the adaptive and regulatory functious of the endocrine and
vegetatiie nervous systems Defimtive evidence for the stimulation of
corticotropin discharge by the hypothalamus has been denived from the
experments of Harris®® 519 and Hume %19 81! These investigators have shown
that strategieally placed lesions m the hypothalamus of both rabbits and
dogs ean abolish the pituitary adrenal respon e to exogenous stress and
conversely by utilizing remote control stimutation of implanted coils as de
seribed by Harris that electrie stimulation of carefully loealtzed areas of
hypothal produces a lymphop and pemia interpreted as ind1
eating adrenocortical stimulation consequent to the discharge of cortico
tropin from the antcrior prituttary gland Strmulation of the gland itself was
quite meffeetive 1n eliciting an adrenocortical response
Results obtaned by various warkers an the effeet of stalk section upon

anterior piturtary function hay e been highly vanable The work of Popa and
Frelding®® 1n 1930 demonstrated that the eollection of blood vessels that
courses along the pituitary stalk 1s actually a portal system Subsequently
Wsloch13!* and others?'s 518 established the direction of fiow 1n this portal
svstem as bemg from the capillary plesus of the median emmnence to the
stnusoids of the pars distalis The careful work of Harns®™* has demonstrated
the importance of this vascular bed to the normal function of the anterior
pituitary gland It now appears that pituitary stalk section may mterfere
with the secretory function of the pars distalis provided regeneration of the
portal system 1s successfully prevented Confirmatory evidence for this has
been dernved by Harns and Jacobsohn®?7 from the study of functional hypo-
physeal grafts Hypophyseal tisue was grafted mnto hvpophysectomized
ratsin two locations beneath the temporal lobe of the brain and beneath the
median emunence of the tuber cinereum Adequate revaseularization of the
latter grafts from the hy pophy seal portal system was demonstrated Histo
logic study showed that grafts beneath the temporal lobe exhibited an abnor
mal <hromophobe to chromapht! cellular ratio despite apparently normal
viscularization whereas grafts beneath the mcdian emmence presented a
normal pattern of cellular differentiation  Ammals posses ing subtemporat
grafts showed a defimte lack of gonadotropie and growth hormone activity
and the adrenal glands m these animals were moderately atrophic In con
trast ammals with grafts beneath the median eminence exhibated normal
reproductive function and by tologic examination of the ovares and adrenal
and thyroid glands revealed a normal structure However Cheng et al 51
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and Fortiers®® have shown that hypophysetl transplants in the anteror
chamber of the eye are capable of dischargmng eorticotropin n response to
acute stress despite abnormalittes of cellular differentiation m the trans-
planted tissue The former utilized reduction in adrenal ascorbic aeid content
as an mdication of corticotropin release whercas the latter employed the
eosinophil response

On the basis of the cvidence cited above, 1t may be postulated that the
release of corticotropin by the antenor pitwitiry gland 1s subject to hy po-
thalamic control through a humoral mechamsm medrated directly through
the hy pophy seal portal 1 weular bed and indirectly ¢-pecially durng cond:
tions of stress through the «ystemie errenlation It 1s to be emphasized how
ever that the ultimate proof of such 4 mechansm aw s the actual demon
stration of an mcrease m the arculating level of corticotropin

Physiologic Actions

The physiologic actions of corticotropin may be discussed cony emently
under two headings the wfluence of this hormone on the adrenal cortex
whieh 1s considercd m detail in the preceding chapter and 1ts effects upon
the orgamsm In the following sections chmeal studies of the effects of
cortrcotropin upon the adrenal cortex and upon the organism 1l recene
particular attention

Adrenal Cortex Morpholcgy Linding and Ieroz®® studying the
morphology of the adrenal glands of 9 children w 1th acute leukemia and 1
child with the nephrotie syndrome who died durmng corticotropin therpy
found that 1n the former the weight of the adrenal plands was above normal,
the cells of the fascicular and reticular zones were larger than normal and
therr fat content was decreased The zona glomerulosa showed no apparent
change In the patient with nephrosis howeser therc wasaninerease 1n zone
thickness and cell st7e with 2 decrease m fat 1n all three zones of the adrenal
cortex

It thus appears that n man although the morphologie respon e of the
zona glomerulosa to corticotropin may be slight when compared to that of
the fascicular and reticulir zones the entire adrenal cortex 1s censitrve t0
corticotropin stimulation This 15 apparently true also in both the mouse® *
and the dog ®2 In the rat however the zona glomerulosa seems to be rela
tively independent of pituitary control as ndicated by 1ts failure to show
1nvolutionary changes after hypophysectomy® * or adminstration of corts
sone!®! 9 and by 1ts failure to reveal prohferatory or secretory changes after
the admimstration of corticotropin 12

Chemustry Ascommic Acip Investigations of the changes n adrenal
a~corbic acid under a vancty of experimental conditsons have been ably re
1iewed by Sayers and Sayers % In general increased adrenocortical activity
15 avsociated with a reduction m the concentration of adrenal ascorbic acid
Adrmunstration of corticotropin leads to a rapid depletion of adrenal ascorbic
aud 1 the guinea pig and the rat %24 In rats the concentration of ascorbie
aad falls apprectably w 1thin 20 minutes of injection of the hormone decrease
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being maximal at 1 hour but within 3 hours the concentration has begun to
rise and i 9 to 12 hours has returned to normal With repeated administra-
tion of corticotropin the adrenal ascorbre acid remams at a low level but this
15 only temporary for with prolonged stimulation by the tropic’” hormone
the concentration of ascorbic acid in the adrenal cortex gradually returns to
normal
The part play ed by ascorbie acid in the metabolic processes of the adrenal
cortex 13 unhnown Patients with scurvy exerete corticoids at a normal
rate * ¥ Finally corticotropm produces a normal fall i adrenal cholesterol
content together with a lymphopenta n guinea pigs m which a scorbutie
diet has virtually eliminated the concentration of ascorbie acid i the adrenal
gland ® ¢
Lattle 1s known of the effect of corticotropin upon the content of ascorbie
acid m the human adrenil cortex Beck et al *7 observed an 1mtial nse m
blood and urinary ascorbic acid 1n patients recen ing corticotropin. With con-
tiumg stimulation however the eles ated blood and urinary levels returned
to normal These authors suggested that their findings indicated a ramd
release and synthewis of ascorbic acid by the adrenal cortex mn response to
corticotropin
Cno1 esteroL Cholesterol 1s present 1n high concentration in the adrenal
cortex Its relation to the secretory actnity of the adrenal cortex has been
reviewed by Sayers et al 4% as well a3 1n the preceding chapter
a krrtorie Conrticomvs It 1s well known that the admimstration of
corticotropin to man 15 followed by an mcrcased excretion of o hetohic
corticoids (formaldehydogeme steroids or reducing corticosteronds) m the
urine (Figure 12) These consist largely of tetrahydrocortisone tetrahydro-
hydrocortisone hydrocortisone and cortisone 4* That these urinary changes
reflect an 1nereased synthesis as well as an increased secretion of « hetolie
corticords from the adrenal gland 15 evident from studies with the 1solated
adrenal gland* and adrenal slices 2% Hechter and his co-workerst showed
that when corticotropin was added to blood that was being perfused through
bovine adrenal glands the resulting increase 1 a hetols 1n the perfusate
could not be explaned by the small decrease m the corticoid content of the
gland Furthermore Hagnes et a1 #?* observed that corticotropin enhanced
the incorporation of C from radioactive acetate into hy drocortisone in the
presence of beef adrenal slices Further details of these and other steroids
formed under the nfluence of corticotropin have been presented m the pre
ceding chapter
17 KerosTeroIDS It 15 well known that the admimstration of cortico
tropin to man leads to an increased exeretion of 17 ketosteroids m the urine
Dobriner and his co workers*® 52 have shown that there 1~ an increase both
1n 17 ketosteroids with an oxygen atom at C-11 eg 11 hydroxyandros-
terone 11 hydroxyetiocholanolone and 11 ketoetiocholanolone and
those lacking an oxygen atom at C 11 such as androsterone and etio
cholanolone The administration of cortisone to man on the other hand
results i an mcrea e only m 11 oxy 17 hetosteroids It 1s believed that the
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adrenal precursors of the 1t desosy 17 hetostcronde may be hormones that,
unhke corticone by drocortisone and rarticosterane do not possess an ov
gen vom at € i1t epg 11 desovy 17 hy drosy eorticosterone (compoung 81
wnd 17 hy droxy progesterone 1 1ns behef 19 supported by the demonstration
that the administration of such subst inees Inbeled with radioactive carhon
leads to the exeretion m the unne of radiorwtne androsterone and tho-
chotanolone “* Turthermore the adrmistrition of Dirge doses (300 mg, e
day) of hydrocortionr ¢ortisone and corticostcrone to patints who had
undergone orchucctomny, and bilaterd adren M ctomy for metastatie carer
nomy of the prostate did not ras « the level of iologically weine unmary
androgens above that of a Cistrated male Twnally 1t 15 of wterest that
Gassner et a5 have reported the 1olation of & fraction that po ewed
androgenic artnity and gave the reaction for 17 ketosterouds from the
adrcnal 1enous blood of cows that had been gven corticotropin These find
mgs make it seem improbable that hy drororticone 13 the vole steroud wecreted
by the adrenal corter as proposed by Conn ¢t gl &7

The 17 Letosterad dehydrowomndrosterone has fong heen consudered to
be of wrenal angm This 1s b od ou 1ty solation from the urme of castrate
men®*t and from the urine of norm 48 and castrite women 2 It has been
found m large amounts m the urme of pitients wath adrenal tumors $# Tur
thermore 1t has not been demanstrated to be a metabohite of testosterone ¥
Recently Landau et al 28 and W olfson and his assoentes™ have obecrsed
merensts in the Pettenhofer chromogen m the hetome fraction of the urne
of patwnts recening corticotropin Under sumilar crrcumstances Ronzom?®™
has reported an iercasc 1n the color gnven by the Allen reaction 997 Although
these reactions are gnen by dehy drowoandrosterone doubts about theiw
speahaty for dehy droroandrosterane alone™ % make 1t unce rtam at pre
et whether corticotropin mduces the adrenal cortex to secrete ths sterad
or ity precarsor

FsTro6r~s In 1939 Beall reported the wolation of estrone from on
adrenal glands Exeessiye quantities of estrogens as deterrmned by Wioassay,
have been detected i the urme of cortam patients wath adrenal tumors 3¢ ¥
From the urme of 1 such subject Mason and Tuepler®™ yere able to 1solate
estrone  After corticotropin admumstration Nathanson et al 3 gheeried
rses I urary estrone estritiol and estrol in 3 fomale patients but not m
2 male subjer ts sturhed One of the female patients wa~ subsequently found
to have atrophic ovanes and 1t was helieved that the oran of the estragens
must have been the adrenal cortex Paschlas 3% using a hioassay methad,
notcd nises 1m estrogen exeretion in the urine of 2 malc patients after cortico-
teopa stimulanon 1he o obsirvahions sy gest that estrogens or (strogen
precursors may be hberated by the adrena) cortexin response to s orticotroptn

Proarsrruone Progesterone was first 1solated from on adrenal glwnds
n 1938 by Beall and Reichstew 46 Ite unnary exeretary product preg,
nanedial has been found n increacd amonnts after the intramuseufar
adminstritton of poc to man *° Dobriner et al % haye noted an werca od
everetion of pregnnolone a probable reduction product of progesterone m
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the urine of patients after corticotropm stimulation but not after the ad
mimstration of cortisone Reeently an wnerersed excretion of pregnanediol
like substances has been obseried mn man after major surgical procedures
and the admimstration of corticotropin but not of cortisone %47 It <cems
probable from the e ob ervations that progestcrone or a precursor of this
compoutid 1« released by the adrenal cortex 1 re ponse to corticotropim

In summary 1 appe s that corticotropin stimulates the synthesis as
well as the relea ¢ of steroids from the adrenal cortex Hydrocortione wnd
corticosterone are the major corticords beratcd It scems however that
clectroly te regulating compounds more i hlv potent than these substances
are released i response to corticotropin In 1ddition there 15 strong, esrdence
that androgens or androgen precursors other than hy droc ortisone or corticos-
terone are produced by the adrenal cortex Tmally  there 15 evidence that
estrogens and progesterone or precursors of these compounds may be
secreted by the adrenal gland after corticotropin stimulation

The Orgamism Effects Mediated by the Adrenal Cortex In general,
except m eases m which the drenal cortex 1s unable to respond or cortico
tropin ¢ re tance  has developed the hiologie effects of corticotropm are
qualitatiiely stmilar to those of cortisone and hydrocortivone The actions
of cortisone and hy drocortisone hay ¢ heen pre ented in some detail Only the
cffectsof corticotropin that differ appreciably from those of the two corticords
are discus ed

In short term experiments (six to nme days) in man Conn et al #% and
Perera and his associates®* observed that cortisone had httle or no effect
upon the lex el of serum cholesterol With prolonged cortisone administration
however Adlersberg Schaefer wd Drachman® noted that the total serum
cholesterol frequently increased with a concomitant rise n cholesterol esters
In contrast 1n short term studies with corticotropm there was a precipitous
fall m total serum cholesterol on the thard to the fifth day after the institution
of therapy this decreast was manly at the expense of the ester fraction 58
In addiconian patients no change in the concentration of serum cholesterol
followed corticotropin administration Conn et al 5% postulated that the
serum cholesterol particularly the ester fraction might secve as a precursor
n the sy nthesis of adrenocortical hormones after the adrenal cortex has been
depleted of 1ts reserve supply of cholesterol during stimulation by cortico-
tropm With prolonged admnistration of corticotropm however Adlersberg
Schaefer and Drachman®? observed a gradual rise m serum cholesterol con
centration that was largelv due to an increase m the concentration of cho
lesterol esters Wolfson and his associates ® suggested that the elevation
In serum cholesterol seen with both cortisone and corticotropm therapy
WasIm part a mamfestation of a depression of thyvroid function

A major but as yet unsolved problem 15 the interpretation 1n terms of
the corticords responsible of the pronounced sodium and chloride retention
that foliows corticotropin admumstration  \lthough the exact status of poe
33 a natural mineralocort:emd 1s still uncertain the recent 1solation of a
highly potent electrolyte reguliting compound from the adrenal +venous

T
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blood of anmals? wuggests thit ecorticotropin might ~timulate the adrend
corten to rcdease a speatfic salt retunng substanee m addition to the gluco-
corticords On the other hand whereas 1t was ongmally thought that the
secretion of cortisone wd Iy dracortisone alane from the adrenal cortex could
not actount for the degree of sodwm and chioride retention observed after
the admmistration of corticotrapm recent studies’ have shown that the
mitratenous wlusion of cortisone or hy drocortisane at a rate of 12 mg per
hour can result i the virtual extinetion of sodum from the unine of humar
subjects Thus the solt retention that fallons corticotropn admumstration
< concen ibly be evplamed on the bass of an mereascd secretion of corty
sone or by drocortisone Findly at 1s possible that corticoids such as corticos
terone (compound B) wnd debs drocorticosterone (compound A} which are
Lnown to be morc potent in electrols te regulation than the 11 17 ovysterod
contribute to a considerable degree to the over all effect of odwm and
chioride retention of corticotropin

Changes in the anterior pitwitary gland have been observed n patients
recens ing long continued corticatropin treatment An merease in the number
of hicophls with the development of Crookes changes and basophihe
suppling of many of the chromophobe ceits were observed by Colden et ab ***
m the anterior prtwitary glands of 2 patients Sumilar findings were obtamed
by Laguenr ® ¥ andmg and Feriozit® described an merea e i size and de
granulation of the pitwtary & hils of lenhemie children who died while
beug treated with cortwotropm  After withdrawal of cortieotropin chareal
evidence of adrenal weufficiency as mdicxted by weakne ~ fatigability,
hypotension and collapse may appear These sins and <y mptoms may he
accompanted by 8 relatinely Jugh eosmophil count and a relatinely Iow
17-hetostermd and formatdehs dogeme sterowd exeretion 1 the urme It s
probable that the merea ed corticond seeretion induced by exogenous cortico-
tropin depresses the output of corticotropm by the pitwitry gland w the
same manner s admmastered corticone

The effects of corticotropin and cortisone upon the mtegumentary svs
tem are virtually 1dentical Corticotropin 13 of course rat effectine when
apphed locally [here does appear to be a difference betwewn the two hor
mones m their effeet upon <han pigmentation In studies of patients with
Addison s disease  McCrachen and Hall ¥ usng reflcetance spectropho-
tometry obstred that cortisone led to a decrease m shin pagraentation that
was largely due to g dimuushed melamin content In patients with mtact
adrenal glands on the other hand the admimstration of corticotropmn 1
<ulted 1 an wncreased melanin content of the shin, this may be corrclated
w1th the observation that darkemng of the skan in man frequently oceurs
durimg corticotropin therapy It has been suggested that contamnation of
cortieotrapm by mtcrmedin (melanophore-expanding hormone) 1 re~ponst
ble for tlus phenomenon™ although an mflvence of mtermedin on melanm
1 mammaban shin has yet to be clewly demonstrated
W hereas there appears to b littie difference betwecn cortreotropin and
tisone 1n their ¢ffects upon the rrc and psyche in man Woodbury *¢ hs

cor!
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demonstrated a differcnce in their nfluence on the electroshock seizure
threshold (EsT) 1 rats Cortisone produced a marked and corticotropin a
shight increase i EsT

Extra adrenal Actions Two types of extra adrenal actions of cortr
cotropin have been described One appears to mnolve the mediation of
adrenal steroids i pregnaney This action 15 considered to be an effect of
corticotropin upon placent il production of corticosteroids In this regard
Jaller®* has observed a normal eosmoplul response to corticotropm m 2
patients with Addison’s disease duning pregnaney but not dunng the post
partum period Sinceitis known that the steroid lev clin the urine of newborn
mfants 15 extremely low 1t appears unkihely that the fetal adrenal gland 1s
responsible for thns change It 1sof interest 1n this connection that cortisone
and hydrocorticone have recently been icolated from human placental
tissue 0

The sceond type of extra adrenal action of corticotropin envi ages a
biologic effect not mediated by adrenocortical steroids Studies in ammals
have been reported 1n which effects of eorticotropin preparations have been
ohserved 1 the absence of the adrenal cortex 55557 It remams to be estab
It hed whether the effects observed to date arc the result of an extra adrenal
action of cortrcotropin or of contaminating prtwitary substances To date no
action of corticotropin not mediated by adrenocortical steroids has been
demonstrated m man

Metabohic Fate of Corticotropin

Information on the metabolism and excretion of corticotropin 1s meager
Sayers and his co-worherss® have shown that corticotropm disappears
rapidly from the eirculation after mntrayenous admimstration When normal
human subjects were given 50 to 100 mternational units of the hormone n
30 minutes to an hour by the ntravenous route 1t was found that elevated
Plasma levels of corticotropin returned to normal within 2 hours of eomple
tion of the infusion Greenspan Li and Evanst® reported more rapid dis-
appearance of corticotropin after intraxenous mnjection mnto rats The level
of plasma corticotropin fell mn a loganithmic fashion and the half life of the
imjected corticotropin activity was found to be five and one half mmutes In
addition 1t was observed that the imtial plasma concentration of the hor
mone immediately after mjection was only b per cent of the theoretically
evpected level The disappearanec of corticotropin from the arculation may
be due to one or more of the following factors 1nactivation or catabolism
distribution and tissue fixation or excretion A rapid mactiation of cortico
tropin n 1atro has been reported by Pmcus et al % When highly punified
breparitions were mncubated with rat or human blood 40 to 70 per cent of
the corticotropic activity was lost nithin an hour Dvidence was obtamed
that suggested the presence of an mactivating svstem consisting of a heat-
labileandheat-stable substance There 1s little doubt that circulating cortico-
tropm 1s rapidly fived by certam tissucs Sonenberg and hiv associatesss!
obwried a ramd but short-lined deposttion of radioactivity 1n the adrenal
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blood of wmmals® suggests that corticotropin might stimulate the adremal
cortex to release a speuifie salt-retaming, substance 1 additton to the ghieo-
corticords On the other hand whereas it was origmaily thought that the
secretion of cortisenc and hy drocortisone alone from the adrenal cortex could
not account for the degree of sodum and chioride retention observed after
the admmistration of corticotropmn recent studies* have shown that the
intravenous infusion of cortisone or hy drocortisune at a rate of 12 mg per
hour can result m the virtual extinetion of <odum from the urine of humsan
subjects Thus the <alt retention that follows corticotropn administration
can concenably be expluncd on the hasis of an mereascd wecretion of corts
sone or hydrocortisone Timally 1t 18 possible that cortiends such as corticos-
terone (compound B) and dehy drocorticosterone (compound A) shich are
known to be more potent i electroly te regulition than the 11 17 oxy sterowds
contribute to a conwderabic degree to the over all cffect af sodium and
chloride retention of corticotropin

Changes n the antenor pitwstary gland have been observed i patients
recen ing long continied corticotropn treatment An mereasen the number
of basophils with the development of Crookes changes and basophilic
stippling of many of the chromophobe cells were observed by Colden et al !
1 the anterior pitwtary glands of 2 patients Sumlar findings were obtamed
by Taqueur ¢2  anding and Ferom® ¢ described an mcrease m size and de
granulation of the pitwitary basophils of leukemic chldren who died hle
being treated with corticotvopin After withdrawal of corticotropin chmcal
evidence of adrenal insuffiency as indicated by weahnese, fatigability,
hyvpotension ind collapse may appear These signs and sy mptoms may be
accompanted by 2 relatively high eosmophil count and a relatnely fow
17-hetosterord wnd formatdehy dogeme steroid exeretion in the urine It 1
probable that the increased corticord secretion induced by exogenous cortico-
tropin depresses the output of corticotropm by the mituitary gland m the
same manner as admnustered cortisone

The effects of corticotropmn and eortisone upon the wtegumentary sy>
tem arc virtually wdentieal Corticotropin 16 of course, not effective when
apphed locally 1here does appear to be o difference between the two hor
mones 1n therr effect upon shin prgmentation In studies of patients »th
Addison s discase McCracken and Hall ® using refiectanee spectropho-
tometry, obseryrd that cortisone led to a deerease m shim pigmentation that
was largely due to a dummshed melamin content In patients with mtact
adrenal glands on the other hand the administration of corticotropin 1t
wulted mn an mereased melanin content of the shin thiz may be rorrelated
with the obseryation that darkemng of the skin in man frequently oceurs
during eorticotropin therapy It has been suggested that contamnution of
corticotroptn by mtermedin (melanophore expinding hormonc) 1s responst
ble for this phenomenon®* although an mfluence of infermedin on melann
1 mammalian shin has yet to be clearly demonstrated

Tihereas there appears to be httle difference between comcotropm‘un(f
cortisone 1n their effects upon the rra and psy che 1 man Woodbury ¥ has



THARMACOLOGIC ASPLCTS OF ADRCNOCORTICAI HORMONTS IN MAN 137

found hemorrhagesin the ndrenal cortices of rats after intensi e corticotropin
stimulation were partly responsible for such fears which fortunately have
not beeu realized Lien masimal adrenocertical stimulation by the continu
ous ntray enous mfusion of corticotropin over periods 4s fong as 10 days hs
given no evidence of permanent alterations 1n adrenal function 1 man

Tarlier preparations of corticotropin frequently contained sufficient
quantities of posterior piturtary hormones to case overt pressor ind antt
dwretic effects With mmproved methods of punification these substances
have largely been chiminated from the commercial preparations now
available

Sensitinity reactions to corticotropmn itself or to some factor mn the prepa
ration have oceasionally been reported These reactions have been of two
main types The :mmediate re action has appeared within a few minutes of
intramuscular mjeetion or the mitiation of an intravenous mfusion of the
hormone Its mamfestations have been itching and urticara occasionally
wheezing and angioneuratic edema and verv rarely anaphy lactic shock et 8¢
The delayed reaction begins weveral hours after the mstitution of cortico-
tropin therapy by either the mtramuscular or the mtrayenous route and con
sists of fever and malaise 4% These reactions have bceome rare now that the
punty of the commercial preparations has been mmproved It should be
emphasized, however that patients who hay¢ undergone bilateral adrenalec
tomy or who have Addison s cisease or panhypopituitarism are much more
Iikely to react adversely to corticotropm preparations This is particularly
true1f the hormone 1s bemng given by ntrayenous mfusion % It appears that
a responsnve adrenal cortex will protect the patient to a considerable degree
against a sensitivity rcaction Consequently 1n patients with adrenal insufh
ciency caution should be exereised when mtravenous infusions of cortico
tropin are given During the course of sex eral thousand intravenous mfusions
wehave encountered only 6 potentially serious untoward reactions Delayed
febrile reactions have occurred m 2 patients with Addison s disease Urtiearia
and prunitus hav e oceurred almost immediately after the start of intras enous
wnfusions of corticotropm 10 3 patients with Addisons disease and m 1
pattent after the termmation of a prolonged course of cortisone therapy All
patients involved had recer ed corticotropm on previous occasions It should
benoted that in 3 of these patients repeated mtravenous mfustons of o highly
punfied potent preparation of corticotropm were admumstered without any
reactions It therefore appears probable that reactions of this tvpe are pro-
duced by 1nert protem rather than by corticotropin stself

Preparations and Routes of Administration
As a consequence of the extensive research devoted to the solation of
corticotropin remarkably potent and highly purihed preparations of the
hormone, are now ay ailable It should be emphasized that both the punfica
tion and large scale production of corticotropin have been greatly facthtated
by the adrenal ascorbic acid depletion method of corticotropin bioassay
developed by Sayers and his associates** in 1948 This procedure has served
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cortes of rats that had recerved mtracirding mgections of 11 iabeled prepa
rations of cortiotropm Raedwautographs showed the radioactivity to he
particularly concentruted m the wner layers of the cortical triwue Richards
and Say erst studied the fute of mtrasenoushy imjceted cortieotropin i nor
mal 1ats Tive mimutcs after mjection 40 per cent of the admumnistered hor
mont W the estracettata fiwd soud 20 per cont was fixed in the hadney s
At 1 mimutes s neghgible amount of cortic otrapn was found i the extra
cecllulir flud wheress 1y per cont remamed s the hsdneys A <mall quantity
of corticotropm was detccted mn the adrenal glands but none m the Iner or
anne
Toxicity

Effects of Stmulation of the Adrenal Cortex Prolonged admumstration
of corticotropin with resuitant intense drenocortical hy peractnty may
eventually fead to the appeasance of the sume undesirable effects that are
seen with fong continued cortrone therapy (disewsed m the previous seetion
on Cortrsone} s with cortisene these effects are of two types those due to
overdosage of the hormone that occur during, s admmistration and resemble
ont or more of the mantestations of Cushing s syndrome and tho e that
tollow hormone withdrinal and reflect a state of adrenal msufficiency
mduced by mtmtary inhibition The appearance of the forme: effects s mflu
enced {o a (onwderable degree by the mode of admmstration of eortice-
tropm  When the hormone 15 gnen by mtramuscular mjection 4 more
sustaned action w achtesed than that obtained with a dady eight hourntra
venous wfuston  Consequenthy  when pitients are treated by the latter
method overdosage phenomena are usually less marked and less frequent
Although the effects of overdosage of corticotropn and cortisone are qual:
tatnely wmular certam quantitatine differences enist At g guen level of
therapeutic effectivences edema from sodium and water retention and ent
dunce of increased androgen seeretion  acne and hirsutism-—are often more
promment during treatment with corticotropin than with cortione The
former muay well reflect the adrenocortical secretion of sterads more potent
m eleetroly tc regulation than cortisone and the latter the direct secrcton
of androgenic substances

Svmptoms of adrenal msufficiency that may appear upon cessation of
corticotroptn therapy moy be mild or sesere depending upon the duration
of therapy level of dosage and rapidity of withdranal Ixtreme care hould
he esereised m withdrawal of the hormone particularly after 2 prolonged
pertod of therapy The dosage <houid be tapered slowly wath a gradual
erense i the mterval between doses until normal levels of endogenous
adrenocorticaf secretion are restored and mamtamned In general, the durs
pon of relative adrenal msuff after the t tron of & long pertod of
corticotropin therapy s less prolonged than that winch follows long con
tinued treatment with cortisone

Effects of the Preparation Itself There1s a po sibihty that lavge doses of
(orticotropin ¢V er lang periods will 1 <ome way myive or exhayst the human
adrenal cortes through ‘overstimulation’ The obecryations of Ingle % who
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martination  Consequently the dosa,e of these preparations required to
produce a g1ven level of mctabolic and therapeutie aetivity 13 approximatels
one-third of that of some widely used types of corticotropm prepared by
older methods Despite this sigmificant differential of effectrveness after
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ntramuseular admiistration both types of preparation are equally active
when mfused ntray enously Furthermore smnce both types are assayed by
the Sayers test which employs the mtray enous route of administration 1t)s
2pparent that a wide discrepancy between the labeled potency and the
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as the basts of standardization of both the intcrnational and U S P standards
for corticotropin

The majority of commercual preparations of corticotropin are derned
from exther hog or sheep pituitary glands Potent preparations has e also been
obtuned from beef pituitary glands and 1t 1s of terest to note the sucee ~
ful use of whale pituitary glands ay a source of cartrcotropin m Norway ¢
At present most preparations are remarhably free of contaminating prtuitary
hormones—Iuteotropin thyrotropin and posterior prituitars factors

Two types of corticotropin preparations are now available for therapeutic
use a standard short acting preparation avaiable either as a lyophilized
ponder or as 2 stable solution 1n water contatning 1 per cent phenol for
subcutancous itramuseular or ntrayenous use, and 4 long acting prepars
tion of lyophilized corticotropmn incorporated in a gelatin menstraum for
subeutaneous or intramuscular mjection

Short-Acting Preparations Powdered preparations are dissolved 1
phy siologie saline solution or distilled water immediately before mjection
Since the metabolie efiects of a single mjection of these preparations are
comparatively brief admmstration must be repeated at intervals of six to
eight hourstoachier e conhinuing adrenoeortical stimulation The eosmnopenia
produced by the mtramuscular njection of a single dose of 20 US P umts
of a lyophilized preparation of corticotroptn 1s maxmal 4 to 6 hours aftet
jection The eosinophil level usually returns to normal after 8 to 12 hours

Smce the mtensity of adrenocortical response elicrted 1n different person»
may vary sigmficantly no fived dosage schedules can be preseribed In
general an effectrve therapeutic response can ordinarily be produced at <
total daly dosage level of 40 to 80 umts admimstered m divided doses at
mtervals of six or e ht hours Insome cases howeyver much higher dosages,
such as 200 umits daily mav be required during the mttal period of therapy
At continuing dosage levels of 100 umits per day or above undesirable physt
ologic or metabolic effects frequently appear Once a satisfactory chneal
remission has been obtained the total daily dosage of corticotropsm should be
reduced to the minimal lev el conststent with the maintenance of a satisfac
tory therapeutic response Tor example ndividual doses may be reduced by
5 unrts datly at ntervals of three to five days until a satisfactory mamte-
nance schedule 1s established Subsequently the interval between do es may
be lengthened but unfortunately the majority of patients continue to re-
qure tw o or three doses of regular corticotropin a day to achieve an effectne
maintenance level of adrenocortical stimulation

In the past a number of patients treated with corticotropin have ev
hibited ncreasing unresponsiveness to the hormone admmistered by mtra
muscular njection This phenomenon has been termed corticotropm ‘re-
sistance "' and appears to be the result of intramuscular inactivation or
destruction of the hormone since admimstration of the same preparation by
intravenous infusion to these patients produced a normal adrenocortical
response However certain hghly punfied preparations of corticotropn
such as that descrihed by Astwood *52 have proved far less susceptible to
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troptn has been shown to be a dircct function of the duration of contipued
tunulation of the gland 1 ws antieipated that the god preparations would
result 1n enhanced therapeutic effectiveness That the phyvsiologre and thera
peutic effects of a single mnjectron of corticotropin n gelatin eonsiderably
execed tho e resulting from a single mnjectton of an equivalent dose of the
hophilized material 1s demonstrated in Figure 20 The blood cosinophil ind
unnary 17 hydrovy corticosterond responses produced by the myection of
40 US P umts of the same Iyophthzed preparition of corticotropm 1 1
ease wdmmistered i salme wolution and 1 another di ~olved 1 4 16 per cant
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F1a 20 A comparwon of the results of adnimstration of various cortieotropin
Preparations to a normal thirty two yeac-ald man

gelatin vehiele are shown Because of their enhanced adrenocorticotropro
activity owing to the use of hghly purified corticotropin as well as to the
prolonged period of action presently available cortrcotropu gels have arbi

tranly been restandardized i terms of ‘chinieal  or commereial units rather
than US P umts Thus to chimt a therapeutic effes t cquwsalent to that pro-
duced by the mtermittent mtramuseular mjection of 40 U S P wimts per day
of older Iyophilized preparations a total daly dosape of approximately
HUSP umts of the tughly purthed corticotropin n gelatin 15 ordinanly
fequired The latter prepatation however 1 actually labeled 40 commereial
umis or as  (lhmeally equunalent to 40 US P umts  The gel preparations
are thereforc labeled 1 terms of the dintcal effect obtamed rather than
terms of the actual number of US P units of corticotropm contained m the
vial Tndeed the differcnce 1n the actual quantity of purified corticotropin
bresent can be eastly demonstrated by cumparing the mtensity of adreno-
Cortical stimulatson produced by the mtramuscular myection of 40 US P
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chniealeffectis enessof the two preparations may he demonstrated when they
are given mtramuscularly It shouid be emphasized, therefore that the
labeled potencs of hormonal prepirations will beyahd m peneral onfy when
the route of admuustration employ ed 1 n<sayIng 8 preparation correspond
ta the route by winch the hormone 13 g en theripeutically ¥ Fortunatels,
at pre cnt the most extensnely unsed preparitions of rortiotromn are <o
carcfully prepared v to be almost cqually potent by both the mtramuscular
and sntrwenous voutes, and the problem of resistance 15 of far loss siguik
ence than formerly

Fhesntrvenous route in man was first cmploy ed by Sayersetal ®*nho
demonstrated most of the known physiolagu effects of cartteotrop e 2
normal subjerts after intravenous infuston of comparitively larye doses of
the hormonc during v 30 mmnute period Gordon®® subsequently demon
strated the therapeutic effectis cness of wtravenously wfu ed cortirotropn
m Teen usmg <ontinuous miusions extending over several hours or days
Subscquent studies® 57 hay e established the wtraycnous adminstration of
cortricotropin as 2 highly ffectne and econemical method of producing
adrenocortical wtnation An e ht hour mfaston of 20 to 20 TS P unts
has been found to have metabole and therapeutie effects companible to
those achieyed by the dady mtramuscular mgection of from 100 to L0 uuts
of lyopluhized c orticotropin (35 ta S0wmits of the highly purtfied prep wations)

Detasled 1mntestrigations of the mtravcnous route have delmeaterd the
pharmacologie pyrameters of thes method of hormone admunistration and
clapsfied the physiolopte and quautitative aspects of adrenocorticel wtna
tron ¥® By mcans of changes i the number of circulating eostnopluls and the
rse 1 unnary 17 ketosteroid ¢ xeretion as indeves of the degree of adreno-
cortical stimulation obtained 1t was demonstrated that the mtensits of
responsc produced increased with the amount of corticotropm mfused up to
2 critical dosage over and aboive which hittle or no addittonal respon e way
herted (Figure 18) In subjects with normal adrenocortical function this
eritical dosage Jevel was approvimately 20 umts infused over an esght hour
peniod With a constant dose of 20 units it was demonstrated that an exten
sion of the pertod of mfusion from 30 seconds to 48 hours resulted m a Jmear
merease in the intensity of adrenocortieal actn atton (Frgure 39) It s there
fore clear that there 18 1 mavimal guantity of cortscotropin that durmg &
given pertod of time can be effective 1n stimulating the adrenal coste and
that the total output of adrenocortieal sterords imtiated by & standard dose
of corticotropta vartes directly with the duratton of the méras enons mfuston

Long-Acting Preparations To wnrrease the duration of adrenocortteal
stimulition the harmone has been meorporated m a gchitin mastraum
Long acting preparattons of corticotropm may be sdministesed subtutne
ously or mtr larly The gel preparations asatlable consist of highty
punfied hormone prepired by modifications of the ovyeellulo.e column
methot of Astwood 43 Tadate we haye encountercd no enses of resistance to

these prep arations

Smee the mtensits of adrenorortical strmulation mduced by cortteo-
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Although treatment with poc unquestionably prolonged the life of many of
the e patients, corti one has corrected important metabolhic defects not
affected by poc the facilitation of gluconeogenests the restoration of water
metabolism to normal and the correction of the electroencephalographic
abnormalities of Addison s disease \ppetite muscular strength and work
tolerance are 1mproyved, and anemua 1s dimunshed These changes 1n con
junction with the remarkable sense of well being imparted by cortisone,
have greatly mcreased the capaaity of these patients to withstand the de-
mands of an active comparatively normal existence

For muntenance therapy cortisone 15 admimstered by mouth m a dose
of 125 to 20 mg per day Because of the frequent occurrence of mental
stimulation during the early wechs of treatment 1t may be necessary to
employ the smaller do-e at first In the occastonal patient who 1s overstimu
lated by even minute doses of cort1 one acetate hydrocortisone 1s often well
tolerated 1t o dosage levcl of 12 5 to 20 mg per day The concurrent admin
1stration of poc 13 deemed ex ential for the majonty of these patients

Although the oral admimstration of cortisone 1s preferred because of 1ts
obvious conventence tramuscular mnjection 1s satisfactory and may be im
perative during periods of acute gastromntestinal di turbance During periods
of mtercurrent nfection or other stress the dosage of cortisone should be
elevated temporanly to a level of o0 to 100 mg per day to meet the increased
hormone requirement

Patients with Addicon s disease and active tuberculosis present a specral
therapeutie problem and provide the one situation in which cortisone therapsy
m the presence of actis e tuberculosis can be considered Justified at this time
The use of complete substitution therapy ncludmg cortisone 1 doses of
120 to 20 mg, per day has had no deletenious effects upon the tuberculous
process Indeed the over all physteal and psychic status of these patients
has been materally 1mproy ed

Classic adrenal erisis has become increasingly uncommeon since the ad
vent of eortisone for routine replacement therapy Since the primars require-
ment of these patients 1s an Immediate eleyation of adrenocortical hormone
1 the blood and tissues the intravenous admimstration of hydrocortisone
or cortisone 1> the procedure of choice An imtial rap:d mtravenous injection
of 50 mg of hormone followed by a continued mtrayvenous mfusion ata
rate of approsimately 10 mg per hour produces a prompt and effective
therapeutic response In the presence of marked dehydration and hypo-
tension moderate doses of bca m oil (5 to 10 mg on the first day and 2 5 to
Smg daily thercafter) should also be administered

The avulability of eortisone has made plete bilateral ad i!
bossible 1n treatment of hy pertension and neoplastic diseases The follo“-mg
Program has proved emimently successful for the support of patients during
Operation

Cort1 one 100 mg intramuscularly 12 and 2 hours before operation
Hydrocortisone (or cortisone) 10 mg per hour intratenously, durmg
and four to s1x hours after operation
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untts of punfied corticotropin 1a geletn wnd 40 elimeal units of an wentical
preparstion the mtoneity of adrenal activation ehieted by the preparaton
cahbrated on the basts of the U § P standard ss at least twice ne g feat as that
calibrated m terms of chnwal equnalents In summary, highly punified
preparationsof corticotropmng ected (xtras aseularly sn 2 gelatin menstruym
exert a metabolic and theripeutte effect, approxumately three tumes as great
as that of an cquinalent quantsty of the older lews purc Iyophiiied prepa
rations of the hormone mjected mtramuseularfy w divided doses

Ihe itramuscular or subeutaneous wjection of appronmately 40 clacal
{or commererl} wnts of corticotiopin el ehicats an adrenacartieal sty ation
approvumately equal to that produced by the wntrasenous mfusion of 20
US TP wuts of lyophihized cortuwotropin over an esght hour perod (Tigure
20) The admmistration of 80 to 120 «snseal units m gelatu results m ap-
proximately the same degree of adrenocortiral simulation produced by the
continyaus 24 hour mfusion of 20 to 40 L S ' umts of Iy ephlized cortico-
tropin The maximal effect of a smngle dose of corticotropin gel 20 to 40 units
oceurs from 1o to 18 hours after mjection The total duration of effect how
ever extends wto the suceceding 21 hour penod 1t is thercfore apparent
that the adminstration of these amounts of corticotropin gel m o single darly
mgection has a contnuous effer ¢ upon the adrensl cortex For this reason
overdocage effects are far more hikely to eccur dunng a profonged course of
corticotropmn gel admimstration than durmg the dady esght-hour admnis
tration of mtravenous mfustons Simslarly the margm between an optimal
eose of the gel and a dose capable of producing a sigmficant degree of unde
sreble side effects may be quite narrow  and dosage must therefore be pre
csely adyusted

It 1sapparent that the presently avmlable preparations of corticotropinin
gelatm provide a lughhy effective means of producsng mienshie adrenocortical
activation  Becatse of ther consentence 1t seems guite evident that these
preparations should prove hughly effectine m the mtiation of hormonal
therwpy nnd particulasty effiesent m prolenged courses of mamtenance treat
ment In the latter conneetion 1t 1s of interest that patwents with ehrome
flammatory diseases susceptible to the efferts of sterard and corticotropin
treatment who are successfully mamtamed on comparatively Liege doses of
cortsoue or hydrocortisone may often be successfully mamtawmed on com
paratively small quantities eg 10 to 20 U S P umts of corticotropn 1
gelatin mjected once darly and 1 some cases once every two days Inaddi
tion the single daily mjeetion of 400 80 U S P umits of the gel preparations
for two duys constitutes an excellent test of the sutegrty of adrenocortiesl
function as measured by changes in exreulating eosiophils and a nise the
urnary output of adrenocartieal steroid>

Chnical Uses of Corhisone, Hydrocortisone and Corticotropia
Specific Replacement Therapy

Primary Adrenal Insufficiency The use of cortisone has greatly improy es
the effectss eness of repl t therapy 1 p ts with Addison s drcase
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Although treatment with poc unquestionably prolonged the life of many of
these patients corti one has corrected mmportant metabolic defects not
affected by poc the facilitation of gluconeogenesi< the restoration of water
metabolism to normal and the correction of the electroencephalographic
abnormalities of \ddison s di ca e Appetite, muscular strength and work
tolerance are improved, and anemia 18 diminished These changes n con
Junction with the remarhable <ense of well bemg imparted by cortisone
have greatly mereaced the capacity of these patients to withstand the de
mands of an actine comparatiely normal existence

For mamtenance therapy cortisone 1> admintstered by mouth in a do e
of 125 to 20 mg per day Becau ¢ of the frequent oceurrence of mental
sttmulation during the early weeks of treatment 1t mav be necescany to
employ the smaller do e at first In the occasional patient who 18 overstimu
lated by even mmute do es of cortisone acetate hydrocortisone 1s often well
tolerated at a dosage level of 12 o to 20 mg per day The concurrent admm
1 tration of poc 13 deemed c<<entinl for the majonity of thewe patients

Although the oral admunistration of eortisone 1s preferred because of 1ts
obyious comventence intramuscular injection 1s satisfactory and may be im
peratine during pertods of acute gistromntestmal disturbance During periods
of intercurrent mfection or other stress the do age of cortisone should be
elevated temporarly toa level of 50 to 100 mg per day to meet the increa ed
hormone requirement

Patients with 1dd:1 on s di ea<e and active tuberculo 15 present a special
therapentic problem and provide the one situation in whieh cortisone therapy
i the pre ence of acti e tuberculosis can be considered justified at this time
The use of complete substitution therapy includmg cortisone mn do es of
12510 20 mg per dav has had no deletenous effects upon the tuberculous
process Indeed the over all physical and psychie status of these patients
has been materially mmprosyed

Classic adrenal ensis has become 1meresmgly uncommon stnce the ad
vent of cortisone for routine replacement therapy Since the primary require-
ment of these patients 1s an immediate elevation of adrenocortical hormone
 the blood and tissues the ntrayenous admimstration of hy drocortisone
Or cortisone 13 the procedure of choice An 1mtial rapyd intravenous njection
of 50 mg of hormone follow ed by a continued mtrasenous infuston at a
fate of approximately 10 mg per hour produces a prompt and effectine
therapeutic response In the ¥ of marhed dehivdration and hypo-
tension moderate doses of pca mn ol (2 to 10 mg on the first day and 20 to
>mg daily thereafter) should also be admimstered

The availabihity of cortisone has made plete bil 1 adrenalectomy
Possible in treatment of by pertension and neoplastic diseases The following

Program has proved ¢minently successful for the support of patients during
Operation

Cortivone 100 mg intramuscularly 12 and 2 hours before operation
Hydrocortisone (or cortisone) 10 mg per hour wmntravenously during
and four to six hours after operation
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Cortisone, 80 my, mtramuscularly every six hours on the fisst po t
operative day

Cortisone w0 mg wtramuscutarly ¢yery 8 hours on the second and
third postoperative days and every 12 hours on the fourth and &fth post
operatine days

Cortisone 2> mg, by mouth every siv hours on the sisth postopera
trve dav and thereafter gradually reduced to mamtenance Jeveb of 125
to 2y mg twie daly

Mamtenanee of the adrenalcctomized patient 1 n generyd similar to that
of the patient with spontancous primary adrenal msufficency 1 he maenty
of patints Can be swecessfudly muntuned on 2 rogumen consisting, of 37 o to
50 mg of corticone per du i addition to 3 to & G of wupplementary
soditm chlonde  Fhis program 1s copeaally desirable for patients who have
undergone adrenslectomy beemwse of hypertensine cardios ascular disesse
ste on theoretie grounds the use of poc 1y undesirable On the other hand
m normotensine patients with metsstatie carcinoma of the prostate or
breast the use of poc 18 often advieable although the requrement of some
of these patients 15 considerably less than that of most patients nith Add
“on s diseane

Secondary Adrenal Insufficiency Since adrenocortical hy pofunction may
be an 1mportant consequence of anterior pitwitary fahare stimulation with
corticotropin appears to offer the physiologically ideal ty pe of substrtution
therapy Fxperence to date however has been relatnieh unsatwfactory
beeause of the necd for daidy myections of hormone and the development of
corticotropin resistance 57 The mmpheity and effectiveness of cortisone by
mouth make 1t ot present the freatment of choice m secondary as well as
pnmary adrenal msuffierenty  The dosage 13 identical with that desenibed
for the primany type Pitients who are ineapable of mantammg adequate
eleetroly te balance on cortione alone should recenve poc testostesone and
thyroid sre also grven s mdieated

Dragnostic Use

Adrenal Insufficiency Corticotropin has been used as a dagnostic agent
s the ey aluation of adrenocortical function stnce st pros ides a comparatts efy
simple and specthc test of the crpacits of the adrenal cortex to respond te
1ts natural activator 548 The accuracy of the procedure depends upon the
vahdaty of the wdeves craployed the simplest of which 13 the change pro-
duced m the level of eiwculating eounophils Whereas a sigmificant ¢o mo
pema after the admimstration of corticotropn i 4 rehable mdes of adrenat
actnation it should be emphasized that the level of blood eostnophils may
falln1esponse toother pharmacologic agents or tostress w sthout nece sany
myolung & detectable merease 1 the rate of adrenal hormone <ecretion 4
Thereforc we recommend that o the final eraluation of adrenocortical fune
hon changes an the exeretion of urinary, sterowds be measured i addition {0
changes 1n curculating eostnophils \
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The most comsentent sereening test consists of measunng the change in
crrculating coanophils four hours after the mtramusculie injection of 20
US P wuts of 4 hophilized corticotropmn preparation A fall of 50 per cent
or more constitutes « normal re~pon<e It 1s apparunt that an 1dequate num
ber of eo mophils must be pre it before changes m the cell count can be
considered statistiealls reliwble ¥ that the cosnoplil £l produced must
exeeed thit due to notml drnal varntion®? and that the corticotropm
preparations used must be potent Furthermore this test should not <erve
as the ole eriterion of the state of adrenocortical responsiycness

For a more cntical evaluation of adrenocortical reserve a vigorous and
more prolonged adrenal sttmultion must be employed Two alternative pro
cedures are currently uscd The first 13 continuous mtr cnous mfusion of 20
to 20 umits of corticotropin during an eight hour period on two consecutive
days 7 In this test a normal response consists of an 8o to 100 per cent fall m
eosinophils and a significant inerease i the urmary output of 17 hydroxy
cortreosteronds™ (ay erage normal rise 14 mg per 24 hours on the first day
and 24 mg per 24 hours on the second) and 17 hetosteroids (ax erage normal
nse 44 mg per 24 hours on the first day and 87 mg per 24 hours on the
second) The other 1s intramuscular injection of corticotropiu gel at a dosage
level of 40 to 80 chinical umits darly on two con ecuttie days The responses
produced are comparable to those achieved after the mtravenous test
previously deseribed

The adrenocortical rcsponsc to corticotropm in patients with adreno-
cortical msufficiency eeondary to pitwitary fatlure 1~ vanable depending
upon the extent and duration of atrophy In the pre ence of marked adrenal
molution erther spontaneous or mduced by cortisone or hydrocortisone a
characterstic pattern of response may be of diagnostic aid Imtially both
the eosinophil and urmary steroid changes ate subnormal bemg follow ed by
a progressive merease i the mtensity of response In some eases as long as
five days of cortiecotropin admimstration myy be required to produce a nor
mal lev el of adrenal response

Bilateral Adrenal Hyperplasia The demonstration by Willuns et al 578
of the therapeutic effectin eness of continued cortisone admmistration to
patints with hilateral adrenal hyperplasia has suggested the possibihity of
dlﬁerenhatlng adrenal tumor and adrenal hyperplasta mn patients with
unlization It was recently demonstrated that the prolonged administration
of cartisone to patients with adrenocortical tumors i contrast to those wath
bilateral hyperplacia fails to produce a persistent depression of 17 keto
steroid excretion®ts 573 (Figure 21) Dosage schedules are discussed below
under Adrenocortical Inhibition

Diabetes Mellstus The appearance of sustamed hyperglycemia and
glycosuria duning treatment with cortisone hydrocortisone or corticotropin
18 considered to reflect a himited rc erve capacty of the pancreatic wslets to
augment the level of imsubin secretion Therefore patients who exhibit a

diabetic response to corticotropin or steroid therapy may justifiably be con
sidered cases of latent diabetes mellitus It 15 suggested that the response to
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cortisone by drocorticone or corticatrops should be amcstigated more
thoroughiy as 1 dirgnostc ad the detection of Itent dradntes mellitus
1t should be recogmized of cour-e that ghveosurta alone may reflect only the
action of these hormones on renal function
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{Note eontrast betneen hy perplaa and tumor )

Adrenocortical Inhibition

The capacity of cortisone to depress the secretory activity of the adrenal
cortex has prompted 1ts use i the treatment of the adrenogemital sy ndrome
due to bilateral adrenal hyperplasta The careful stadies of Walkms et
al # 243 3hay ecstablished the effectiy eness of this form of therapy Although
the suppresston of adrenal seeretion should be as complete as possible it
desirsble to use the smallest doce of cortisone commensurate with conr
tinued suppression of adrenal aetinity to avoid untoward side effects Wath
the urimary output of 17 hetosteroids 13 4 gnde doses must be determmed
for each patient Treatment 15 usually mmtiated with mtramuscularly 15
jected cortisane at o dosage level of 50 mg per day for older eluldren snd
20 mg per day for younger children and wmiant~ Maximum suppression of
unnary ketosterords occurs withmn 5 to 10 days «fter which mamtenante
doses should be mstituted The final Ievel of 17 hetosterowd everction ob-
tamed represents the balanee bet w een endogenous secretion from the adrenal
cortex and the metabolie conversion of admmstered cortisone to urmary
17 hetosteraids In general a somenhat greater guantity of 17 hetosteroids
15 derived from orally administered cortisone than from zn equal dose m
jected intramusentarly Tor older children mamtenance doses of 20 mg per
day are usually sufficient whereas i wfants and y ounger children smaller
doses are ordranly effectine The mmutenance suppresstie doses of orally
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admmstered cortisone are approumately two or thiee times a9 great as
those grven by the mtramu~cular route

Although 1t 1s too early to assess the long term effect of cortisone
bilateral adrenocortical hy perplasia the clinteal results thus far obsery ed are
encouragig  Ilirsutism has decreased menstrual cycles are usually re
established i the breasts may undergo progressive development Hyper
ten ton may sigmbic nthy decrc e and pimentation ordinanly recedes

Pharmacologic Use

Cortisone hydrocortisone and cortieotropin have provided chmesans
with a triad of therapeutic agents possessng o cope of physiologie and
pharmacologic activities equated by few drugs Itisapparent therefore that
the physteian employing these agents must possess 4 sound understanding
of their multiple metabolic activities of the greatest benefit 15 to be dernved
and 1f undesired effects are to be mimmuzed

1t was inevitable that the mtial reaction to the widespread use of these
agents m the treatment of erpphing diseases previously refractory to avail
able pharmacalogie agents should be associated with conuderable enthust
asm Although time and experience have cxerted a tempering effect upon the
over all evaluation of their therapeutic efficacy 1t 1s elear today that they
have achieved  defimte area of chinical usefulness In certamn specific situa
tons their u e may be hifesasing In others they provide a nonspeafic
means of controlling at least temporanly many metabolic mflammatory
and allergie disorders Although these agents do not provide a biologre cure
for a single known entity their careful but mmagmnative use has created
numerou and effectivo therapeutic approaches where none had previously
o ted It must be empha~ized however that the hormones serye i no way
as substitution for standard measures of supportse treatment

In contrast to the relatively well standardized program of substitution
therapy employed m patients with adrenal and pituttary nsufficiency 1t
s difficult to establish arbitranly therapeutic programs for the wide range of
disorders 1n which the hormones are used nonspeufically Optimum dosage
15 not fived the metabolic and chimeal responses of the patient although
generally predictable arc highly vanable It 1 therefore mandatory that the
course of therapy undertaken with these agents be truly mdividualized
Furthcrmore, 1t 15 essential thit the therapeutic effect obtained be evaluated
i terms of the over all metabolic changes produced 1 order to establish the
dosage level that will provide maximal therapeutic benefits with mummal
undesirable  sde eficets

Patients suitable for hormonal therapy may be classified as follows those
n whom thiy therapy may be hfesaving or may lead to a sigmficant pro
longation of life o £ mtensive hormonal therapy 1s capable of salvaging at
least temporarily the majonty of patients with severe pemphigus those in
whom hormonal treatment results i the restoration or preservation of cer
tain essential functions e g, the use of these agents m certain destructive
wfismmatory ocular diseases may prevent serious or total loss of vision
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those with certam aeute sUif imited iflammatory or allerge thsorders, whe
mar be rehioed of discomfort and cvon dintbahity by the admmsdration of
suppressne doses of steronds or corticotropin daring, the naturat couree of
thee disorders eg  pruntus erythema and evudation may be relieved
cestaamn patients with contact dermatitis and those with ehrome disease
whom sterout therapy may dely or modify the detclopment of ather
destrctise or fibrotie stquedae v m rheoumatord arthntis It should
be reemphasized that the decision to employ hormonal therapy m a chrome
dicase demads o comparatne ovaluntion of the potential gawms and nshs
imohred Thus a mamtamed conscrsion of patients with rheumatod
arthretis from Class TH* (fenctional capacty bewated to httle or none of
usu of duties) to Class H* (funciional capeity adogquate for normal actnsties
despite handicips of discomfort or hnuted motion of one or more jomts) may
well warrant the mduetion of o mmild state of hyperadrenalism on the other
hand chimmating the chronte and relatiely stationary lesions of diseard
peonasis rarcly justifies the protruted wse of hormonal theraps Stmularly
hormonal treatment 18 frequenth mdicated for the control of acute and
severe evicerbations of 1 chrome disorder 1 which there 13 5 reasonoble
possthility of spontancous ramission or 1n which standard methods of treat
ment may suffice to control the disease except durning scute epwades The
use of sterawd or corticotropin therapy for the acute hemols tic crsis of
aequued bemoly tic anema exemphtios ths ty pe of treatment

Ihe preciutions to be taken before or duning long term cortisone and
cortaotropin treatment have becn descmbed in the section on Cortrsone 1
should be emphastzed that laboratory data are m na way @ satrsfactory sub-
stitute for frequint earcful elimical obsen ations

Desage Dosage schedules eannat be arintranly established but must bo
deterruaned on the basis of the cluncal vesponse obtawed In general an effec
trve mutial response to corticotropr ts produced by the intramuscular admin
sstration of o0 t0 100 L S P umts of & lophilized preparation m dssided
doses at intenals of six to exght hours the intramuscular or subcutaneous
admimstration of 0 to 80 clinxcal unsts of corticotropin an gelatin daily of
the darhy 1ntras enous nfusion over an eight hour penod of 20 to 2oL BT
umts of a lyophtlized preparation Onee an adequate chnial response 1s pro
dueed the total daily dose should be gradually reduced to mamtenint®
fevels The ultimate objective 1 long term therapy s to estibhish the mt
mal mamtenance dose ¢apable of sustarning a cimueal remission Should the
chnwal resy to ad on be : the productton of an
adrenocortscal response shoutd be venfied

For patients treated with cortisone or hy drocortisone an nstial daily dase
of 150 ta 300 mg 15 ordmanly effective VWith mtramuseular admmstration
2 mngle dah 1njection 1s woually adequate When the oral route 1s employ ed
the hormone should be admunstered at mtervals of sx to eight hours Once
o satisfactory elmical response s established dosage should be reduced
gradually by decrements of 10 to 125 mg until the lowest dosage lev el

« Cyasaification of the Amencan Rhcnmatism dssocition
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capable of mamtaming a switable therapeutic response 1s attamed The m-
portance of exeraing grat eore mn tapenng the do e of cortisone or cortico
troptn when termmation of hormonal treatment 1s contemplated was dis-
cussed m the previous sections on Cortisone and Corticotropm
During hormonal therapy certain readily observable alterations in the
patient s climical condition serve as practical gmdes for evaluating the
tensity of the metabolic and theripeutic response An impros ed senseof well-
being and an incrense i appetite masv appear early i the coure of therapy
Feveris ordinnly reduced often within hours of the imitiation of treatment
Conversely a rsu mn temperature during 4 program of dosage reduction
direetly suggests either an madequate dosage level or a supenmposed com
plication The disappearance of pan and the mhibntion of the classie «igns of
mfiammation reflect a satisfictory therapeutic effect % suppression of the
patient s inflammatory responses however imposes upon the phy 1c1an the
obligation of contmual alertness to the posstble occurrence of a mashed
mfection
In most ca es the type and sevenity of a pathologie process do not deter
mine the hormonal 1gent to be emploved In some cas<es the threat of com-
plications may justify the chowce of one agent Tor example 1n the pre ence
of marked hy pertension or cardiac decompensation the use of cortisone or
hydrocortisone may be considered prefrable becau ¢ of a somenwhat less
mtense mitial sodiaim and water retention than that encountered dunng
corticotropin therapy On the other hand certan patients with severe dis
seminated diseast such s pemphngus has e sometimes not responded well to
doses of cortisone as large as 200 mg per day but have demonstrated a
prompt improvement durnng mtensive treatment with corticotropm Ior
the local treatment of joint eve or shin disease hydrocortisone has been
found to be considerably more effective than cortisone as pomted out in the
sertion on Hy drocortisone
Musculoskeletal Disease Une of the earhest mstances of the therapeutic
use of adrenal hormones m human disease was the trial by Soffer et al 57 1n
1948 of corticotropin i patients with myasthenia gravis In the majonty of
patents the disease 1s aggravated during hormone admmustration 1 rare
cases death has oceurred After hormone withdranwal however muscular
funetion may improve resulting in a deereased requiremnent for neostigmine
In view of the potential dangers molved treatment of myasthema gravis
with the e agents s not recommended except 1n highly specialized hands
A decrease n myotonic response has been observed durmg intensie
corts one and corticotropin therapy In patients with dy strophia my otonica
but without sigmficant improy ement 1n the mu cular or viseeral dy strophies
Improvement in muscular strength and endurance has been described 1n the
muscular dystrophy of menopausal women ! Treatment of other forms of
myopathies has not proved benefical
Corticone hydrocortisone and corticotropin may be extremely uscful m
the treatment of bursttis and caletfic tendinttis 5% The mtray enous mfusion
of corticotropin over an exght hour period for one or two davs often provides
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almost complete rehief from pun, accompanied by o marked merease m
mobility The loeal injeetion of hy drocortisonc mto mffamed huras 1n a dose
of 20 to 50 mg ordmanty results moprompt chnesl mprosement The
therapeutie results of mampulation of the frozen ’ pamful shoulder are
consderably enhanced by the concomitant admunstration of sterowd hot
mones or corticotropmr Lor example the continuous mtras enous mfusion of
corticotropin during, a period of 18 to 24 heurs before manspulation and fora
slar period after the procedure may markedly reduce pam thereby
facthtating, hoth passne and active mobilization of the Jont

Diseases of the Nervous System The cffects of cortssone and cortico-
tropm i sanous disorders of the nervous system have been reviewed by
Merntt ¢ N\o beneficia effects hve been obtamed m patients with amio-
trophte Iateri] selerovis antertor polioms elitis cerehromaculodegeneration
Wilson s disease and Parkinson s dicease o smproyement has oceurved m
the majorsty of patients with multiple peripher d neunitis and dopathie
emiepsy

Approumately one thurd of the patients with multiple scleross treated
with corti~onc or corticotroptn have been reported to show changes sugges
tnve of improvament m the atavc spastic paretie aad aeute tisual mant
festations  In most cases improvement has been temporary [he effects of
prolonged therps on the nltimate course of the disease reman to be deter
mined The difficulties of evahuitmg pharm uologie agents with potent non
specthe effects m oo chirame disesse characterized by wide spontancous
fluctuations m clnicd course e obyvious

1he most important appltcation of hormonal therpy m nervous system
disorders has undoubtedhy been the sucressful treatment of nente optic and
retrobulbar neunitis oecurring ether as a mamfestation of multiple scleross
or as an ind fent ph 5 AL of pamn a decrcase m the
size of scotomas and a sigmificant merease i visual acmnty hayve been achses od
m a high pereentage of eaces  Although spontaneous remssons certautly
acear m this divorder the frequency with which good therapeutic results
hase been achies ed during cortisone or corticotropin therapy suggests that
these agents are indeed responsible Quinn and Wolfson®® have emphasized
the fact that prolenged treatment at hagh dosage levels may beeffective erven
s chronie apparently irreversshie cases of optie neuntis Once s signtficant
degree of improvement 15 induced dosage mas be graduadly reduced to mam
tenance levels

Metabolic Disease The early studies of Hellman®® and of Wolfson and
s associates™ showed that the admmistration of eorticotropn could termt
nate an acute attach of gouty erthntis unfortunately withdrawal of hor
mone was frequently folloned by an ncute relapse These obseryations have
been repeatedly confirmed \lthough an attach of acute gouty arthritis C"”;,
usually be effectisely and rapidly reliesed by the sntraxuscular ingection ©
80 to 120 chuteal unuts of corticotropin tn gelatain or by the contmuau‘;
antray enous nfusion of 20 to 20 U 8 P umts of corticotropin over 2 pEf:Od
of 8 to 21 hours 1t 15 essential that colchicine admunsstration be mstitute
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~imultaneously to prevent a recurrence of the attach after hormone with
drawal 3% 7The relicf producud appeirs to depend defly upon the anty
phlogistie action of the hormones since 1t has been frequently demonstrated
that the acute attack may subside before a significant degree of uricosuria
has been ob erved Since symptomatic relief may be rapidly achneved the
availabihty of cortisone and corticotropin for the treatment of acute gouty
arthnitis constitutes a sigmficant therapeutic advance #6 particularly m
patients who re pond poorly to colchieine therapy It appears preferable at
present to depend primarnly upon nonhormonal uricosurie agents such as
salicylates and Benemud for the treatment of mterial gout

The findings of Szlagy 1 et al %7 concernming the beneficial effect of adreno-
cortical hormones n patients with acute thyrod cnsis suggest that the
mtray enous infusion of cortisone or hy drocortizone may prove to be of value
in the treatment of this disorder

The pnincipal conditions 1 which eortisone and corticotropin hase been
used and the results obtained in these many and vaned diseases are reviewed
in rueceedmg chapters of this 1 olume

The discovery and preparation of the adrenocortical sterowds and cortico-
tropin have presented the medical profes-ion with a potent and challenging
group of new therapeutic agents The important metabolic effects mediated
by these hormonal preparations can be appreciated fully only by physicians
who are prepared to des ote time and effort to 1mpros ing their understanding
of the intermediary ehemical reactions that permit man to adapt successfully
to an ever changing ensvironment Not only hase these hormones provided
speutfic <ubstitution therapy and diagnostic aids in complex endocrinopathies
but also their effectiveness m modifying the mflammatory response of
tissues may ultimately ncrease understanding of the pathogenesis of many
widespread and <ertous disorders The suctessful use of hormonal therapy
disorders other than the speaific endocrine deficieneies requrres eareful judg
ment and the most effective application of the art of healing It 15 apparent,
that the ready avadlability of these hormonal preparations has presented the
medical profession with a serious challenge which 15 heightened by the
ntense interest of the general public in advances medical It 15 hoped that
the matenal presented 1 this review may provide a basis for increasing the
usefulness of these substances as important pharmacologie agents

e are mdebted to the followng for their help i the preparation of thus review
Mis Mary R Hyde and Mms hathenne Binderup Drs Jos¢ A Garcia Reyes
Lucien Coutu Lewis ¢ Mills Ralph E Peteison José Procopio and Robert J
Vanderhnde of the Metabole Lat y at the Peter Bent Brigham Hospital and

the members of the staff of the Peter Bent Brigham Hospital for their advice and
erbicism
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almost complete relief from pain accompamed by 1 marked morease m
mohshity  The local injection of hy drecortisonc mto mflamed buraasin adase
of 22 to 50 my ordmanhy results i prompt cluncal rprosement The
therapeutic results of mampulation of the * frozen”’ pamful <houldor are
considerably enhanced by the concomtant administration of steroid hor
mones or corticotropin 1or example the continuous intray enecus mfusiop of
corticotropin during a penod of 18 to 24 hours before m wopntation and fors
simlar period after the procedure may markedhy reduce pas therehy
facthtatmy, both passtve and actine motnhzation of the jomt

Diseases of the Nervous System  [he cffects of cortrone md corlico-
tropm m vanous disorders of the nersous system hiave been revsewed by
Mermtt #% No bonefictd effects have heen obt uned 1 patients with amyo-
trophuc laterth sclerows anterior poliomycitis cerebromaculodegeneration
Wilson s distase and Parkmson s diseace o wmpror ement has occurred m
the majority of paticats with midtsple penipheral neuntis and dopathie
epilepsy

Approxmatchy one third of the prticnts wath mudtiple sclerovs treated
with cortisone or corticotropm have been reported to show changes sugge
tive of improvement m the 1tavic spastic paretic and acute il maw
festations  In most cases improrvement has been temporary The effects of
prolonged theripy on the ultimate course of the disease reman to be deter
mmed The difficulties of o aluatmg pharmacologie agents with potent nos
specific effects w1 dnonn diserse characterzed by wudy spontaneous
fluctuations m dmucal course are obs sous

1he most rmport mt npplication of hormonal therapy b1 nersaus system
drsorders has undoubtedly been the successful treatment of acute optic and
retrobulbar neuntis oceurring either as a mantfest stion of multiple <cleross
or as an mdependent ph syl 1g of pam a deerese w the
stze of scotomas wd a sigmficant ineresse 1n yisual acmity ha e heen achiesed
m a high pereentage of cascs Although spontaneous remuwions certamle
oceur n this deorder the frequeney with which good therapeutie results
have been achieved durng cortisone or cortteatropn therapy suggests that
these agents are indeed responsible Qumn and Wolfsops* haye emphaszed
the f1ct tht prolonged treatment at high dosrge levels may be effcetinesien
m chrome apparently srres ersible cases of aptic neuntis Onee a sygmficant
degree of improyement 15 mduneed dosage may be gradually reduced to mam
tenance levely

Metabolic Disease The early studies of Hellman® and of W olfson and
us assoeiates’™ <hon ed that the ndmusstration of corticotropi could termt
nate an acute attach of gouty arthritis, unfortunately withdrawat of her
mone was frequently folloned by an acute relapse These obsers ations have
been repeatedly confirmed Although an sttack of acute gouty arthritis cﬂrfl'
usually be effectnely and rapdly reliesed by the mtramuscular 1njection o
80 to 120 chmeal wmits of cortieotropin i gelatin or by the contmuouj
wntrat enous mfusion of 20to 20 U S P umits of corticotropm over a perxod
of § to 24 hours, 1t 15 escential that colchieine sdmumstration be institute
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simultaneously to prevent a recurrence of the attack after hormone with
drawal 8¢ The rehief produced appears to depend chiefly upon the anti-
phlogistic action of the hormones since 1t has been frequently demonstrated
that the acute attack may sub ide before a sigruficant degree of uricosuna
has been observed Since symptomatie relief may be rapidly achieved the
avalahihty of cortisone and corticotropin for the treitment of acute gouty
arthnitis constitutes a4 sipnihcant therapeutic advance ¢ particutarly
patients who respond poorly to colchicine therapy It appears preferible at
present to depend primanly upon nonhormeonal uricosuric agents such as
salteylates and Benemid for the treatment of interval gout

The findings of Szilagy1 et al *7 concerning the beneficial effect of adreno-
cortical hormones i1n pattents with acute thyvroid ensis suggest that the
mtrayenous infusion of cortisone or hy drocortisone mav prove to be of value
w the treatment of this disorder

The prineipal conditions 1n whach cortisone and corticotropm have been
used and the results obtained in these many and varied diseases are reviewed
1 succeeding chapters of thas olume

The discovery and preparation of the adrenocortical steroids and cortico-
tropin have pre ented the medical profession with a potent and challenging
group of new therapeutic agents The important metabolic effects mediated
by these hormonal preparations can be appreciated fully only by physicians
who are prepared to des ote time and effort to 1mprosing their understanding
of the intermediary chemical reactions that permit man to adapt successfully
to an ever changing environment Mot only have the ¢ hormones provided
specific substitution therapy and diagnostic aids in complex endocrinopathies
but alwo their effectiveness 1n modifying the inflammatory response of
tissues may ultimately increase understanding of the pathogenesis of manv
widespread and serious disorders The successful use of hormonal therapy n
disorders other than the speaific endocrine deficiencies requires careful judg
ment and the most effective appheation of the art of healing It 1s apparent
that the ready avalability of these hormonal preparations has pre<ented the
medical profession with a <ertous challenge which 15 heightened by the
mtense interest of the general pubhic in advances medieal It 1s hoped that
the matenal presented 1n this revien may provide a basts for mcreasing the
uscfulness of these substances as important pharmacologic agents

We are ndebted to the fullowing for their help in the preparation of this review
Miss Mary B Hyde and Miss hathenne Binderup Drs José A Caren Reyes
Lucien Coutu Lewss C Mills Ralph E Peterson José Procopio and Robert J
Vanderlinde of the Metabolic Laboratory at the Peter Bent Brigham Hospital and

thet members of the staff of the Peter Bent Britham Hospatal for their advice and
enticism
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Rheumatoid Arthritis and Other Rheumatic

or Articular Discases

Philip S Hench and L Emmerson Ward

Dunng the past six years the application of cortisone hydrocortisone
and corticotropin to basie rescarches to general medicine and to the snvestt
gation and treatment of rheumatic diseases has aroused considerable interest
sinee 1t has provided new data related to physiology metabolism and thera
peuties and has led to formation of new concepts of disease But 1t has also
provohed controversy and confusion Some of the latter 1 understandable
1 view of our irmted experience and knowledge of basic mechamisms but
some 18 needless or frurtless

Although understanding of the subject 1s still tncomplete what 15 known
should be sufficient to dispel undue concern to explain certain controersies
to el some of the diffs of opimion and to serve as a practical
guide for the safe and cffective use of these hormones® 1n selected cases of
rheumatic diseases

Application of the Hormones to the Rheumatic Diseases

The progress that has heen made in the eltnical application of cortisone
hvdrocortisone and cortwotrepin their future role in the study and treat
ment of disease especially the rheumatic di eases and the reasons for major
controversies can perhaps be be t appreciated 1f we divide the chimcal work
of 1948 to 1943 into three distinet and definitive phases

Phase 1 Preliminary Investigations and Early Confirmations
(1948-1949)
Prelummary Investigations In the summer of 1948! the first synthetic
compound E (kendall) was given to > or 4 patients with Addison s disease -4

In this volume the terms hormones and hormoral or adrenocortical therapy used n a
general sense Tefer only to those hormor s under discussion namely cortisone hydro
cartisone and corticotropin unless otherwise specified

JUSEUUNUUUUUUIRIVEUUVPEERERPRRRY

From the Division of Meliein, \Mayo Clime Rochester tnnesota
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Rheumatoid Arthritis and Other Rheumatio

or Articular Diseases

Philip S Hench and L Emmerson Ward

During the past six years the apphcation of cortisone hydrocortisone
and corticotropin to basic researches to general medicine and to the investt
gation and treatment of rheumatie diseases has aroused considerable interest
sinee 1t has provided new data related to physiology metabohsm and thera
peutics and has led to formation of new concepts of disease But 1t has also
provohed controversy and confusion Some of the latter 1s understandable
m view of our imited expenence and knowledge of basic mecharisms but
some 15 needless or fruitless

Although understanding of the subject 13 still incomplete what 15 known
should be sufficient to dispel undue concern to explain certamn controt eries
to eliminate some of the differences of opinion and to serve as a practical
guide for the safe and effective use of these hormones* 1n selected cases of
theumati, diseases

Application of the Hormones to the Rheumatic Diseases

The progress that has been made 1n the clineal application of cortisone
hydrocortisone and corticotropin their future role 1n the study and treat
ment of disease especially the rheumatie diseases and the reasons for major
controversies can perhaps be best appreciated if we divide the chnwal work
of 1948 ¢o 1953 into three distinet and defimine phases

Phase I Prelimuinary Investigations and Early Confirmations
(1948-1949)
Prelmunary Investigations In the summer of 1948! the first synthetic
compound E (kendall) was given to 3 or 4 patients with Addison » disease 4
* In this volume the terms kormones and hormonal or adrenocortical therapy wsed i a

general sense refer only to those hormoncs under discussion nsmely cortisone hy Iro
cortisone and corticotropm unless otherwise apecified

From the Division of Mediemne Mayo Chmie Rochester Minnesota
qm
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This was considered rational as a new form of replacement therapy In
September 1948 compound I' or cortisone,* m Tebruary 1949, adrenocortt
cotropic hormone or corticotropmn,t and i April 1949, compound F or
hydrocortisone} were used effectively m certam patrents with rheumatod
arthntis ** We gave these hormones on the assumption that cortisone or a
related substance might he the “antirheumatic and antiallergic substance
. which during pregnaney, jaundice, or starvation often suppresses rheu
matold arthritis as well as such conditions as asthma hay fever, egg
sensitivity and migraine ® -t

Chosen for the first administrations were patients with severe but re-
versible rheumatoid arthritis Tor our first patient, hendall and Hench
decided tousedaily intramuscular doses of 100 mg of cortisone (free alcohol)
Later, daily doses of 50 to 200 mg were given Corticotropm 100 umts was
admmistered ntragluteally a dose given previously to a normal person,”
our later doses vaned from 45 to 140 umts daily Such doses demonstrated
that these hormones were antirh tre and ant1 infl y They re
duced artreular inflammation notably-—but sometimes incompletely—sup-
pressed rheumatic symptoms and tended to normalize many of the meta
bolic and biochemical alterations of rheumatoid arthntis

To determine whether these daily doses could be tolerated mdefimitely
and how long symptoms would remam 1n abeyance after discontinuance of
administration we and our colleagues Iendall Slocumb and Polley gave
the hormones either continuously for more than six months or 1n single or
repeated short courses If the doses first used were continued mndefimtely
certain undesirable effects developed often progresstvely, when shorter
courses were ended relapses commonly occurred, sometrmes with with
drawal reactions

To test the chemical specificity of cortisone (free alcohol) and cortico-
tropin, other substances were used Markedly antirheumatic were cortisone
acetate and hydrocortisone (free alcohol) given intramuscularly and a
special concentration of adrenocortical extract containing a mixture of cortt
sone and hydrocortisone 1n capsules taken orally But certain compounds
related chemucally to cortisone and hydrocortisone and smaller concentra
tions of adrenocortical extract possessed no antirheumatic potency

To test the clineal speaificity of the effective hormones we soon gave
them to a few patients with rheumatic fever lupus erythematosus tubercu
Jous arthritis psonatie arthritis polyarthritis with ulcerative colitrs osteo-
arthritis and other conditiong -2 14 15

Certain tentatiy e opinions were derived from the use of the hormones 1t
42 patients 23 of whom had rheumatod arthritis It was sugpested that the
antirheumatic properties of the steroid structure depend upon the presence
of a ketone group at carbons 3 and 20, erther a hetone or a hydroxyl group
at carbon 11, a hydroxy] group at carbons 17 and 21 and a double bond

* Supplied by Merch & Co Ine
+ Supplied by The Armour Laboratories
+ Supphed by The Upiohn Company
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between carbon atoms 4 and 5 ' Sice the hormones exerted wide phystologie
mfluence and affected bodily systems and tissues both m health wid discase
the effects had to be regarded as general or nonspeeifie But speaking chint
cally they were classified as group specific® since certain types of diseases
were espectally responsive The hormones provided their antirheumatie and
other effects by suppressing the reactions of tissues to the disease *
Confirmatory Studies Because of continued searaity during 1949 corts
sone or corticotropin was given to only 45 additional theumatoid patients
Results appeared 1n 18 1eparts from 12 groups i the United States Sweden
and Denmark 1734 OF these 45 patients 9o per cent were benefited usually
markedly
These reports confirmed the onginal studies and induded some new
observations on the effect of the hormones upon eleetroencephalograms
(2E0's), the electrophoretic pattern of <erum proteins and wound healing
The most ymportant observation was that of Boland and Headley? that
doses of cortisone (50 mg daily) smaller than those required in our severe
cases (about 100 mg daily) nere effectsye against mild or moderate rheuma
tord arthntis
Early Conjecture about Mode of Action An Academic Difference of
Opinion Early investigators were 1n notable agreement 1n their evaluation
of the climical and metabolic efferts of these hormones upon rheumatord
patients and 1n their conjec tures about the manner of the hormonal effect
But concernmg the possible mode of action of the hormones a division of
OpINION arose
In our first reports® * ? the 1dea was suggested that rheumatoid and other
Tresponsive patients might have <ome umdentified type of adrenocortical
defictency Thorn and associatcs  formed a tentative opmion that the anti-
rheumatic effect of these hormones resulted not from correction of adrenal
deficiency but from pharmacologic action  Effective therapy 1s only
attained when the level of hormone 15 mcreased to supernormal leyels !
Ragan Grokoest and Boots?® alwo expressed a simlar opmion
Our group noted that the adrenals of at least some rheumatord patients
were unresponsive to corticotropin and that urnary concentrations of
17 Letosteroids of rheumatoid patients before adminstration of any hormone
were sometimes low °35 WWithout attempting to interpret these data we
amphified slightly our onginal conjecture and suggested that if a deficiency of
cortisone % ere present in rheumatoxd arthribis 1t might be 2 relatsy, e, not an
absolute dehclency perhaps one concerned with inereased destruction or
ncreased t1ssue requiremnent for cort1 onerather than decreased production * ¢
Ths early difference of opinton seemed at the time to be largely academic
because the epposng praposttions were then beyond proof But what began
as comectures and academic debate whether the hormones act physio-
logically ©OF ‘ pharmacologically had rather far reaching consequences
Contributions of Synthetic Chemusts and Pharmaceutical Manufac-
turers The contributions made by synthette chemusts and by pharmaceutical
manufacturers especially by the men associated with or advising Merch &
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Co Inc and The Armour Taboratorscs, cannot be overcstimated Tn the
4l of 1948 and wpring of 1999 they sct up production schedules which were
regarded s tmpossble of attmnment and then brohe one record after
another As result by the spring of 19,0 rdlatinedy Targe amounts of cort
#one and corticotropn were maalable or potentmlly w0 Lhe Federal Food
and Drug, Admnstration mtroduced the uest phase sn the dimeal ipphea
tion of these hormones on June 319,50 by 1 wing, ay ol thle amounts to the
mecical profcssion for admimmstration to patients to be studicd and treated
under hospital condittons, soon thereaftor unrestrcted use w s prormitted

Phase 2 The Period of Trial and Error (1950-1953)~Wide,
Essentially Unrestricted Use of These Hormones

Phse 2 was charnctenzed by the unrestracted and gonernlly empancu e
of the hormones for countless dimeal tnalsan the ficdd of theumaty dise ey
and goneral modione 1t was also marked by the encrgetic but futile search
for substitutcs for cortiwonc hydrocortisone and corticotropn

Phystcaany who bepan curly i the poood to use these hormones aganst
theumatond arthrti sought answers to three mun questions (1) How do
these hormoncs work ? (2) Can they be used to provide a practical pafe form
of treatment? (3) What imtin) dosc schemes should be used?

1t 1 hlpfud to rccall the arcumstances under which these hormones wert
mtroduced for widcsproad vse  During, Phise 1 cortan populir interpres
tations Lave to many patients and to some physicans the crroncous tmpres-
wion that use of these now hormoncs for thcumatod urthritis was comparible
m soveral ways to that of meulin for dinhetes I or o moment thercfore we
should like to comparc in an ovepstmplificd manner the introduction of
cartisone and cortreatropin mito pencral medione with that of mehie

Bcfore msulin was discovcred i 1921 1 Lirge fund of knowladge concern
my, carbohydrate metabolism and its rclation to the pancre w had aecumtt
Inted ns the rosult of o half century of mctibolic and chimcal v stig itions
Ihen came the discovery and production of sulm m such an onloly
sequencd that the dircction of sibscquent smvestigations was mostly fornard
Once snsulin was avatlable 1ts physologic activity way found to b darge B
axantiopated In gencral insulin did not notably mflucnce many dist ies or
symptoms other than those 1t had beon oxpected to nifcet 1rom the stand
pomnt of practical utihity 1ts use could bhe governed and ity results me wnred
daily by smple standardized Lboratory procedures alrcady avaihible

In contrast was the situatian with regsed o the discovary of cortone
(1935) and corticotiopin (1933-1913), and their dmicad applieation (1918)
to rhcumatoud arthntis and othar conditions If some cxtra articulat orpan
controls the fate of arthritic Joints ats identity 19 unhnown As for the tisue
sources of these hormones the bsic physiologic dmcoseres rlated to the
anteror pituitary e adranal cortex, though of paramount smport e,
wore rather rccent 274 cxeept for Addison wwork and only a rather she tehy
inte rpretation had been made

Owing 1o part to limited supphes of cortssone and cortricotropm bt even

~
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more to the fact that animals do not des elop rheumatoid arthritis or <everal
of the other diseases responsnd to these harmones -5 nonc of the excellent
experiment U worh had conditioned physiologists or endoerinologists to the
physiologic versatility of these hormoncs and their field of clinieal usefulness
was regarded as limated '* 533 Thus when prehminary evidence of therr
broad clinieal cffects was obtained there was no groundwork for chnieal
application comparable to that for insulin 1 nayvailable were simple labora
tory tests by which the ba e elimeophy siologie effects of cortisone or cortico
tropin could be measured carefully or directly Hence while phy wicians have
been using the new hormones i practice physiologists and chnical 1y estt
gators have had to work 51t were fornard and bachward simultaneously
Divergent Policies of Dosage Durin., Pha e 2 many physicians were of
course mot content to use the hormones empirically or routmely they
wanted not only an optimal dose scheme but data on the mode of action But
no optimal ~cheme had been developed and optmons about the mode of
action (physologic 1ersus pharmacologic) were merely conjectural \ever
theless thee prehminary conjectures were elevated by some to the status of
conwidered theories a status for which they had not been intended In this
manner the two dus ergent policies regarding, dosage onginated Con equently
one group of physicians the so-calted pharmacologically minded has used
and continued to recommend rather high do es  large enough to get a real
climeal effect even though the cost be a fairly defimte but controllable hy per
cortisom m  The other group the so-called physiologtcally minded which
neludes our group has recommended use of smaller and smaller doses to
avord aignificant hy percortisomsm doses which certam other 1 estigators
have regarded entieally as producing merely the effect of 4 <uper aspinn
The third and largest group 1s compriced of physicans who less inter-
ested 1n unproved theories than the others but no less concerned about their
patients have u ed the hormones empirieally modifying their dose schemes
as expenence dictated Our experience with cortisone treated patients re-
ferred to the Mayvo Clime suggests that many of these physicans hasve
tended toward oy erdosage rather than underdosa,e This wtuation prompted
development of multiple plans of administration and dosage
Other Problems During the four years ot Phase 2 many other problems
and chowey confronted phvsicians the hormone of chowce the route of
admmustration the optimal length of treatment management of undesirable
effects and withdrawal reactions eiatuation of so-called substitutes for or
potentiators of cortisone and the problem of refractoriness or of sensttivaty
to the hormones No wonder many different and sometimes conflieting
recommendations were made only to add to the confusion \fter the early
results which were often unsatistactory because of over or under dosage
<ome physicians even ashed  Are cortivone and corticotropin really here to
stay ?
Other points debated widely during Phase 2 concerned the practicality of
hormonal therapy for a chromc rheumatie disease such as rheumatoid
arthntis To what extent could the hormones be used effectively but safely *
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Should they be regarded as practical forms of treatment for rheumatod
patients, or merely as tools for research?

The mamn debate hegan and Inrgely ended duning Phase 2, but the pro
logue took place 1n 1919 In our preliminary report® we rautioned “Much
more experience 15 needed before we shall know how effective or <afe the
prolonged adminsstration of compound I will be * We carcfully advanced
the hormones as rescarch tools but not (at that time) as 1cmedies \ anous
other early workers also adopted this conseryative attstude 72t 1548 Byt
most of the 1949 reports were fess eautious and referred to use of corticone
and corticotropin i theumatoid arthntes as treatment, probbly without the
authors meamng to start 1 debate or to1mply that thes werc taking a stand
on the subject —303887-%9 N\pyerthelcss the debate was starting and to
disconrage practitiontrs from forming premature opumons withont adequate
experience we stated repeatedly thit the use of thesc hormones should be
considered an myestigitive procedure not a treatment ? %0

Discussion of the 1alue of these hormones as practical agents was largely
academic in 1949 becuse they could not be obtammed for general u ¢ Butas
their avallability mereised and as more reports on their short or long term
cffects appened a fow conservative cntical rheumatologists in late 19,0
and January 1921 ciutioushy approved them as praetieal remedies m
sclected cases of rheumatowd arthrtis 18 <8¢

For all practical purposes the debate 13 how otver and the myonts opuuon
(fat oning the practical compromise use m selected cases) 15 recorded 1 the
literature The pownt under discussion today 15 no longer if but when and
how best the hormones can be used During the four 3 ears of Phase 2 much
progress was made toward physiologic application of the e hormones, <o
much that the nervous empincsm of those days 1s behind us and we are
entering a new phase

Phase 3 Current (1952~ )

The characterstic feature of the present phase 15 the purposeful applica
tion of the hormones in a ¢ pariphysologic manner Phase 2 overlaps and
still overshadows the emerging Phase 3

Even 1f Phase 3 <o far has been noteworthy more for 1ts modification of
prmaiples and policies than for its greater therapeutic successes or prouimity
to the goal of true physiologic use of the hormones 1t represents a distinct
adiance n that a trend 1s dev cloping which as further hnowledge permits us
to exploit 1t, holds considerable promisc for the future

Pharmaceutieal chemists of several compames and many limzeal 1ty est!
gators haye contributed to the devel tsand ts responsible for
Phase 3 Smce these developments onginated not simultaneously but con
secutively, the begmning of the wmproyved attitude toward hormonal usage
can be placed with difficulty We hase cho en, perhaps somow hat arbitranly
the vear 19,2 because its literature showed (uidence of maturity a reeting,
of miads, a willingness to modify theory m the lightof practice amore umfied
comprehension of both the usefulness and limitations of hormonal therapy

N 7 . i
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As the importance of mdwviduahzed treatment has become clearer the
variety of hormonat preparations and dosage methods 1s no longer 1t source
of confusion but a matter of great usefulness and convemence In liea of a
single all purpose plan of dosage severa! different schemes each possessing
advantages are available for individualtzed application The chosen prepa
ration and dose scheme can each be tailored to the requirements of 4 given
case

Baste research will undoubtedly provide formulas for physiologic appliea
tion of the hormones but even when that time comes physicians will proba
bly still find 1t vseful to individualize i order to obtain 2 pharmacologic
effect 1 one case, a phy«iologie effect i inother and an mtermediate or
paraphysiologic effect 1n a third For the rheumatoid patient the best that
can be accomphshed now (less and less empinieally) 1s an mcomplete butin
creasingly successful reasonably safe approamation of the physiologic
state For this more refined and indinidushized appheation the term pore
phystologic seems approprate, for 1t symbolizes today s compromise between
the pharmacologic and the phystologie recognizes the madequacies of the
present, and points to the target of the future

Review of Hormonal Treatment of Rheumatoid Arthritis
(1948-1963)

Dwersity of Matenials and Methods

Of the hundreds of reports directly or indirectly related to the use of the
hormones 1n rheumatoid arthntis a large representative number have been
reviened It would be gratifying if one could tabulate the major data theremn
treat them statistically and end with clear cut results and firm conelusions
But analysis of the reports of the first fve years has been difficult because
of the diversity of matenals and methods

Hormones Used During 1948 and 1949 sigmficant amounts of only two
active preparations were available cortisone acetate Merch and cortr
cotropin Armour both for intramuscular use For research purposes small
amounts of four other effective preparations were made cortisone (free
aleohol) Merck, corticotropm peptide (L1) hydrocortisone (free alcohol)
Upjohn and a highly coneentrated adrenocortical extract by Upjohn For
many months the hormone used was chosn not according to its particular
suitabihity or the physician » preference but because of its availabihty In
1949 and 1950 corticotropin was more readily avaable than was cortisone
When supplies of cortisone acetate for intramuseular use became more plent:
ful reports on cortisone mncreased

During the four years 1950-1953 other preparations were made Those
available commercially have been cortisone acetate tablets for oral use
hydrocortisone (free alcohol) 1n tablet form for oral use hydrocortisone ace
tate i suspension for intrabursal and mntra articular uce and g long acting
corticotropin Those av ailable for research purposes have been corticotropin
peptides tablets of cortisone (free aleohol) pellets of cortisone and solutions

 a—
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Table 8

Couranixons sLTwiry (orTi 0Ne R H3DROCORTI ONE AaD Corticotrorny Wit
SrECIAL REFERLNCE To TrelR Efrects 1\ RHEUSATOD \RTHRITIS

Cortisone and Hydrocoriisone Corticotropin

1 hysical state Crystalline sterord ’ Irotein polypeptile

Standardized  poteney  of

proparstions Constant*

‘ Varnble

1 hy wiologic potency ‘ Tn e neral—equal

Relative potency of do age | 2-4 (av 2 5) mg of corti one produces same clinical
effect as 1 umt of corticotroptn giv en ntramuscularly
Hence 100 mg of cortisone = 402 umits of cortico-

tropin
Antirheumatic potency In general-—cqual
Site of action On  end-organ  the cell | Only on re ponsive adrensd
level* cortex
Routes of administration
Oril Actine* Inactine
AMaamal ehinteal effect of
single dose 1n 4-8 hr
Intrumuseulr Slow effect 12-24 hr Regular  preparation—
Only 1-2 dailv doses re rapid effect 68 hr
quired maumal clmeeal cffect
\Mauimal effect in 8-12 hr 4-0 he 2-# duly doses
required

Long ncting, prepary
tion—slow effect
12-244+ b 1-7 duly
doses ruquired

Intravenous

Onset of offeet Rapid

Rapid

Duration of effcet | Faurly <hort | t rolonged
Tocal joints bursus eyes| Mfiectne 'Incﬂ'vcu\c
Contamination None Mummal (posterior and
intermediary pituitary
substance)
Sensttis ity anaphy Rare or absent nonantr | Oecasionally antigenic
lactie reaction genic*
Refractoniness  gradual [ Oceasional (?) Earlier preparations—
on of antirheu common
i et Newer " preparations—less
w comimon

#Sec  Over all usefulness

10 last hines of Table 8 on next page
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Table 8—(Continued)

185

Corlisone and Hydrocortisone Corlscotropm

Tfiect upon adrenal cortey

Histology Atrophy (reversible) Hy pertrophy (reversit1e)

Function Depresse 1 Increased if adrenal

responsiv e

Tosthormonal adrenocor
tieal insufficiency

May be notable if with

Le s notable (2)
drawal 13 rapid

Effect upon anterior pitut

tary
Histology Altered (reverahle)

Function “ceretion of endogenous corticotropin minbited

Production of undesirable
physiolopic effects =
siie effects In general—compirable

In pre ence of contraimehica

tions
Hvpertension Ireferred

Ldema Ireferred

Cardiorena] Preferred

Nitrogen loss before

treatment Ereferred

Oser all usefulness
chronie rheumatie dis
eases

Generally preferred be
cause of pomnts starre
(*) on preceding page

Valuable for special u es

of cortisone hydrocortisone and corticotropin for intravenous use After
tablets of cortisone acetate became generally available in December 1950
the reports on cortisone especially 1ts long term use in theumatod arthntis
mcreased Now reports on hydrocortisone are increasing

The simmlanties and the important differcnees i the phy siologie chmeal
and other effects of cortisone or hydrocortisone and corticotropin are out
hned 1n Table § 8916 ¢ w0 ¢1-8s

Patients Selected For our first study the patients selected had severe in
flammation and disability  but intra articular destruction was not marked
the discase was  reversible not hopeluss The results obtained showed the
propriety of such a choice Although the hormones greatly influenced the
reversible aspects of rtheumatoid arthritis they exerted no influence on its
irreversible effects

Subsequently other physicians used the same entera for o time but
when hormonal supplies mereased this careful Limited selection was aban
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doned  Patients treated have meluded young children wnd adults of alt
ages %92 The divease was mild or moderate 1 some, evere 1 most of the
€a5es Teported 717950964 Although some patients had had mimmal trest
ment prior to the use of hormones, most of them had recenned “almost
evervthing ' analgesies physieal theripy, duets, 1 tammns gold .alts (aither
without relief or with tosic reactions), copper and orthopedic measures

Many of the eases veported to date have been unswtable for treatment
with hormones if not  hopeless, because of a predomimance of irrey ersible
changes But it 1s understandable that phy sicaans treated their most severehy
affected patients and that the latter wanted to hay e their chanees for mted
reliet The cevere testing {some worhers hiuve called 1t an impossible testiog)
which the hormones haye recen ed has demonstrated cluarly ther kumitations
as well as therr unprecedented antirheumatic potency

Exanunation of Patients before and dunng Treatment Tarlir patients
were subjected to many cxammations and laboratory procedares hefore,
during and after treatment These were made to discover contramdiea
tions to deterrmne wdrenocortical responsyyeness to corticotropin o meas
ure progress to control or provent undeurable reactions and to uncoser the
mechanim of hormonal aetion Through them wcre ditermmed the bro-
chemieal and metabolie disturbances which charactenze hypercortisonsm
{se¢ Jater discussion of hy pereortisomsm on page 213) and the boundaties of
safe dosage But expenience disclosed that treatment could be vontrolled by
caretul chnieal supervizion axded by a few simple tests

General Results Irrespechive of Choice of Hormone Dosage or
Duration of Treatment

Charactenstic Response Chmcal The general pattern of cluueal 1m
provement as first desenibed? has proved to be eharacteristie 2 8% 97-19¢ Lese
emng of subjective symptoms begins nsually withm two or three days,
sometimes within a few hours after the first doses of cortisony, & drocort
sone or corticotropin Within o few days muscular and artwcular shiffne
aching and pam on motion and artsemdar tenderness and snelling uswally
deerease  \s treatment s continued thereafter further mmprotement 1s mon
gradual sometimes being interrupted by minor flares The muvamal over all
1mprotement occasionally deyelops after o few or sever il months” treatment

Panients commonly note mereased strength lessened toxema improved
appetite with gann weight andincreased mental and physieal vigor Fc\e;
of present commonly disappears Rheumatord nodules and enlarged Iyrap
nodes sometimes dimnish 1 st7c or disappear Lularged spleens may dimiti-
1 ko size Fleston contractures if moderate and of fairly recent duration,
may disappear dunng treatment af of long standing they are unaffected

S nly shhtls
« 1;:::;1;mr}cal :nd Metabolic Trythrocvte sedumentation rtes (I S s}
are u~ually reduced Concentrations of hemoglotin nnd ery throcy te muuf‘q
of anemic arthritics often increase Total leukoevte counts usually waereas
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Eosinophil counts are commonly reduced notably by corticotropin but are
not affected conwustently by cortisone When hy pcrglobulinemia 1s present
reduction of serum globuhn usually oceurs and albumin globulin ratios tend
to return to normal Unmnary corticosteroids are imncreased by cortisone or
corticotropmn Urinary 17 hetosteroids are mereased by  corticotropin
vanably affected by cortisone

Sigmficant alterations n the concentrations of electrolytes in blood or
tissue are usuallv not produced (within the first few weeks at least) by small
or moderately large daily doses cortisone 100 mg or less in men 70 mg or
less in women corticatropin 30 to 40 mg or lessmmen 25 to 30 mg orless
n women But such doses given persistently or larger doses often produce
an mereased excretion of potassium and ehlonde with a resultant hypo-
potassemic hy pochloremic alkalosts

General Effectiveness As antirheumatic agents the hormones were con
sidered umque 1n thewr dependability speed of action, and effectiveness
Results were commonly deseribed as marked or dramatic 1019 Practically
all patients with actrve but reversible disease developed marked re
lief 19 —18 The percentage of patients with active disease who have been
completely unresponsive to the doses generally used has been about 2 or 3
per cent Results were less striking wmong patients with severe disabshity
and httle or no inflammatory activity

Factors Modifying General Results The pattent s age sex or weight of
themselves had no nfluence on results Patients of all ages responded well
and women who tolerated effective doses responded as well as men * 197 But,
fewer women can tolerate the more effective doses Lessened tolerance
though statistically greater among females may be related to some physio-
logic difference which may not be as umisexual as now appears Vlenopausal
or postmenopausal women tend to have a lower tolerance to the hormones
than those who still menstruate regularly ® &

There 15 no direct relationship between hormonal effectiveness and the
duration of the disea e when the latter 15 considered per <e 1e results hasve
been about the same 1n cases still considered muld after many years as o
mld cases of recent onset 58 197 10%

The term secerity of disease means the intensity or seventy of the active
mflammation which 1s rever 1ble and not the amount or severity of the
erppling deformrties which are irreversible The two are often confused
Disregarding momentarily the important matter of tolerance the sev erity of
the rheumatie mflammation does not per se nfluence results 19 The most
dramatic results have occurred 1n severe cases given enough hormone the
most severely affected patient usually responds a remarkable demonstration
of potency But from the standpoint of practical therapeutics the sey erity
of the disease exerts a most decisive influence because 1t more than any
other known factor goyerns the dosage required for full chinieal effect Assa
rule the more active the disease the higher must be the early suppressive
doses generally but not always this 1s also true of the later follow up or
mamtenance doses ? 615019 195-111 Rheumatoid patients with disease severe
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enough to require high doves usu iy find them to be effective eyen tolerable
for awfuie but not mdefitels

Results were often reported without separating duration and <eventy
Thus to different wniters an “old severe ease’ meant {a) onen whnch years
after the onset of the discase severe inflammation was present but not
necessartly severe deformitics () one of long ~tanding with marked enppling
but hittle or no active inflimm thion or {c} & ¢ e with both seyere iflamma
tion and deformuties Severity and duration of discase, combined with
deformties, have been found to lcssen notahly but not to exelude entirely
the chances of a worth wiyle resnlt #3900 ws 1

bevere eachewnia reportedly abolishes the effectivencss of cortisone ot
corticotropn 8 19

The Patients Variable Responsiveness Notable vanatons m the
responsnveness of rheumatod patients to well tolerated doses of cortisone
or eorticotropin were reported A guven dose of a potent hormone ehated 2
different response in different patients or 1n the same patient from time to
time even when the disease s severity seemed to be constant This vanable
responsiveness was multiphasie Thus one patient s biochemucal abnormalt
ties were 1mproved more than s svmptoms Other patients obtaned
marked relief without changes i the LS R eircufating eosinophils ot
urinary steroids'™ remaned essentially unchanged

Ieligren Janus and their associates!*s=#7 studied the responsneness of
rheumnatoid patients to single doses and three-day courses of cortisone of
carticotropin A gnen dose of either hormene produced not only “full
symptematie relicf’ but also signs of hypercortisonism mn some paients,
no cffect of ay sort was observed m others

Many factors may mfluence responsiveness to erther hormone ¢g rates
of hormonal absorption or destruction degree of tissue responsiitiies
amount of tissue requirement and the level of endoenous corticosteroids
at the tume the exogenous counterpart 1s gaven 94 8

Specual Clinicopathologic Effects

Ocular Lesions 1n Rheumatoid Arthntis &ystemic or topieal therapy
with hormones has gnen excellent results n rheumatoid cases with acute
plastic® 1* or nongranulomatous ntis,' ' acute fibrnous ndocy ch
11879 211 Leratoconpunetinitis ¥ scleritis and cpusclertzs } 1 410 In
flammations of the anterior segment of the eye have commoanly responded
well to topical therapy with cortisone or hydrocortisonc m cye drops oF
ophthalmie omtment Results from hydrocortisone cqualed or surpls ed
those from cortisone ?¢ Inflammation of the posterior ~egment generally
required systemic treatment '** Qceastonaily o previously unaffected eye
would partieipate mn a relapse on withdrawal of the hormone ' ,

Tuno patients with moderatels adyanced Sjogren s v ndrome! ® did not
respond to a short course (500 mg ) of corticotropin But another patient
with rhenmatord arthnitis dry eyes and dry mucous membranes had tears
and salna after treatment for nme days with corticotropin # One case
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reportedly responded to hypophyeeal implantation '** Multiple seleral
nodules of 2 patients with rheumatord arthnitis and scleromalacia perforans
dimimished or disappeared during the intramuscular use of cortisone These
nodules were histologically 1dentical with the subcutaneous rheumatod
nodules al o pre ent m 1 case Involutionary histologie changes developed
m 1 east but in the other the histologie picture changed hittle if at al] 10-13
The re ults obtamed by Quinn and Wolfson *3 who gave unusually large
do es of long acting corticotropin for from 13 to 220 dvvs to 33 nonrheu
matic patients with ocular discases are discuseed at length i Chapter 11

Synovial Membranes Biopsies of synovial tissues, usually of the knees
hefore during and after use of corticone or corticotropin disclosed reduction
of synovial mflammation by the hormones Histologic improvement was
mild moderate or marhed depending upon the length of time the hormones
were given and upon the patient s response  The =ynovial tissues though
almost always improved were not fully restored to normal ® 3% Improve-
ment consisted of reduction of the cellular reaction with decrea ed numbers
of plasma cells and lvmphocytes reduction of papillary tufting reduction
or absence of deposits of hibnn les ¢ned edema and evidence of fibrous
healing Such improvements resemble those whieh oceur during spontaneous
remt 1oms '* 3% Repeated synovial studies can now be made comvemently
by punch biopsies’$7-11 despite some hmitations

Subcutaneous Nodules Duning treatment subcutaneous justa articular
nodules have become less tender softer and smaller (sometime s appreciably
smaller) and sometimes {ragmented * Small or recent nodules have ocen
cronally disappeared completely ® 7102 11111513013 11-3 They have been
seen to become smaller during each course and larger between courses of
treatment *

W hole nodules or haly es of nodules have been remoyed before treatment
and compared with others removed during or after treatment Observed
results have varied 411415 14 14 [t recording to two comprehensive studies
the following occurred Spontaneous involutionars changes commonly
developed 1 nodules of untreated patients The.e were accelerated by the
hormones which hasten regression by preventing the occurrence of further
activaty 1% The central necrotic zone became poorly defined The surround-
ing layer of large mononuclear cells 1n palisade formation sometimes prac
tically disappeared The outer zone of conneetrie tissue became more
dense or hyalinized and 1ts charactenstic round cell infiltration marhedly
dimmshed "2

Lymph Nodes Enlarged 1y mph nodes have dimimiched mn size during
use of cortisone® or corticotropin % 8 1¢

Intramuscular Inflammatory Lesions Thew characteristic but non
pathognomonic lestons present 1n more than half of rheumatoid patients 147
consist of imflammatory meronodular collections of lvmphocytes and of
degenerative lesions In patients giien cortisone or corticotropin mflamma
tory nodules disappeared or decreased degenerative lecions mproved to a
les er extent 14
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enough to require high doses usually find them to be effcetin e, even tolerahle
for awhile but not mdefimtely

Results were often reported without separating duration and <ev enty
Thus to different writers an “old severe case” meant (a) one m which years
after the onset of the disease severe inflammation was present hut not
neeessartly <esere deformities (b) one of long standing with marked crippling
but little or no active mfl immation, or (¢) a case with both seyerc nflamma
tion and deformities Severty and duration of diease, combined with
deformities have been found to lessen notably, but not to exclude entirely,
the chances of a worth while resnlt 98 %0 10 105 1

Severe cachewa reportedly abolishes the cffectrveness of cortisone or
corticotropin #6 t3

The Patients Vanable Responsweness Notable vanations m the
responsiveness of rheumatoid patients to well tolerated doses of cortisone
or corticotropin were reported A given dose of a potent hormone elicited a
different response m different patients or in the same patient from time to
time even when the discase s sevenity seemed to be constant This vanable
responsiveness was multiphasic Thus one patient’s biochemical abnormalt
ties were 1mproved more than his symptoms Other patients obtaned
marked relief without changes m the ESR errculating eosmophils or
urinary steroids'* remained essentially unchanged

Rellgren Janus and therr associates's'7? studied the responstseness of
rheumatoid patients to single doses and three-day courses of cortisone of
cortrcotroptn A given dose of either hormone produced not only ‘full
symptomatic rehef” but also signs of hypercortisonism 1n some patients,
no effect of any <ort was observed 1n others
Many factors may influence responsiyeness to either hormone eg rates

of hormonal ibsorption or destruction degree of tissue responsrieness
amount of tissue requirement and the level of endogenous cortrcosteroids
at the time the exogenous counterpart 15 given 101 119

Special Chinicopathologic Effects

Ocular Lestons in Rheumatoid Arthnitis Systemic or topical therapy
with hormones has given excellent results i rheumatoid cases with acute
plastie™* 19 or nongranulomatous 1ritis '2¢ acute fibrinous 1ndoeycl-
t1s,79! 1% Leratoconjunctivitis ?* scleritis and cpisclerttis ! 21415 In
flammations of the antertor segment of the cye have commonly respanded
well to topical therapy with cortisone or hydrocortisone m cye drops or
ophthalmic omtment Results from hydrocortisone equaled or surpassed
those from corticone ! ¢ Inflammation of the postertor segment generally
required systemic trcatment ! ? Occasionally a previously unaffected eye
would participate 1 a relipse on withdrawal of the hormone ' 7 "

Two patients with moderately adsanced Sjo ren s syndrome? did not
respond to a short course (500 mg ) of corticotroptn But another patient
with rheumatoid arthritts dry eyes and dry mucous membranes had tears

and sana after trestment for nme days with corticotropin ** One case



RWEUMATOID ARTHRITI> AND OTIHER RHEUMATIC OR ARTICULAR DISE4sPs 181
Table 9

ADPRENAL WEICKTs OF “NORMAIS RHEUMATOID AND NON\RHEUMATOID PATIENTS
witH AND WireoUT HomstonaL TREATMENT

W esght of Payred
Cases | Adrenal Glands Gm) | o for
Classification Studied | V) ences
verage Range
Normal {eontrol) Age (3rs)
Birth 70 159
90 160
1 47
2 58
334 69 181
5 80
1 93
20 116 160
Adults (traumatic death) 50 83 581131 1e
Adults (traumatic death) 12 935 61-135) 163
“onrheumatic adult patients
No hormones 60 10 64-18 4} 163
\o hormones 42 [126x05] 80192 164
Corticotrapin 8 1180 843201 »
Cortisone 16 98+04| 50168 ] 164
Adult vheumatowd patients
No hormones
Corticotropm alone 1 350 62
Furst cortisone then eorticotropmn 1 20 4 7
Cortion alone 6 0 2 56210 t
First corticotropin then eortisane 2 27 9 4-16 0| 163

* Our eases 1950-1951

1 Our cases 1950-1953
‘ cytologic destruction attmbuted to a holocrine type of response pre-
cipitated by the combination of hormonal agents'®” However no such
ey tolysis was found 10 many other patients given first one hormone then
the other 113 155 157 188

Cortisone and Corticotropin Gwen Concurrently The morphologic effect
of cortisone upon the adrenals of animals can be prevented or counteracted
by the concurrent use of corticotropin ' Y but no morphologic data per
tient to this consideration are available m human bemgs as yet

Comment Because material 1 hmited current opinion 1s tentative
furthermore most observers have not differentiated the hormonal responses
of the ad 1s and p s of th d patients from those of non-
rheumatod patients

Many factors govern development of morphologic changes Of most
obylous mmportance are total dose and duration of treatment In general
faurly large amounts of cortisone (2 000 mg or more) are required to produce
sigmficant atrophy of either gland ¥ but mdividual responsiveness causes
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Spleen Splenomegaly deercased 1 certan eases of Telty s on
drome 148 149

Effects of Cortisone and Corticotropin upon the Morphology of
Piturtary and Adrenal Glands in Rheumatod Arthritis

Until recently little attention has been paid to the piturtary and adrenal
glands of rheumatowd patients at necropsy Consequently Mttle 15 known
about the morphology of these glands 1n rheumatord patients who have not
been treated with hormones except that m routme studies no sigmficant
changes have been reported 50-% Of special interest therefore 13 the
report of Pearse '** who found m each of 9 cases of rheumatod arthotis

a specific change in the mucoid cells (basophils ¢y anophils) of the pituitary
which 1s closely related to the changes seen 1 Addison s disease '

The current widespread usc of cortt one and corticotropin has stimulated
an interest 1 the effects of the-e hormones upon the various endoerine
glands and studies have 1evealed that 1f enough of either hormone 15 gnen
changes m weight cytology cellular chemistry, and function oceur m the
antertor pituitary and the adrenal cortices

Pitwitary Body Admimstrition of cortisone or corticotropin ar both has
resulted 1n the appearince of Crookes hyahne changes n the basophilic
cells of the antertor prtuitary 1 many nonrheumatord patients 14=15 Sumilar
changes have been reported m rheumataid patients treated with cortione
alone or with cortisone and corticotropmn grien alternately 15 15 157 although
to date there appears to be no report on pituitanes of rheumntod patients
given corticotropn alone Rewstance of the prtwitary eells to hy alimzation
occurred 1n a higher percentage of cases of rheumatoid arthrtis than in other
cases i one series 3139157 There was a general correlation between the
cellular alterations and the total dose However the changes ire resersible
hence the greater the intersal between the last dose of hormone and death
the more nearly normal the pitwitary cells appeated But the speed of both
production and reversibiltty varied m different persons 154 188 157

Adrenal Glands Admimstration of either cortisone or corticotropin pro-
duces similar alterations mn the pitwitary However the two hormones have
different effects upon the adrenal glands (Table 9)

Cortisone Cortisone produces reversible cellular atrophy and depletion
of Itpid matenial i the fascicular and reticular zones of the cortex although
the glomerular zone 1s commonly well preserved These changes have been
noted m both theumatoid and nonrheumatoid patients 113 151 158 157 163-168

Corticotropin Corticotropin produces reverstble hy pertrophy and by per
plasia and reduction of lipids 1n all three zones of the cortex at least m
nonrheumatoid patients %318 No data appear to have been published on
detatled morphologic changes in the adrenals of rheumatoid patients who

1cotropin alone
receé‘:v(;(t{szor:z and I;errm-atro‘mn Used Alternately The admmstitron of
cortisone was followed by corticotropmn 1n a cise of lupus ery themuto;\uii
Adrenals were small and thin and 1n the fascieular zone there was marhes
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atrophy by cortisone (3) Adrenocortical response to stress as measured in
experiments]l anmmals by adrenocortical hypertrophy and depletion of
asecorbie acid and cholesterol m the adrenal cortex 1s blockhed by the ad
munistration of corticone (4) Cortisone does not eause further reduction of
adrenal werght 1n hy pophy sectomized rats (5) The histologic appearance of
the adrenal cortex 1n rats treated with cortisone 1s stmilar to that of hy po-
physectomized rats (0) Morphologie changes n the anterior pitustary are
smilar after admnistration of cortisone and corticotropin 184 170177 1t g
possible however, that corticone also exerts o direet effect upon theadrenal
cortex 1

1t 1s well recognized that the primary action of corticotropin 1s to stimu
late the function of the adrenal cortex ' However administration of corti-
cotropin also suppresses the corticotropic function of the pituitary prob-
ably because 1t eauses the production of increased levels of adrenocortical
steroids When treatment with corticotropin 1s stopped this suppression of
corticotropic function results i temporary adrenocortical msufficieney as
mdicated by weakness fatigability hypotension deereased urnary excre
ton of 17 hetosteroids and corticosteraids and relative increase in eosino
phils on withdrawal of corticotropin 17t

Thus the effcets of tortisone and corticotropin on the adrenal cortex
differ duning admumstration Cortisone suppresses but corticotropin stimu
lates adrenocortical function However, both hormones suppress corti
cotropic funetion of the pituitary As a result temporary inhubition of the
cortrcotropic adrenocortical function and potential adrenocortical nsuffi
ciency Tay oceur on cessation of prolonged treament with eather hormone

The penod of admistration of hormones necessary to produce corty
cotropic adrenocortical uppression 1s not predictable there s evidence that
admumstration of cortisone for only five days may cause suppression 1n some
nstances 1% The severity and duration of the climeal evidences of suppres
s10n vary considerably from patient to patient but ordmanly the reaction
has been most marked 1n those who have been treated for more than two
months 1”® Following prolonged treatment for several months or more corty
totropie adrenocortical suppression may persist up to three months rarely
longer 3 199 164 171 379 The relation of dosage to the severity and duration of
the suppression has not been completely defined Our chmical mpresston 1»
that the reaction has been more severe and prolonged 1f the doses employed
produced obvious climical evidences of hypercortisomsm Theoretically
any dose equal to or exceeding the daily physiologic requirement (aquantity
not yet precisely determmed) may suppress endogenous funetion 164

Two Bastc Plans of Hormonal Admimstration in
Rheumatod Arthnifis

From the standpomnt of length of hormonal admimstration there are
two basie plans hut the physian may mterchange them and temporarily
substitute one for the other at any time
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much vanation Thus i ! case some cortical atrophy was noted after ad
munstration of 400 mg of cortisone in 4 diys,'ss 7 ywhereas in another m
which cortisone was given dasly for 287 days, the adrenals appeared to be
small but within the hmits of normal * ' The duration of treatment 1s as
mmportant as, if not more important than total dosage

In no case (unless hormones were actualiy responsible for the ey toly s
1n the casc of Procter and Rawson'®7) have the hormones altered the funda
mental archutceture of the adrenal cortex Morphologic changes are revers:
bie “despite the use of enormous doses o3 er a period of many months, 1
lthough histologie repair may develop rapidly i some cases tarddy
others \o definite statements have been made concerning the speed or
degree of reversibilits (1) as between pitustary and adrenal responses to the
same hormone, or (2) as between the effects of cortisone and those of cortt
cotropm upon erther gland

Both the pitwitary and adrenal changes are secondary and compensatory
m nature the pnme factor in both caces hemng the mereased concentration
of ewrcuiating adrenocortical steroids

Tnally, tlandular form and function are two different matters and
either restoration or degeneration of cells as visualized microscoprcally may
develop at a speed different from that of alterations of function Abo a
giand s basal function and 1ts reserve function are two different matters
Therefore 1n attempting to relate these important data to the field of prac
tieal therapeutics 1t must be realized that maintenance or recovery of
glandular form does not necessanly indicate recovery of normal function
and that a gland s reserve function 1s not necessarily normal or adequate
for stressful situations even though its hasal function 1s chnteally adequate

Effects of Cortisone and Corfrcolropin upon Function of the
Puturtary and Adrenal Corfex

Adminstration of cortisone temporanly suppresses adrenocortical fune-
tion as evidenced by (1) decreased urmary exeretion of 17 ketoste rowds
during admimstration of cortisone (50 to 75 mg ) (2) elimical mamfestations
of adrenal msufficiency (weahness fatigability and hypotension) on with
drawal of cortisone (3) decreased unnary excretion of 17 hetosteronds and
carticosterotds and werease 1 eosmophils when admimstration of cort: one
15 stopped (1) decreased abuhity of sdrenal cortex to rcspond to mrh(-gtropm
after admumstration of cortisone as measured by exerction of 17 keto
steroids or corticosteroids response of eostnophils or clinieal response )
morphologic evidence of adrenocortical atrophy following, admimstration
0[ cortisone 35 113 147 156 167 183~165 171 .

owerer, certain obscryations suggest that temporary adrenocortteal
smeufficiency on withdrawal of cortisone 1s largely 4 result of the suppre sm;\
by eortisone of the rorticotropic function of the anterior pituwitary (£}
Decreased <erum leyels of corticotropm follow admmstration of curhcune]

{2) Admimistration of corticotropin pres ents the production of adrenccorticsl
R
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hormonc are the standard procedure Although cortinone tablets are con
ventent, corticotropin may be employed A course of treatment commonly 18
comprsed of three phases or dose periods for (1) suppressive doses (2)
stephke reductions in doses and (3} mantenance doses

Cortisone Tor a short time a piming dose of 300 mg was used, then
suppressive doses of 100 mg TRecently the trend has been toward imitial
doses of less than 100 mg for only a few days and slow reduction thronghout
the course ? 49 95 303 111 180-18

Hydrocortisone Though equally appropriate for short term or course
treatment hydrocortisone has been used mostly for prolonged treatment

Corticotroptn Tarly suppressie doses were high 40 to 100 mg daily
then reduced®® *° about 50 per cent Recently suppressive doses usu
ally have been 40 units or less daily with correspondingly <maller doses
thereafter

Length of Courses Corttsone and corticotroptn were gnven varously for
one to eight weeks (total dosage 3 to 4 Gm ) % 97197 Wide differences of
opmnion as to the optimal length of a course still persist, recently recom
mended were courses averaging from 10 days™ to 8 months *3

Length of Rest Periods Rest periods sometimes lasted two to six weeks
Length of most rest periods  despite their name and supposed purpose
has heen governed by the return of rheumatic symptoms and not by tests
ndieating normalization of adrenocortical and mtwitary function

Such fived courses and rest pertods often falled to provide optimal
results Therefore as familiarity with the use and the effects of thehormones
ncreased the courses were usually lengthened and the rest periods shortened
to the extent that now the lutter usually are tests of artrcular rather than
of glandular function At the Mayo Clime the doses used and the length of
each course and of the intervemng period have been determined by each
patient s response because no one optimal course for general appheation
has been developed ®t 8¢

General Results of Short-Term Adminstration During Any Single
Course Representative general results from short term or course treatment
gwven in Table 10 are presented without reference to total dosages orlength
of cour es Classifications of results were not always comparable but results
Wwere grouped as closely as possible

The differences between the re.ults mn our first senes of cases? and the
later results of others are ot interest Doses were higher and courses were
usually longer 1n our cases than in those of others 79 99 100 108 155 186 "Therefore
our patients obtaned more nearly complete relief but also more disturbing
undesirable effects 1n other words maumal rather than optimal relief
Nevertheless optimal doses or do es for optimal effect are safer and more
Practicable than maximal doses Courses of a few weeks of treatment pro
duced relatively few sigmbhcant side effects 101108

Cortisone and corticotropn were considered equally effective by those
who gave comparable doses and courses of each to the same patients™ or
who spoke 1n general terms 0 Among cases first reported sy mptomatie
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Pran I INTERRUPTFD on StorT-TERM ADMINSTRATION

Plan 1 provides inierrupted admimstration repeated courses of one or
the other hormone each Itmited to o few weehs or months and followed by
a rest perod (wrthout any hormone) that usually lasts until enough symp
toms return to warrant using the hormone agan The purpose 1s to gne
temporary, optimal—or 1n <selected cases, maximal—rehef, the hormones
being either the major remedy for a imited time or supplemental to speeral
treatment such as correctrve phystcal therapy or orthopedic procedures

Advantages are these Undesited effcets are mmmzed major ones are
rare The cost of treatment 1s lessened unless relapses are severe and prompt
During rest periods adrenocortieal and pitwitary hustology and function
tend to normahze and one can sce whether further treatment 1s required ot
whether a significant remission has developed, the latter may ocrur m
about 10 per cent of cases

1 Repeated courses | oo o ... e
seme hormone

| | . -,

2 Alternating courses Vo oo - - | . s —

3 Concurrent use
Cortisone or Hydrocortisone

SR Corticotropin
T16 22 Vanations of Plan 1 the course method

Disadvantages are the relapses which usually develop between courses
the imted ability of patients to readjust to a return of thewr disease and,
1f discontinuance h3s not been done properly the nithdraval reactions

Plan 1 has lost fasor during the past year or two but it 1s still recom
mended by certam workers ¢ We consider that Plan 1 1s mdieated for
rheumatosd patients (1) whose disease 15 eptsodic and charactertzed by
therapeutic or spontancous remissions (2) who are relatively intolerant of
usual hormonal doses (3) who need Jarge doses which 1f long eontiucd
would cause unde-wred effects that cannot be well controlled, (3) who have
conditions, such as peptic ulcer diabetes mellitus or nephritis which are
relatnve contrandscations to hormonal therapy (5) who need one or mort
courses to supplement physical therapy or orthopedic procedures or )
who are concerned about long term treatment

Programs for Plan 1 Courses are individualized Sex eral factors are 1n
volved chorce of hormone gencral Jevel of carly and also Jater dose rate
of reduction, length of course and the Jength of time between courses
Several varants are shown 1 Figure 22 Itepeated courses of the same



RHELMATOID ARTHRITI AND OTHER RHEUMATIC OR ARTICCLAR DISEASEs 107

did develop to a given anmmal species of corticotropin <ometimes necessitat
g & change to a diffcrent type

Vanants of Standard Plan 1 \artous modifieations of the standard plan
have heen tned 1n hopes of finding a supenior scheme namelyv (1) a quich
on agam-ofl agamn u ¢ of cortr one *® e g corticone for two tosey en'days
with treatment free intervals of three to <even davs (2) large do es (100 mg
of corts ont dailv) for a few days alternating with smaller do es (00 to 75
mg daly) for a fen davs and so on ' (3) high do es (120 to 200 mg of
cortt one intramu cularly) on alternate days only 2 ' (4) repeated courses
of corty one—some tapered some not—with a vanant gien to see whether
the adrenal cortex might 1mprove or quichen 1ts accommodation to dis-
rontinuance of treatment ? (o) a short cour<e of very high or excessne ’
doses 111 (G) alternating courses of cortisone and of corticotropin with
mtervals between cour es and (7) repeated short cour-es dunng each of
which both corticone and corticotropin were given daily €1 13 These
modifications have u~ually gnen disappotnting results The sixth and
seventh may desersve further tnal

Supplemental Use of Plan 1 Short coures of corti~one or corticotropin
have been u eful 1n controlling  acute exacerbations when everything elee
fails  al-o as adjunets to correetrve physical therapy mampulation and
other orthopedic mea-ures for the correction of deformity #0296 156 19+-198
Short-Term Use of Special Hormonal Preparations Corfisone Pellets
I d Sub Ty A few rh d patients recerved implanta
tion of pellets of cortisone results if any were of short duration 131149

C: pin Gven Iy \ dose of corticotropin given intra
venously by slow infusion ts much more effectine than a similar quantity
given intramuscularly ® ° Continuous 24 hour mfuston provides a maxa
mal effect but 13 impractical for routine use because of discomfort yenous
thrombosts or cellulitis which may oceur ° But &hour infusions of 10 to
20 US P umits (dissolved 1 200 to 1 000 cc of o per cent solution of dex-
trose 1 distilled water or <ahine solution'” %) are useful and have the
therapeutic effect of 100 to 100 umts of Iyophilized corticotropin 7! Such
mfustons are indieated (1) when large intramuscular doses of corticotropin
are inadequate (2) to combat resistance to corticotropin given intramusen-
larly and (3) to reactnvate quickly cortisone inhibited adrenals 113 o1 o1 o5

Anaphylactie reactions have rarely developed in patients with normal
adrenal function but patients should be watched closely during the first
20 minutes of infusion *® Patients mav note early warmth sweating and
flushing of shin °!** Resitance to torticotropin given intrasenously does
not develop even when resnstance to the sume amimal species of cortreotropmn
given intramuscularly had previousty occurred 8

Undewrable effects have becn quahtatively the same as those from
intramuscularly admuustered corticotropm but they may appear earlier
because of the enhanced effect Therefore dosages must be watched carefully
and low alt diets (2 Gm daily) and potassum chlonde (18 to 54 Gm
daily) should be presenbed 1f intrayenous treatment 15 gien for more than

1




196 MEDICAL UNES OF CORTISONL
Table 10

SHort TFRM Ust or CORTISONE OR CORTICOTROIIN 1IN RHEULMATOID ARTHRITIS—
ResuLr or ColBSF TRLATMENT {lLAN 1) REPRCWENTATILE REPORTS

Relief
(L ercentage of paients treated)| 11y
Tl Farr
Workers | Hormone Used | ‘Fronted | 17, or Poor
Less oder | et
1)
o | Warkett | Mol ipercent
plete
Hench and co
worhers? Cortronc§ a2t 57 38 o
Hench and co
worhers? Cortrcotropm§ o o7 33
Total—Mavimal Do cs o7 59 37 4
(16 (10 | (ipa
patients) | patients) | tient)
—
Bilka1®
Tlolbrook and
eo workers® | Cort1 one 131 12 06 12 10
Ficber and
Gallmor™
Roseaberg and
o
Po morkers'® | Corticotropin 79 2 6t 32 5
Giflmor
Steinbrocher and | Cortisone and
co worhersio | Cortrcotropn . 9
(Results _not 2 B 40 54
separated)
Total—Optimal Doses 282 [ 7 ! 58 ‘ 28)—7J

#90 10 95 per cent rehef of symptoms

#75 to 90 per cent relicf of svmptoms

+50 to 75 per cent relief of symptoms or Stage 1T of Stembrocker s % classification

§ Doses were larger and courses were often longer m. this early series of ca es thwnm
the others hence these results are not meluded 1n the totals gisen 1 the last ine
relief was sometimes greater from corticotropin than from cortisone becausc
corticotropin’s greater potency by weight was not yet clearly appreciated
and the doses of corticottopin were physiologieally larger than those of
cortisone 79 113 118157188 Because of wmdividual responsiencss certamn pa
tients have ohtained better (occasionally much better) results from one or
another of the hormones

During Subsequent Courses of the Same Hormone A later course or
subsequent courses of the sam¢ hormone usually produced results similar
to those obtained mtially Refractoriness did not dev elop to cortisone but
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Polictes of Dosage Although most physteians agree on the general
policies there 1s no agreement with regard to the best general level of dosage
Actually slmost all physicrans subsenibe to the same over all policy on
dosage gne enough to provide noteworthy rehef without sigmificant un-
desired effects But in practice they differ i their concept of the dose
required to accomplish this Physicians are divided smong those who con
sider that rather ngh doses are usually required those who consider that
laner doses somewhat closer to the physiologie are commonly effective and
those who generally u<e do es somewhere 1n between 369 102 vs 21

F Level dose With-
F drawal
E
ob E o
Currentf ~

High-low

T T T

Hormone - mg

Low ~higher

Lowest effective dose

T TITTT

Time Weeks ond months

Fic 23 Three main dosage programs for prolonged hormonal therapy level
dosage fallng tughlow dosage and a riing low higher dosage The first
high level pattern (brohen line) eg cortisone 100 mg daily indefiutely as firsg
used 1s obsolete but a low level pattern (solid line) 13 used currently 1n selected
cases Two svarants of the fallng  highlow  pattern are currently used one
wvolving larger pharmacolegie do es and one mvelving smaller paraphysiologic
doces In the nsing  low higher pattern small possibly meffective test doses are
grien first then inerea ed gradually to the lonest effective do e

Schemes of Dosage The prol d h 184 of rh il
arthritis would be greatly simphfied if one superior scheme of dosage could
be devised Instead the process of individualization has re<ulted in the

tablish of many sch The phy , then has a chorce and can
tarlor the scheme to any gnven patient

Components of a Dosage Scheme The components of a dosage scheme
mclude the over all direction of dosage or changes m doses (Figure 23)
whether (1) more or less level (2) 1 general down gradually or rapidly or
(3) gradually up at least for a while If the <econd type 15 selected there 13
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two days ® Despite intense adrenocortreal actiation, adrenals became
hypoactive within one or two davs after such therapy was stopped Renold
and associates ® gae an eight hour mfusion on the second and fifth days
after the last of the daily infusions to prevent withdrawal reactions

Long Acting Corticotropin %3 207~ v The duratton of a satisfactory chnical
effect from early preparations (Adactar Armour) was vanable amounting
to 24 hoursn some cases but usually less 207 The efficiency of a given 24 hour
dose was only about 70 per cent of that of an equal dose of the aqueous
solution gien every 6 hours n divided doses An mjection of corticotropm
gel once  day has satisfied patients whose daily requirement was small But
when patients needed a total of 30 to 40 units duly two injections each day
have wsually been required Improtved preparations have been made but
their uscfulness for rtheumatoid patients has not been reported 17!

Corticotropin Peptides Sexcral corticotropin peptides have been actine
physiologically, but they are not available commercially Climeal and
metabolic effects were like those from corticotropin protern 343117 0 1

Prav 2 Coxtivuous or ProLonGED HORMON AL ADMINISTRATION

This plan involves the prolonged use of one or another of the hormones
more or less contmuously usually for as long as the disease 1 actuve and
ean be suppressed satisfactorily by well tolerated doses Its purpose 15 to
provide as much relief for as fong as possible without significant adverse
effects When satisfactorily apphied 1t prevents the relapses psychologic
readjustments and withdrawal reactions charactenstic of Plan 1

Its disadvantages are (1) the bmited tolerance of some patients toin
definite use of worth while doses (2) increased liability to undesired effects
if relatrvely bigh mamtenance doses are required, (3) cost of contmued
medication and of medieal supervision needed for an optimal result and
(4) mashing or delayed recogmtion of a spontaneous remission ( hould one
develop during, prolonged therapy ) if hormonal withdrawal 15 not attempted
every so often

Offering hope of prolonged relief this plan has a strong appeal to many
rheumatologists and patients It has been made feasible by the introduction
of cortisone or hydrocortisone tablets and of long acting corticotropin Pro-
Ionged admimistration nvolves more of 2 calcutated ri~k than the course
treatment But its disadtantages have been lessened considerably by time
and experience

General Policies of Prolonged Treatment To test the disease s actiuty
and the patients continumg need for treatment imost physicians favor
gradual discontinunce of treatment routinely either at predetermuned
Intervals or at some ndeterminate time when sy mptoms remain 1 abey ance
despite progressive dose reductions Vost physicians state that not maumal,
but submaximal or optimal relief 1s the goal 1€ rehef of about 75 to 80 per
cent of symptoms or to the extent that the patient car work or lxl;e m
reasonable comfort probably usmg older treatments as supplements :lt::
few belies e that with carcful supervision maximal relief may be 1ttempt
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a penod (1) for ¢ priming doscs  (ane to three days) (2) for suppressive
doves (3) for dose reductions and (4) for mamtenwnce doses with several
factors to be considered tn each pertod The size of the first suppressive dose
must be determined whether high medium high or medium, and the
duration of the penod of suppressive doses This involves deesding on the
Jength of time the fixed suppressive dose 1s to be used before dose reductions
are begun, or 1if graduated suppressive doses are used, the length of time
hefore maintenance dowcs are reached

In the dose reduction periad the components are {a) the general size of
each dosc change which i all goes well 15 & decrement but sometrmes 1s a
temporary imcrcment o booster dose  (b) the length of time each new
dost 15 used hefore the next change 1s made (¢) the over all duration of the
peniod of dose reductions until mamtenance doses are used In the man
tenance dose period factors to be determined are (1) the size of the first
dose which the physician regards as a mamtenance dose, (2) the length of
time spent in reducing the mantenance dose to zero and (3) the size of the
increments or deerements used 1in making any neecessary adjustments m the
maintenance dose Since any one or several of these factors vary from case
to case a dosage scheme constitutes a rather complex formula an mdiidual
hormonal prescription \o two rheumatord patients are hkely to have had
the same formula

Vanants of the Dosage Scheme Reviewmng the deselopmental changes
that have been made 1n dosage schemes since 1948 one finds 11 different
patterns (Figure 24) consisting of 8 vanants of the high low program 2
varants of the level dose program and 1 low lgher program In general
each variant was designed to correct some fault m an earlier scheme or to

obsolete 1n our opimon Pattern 5 ts obsolescent although it 1s often employed
Patterns 6 to 11 are in current u e Among our group the following are employed
most, frequently DPatterns 6 7 and 10 an indrvidualized ver 1on of Tattern 6 for
severe arthntis Pattern 7 for most patients and Pattern 10 or 11 for patients
with mid or A A, sed on old irreversible changes

Pattern 1 The high level pattern—prolonged (51 to nine months) administration
of a high or fully suppre stve do & Paltern 2 A Tugh or full dose Liven for <everal to
many weehs then g half dose This was the first hugh low program Pattern 8 A
high priming dose for one day thereafter Pattern 2 Pattern 4 A full suppressive
dose daily for several weehs until maximal chnwal effect 1s obtaned next graduated
reductions of d¢ ¢ then a relatively fived mamtenauce dose Pattern 5 A Ingh
primm,, dose for one to three days then a full <uppressive dose (gencrally 100 mg
dailv) for about two to five weeks thereafter graduated reductions of dose to main
tenance doses Patiern 6 A full suppressive dose for only one to two weehs others) e
smlar to Pattern 4 Pattern ~ The fleuble pattern with the length and dosage
mdividuahized and made fleuble throughout graduated reductions of the nd:
vidughized suppies ive do ¢ from the very b gmmng no ficed suppressive, dose
no semifixed mamtenance dose (Figure 29) Paltern & Coadmimstration of corty
cotiopin imjected mtramuscularly and cortisune given by mouth Patiern 9 First a
ma lerately hagh test dose next an early hooster dose then a graduated matntenance
dose I attern 10 The low level pattern the modern version of Pattern 1 Pattern 11
The low higher progam Early use of a low (probably ineffective) test dose then
its pradual meren e to the lowest effective therapeutic jovel
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Fia 24 The e do e priterns refer almo t exclu nvely fo cortisone except for
comtnnation with cortseotrapin (acTH 1n I attern & and have not coneerned (AR
cortwone although the Iatter can be used in the ame wiy latterns 1 to 4 e
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«nedo es (about 7o mg ) nstead of igher ones (around 100 mg ) the former
being ncreased 1f neces ary 1n some cases (o) apphcation of the prineiple
of do e reduction from the beginming of treatment 1¢  during the early use
of <uppressine do es mstead of weeks later, (6) abelition of all routine or
fited periods or fived do-es bv substitution of a pattern of continuous flext

bility and individuahization of desage Iatest developments have been the
two low-dosage schemes the low level pattern and the low higher pattern

B+ these progressive refinements the mewdence of signmificant hy pereorticon-
1sm has been lowered without material reduction of the chnieal results and
the actual long term climeal result has heen improved

F1 26 Feet of a patient suitable for con ervative hormonal treatment according
to Dose Patterns 10 or 11 In a patient with some inflammation superimpo.ed on
trreversible destructive changes there 15 a tendency to heep increasing the do es
beyond the realm of the practieal or the possible If initial improvement 15 obtained
the patient hopes for more and more relief but hormanal therapy eannot relieve
symptoms due to mechanical stresses and old deformities This patient responded
slonly but well to doses of cortisone 50 mg daily the do es then being gradually
reduced over many months

ynopsis of Dosage C Used mn P d Ad
Smce the various results (desirable and undesirable) reviewed here are
mtimately related to dosage the doses used must be reported But most
physiaans have gradually been idopting reduced dosages Therefore the
doses mentioned even 1n recent references are not nece sanly being used
now by the worhers cited

Priming do-es of cortisone varted from 150 to 300 mg given mtramusen
larly and from 100 to 225 mg gnenorally doses of corticotropin ranged from
75t0 150 umts given for one to three days Dose and duration depended upon
the disease 5 seventy © 69 69 100 107 109 11 187 213015 Athoyugh priming doses has
ten mu cular relief shghtly they have no other helpful effect may inerease
the chanees for hy percortisonism and should be disearded * 7526 150 152 215

The suppresstv e dose of cortisone given mntramu culatly or orally vared
from 100 to 400 mg daily 1n evere cases 3897 10710912 06 14 (5 u¥ gyt of



202 MFDICAL USLS OF CORTINONF

surt the needs of certain rheumatoid crses Vamants 1 to 4 are obsolete or
not commonly used the remainmg seven are all used Until recently most
reports concerned Patterns 5 and 6 But these have been discarded by ome
workers 1n favor of one or another refinement (Patterns 7 to 11)

No one pattern can be apphed routinely m all cases and the physician
should seleet that which secms best for each patient For the past tno years
our group has been using Pattern 7 1n most mild or moderately sex ere cases
and 1n some sevcre cases m women Ior s ere disease among men we prefer
to use an mdnidualized version of Pattern 6 but sometimes hase tou e
Pattern 4 Tor old chronie disease with mild or moderate mflammation

+ 'sﬂb 10
x mg 25 .
A
- — [

Flore m

Tic 20 Pattern 7 A fleuble pattern for prolonged use of cortisone or hydro
cortisone with complete individualization of treitment—no fived doses or dosage
periods Botiom section (left to aght) Daly doses for flares for minor vanations of
symptoms—no merement for muild flare—imcrement of 5 mg may sufhce for
modeiate flare—first nerement 5mg second 5 mg if necessary or if the patient s
experience with flares dictates 1ncrement of 10 my, or so then rapid reduction as
flare begins to recede IT corticotropin 1s u ed doses should be about 10 per cent of
those of cortisone acetate or about 32 per cent of tho e of hydrocortisone (free
aleohol)

supertmposed on 1rreyversible changes we often use Pattern 10 In cases of
1t toid arthritis plicated by an important relative contramndication
to use of hormones such as diabetes or inactive tuberculosis Pattern 9 or 1L
15 appropriate For prolonged administration most workers have gnen
cortisone orally therefore the patterns of Plan 2 are explained m terms of
cortisone (Figure 24)

The important changes or refinements which hay e been made in the more
commonly used huigh low dosage program have meluded (1) the early use
and later discontinuance of priming doses (2) the itroduction of doe
reductions {a) at first unsuccessfully when the decrements were too lﬂrllze
(50 mg ) and later (b) successfully when decrements were smaller (former! }f
125 to 25 mg now ucually 25 to 10 mg), (3) the continued proczsa 00
shortening the high suppressive-dose period from the early prolonge ll]:5
to a penod of several weehs then a few weeks and now about two wecl
o(:' Jess except In seyere cases (4) the common use of moderate-sized suppres
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oped Mam worhers regarded mdefimtely prolonged treatment as mdicated
m selected eirefully managed ca es and the vsh thereof acceptable mn the
face of progiessive rheumatord arthritss Prolonged uninterrupted treatment
with cortisone or corticotropin has been continued for penods of 12 423
to 34 months M4 23-2 2 gnd more than three years for at least several patients
Corts one was selected for most cases hut corticotropmn has been used for
4 vear” to 20 months 1'* Hydrocortisone by mouth has been given con
finuously to 1 of our paticnts for more than two jears

Treatment was mnterrupted from time to time more or less routinely by
some physierins to see whether a remivston had developed or to permit
normalizatjon of pituitary or adrenocortical histophysiology Predetermined
Test periods at intervals of four to six months  '*3 51y to eight months %7 or
evers 12 months 2 were recommended The rest period lasted from a few
weehst® 157 {o three months 2 3

General Results of Prolonged Admnistration The general results have
varied considerably depending upon the selection of cases Some reports
concerned only carefully selected cases of reversible disease others con
cerned chiefly badly di abled enpples being rehablitated by physical and
orthopedie therapy supplemented by hormones Statisties based on such
mived data are of hittle 1alue

From published reports we sought answers to the following questions
What happens to 100 average theumatord patients with reversible disense
of average scventy started on long term hormonal treatment” How many
discontinued treatment and why ? How many can continue treatment” I or
how long? And with what results”

In many excellent articles the results obtamed in patients still under
treatment are discussed but little or no mformation 1s offered about those
who discontinued treatment Seven representative reports contaming data
on both types of patient arc summarized m Tables 11 and 12 Length of
treatment (usually with corticone occastonally with corticotropin) vaned
from 1 to 24 months the average could not be caleulated but was probably
about g year Of the 216 patients who started prolonged therapy an ay erage
of 77 per cent were still being treated at the time of the reports Treatment
was discontinued for four reasons (1) a chimeal result msufficient to justify
continuation (2) undesired effects or complications (3) a satisfactory remis-
<10n with symptoms remaming 1 abeyance during and after graduated
dose reductions to zero and (4) reasons untelated to treatment Of the
related reasons none was absolute and the reasons given n each report
tended to reveal the writer s policies of treatment and dosage

The less tolerant the physician 1s ot hypercortisomsm 1n his patients the
fewer will be the discontinuances necessitated by undesirable reactions and
the more will he those ascribed to nsuffictent chimeal results and vice versa
Qur own pokicy 1s revealed by the fact that only 2 of our 17 di continuances
were necesuitated bv unde wed cfiects We aswduously averd sigmficant
hypercortisoms m instcad using do es smaller than those preferred by
many rheumatologists we reduce them 1f mild hypercorticomsm begins to
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corticotropin from 40 to 100 umts daily 187 W18 The suppressive do ¢ has
almost als 4ys been 2 fived dose Thes fied dose was grven untd conteol
of the drease w1 obtuned The puniod vaned from 9 dass m mild eass
to 18 1 severe cases 3109

Such doses were often unnecessantly high sometimes much too hgh
\mong our first 100 paticnts gnen cortrsone orally 7 satisfar tary suppres-
1an was obtamed (usially within two weeks or less) i 31 per cent by dails
doses of 72 mg or less and w20 per cent by >0 mg daily

‘the time spent m progressing, from suppre e to muntenance do s
saned from about 10 days to 10 wechs, this time depends chiefly upor
sesenty the s17¢ of the deerements and the number of te<t davs for each
new dosc ' 7 Deercments of cortisone iarted from 5 to 2o mg The fet
pertod for each lower dose was 3 to 14 days Thus patients were usually wen
once or tnace » week, sometimes every 10 to 14 days then the ned lower
dose was used if proruss was sitisfactory

Muntenance dose onginally meant the smatlest dose sufficsent to control
the patrents symptoms satisfactorly but rot neces_unly completely
without sygufic ant undesirable effects 1t refers to mamntenance of an optims!
result not to muntenance of ¥ dose hus as a rule the mamtenance do @
should provide i optimal not o mucimal response 787978 99 Bug the
mamten nce dose cannot accomplish the same results for the badh crippled
as for patients with reversible disease Tt should enable the latter to perform
datly routses 8 1'%

Misinterpretation of the of the term dose hishd
m many cases {1) to the protracted use of a maintcnance dose that was
etther too hugh for the patient or needlesdly high tor the disease so that
hy pereortisonsm dey eloped slowh and msaidiously and (2) to the premature
acceptince of the wea that 1n all cases treatment would be rcqulred m
Jefinttely with the juent abandi ¢ of effort by physeran and
patient eventually to taper the dose to zro

The optimal mamntenance dose must be mdrvidualized a» requirements
vary not only m different patsents but m the same patient from time to time
A year or two ago mamtenance doses of cortsone were usually S0to 75 mg
occasionally laiger or smaller 7% 19 When moderately low, “safe ! mamn
tenance doses were reached, there was some tendenty to redax offort to
lower the dose further But further reduction espeerally if done very gradu
ally was often percformed suecessfully Thus mauntenance of relicf was
aw rihed to dails doses as low as 6 25 to 120 mg of cortisone’ M and 2 to
12 units of corticotropn B b 1% 553 14220 2

With regard to durition of prolonged treatment the two customs pre wail
g vere mndefintely protongced treatment and routute mterruptton of treat
ment at predetermined mtervals Prolonging treatment mdefimtely was
customary among physictans who had rarely seen a spontaneous remssion
during course treatment It was aleo customary m treibing a patient whe
responded will to treatment but relapsed fter each of one or more muru;
Treatment was not mterrupted unles mtolerance or refrictormess dovel
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216 patients who began trcatment results were very satisfactory m 56 per
cent because 5 per cent had gone 1nto a remission (completencss not stated)
and ol per ccnt had recersed marked or very marhed relief from contimuing
treatment

Table 1

RestLry oF 1 RoLONGED HoRrMoN AL TREATMENT OF RHELVMATOID ARTHRITIS PATIENTS
StiLL RECEIING TREATMFNT

Pabients Sull | Symptomatic Relief from Continusing Hormonal
Continuing Treatment
T reatiment 1 ercentages*
Peference
t
Ter Lattl
No | TerCent| oo, 1 Varked | Woderate | Stught| ,\'"
— |
Dwion i 13| 6 10 l 21 32 5
|
Ku ell and |
Schaffarzich 3 | 12| 71 | 18 6
Wingfield and
¢o workers?® 8| 80 20 10 20
Rowe and co i I
worhers 9 \ 82 18 ] 3" 18 9
Copeman and co
worhers® 18 a0 20 30 2o 15
Boland? 60 ; 79 24 30 15 1
Ward and co
worhers? 16 "3 11 20 >0 3
Totals 166 e 17 34 20 5 1
Generalization 70-80 15-20 20-40 15-30 5-10

« Percentages are all caleulated to melude the discontinuances 1¢  on the basis of the
number of patients starting treatment (216 of Table 11 Column 4)

Excluding the discontinuances and recaleulating the data i Table 12
with the number of patients still under treatment as 100 per cent (instead
of 77 per cent as m Tables 11 and 12) results were as follows very marhed
rehef 1n 22 per cent marked relief 1n 43 per cent moderate 1n 27 per cent,
slight 1n 7 per eent httle or no relief m 1 per cent This tabulated series of
166 patients still receiving continuous treatment can be almost doubled by
adding the 152 patients of Cohen *** Holbrook ** and Stemnbrocker and
assocnates 1° all of whom werc under prolonged treatment Because figures
on eertain results were .ometimes combined as 1n the case of marked or
‘moderate rehef and no data were given on discontinuances the statistical
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progress Such reduced doses were elinically madequate 1n 8 or 13 per cent,
of our 63 cases wnd treatment was stopped

In Table 11 the discontmuances ascrnibed to undesirable effects or com
plications ranged between 3 and 16 per cent, but thoee attrbuted to un
satisfactory chinieal results nere a rather uniform 10 to 16 per cent This last
percentage depends as much 1f not more upon the physician s poliey regard
g selection of cases as upon hormonal ineffectiveness The incidence can
teadily be increased by overliberality in the selection of more or less rre-
verwble cases with mimmal chimeal activats

Table 11

Resvrts ot Pro1ovGeD HoruowiL TREATMENT OF RHEGUATOID ARTHRITI
D1 cONTINUANCES

© tumn £ z '5 4 6| 7 ’ 5 ‘ 9 ’ 10 n[:
H mo 1Teatm tDsue 1 uedfor ¥ rov
Re s
D ¢
R {,,,’,,'7;,’)' B
s 1 of
T at
m ¢
R g |4
D uon 13 It
sl ndSh1| 1+ 17
fr b
Wogf Mad o 4 10
w ks
Rw deo 5 It
wo k1
Copm nande
B lani 61 10 76
W dand o s4]15] e
wo kers
Tl 4 e 16
Gope | tonnp L l 0-30 10-15 10

The present compilation does not support the pessimism of afew earhc(;
workers who Lept drop off tatlies The inference was that of patients starte .
on prolonged treatment few would still be recenving treatment after Dneot:t
tnoyears Hovever it will be noted (Table 11) that the percent iges l?tment
of the categories are as good 1 the two lurger series which tre Oxlnlhe
averaged 10 and 15 months as m the others with shorter treatment
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In Boland’s espenence with 40 patients 3 there was a u eful dis om1ation
hetween the antirhcumatie effects and certam metabolic effects of hydro-
cortr one, 1n that corticone induced undewired effects tended to dimiaish
or diappeat when corticone acetate was replaced by hydrocortisone (free
aleohol) given 1n smaller but equalls antirthcumatie dose No sigmificant
dissocaition i< apparent imong, our 19 1 s mwhich the dfedneness of
hydrocortisone (frec aleohol) mdd cortisone acetite was comparcd

Corticotropin  Prolonged treatment with corticotraptn (aqueous) his
bun administered to relitinely few patients 2 3 Of 35 patients gisen
cotticotropin by Holbrook and as oclates # for 68 to 19 (average 94)
months 20 per tent obt uncd complete <y mptomatie remission and 40 per
tent more than 20 per cent rebief 20 per cent hid unsat factory results

Sopp esawe and mowtenance oy

dase of bath
Suppre s ve dorer—both

Mont nance doser—ortso ¢ YT R wmaveomimmosnirwrrio et
Suppress ¢ do  s—corticolrop

M itenonce dos s—borh L

—

folo gad  e—cort one

Cort coltopir—1-2 x pe W ¢k St L LA L 0 2 L, 20,000 (o

Prolonged te—c

Corco on o0a 4 102 woek 1 (777700 L AT TETTLT >
weray

EZ}cortisone or Hydrocort sone
R corncatropin
Fie 27 Comluned hormonal therapy for prolonged u ¢

larpely because of progresave refractonness to corticotropin Doscs were
from 10 to 10 umts dmly In Markeon s 57 patients treated from 2 to 21
months 42 per cent had excellent impros ement (75 per cent or more relief),
52 per cent obtamed good (18 to 7o per vent relief) and 6 per cent poor
Tesults

Progressive, resistance to corticotropin has been a major problem but
his has been overcome to a great cxtent by the recent mtroduction of more
punfied prepariions

Corticotropmn 1% not givens miravenousty for long penods

Corficotropin Gel o detmled re_ults of the prolonged use of the newer
Ppreparations of long acting cortiotropin sn theumatord arthritis have come
to our attention \lamtenance doses of only 10 to 26 USP umts gren
once ¢very day or two have been suggested 72

Cortisone and Corticotropin Used Concurrently Concurrent use of
cotticotropin and  cortisone 1s under mestigation by various work
Cry $3999233 240 [y, ipsufficent data are available for evaluation of results
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analysis provided certam defimte figures and certain approumations Thus
of the 318 patients who continued treatment, 17 per cent (5o patients) had
very marked rehief and about 43 per cent, marked relief a combmed figure of
60 per cent compared with 03 per cent 1n the smaller <eries (recaleulated m
Table 12) It would appear therefore that the smaller group 1s representatne

Results of prolonged treatment reported by others?* are comparable
to those tabulated

Comparative Results from Prolonged Use of Different Hormones In
general, clinteal results 1n cases of rheumatoid arthnitis from the prolonged
use of cortisone hydrocortisone, and corticotropin have been compar
ahle #7980 ** Cortisone tablets have become the preparation of choice be
cause of therr avalability and ease of admmustration But intramuscular
mjections may temporartly be preferable to the tablets under specal ar
cumstances such as acute gastroenteritis preoperative and postoperatne
care of hormone treated patients with rheumatord arthrnitis or the rare
cases of faulty absorption from the mtestines 78 109

Table 13

Crrvicar, ANTiRREUMsTIC COUPARISONS*

Appronimate (average)
F puualents
S
Our 2 4
S Bolan
I
Oral to oral {divided daiy doses)
Hjydrocortigone (free aleokiol)
To cortisone acetate 1122 1159
To hydrocortisone acetate 1158 [1197
Cortisone acetate
To hydrocortisone acetate 1136 |1135
Cortisone (free alcohol) to cortisone acetate 1105
Orl (dnvided doses) to ntramuscular Freyberg™
Cortisone acetate oral to cortizone acetate mtramus
cular 1070t011

* Responses ameong indsvadual patients vary considerably Therefore these compatt

Bons are approsunate

Hydrocortisone Boland estimated that the antirhenmatie potency of
hydrocortisone (free aleohol) 15 on the average more than 50 per cent greater
than that of cortisone acetate and about twice that of hydrocort-onc
acetate (Table 13) Our own recent study of 31 patrents confirmed Dol’u{z}d:
generl conclusions The ratios of matntenance doses as used by Bolan
and us™ are compared 1n Table 13
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Doses were 37 5 to 50 mg for larger jommts 10 to 1o mg for smaller
joints Doses of 875 mg were no more effective than those of 50 mg *#
The «mall doses commonly used were thought to produce no systemic
hormonal effect, however we have noted mild systemic effects 1 some
cases, espectally 1f the total amount njected at one time exceeded 37 > mg
Artiular renctions ot curred 1 about 2 per cent of the patients and were
severe i degree on occasion but lasted only one to two days Complications
such as infection were very rare

Intra articular mjections of hydrocortisone constitute palhative non
speafic local treatment for a sy ~temic discase and are of imited value but
under certain circumstances they may be useful as m monarticular theuma
toid arthritis or when one joint of & polyarthrntis is the major problem

Other Preparations of Cortisone or Hydrocortisone Cortisone esters
less soluble in plasma than cortisone acetate were no more effective than
cortisone acetate Hjy drocortisone (free aleohol) and hydrocortisone acetate
were equally effective Therefore the superonty of hydrocortisone acetate
over cortisone acetate 1s not related to relative solubility 24 248 3

Corticotropn  Injection of 20 mg 1nto three jomnts produced no relief
but was well tolerated ¢

Waorsening of Patients during Treatment

For any patient continued relief during treatment results from the
balancing in his favor of many factors When a patient s condition slowly or
rapidly worsens while he continues to recenve doses which previously had
been effective the ruason may or may not be difficult to identify The
responsible change may be in (1) the actinity of the discase itself (2) the
patient s natural (nontherapeutic) reststance to it or (3) the utiization of
the evogenous hormone by the patient s body The dicease » activity 1s n
fluenecd m known and unknown ways by the aggressiveness of the unhnown
etiologic agent and by aggravating factors such as trauma weather changes
and menses The patient s resistance can be altered by intercurrent infec
tion nutritional defietts and other conditions The effcctiveness of hormonal
treatment can be altered by anything which disturbs the logistics involved
m dehvermg to the peripheral cells a workable fraction of the much larger
exogenous do ¢ which the patient has taken hopefully by mouth by needle
orby vemn

Lven though his disease and resistance remun constant the patient s
condition may worsen if a ignifieant change develops n any of the factors
Telated to the hormone eg 1n its potency or punty the total daily dose
{or even the division thereof) the manner of administration the fate of the
hormone before or after entering the blood stream 1ts chemieal structure
en route to the target cells or the responsiveness of the adrenal cortex if
corticotropin 1s given Lven though none of these factors 1s altered the
patient s condition may worsen if the ultimate amount recerved by the
mflamed tissues 13 dunimushed by udden hyjacking act vities (from an 1
creased need) on the purt of competing nontheumatic cells orif the capacity
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of long term treatment (Figure 27) Salasea and others'™ hase stated that
1t 15 improbable that corticotropin combined with cortisone or hydroeorts
sone will eliminate the nsh of imparred adrenal insufficiency  Although
adrenal hyperplasta may last for some interval after use of £X0genous
cortrcotropin 1s discontinued “there is reason to doubt that increased fune
tional activity of the adrenal cortex does 50" Since corticotropin appears
to be as cifective as cortisone m producing histologic prtuitary changes 1t
would seem safest to assume that the endogenous secretion of corticotropn
15 depressed by exogenous corticotropin and that postoperatne adrenal
msufficiency 19 just as hkelv to follow corticotropin therapy as cortisone
therapy 7 84

Suppl tal Use of Prol d Hormonal Therapy 1n the Rehabilita
tion of the Crippled Crippled patients are far from rdeal subjects for hor
monal therapy but when flammation 1s still active therr desire for
1ts suppression 1s certmnly understandable Prolonged use of cortisone
during rehahlitation his given varable results, sometimes surprsingly
good 8995 U323 11243 sgmetimes negligtble

One of the chief problems in treating erippled patients 13 the difficulty of
determmning the ratio of resversible to irreverstble changes If a well tolerated
dose gises hmited results the tendency 1s to merease 1t a httle more and
then a ltttle more m the hope of reversing the irreversible thus doses bevond
tolerance are often used * To avoid this in such cases we have fayored the
use of Treatment Pattern 10

Intra articular Administration of Cortisone Hydrocorfisone
and Corticoiropin

Cortisone Acetate Doses of 20 to 50 mg  sometimes 60 to 100 mg , have
been mjected mto the jomnts of 50 or more rheumatoid patients with Iittle
or no benefit 79194 ¥~ Some Injections were well tolerated  many
caused tran<ent local writation

Hydrocortisone Acetate In about 250 patients local results hxve
been more striking from 1ntra articular jections of hydrocortisone ace
tate?™ 3424 48246~ 23 than from cortisone given by the same route Reduc
tion of pain sweling and stiffiness and improved furction developed 1
85 per cent but were marked or very marhed 1n only about 50 per cent of
the cases Relief almost always began wrthin 24 hours often withm 2 to
4 hours, 1t commonly lasted 2 to 7 days sometimes 2 weehs and oceasion
ally 1 to 4 months 5129 Articular abuse after mjection tended to nullify
relief Improvement might accompany the first but not later mjectrons or
1t mught not develop until afier the second or third 1f none appeared after
the third njection further mjections were considered useless Re ults did
not relate to the local articular seventy Effects were rarely additine
Synovial cell count and mtra articular temperature were reduced 1 ISC(‘JSI(\
of synovial flud was 1nereased 258 Synovial biopsies revealed no histol 0‘.:17
effect from a single mjection but gave evidence of healin, after severa

1njections 24
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(4) a true theumatoid flare, often spontancous and related to overactivity
or emotional stress

Incidence of Exacerbations The neidence of articular exacerbations
during hormonal therapy has not often been reported Of 63 exacerbations
experienced by o0 patients, 6 were produced bv emotional upset 13 by
wmfection 22 by dose reduction, 8 by cessation of treatment and 14 by
unknown causes *

Resistance to corticotropin developed 1 8 per cent of the 100 cascs
studied by Renold and co workers®! and m 3 of 20 cases studied by Goslings
and associates 3% but was not seen among patients treated by others 3 9 92 180
especially those treated with corticotropin for short terms Of 73 patients
3 became refractory in time to mereasing doses of either corticotropin or
cortisone ! Re 1stance develops rarely, if at al! from the use of the newer
purified preparations of corticotropin 7 198171 35 > Wersening of symptoms
from resistance to corticotropin given mnt larly can best be diag d
and treated by (1) changing the species of corticotropin (2) ging test
doses mtravenously or (3) snitching to cortisone

The diagnosts of corticogenie hy pothyroidism and the escapes blamed
thereon are reportedly based upon studies of uptake of radioactive 10dine
and serum levels of protan bound 10dine metabolic rates may be normal
or low % In such mstances 60 to 180 my, (1 to 3 grs ) of desiceated thyrod
extract 15 said to restore responsieness 6 But detailed case reports me
difficult to find and i our group we hayve seen no cases in which refractor
ness could be completely explained by the appropriate tests or was relieved
by thyroid extract 8 6 Slocumb ¢ has stated that many eases of supposed

resistance to cortisone represent mn fact msidious commonly unrecog
nuzed hy percortisomsm

Wi Owing to “P: t " of Hypercortisomsm * It 15
Slocumb 8 opimon ¢ 1 which we coneur that certain previously unrecog
mzed manifestations of hypercortisonism superficially simulate arthntie
symptoms m rheumatoid patients and wn patients who have lupus ery-
thematosus In the past these svmptoms often have been erroneously econ
sidered flares of rheumatod arthritis occurring erther spontaneously or
because of resistance to hormones Manifestations of the pseudorheuma
tisa  of hypercortisomsm must be differentiated from true rheumatod
flares snce the presence of hypercortisonism 1s an indieation for reduction
rather than mcrease 1n dose of hormones (Table 14)

Manifestations [hesy mptoms consist mainly of (1) excessiy e fatigability
with weakness (2) aching i muscles and jomnts often diffuse and (3) emo
tional 1stability In contrast to the fibrositic symptoms of a true rheumsa
tosd flare these are made worse by physical or mental effort and are improy ed
by rest Aspinn heat and physical therapy do not help much, 1f at all
although at times the rest assouated with some treitments does give tempor
ary relif Sy mptoms tend to he cychic Periods of re tless energy mental

* The term hy percartisoni m 15 used here 10 a non
effects of exce sve doses of eortisane by drocortisone o

peafic nelusive sence indicating
T corticotropin
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of the inflamed cell to respond to 1ts previously adequate hormonat atlow

ance 15 suddenly altered The continumg cffectiyveness of a gven dose taken
by mouth depends, at the least, upon the relati e constancy of 1ts absorption
by the intestines or the degree of 1ts (presumed partial) 1activation by the
Tiver, through which most of 1t must pass To be constantly effective mtra

museular doses must continuie to undergo the same sort of reception and
handling by the tissues as that which they had previously met Fuven dosesof
equal s1ze given mtravenously must, having run the gauntlet of the several
organs which arc capable of altering them be comparable m size and
strength when they reach the peripheral cells

When all these factors are considercd 1t 15 a wonder that rheumatoid
patients are  stabilized ’ as often as they are by the continued use of esen
tiilly the same dose from day to day

In the precortisone era (the gay bachelorhood of rheumatoloyy before
the latter’s sudden thought provoking union with endocrinology) the
worsening of a rheumatord patient was explaned simply as a rheumatic
flare and that was that But now one must try to differentiate between 2
true simple uncomplicated rheumatord flare a worsemng due to under
dosage a pre or post-withdrawal articular rebound and worsemng asenibed
to hormonal unresponsiveness nactivation refractoriness resistance, addre
tion or escape '

Articular exacerbations have been blamed on the following actual of
hypothetic developments (1) reduction 1n dose, use of a smaller test duje
which proves to be madequate (2) nappropriate division of the day’s
totaldose (3) a change 1n route of 2dministration, as from a dose of corticone
given orally to the same dose gnen mtramuscularly (4) temporary refrat
tormess resistance or unresponstieness to corticotropin or cortisone {?)
corticogentc hy pothyroidism 1nduced by cortisone or corticotropin (6)
severe eachevia (7) emotional upsets (8) intercurrent infection, {9) trauma
from overexertion (10) changes n weather (11) spontancous flares or 1t
creased severity of the rheumatic process (12) adrenal unresponsiyveness to
cotticotropin  (13) adrenocortical dysfunction from disturbed cortical
metabolsm, (14) ascorbic acid defictency (15} altered adrenocortteal
responsneness reduction of output of endogenous cortisone (16) formation
of antibodies to corticotropin itself regardless of species of the source,
(17) 1mereased tissue requirement or need resulting from superimposition
of vartous stresses (18) increased tissue desire or habit the adaptation
of tissue cells to the ugher levels of eirculating steroids ““cortisone addic
tion”, (19) development of sheletal <ymptoms (from hypercortlsonwmh)
sumulating but not constituting a true flare and (20) progresstve Wit
drawal of hormones 5 8 30 98 101 109 159 171 01 07 54-233

Of the many mechantsms which may actually or hypothetically pr
a theumatism like flare during hormonal treatment these four seem t; u(;
to be most defimte (1) a transient flare from any single improperly Ju %id
dove reduction (2) development of resistance to corticotropm imccand
intramuscularly, (3) diffuse #pseudorheumatism  of hy percortisonism,

oduce
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Tatle 14—(Contentued)

1 seu forheumatssn of

Rhewnotod Exacerbation Hypercortisontsm

Effect of (continue1) Usually helpful Yoorly tolerated especially 1f
1hvsteal therapy fatizung
A prn Usualls helpful Dots of 26-32 Gm daty

usually of enly shight benefit

Tfect of corts one
Total daily dose Tosufficient for current | Lxeessne  produetion of hy
actnity of disease percortisonistn

Single fraction of day s| Inttle or no relief even|Transient partial relief  re
dose eg the next temporanly primng  effect lost in 4 to
regular dose 10 hours

Increased total daily | Relief f increase suffi {1 motional mstability m
dose cient creased musculoskeletal
sympioms and fatigue may
be better temporarily but
eventually will b worse

Cradunl reduetion of | } \hient becomes worse |1 itient improses  with  or

dose without temporary aggeava
tion for o time after each

reduction
Psychie features IDiscouragement propor | Mood fluctuates euphoria and
tional to seventy of | restless energy alternating
disease with emotionalism irrita

biity and mental es well as
physical fatigue

Cercbration \ore or less normal Memory for det uls poor
ESR Tacrease ususlly propot | Aay remam harmonally de
tionate to flare pres ed even normal but

may slowly merease as hy
pereortl onism ncreases

Other mamifestations of | Often none frusent Usually present although
hypereortisomsm often slight

stimulation euphoria and relative freedom from musculoskeletal symptoms
which may follow rest or a dose of cortisone will alternate with periods of
weahness exhaustion diffuse aches and pains and emotional mstability
to the pomnt of crymng The latter periods are apt to occur when the patient
13 fatigued or when the effect of the last dose of coitisone has waned
Symptoms of hypercortisomsm have appeared within a month of starting
treatment with large doses but may not appear for many months if smaller
but still excessive doses are employed Although women especially 1f post
menopausal are more prone to develop these exidences of hypercorticomsm
the symptoms also occur 1n men
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T <EUDORHLUMATISM OF HlYILRCORTISONISM

Table 14

Dirrrre
ExackrBation

MEDICAL UsEs OF CORTISOME

NTIATION FROM A Ruetyiron

—

Patient s common com
plaint

—_ ]

Chuef charactenstic

Rheumatord Exacerbation

I seudorheunatiam of
Hypercortisonism

My joints are worse

I 'm worse—worse all over

Usual arthritic exacerba
tion charicterishic
synowial fibrositie and
systemic worsening

Cvelie swmngs (of a few hours)
from comfort and encrgy to
aching fatigue depreswon
Complaints more  diffuse
vague pun soreness nching
stiffness Iatient may vary
terms and complaints

Relation of subjective
complunts to objective
data

Froportional

Daisproportiondte  subjectne
complamnts out of all propor
tion to objective findin,s

Chief location

Jomts fibrous tissue

Museles and jomts usualh
diffuse  ache all over

Tnergy and motration

Likely to be decren ed

purts of

Cychie  changes
drve

energy and restles
later fitiLue

Articulir sy mptoms

Signs

Increased

Often no merea ¢ when patient
1s Tested

Increased synovitis

Little or no mcrease 10 syn0
vitis still hormonally sup
pressed

AMuseular sy mptoms

Signs

May be ncreased but
wsuzlls less thw m
101nts

Prominently mereased

Tenderness of muscles
usually less than that
of joints

Marhed generalized tender
ness often more marked ;n
muscles than 1n jomis

General response to ex
ammatro:

Characteristie of severity
of diseise

Hyper enutive often touch
me not reaction as I psy
chogenic rheuratism

Lffect of
Re t

Increased jelling

Eatient feels

better unle 2
effect of pretjous do ¢ o
hormone has worn off

Erxercise

1atient may feel better

Iatient feels worse pirtnt

larly if activity 1s fatiqung

Heat

Usually helpfut

Little benefit except from a so

ciated rest
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2 and negatine for both i 1 The eficcts of roentgen therapy were less
dramatic but Iisted longer 29

Cert un spondy litie patients wce g en combined physical therapy and
roentgen therapy, later hormones if necessary In some cases roentgen
therapy 1nadequate by 1tself might be g1\ en dunng prolonged use of cort1
sone Opmnions on the protectine action of corticone agamnst irradiation
achness have differed The deleterious effect of total body irradiation of
mice %1s enhanced when cortione was given just hefore irradiation 2*?
But the roentgen do es used for spondy litis are so low that the combmation
<eems without danger to man 27

Juvemle Rheumatod Arthntis Still's Disease Jusenile rheumatod
arthnitis or Still s diseqce 8339 0227 131- 7¢ commonly remams active for
years and does not often stop at puberts Interference with epiphyseal
growth may lead to excessne deformties Amylmdosis 7777 develops fre-
quently *7 \ortahty rates mn recent studies were 8 to 34 per cent at an
average age of 13 o years 2 7¥77 7 The do es of hormones required for treat-
ment haye depended more upon the sevcrity of the disease than upon the
child s size or age Certamn policies of others have been to gine (1) as the
optimal 1mtial dose the smallest amount producing painless artieular
movement ™ (2) for small children about half the adult dose for larger
children nearly the adult do~e °? (3) as the maintenance dose about 1 mg
for each kg of body weight 103

Daily mtial or suppressine do es of cortisone varied depending upon
the seventy and age of the child from 20 to 100 mg 21932 7 71278 of eortr
catropin from 19 to 60 umits® 7 \lamtenance do<es of cort1 ane were
usually 2o to 50 mg  of corticotropm 1 to 10 units *  ° Small maintenance
do es of a European brand of corticotropin 1 to 4 umts daily were reported
successful 3 ° Treatment was commonly gnen 1n courses of 10 ta 30
days each but was continued satisfactonlty by some investigators for weveral
months®? 199 191111 o g6 days 2’ Rermiwtons seemingly developed more
often m children than in adults

In general children deyeloped the same unde ired effects as did adults
but these usually occurred earher in the treatment smnce the doses required
were greatcr per pound of body weight A few children given corticotropm
tended to have hypertension (this happened less often with cortisone) or
contulsive phenomena more frequently than did adults % and 1 child
died after a sudden convulsion * Flind retention and po.sibly cerebral
edema may have been responsible Beeause of this seyeral physicians r com-
mended salt vestniction for children recening the e hormones 97 7 31 \o
edema developed when -alt was restnieted Children often were raxenous
and the fat grl syndrome  was noted *** Henee the ealoric intake should
be not 1n excess of that required for normal weight and growth

Studtes were made to ee whether the hormones would interfere with the
grooth of children who already tend to have growth disturbances As
retardation of general growth from hormonal therapy has been noted m
nonrheumatic children 1t prohably can occur 1 ehildren with rheumatord
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The musculosheletal sy mptoms resemble somew hat those of psy chogente
rheumatism Aches and pains tend to be diffuse rarely locahzed to jomts or
specific areas of muscles The patient 1s frequently hypersenwitive, and the
touch me not reaction 15 often cxhibited upon mital pressure on a certan
spot whereas repeated pressure on that site may eheit noticeably less marhed
tenderness Symptoms tend to be out of all proportion to the objective
evidence of synovitis which may be almost as well suppressed as it was n the
earlier days of the treatment when results were satisfactory The ESR
vares It may be low or not mereased 1n proportion to the ecomplaints or, if
the hypercortisonism has progressed 1t may be high

Increase 1 dose of hormone may afford temporary relief of musculo-
sheletal symptoms and fatigue but pey chomotor sy mptoms and other ob-
lecttve mamfestations of hy percortisonism are mereased, after a time even
the musculosheletal sy mptoms recur and gradually become worse than ever
On the other hand with each small reduction of dose the symptoms may be
aggravated, but improsyement will follow after several days—rarely longer

Treatment These reactions are treated by gradual small reduetions 1n
dose of hormone to permit disappearance of all manifestations of hyper
cortisomsm, this may require one to three months or more often under
supervizion 1n the hospital if the reaction 1s severe Detarls are accomplished
as discussed under Systemic Withdrawal Reactions—Provention and
Treatment—pages 239-242

The Vanants of Rheumatowd Arthnitis

Results of treatment of these conditions with cortisone and cortico
tropin as well as untoward effects and schemes of doses except for children
were the same as 1n peripheral rheumatoid arthritis

Rheumatoid Spondyhitis In early or not too far advaneed cases of thisdis
ease results of hormonal treatment were good to* spectacular 6310 t ¢ &
but disappomnting 1n the severe cases 53197 Lignmentous calerfication and
anhvlosis of <pinal jomnts were not affected Short term use was valuable for
acute exacerbations 263 also for arthroplasties done under the protection of
cortisone 64265

Ocular lesions develop 1n about 20 per cent of patients with rheum'ttozlg
spondy litts 25 Rheumatord iritis was benefited by thesc hormones 1 317
but removal of bilateral cataracts under the protectron of cortisone was
followed by formation of cyeclic membranes 27 and occasionally when treat
ment of mmitis was discontinued the other eye became affected for the first
time 1?7

Our spondvhitic patients with peripheral rheumatoid arthnitis have
responded to continued use of hydrocort: one 7 I

Roentgen and Hormonal Therapy Roentgen therapy is still generj wr
regarded by some as the treatment of choice i most cases of rheumﬂtt;; lt’s
ankylosing spondylitis $ 8 19 10221 6 In o comparative study of the}; etcu
of roentgen therapy and of short term cortisone themp};ln o cases laarl "
noted that results nere better from roentgen therapy in 2 patients equ:
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unde wrable effect aswell as 1 few u eful guides to the control of treitment
but nothing defimite on the b1 1w mecham m of relief his yet been reverled
Although antitheumatie effects are usuaily accompanied by charactenstic
biochemical reictions dissociation of the rclief from any of the phy=ico-
chemieyl reactions studied to date 15 common Furthermore the latter are
widels machfied by the re pon neness of exch pitient

Following are chiractenstic respon os to hormonal therapy depending
upon dosage and length of treatment All references refer to patients with
rheumatord arthntis unless stited otherwi ¢ VMuch of the data reported
are demved from investigative procedures and are net from routine labora
tory studies

Data Related to Blood and Circulatory System Sed Rate
About 90 per cent of patients with aetive rheumstond arthnitis hwe ele-
vated ES R 51717t 9% Dunng hormonal adminsstration the I SR gener-
ally 15 reduced usually marhedlv and rither promptly but sometimes
slowly or mcompletely Chinieal results have sometimes been excellent
although ES R s have remamed high 99112 14150 3930 Conyerely  the
ESR may decrease notably yet the chmeal re pon e mav be poor or
disproportionate 13 14 150 Reduction of the ES R bears 4 general but not
an absolute relationship to dosage At the onset of treatment there 1s often
a delay of 3 to 12 days? 8 befure the ES R starts to decrea e even though
relief mav have been prompt In repeated cour-es responses to comparable
do es are about the same

Relapses during treatment are not always as oclated with mecreasing
ESR s nor does a sudden merease during treatment necessanily indieate
an impending relap ¢ But sigmificant or progres 1ve clmical wor ening 1
commonly associated with an increase in the SR

Sedimentation Rates as Guides to Treatment Estimations of the SR
have a strictly limited value m this respect The trend of the rate is useful
not the rate at a given time One should not at the onvet of treatment wait
to reduce the imtial dose until the ES R has started to fall for the rate
generally falls as dose reductions are made unless decrements are too large
Above all one must not treat the ES R The pattent s status (subjectine
and objectrie) and not the ES R should be the basis for changes in doses
But whenever the rate begins to ncrease steadily mvestigation s 1 order
The 1nerease may mdicate (1) signrficant underdosage which 1s or will be
accompanied by lessened relief (2) the presence of some complication minor
or major (3) any of the situations related to flares and also apparently to
progressive hypercortisontsm  even though the ESR 15 not commeonly
mereased m Cushing s syndrome *2 1 and (4) on occasion the development
of mild rheumatie or theumitoid carditis 7!

Sedimentation Rates after Treatment After cessation of treatment the
ESR usually increases sooner and more markedly than do symptoms
This 15 another example of di socation The EST then generally ap
proaches 1ts pretreatment Limits but oceasionally 1t may nerease quichly
to alevel higher than that reached before treatment
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arthntis if excessive doses are used But no such rotardation was noted asa
rule m rheumatowd children treated for a few wechs (courses) or for as
long as 9 to 22 months ¥ 19 7 Willuns and assoaates 8 noted evidence of
retarded growth in a child with adrenal hy perplasia Drets liberal s protemn
help to neutralize the ant1 anabolic effect of cortisone *

Rheumatoid Arthntis with Splemic Neutropema Felty’s Syndrome
Rheumatoid arthnitis with splenic neutropenta has responded to cordt
sone”? ¥ and to corticotropin 45149 The jomts and the blood pieture
improved duning treatment Splenomegaly disappeared completely 1o 1
case diminished only shightly in others

Rh ford Arthritis A ted with Other Diseases

Hypopitwitarism  Stmmonds?’ Disease,, Sheehan’s Syndrome A munority
of patients with hy popitutt iism have stiffness or joint pam %= 37 partic
larly of the hnees but definite associated rheumatod arthritis apparently 1s
rare In a case reported recently,® articular response to corticotropin was
equivocal Objective and subjective improvement resulted from corts one
but disappeared after the second course

Addison’s Disease Articular and perarticular pamn have descloped 1
patients with Addison s disease who were given desoxy corticosterone ace
tate (pca) - % Although the association of rheumatoid arthntis with
Addison s disease 15 rare a few cases have been reported recently 2%~ *In3
cases the arthnitis improved dramatically with use of cortisone m daily
doses of 27 to 100 mg * % Corticotropin 45 umits daily rehieved jomt pain
but not fatigue In 1 case ** an articular flare oceurring during the use of
pca disappeared when cortisone was substituted, initially 25 mg of cortisone
daily was not entirely adequate for the relief of joint pamn but later 1t was
effective

Diabetes Mellitus Beginming 1n 1919 and for ycars thereafter Pember
ton and others considered that carbohy drate metabolism was disturbed 1
rheumatoid arthntis because the gluco-e tolerance curves so commonly
resembled those of mild or latent diabetes But frank diabetes rarely affects
patients with rheumatoid arthritis which 15 fortunate m view of the effect
of cortisone and corticotropm upon carbohydrate metabolism 2°7 Most non
diabetic arthritics respond to these hormones without glveosuria or notable
changes i blood sugar 4 2¢ However drabetic patients with rheumatoid
arthritis who ate treated with hormones generally have dev eloped an
mcrease of glycosuna and hyperglycemia As a rule this has required
intensification of treatment of the diabetes whether by diet msulm or
hoth %7 Insulin resistance may mereasc during treatment and deerease o0
withdrawal

Effect of Hormonal Treatment of Rheumatoud Arthrilis upon
Laboratory Data
Biochemical, metabolic and other laboratory data have grven us some
understanding of the development correction and presention of eertain
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no significant alteration 1n clotting time of whole blood and ponted out
possible errors m methods u ed by others

These hormones produce a dramatic fall n plasma fibrinogen?®® which
parallels but ntedates that of the ES R 21 by 24 to 48 hours During re
lap es after cessation of hormonal therapy concentration of plasma fibrino-
zen often rebounded as much as 50 per cent above pretreatment values
mereases which often were not reflected y the F SR

Serum Proteins In rheumatoid arthritis serum proteins may be normal
or abnormal Serum globulin 15 often increased <o that albumin globulin
ratios are rever ed In general cortisone reduces the concentratton of
globulin but does not affect serum albummn Total proteins were reduced at
the expense of globulin and albumin globulin ratios were unchanged or
shightly meréased Vanations of these results have occurred 7 Values for
alpha and gamma globulins increased before treatment 31' were usually but
not always decreased during treatment ¥ as measured by zinc sulfate
turbidity * and electrophoretic patterns 32°* The normalization of protein
patterns of serum «nd synovial fimd dunng bormone induced remissions
resembles that seen during spontaneous remissions 13

Muscellaneous Blood Studies C reactive protern commonly present in
the serum of rheumatord patients disappears during use of corticotropin 3+
Dunng hormonal therapy hexosammne has decreased mn blond and mn
creased m unne #?2° The cephalin flocculation test which was positive
before treatment 1n 2 cases became more positne m } and negatne n
another during treatment 134

The thymol reaction often 15 positive 1n theumatoid patients During
hormonal therapy 1t may become normal ** In 1 case * the serum tryptic
nhibitor level was above normal before and after use of corticotropin
during treatment 1t became normal The level of nonspecific hy aluromdase
mhubitor 1n blood and the histaminoly tie activity of blood were decreased
during treatment #2% * Concentrations of plasmm plasmnogen and ant
plasmin 1n ertrated plasma were normal during treatment 2 ©

The values of serum inorgame phosphorus may be temporanly de
creased 2 those for <erum alkaline phosphatase are not altered durng
treatment # ¢ Serum iron which 1s sometimes low 1 rheumatoid arthmtis
may or may not inerease and the iron tolerance test may be influcnced 24 9ts
Hy pereupremia sometimes present m rheumatoid arthritis decreased during
use of corticotropin and tncreased after withdrawal 3% Among certan
rheumatoid and other patients hematoerit readings ncreased 2 to b ce per
100 ce of blood * ¢ Plasma volume may ncrease®® 3% or decrease de
pending upon the degree of sodium retention The value of packed red cells
may nse without reticulocy tosis 3¢

Capillary Resistance and Permeability Capillary resistancewasinereased
by cortisone or corticotropin given to rheumatoid patients However in
patients with hypercortisomsm capillary resstance may be dimimshed as
evidenced by easv bruiang aud spontaneous petechiae 37313 Cortisone
mhibits the mcreased capillary permeability produced m ammals by 1m
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Hemoglobin 1f the concentration of hemoglobm 1s subnormal—as
15 often the easc in rheumatoid arthritis—t usually mereases <lightly (from
15 to45Gm per 100 cc ) during treatment but may decreace after treat
ment 1s stopped ¢ 84

Blood Counts If ancmas present and fay orably affected, theery throevte
count may merease to or toward normal by 400,000 to 1000 000 cells per
cu mm The development of polycy themua has not been reported

In rheumatoid arthritis leukopenia with relative lymphocy toss 15 com
monly present During treatment the leukocyte count increases to an
average of 3,000 to 21 000% ~3¢ cells per cu mm  poly morphonuclears
may erease notably Lymphacy te counts may be increased decreased or
unchanged 3 92152 0304 \fonocyte counts have been unaltereds!® or
shightly inereased

Eosinophils are far more senaitive than are other blood cells to thee
hormones Eosinopenic responses to various standard doses of corticotropmn
are widely used as tests of adrenocortical function before during and after
hormonal therapy Such tests although they have given useful mformation
have limitations 0% Eosimophil counts vary m different persons and m the
same person at different times even withm one day they are transtenthy
mfluenced by numerous factors including emotion and different batches
of corticotropn  Antirheumatic doses of corticotropin usually produce
marked eosmopenia at least at the onset of treatment * 115 116 but a good
chinieal response 1> not alnays accompanied by notable eosinopema, and
vice versa P9 M 3 As use of corticotroptn 1» continued eoswophiha
may develop slowly a change of species of corticotropin may restore the
eosmopenia  °

The eosinopenic potency of cortisone vartes with the dose and method
of admimistration High and moderately high doses given intramuscularly
to our patients were slownly absorbed and produced relatively constant blood
levels of hormone without significant eosinopema * Oral or mntrwvenous
administration of cortisone usually affects eosinophils notably but dis-
sociated effects have also been common Therefore we and others™™ have
not regarded semal eosmophil counts ss rehsble measurements of the
efficacy of hormonal therapy

Reticulocy tosis usually develops at least transiently 8 9 #0230 Only
minor changes in platelet counts have been reported % 3232 The thrombo-
penia of a child with severe rheumatoid arthntis disappeared for a while
durning use of corticotropin 3°

Coagulation Factors Studies have been made to aecount for certam
tnromboembolic comphications of hormonal therapy Congulation (clotting}
time and heparm retarded clotting time of venous blood mav be consider
ably shortened The former was reduced from 20 to 9 muutes by use of
100 mg of cortsone daily for 6 daysin 1 rheumatoid patient '“:Iz{eports 01“
prothrombin time and on protamine titers have conflicted 183 Plutclle s
are not altered and during hormone usage responstieness to dicumarol 13

normal or ncreased not decreased ¢ Fahey *** using a new method found
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Blood urei does not increase unless renal mnsufficiency 15 present comaden
tally ey 1n renal amylodous

Concentrations of uric acil may be deercascd shghtly m serum 22 ¢
increased 1 urine® ** dunng treatment Creatnuria may be temporarily
wcreased 1f Jarge doses are used *3

Abnormal metabolism of ammnoe acids myy be present in untreated
theumatoid arthritis as shown by <ubnormal concentrations of free arginine
histidine and threommne w plasma 1nereased urmary exeretion of bound
tyrosine and decreased exeretion of free histidine Duning trcatment with
cortisone or corticotropin the concentrations of histidine 1 plasma and of
histidine  threomne and tyrosmne mn unme are mcreased Such urinary
changes hayve been observed only dunng spontanenus remtssions or 1n thowe
occurring with jaundice or pregnaney and have not been produced by a
ariety of other antirheumatic or other remedies 9 326-330

Data Related to Carbohydrate Metabolism Hormonal therapy has rarely
produced significant imparment of carbohy drate metabolism in rheumatord
arthntis Clycosuna 15 usually ahwcnt but <ometimes occurs tran.iently,
unless comeidental diabetes 1s latent or impending ® * 2 Renal gly cosura
(not steroxd dinbetes) 1 a patient with rheumatoid arthntis may be un
covered on administration of these hormones 33! 33 The blood sugar may he
transtently increased but 1s usualls within normal limits 1815 not associated
with glycosuria These mereases rcsult from suppressine rather than mainte
nance doses of hormanes 247 3

Glucose tolerance tests are commonly normal before and during treat
ment but in several rheumatod patients resuylts that were abnormal
before use of hormones hecame normal during treatment and then re
turned to abnormal after treatment 19713 Occasionallv carbohydrate
tolerance has been slightly impaired dunng hormone administration but
usttally has become normal within two to three weeks after discontinuance
of treatment # 119 Blood glutathione 13 not sigmficantly altered 3 113 33133

Data Related to Fat Metabolism Serum cholesterol and phospholipids
have been increased 10 animals and 1n man by prolonged use of the hor
mones ¥ but the changes among rheumatold patients have been moderate
Or mimmal 2%  © Blgorn and Pierce®® found no charactenstic alteration n

erum hpoproteins from hormonal treatment and no relationship between

such treatment and atherosclerosis

Data Related to Metabolism of Bone Osteoporosts and spontaneous
fractures have complicated cases of Cushing, s syndrome and a few cases of
theumatord arthnitis dunng hormonal therapy Cause of the fracture 1s not
completely understood 1n all mstances but m some cases 1t probably has
been related to 1nereased osteoporosis which 1n turn was secondar to
negative nitrogen balance Caleium metabolism s usually not altered not-
ably % Serum calewum and the caleium content of bone as shown by special
rocntgenograms are generally unchanged °3 4 Bjogren? ® noted inconsistent
changes in caleium balance from cortisone although urinary exeretion some-
times mereased sigmficantly
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Jected leuhotaxme or an alkahine exudate, it does not affeet the mereased
permeability induced by an exudate which has become acid and which
may be related to the substance exudin 392 0 Per contra, cortrcotropin n
hubits the latter but not the former type of inecreased permeability

Bone Marrow Cytology of bone marrow was not altered by intramuscu
lar use of cortisone or corticotropin for one week * t After longer treatment
with cortisone, i several cases a general cellular increase, espeually of
granulocytes and a relative decrease of plasma cells occurred,? ? ? cortico
tropin produced a deerease 1n cells espeatally plasma cells or normalization
of bone marrow 1n 4 cases Phagoeytosismereased 8 3431 Oneint estigatorob-
served that hormones exerted no notable effect upon normal hone marrow *?

Electrocardiograms The rca generally 1s unaffected unless hy popotas
semia 15 mduced by overdosage In that event 1 waves may below,10
electric or inverted and the § T segment depressed ?

Metabolic Studies 1n Rhewmatord Patients Rheumatord arthntis has
1ts charactenstic biochemical and physiologic abnormalities which modify
somewhat the usual physiologie eftects of the hormone~ per s¢ Thus some
of the hormonal eftects require special interpretation 35 2613 43 3

Large daily doses of cortisone (200 mg for a short time or 100 mg fora
Ionger time) or of corticotropin (100 umits or more for days or weeks or
40 to 50 umts or more for a longer time) may produce negative mitrogen
balance and transient hypochloremic hy popotassemie alkalosts But the
doses commonly used todav generally produce no sigmficant alteratrons n
plasma electroly tes or in the balances of sodium potassium chlorides or
mtrogen During use of the larger imtial doscs there may be a tendency for
an 1utial retention and later o Iiheration of salt and water and reduction of
serum potassium But thewe changes are as a rule transient and may dis
appear even before doses have been reduced materially

Isolated tests of blood electroly tes are of hmited value and a transient
elevation of serum sodium or a reduction of potassium may have Dittle
sigmficance unless assocrated with the appropriate chineal evidences of
hy percorticomsm ameong which are the characteristic electrocardiographic
changes Concentrations of serum potaswium mayv be momentarily sub
normal without symptoms ? 28

The basal metabolie rate 15 occasionally a little mnereased as a re ult of
the rheumatoid arthritis not hy perthy roidism During hormeonal therapy
1t may decrease as the arthrtts improves ?

Among our rheumatoid patrents there have been no con 1stent changes
1n the respiratory quotient? mduced by treatment

Data Related to Protein Metabolism Protein catabolism 1s affected by
large doses as ndicated by increased exeretion of mtrogen unc aed and
creatine But no such changes are measurable during use of the doses now
generally employed Mimmal inereases in excretion of mitrogen may result
from ~uppressi e doses but not from mantenance doses ¥ ¢
\lbuminurnn and protewnuria are <ecn rarely among rheum 1tord PJUC"‘:
during treatment, if they develop, amyloidowis should be suspected
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Effect of Corticotropin upon 17 Ketosteroids In adults with responsive
adrenals corticotropin promptly increa es the excretion of 17 hetosteronds
Sigmfieant ereases have been noted in some rheumatoid children but net
m others**? ? 7 Among our adult patients excretion during treatment
vaned between 21 and 14 mg per 24 hours as compared with 1 8 to 11 7 mg
before treatment When use of corticotropin was discontinued exeretions
decreased rapidly to prehormonal amounts ? 3 304

Corticosteraids in Rheumatowd Arthrilts before Treatment Among our
rheumatowd patients the precortisone exeretion of corticosteroids has ranged
from about 0 210 20 mg At this chie the normal daily excretion of cortico-
steroids 15 considered to be 0 3 to 1 2 (average 0 56) mg in men and women
Thus values 1 rheumatod patients have been normal generally though
sometimes subnormal on a =ingle determmation Theyv were subnormal 1
4 of the 20 patients of Copeman and as oqates ¥

Effect of Cortisone upon Corticosteroids Daily excretion increases but
rarely to more than 5 mg per 24 hours with usunl doses the nitial mcrease
may taper off later excrctions being more nearly normal ®* After use of
cortisone 15 discontinued the urinary concentrations of corticosteroids
gradually become normal again '#*

Effect of Hydrocortisone upon Corticosteroids In general the excretion
of corticosteroids has been 1increased by hydrocortisone much as by
cortisone 18192

Effect of Corticotropin upon Corticosterords Excretion of corticosterords
15 usually promptly and markedly increased Among our patients the excre
tion vaned between 3 3 and 17 5 mg per 24 hours * \fter discontinuance the
nereased exeretion disappeared quichly ? 3 ¥4

Evaluation of Urinary Sterods Estimations of urinary sterods are not
u ed a> gwdes to treatment hecause methods are too labonous for routine
use and their accuracy 1srelative Over all results have followed a character
istic trend  but 1n individual cases results have varied greatly and a satis
factory chinical effect may dexelop without the usual urinary changes 112

For research purpo-es estimations of urinary steroids have been inform
ative 89 95365-343 The ratio of etiocholanolone to androsterone 15 greater 1n
theumatord patients than 1n normal persons before and during use of corti
sone according to Copeman and his associates ** Corticotropin inereased the
unnary excretion of etiocholanolone especially # Such deviations were
looked upon as not necessanly pecultar to theumatoid arthritis

Quantitative and also quahtative changes m the steroxd pattern of
theumatod patients were desenbed by Dobriner and associateg 34730
Before treatment such patients excreted the normal sterord hormone
Tetabolites at a eonsistently low normal level  This finding suggests that
a quantitative deviation from the normal excretion pattern may be charac
tenstic of rheumatic diseases Since the steroid excretion reflects the hor
one production there 1s presumed to be a decreased hormone formation by

the adrenal glands 1n rheumatmd arthmtis A stnling qualitatne ab
normality ' also was found Four of the five patients studied exereted a
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Miscellaneous Metabolic Studtes TEncretion of glucurome acd and
gent1sic aeid 1n urine was not 1ncreased by use of hormones ® A chromogen
belicved to be homogentine aud was reported n the urine of 1 patient
Excretion of hexosamine was found to be increased by hormones® 29

Serologic (Immunologicy Data The sera of rheumnatoid patients have an
increased capability of agglutinating alpha and beta streptococes, stapht
lococer and red blood cells of sensitized sheep Certawn changes m aireulatine
antibodies have been reported but the serologic abnormalities most char
acteristic of rheumatoid arthritis have remaned abnormal duting treat
ment * Increased titers of streptococeic agglutination remained unchanged
throughout treatment i some cases  and became normal o few 3 @ The
antistreptoly sin titer decreased or remained low 293 31 the antrstaphylohysin
titer decreased®*? or was unchanged ?* Agglutinations to red blood cells of
sensttized sheep were reported to be unaffected by corticotropin ¥ Com
plement activity, normal or increased before treatment tended to diminish
during use of corticotropmn 310

Synovial Fluid and Membrane The increased cell count of synovial
flurd of rheumatoid patients 15 notably decreased or normalized by hor
mones 1iscosity 15 mereased greatly and the proteins become normal ™
The permeabihty of synovial membrane 15 not altercd notably 3¥ hnee
blood flow s mereased and finger tip temperatures are decreased i un
treated patients these tendenctes are reversed bv corticotropin ¥

Electroencephalograms These have shown evidences of increased
cerebral activity during treatment increased frequency of alpha waves 4
and ‘ slow actrvity  at the vertex 28 13¢

Unnary Excretion of S ds 17 K s Rh d Arthrilts
before Treatment Reported concentrations have vared from normal m
70 to 80 per cent of the cases to low in 20 to 30 per eent * 332 340 In rheumatord
spondy itis average concentrations have been reported as above normal*®
or relatively low #5135 339 3¢ 388 Amang our patients 1alues have been gener
ally normal for males with peripheral arthntis and sometimes as low as
24 mg for females with peripheral arthritiy or 37 mg for males wih
spondy litis *

At thrs chime the normal daily excretion of 17 ketosteroids 18 considered
to be 6 to 20 (average 1t) mg for men and 4 to 17 (average 10) mg for
women ¢4

Effect of Cortisone upon 17 Kelosteroids The effects of cortisone have
varied depending upon the pretreatment excretion and upon dosage and
duration of trestment In general with datly doses of less than 100 mg of
cortrvone urinary excretion decreases notably at the onset of treatment and
may fluctuate during treatment but usually remarns lower than the precort!
zone levcl as long as treatment 1s continued and until the cortisone mdu:ed
smmhibtion of adrenocortical function has disappeared after treatment **

Effect of Hydrocortisone upon 17-Kelosterowds Qur resultd wrth hydro
cortisone (free alcohol or acetate)™ shoned trends comparable to tl{‘]"*ﬁ{;‘:m
cortisone, 1& varable reductions 1n the excretion of 17 hetosterords
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difference between a phy siologic dose of these hormones and a pharmacologic
or pathologie hormonal dose

The matter of defimittons and distinetions 35 difficult becau e we do not
know the precise quantitative differences between the physiologie and the
pharmacologic do<e on the one hand and between the pharmacologie and
pathologic on the other

From phystiologie and clinteal studies one would conclude that 1t 1s not
the ‘manufacturer ' (the adrenal cortex and its day s output) but the

customer  {the peripheral cells and their ever changing or potentially

changing need and utilization of the hormone) which decides the phy siologic
dose for amy given day VWhether a hormonal dosage (endogenous or exoge
nous) 15 physiolome pharmacologic or pathologic 15 a two-dimensional
affair—one of do e plus time A high brefly u ed increment or a lower but
longer used mncrcment could be either phy<iwologic or pathologic depending
upon ewrcumstances  \ person s physiologie need for a hormonal merement
could be 1,000 mg used up m » days as for a major surgical operation or
1000 mg spread over o0 davs The same increment 1000 mg within o0
dayser 20 mg daily would be physiologie if needed and utilized pathologic
if not needed or not utilized to the patient s advantage With these pointsin
mind perhaps we can approach the problem of differentiiting between side
effects and complications of hormonal therapy

Discussion of side effects in patients who have rheumatod arthntis
hould be confined to those effects which exaggerated doses can produce m a
per<on who 13 normal except for rheumatoid arthntis Thus two pnman
factors are imvolved 1n the production of this kind of <ide effect the do age
and the disease or the dosage and the tissues as they are charactertically
altered by rhcumatond arthritis Whateser exaggerated doses can produce 1n
a theumatond patient who 1s otherwice normal 1s a «ude effect of the hormonal
theraps of rheumatod arthritis an effect less general than some suppose

In the hormonal treatment of rheumatord arthritis per se true diabetes
never develops and even steraid diabetes is uncommon If true diabetes
were to develop mn a theumatoid patient 1t should be clawsified as a comph
cation not as a side effect This means that a third factor must have entered
the picture namely latent or quiescent diabetes

In rheumatoid arthritis then 1de effects may be conudered to be thowe
effects which according to judgment based on ewpertence with various
do ages 10 many patients having only rheumatod arthnitts could result
from overdosage without the intersention of any possible third factor A
complication would be an eyvent different from those hnown to re ult from
the interaction of yust two factors Thus ne favor elassifying the deyelop-
ment of peptic ulcer dunng hormonal treatment of a patient with rheumatoid
arthntis ay a comphication not a side effect on the assumption that that
particular rheumatod patient did provide the third factor namely the
tendeney to produce ulcers

But by the definition that 1 wide effect 15 the result of overdo age in the
disease under treatment an et entuality can be a side effect 1n one di ea<e



226 MEDICAL USES OF CORTI ONE

steroid (17 hvdrovy pregnanolone) which was absent from the unne of 3
normal per-ons but excreted by patients with disorders of adrenal function
Corticotropmn was given to 1 of these patients Feretion of the abnormsl
stermd was only moderately ncreased whereas that of the other reco.
mzable adrenal hormene metabolites mereased greatly

It was concluded that adrenal dy <function exi-ted 1 these patients that
quantitatine and qualitative alterations of production of hormone by
adrenal glands are a sigmificant feature of theumatowd arthritis are muohed
m the etiologs of the dicen e and mas indicate *a primary defect which is
followed by = long series of metabolie consequences termmating in a charae
tenistic symptom complex 373! Continuation of this work appears tow
to be of considerable importance regardless of whether the alterations are
related to the etwlo,y or pathogenesss of rheumitord arthnte or are
primary or QC(‘Qndﬂl’) m nature

Undesirable Effects Side Effects Complications

Defintions Writers sometimes discuss under one heading such matters
as hormonal tovieits sensitiuats reattions «ide effects undesirable effect
phy siologic effects complications even withdrawal reactions and for good
me¢asure pure comcidences or happenstances It 1s ¢ven more common for
physicians to put i a sepirate category the mamy physnlogie effects 3
particular patient desires and to label all the others side or unde iwable’
effects Such distinetions may be arbitrary and artifiernd

Another cunous distinction has been made Many workers have argued
that the antirheumatic cffect 15 a pharmacologic effect and that all the other
hormonal resuits <hould be termed not side effects but physiotogic effect
In other words the good or desired ¢ffect 1s pharmacologie the bad 1s
phy«iologic We agree with Selve and Horaia® that the theonst cannot
have 1t both wavs at the same time

Tor a clearer conception of hormonal action 1t 15 important to distingut b
as far as possible betneen a phy wiologic effect 1e an undesirable one from
hormonal treatment and a complieation of such treatment Steinbroeher and
assoiate ' stated that they reserved the term ¢ complications for tho ¢
¢ pathologie states developing, during the admimistration of acTir and cortt
sone which are not reversible after cessation of therapy or for tho e reactions
whuch constitute a threat to the patients well bemng or surstnal  Bifka and
Cader'®* labeled as a complication  some disturbance whose exact relstion
ship to cortisone 15 unknown

\Tost wniters have cautiously perhaps wisely reframed from ditingu b
g by defimtion between a phyvatologie ind » pharmacologic effect between
& wide effect and 2 complication  And et our empincal y ¢ of the hormanes
ean be improved only by making at least 4 hegnmng at such distinetion no
matter how faulty the start may prove to be

Tt 15 2 matter of some practical importance to hnow which 1ea phy «ologie
sle eficet and which 15 & comphieation We do not believe one can try l(;
define thewe two until one has first attempted to underst ind the presurned
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back or abdominal pun hypotencion and <hock duseloped Patients re
ponded to epinephrine and related drugs Such reactions should become
mereasingly rare as punfied preparations become ayallable

Hormonal Side Effects in Rheumatord Arthntis s stated above, we
believe a distinction should be attempted between hormonal side effects in
cases of theumatoud arthntis per <e and complications in theumatord patients
recers ing hormonal therapy 1hus the two marmn factors in the production of
side effects 1n the rheumatoid patient are (1) the rheumatoid bace line
and (2) the dose or the patient s indiidual tolerance to dosage

Tur Raruvarord Base Link Studies of side effects among rheumatoid
patients should start from a special base hine recogmzing the v wious ehimical
and biochemienl featurcs of the untreated dicease features which may esther
predtspose rheumatord patients to a specialized ineidence of certan side
effeets or be mistaken for side effccts

The follow tng, clinteal features are charactenstic of untreated rheumatoid
patients and if thewr presence or absence 1s not specifically noted before
hormonal therapy 1s begun therr later discotvery may be misinterpreted as a
hormonal development when 1n fact they were preeustent but undetected
ether mflammatory or stasis edema (pitting or nonpitting) weahness
fatigabihty exhaustion personality changes meluding marked depres
ston % U8 irregular menses sexual indtfference or actual loss of hbido

The following features of untreated rheumatord arthritis may modify
(ncrease or decrease) the meidence or character of side effects or may be
mistaken for side effects diabetic like glucose tolerance turves easy bruising
shght tendency toward a negative mtrogen calctum and pho phorus bal
ance ' osteoporosis n severe cases or 1n elderly rtheumatoid patients hy po-
tenston and amyloidosis

Hyroraeric Sioe Errecrs

Certain side effects which have been antieipated by others have never
surelv materialized permanent Cushings syndrome permanent adrenal
usufficiency permanent diabetes mellitus i a patient not already prone to
diabetes d ! of atl lerosis from hy percholesteremia
and hepatie sufficiency from infiltration of fat Likewise corticogenie
hypothy roidism—an cntity which sometimes can be demonstrated by labo-
ratory means in terms of decreased thy roidal uptake of radiorodine 2 207 381-388
lowered bisal metabolic rate or decreased protewn bound 10dine 97 381367 1
the serum —has not been reflected cltnically us a myedematous state in any
Pattent nor in our experence has 1t required or benefited from treatment
w1th thyraid although others di agree 07 361388

OnsrrveD Sioe ErFFecTs AND COVPLICATIONS

1he phy siologie actians of cortisonc and related hormones which directly
or mdirectly affect most if not all the systems of the body are considered 1n
detail elsew here 11 this book {Chapters 1 and 2) However 1t 1s appropriate
here to mention briefly the elinical mamfestations of hypercortisonism since
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but a complication in another If this reasoning 1s valid there will be estab
lished 10 time not one general list of *hormonal side effects’ as the matter
1s now usually treated but separate lists charactenstic of each disease

We arc not m a position as yet to differentiate between phystologic and
pharmacologic effects or between side effects and complications, at least m
many instances But to the extent that one has evidence or strong suspicion
that a third factor has mtervened, one 1s perhaps justified 1n histing certan
untoward events as compheations and not as side effects

Grouping of Untoward Events The 1 arious untoward events encountered
during hormonal therapy of rheumatoid arthnitis are (1} reactions to con
taminants (2) allergic reactions (3) stde effects definite or hypothetic (4)

plications and (5) 1

R Due to C or Diluents Rarely, a patient gnen
cortisone Intramuscularly has reacted unfavorably apparently not to cortt
sone per se but to the diluent to which the pattent was sensitinve ** Mo such
reactions haye been reported trom the oral use of cortisone

The newer more purified preparations of corticotropin appear to be
essentially free from intermedin and other pitwitary contammants which
earhier caused intestinal cramps flatus, pallor, and occasionally nausea
vomiting or dharrhea and even transient localized pigmentation * 3%

Allergic Reactions to Cortisone and Corticotropin Allergic reactions
undoubtedly due to cortisone per se rather than to the suspending agent
develop rarely 353 1f at all No allergic or nonhormonal pharmacologic reac
tions to hydrocortisone have come to our attention

Sensitivity to corticotropin given mtramuscularly his been reported 1
several rheumatotd and nonrheumatic patients ? 97 191 104 08 17 3 383360 The
more seyere reactions occurred within 5 to 30 minutes after an injection of
from 12 5 to 25 units or from later test doses of as ittle as 2 to 4 unibs **
Any or several of the following developed yertigo pallor or flushing head
ache difficulty 1n breathing laryngeal edema urticina angloneurotic
edema hvpotension and shock Patients responded to epinephrme Bena
dryl Pyribenzamine and related drugs Forcham reported acute anaphylac
tic shock after only three of about 10 000 mtramuscular injections o8

Subacute reactions sometimes developed a few hours or one or two days
after the offending injection These consisted of either giant or small tvpe
urticaria and might be accompamed by fever Eosinophilia (1000 to 4000
cells per c of blood) gradually developed after mtramuscular use of enc
preparation and disappeared when another was used # Shm tests with
various species of corticotropin gave positive results from only one or from
all ty pes of the hormone mn different cases Desensitization was ﬂccomPl‘ﬁhe‘:
m 1 patient by giving repeated injectons of very small gradually tnere 1sec
doses ¢

Although no acute reactions to intra:enous use of corticotropin were
noted among GO patients by Forsham * a few severe ones have been re‘
ported among nonrheumatic patients %437 Within 15 to 20 mmutwI (‘)‘
mjection headache nausea chill pallor gencralized burning s omitmg, 1o
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generally has been smaller than most of thove tabulated These effects are
cervicodorsal fat pad obesity of trunk with thin extremitics, thin velvety
shin telangrectises plethora, decrexsed or mereased libido enlargement of
salivary glands mashng of signs and symptoms of infection polyuna,
nocturia artenal occlusion, convulsions coma blurred vision higamentous
sprains, by percholesteremia fatigability

Scveral typical theumatoid patients have been found to have cells re
sembling those ~een 1n lupus ery thematosus 1n the peripheral blood at times
when evidence of hy pcreortt ontsm (usually «evere) has been present One
or more of the following mamfestations have frequently developed i such
cases fever anerma leuhopema pleurtsy pericarditis renal wrnitation and
abdominal pam ¢ We suspect that uch rections are not true lupus ery-
thematosus in the usual sense but rather are lupus like reactions preciprtated
1 some way by the effects of hy percortisonism n the rheumatotd patient
no evidence of lupus erythematosus had occurred prior to the deselopment
of hypercortisonism in the ¢ eases and the reaction has disappeared slowly
after elimination of hy percortisomsm A few other rheumatoid patients with
evere prolongcd hypercortisomism have had transtent histologie and
climeat features simulating those of polvartentis 148

With greater experience ~ome changes in the relatine mcrdence of re-
ported side effects are to be expected It 1s of mterest to note that all the
recogmzed mamfestations of Cushings syndrome except polycythemia
have heen observed as side effects in rheumatoid patients treated with
cortisone or corticotrapmn

Incidence of Side Effects and Complications In general the reported
meidence of side effects 1 different series of hormone-treated rheumatod
patients varies widely (Table 16) This 1s to be expected since so many fae
tors are concerned particularly dosage durition of treatment type of ca e
selected for treatment and the anthor s 1dentification and tabulition of ude
effects

Dosage Dosage 1» the most wumportant single factor influencing the
incidence as well as the sevenity of side effects Authors agree generally that
the larger the dose the greater the moidence of side effects We found that
the imneidence of side effects m o group of patients who recened daily doses
of 75 mg or more was threc times as great as that observed mn a similar
group that recen ed daly doses of less than 7o mg 7 Boland and Hendley 570
and Frevberg %! results were strailar

Duration of Treatment The influence of the duration of treatment on the
neidence of side effects 15 closely related to dosage Indeed the duration of
treatment might be considered a permissiy e condition of the development of
side effects An exeessive dose may not become chimeally apparent until 1t
has been continued for some time Obs ously a greatly excessive dose will
20 e hy percortisonism 1n a shorter time than a shightly exce sive dose but
even the latter eventually will manifest itself in the production of side
effects On the other hand pralonged treatment without hypercortison
1sm can be accomplished by = schedule of dosage which 15 not exces ne
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thew early recogmtion and prevention or treatment 1s s0 mportant m the
management of rheumatoid patients rocenmy, hormoust tharapy Tor
tunately wde cffects develop pradually and, imtlly are usually mitd ard
fes 1n number If hy percorticonism 1s recoguzed 1n 1ts eatly phiase it can be
rexdily and completely reversed by redurtion or discontinuation of the do e
of hormont ¥ ong-contimucd or progresanne hy percorticomssm may produce
mare serious consequenees

Nature and Relative Incidence of Paricular Untoward Effects The
nature and relatine meidence of <ome of the more commoniy noted wde
effects and comphications as recorded i 2 group of representatiy e reports aee
tisted 1 Table 1, 881100 w0710 229 31 89 I gdshion certan other effects or
complieations have hecn noted although to datc their reported inoidence

Tatle t5

NADRE AND RyLaTive Inctoence oF Partictiar Untowarn Frrecrs avp Cowpas

CATIONS MosT Conmont ¥ RECORDED 1N REPRESENTATIVF REFORT (510 Famiest
FREATFD)T 110 011 tany a0 83y

Vamfeuation Tatients Wanif sta 1on Fanents
Alteration 1n psyehe 125 Decrenscd reswstance to
fection
i
Facuaf rounding {104 | Headuche | s
Flud rotention |96 | Weahvess |7
Hypertrichosis i 46 | Hypopata serua ‘ 7
\
Decreased ghucose talerance 1 | Ncuropathy (e peesalis
neuritis) ‘
Increased blood pressure I3t | Disturbed renat function ¢
| S
Acne 20 {Strae &
S—
Aenstru it disorders 17 { Aggravatiin of peptic uleer 6
Tichveardin it | Delaved wound healini, s
SO
Supraclavienlar fat pads 13 { Tlunnmng sealp haw 4
1 celiymasis or ¢ 15y bruwmng 13§ \rtentss 3
T
Increased sweating 12 {1igmentation 3
1 xc sstve appetite or gainn weht i Fractures {o teoporo 18) 9
Thrc mbophlebntes 10 | Tcmporary ptwitary adreno
cartieal uppres won
Aggrayated menopw Al symptms
especiatly hot flushes 9

| IR
 Ttecent dats tacieate that there 15 a murh grester incidence of this efieet
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enerally has been smaller than most of those tabulated The e effects are
cervicodorsal fat pad obesty of trunk with thin extremities thin velvety
shin telangiectases plethora decreased or ncreased hibido, enlargement of
sahnary glands mashing of signs and <vmptoms of infection polyuna
noctuma arterial occluston conivulsions coma blurred vision ligamentaus
spramns hy percholesteremia fatigability

Several typieal rheumatoid patients have been found to have cells re
sembling tho-e seen 1 lupus ery thematosus m the peripheral blood at times
when evidence of hypercortisom m (usually severe) has been pre ent One
or more of the following mamfestations have frequently developed 1n such
cases fever anemia leuhopenta pleurisy pericarditis renal irntation and
abdominal pan ** We suspect that such reactions are not true lupus ery-
thematosus in the usual sense but rather are lupus like reactions precipitated
m <ome way by the effects of hy pereortisom m 1 the rheumatoid patient
no evidence of lupus er themato us had occurred prior to the development
of hvpercort1 omsm 1n these cases and the reaction has disappeared slowls
after ehmination of hy percortisomsm A few other rheumatord patients wath
severe prolonged hypercortisonsm have had transient histologic and
chimeal features stmulating the « of polvarteritis 146

With greater expcrience <ome changes n the relative meidence of re
ported side effects are to be expected It 15 of mterest to note that all the
recognmized mamfestations of Cushings sindrome except polycythema
have been observed 1s side effects i rheumatoid patients treated with
cortisone or corticotropn

Incidence of Side Effects and Comphications In general the reported
medence of side effects m different scries of hormone treated rheumatoid
patients 1 uries wadely (Table 16) This 1> to be expected «ince o many fac
tors are concerned particularly dosage duration of treatment type of ca<e
selected for treatment and the author sidentification and tabulation of «ide
effects

Dosage Dosage 15 the most important single factor mfluencing the
incidence as well as the seventy of side effeets Authors agree generally that
the larger the doses the greater the mqidence of side effects We found that
the ierdence of <ide effects in a group of patients who recened daily doses
of To mg or more was three times as great as that observed m a «imilar
Broup that recens ed duly do es of less than 75 mg ™ Boland and Headley s
and Frey berg s*! results were simular

Duration of Treatment The mfluence of the duration of treatment on the
nedence of side effects 1s «losels related to dosage Indeed the duration of
treatment might be considered a permissiye condition of the development of
side effects An excessive dose ma) not become clintcally apparent until 1t
has been continued for some time CObviously a greatly excessive dose will
cause hy percortisontsm 1n a shorter time than a shightly excessive dose but
eien the latter eventually will mamfest 1t elf i the production of mide
effects On the other hand prolonged treatment without hypercortivon
¥ can be accomplished by a schedule of dosage which 15 not excewsnne
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Thus explains why the incrdence of side effects may not merease greatly and

even may diminsh after the first few weeks or months of treatment 2921 ¢
Plan of Treatment This factor 1s simply the resultant of the two pre

ceding factors, dosage and duration of treatment Short courses of treatment

Table 16
ReroRTFD IncIDENCF OF SIE 1 FFEeTs AND COMPLICATIONS
r T
|
Sede Effects
i (Ferceniags of | Aterage Dty Haintenance
; patients)
Pa Duration of
Sertes
tents \“Md! Treatmen!
wunor| o Cortisone | Corticotropin
Jand/or ajor (mz) (units)
rajor)! \
[N S I S
Ward and co ] ‘ l

worherst? | 46 | 20| 0 o0 |15 mo (av)
Bl 36 | 2, 710 | Lessthan 100 1wk -omo
~__~_,_____‘ ; o] PRSI |
Boland™ 60 [ 0] 2,3 5805 ’10 mo (@)

i ome
Davison * 19 47 | 720 100/nh — \ot stated
100/day
|
Margolis®® ‘ 56 50 | ?23 | \otstated |30-120 mitia] §7-220 days
then reduced
Ward and co ]
worhers’ 0o | st 7 |20-100 1-12 mo
|
huzelland | !

Schafiarzich’ ] 19 ¢5) 53 |50-75 62days (av)
Levin ; 50 | 88| 752 |75-80 47 15-8 mo
Ragant® {50 | 7100 | 736 | Doses 10 il o hyperadee |10-12m0 |

| s
Chase " 7l w0 8 Massne 18 82 davs
(up to 800)

with a guen dose may produce fewer elimeal mamfestations of hy percorty
sonism than would longer periods of treatment wath the same dose Y et some
of the highest mcidences of side effects hav e been reported in patients g en
brief courses of treatment with huigh doses =191 3 Thus the madence of
ade effects from the iterrupted course method of treatment may be high or
low dependimy, upon the size of the do es and duration of treatment just as

the meidence 1n prolonged treatment may be hugh or low depending upon

dosage



RHEUMATOID ARTHRITIS AND OTHFR RHEUMATIC OR ARTICULAR DISEASES 233

Age Children have a greter tendeney to develop side effccts than have
adutts Llderhy men s(em to tolerate cortisonc or corticotropmn about as well
s do y ounger men, and elderly postmenopatsal women cem to be no more
susceptible to hy percortisomsm than are younger postmenopausal women

Sex and Menopause Women 1n general are more lihely to hase wde
effects than are men ? 392137 hikewise menopausal or post 7 1
women tend to devilop sde ¢ffects more readily than do premenopausal
women 7

Severity of the Disease We have had the impression that in many cases
the more scvcre the rheumatoid process the greater the tolerance for corts
~one Unfortunately the mnereased tolerance apparently does not always
keep pace with the dose nccessary to control the increased seventy of disease
smee the more ses ere disease tends to be less well controlled with safe doses
of the hormones % 190 107 11 39 370

Cond An 1 meidence of complications from
hormonal therapy 1s to be expeeted 1f the series of treated rheumatoid
patients includes those with other conditions susceptible to aggravation bv
cort1 one or corticotropin e g, hypertension congestive heart failure renal
nsuffimency quiescent tuberculosis peptic ulcer diabetes or marked
osteoporosis

Hormone Used Side effects produced by cortisone hydrocortisone and
corticotropin are essentrally sumilar in nature However certamn quantitatine
differences have been reported w some cases Thus corticotrapin has been
said to produce more retention of sodium and water more potassium deple-
tion more acne and hirsutism more pigmentation more changes m arterial
Ppressure, but a shorter pcriod of relative adrenocortreal msuffierency follow
Ing ¢es.ation of hormonal treatment 101 199171 Boland ? has reported a lower
ineidence of side effects among patients treated with hydrecortisone than
among those treated with cortisone acetate espeeially in regard to edema
nervous symptoms, facial fullness and supraclavieular fat pads 7619 Qur
less extenstve experience with hydrocortisone has not revealed a sigmficant
dtfference in the incidence of side efiects from cortisone and hydrocortisone
the discrepancy 1 results in Boland s'° and our series may be related to
differences 1n doses employed

Death of Rheumatord Patients during or after Hormonal Therapy
References hav e been found to 32 theumatord patients who died from v anous
causes during or some time after conclusion of treatment these are not repre
sented as complete Of the e 32 deaths 9 (28 per cent) were defimtely or
Probably related to treatment The relationship of the other 23 (72 per cent)
was either possible but doubtful entirely comncidental or not clear

Relationship Definite The most tmportant and «ommon cause of death
Was acute postoperative adrenal msufficiency n patients who underwent
operation during or after hormonal treatment while their adrenocortical
Teserve function was still madequate Four such cases have been re
Pported 154155 157 164 194 372 The regimen for the presention of such aceidents 1s
deseribed on page 251 Another pattent commtted suicide during acute
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psychosis 77 In the hght of pre cnt hnowledge such deaths as the e > ean be
prevented

Relationship Probable In 4 eascs, hormona) therapy was probably a
major factor But details are meager in 2 cases mentioned by Soholof and
assocrites, ' 1% 1 each of which both cortisone and corticotropin had been
gnen Oue of these pattents died of status eprlepticus 38 davs after admin
totration of corticotropm and 19 davs after admimctration of corticone had
been discontinued the other died of fulminating pneumonia (dunng or sfter
hormonal treatment) ‘mashed elimeally or potentinted by semr’ 91t

A 0T vear old woman who had swrulent progressye rheumtod arthntis
“extreme cachewia’ anemia and fever recened corty-one for 87 davs then
corticotropn for 22 days Dight day< after this treatment was di continued
hematemews des eloped from a chrome gastric vicer, and <he died four dass
later 143

A male baby recening cartisone for rheumatad arthntis had st ght
fever and vomuted tnice nextday he died within an hour m a state of tome
comvulsion of the jan with dyspnea and cyanosis' \ecropsy revesled “a
thymus rather larger than normal for his age {unstated) and 4 bram rather
more edemataus than that usually found following & comvul ne death’
Cause of dcath was not determmned 7

Relationship Possible A 61 year old patient died apparently from
cardrac fatlure ;3 days after Wis last dose of cortisone {6 6 Gm 1w 39 doys),
another patient with bronchicctasis had an overwhelmmng pulmonary
wfarct *°

Relationship Unknoun The connection between 7 deaths and hormonal
therapy cannot be determmed In 4 of these the hormone was not identsfied
and m 5 tmme relationships between treatment and death were not
stated 80 W 183 5% Hy drocortisone ugected mto a jomnt has resuited m con
sulsion and death 1 1 patient aecording to hern 3 no other detads nere

men

® Comcrdental Deaths Fourteen deaths considered comeidental resulted
from acute coronary disease m 7 eases ¥ T gpoplevy n e s M and
mseellineons Causes m b cases ® $8 163 93 aTs

Prevenrion avp TrEsTvENT OF Sios UrrEcT>
AnD (OMPIICATIONS

Careful selection of cases and proper regulation of dosage arc generally
regarded as the most important factors m prevention and treatment of e
effects and complications Certawn supplementry mesutes also have Leen
uscful partieularly i controlimg some sid effects that may develop durng
the pertod of (stabhshmg o mamntenance dose 81101 *% $3T6 7T The ¢ ,,;
brick, are restrction of mntake of sodmm to 0o to 2 Cm per day and o
tecessaty for flmd rctention use of dwreties <uch as potassium chionde or
mitrate t to 2 Gm  three times duly or mercunal dwreties  for s po-
asserma potassiim chlonde 1to2 Gm three tume s datly , for meomnis o7

P mulation reduction of dosc of the

other manifestations of mid mental stu

+ 7 ~
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hormone at the appropriate time e g at bedtime or use of sedatiyes such as
barbiturates or chloral hydrate, and for aggras ated menopausal symptoms
estrogens such as Premarin 125 to 25 mg per day  If diabetes 15 present

management with dietary measures and msulin may need to be intensified

Patients who have had a peptic ulcer should follow a careful dictary and
antacid regimen during treatmont with cortrsone even though the ulcer has
been quiescent for some time Patients with aigmficant degrees of osteopo-
rosis should be warned agunst sudden mereases m triumatic actinity eg

unusual hfting 1 order to avod fractures Patients who tend to gamn weight
eveessnvely must lunit ealorie wtake <ufficiently to heep thewr weight atthe
dewired level The tendency toward production of a negatryemtrogen balance
can be counteracted at least n part by hiberal mtake of mtrogen eg a
120 t0 200 Gm protan diet Testosterone and a gh intake of potassium
also have been said to be helpful in this regard 375-%78 The use of a high fat—
Tigh protein-low carbohy drate dict has been advocated by Iunsell®s #7 asa
help mn reductag the meidenee and seventy of side effects generally Appro

pnate chemotherapeutic or antibiotic agents should be administered if
intercurrent infections develop The prevention and management of com

plications ansing from mercased stress or upon withdrawal of hormonal
therapy are discus~ed on pages 200 and 238

CorncipencFs AND HAPPENSTANCES

Unfortunate accidents or complications unrelated to treitment will
inevitably befall some patients undergoing therapy for rheumateid arthritis
purelv on the basis of chance Yet these comeidences or happenstances have
been improperly attributed to the effc cts of therapy n some nstances This
has been particularlvy true when angmna peetorts myocardial infarctions
cerebrovascular aceidents and muscellaneou conditions deseloped m pa
tients treated with cortisone One of our rheumatord patients died from
coronary nsufficiency two days before treatment with cortisone was to
start another exhibited thrombophlebitis ane day prior to the planned
mstitution of systemie therapy with hydrocortisone These fortuitous hap
pemngs might have been attnbuted by some to the effects of the hormones
had treatment been started a few days sooner

Concrusions RFGARDING S1DE EfFrers

Sude effects should be respected but not feared In properly managed
cases they are of more significance as factors which it achievement of the
maximal antirheumatic response than as conditions harmful in themselves
although they may become harmful if allowed to persist or progress Side
effectsareres ersible and transent usually develop stowly and rarely present
a0 emergency to the alert physician therefore manipulation of dosage
usually ean be deliberate Some phystcians sensitized to potential thera
Pentic hazards forget or underestimate the ever threatening  side effects
of theumatowd arthritis stself a disease that myolves distress and fearsome
hazard, v hach fully Justify ealeulated rishs (Figure 28)
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psy choss 17 In the light of present knowledge such deaths as these 5 ew be
presented

Relationship Probable In 4 cases, hormonal therapy was prohably a
major factor But details are meager 1n 2 cascs mentioned by Soholoff and
assoerates 1718 1n each of which both cortisone and corticotropin had been
guven One of these patients died of status epilepticus 38 days after admn
Istration of cortrcotropin and 19 days after adminstration of cortsone had
been discontinued, the other died of fulminating pneumoma (during or after
hormonal trentment) ‘ mashed clinieally or potentiated by scru’ ¥

A 57 year old woman who had +irulent progressn ¢ rheumatoid arthntis
“extreme cachexia, anemia and feser recened cortisone for 87 days then
corticotropin for 22 days Iight days after this treatment was discontinued
hematemests developed from a chronic gastric ulcer, and she died four days
later 113

A male baby recetving cortisone for rtheumatoid arthntis had shght
fever and yomited twice next day he died within an hour 1n 4 state of tome
comvulston of the jaw with dyspnea and cyanosts  Necropsy revealed “s
thymus rather larger than noimal for his age [unstated] and a bran rather
more edematous than that usually found following a convulsive death”
Cause of death was not determned 7t

Relationship Possible A 61 year old patient died, apparently from
cardrac fallure 50 days after his last dose of cortisone (6 6 Gm m 39 days)
another patient with bronchiectasts had an overwhelming pulmonary
farct

Relationship Unknown The connection between 7 deaths and hormonal
therapy cannot be determined In 4 of these the hormone was not tdentified
and mm 5 time relationships between treatment and death were not
stated £ 147163 89 Hy drocortisone injected mto a jomt has resulted m con
vulsion and death m 1 patient according to hern 2 no other detuls were
given
Concidental Deaths Fourteen deaths considered comeidental resulted
from acute coronary disease mn 5 cases®!° 3! apoplevy in 38095 1228 and
miscellaneous causes 1 6 cases 8 98 163 193 373

PREVENTION AND TREATMENT OF SIDF EFFECTS
AND CoAlI LICATIONS

Careful selection of cases and proper regulation of dosage are generally
regarded 2s the most ymportant factors 1 prevention and treatment of side
effects and complications Certain supplementary measures also have Leen
useful, particularly n controling some side effects that may dev elop duning
the period of establishing a maintenance dose 6110208 29376 377 These 1
brief are restriction of mntake of sodium to 05 to 2 Gm per day and f
necessary for fluid retention use of dreties such as potasstum chlonide or
mitrate, 1 to 2 Gm three times daily or mercunial dwretics, for hypo
potassemia potassum chloride 1to2Gm threc times daily for msomnm}(,)r
other manifestations of mid mental stimulation reduction of dose of the
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cansing a corresponding increase m side effects These substances are
adenosie triphosphate ¢ ascorbie icid ** allopregnane 21 ol 3,20 dione, '
glucuronic acd,''® gold salts,'* gonadotropins,' insuln 4124 ¢ p-amno
benzoate,? 4?1 pre_nenclene % salicylates streptococcus vaceine * * sulfo-
sine,*? testosterone % and vitamim I 32

Table 17

Te TED As BUBSTITUTES

21 Accloxy pregnenolone? 3 2 38

Adrenocortical extract ¢
Lipoadrenal cortex extract?
Conecntrated adrenocortic l extract

Adrenal implants®t

Adreno nephro-colopexy ?

Allopregnane-38 21 diol 20-onetit

Allopregnane-21-ol 3 20-dionets

Androstenedione

Anesthesia of glomus caroticum®

Anh .s

Ergostamy 195

T strogens®7® 357

Grow th hormones

1 Uydrmy 11-desoxycorticosterune
(Ruxchstein s compound §)7 ¢ 37

3 Hydroxy 2 phenylemchoninie acid? # 7

17 Hydroxyprogesterone?s s 7

Irradiation (radar and roentgen) of hypo
thalamic regiont 1

Tnsuhn hypoglycemua * 12

6-Bromocortisone®®

% Cholene 34 25-diol 7

Chorionic hormone?ss
or (hendall s
(unpublished data)

11 Dchy drocorticosterone (hendall s com

und A)

4117 11 Dehydrocorticosterane

6 7 Debydrocortisone!s 4

Debydroisoandrosterone 1 & 0

11 Desoxycorticosterone!®
Desoxveorticosterone and ascorbie

s00 80

1 D)

Desoxycorticosterone and methylene
lue?

21 Desoxy 11-debyd .

11 Retoprogesterone

Licorice extract 1

d Methorphinan s

17 Methyl 4% wdrostendiol 317
I ituttary implantgée o7
1lacental extract o

Placental serum ¢

1lacental tissue implants ? 4%
Posterior pituttary extractstt
Postpartum plasma#i1

1 regnadienolonet sf
Preguancy blood *

Pregnane 3 12 20 tnione®
Pregnant mare serum?

% Fregnenolonets

45 Dihydrocortisone
Dihydrotrgatamine
Fpinephrines $2 ¢
I Cpinephrine
Norepinephrine
16 17 Epoxv 11-dehy drocorticesterone’

2 9

Progesterone?t $ 913

Salicylatesst— o

Testosterone propionatet® 417
17« allyl testosterone
Methyltestosterone *

The antitheumatie activity ot some specally prepared highly coneen

trated adrenocortical extraets can be accounted for hy the content of cortr
sone ihe hormones probably lrgely hydrocortisone '8 Othcrwise none of
the many substances tried has been found to be a consistently effective sub
stitute for or potentiator of the hormones cortisone hydrocorticone, or
corticotropin despite some fayorable mnitial reports

Supposed Mode of Action

The basic mechanism whereby cortisone and corticotropin exert their
antirheumatic effect 1s not known These agents generally have been sup-
posed to protect certain tissues from noious agents m some obscure way
perhaps by 1nterposing a shieldlike buffer between the tivsues and the mmjury
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Tie 25 Sideeffeets of progtessive rheumntowd arthrt  Lhe physican 1 brs
Ludable concein over the side effects of therapy whether with gold salts hormones
or other agents must never forpet the distre sing sile effects of uncontrolled pro
gressive rheumatold arthritis

Substitutes or Potentiators

In an attempt to find substitutes wlich would be more readily av ailable
or produce fewer undesirable phy siologie effects many substances and meth
ods of treatment have been tried Some of them are histed m Table 17 ami-ar
Also sarious substances have been employed 1 efforts to potentiate the

antirheumatic effects of small doses of cortisone and corticotropin witheut
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Table 18

DEVELOPMENTs ARTER Dt cONTINUANGE OF TREATMENT wrrtn Homonrs By tur
Coursr Meriop (Pran 1)

Representative Leporls of
0"}:“"‘ 5;’“"” 23| Others 1920-195¢ Total
alienis ""’Ef Doses for Courses
Doses High Ust | oot Do es Some
ally W ere Reduced and | 10 "p 5 o gpogs
D continued 4bruptly 4

Posttormonal Detelopment

Reduced Gradually
(Percentages} (Percentages)
1 Articular
Remission prolonged more or
less complete (7-14 mo ) 13 012
Secondary remission 8 Instances reported with

out statisties

Puwtal remssions  mcom {4 = 1 patient (b per | Vanitble (20-40) de
plete but notable Return| cent relief after 5| pendmg on defimtion
of arthntis unusually slow | mo ) of partial remission
{2-3mo )

Farly prompt return of pre
treatment svmptoms (in 1

week to about 2 mo } Go 46-83
Rebound arthntis —
marhed 9 3-12%
Total 100
II Systemic  withdrawal symp
toms

No signifieant reaction 18 Common

Alild or moderate reaction 48 Frequent

Marked + 41
Total 100

0 7 3Jpercent *4percent 5 percent ' 12 percent t

13 percent 4 percent * * b percent’ 7 percent °using Astwood s cortico
tropn— rehound attacks only 2 to 3 days long 12 per cent 7

$Bilka 1952¢
pregnancy or jaundice 4 In a few cases a bref relapse has been followed
by a secondary remission with notable but often mecomplete relief lasting
as long as several months i some instances 5 Articular rebound attachs
have developed promptly 1n a few patients joints and muscles becoming
ffected quickly and scverely Sometimes they become temporanly ¢ worse
than ever

Withdrawal Reactions Obsious wathdrawal reactions may not oceur (1)
if the hormonca have been given carefully 1n doses—and for pertods—that
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or by modifying the reaction of t1ssues to myury 51 115 164 4 Various hy pothe
sts as to how this protection 15 afforded hase been offered by interfering m
some way with antigen antibody reactions or other allerge phenomena 1743
by supplying a relative deficiency of hormones to the tissues by influencing
enzyme systems®? *2 426-4 8 or cellular permeability,? 5 425 by decreasing the
actinity of connectiye or mesenchy mal tivsue, *4 % hy suppressing mitoss,* *
or by decreasing the sensitivity of tissue to a mneralo corticond type of
response % But the statement made by kendall® on the occasion of his
Nobel leeture i 1950 still applies © What phy stalogte processes are modified
by cortisone and how this influence 15 exerted are matters still loched within
this hormone of the adrenal cortex

Develop after Di 7 of Hormonal Treatment

The developments which occur after discontinuance of hormonal treat
ment can be divided mto two man groups those which concern only the
disease 1e, relapse or remrswion of rheumatord arthritis and those related
to physiologic disturbances caused by the previous treatment 16 with
drawal reactions After withdrawal of the hormone, a given patient mas
present features reflecting, not just one of these disturbances but a composite
of rtheumatoid articular relapse, acute or subacute hypocortisom m and
restdues of hy percortisonism

Rheumatord Response When a course of treatment has ended rheu
matic sy mptoms usually return rather promptly but sometimes therr retura
1 slow  occasionally very slow

General Patfern of Relapse Generally within one to erght weehs mused
lar and articular stiffne s reappears fever may return appetite begs to
dimuish energy 15 replaced by the usual fatigue and weakness and the
ESR beging to mncrease Next articular aching, tenderness and pamn 01
motion recur, then articular suelling reappetrs More slowly the followng
may return if they have been present bifore treatment anemia Joss of
weight charactenistic alterations m serum proteins enlargement of lymph
nodes and subcutaneous nodules and perhaps flevion deformities Asa rule,
symptoms return a httle later (sometimes a week or so) after the mntramusc
lar use of cortisone (because intramuseulas * pools” thereof may contmnue to
be abcorbed slowly) than after the oral usc of corti~one or the intramuscular
use of corticotropin

Difference in Speed and of Rh d Relap Some Pro
longed Remissions After a course of hormonal treatment has ended the
rheumatotd patient may experience any of the following results (Table 18)
1 A prompt relapse usually occurring w about one to e1ght weehs 1o most
common and affects one-half to three fourths of the cases 2 Slowly fading
remsssions are the next most common reaction Symptoms return slow Iy and
gradually gimng the patient a partal but » elrome remission for three to
five months or mote 3 A rather prolonged remswion has occurred i ome
instances This desirable result generally develops haphazardly and as ;::r
predictably as spontaneous remissions or the occastonal lengthy ones !

. . e
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Related to Hypercor The effccts of any
previous hypercortisontsm (in addition to ptwtary adrenal suppression),
eg the disturbances 1n metabolism of electrolytes protemns fat and carbo-
hydrate mayv require days or weehs for correetion sfter treitment 1s dis-
continued Hence during that time the effects of restdunl hy pereortisomsm
are superimposed on those of the acute or subacute hvpocorti om m

Onset Duration and Sevenly Symptoms usuuly begm withm a few
hours or davs after withdrawal of hormonal trextment although m a few
mstances systemic reactions have been delayved for 1 long as two to five
weeks ® The reactions whieh occur i all gradations of severits from mild to
marhed may persst for a few days or up to three months rarely longer
This approsimates the duration of prtwitary adrenocortical suppression The
longer the existence of hypercortisomsm dunng treatment and the greater
its degree at the time of withdrawnal generally the more seyere and prolonged
the reaction Thus the merdence and seventy of withdrawal reactions can be
expected 1o be less 1n patients treated with relatively short courses and with
doses that produced hittle or no hy percortisont m than in patients who were
treated at length with excessive doses although the general nature of the
reaction may be the same 1n both groups

All the components of the withdrawal reaction tend to subside graduaily
but often the objectine evidences of hypercortisomsm disappear first the
musculoskeletal reaction next and the systemic reaction of hy pocortisonism
Tast

Prevenfion Withdrawal reactions at present must be eonwmdered to
result at Jeast to a great extent from disturbances i physiology created by
previousty induced pitwtary adrenocortieal =uppre slon and exo.tnous
hypereortisonsm  Three su,gcstions bascd upon theoretic considerations
and upon their value in actual practice are offered for the preivention or
lessenming of these reactions

(1) Pegulate dosage properly during treatment to prevent hypereort
somsm and as much as possible prtuitary adrenocortical suppression
(although to date the relition between dosage and pitwitary adrenocortieal
suppression 15 not completely defined)

(2) Reduce the hormone gridually rather than abruptly For example
1n the case of a patient who has been recenving 40 mg of cortisone or cortico-
tropin the do e might be reduced by decrements of 2 o or 5 mg every few
days if necessarv This allows the patient to adjust reasonably well to the
previous dose reduction before the next decrement In general the higher
the dosage and the longer the treatment the longer the period required
for tapening the dose

{3) Uwe short courses of treatment wheneyver indicated Patients who
hax e been treated for less than four to six wecks usually do not have cimeally
smignificant withdrawnal reactions Unfortunately however such <hort courses
usually are not satisfactory in the ma of most rh d patients

Treatment The prevention or lessening of symptoms by the measures
just considered 13 the primary consideratton 1n management of withdrawal
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are msuffiient to produce agmficant or recogmezable hy percortisonism or
pituitary adrenocortieal suppression or (2 of withdrawal has been slow
enough to permit considerable restoration of pitwitary adrenocortical fune
tion betore the last dose In such cases rheumatic symptoms and increascd
E S R ’sreturn to but do not execed ther pretreatment status 1e rebound
arthritss does not oceur \o muscular weahness or fatigue becomes apparent
erther as a cany over from hy percortisomsm or from cortical suppression
although the usual rheumatic v erhness and fatigue commonly teturn

In contrast certain patients to whom the hormones have been given less
carefully may ¢xperience on withdrawal of the hormone a group of reactions
which scem related m great part to phywiclogic disturbances created by
previous hormonal therapy Lhe rcactions can be divided into three mam
groups (1) musculoskcletal reactions (2) reactions related to hypocort:
somsm and (3) reactions related to residual hy percortrcomsm

Dissociation between the 1 rious developments which comprisc the
withdrawal reaction may be marked In 1 patient the latter may be clhiefly
musculoskeletal 1€ 1heumitic m another systemic n a third a combt
nation of musculoshcletal and sy stemic tesponses and 1 1 fourth asymp
tomatic but demonstrated by such findings as a rebound increase m the
ESR toalcvel lgher than 1t was before treatment rehound eosinophilia
muld hy potension or changes i eseretion of sterords or 1n les s of <erum
electroly tes

Etiology More mformation 15 needed concerning the pathologic physt
ology of the reaction However one of the mamn factors m 1ts occurrence
scems to be hypocortisonism resulting from temporary suppression of
pitwitary-adrenocortieal function mnduced by admmmstration of these hor
mones as diseussed previously In addition to the mamfestations of hypo
cortisonism residual manifestations of hy percortisonism, 1f any ewst mn the
particular case also temporarily cvert therr effect upon the metabolie
proceswes However parts of the reaction partieularly the musculosheletal
phase, seem to require conditioning by the underlying rheumatic process
since similar musculosheletal reactions are unusual mm patients who
have not had a rtheumatic process such as rheumatoid arthntis or Jupus
erythematosus

Musculoskeletal Symptoms he symptoms of the musculosheletal
withdraval reaction need to be and usually can be differentiated from
the 8y mptoms of a true rheumatord flare The former bear a strihing resem
blance to the pseudorheumatism of hypercortisonsm

Si R Related to Hyp fe Withdrawal
of Hormones These may consist of muscular weakness lassttude fatrgue,
exhaustion prostration fever snorewia nausea vomitmg abdomnal
cramps diarrhea diurests hzziness, headache mental depression or 1rrita
bibty hypoglycemia exaggerated mcreases m 1 SR or costnophil ""“msl
changes 1n steroid excretion retention of pota stum and loss of sodiwm 'm(t
chloride V irious combiations of thesc symptoms may be pre ent in almo
any degree of seventy
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Program 2 Hormonal Therapy T'rom cortisone or corticotropin relief 15
generally prompt and marhed and can be cfectively mantamed by con
tinued treatment 1n at least 50 per cent of cases The cost of mamntenance
doses of cortisone although still hagh 1s now less than the cost of gold salts
plus the necessary weekly laboratory examinations required during chry so
therapy 1t 15 also less costly than the expense of profescional physical
therapy gnen two or three times a week 1 otential sude effects comprise the
chief objection to the use of this program These prevent the continued use
of hormones m about 15 per cent of cases and necessitate the careful use of
suboptimal doses in about 3o per cent Butif patients are managed carefully
at least 00 per cent mas attain satisfactory anticheumatic results without
side effects When transient side effects occur they are certainly no more
troublesome 1ndeed usually less so and are more res erxible than those from
gold salts

Program 3 Chrysotherapy If gold salts worh sigmficant relief usually
develops 1n weeks not hours or days as from cortisone, but if remissions are
induced the relief after chrysotherapy 13 stopped may last longer than that
after hormonal therapy Toxic reactions to gold salts are still common and
oceasionally serious But most important an average of only about 15 per
cent of patients given gold salts have developed marked relief comparable
to that which hormonal therapy commonly and rather promptly affords 49

Treatment of Choice There 1s no one treatment of chotce for the dicease
but there 1s commonly a treatment of chowce for the patient Program 1
General Measures 1s the chotce for early mild or nonprogressis e theumatoid
arthritis according to most phy=ictans Even when 1t 15 inadequate by rtself
as 1s often the case Program 1 should be continued in conjunction wrth
whates er other forms of therapy are added We and many others are of the
optmon that Program 2 Hormonal Therapy unless contraindicated by com
pheating conditions 1s the choice in patients for whom Program 1 alone does
not suffice We use Program 3 Chrysotherapy for patients who are not suit
able for treatment with hormones either because of compheating conditions
or because previous experience has shown them to be unduly susceptible to
the adverse effects of such treatment Others prefer to employ chry sotherapy
before cortisone 437 438 49 441 One physicsan prefers gold salts mn cases of less

than one year » duration cortisone 1n the others ¢

Whether the combined use ot hormones and gold salts offers any advan

tage remains a disputed question # ¢ 1 # Some have ads ocated their con
comitant use 1 ordcr to obtamn the quick benefits from cortisone while
awating the more delayed benchts from gold Others have considered that
the combmed use enables the more rapid administration of larger doses of
gold saits **' Some™ but not others'®® # have concluded that gold potenti-
ates cortisone which then can be used more effectively 1n smaller doses
Some have reported that the continued use of gold after discontinuance of
treatment with hormoney prolongs the hormonally nduced remission 3¢
others disagree ™ # Combined use of hormones and gold salts may be
considered for Severe arthntis which requires more relief than the use
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reactions However af withdrawal symptoms do occur, certan measures are
helpful

(1) Most of the mild or moderate withdrawal reactions can be treated
symptomatically Even severe reactions can be helped by simple supportite
measures such as increased rest—es en hospitalization for <evere reactions—
replacement therapy mn case of electroly te disturbances and the use of simple
analgesies such asaspinn 26 to 52 Gm daily physical therapy and appro
priate supports or sphints for musculoskeletal sy mptoms

(2) For some severe withdrawal 1eactions temporary resumption of hor
monal therapy may be necessary One should repeat approumately the
previous maintenance dosage long enough to control the reaction Thereatter
the dose may be reduced more gradually than it was previously, eg by
decrements of 25 to 5 mg every weeh or so Many physictans have the
clinieal 1mpression that withdrawal reactions sometimes seem briefer and
less severe after corticotropin than after cortisone although this impression
has not been demonstrated certainly as yet Therefore, for some patients
previously treated with cortisone corticotropm may be tried nstead either
by the method of gradually tapered intramuscular doses, or by intrayenous
admnistration (10 to 20 umts in eight hours)?® for a few days until an
adrenocortical reactivation 1s evidenced by a chnieal response

Our Policies, Practices and Recommendations

Companison of Hormonal Trealment with Other Measures

Cortisone hydrocortisone and corticotroptn are now considered practt
cal useful agents in the treatment of selected cases of theumatoid arthntis
by mostiny estigators 5 9 96 100 103 111 115 116 182 193 N2 527 9 3 353774 5 430-4%
However opimons differ widely as to the type of case m which such treat
ment 18 appropriate Some physicians imit hormonal therapy to 2 “emall
proportion’ of cases!'s !¢ or to rapidly worsemng conditions®® or use 1t only

‘when other treatments have failed’ ™ others consider 1t ““the most satt>
factory single therapeutic agent now used 1n rheumatoid arthritis *° Spres
and associates'® concluded that the judicious use of these hormones
requires a gruat deal of seentifie information et 1t 15 desirable that phy
sicians in practice use them  VWith this we agree

Alternative Measures Omutting modifications and embellishments there
are, 1 our opimon only three noteworthy programs of medieal treatment
for rheumatoid arthnitis These are \

Program 1 General Measures These mclude analgesics phy 5“‘2
therapy reduction of articular trauma extra rest proper nutntion aln
other supportn e measures This program may sufficc for some cases of early
mild or nonprogressive arthntis Unfortunately 1t 15 madequate mn m]J!;y
cases not onlv because many patients are not conselentious 1n the applic \

f these measures but also because too often this program muy 2O

o o 1 d fail to halt or delay the progress
afford sufficient sy mptomatic relief and may fail to

of the disease
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Program 2 Hormonal Therapy From corticone or corticotropin rehef 1s
genernlly prompt and marhed and can be effectnnely mamtaimed by con
tinued treatment tn at least 50 per cent of cases The cost of maintenance
doses of cortisone although still high 1s now less than the cost of gold salts
plus the necessary weekly laboratory examnations required during chryso
therapy 1t 15 also less costly than the expense of profeswional physical
therapy given two or three times a wech Potential side cffccts comprse the
chief objection to the use of this program These prevent the continued use
of hormones 1a about 15 per cent of eases and necessitate the careful use of
suboptimal doses 1n about 30 per cent Butif patients are managed carefully
at lewt 50 per cent may attamn satwfactory antirheumatic results without
side effects When transient side effects occur they are certainly no more
troublesome 1ndeed usually less so and are more reversible than those from
gold salts

Program 3 Chrysotherapy If gold salts work significant rehef usually
develops in weeks not hours or days as from cortisone but if remissions are
induced, the rehief after chrysotherapy 1s stopped may last longer than that
after hormonal therapy Toxi reactions to gold salts are still common and
occasionally serrous But most important an average of only about 15 per
cent of patients grven gold salts have developed marked relief comparable
to that which hormonal therapy commonly and rather promptly affords 4*

Treatment of Choice There 15 no one treatment of choice for the disease
but there 13 commonly a treatment of choiec for the patient Program 1
General Measures 1s the choice for early muld or nonprogressive rheumatoid
arthritis according to most physicians Fyven when 1t 15 inadequate by 1tself
as 15 often the case Irogram 1 should be contmued 1n conjunction with
whatever other forms of therapy are added We and many others are of the
opwnton that Program 2 Hormonal Therapy unless contraindicated by com
plicating conditions 15 the choice 1n patients for whom Program 1 zlone does
not suffice We use Program 3 Chrysotherapy for patients who are not suit
able for treatment with hormones either because of complicating conditions
or because previous expertence has shown them to be unduly susceptible to
the adverse effects of such treatment Others prefer to employ chrysotherapy
before cortisone 457 435 44 441 Ope physician prefers gold salts in cases of less
than one year s duration cortisone in the others

Whether the combined usc of hormones and gold salts offers any advan
tage remas a disputed question 6% * # Qome have advocated therr con
comitant use in order to obtain the qutck benefits from cortisone while
awaiting the more deliyed benchts from gold Others have considercd that
the combined use enables the more rapid administration of larger doses of
gold salts *1 Some's but not otherst*® ¥4 haye concluded that gold potents-
ates cortisone which then can be used more effectinely 1 smaller doses
Some have reported that the continued use of gold after discontinuance of
treatment, with hormones prolongs the hormonally mnduced remission 3
others disagree 99 41t Combined use of hormones and gold salts mav be

considered for severe arthritis which requires more rehef than the use
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general measures plus cither gold or hormones ean provide However ths
plan <hould not be wpplied a3 2 “shotgun” misture but only on the bavs of
careful selection and knowledge of the patient’s response through previous
application of each of these measures separately

In the chowee of treatment we have a great responsibihity to the patiat
and wc must be objective not personal have an opmion but not he optmon
ated Inthe care of the rhoumatowd patient we must not e chrysotherapsts
cortisonologists, or phystitrists alone but rather phywicians or rheumatclo-
gists using whatever will be of benefit As physteal therapy and chryso-
therapy help many patients, we must use them, as hormones help many we
must learn to usc them better and better If a paticnt’s condition 1s equally
switable for chrysotherapy or hormones he should hayve first that which is
phyvsician can give with greater skill and confidence Such 15 the chromety
of this disease that whatever remedy 1s used first, many patients may have
time and need for the other remedy later

Practicability of Hormonal Therapy of Rheumatoid Arthntis as an
Office Procedure Hormonal therapy 1s now practicable as an office proce
dure for most gencral practitioners or mnternists and all rtheumatologists, of
the physician follows certain requircments These are (1) a reasonable
famiharity with the physiologic effects of the hormones and with the discase
(2) careful selection of patients (3) careful management whieh myolves the
willmgness or ability to allow sufficient time for each follow up consultation
eg 15 to 30 minutes (4) an alertness to detect incipient mamifestations of
hy percortisomsm by climeal apprasal and (5) the recording of certan data
The recording can be accomphshed by means of a sumple running tabular
chart designed to show the date of each consultatton hormene used daily
dose and 1ts diviston  patient s weight and blood pressure  brief numencal
gradig of the changeable tenderness swelling and range of motion of three
or four representative  hey jomts  nature and seventy of sde effects if
any and measures taken to elimmate them, results of laborators tests

Actually the use of these latest hormones presents to the physieian 10
strange new problem rather 1t 15 an old famihiar problem of beng able to
balance the beneficial effects of & hormone or any other medicine 1gainst the
posable undesred effects Any physician who can manage drabetic patients
with msulin or rheumatoid patients with gold salts can learn to use cortison¢
or corticotropin With reasonable safety He should be able to grve superior
1f not yet complete rchef to at loast half of his rheumatoid patients w hom he
selects and treats wiscly

Answer to Criicisms and Objections to Use of Hormones lhcu e of the
hormones 1n treatment of rheumatoid arthritis has been subjected to eritt
c1sm by some physicans for various reasons most of which are no longer
vahd
(1) Costhness and hmited avarlability—The pharmareutical mdu lr‘)i
has solved these problems so that the hormones are a1 ailable m any devire
quantity and at a cost no greater than that of many other medlmnc: Lon

(2) Transient, noncurative action requirmg prolonged admimetrats



RHEUMATOID ARTHRITIS AND OTHER RUEUMATIC OR ARTICULAR DISE4sES 245

and permitting the underlying disence to persst— \ simular objection could
but should not be rused concerning the use of msulin for diabetes linver
extract for pornicious anema or digitalis for congestive heart failure

(3) Unhnown or pharmacologie (irrat:onal) rather than physiologie
(rational) mode of action—Ths gap 1n knowledge also true of many other
forms of treatment should be more of a challenge to the investigator than
an objection to the eareful clinteal use of these substances

(4) Worsening after stopping of treatmeut—Proper management duning
treatment and withdrawal ehminates or this devel

() Oceurrence of undesired effects—\s discussed 1 the preceding
pages this 15 one of the greatest hmuting factors m the achrevement of
maxmal antirheumatie results but «ide effects themsely es can be controlled
as described on page 234

Our Present General Policy of Hormonal Administration

Our pre=ent general pohcy with 1egard to use of these hormones in treat-
ment of rheumatoid arthritis 1s to 1dmim ter doses which will give optimal
not necessartly miamal antirheumatie re ults  the greatest rcltef that can
be obtained without the development ot side effeets Until more 1« known
about these hormones ahout pitwitary and adrenocortic 1l funetion m rheu
matord arthritis and about the control of wide effects we cannot expect to
achieve complete <uppre sion of rheumatie svmptoms for imdefimtcly pro
longed periods 1n most cases

Selection of Patients Qualifications which we require for hormonal
treatment are as follows (1) an active rheumatoid process 1e  one poten
tially responsive to hormonal therapsy (2) failure to respond adequately to
a farr trial of general measures (Program 1) (3) psychologte suitability—
1e the patient must he capable of sustamed cooperation despite the tact
that treatment will be prolonged that 1t 1s suppressis e rather than curative
18 varably effectrve from time to time and will requure close supervision and
probably various dose changes mcluding at times reduction of dose because
of side effects and despite incomplete control of symptoms and (4) absence
of absolute contraindications to the use ot hormones In the presence of rela
tive contraindications the po sible benefit from treatment mu t exceed the
inereased nsh presented by the comphcating eondition

Contramdications to Use of Hormones Certain conditions which may
be apgrasated by cort1 one hydrocortisone or corticotropin provide con
tramdications either relatine or ahsolute to the hormonal treatment of
rheumatoid arthritis (Table 19) The reasons for meluding the condrtions
listed mn Lable 19 as eontramdications aie 1eadily apparent on conuderation
of the hnown physiologie activities of the hormones Another mmportant
contraindication of a different nature 1~ the lack of 1 definite indication for
the use of the hormones

In our opinien the u e of cortisone if needed majy be undertaken cau
tiously at present for rheumatoid patients who have certain conditions
presiously lsted by some as absolute contramndieations pregnancy 44
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previous myvocardial or cerebral mmfarctions, ' 46 arteriosclerosis, "t angma
pectorts, hursutism % properly treated syphilis, ¢ 47 chrome hepatie dis-
ease, ¥ sencscence ¥ cardiovascular abnormalities 37 of mnor degree m
patients more than 30 years of age, decubital ulcers, * debility,® and sur
gical procedures 5 Rheumatoid patients commonls obtan <pontaneous
rehef during pregnancy  Therefote the continued use of cortisone is generally
not required durmg pregnaney  But for patients not beneheally sffected
after two or threc monthe of pregnancy 1t 1s apparently safe to use the hor
maones i moderate doses #9531 We try to avord their use dunng the fint
two or three months m view of the experimental production of develop-
mental abnormalities m frtuses of certam ammals by excesane doses of
cortisone ¥ 43 {9 date however, these anomahes have not been ob
served m human bemngs and limited climical experience suggests that moder
ate doses m1y be emploved safely even in the first trimester of pregnancy

Table 19

IRrE B\t CONTRAINDICATIONS T0 LSE oF JIoRMOMNES $v RMELMATOID ARTHRITD

Abeolate
1 Tuberculosis active or recently actne (Within preceding 5 years)
2 Psychosis
3 Cushing s syndrome
4 berious infections m which orgamsms eannot be controlled reacily by antibiotics

eg sural nfeetions sich as acute pohomy elit
Relatne

5 Other scvere or moderately severe infeetions

6 Renaf msuffiereney

7 Peptie uleer

8 bevere pyychoneurosis or history of psychosts now 1 remission
) Osteoporosts
10 Diibetes mellstus

11 Cardior ascular 3 din

and tendenes to t! t or boembolie ph

12 Comulsive disorders

v+ hypertension

of the

Future advances 1 medicine eventually may permut extension forod
erct

ucefulness of cortisoue i the presence of certam conditions now (onsy
contramdications Tor example, recent studies suggest that adequste
amounts of streptomy e my successfully counteract the enhancimg effect
of the hormones upon tuberculosis Likewise for some patients who hwve
bacterial infections for which appropuiate antibiotic therapy 15 available lh‘i
supplement 1l use of cortisonc has been said to be of great therapeutic v alue
Fxammation of the Patient Prior to hormonal treatment the complete
medical history should be obtamned and physical examination performed
Details of the past course and present condition of the arthritss should b;
noted carefully The usual Iaboratory tests unnilysis ervthroey te nnt
jeuhoss te counts, determunation of hemoglobin and TS R scl’()lm.:u}.‘l tt"‘d
for sy phils, and roentgenograms of the thorax and appropriate joints <how
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be made Attentton should be given to the posable presence of any complt
catin, conditions that might be aggrayated by the hormones Special lubora
tory tests for such conditions should be employ ed as necessary, e g, a fasting
blood sugar if there 1s a history of diabetes in the family, a roentgenogram
of the stomach and duodenum if the history 15 Luggestnve of peptc uleer
determmation of blood urea if renal insufficiency 1s suspected

Dunng treatment the patient should return periodrcally for supersiston
For the first fen neehs these visits should be made every two or three days
then at intery als gradually lengthened to every two to four weehsif progress
13 satisfactory Complieations such as articular flares ntereurrent iliness
or hormonal side effects may necessitate additional return visits At each
viat the antirheumatie response should be noted carefully esvidences of
side effects or complications should be sought, and the dose of hormone
should be adjusted 1if necessary The patient should be weighed each time
Urmalysis should be performed at the end of the first week of treatment
then at mtervals of one to two months Blood pressure should be taken
at monthly intervals or oftener1f the patient 1s hy pertensive Determination
of ESR hemoglobin and leukocyte count should be obtamed esery three
to six months Roentgenograms of the thorax should be repeated every 6 to
12 months “More frequent or add:tional tests should be performed as ind1
cated by the aireumstances of the case

Inthe past considerable ittentron was grven to vanous laboratory tests,
eg, frequent determmations of eosonophil counts serum electrolytes
ESR or unnary excretion of steroids as possible guides to regulation of
dosage 1hewe and many other tests have provided useful information for
purposes of research However 1t 1s now generally agreed that laboratory
tests cannot replace careful ehmcal apprasal as the principal basis for
management ¢ 97 100 109 2 3 304 439

Choice of Hormone Either cortisone hydrocortisone or corticotropin
can be used effectively Ve have given cortisone acetate by the oral route
n most caces primanly because of convenence of administration Whether
the use of hydrocortisone (free alcohol) nstead of cortisone acetate offers
any sigiificant advantage requires further study

Choice of Program of Admimstration Currently we employ programs of
more or less continuous admunstration in most eases although under special
arcumstances interrupted courses are used But unle s these special cir-
cumstances dictate 1t 1s actually not necessary for the physician to decde
definitely at the outset of treatment whether he will use one or the other
plan Any preliminary decision can be changed later 1n the hight of the pa
tient s chcal response Thus if interrupted administration 15 temporanly
intended and the patient responds well and tolerates effective marmtenance
doses but begins to relapse notably during what were to have been the
final doses of the mtial course of treatment the plan may be conyerted into
one of continuous administration at least for the time being Likewise 1f
the patient embarks on a program of s ad; ration but respond
well and continues to do s0 even when the mamtenance doses have been
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reduced, the phyarcan may deade to continue gradual reduction of do « to
the point of discontmuation to scc whether or for how long the patents
remssion will continue without aay hormane

Doses Used for Prolonged Admistration Regulation of dosage 1s a2
process which requires individualization the dose must be “tasfored to 6t
cach patient Henee no set rales e by estaiblished at present But m the
hight of past cxperrence cett i e ncralities ¢ be Aated

Initial Doses We have virtually climinated the use of high mstial sup-
pressive do osm our present practier We attempt ta start with doses nhuch
will be approvimateds withu or only shghtly beyond the range estimated as
rersonable for profonged mamtenance of the patient t1hiny, tnto acconnt
the actruaty of the disease wad the ndiydunl s possible susceptibility to e
eflects Ve often canploy the folloning dathv doses antally for men, 4010
7o mg  for postmenopausal women 20 to 30 mg  for other women 30 to
50 mg  for children in whom size as well as age must be taken mto ton
wideration 15 t0 30 mg The smaller doses of cach range are g en for milder
disease the larger doses for more severc Rarely in partieularly sovere con
ditions, the « hmits my be exceeded by a4 fen muilligrams

As soon as the antuheumatie re pouse 1 defiste, aud eseu before 15
complete gradual dose reduction 13 imtiated—often withm a weeh and
occasionalhy within two or three days of the dase emploved produced 2
marhed imtial effcct or after longer pertods if the onset of improyement v
slow Sometmes the chosen mitial dose may prove to be msufficent m
whieh case one or more smail increments, of 5 to 10 mg each mayv be made
but again 1 soun ns 4 respon o 1> obtamed reduction of dose hould be
attempted

Reduction of Dose Decrements vy depending upon uch crreamstances
as the current luvel of dosage and the response to each reduction wm dose
Generally decrements are from o to 125 mg when the darly dose 15 meore
than o0 mg from 2 ) to 5 mg when 1t 1s 50 mg or ks the larger decre
ments bemng used also when the response 1s more marhed Iihentee the pertod
betw cen reductions varies If the response 1s marhed and the previous reduce
tron wcdl tolerated the dose may be reduced agaw within two to weven dovs
if the respon ¢ to the pressous reduction has been less favorable wnother
reduction (unless dictated by uircumstances other th in those relating to the
antrrheumatic effect) may be delayed as long s necessary for the patient to
readjust to the new dose

M Doses A dove a~ smd before 15 not the dose
one mantams 1¢ 1t 1 not 4 more or less fived dose It 1o that small 1 wsble
amount requircd to mamtam rehef Mamtensnec refers to rehef not doe
Just as tolerance for the hormones duffers in cach patient the proper doe
for mamtenance of relif vares fiom patient to patsent and from time Yf;
tume 1n the same patient hence frequent indn udual wiention m)mmx
of the aim of optimal rehef without side effects 1s to be achieved ()wxsmm’\x
attempts at reduction should be madc even though the particnt mm;f\\t;‘w
stabthzed on 8 gren do e a lower do e may weamplish as much
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reduced dose proves insufficient the former dose can be reemployed perhaps
for one to three weeks or so before annther reduction 14 attempted

Qur past experience suggests that the daily mamtenance doses for pro
Tonged treatment generally <hould not exceed the following limats for men,
b>mg for postmenopausal women 35 mg for other women 45 mg and
for children 20 mg In case of increased stress or articular flare temporary
use of larger doses may be required

Often no mcrease 1 dose 1s required for mild or moderate flares estra
aspirtn phy<ical therapy and rest for a few days may suffice If the flare

Sedeniary

Cortisone
X mg

m Gortisone
O Dose unnecessary ©
Fic 29 Selective rearrangement of the total daily do » When symptomatic
vanations are slight dunng the 24 hours doses should be evenly spaced and exventy
dwvided As the day progresses sedentary patients ma) mprove but laborers may
feel wor e Fluctuations may be smoothed out by appropnate rearrangements of
the timing and drvisions of the tota! daily dose

persiats for several days despute these measures the dose may be wncreased
5 mg for mild or modecrate flares 10 mg for more severe flares later a
second mnerement may be gren 1f necessary As soon as the flare begins to
recede the dose 15 reduced again

Rheumatoid symptoms may vary in mntensity durng each 24 hours
(Figure 29) Patients are commonly worse early 1n the mornng better later
m the day and perhaps worse agam by evenng or at some time duning the
night Where vanations are mimmal oral doses of cortisone may be divided
and spaccd more or less evenly But 1f more marked variations oceur the
time and amount of individual doses should be adjusted approprately in
order to supply more cortisone durng the hours of mereased symptoms and
to reduce the amount given during the hours when less cortisone 1s required
n this way smaller total day doses may be suece sfully emploved

Most rhenmatoid patients vary symptomatieally from day to day
(Figure 30) Many have m each weck about three average ' days two
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reduced the physician may deade to continue gradual reduction of dos to
the point of discontinuation to sce whether or for how long the patients
remussion will continue without any hormone

Doses Used for Prolonged Admmmstration Regulation of dosage 8
process which requires individualization the dose must be “tastored to it
each patient Hence no set rules can he estabhshed at present But m the
hight of past experience certain gencralities can he stated

Imtial Doses We have virtually elimmated the use of high mtial sup
pressive doses 1n our present practice W e attempt to start with doses which
will be approvimately within or only shghtly beyond the range estimated as
reasonable for prolonged maintenance of the patient taking mto account
the activaty of the disease and the individual s possible susceptibility to side
effects We often employ the following, daily doses itaally for men 40 to
7o mg for postmenopausal women, 20 to 35 mg for other women, 30 to
50 mg  for children 1n whom size as well as age must be taken mto con
sideration 17 to 30 mg The smaller doses of each range are grven for mulder
disease the larger doses for more severe Rarely in particularly severe con
ditions these hmits may be exceeded by a few milligrams

As soon as the antirheumatic response 15 definite and even before 1t 1s
complete gradual dose reduction 1s 1mtiated—often within a weeh and
occastonally within two or three days if the dose employed produced &
marked mtial effect or after longer periods if the onset of improsement 1s
slow  Sometimes the chosen mtial dosc may prove to be msufficient, 1
which case one or more small merements of 5 to 10 mg each mav be made,
but again as <oon as a response 15 obtamed reduction of do ¢ should be
attempted

Reduction of Dose Decrements vary dep upon such ard
as the current level of dosage and the response to each reduction in dose
Generally decrements are from 5 to 125 mg when the daily dose 13 more
than 50 mg from 25 to > mg whenat 15 50 mg or less the larger decre-
ments berng used also when the response 15 more marhed Likewse the peniod
between reductions varies If the response 1s marked and the previous reduc
tion well tolerated the dose may be reduced agam within two to ~even days
1f the response to the previous reductron has been less favorable anoth;r
reduction (unless dictated by eircumstances other than those relating to the
antirheumatic effect) may be delayed as long as necessary for the patient to
readjust to the new dose

Maintenance Doses A mamtenance dose as said before 15 not the dose
one maintains 1e 1t1snot a more or less fived do ¢ It1s that small vanable
amount required to mantam relief Mantenance refers to relief not lilﬂﬁe
Just as tolerance for the hormones differs 1 each patient the proper o:e
for maintenance of relief vares from patient to patient and from time g
time 10 the same patient hence frequent wndividual attentron 13 rcqulr)c‘l
if the aim of eptimal relief without side effects 15 to be achiey ed Occaau‘)‘lc"
attempts at reduction should be made cven though the patient ke)elmlsf e
stabilized on & given dose a lower dose may accomph h as muci

N "
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reduced dose proves msuffictent the former dose can be reemployed perhaps
for one to three weeks or so hefore another reduction 18 attempted

Our past experience suggests that the daly maintenance does for pro
longed treatment generally should not exceed the following hmits for men
6o mg for postmenopausal women 3o mg for other women, 45 mg and
for children 25 mg In case of inereased stress or articular flare temporary
use of larger doses may be rcquired

Often no merease 1n dosc 1s required for mild or moderate flares extra
2 pirmn, physical therapy and rest for a few day~ may suffice If the flare

Sedentary

Cortisone
X mg

m Cortisone
D Dose unnecessary °
Fia 29 Selective rearrangement of the total daily dose When symptomatic
variations are shight during the 24 hour doses should be evenly spaced and evenly
divided As the day progre ses sedentary patients may tmprove but latorers may

feel worse Fluctuations may be smoothed out by appropnate rearrangements of
the timing nd divisions of the total daily do e

persists for <everal days despite these measures the dose may be increased
5 mg for mild or moderate flares 10 mg for more severe flares later a
second 1ncrement may be given if necessary As soon as the flare begins to
recede the dose 15 reduced agam

Rheumatoid symptoms may vary i mtensity during each 24 hours
{(Figure 20) Patients arc commonly worsc early 1 the morming better later
nthe day and perhaps worse again by evemng or at some time during the
mght Where vanations are mimimal oral doses of cortisone may be divided
and tpaced more or less cvenly But if more marhed « wations occur the
time and amount of individual doses should be adjusted appropriately 1n
order to supply more cortisone durmng the hours of inereased symptoms and
to reduce the amount g1 en during the hours when less cortisone 1s required
m this way smaller total daily do-es may be succes fully employed

Most rheumatord patients vary symptomatically from day to day
(Figurc 30) Many have m each week about three average days two
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“worst” days, and two “best” days Often the patient can tell during the
first hours of the day what the rest of the day will be like If such a patient
15 treated with a fixed dose of cortisone so that he 15 comfortable all week,
he 1s taking enough for the two worst days morc than enough on the other
days This mild unrecogmzed overdosage mayv mahe the difference betneen
mdefinite tolerance and the slow deselopment of mtolerance It would be
better for such a patient to regard the lower dosc required on the best days
as"the regular dose to be supplemented as necessary by small imerements of

—

‘x mg—>
doily

S V]

Worst | Worst |
day (Aversy
day y doy

Mon  Tues Wed Thurs Frl Sat Sun
Time one week

VZ7Z777} Overdosage per week

Fi 30 Mild chronic overdosa,e 1n a patient with rheumatord arthrtis stabibzed
on fixed mamtenance dose Each week rheumatoid patients commonly have about
three average days two worst days and two best days If when recenng 3 ficed
daily dose the patient 15 equally comiortable all weeh he 1s taking enough hormone
for tus worst days and probably more than enough for the other days of the week
Rearrangement and selectrve varabihity of doses will correct overdosage

perhaps 25 to 5 mg on the other days However such a plan requires an
mtelligent cooperative patient and careful check of doses to msure that the
supplements are not betng employed excessively or unnecessarly

Management of Hormonally Treated Patients in Case of
Increased Stress

Normally 1n casc of mereased stress the body requires and the adrenal
cortices under the corticotropic stimulation of the anterior priutary produce,
imereased amounts of adrenocortical sterods However treatment with
cortisone hydrocortisone or corticotropin temporanly mhibits this normal
mechamsm during the use of these hormones and for periods varying from
days to months afterwnard Throughout this period of mtmtary udrcn;)-
cortical dysfunction the patient 1s largely dependent upon exogenously

P
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admunistered cortisone or corticotropmn to supply his need and in case of
merea ed stress sufficient hormone must be given to prevent the serious
consequences of adrenocortical msufficiency We recommend that hormone

treated patients carry cards similar to cards for diabetic patients and de

<igned to inform those who mught eare for the patient 1n an emergency that
the patient has been taking these hormones and therefore may need <pecial
care 4%

At present the duration of complete or partial suppression of pituitary
adrenocortical function resulting from various doses and periods of treat
ment with these hormones ecannot be predicted accurately \or are there
adequate means of estimating heforehand either the patient’s requirement
for adrenocortical hormones under stre s or the abihty of his prturtary-
adrenocortical mechamism to respond to stress Therefore certain arbrtrar
precautionsseem advisablein the present management of these patients 164 480

Majyor Stress Such as Surgical Treatment In the event of surgical treat-
ment of patients who have recenved cortisone within the preceding sin
months or within the past two years if hypercortisomsm has been pre<ent
we adrnister intramuscularly 200 mg of cortisone daily—48 24 and 2
hours before operation 100 mg of cortisone usuallv 13 given the day after
operation 1n uncomplicated cases and within the next two or three days the
dose 15 gradually reduced to the preoperative mamtenance level Oral ad
mmistration 1s resumed about the hfth postoperative dayv or whenever the
patient is able to utihze medicaments by mouth 154 40

For urgent operations 1n which the preoperative pertod 1 insufficient to
permut the foregoing prophylactic regimen 200 mg of cortisone should be
admimstered intramuscularly as soon as possible and again immediately
before or after operation 100 to 200 mg of cortisone or hydrocortisone 1n
<olution should be grnen itravenously dunng operation and repeated as
needed after operation Treatment thereafter 15 the same as for patients
prepared by the usual prophylactic regumen 2 4%

Adrenocortical msufficiency should be considered a potential hazard 1n
all surgical patients who have had prior therapy with cortisone hydrocortt
sone or corticotropin Whether or not the foregoing use of extra cortisone 1s
mdicated the following precautions are advisable Operation should be
performed early 1n the day to avoid prolonged fasting and other stress
merdent to warting If fluids are required ntravenously the u e of glucose
alone 1 distilled water should he ayoided phy 1ologre sodmim chlonde <olu
tion or 5 per cent glucose 1n physiologic sodium chlonde solution <hould be
gnen mstead Morphme which 15 poorly tolerated by patients who have
adrenocortical insufficiency should not be used particularly 1f prophylactic
treatment with cortisone has not been gnen mependine hydrochlonde
(Demerol) mav be substituted

During and after operation the patient 1s observed closely blood pres
sure pulse and temperature are cheched hourly for 24 to 36 hours If signs
of adrenocortical insufficiency (weakness tachveardia hypotension yascular
collapse respiratory failure fever) develop 100 mg of cortisone or hydro
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cortisone i selution® g promptly admimastered mtrivenously and 1
repested along with wdinonat salme <olutron 1w often as Becesr) to
mamtam normal blood pressure 200 mg of cortisone 1s grven sntramusen
Iarly forits delay ed effect Aqueous adrenocortieal extract in sodum chloride
solution may be used for patients m entical condition or m the cvent that
cortisone or v drocortisone for mtrayenous use 19 not smmediatels aad
able \n mtramusiular myection of 40 (¢ of the adrenocortical extract may
be gnen m ewch of tyo “1tes 40 ¢ of the same extract m 4 hter of saline
<alution may be admmistered tntravenously wn four hours th latter bemg
repcated every four hours for as often as 1s necessary Mo o gen bload
transfusions and 1 wopressor drugs such as norepinephrine 4 mg added to
sodiur chlonde ~olution are ysed as mndicated for patients m shoch  \ppro-
bnate modifications of these prophyfictie and therapeutr regimens can be
applied to wstances of severe stress other than surgiea! procedures eg,
severe mfection or severe trauma

Munor Stress T'or munor stress such as shght upper respiratory mfection
mild mfluenza or shght trauma the mamtenance dose may be continued or
inereased shphthy by 10 to 2, my, dasly Carefu} ehmeal obsery ation shonld
reve] any need for additional amounts of hormones

Resvrrs

Our own results from the long term use of cortisone can be summarized
thus 1he arthnts of 50 ber cent or more of our patients has becn controtled
rather easily by apparently safe and relatiiely low mamtenance doses Dove
adjustments were occasionally necessitated by spontaneous flares trauma
or intercurrent wfections About 35 per cent of our patients have required
closcr attention and frequent changes i doses In some patients mereased
doses temporanly required raay mduce side ¢ foets for which supplemental
measures are needed transiently { hese patients hase been more difficult to
handle than the first group but results are often satisfactory In about 1o
per cent of our patients the continuous adequate control of the diease with
tolerable doses has been difffeult of not impossthie with present schemes of
hormonal treatment because of the sev enty of the dicease or other poorly
understoad factors

Cowvor RExsons ror Unsumisracrony Resvirs rrox Ust oF
» Furse. Honrvorrs

Certain correctable mistakes have been responwible for some of the un
satisfactory results obtamed by us or others The most common of these
have been (1) mmproper selection of patients for treatment rheumatod
patients with compheating cenditions which contramdieate the use of hor
mones or those with irresersible changes and httle or no actn e whamma

ortisone acetate s}onfl not he

v n of cortrsone acetate and hydroe
The suspension of < or byd for mtras enous use shout 1 be i

sotution
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tion, or other patients who do not have diseases responsive to hormonal
therapy (2) madequate supervision of patients insufficient ehinieal observa
tion and failure to recogmze early signs of hypercortisomsm  (3) improper
regulation of dosage admimistration of excessive doses or less commonly

sufficient doses too abrupt reduction or withdrawal of dosage 1mproper
division and spacing of the total daily dose erratic dosage (rapid vacillation
from overdosage to underdosage to overdosage) failure to regulate dosage
m accordance with pattent s need and tolerance for cortisone eg failure
to reduce dose when signs of hypercortisomsm appear or to merease dose
temporanly for bona fde rheumatord flares (4) neglect of supplemental
measures of treatment (5) insufficient rest and exeessive trauma tojoints (6)
faslure to use supplemental doses of hormones during increased stress 184 460
Ihe results of therapy can be improved considerably if mistakes such as
thewe ate avorded

Hormonal Treatment of Certain Other Rheumatic or
Articular Diseases

Cortisone hyvdrocortisone and corticotropin have been employed 1n
treatment of other rheumatic or articulir diseases some of which will be
mentioned briefly In many of the nonmfectious self limited diseases hor
monal treatment has been employed most suetessfully In chrome indefi
mtely prolonged disease the possibilitzes of benefit from use of the hormones
are limited to a4 certam extent a1 rheumatoid arthntis by the necessity
for compromuse 11 regulating the dosage 1 order to avoid side effects

Arthntis of Allergic Reactions Cort: one and corticotropin effertively
control the arthntis of allergic reactions such as serum sichness or drug
reactions * ! They are u eful i the treatment of severe or moderately
severe allergic reactions which are not adequately controlled by such meas
ures as the use of antihistaminic agents <ahcylates and local applieation of
heat Doses of 7o to 100 mg or occasionally more of corts one or 30 to 40
units or more of ¢orticotropin depcnding upon aircumstances may be given
datly for a few days until the manifestations of the reaction subside then
the dose may be tapered and treatment finally discontinued after these

elf limited conditions haie run their usual course of one to three weehs
rarely longer

Arthntis of Chronic Ulcerative Colitis The articular reactions assocrated
with chronic uleerative cohtis can be suppressed by hormonal therapy
However treatment of the colitis usually 15 of primary importance 1n these
cases and the role of cortisone 1n that regard 1 m di pute among gastro
enterologists  If hormonal therapv s indicated and employed tor the
arthnitis dosage should be regulated as adised for treatment of rheumatord
arthntis

Bursitis, Epicondylitis, Penarthntis, Shoulder-Hand Syndrome, Tend:
mtis, Tenosynovitis Favorable results!® 3¢ 1343146 —484 hyy e heen reported
from the ue of coitisone or corticotropin for nommfectious forms of
the e conditions Such treatment generally has been more successful if
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employed in the acute rather than the chrome stac of the disease However,
hormonal treatment has been helpful when used m conpunetion with orthe-
pedic mampulation of frozen shoulder I oeal injection of hydrocortisone
acetate 19 superior to systemie admumstration 1 some ¢ases 1n which the
process 1s well localized to a site that 1 casy to myect ¥

Fibrositis  The symptoms of fibrositis respond favorably to hormonal
treatment but because of the possible compheations of prolonged therapy
the use of the<e hormones 1 not considered ady ssable 1 most cases 3

Gouty Arthritis Cortisone and corticotropin suppress the chncal mam
festations of attacks of acute gouty arthrits 279 1t tes 207118 1 G 44 tes-0
Yet paradovically an attach of aoute gouty arthntes may be preapitated
when admmstration of these hormones 15 discontinued  such a rebound
attach can be presented by admumstration of colehuerne with and sub ¢
queitt to use of the hormone Hence colclueme 1s stll regarded as the drug
of thoce m acute gouts asthntis For the rave colelicine-resistant attack
cortirane (100 mg by mouth every eght hours) or corticotropin {00 units
of tht aqucous solution gnen mtramuseularly every s hours) may be ad
mimstered until the acute attack s controlled then use of the hormone may
be discontmued and colchucne (0 6 mg two to three times daly ) should be
admuustered o1alls for about three ta ses en day s

Thesc hormones also promote the renal everetion of urse aesd but other
uncosuric agents such ns sahcylates or Benemsd are preferable smee they
accomphish the same purpose without the nshs of pratonged  hormonal
therapy

Hemophuic Arthritis 1he admmustration of cortisone to a patient who
had degenerative joint disease <econdary to hemophilia was reported as of
no valw ?

Lupus Erythematosus Lhe use of these hormones 1w the treatment of
lupus ery thimatosus 1s discussed 1n detail 1 Chapter o Suffice 1t to sav
here that the artieular reactson can be suppressed by hormone sdmimsira
tion

Ostecarthntis The systemie use of cortisone or carticotropitt 1 oNeo
arthntss has resulted 1n hitle of any wnprovement according to most mesh
gators although 1 a few c(ases$692 19821823 450 4114 47 goma temporary
relief has been reported In tiew of the possible complications of treatment
and the refative lack of {aorable results 1t 55 generally agreed that the
sy sterme use of thewe hormones 15 not mdicated m this disease On the other
hand the wtra artindar myection of hydrocortisone acetate for its local
antwrheumatic effect has been a useful adyunct to but not a replacement for
standard measures of treatment partseularly for acute or subacute esacer
battous 1 the large weight beanng joints # »

Palindromic Arthntis The value of hormonal therapy n palindromic
arthnitis has not been nell defined to date More expenence will bo necessary
in order to esaluate the possible benefits of mamtenance therapy dvs Sjoml
pared to tho o from mtermittent therapy giscn only at the time of sudisidua

attachs



RHFLMATOID ARTHRITI» AND OTHER RIFLMATIC OR ARTICLLAR DI EASEs 22)

Psoniatic Arthntis The treatment of psonatic arthritis with cortisone or
cortrcotropin 1s generally comparable to that of rheumatoid arthntis 10 138
1644 3-476 qJthough <lightly le s fay orable results have been noted by <ome 12
Addition of general measures and appropriate dermatologie treatment are
important m achieving the best results

Reiter’s Syndrome 1he manifestations of Reiter’s syndrome generauy
respond favorably to the admmustration of cortisone or corticotropin
Dosage should be regulated and other general measures of treatment should
be carned out much as for rheumatoid patients 538 #3473 48

Specific Infectious, or Septic, Arthnitis Sy stemic hormonal treatment 1s
not indicated for speerfic infectious arthntides such as those cau ed by
Pp) ogenic orgamsms or tuberculosts

Acute Traumatic Arthntis Hormonal therapy in conjunction with other
standard measures masv be of conmderable supplementary value m acute
traumatic arthntis ** However the mntra articular mjection of hydrocort:
sone acetate appears to be more efficient than svstemuc administration for
thus purpose 5

Conclusions

Cortisone hydrocort: one and corticotropin by virtue of their anti
rheumatiec and anti inflammatory actinity have stimulated great mnterest
1n rheumatie and many other di eases not onlv 1n the fields of basic scien
tific and ehmeal mvestigation but also m the field of chinieal therapeuties

The final role of these hormones in ¢limical medieme must await further
experience As now emploved hormonal therapy 15 more satisfactory
responsive acute self imiting di eases than m chrome disen es But it 1>
valuable even now in many cases of rheumatoid arthntis and often 1s the
treatment or supplement of choice

Above all else these hormones constitute the most useful research tool
ever developed for the study of rheumatic and certain other di ea es They
still belong as much if not more to physiologsts and clinieal investigators
as to rheumatologists and other phveicians Continued progre-s will cer
tamnly be made—some of 1t by evolution some by revolution 1n science
¥rom the many physiologie brochemical and ehimical studies under way will
come z great increa.e i our hnowledge of these hormones and of the patho-
genests and control of the diseases which they influence
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Rlleumatlc Fever

Joseph J Bumim

Obseryations on the effects of cortisone upon rheumatic fever and evalu
ation of 1ts therapeutic usefulness, as presented m this chapter are based
largely on a study of 44 patients condueted at the New York University
Bellevue Medieal Center 1n extension of a previous report ! Five years 280
Hench and his assoeiates? at the Mayo Clinie published the first report ot
the spectacular effects of corticone and corticotropin n rheumatic jever
Reports by others sice then include 1 the aggregate obsers ations on more
than 150 well documented cases In January 1951 the Council on Rheu
matic Fever of the Ameriean Heart Assoeiation m collaboration with the
British Medieal Research Counal imittated a carcfully designed study on the
relative value of cortisone corticotropin and saley lates n the treatment of
rheumatic fes er and the prevention of rheumatie heart disease at 13 research
centers m the United States Great Bntain and Canada Appmvlmﬂfe]}
660 cases have been observed m the first 18 months and a forthcommg
analy sis of the collected data 1s anticipated References to a preliminary re
port of this international study and to the other papers mentioned will be
made where data from our cases are madequate and espectally where our
findings (Table 20) and conclusions are at vanance with those reported by
others

In rheumatic fever as in other diseases 1t 1> 1mportant to distin,
direct suppression of clinical and laboratory signs induced by cortisone of
corticotropin from their effect upon mtnnsic pithologie processes and to
determine whether thesc hormones have the capacity to alter or arrest the
course of the discase to reverse any structural changes o1 to prev ent tissue
damage To help draw such a distinetion and estimate the real value of hor
monal therapy 1 rheumatic fever one should divide the drverse mamfesta
t1ons of the dicease 1to two categories In the first group should be mcluded
the nonspecific clintcal and laboratory signs which accompany other mfec

guish

JUUNUUIUSUUUEIVIPREESE S,

York Unner ity Bellevue Medical Center New York New York
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RHEULMATIC FEVER

Table 20
Restirs oF Horvosan THERAPY IN 44 PATiENTs witn Ruevmaric FEvER
A umber of Atlacks
Initial | Pecurrent
Total “umber of Iatients Treated 30 12!
A Waithout Cardilis before Therapy 13 3
Recovered without orgame heart di case 13 2%
C-Reaetive Irotein
Present before therapy 13 3
Disag peared during therapy 13 3
Irythrocyte S dimentation Rate
Flevated before therapy 13 3
Reduced to normal during therapy 12 2
B Thatk Carditis before Therapyt 17 1
Recovered withont organic heart di ea e 2 2
Active carditt present after therapy 6 7
Congestrve Falure
Present before therapy 7 1
Disappeared during therapy § 7 0
Periearditis
Present before therapy 5 0
Disappeared during therapy } 5 0
Enlarged Heart
1 resent | efore therapy 15 10
Reduced to normal during therapy t 2 1
\Iitral Systolie Muninur (orgamic)
Present before thetapy 1~ 1
D appeared during therapy * 2 2
Mitral Diastohe Murmur
Tresent before therapy 13 8
Disappeared {uring therapy * 5 2
Aortie Diastolie Murmur
Present before therapy 6 2
Dy ppeared after theraps , 1 0
Gallop Rhythm
Prusent bufore therapy 13 5
Disappeared duning therapy n s
Tachyeardia {out of propertion to temperature)
Present before therapy 15 8
Disappeare | durmg therapy§ & o
C Reactrve Proten
Present | efore therapy 1~ o5
Di appeared duning therapy 7 7
Trythrocy te Sedimentation Rate
Llevated before therapy 17 11
Reduced to normal during therapy 1 6
C Wath Subcutaneous \odules
Present before therapy 5 0
Disappeared dunng therapy * 5 o
App ared during therapy 0 o

* One patrent had antecedent heart disease

1 One patient who bad two separate attacks (desenbed in the text an Figure 32)

19 constdered here as tno cases
3 Mo recurrence after therapy
§ Creactive protein not done on 2 patients
I 'Two patients recen ed inadequate therapy
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tious diseases, such as ncrease in temperature and heart rate, “touety,”
loss of appetite anemia, accelerated erythrocyte sedimentation rafe m
ereased concentration of plasma fibrnogen and serum globulm, and the ap-
pearance of C reactive protein in the blood The second cate,orv conststs of
the signs more specifically charactenstic of rheumatic fever These may
agan be subdixided into ¢ extracardiac” features 1€  polyarthntis, sub
cutaneous nodules chorea and erythema margmatum, and signs whih
mdicate mflammation or proliferation of the structures of the heart 1e
pencarditis myocarditis and endocarditis or valvulttis

Although ses eral of the questions prticularly the basic ones remam yet
to be resolved most of them have been answered albert without unantmtt
m some nstances In general observers agree that the fayorable effects of
cortisone on all the nonspecific and certain spectfic theumatic manifestations,
both cardiac and extracardiae, are pronounced, umform and quite prompt,
on other rheumatic manifestations the hormonal imfluence 15 equrvocal and
on some the steroid exerts no effect (Table 21)

Table 21
1 rrECTS OF CORTISONE UPOY ACTINE Ruguyarie FEvER anp Caroitt
-
Antirheumatic
Nonspecific
Positie Questionable or \egalize

Temperature falls | ! olyarthritissubsides promptly | Sut nodules—disap
Heart rate decreases | Pericarditts subsides (sponta pearance probably acceler
Toxiesty disappears neous or the result of atex
Well bemng develops |  therapy ?) Tffect on chorca doubtful
Appetite nereases | Congestive heart falure 1m | Crythoms  margmatum un
Hemoglobin rises proves (salt free diet) affected

Return toward or to| Quality of heart ounds un Lndocarditis unaffected? Mur

normal of proves murs suggesting organic
Gallop rhythm usually disap | heart disease usually persist
LSR pears even m patients treate
Fibrinogen carhy 1n first attack
Gamma glohulin In the absence of pericardial
C reactive protewn effuston  heart sze und
feeted

In myocarditis tachycardiz
often persists even if the
temperature 15 controlled

Chronw myocardits unaf

fected

Effect of Cortisone upon Nonspecific Signs
Fever and Tachycardia Almost without exception the temperature 1S
reduced to normal within thiee day s following oral administration of ade
te amounts of corticone The higher the temperature the more strihng
f the hormone The fall in the resting pulse ratc usually parallels

qut
15 the effect ol
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the drop w temperature walew setece racdiis 1> present 1w whreh case mn

creased doses of cortisone nill ysualls result m A gridual reduction of the
heart rate It seems ikely then, that to a lurge extent the fall m pulse rate
abscrved when cortisane 1s gren in average doses may be secondary to
defervescence rather than a result of a dircet effect of the hormone upon
myvocardial function, mflamm tion or the vagal setnaty When corfison s
gueen mtramuscularly, the response 1s dedayed somiwhat because of slower
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Fic 31 Response of a pattent with theumatse fever polyarthntis and carditis
to treatment with corticotropin mshinted on aghth day of tmtual attack ESR
= Erythrouyte Sudimentation Rate Perte Friction = Pereardial Frietion Rub
CRP = ( Reactne Protein Wt = Weight 1n pounds (Shybtly modified from
Bunim 2)  Vofe In this and aub cquent fiures A0TH refers to corticotropin

ab orption The respon.e to corticotropiny e< ¢ntially more rapud than that
10 cortisone but otherwise the same {Figure 31)

' Toxaty * and Well-Being Probably the moest dramatic effect of hor
monal therapy 1s upon the toxic  state of the patient Chuldren severely 11}
with theumatie fever are usually weak prostrated apathetre withdrawn
tachypnete febnle flushed or stnkingly pale anorexie accastonally so.tles
and in estreme cases delirtous On the second or thurd das of cortisone
therapy remarhable improvement occurs All of the e symptoms are gone
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the patient appears cheerful and 15 agamn nterested 1n his food, toys and
environment

Erythrocyte Sedimentation Rate The ery throcyte sedimentation rate
(ESR) 15 almost mvanably elevated in rheumatic fever except m some
cases i which 1t 1s complicated by congestive failure Of the varous con
stituents of plasma fibrinogen is helieved to be the most 1mportant smgle
factor causing an accelcrated ES R Admimistration of cortisone 15 followed
in nearly all cases by a depresston m the ES R, and 1 a decided majonity
by a return to normal rate m the second or third week of therapy A falim
the plasma fibrinogen concentration parallels the drop m ES R This has
been ohserved however in diseases other than rheumatic fever Further
more 1t has been demonstrated that a single injection of corticotropm 1
normal persons will result 1n a significant reduction of plasma fibnnogen *
These observations suggest that adrenocortical therapy may have a direct
and nonspecific effect upon the ES R AnE S R suppressed to normal mits
1n 2 theumatie fever patient recening eortisone should not be mterpreted as
ndicating a cessation of rheumatic activity

C-Reactive Protemn A more sensitive index of rheumatic activity than
the ES R 1s a preeipitin test which detects the presence of a protein not
oceurning 1n normal serum but appearing m the blood during rheumatic
fever and disappeanng when the inflammatory process hecomes active *
This test 15 not specific for theumatie fever and has been found positive m &
number of unrelated diseases *

Sera of all but 2 patients i our series have been analyzed for C reactiv®
protemn (C R P) at frequent mtervals before durmg and after hormonal
therapy * In all cases the test was strongly posttive hefore treatment, and 0
all except 2 patients inadequately treated 1t became negative within a weeh
or tno after therapy was begun usually before the F 8 R reached normal
VWhen however hormonal admustration was discontinued the C R P tem
porarily reappeared n 40 per cent of the eases, and when rheumatic activity
continued the posttive reaction persisted ¢ Since this effect of the hormone
upon the CR P 15 consistently seen both in ea<es m which the rheumatic
process has become 1nactive and m those n which activity s merely sup
pressed 1t seems elear that the absence of C R P from the serum of a patient
recerving cortisone should not be mnterpreted as evidence of subsidence of
activity The disappearance of C R P may result from direct action of the
hormone on protetn metabolism

Antihyaluronidase and Mucoprotems Adams and his as ociates’ reported
that administration of corticotropin to patients with rheumatic fever was
folloned by a rapid fall of the nonspeafic hyaluromdase mhibrtor from
abnormally elevated pretreatment levels to subnormal values within 10 to 15
days, whereas the serum mucoproteins which are also increased m rheu
matic fever returned to normal levels much more slowly w three to four
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months These workers found that when corticotropin was discontinued or
the dosage excesively reduced hefore a substantial drop in the mucoprotein
level had oceurred the patient had a recurrence of the dicease
Gamma Globulin This protemn constituent of the serum ts usually 1

creased m patients with rheumatic fever and 1s reduced to normal values
shortly after cortisone therapy 1> begun Changes m the serum globulin
concentration did not parallcl the ES R as consistently as did the plasma
fibrinogen

Relation of Sevenity and Duration of Illness to the Response
to Cortisone

There frequently 15 not a good correlation between the degree of abnor
mal deviation of the nonspecific signs just enumerated and the severity of
the disease Indeed 1t 15 noteworthy that the ESR  as measured by Win
trobe s method (uncorrected) tn the vast majority of our patients fell within
the narron hmits of o0 to 60 mm per hour regardless of whether a patient
had severe moderate or shight carditis (provided of cour e that congestive
fatlure had not supervened) or no carditis at all Sumlarly the testforC R P
on the serum of most patients was postive to the same degree (3+ to4+)

With adequate doses 1rrespective of the sevemty of the disease or the
length of the interval from onset to the b of treatment ab 1
nonspecific signs return toward or to normal Although tachycardia assoer
ated with fever 15 easily controbled tachycardia due to myocarditis usually
does not respond unless massive doses are used With sueh large amounts of
hormone undesired ¢ffects often develop As soon as the dosage 1~ reduced
even shghtly tachycardia usually recurs

Effect of Cortisone upon Signs Charactensstic of Rheumatsc
Fever

Polyarthritis Within three tofour days of oral administration of cortisone
all ssgns and sy mptoms of joint inflammation are gone regardless of severtty
extent or duratton of the arthritis When cortisone 15 g\ en intramuscularly
this response may be delayed for one or two days because of slower absorp
tion Extension of acute mflammation to previously unaffected joints during
adequate cortisonc therapv 1s rare 1t has not occurred m our series

Subcutaneous Nodules It 1s dufficult to evaluate the effect of cortisone
upon these subcutaneous lesions of rtheumatic feser which almost always are
associated with carditis They usually become smaller and disappear during
cortisone therapy although they may occasonally increase i number de-
spite treatment vety rarely af ever do they appear for the first time after
hormone admimistration has been mstituted The rate of disappearance of
the nodules vanes from a few davs to seven weeks Since nodules often dis
appear spontaneously within this period 1t 1> difficult to measure the mflu

ence of hormonal therapy on the dissolution of rheumatic subeutaneous
granulomas



20 MFDICAL LSES OF CORTISONF

the patient appeirs cheerful and 15 agam mterested m his food toys and
environment

Erythrocyte Sedimentation Rate lhe erythrocyte sedimentation rate
(E8 R ) 19 almost imanably elevated m rheumatic fever, except m some
cases in which 1t 15 complicated by congestive faillure Of the vanous con
stituents of plasma fibrinogen 1s believed to be the most important smgl
factor enusmng wn accelerated I'S B Administration of cortisone 1 followed
m nearly all cases by a depression i the 'S R and tn a decided majonty
by a return to normal rate mn the second or third week of therapy A fallm
the plwma fibrinogen concentration parallels the drop n F SR This has
been observed however 1n diseascs other than rhcumatie fever Further
more, 1t has been demonstrated that 2 single injection of corticotropm i
normal persons will result I a siguficant reduction of plasma fibrinogen *
These observations suggest that adrenocortical therapy may have a direct
and nonspeetfic effect upon the LS R An 'S R suppressed to normal hmits
1n a rheumatic fever patient recenving cortisone should not be interpreted as
mdicating a cessation of rheumatic activity

C-Reactive Protein A more sensitive inde of rheumatic actity than
the ESR 15 a preapitin test which detects the presence of a protem not
oceurning 1n normal serum but appearing m the blood dunng rheumatic
fever and disappearing when the mflammatory process becomes inactive *
This test 1s not speeific for rheumatie fex er and has been found positriena
number of unrelated discases ®

Sera of all but 2 patients in our sertes have been analy zed for C-reactise
protein (C R P) at frequent interyvals before during and after hormonal
therapy * In all cascs the test was strongly positn e before treatment and in
all except 2 patients madequately treated 1t became negatiie wathm 2 % eeh
or two after therapy was begun usually before the ES P reached normal
VWhen however hermonal adminstration was discontinued the C R P tem
poranly reappeared in 40 per cent of the cases and »hen rheumatic actrty
continued the positive reaction persisted ® Since this effect of the hormone
upon the C R P 15 consitently seen both m cases i which the rheumatie
process has become mactine and 1n those 1n which activaty 1 merely sup
pressed, it seems clear that the absence of C R P from the serum of a putient
recening cortisone should not be mterpreted as evidence of subsidence of
actiaty The disappearance of C R P may result from direct action of the
hormone on protein metabohsm

Antihyal dase and Mucop Adams and his associates reported
that admmstration of corticotroptn to patients with rheumatic fever was
followed by a rapid fall of the nonspecific hyaluromdase mhibitor from
abnormally elevated pretreatment lex els to subnormal values within 10 to 15
days, whereas the serum mucoproteins which are also nereased m theu
matie fever returned to normal levels much more slowly 1n three to four

for Medeal
debted to Dr Harnson Viood of The Rockefeller Institute
Res;‘x‘r‘c; on Jork for generously furnishing us with serum tor testing the pre cnee

of CRP



RHUEUMATIC FESFR 283

In treating patients with rheumatic carditis 11 13 necessary thertfore to
restrict <odium chlorde mtike to 10 Gm  or less daily It 1s important to
observe these patients very carefully and in the more severe cases 1t may
become necessary to admimster oxygen mercural diureties or digitalis

Eight patients m our <eries presented signs of congestive fatlure on ad-
misston In 5 the failure (leared during hormonal therapy without the sid
of digitalis or direties Of the 3 who required ether or both of these adju
vants 1 child did not adhere to a salt poor diet To only 1 paticnt ade
quately treated with adrenocortical hormene and maintaned on a salt poor
diet was 1t necessary to administer digitahs and Vercuhydnn to combat
failure This patient was 235 years old and was admtted to the hospitalin a
enitical condition two weeks after the onset of an initial attack of rheumatic
fever with severe carditis For this and another seriously 1l patient i the
group with congestiv e farlure 1t 18 our impression that hormonal therapy was
a hfesaving measure

Dorfman and s associates® reported the pre ence of congestive failure
prior to hormonal therapy in 13 patients In 3 fatlure was intensified duning
treatment but was controlled by mercunal diuretics or withdrawal of cortico-
tropin for short periods In 10 patients evidence of failure disappeared dur
g therapy and did not recur after the drug was discontinued Similar re
sults were reported 1n 6 cases by Massell and Warren *

Size of Heart It 1s doubtful that the hormones directly affect the size of
the heart duning acute carditis In the absence of pertcardial effusion a
deerease 1n the s1ze of the heart was rarely observed 1n our cases dunng or
soon after cortrsone therapy even when the enlargement was recent and
signs of activity were suppressed Other ob ervers® have reported a decrease
1n cardiac size of at least 25 per cent 1n half therr cases

Electrocardiographic Changes Delayed conduction of impulses from the
nght atrium to both sentricles as reflected in prolongation of the PR
nterval 18 usually abolished within the first week of hormonal therapy
This may often occur however with bed rest and conventional therapy
That cortisone may be active m suppressing delay m impul e conduction 15
suggested by the reappearance n some cases ot P R iterval prolongation
when the hormone 1s withdrawn Conduction defects may develop for the
first time during or after hormonal therapy Prolongation of the P Rinterval
resulting from antecedent heart disc ase 1s not altered despite marked elimical
1mproyvement '3 Other elcctrocardtographic abnormalities such as T wave
and § T segment changes are inconststently affected by hormonal therapy

Heart Rate With a fall in temperature mduced by eortisone there 1s a
concomitant and proportional reduction in the cardiac rate i patients with
theumatic fever who do not have active carditis In the absence of fever
tachyeardia resulting from carditss does not readily respond to the usual
do es of cortisone Increasing the dose two- or threefold may reduce the rate

In 1o of 2., cases of carditis associated with tachy cardia out of proportion to
t;mpemture the rapid and labile rate persisted despite adequate hormonal
therapy
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Chorea The durition of untreated chorea a sclf limited disense 13
vanable and its spontaneous termination unpredictable Under such arcum
stances 1t 1s difficult to assess the therapeutie value of any agent especialh
1 a small number of patients Iurthermore the effect of cortisone upon
chore1 1s rarely strihng often equivocal and mconsistent ‘There are there-
fore no clearly affirmatne mdications for the employment of cortisone
m ewes of pure  chorea that 18 not assortated with other rheumatie
manmfestations

Erythema Marginatum Thiseranescent eut wncousleston though charae
teristic of rheumatic fever 1s symptomless and requires no special attention
Corticone hs no defimite effect upon erythema margmatum The eruption
not nfrequently 1ppears or rccurs during hormone admmistration

Pencarditts 1he chneal agns of pertearditis (perteardial frietion rub
with or without pericardial effusion) drappe ired within 14 day s of hormonal
therapy m every one of the 6 cases reported by Massell and Warren *1n 7
cases observed by Dorfman and his assocntes ? and mn 10 ca<es meluded 1n
our series These 23 cases consisted of imitial and recurrent attacks of <hort
and long, duration prior to therapy In one of our patients typreal electro-
cardiographic changes assoented with pericarditis did not completely di-
appear until the thirtieth day of therapy although the friction rub was 1o
longer audible by the ~eventh dyy  In none of our patients m this series did
a friction rub first appear or reappear during, treatment  Although theeffect
of hormonal therapy upon pertcarditis 1s uniform and mpressne it <hould
be recalled that acute pericarditis in rtheumatie fever usually disappearseven
without speeific antirheumatic treatment

Congestive Heart Failure Congestive fulure due to acute rheumatic
carditis often responds to adequate doses of cortisone Hormonal therapy 3
particularly valuable m such cases provided <alt mtake 15 restricted

It 15 wdll known that cortisone and cortrcotropin induce water and
sodium retention Ziff Simson and Bumm'™ hay e demonstrated that admu
1stration of corticotropin to patients with or without heirt dicease on unre-
stricted salt intake 1s followed by a consistent mcrease 1n total body water
In some patients this merease causes expansion of the extracellular compart
ment 1n other patients there 15 retention of fluid i the mtracellular space
with gamn i tissue weight and m some hoth extra and mtraceltular pace
are augmented Leuitt and Bader! reported a const tent shift of water (up
to 4 500 ml ) from the intracellular to the extracellular compirtment reach
ng & mavimum after eight to mine days of administration of corti one of
corticotropin (in the absence of an over all positiy e sodum chlonde or % ater
balance and without an mcreasc m body weight) m 1 group of patients with
1heumitic distases mamntaned on a salt free diet  Albert smuth and
Eichna! found that when the hormones are given to patients who have nor
mal eardrae function without orgame heart di ease and are permitted unre-
stricted diets the circulation may become congested as mdteated by ﬂ"l
mnerease 1 venous right atral right ventricular andjpulmonary arter1i
pressures and by an augmented erreulating blood 1 olume
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sented no signs of residual cardiac damage at the end of treatment or during
the followng year of observation Of these 3 1 patient was observed 1n an
mitial attack and 2 1n recurrent attachs In other words among a total of 28
patients (17 expertencng mmtial and 11 recurrent attachs 10 treated withmn
the first two weeks of 1llness and 18 treated later) with unequivocal signs of
actiye rheumatie carditis prior to hormonal therapy only 4 (2 1n mtial and
2 1n recurrent attacks) 1ecovered completelv without stigmata of cardiac
disease In 2 additional patients experiencing inttial attacks drmastohe apieal
murmurs disappeared during hormonal therapy but apieal systolic and
aortic diastolic murmurs persisted and the heart remained enlarged Nine
of 11 patients in whom murmurs persisted duning recurrent attachs had
not been examned by us prior to onset of the recrudescence Whatever
orgunic murmurs rught have resuited from previous attacks could not be
expected to disappear as a result of ¢ I therapy There 18 no question
but that preexisting valvular deformities and eardiac hypertrophy are
trres ersible

At any rate the e results are nat superior to those observed by Bland and
Jones!* prior to the advent of cortisone or corticotropm It should be noted
however that in none of the patients with carditis was there evidence of
extension of structural damage during hormonal therapy

At vanance with some ot these conclusions 1s a report by Wilson and
Helper '* Eleven con ecutnve patients 0 to 18 years ot age with early acute
rheumatic carditis were treated with dashy doses of 30 to 100 units of cortico
tropin for only ~even days Three patients receved a second course similar
to the first The authors report that m every patient clinical evidence was
obtamed of termiation ot symptoms and w1gns of progressive acute carditis
during therapy Four to 12 months after treatment of the 6 patients with an
mthal attack there was no evidence of residual cardiac damage 1n 2 and
equivocal evidence 1n 3 So far no other observer has reported similar
re ylts

Although organic murmurs do not commoniy disappear and cardiac
damage 1s seldom prevented even when hormoenal therapy s instituted
early 1n the course of acute theumatic carditis 1115 the impression of several
independent observerss 1% {7 that more favorable re ults are achieved when
treatment 1s begun €arly within a few davs after onset This 15 iflustrated
by a ease from our series

CasE Rerort

A boy of 4 jears was ob erved n two separate attachs of active rheumatic
carditis In the first attach treatment was begun during the fifth week of illness m
the second bout 1t was started on the second day The clinical course and response
to therapy are charted in Figure 32 This bov was first admitted on the thurty first day
of is imtial attack complaiming of fever and leg pamns There was no histary of sore
throat polyarthntis or cliorea When admitted he was acutelv and seriously 111 and
exhibited signs of con,estive failure He was orthopnerc and dy pnetc and his Iiver
was enlarged tabem below the costal margin The heart sounds were overactive and
of poon quality A gallop rhythm was present and the rate was 120 per minute The
temperature was 101 F Grade 2 &y tohe and dustolic mwimurs were heard at the
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Gallop Rhythm Callop rhy thm i considered by many obecriers to be
suggestiy e of netine rheumatue carditis Fhy st s appears momost eases
wathm the first weeh or tno of cortione ther wpy It rarcly oecurs for the
first tume durtng, hormon if tre itment

Murmurs and Residual Cardiac Damage € onwiderabie attention has
alnays been forused on noew and g murmurs dusing, the coar ¢ of
rhenmatk foser hecatse they are uniyersatly necepted as auscultator, ev
denec of aetnd carditis The simbeance of 4 murmur mereases with it
intensity  estant of trinsmission 1nd constancs

Siphtfic mt murmurs cven of recent omgn do not el droppear ass
vesult of hormonal therapy Tn our sonies 10 patients who hd netn ¢ eardatss
have been tretad with cortrone or carticotropm or both m 3 to 14 days
from the on~ct of mitial or recurrent att wehs {Table 22) Sixof these 10 nere
treated duning untial attachs and w only 1 of the 6 did 3} murmurs dis
appewr Persodic reexamin vtion of thes patient for fo months after treatment
revenled no signs of org i heart disease In the other o none of the mar
murs present prior o tre stment disapprared Once theraps w15 instituted
howeser no new murmurs devclopad duning, ather an mutind or recarrent
wineh

Table 2.
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Three patients among 18 with actn e rtheumatie carditis who were {reated
iater than 14 days from the onset (27 20 and 39 days respectively) pre
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dnsage rehedule estalidished for the firct course was much move tame! and f1vorable
Congestve heart fulbere dul not develap the aartie diiatalio murmur dsd not appenr
and gnilop thythm was ateent It will be noted m 1iure 32 that the apme o diastobe
murmur {nhich disappeared between the two attachs and returned at the onset of
the secand) and the tichycardra dud not per«st as 1n the first episode  The test for
CRP became negatine on the twelfth day of treatment

T urther evsdunee that £u orable rosults may be achieved when cortisone
1s admumstered early i the cour<e of rheumatic carditis has recently heen
ady anced by Greenman and associates ¥ Forty eight clnldren 4 to Lo yenrs
of age n nubial attarks of rheumatie carditis were treated with hugher than
conientional doses of corttsone s long as actiity perssted The majomty
received the steroid orally for exght weeks m doses of 300 mg daddy for s
weehs and m decrevsng amounts for another tuo weehs Sodium intake was
restneted to 50 mg dahy Of 12 chuldren with carditas (o had heart fasturc)
treated within fno weeks of onset 18 recovered without residual cardsae
damage Of 23 ehldren with carditis (8 had heart fasture) treated between
tuvo and snn weehs after onset 16 eseaped ressdual organte heart disease
However of 13 cluldren with arditis treated after six weehs of onset only
1 had a normal heart after treatment was completed

Undesired Effects

Few children who recen e cortisone or corticotrapm far several successive
weehs escape the temporary undesired effects of these hormones {Table 23}
It 1s remarhable however that so few patients vath active carditis develop
supersmposed congestrve farlure due to the water and salt retention and
adverse hemody narme changes winch often follow adrenocortical therapy
To averd this eomplication it 15 necessaty  as mentioned 1o restnet salt
mtahe

Tatle .3

Incioenc: or Tewrorarr  UnpEstReEp Ierecrs v 44
Lareves wite Rarosarie FEVER (ACES 270 20 Y5 ans)
virse Hormovan Tuegapy

Moonigea 38
Abnormal fat deposits 23
Acneform eruption 4
Hrsutism 12
Strae

Penpheral edema

Laver enlargement {without congestne Imfuce)
Abdominal distention

Pigmentation

Tremors

Furunewloss

Glycosurza {trace}

Insomain

Hy popotassemia

-
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y
* All patrents were under the age of 8 yeurs

Enlargement of the Iner not secondary to congestive fahure 1s seen with
greater frequency mn ehildren recening hormanal therapy than m adults In



286 MEDICAL USFS OF CORTISONE

apex and a grade U distalie murmur at the nortic area The congestie fatdur
cleared affer six duye of therapy Gallop rhythm perssted but the gortie diastolic
murmur was not heard after the third weeh of treatment The apieal mid-duastolic
murmur was heard throughout the six week period of hormone admunstration
although 1t intensity dimimished after n fon weehs The tachycardia pery ted and
the pulse remained Iibile The C R P disappeared lowly
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1 25 0 3 0

B0
Days of Treatment
Ti6 32 Results of early and late treatment in a pitient seen durin,, two attachs

of active rheumatie carditis

S1n months after corticotropin was di continued the patient returned to ln own
hame from o tonvaleseent home At lus home he neglected to take sulfadiizine ﬁ:;
three successne days One sibling had had pharyngitis when the patient "lmlrt‘e
On Apnl 3 the patient developed an acute pharyngitis On Apnil 4 a throat cu) ull:
was taken and p JIin was mnjected larly The following day hemoly ;
streptococer were fovad m the throat culture From April 4 to Aprdl 17 t]lw Pﬂm‘:n
secersed 2 400 000 umts of penteiln satrimuscularly Despite the chemot! nemp‘t .
April 17 recrude cence of peute rheumatic carditis deyeloped On 3pril 19 corf l:l
u}:)pm therapy was begun The response to tlus course giien according to the
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¥16 34 Abdomunnl distention and adiposity resulting from coiti one admimnistrs,
tion This child of 2 years recetved an ag regate of 6 0 Gm of corti one for seyvere
acute theumatic cirditis The abdomunal contour returned to noimal several weeks
after hormonal therapy was discontinued {(From Bumim 22)

ocrurred tapidly {one weck) m some and very slowly ( everal months) 1n
others Biopsy of the Iiver performed m 2 of these patients during the mav

mum degree of hepatomegaly revealed marked fatty mfiltration In one
case a second bropsy done 20 days later following ces ation of cortisane dis

closed a stnhing diminution 1n the amount of fat deposited * (Figure 33)
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a combined group of prizents obiners edd at Iy ngton Hou e Lenox I and
Bellesue Hospitab Budwm and Rtasoff’? noted hepyiomegals m 12 of 39
cinldren ) to 14 years of age who were treated for rhoumatie fever with
cortisane or cortiotropin for wn ave ragc of siv weehs  \though there had
been endences of wtive ¢ arditss e ardy 1 the coure of 2of the 1o cnses thewe
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Fie 33 Biapsy of the hiver of 4 boy of 14 wath reenrrent crrditrs 2nd rhcumnh{}:
heart divease An aggregate of w 07a Gm of corti-one w45 adminitered over 8 pero
of 43 days Congestne fulure was iheent The lver was not paipable poor fo
therapy but became palpable on the sivth day of cortisone On the day of ﬁ‘!‘z
biopsy {7 days after cortrcone was t contmued) the hser ed,e wasat the level of the
umbilicus On the day of <econd opsy (27 days after cortisone nas stopped) the
Irser was no lenger palpable (Tiom btesnber, Webb and Rafshy *9

sighs had disappeared before the maumum degree of hepatomegaly was
attamed In none were there symptoms or signs of congestne fmbure The
Irver border extended as mudh as 4 to 6 em belon the costal margin i tho-
thirds of the cases Mavunum size was usually reached by the end of the
second or third week of treatment The ergan was smooth and not tender
Regression of the lner to normal size on termination of hormonat therapy
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ena 1s not apparently related to the interval from onvet to therapy duration
of treatment seventy of iline ~ or the number of antecedent attacks of
rheumatic fever Occavonally the intensity of the rebound is greater than
the mitial mamfestation 1 sthout ranstifution of therapy the rebound subsides
In fact a rebound 1s distingshed from « recurrence or persistence of rheu
matie actinity by its spontaneous disappearance within a relatively short
period Since a ribound does not require re lrealment s recognilion 1s of
CLINICAL 8 LABORATORY REBOUND IN
104 RHEUMATIC CARDITIS
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Fie 35 Respon e of the temperature erythrocyte sedimentation rate (ESR )
antistreptolysin O titer (A 8 Q) and C reactive protein (C R P ) to administration
of cortisone and cortscotropin and to therr withdranal

practical tmp Figure 35 graphreally 1llustrates a case of chinieal and
laboratory rebound which 1s deseribed 1n the following report

Case REPORT

To a 6-year-old ehild admutted 1n the fifteenth week of her first attack of rheu
matie fever with severe carditt hormonal therapy was admimstered as follows
Tirst corticoted pin was grven intrimu eularly for three das (June 190 21) 1n d uly
do es of 60 umts This was folloned by cortwone mtramuscularly for the next 26
days 1n varying doses as indieated Treatment was interrupted for even days (July
18 to 24) and then 1n an attempt to suppress the carditis more effectnvely cortico-
tropin was remstituted in higher dosage first in daily doses of 200 umts then 300
and later 160 umts After 31 suceessive days the dru, was withdrawn  As will be

een in Figure 35 soon after the hormone was stopped the temperature and ES R
roseanithe CR P reappeared Without further treatment however the<e chnieal
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Abdominal distention 15 another undesirable effect scen more frequently
m children, particularly those 3 ounger than 8 years Distention appears as
carly as the first week but more frequently during the second or third week
of cortisone or corticotropin adminmstration (Figure 34) Tt regresses slonly
and does not completely disapper until seyeral weeks after treatment 13
terminated

It 15 noteworthy that none of the children or adolescents n our senes
developed those more serous undestred effects seen m adults, such as mentat
changes, peptic ulcer or bone fracture

The Rebound Phenomenon

Within 3 to 14 davs after cortisone 1s withdrawn the majonty of pa
tients whose signs and symptoms of rheumatic feyer have disappeared wil
exhibit a transttory relapse or rebound, te a recrudescence of onc or more
clinieal or Isboratory mamfestations present prior to therapy (Table 24}
Lhe duration of a transitory clinical relap e conststing of fever tachy cardia
or polyarthritss ranges from one to two wechs A “laboratory rebound,’
such as reappearance of CR P sceondary psein ES R or recurrence of
P R mterval prolongation, may last from one to three weeks (CR P)or
even up to five wechs (ESR) Usually a risc m antistreptolysm 0 titer
(A 'S 0) does not occur during the rebound The incidence of these phenom

lable 2§
IncinENCE NATURE anp DuRaTiov oF REBOUVD PHENOMENL
1ttack of Yo of | Mo Showing |Interval from onset of ilness
1 heumatie Patients | 1 ebound to mstitution of trestment| 2102
Feer Ireated | I henomena (days)
Average period of treatment
Initial 29 21 (wechs; b
Ltecurrent 9 7
Total 38" 28 Interval Letween cessation of
treatment and on et of re [ 3-14f
bound (days)
Nature of hebound Phenomena Number of Cases Duration (weeks)
Secondary nse mn ES R 26
Reappearance of CR P 16
Rt e 1n temperature )
Return of tachy cardia H
Reappearance of poly arthetis P

ESR = Erythrocyte Sedimentation Rate  CRP = C Reactive Protein
Six patients have not been mcluded 1n this tabulation because two sere M2 le
quately treate] tvo could not be folloy ed properly one had persistent rheumatic
actrvsty durmg and after treatment and one had a pols eyelic course
 One patient exhibited rebound 21 days after cessation of treatment
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Therapy

Dosage and Duration of Treatment Cortisone should be guen as <con
as the indications for 1ts use appear The oral preparation <hould recene
preference becau e 1t 1s simple to admmister and 15 well tolerated When
given by mouth corti~one 1s absorbed more rapidly and 1s not less effectine
than when injected mtramusculariv The daily oral doe should be divided
mto three or four equal parts and admuustered at approximately equal
mtersals

Enough cortisone should be guven to suppress sat1 factonly the signs and
symptoms of the di ease In chitdren the pul e rate taken while the patient
15 asleep 15 an e peaally u eful gauge of adequacy of dosage  The amount
grven <hould not be related to age or weight but to the eventy of thedh ez e
and the respon 1veness of the patient Children usually require the same
dosage as adults

In general 1t has been found advi able to start with a higher dosage and
reduce 1t gradually In the average ca e the folloning schedule 1s recom
mended 300 mg the first day 200 mg daily for the next o to 10 days and
100 mg for the following 2 to 4 neehs Provided the <igns of actnity are
adequately suppres ed the daily dose may then be decrea ed by 2o mg each
successive week Greenman and his associates' recommend 300 mg of
cortisone daily for «ix weeks and decreasing amounts for the following two
weeks

It has become conventional to admim ter cortione to patients with
theumatie fever for approumately sn weehs In treating an indiidual
patient 1t 13 wiser to administer the hormone as long as the earditis remains
moderately severe and responds favorably to therapy than to adhere to
any fived schedule Barnes and his as ocratest’ recommend that treat
ment be mamntamed until the disease has reached the end of its natural

course
Ind for R R e of signs of rh actiy
lt) may not indicate relapae or recurrence but may represent a rebound
as presiowsly d d When however signs of moderate or

severe carditis recur and show no tendency to subside pontanecusly after
one or two weehs a second course of cortisone should be mnstituted The
duration of this cour<e should be governed by the same primeiples as the
1mtial course

Diet and Potassium Salts During the admymstration of cortisone
sodwum chloride m the diet of all patients with rheumatie fever should be
restnieted to 1 0 Gm daily If there 1> a tendency to retam sodium or water
or if congestrve failure 1s present or mmnent <odmum intake should be
fl;mher reduced to 50 mg; dailv Patients should be weighed every one to two

avs

Potassium chlonide 1n entenc coated tablets 10 Gm two or three times
daly after meals hould be gnen while the patient 15 recenning 100 mg or
more of cartisone daily
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and Inboratory changes returned to normal It will bo noted that the A S O titer sas
unaffected by either the admimstrition or withdrawal of the hormone

Indications and Contramndications

As the mechanism of action of cortisone and corticotropin and the patho-
geness of theumatic fever are not known the rationale of or the mdications
for employ ing cortisone 1 the treatment of this disease must depend largely
upon chnical results thus far achieved by its use Poly arthritiz feser and
toieity respond quite dramatically to salieyates hence the hormones do
not secem to be mdicated n eases of acute rheumatse fever not complieated
by carditis If however future studies shonld demonstrate that the hor
mones have the capaaty to prevent damage to cardiac structures when
admumstered before the deselopment of carditts then of course cortisone
would be indicated in such cases At present however there s no conclusive
evidence that cortisone or corticotropin possesses such attributes

Cortisone 13 most valuable n acutely 11l patients with carditis especially
when 1t 13 assocrated with perrearditis or congestis e failure because the hor
mone controls the acute symptoms rapidly and usually produces general
improyement 1n the patient’s condition Signs of congestny e fmlure may
appear without digitalis or diureties Cortisone 15 unquestionably ndicated
when the patient 15 entically 1ll and the outcome appears uncertamn Inmild
carditts without pericarditis or congestise failure and without evidence of
progression of the disease use of the hormone 1s optional Some worher-hate
suggested combined hormonal and salicylate therapy This combination 18
not contratndicated since the agents are not mutually antagomstie In mild
or moderately scvere chrome carditis of long duration (months to years)
cortisone 1s not usually effective

There 15 no evidence as yet that cortisone 19 unequrs ocally helpful 1n
chorea Itsusemnsimple uncomplicated chorea w ould therefore be exploratory

Cortisone 1s not ind: 1 1n mactive rh 1¢ heart disease or m con
gestive failure not associated with active carditts

In ecases of subneute bacterral endocarditis associated with active thet
matic carditis when use of the properly selected antibotic as the sole agent
fails to control the disease cautious administration of cortrsone combined
with the antibiotic may be tried

In the presence of active tuberculoss admimstration of cortisone may be
hasardous The coewistence of this infection should be searched for before
durming and after hormonal therapy A\ healed tuberculous lesion 13 not &
contramndieation 1f use of the hormone 1s warranted by the degree of rheu
matic actnvity 1 the mdividual patient Since honever such apparently
mactny e tuberculous foa may be reactivated 1t 15 essential that roentgenog
graphte observations be made durng hormonal therapy and for a peniod o
time after 1ts cessation If active tuberculosis 1s present and the use of cort1
sone 15 clearly indicated streptomyein and p ammosalicyle aeid should be

grven with the hormone n 1
Other contrandications are discussed elsewhere i tht> volume
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the capacity to overcome the disease For patients who are entieally 11l the
hormone appears to be hfesasing

Comparative Evaluation of Cortisone and Salicylates

Before the adient of cortisone the effects of «alicylates upon the tem
peraturc and upon poly arthnitis were descnibed as dramatic So spectacular
and umiform 1s therr effeet upon articular inflammation that for many years
salicylates have been used as a therapeutic-diagnostic test for the poly
arthntis of rheumatic fever Vany observers were of the impresston how
ever that salicylates exerted little mfluence on the progress cource or

equelae of actne rheumatre cardits

Precisely what are the relatine ments of the <ahcylates as compared to
the adrenocortical hormone” This 15 the question which the mternational
cooperatne study by the Counal on Rheumatic Fever of the American
Heart Associatton and the British Medical Research Council has been de
signed to answer In June 1952 a preliminary report of their findings based
upon analys1s of less than half the total ca es stated It appears that mdi
vidual symptoms signs or laboratory observations may have been affected
more favorably by one or another of these 3 drugs (cortisone corticotropin
and salicylates) but no consistent pattern s evident \o firm conclustons
can at present be drawn concermng the drug mo-t effectr e in the eontrol of
the acute1llness The cases have not been under obsery ation sufficiently long
to provide data on the prevention of rheumatic heart disease

In our limited experience an unusual opportumty to compare the effects
of cortisone with aspirin 1n the same patient was presented m the ca e of a
boy who had 2 severe prolonged 1utial attack of rheumatic carditis

Case REPORT

Sixteen days before admi sion the patient & boy of 10 had pharyngitis and
twehve days later complained of fever and arthralgta On admission his temperature
was 1032 F and a soft blowing apieal systolie murmur was heard The ES R wa
markedly elevated and the C R P strongly positive Within 48 hours the murmur
became harsh and well transmutted a gallop rhvthm appeared and electrocardio
graphic changes mndicative of perearditis developed althou_h no friction rub was
audible Aspirin was begun on the fourth hospital day  An apical mud diastole
murmur appeared on the fourth day and pericardial friction rub on the eighth day of
therapy By the tenth day after adm 100 the ASO had risen from 370 to 760 umits
per ce of serum s will be noted in Figure 36 no reduction w the ES R or du
appearance of the C R P occurred deapite the ligh do es of aspirin Clinieally there
wa slow and shoht mmprovement A pinn was discontinued after siv seehs The
temperature then rose to 104 6 F and the pericardial frietion rub was agamn heard
‘The thy thm became totally irregular and was nodal in origin The heart sounds were
distinetly poorer 1n quality than at the begimning of therapy and both systolie and
diastolic apical murmurs became louder and harsher The patient was entically all
Five days after aspinin was discontinued oral cortisone therapy was nstituted and

triking improvement folloned The rhythm became regular and the quality of
heart sounds improved Within 48 hours the friction rub d

The sleeping pul e rate which was 124 per minute the night before corts one was
fir t gren fell to 72 on the minth day and the temperature became normal For the
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Supplementary Antimucrobral Therapy

It 1s important to eradicate hemoly tic streptocoea from the pharyn and
nasophary nx of patients with rheumatic fes er and to protect these patients
from streptococcal remfection Immediately after the patient comes under
obsery ition 300 000 untts of proc une pamallm C 1 2 por cent aluminun
monostcirate <hould he given mteimuscularly  1his should be repeated
every three davs for a total of four doses In addition, sulfadinzme 0o Gm
daily to children weighing less than GO Ibs and 10 Gm daily to those who
weigh more should be given orally i single doses beginmn,, 14 days after
starting cortisone therapy It 19 important that followmg treatment of the
active disease the patient be mamtamed on an effective prophylactic reg!
men of pemullm or sulfadiazine

Recommended Procedures

The following procedures are suggested as a mtmmum requirement for
adequate obsersation and care of the patient selected for hormonal therapy

Prior To Tuerary (1) \ ray of chest (2) electrocardiogram (3) blood
pressure (4) LS R (») fasting blood sugar (b) complete blood count (7)
urinaly sis

Durmng AND ArTEr Lurrapy All the proecdures histed should be re
peated every two weeks during the penod of hormone admmntstration Those
which reveal abnormal findimgs should be performed at wedhly mterval
All tests done prior to therapy should be repeated at weehly inters als for ¢
total of four weeks after the drug 1~ discontinucd irrespective of whether
chmeal mamfest itions of rheumatie fever reappear

Evaluation of Cortisone Therapy

Cortisone 1s effective 1n reducing to normal with ~ farr degree of eon
sistency and quite rapidly the temperature resting pulse rate ESR
CRP plasma fibnnogen and serum gamma globulin Withi a few days
after cortisone therapy 1s begun there 1s pronounced improyement 1n the
well being, appctite and emotional state of the patient and polyarthntt
disappears

The effect of cortisone upon cardits however 15 difficult to assess The
role of the hormone n suppressing the mflammatory process and 1 retard
g rteducing, mhibiting or preventing proliferation i» at present obscure
It 15 doubtful that cortisone significantly shortens the natural course of the
dicease It 15 evident that the hormone 1s not capable of termmnating actnn e
rheumatie carditis and 1t certamnly 1s not & cure for rheumatie fever
Whether or not cortisone can pievent damage to ¢ardiac structures remans

a1
© t”festcecongeame farlure the most sertous complication of carditis oftiﬂ
‘ay orably, as does pericarditis At the bedside of a patient severely

respond> {
. gams the mpression that cortisone enhances

1t wath rheumatic fever one
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and the heart soundz were no Jonger oreractne Cartisone was discontinued after
10 weehs Dunny, the secand and third weehs after hormone withdranal the ES R
rose mnderately but the CRP test semoned negative Howeser 21 days after
carticone nas stopped the temperture snerexsed to 1028 F the pulse qruekened
t0 120 per mirmte and the CR1 agun became posittve The diastofie murmur did
not reappear Dunng the folloning eight days the abnormst signs hsappered
spontaneously and the disetse has since remamed actine This evidently was an

unusually delay ed rebound phenomenon

The supertanty of cortisone to aspm n its effect upon eardhac as well as
systemic mantfestations m thus pattent 1s demonstrated tn Figure 36 It must
not be inferred hawever that the difference hetween the responee to the two
agents a3 Wlustrated by thes smgle case 1s repre<entative or would necewearntly

obtain m ather cases simularly trerted
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Fie 36 Companson of the effects of aspirn and cortt one u ed durning a severe
prolonged imtial attach of rheumatic carditic

first time durmg the pattent s tllness the ES R and the C R tests returned to
normal These laboratory changes nere noted on the fourteenth day of corti<one
therapy When liowever teduetion of corts one dosage reached 50 mg duly the
temperature pul e rate and ES R increa ed wnd the C R P reappeired 1 the
serum Upon restoring the datly dese of 100 mg  tmprovement was again mduced
Iy the eghth weeh of cortisone therapy the apic il distolie murmur had i appeared
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and the heart sounds weee no longer oserwctine Cortisone was discontinued after
10 neebs Dunny, the secand and third weehs after hormone withdranal the ESR
10 e moderately bud the CRP {est remaned negatne Homever 21 days after
cortinone was stopperd the temper iture increased to 1028 F the pulse quichened
to 120 per misute and the CR1T agam became positne The diastolie murmur did
not reappear Dunng the followmng ewght dwys the abnormal wigns di appezred
spontancously and the disease ks smee remauned inactine This evidently was an

unusually delayed rebound phenomenon

The supenartty of cortisone o aspirin in its effect upon cardiac as well as
53 stemic manifestations 1n this patient 1s demonstented in Digure 36 Tt must
not benferred however that the difference betneen the response to the two
agents a3 lustrated by this single case 1 represcatatise or woukl necessanty

obtan m other cases sumilarly treated
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5
Other Collagen Diseases

George Baehr and Marvin F Leuift

A number of diseases characterized by conspienous changes 1n the eol
Iagen (or binding tissue) of the body have been grouped in recent years as
diseases of collagen This1s not intended to suggest that they have a common
pathogenesis but rather that they all demonstrate specific alterations in the
connective tissue Connectrve tissue which conwsts of fibroblasts collagen
and ground substance can react to mjurv mm hmited fashion It may mam
{est necroms or 1f the myury 1s less mtense fibnnmd degeneration ceflular
proliferation and infiltratton and tissue sclerosis Accordingly a wide variety
of irnitating stimulh may produce 1dentical alterations in the collagen fibers 12
Fibrinoid degeneration of the eollagen as one specific example may be
duced locally by the phenomenon of Arthus may represent a promment
feature in generalized allergic mflammations or may appear at the base of
peptic ulcers 1n the walls of arterioles 1n malignant hypertension in low
grade infections and adjacent to forein bodies

Although the common pathologie alterations do not constitute rehable
evidcnee for common pathogenests they explamn the clinical similarttics
between these diseases Collagen tissue setyes as a binding frameworh m the
synovial and serous membranes the endocardium and the walls of the blood
vessels and 1ts alteration at these sites accounts for the fact that such
climcal manifestations as arthritts polyserositis and scattered ascular
lestons are common to all the diseases of this category Nevertheless each
member of this discase group represents a distinct entity with the speafic
mamfestations reflecting the particular tissue response as well as the distribu
tion of the pathologc lesion

That cortisonc and ¢orticotropmn m1y dramatically suppress many of
the clmeal mamfestations of the diseases of this group? provides additional

From The Mount Smai Ho pital New York New York
Thia chapter 1 an ext n tor and amplibieation of the sentor author s artide  Dis
Stmmated Tupy Frythematosus 1n Cecil andLoch s Textbook of Vedioin  8th edition
1951 published by W B Saun lers Company 1hiladciphia
200
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support for dassifving them topcther Tt should be reemphawized, however,
that this quilitative similanty m response to these hormonal agents does not
mply similar etiology but rather simular pathologie reactions

In this chapter the four diseases which will be discussed are usually
mncluded with rheumatord arthntis and rheumatie fever i this hetero-
geneous group (1)} dissemmated lupus ery thematosus, (2) polyartents
(3) diffuse seleroderma, () dermatomy ositis

Dissemunated Lupus Erythematosus

Definttion  Among, the heterogencous group of collagen diseases dis-
semmated lupus ervthematosus constitutes a diseasc entits distinguished by
a prolonged clinical course which usually terminates fatally by a predilection
for young females and by characteristic pathologie changes m the collage-
nous tissues changes which affect cspectally the vascular system and the
serous and synovial membranes 43 Because 1n many instances an ery thema
tous rash 1 apt to appear on the face and other parts of the body at some
stage of the disese the condition was first described about the middle of the
nineteenth century by dermatologists {(Hebra Casenave, Tapost) who
named 1t lupus eryth les or erylh In spite of its name, this
disease bears no relationship to tubereulosts and lupus vulgans nor to that
bemgn mdolent shin leston hnown to dermatologists as diccord lupus
erythemalosus

Inadence Onc of the charactenstics of the disease 1s 1ts predominance
among young females 22 out of 23 cases reported by Baehr hlemperer and
Schifrin® 1n 1935 occurred in females the vast majority m the second and
third decades of hfe More recent cxpenence however mdicates that males
may constitute 15 to 20 per cent of all cases and that despite a predomnant
occurrence in young adults the subjects may range n age from 3 to 60
years During the past 18 months we have encountered 5 patients with
farrly typical disseminated lnpus erythematosus between the ages of 3
and 15

Etiology Bactenologie studies have as yet revealed no clue concerning
the cause of this disease Blood cultures are negative unless there 15 an mter
current pneumonit or a terminal streptococcus or staphylococcus blood
infection There are as a rule no climeal or other evidences of sllergy M
though more than 75 per cent of the patients are female no endocrine dis
order 13 recogmizable 1n exther sex

Pathology At the autopsy table the frequent pauctty of gross anatomic
changes presents a striling contrast to the profound sy stemic mamicatahon:
leading to the death of the patient The widespread and hetemge"elo‘:o
visceral lestons usually revealed by microscopie study can be asnrlbﬂt °
alteration m the ground substance and collagen fibrils of the Lomflec 1;”
tissues of the body which are eaplpclatlily consplcuoi’s 1n the walls of »m

d beneath synovial and serous membranes
hlo%‘c;lijrzl:a;mnnd pleural )}m olvement occurs frequently ami ma\t l:lpp:;]‘;
as o thick, gelatinous connective tissue matnix completely obliterating
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serous space ‘This appearance 1s caused by a <enes of prohferative and de
generatine changes of the collu,enous tissue underneath the me othehum
Pensplenttis and perthepatitis are lihewise common

In about 30 per cent of the cases examined grossly the endocardium of
one or more 1alves exhibits a pathognomonic lesion first deseribed by Libman
and Sachs® as indeterminale endocardii1s to distinguush 1t from 1egetations
due to hnown baeternn The endocardial vegetations mayv be small and
verrueous or large broad and flat They may occur on erther side of the
sabular Jeaflets sometimes also on the chordae tendinete or the mural
endocardium of the ventricle Vicroseopteally the lesion begins as a fibrinoid
degeneration or neerosis of the connective tissue fibrals and a swelling of the
ground substance smmediately beneath the endocardium A subendothelial
accumulation of collagenous materal develops which protrudes as an
excrescence on the surface of the endocardwum In the termmal period of the
disease, such advanced endoeardial vegetations mav occasionally become
nfected secondanby with bactena (secondary acute or subacute bactersal
endocarditis)

Focal lesions of the mterststial collagenous tissue of the myocardum
morphologically 1dentical with those scen in the endocardium and pen
cardium are present 1n about 3o per cent of the cases Aschoff bodies are not
found

The small artertes and artenoles of various viscera especially of the
kidneys may show fibnnoid degeneration and necrous of the connective
tissue matrix of the vessel wall 7 Thrs may lead to a reactive prohferation of
the imng endothelum and to a thrombotic ocelusion of the affected arten
oles The renal glomeruli may show focal necrases of vecasional loops or the
nalls of some glomerular eapillanies may be thick ngid deeply eosinophilie—
the so-called wire loop lesion ® These alterations are merely another expres-
sion of the widespread damage to subend

The spleen 15 usually not markedly enlarged unless there 1s an mtercur
rent secondary bacteremia Microscopieally the central artertes of the
malpighian 1y mph follicles are surrounded ch 1strcally by
concentne nngs of connective tissue

Erythematous areas of shin may show very few microscopie changes
except capillary dilatation small red cell extravasations edema and some
swelling of the ground substance between connective tissue fibnis Older
lesions may show fib 101 of the coll t1s ues of the
upper corium and of small blood vessels but mierescopic examination of a
small biopsy specimen 15 often disappainting

The regional lymph nodes are usually enlarged during periods of exacer
bation and on biopsy they sometimes show areas of necrosis Bronchopneu-
monta 1s & frequent termmal compheation

Pathologic Chemustry The swelling and fibrinoid degeneration of the
collagen fibrils which may melt into more or less homogeneous metachra
matie intereellular mm\es P t the ch: hol alteration
n d lupus eryth Within these masses deeply purphsh

helial
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support for elsfying them together 1t should be reemphasized honever,
thit this quahtati e simibanty i recponse to these hormonal gents does notv
imply simiar ctiology but rather similar patholomic reactions

In this dipter the four dr cascs whieh will be diseu ed are u ualh
meluded with rhenmatond arthrtis and rheumatic fever m this hetero-
geneous group (1) dissemmated tupus orythematosis, (2) polyartentss
(3} diffuse seleraderma (4) dermatomsy ositis '

Disseminated Lupus Erythematosus

Defimtion  \monyg, the heterogeneous group of collagen di cases di
seminated Inpus en them itosus con titutes a dv ea e ¢otres dr tingut hed by
a prolonged chnie il course which usually termunates (atalls by a predilection
for young females and by chireaeteristic pathologre changes w the collage
nous tissues  changes which affect especially the va.cular sv tem and the
serous and v novial membranes ¢4 Beeause in mans instances an er thema
tous rash 1s apt to appear on the face and other parts of the body at ome
stage of the disease the condition was first desc ibed about the middle of the
nmeteenth century by dermatologrsts (Hebra Casenave hapo 1) who
named st lupus crythematodes or erythematosus In spite of 1ts name ths
dreease bears no relation hip to tubereuloss and lupus vulgan  nor to that
bemgn smdolent <k Jeston hnown to dermatoloaists as descord fupns
erythematosus

Incidence One of the chiricterstics of the di ease 19 1t predommance
among voung females 22 ont of 23 ea<es reposted by Bachr Nlemperer and
Sehifrin® w1930 orcurred i females the va.t majonty w the second and
third decades of ife More recent evperience however wdiates that males
may constitute Lo to 2o per cent of all cases and that de pite a predomunant
occurrence 1 young adults the subjects may range n age from 3 to 60
sears Durmg the pist 18 months we have encountered o pattents with
fairly typical dissemmated lupus erythematosus between the age of 3
and 1)

Etiology Bacteriologic studtes have as yet revealed no clue concermng
the cause of this diserse Blood cultures are negatis e unless there 1 annter
cusTent pueumoma or 4 terminal sireptococens or staphylococcus blood
wfectton There are s a rule no chneal or other evidences of sllergs Al
thangh more than 7o per cent of the patients are female no endocrine di
order 15 recognzable m erther sex

Pathology At the autopsy table the frequent paneity of gross anatomi®
changes presents 1 striking contrast to the profound sy stemce manmfestation®
Jeading to the death of the patient The widesprend and heterogeneows
1 ceral b tons usualls resealed by nucrostopr studs can be ¢ cnbed to
Alteration m the ground substance and collagen fibnls of the caonnective
tissues of the body which are e pecally conspreuous m the walls of small
Blood vessols and beneith 3 notvial and serous membranes

Peric wrdhal and pleural myohement occurs frequently and may appear
as g thich gelatmous connectine tissue matr completely obhterating the
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itically arregular ery thematous macules are seen on the tips of the fingers
the thenar and hypothenar eminences the palms and even the tips of the
toes and the balls and heels of the feet Actually any area exposed to rubbing
or other mechameal trauma such as the bony promrmences (elbows knees
shoulders malleol: buttochs and the dorsal aspeets of the forearm) may
reveal the typual changes The appearance of an erythema spreading across
the bridge of the nose and the malar emimnences n a patient suffening from
fever and other sy stemte mamfestations greatly facilitates the diagnosts It
<hould be empha<ized however that the typical ra h 15 present 1n only 50
per cent of the patients and that even in its absence the other chnteal man
festations should be adequate for diagnowis On the other hand an ery thema
1n the expected location docs not per se warrant the diagnosts of dissemmated
lupus ery thematosus

If the rash has eusted for some time minute telanglecta es may be
seattered m the midst of the erythema as evidence of permanent vascular
change Small groups of purpuric and petechal hcmorrhages are sometimes
seen on the shin and mucous membranes at the height of the di ease All the
shin mamfestations are especially promunent during an acute exacerbation
often with an intense y1olescent erythema During the periods of remisston
the erythematous shin reaction may subside and be replaced by areas of
brown macular pigmentation In some patients the onset of typieal shin
lesions or of other systemie mamfestations of Jupus ery thematosus follows
exposure to the sun Patients who have had alow grade fever and arthralgias
for weeks or months often suffer an acute exacerbation following such solar
exposure At the height of the dh ease erythematous and petechialihe lesions
may appear on the muecous membraunes particularly the mouth hps and
soft palate These lesions may deelop mto <hallow ulcers surrounded by a
hemorrhagic or inten ely ery thematous areola

When the fever 15 high and the patient extremely tovie tachycardia with
gallop rhythm usually 15 present The electrocardiogram frequently reseals
low voltage and 1 this event signs of pericarditis The pulmonic second
sound 13 usually pronounced and systolic blow g murmurs are often heard
If the sy stolie murmur becomes particularly rough and conspreuous 1t may
dicate the presence of an underlying atypieal 1errucous endocarditis
(Libman Sacks disease) which devclops in the advanced ~tage m about 30
per cent of the patients

Llectroencephalographic tracings are frequently abnormal during an
acute evacerbation Occasionally the cerebros ascular changes may induce
an organte psychosis and the } 1on of mental confy disonenta
tion and halluanations may mash the climical picture Ceneralized and focal
convul 1y e se1zures may occur during the terminalexacerbation of the dicease

A lized 1y mphad hy 18 The spleen 1s palpable 1n
about 20 per cent of the patients but only rarely 15 1t marhedly enlarged
Ophthalmoscopie examination frequently reveals charactenstic esidence of
vascularinjury  pern ascular hemorrhages fluffy exudates, segmentation of
arteries and at times even papilledema
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statning materal may sometimes be found, the pathognomonie hematoy Im
bodies which have been adentified by hlempercr et al ¢ as depolymerized
desoxy rbonuclere acd Presumably the same abnormal chromatin, mgested
by leuhocytes produces the speaificI L cell described by Hargraves Rich
mond and Morton @ [hese findings suggest that mereased nucleoprotemn
breakdown myy rcpresent the fundamentn) chemical disturbance n dis
~comated lupus ery thematosus 1he consprcuous and characterstic increa e
m serum hexosamme ' behieved to be denved from the mucoprotemn of the
altcred ground subst ince mav hhewise reflect inereased protein degradation
Fhat disseminated lupus ery thematosus 15 associated with a speafic div
turbanee m eellulir nucleoprotemn chemistry appears likely but the prease
enzy matie defect remains to be established

Symptoms 1 he salient chinical mamifestations are (1} prolonged irregu
Iar fever with  tendency to remissions of varable duration (2) a tendency
to recurrent inyvoh ement of synovial and serous membranes (poly arthribs,
pleuritts pericarditis) (3) depression of bone marrow function (leuhopena
moderate hypochromie anemim and thrombocy topenta) and (4) evidences
of vascular alterations m the shin retina hidney s, and other viscera

In the absence of the rash the clinieal picture may simulate an infectious
polyarthrtis The pam and swelling of the various jomnts may be so con
spreuous as to render 1t difficult to distmguish this disease from rheumatic
fever or rheumatoid arthritis \lternatively the joint sy mptoms may appear
as recurrent arthralgias and prominent jomt stiffness with few objectie
findings In most subjects fever joint symptoms leuhopema and micro-
scopie hematuria comprise the essential chinsea) mamfestatiops of the under
Iy mg disease

Suspicion that the 1llness 1s not rheumatic fever or theumatoid arthntis
1s warranted whenever abnormal urnary findings appear \icroscopie
hematunia and mild albummurta are almost universal findings Much less
frequently the albummura may be massne and associated with edema
hypertension and even renal msufficiency and progresstye azotemia In such
patients the picture may closely re<emble the nephrotic or nephrnitic form of
chrome glomerulonephntis These examples of severe renal damage repre-
sent trreversible vascular changes and usually occur m the advanred stage
of thediscase Qccasionally however therenal findings prcdomuntethruugh
out the climeal course

In addition to arthralgias and wthntss attacks of pleurisy or pericarditts
may oceur during exacerbations of the disease In some patrents severe
abdommnal pain secondary to peritomtis or perihepatitis and pensplenitis
may simulate an acute condition requirtng surgical procedure

Tather at the onset or sometimes at a later stage vascular lestons become
yasible on the shin as ery thematous macules or patches which tend to become
confluent The rash first appears asa rule on the more exposed parts of the
face the bridge of the nose and cheeks above the eyebrous on the upper
hip, the prominence of the chin and the edge of the pinna It 1acz;:sa c(:::
monly found on the \ shaped exposed area of the upper chest aract
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spontaneous remussion In some cases complete remission may last for years
but the ultimate prognosis i1s grave Oceasionally a patient who has bheen
entically 11l for months may improve slowly, and ostensibly recover com
pletely Vost untreated patients ultimately die however i an exacerbation
of the disease Death 13 most commonly eaused by the toxemua of the disease
renal msufficiency or an intercurrent pneumococcus streptococeus or
staphylococeus mfection Cortisone and corticotropmn although they do not
alter the ultimate prognosis have been effective 1 controlhing the climeal
manifestations of the disease and 1n 1mprosvin, the strength and well being
of these patients

Polyartenitis

Defimtion Polyarteritis (penartentis nodosa) 1s & progressive usually
fatal disease of protean mamfestations secondary to inflammatory disease
of the walls of medum and small sized arteries The disease owes 1ts name to
the appearance in some cases of gross aneury smal dilatations of the w eahened
arteries It was first described as a pathologic entity 1 1886 by Kussmaul
and Maier who constdered the most likely cause to be trichinows hling
quoted by hlemperer focused attention upon the fibrinoid degeneration in
the walls of the hlood vessels a charactenstie change which helped to classify
thus disease among the diseases of collagen

Inadence Most descriptions of this disease emphasize tts multitude of
chimeal mamfestations affecting various organs and tissues and the ranty of
correct diagnosis duning life There are however approximately 350 well-
documented cases described in the iterature and antemortem diagnosis 1s
becoming much more frequent Blales afficted with the disease outnumber
the fumales 1 a proportion of two to one No age group 15 spared and the
reported cases range 1n age from 4 to 71 although the average age of onvet1s
about 37 The most frequent occurrence 15 1n the third and fourth decades of
Iife

Etiology In most cases the etiology 1s unknown Because of a frequent
history of a preceding streptococcal infectron an altered reactivity to the
streptococeus has been implicated by some authors The relation to the
streptococcus remaimns unproved Fresh Aschoff bodies were scen n some
ases of polyarteritis by Friedberg and Gross in 1934 The relation between
the rheumatie process and polyarteritis however 1s probably based upon
similar pathologie alterations in 4 common tissue rather than upon a com
mon etiology More recently some have considered polyarteritis to be an
advanced stage of a vascular allergy or of 2 hy perergic vascular response the
symptoms of which depend upon the spectfic shock organ imolved Of the
patients with this disease 18 to 2o per cent haie a previous history of
bronchial asthma or atopic shin reactions and yasomotor rhimtis ¥ In one
senies 70 per cent of the youngest patients with polyartenitis had severe
asthmatic symptoms '* Rich and Cregory® described o patients who had
been sen<itized with foreign serum and subsequently des eloped a fatal form
of serum <ichness 1n whom necropsy revealed a necrotizing arteritis Rich?®
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The combination of a luuhopenia of 3 300 to % 000 cclls with @ mld shift
to the Ieft a secondary anemia of about 60 to 70 per ¢ent, and o thrombo-
3y topema supgests the possbihity of disseminated fupus ery thematosusina
pitient with fever and jomt symptoms The charactenstic Jouhopenta may
be replaced temporarily by leut ocy tosis when a <econdary tufection such as
pneumoma oteurs The anemra 18 wsually moderately severe unfess renat
nsufficrenc v supervencs mwhich case 1t may be marked and normochromte
Oceasionally & hemobs tie process assoctated with a positive Coumbs’ test
and oreuhiing autohemoly sins may (xaggerate the sev enty of the anemn
Moderite thrombocy tapema s ¢harwtenstie §t may oceasionilly be 80
marhked av to produce purpuric mantfistations indistinguishable from thee
of sdiopthne thrombocy tepente purpura In several patients splenectomies
have bern mustabendy performed The pleen may be partiulacly enlarged
in the<e hematologic forms of dissemmated lupus er thematosus

In 1945 Hagrues Richmond, and VMorton®™ deserthed what they
bihinved to be pathognomonie 1 £ cells i stamed bone marron smears
from paticnts with disceminated lupnus erythematosus  These eells are
phasoeytes nsually poly morphonuclear leukaeytes containmmg masses of
purphsh stunmg chromatin maternt which ty preally Alls the entire cell and
prshes the nutlens to an eccentrie posttton The cells are found in the hepa
nnized marrow  mear or m the bufly coet of penpheral blood if properly
hepannized and meubtted Ther may alvo be induced m normal marrow of
penpheral blood followsng thewr meubation with the plasma from patients
with actise dissemmated lupus erythematosus  hlemperer et al P have
demonstrited that thrs phagoet tosed matersal reprisents depoly menzed
desony nthonudleie acxd smplymg thet it dernes from products of nudlear
degeneration The desovy mbonuclense mhintor pre ent i normsl white
cells mhibrts the [ £ coll phenomenon,'t which confirms Ilemperer 3
obseryation ¥ e have found the e eclls remarkably speefie for the diagnosis
of dissemmnated lupus ery thi mate us duspite settered reports' of thetr
alleged prestnec s a few patwnts with amylordoss atyprcal anema and
tuberculosts In thowe patientsm whom the clngeal picture 15 gbsenre and x\tzt
clearty differentsnted from rheumatord arthoitis chronmic nephritis Hodghin's
disease or even a primary anemia the findm,, of I E celfs has proved of real
value m definmg the true diagnosis

Dunng exacerbations of the disease the <crum concentration of totl
protems may be marhedly elevated Thr ty pical electrophorette patternt as
demonstrated by Coburn wnd Moore' and by Pemer 1 onwists of 1 deerease
1 the serum atburam and an merea<e mn the alpha 2 and gamma globuhns
The hitter may 1n part be responstble fac the falsely posttive blood Was er
mapn and for the very rapul erythrocyte sedumentation rate (T81y
Haserich, Tenrs and Bortz'® demonstrated that the gamma globulin factor
15 speafically wnohied m the production of the I F cell Anti-~jimmd
globulin minhite the formton of these cells X

Prognosss The fever and other mamfcstations of the discase ma m;d
tinue tor many months, with long alternating, periods of exncerbation an!

~
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spontancous remusston In some cases complete remussion may last for yvears
but the ultimate progno 1 15 grave Occastonally a patient who has been
entically 1l for months may 1mprove slonly and ostensibly recover com
pletely Most untreated patients ultimately die hownever 1n an exacerbation
of the disea.e Death 1s most commonly cau ed by the toxerma of thed:t ea e
renal 1n ufficiency or an intercurrent pneumococcus streptococcus or
<taphy lococeus mfection Corti one and corticotropin although they do not
alter the ultimate prognosis have been effective in controlling the chinieal
mamfestations of the di ea.e and in impros ing the strength and well being
of these patrents

Polyarteritis

Defimtion Polyartenitss (penartentis nodosa) 1s a progressive u ually
fatal disease of protean mamfestations secondary to inflammatory diease
of the walls of medium and small «ized arteries The disea e owes1ts name to
the appearance 1n <ome ca e of gro~s aneurvsmal dilatations of the weakened
arteries It was first deserihed as a pathologic entity 1n 1886 by hus maul
and Maler who conaidered the most hkely cause to be tnchino 1= Liing
quoted by Klemperer focu ed attention upon the fibnnoid degeneration
the walls of the blood vessels a charactenstic change which helped to claswify
this di ease among the diseases of collagen

Incidence Most descriptions of this disease emphasize 1ts multitude of
clinical mamfestations affecting vartous organs and tissues and the ranty of
correct diagnosts duning hie There are however approuimately 300 well
documented cases described 1n the literature and antemortem diagnoss 1s
becomtng much more frequent Males afficcted with the di ease outnumber
the females 1n a proportion of two to one \o age group 1s spared and the
reported cases range 1n age from 4 to 71 although the average age of onset 1s
;ibout 37 The most frequent occurrence 18 1n the thrrd and fourth decades of

ife

Etiology In most cases the etiology 15 unknown Because of a frequent
history of a preceding streptococeal infection an altered reactivity to the
streptococcus has been implicated by some authors The relation to the
streptococeus remains unproved Fresh Aschoff bodies were seen n some
cases of polyartentis by Friedberg and C ross 1n 1934 The relation between
the rheumatic process and polyartentis however 1y probably ba<ed upon
<imilar pathologie alterations 1 a common tissue rather than upon 2 com-
mon etiology More recently some have constdered polyartentis to be an
advanced stage of a vaseular allergy or of a hy perergic vascular re pon e the
symptoms of which depend upon the speeific shock organ mvolved Of the

patients with this disease 18 to 2o per cent have a previous history of
bronchial asthma or atopic shin reactions and vasometor rhimtis 17 In one
senies 70 per cent of the youngest patients with polyartentis had <esvere
asthmatic symptoms * Rick and Gregory!® described o patients who had
been censitized with foreign serum and subsequently developed a fatal form
of serum sichness 1n whom necropsy reiealed a necrotizing arteritts Rich ©
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demonstrated that there had been a marhed imercase m the frequency of
polyartentis eomadent with the advent of the sulf drugs Vascular reac
tions of the type seen n polyartentis have been produced m rabbits by
bactertal and serum sensttization Simlarly, ammals treated with sulfa and
serum have shown wdentical lestons Harkavy *t believes that the process 1s
reversthle of the responauble antigen 1 removed  Although some patrents
present a clear cut allergie bachground (mantfested by the recent onset af
asthma atopie senstization or significant eostnophiha) a specific allerge
factor cannot he demonstrated i most of the patients

Pathology [he fundamental lesion 1 polyarterttis 1s a necrotuzing
mflammatory obliteritive process mvolving small artenes, artenoles, and
oceastonally vems The pathologic process has heen divided mto progressie
stages

1 The first stage 15 one of cdema and fibrimoid eosinophilic necrosis of
the mner media <ubendothelial tissyes and usually the adventitia

2 Comnadent with this fibrmoid necrosts there 1s an nfiltration of the
adventitia and media with inflammatory cells among which neutrophtls
usually predominate although eostnophihic nfiltration may be prominent
Later m the process mononuclear cells usually replace the polymorphs

3 The endothelum 15 often destroyed with subsequent thrombosis
and tissue infaretion These changes are particululy frequent m the
hidneys intestines lnver spleen ind myocardium Thrombosis 18 usually
fotlowed by organization and frequently by recanalization of the occluded
vessels

4 In the heing stages the mflammatory lesions of the affected vessel
walls are replaced by an mtense artertal and penartertal fibrosis

Crossly the multiple occurrence of nodose lestons (2 to 4 mm 1n dame-
ter) alon,, the course of the small arteries 1s a charactersstic but not an essen
tial feature This nodosity may result from grinulom itous proliferation or
aneurysm formation of arteral walls secondary to the medial necross
Usually there 15 nvolyement of blood vessels 1n many organs the frequency
of organ mvalyement being, kidneys 87 per cent heart 84 per cent hoer,
71 per cent spleen 31 per cent lungs 2o per cent ? After o prolonged
chnteal course each organ usually demonstrates the complete range of
artenal lestons from the early artcral necrowis and cellular mfiltration to the
later healing periartenial fibrosts

Symptoms The chuical pieture may present a bewildering complex of
symptomatolo,y attributable to the crculatory disturbances ns vanous
regions of the body The cardinal featurcs of the clinical appearance are
usually fever weakness and prostration conspicuous leukocytosis with 2
shaft to the left frequently associated with marked eosmophihia, albuminuria
and mmero copic hematuria abdomimal pam <igns and st mptoms of poly

t1s, hypertension

neu’l;‘lh:,m\& 1 usuallv insidious with fever and malaise Often Perblbte";
fever follows a mild re piratory or sinus attack without an intery ening peno

of good health The vamety of symptoms their distribution among yarious
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organs nd tissues of the body and the obvious seventy of the divcase are
suggestuve of diffuse polyarteritis Certanly the presence of an unexplaned
fever and leukoey tosis with recurrent arthralgas and vague muscle aches
coupled with the mnvolvement of unrelated organs should suggest the nature
of the underlying disease

Renat 1inv ol ement, consisting of mild to moderate Wbummuria micro
seopte hem ity and eylindiuna 1 most v constant inding * In some
patients these findings as ociated with « generalized edema often <ug, est the
diagnosis of glomerulonephntis [hree quarters of the patients suffer from
progres 1ve hy pertension The presencc of perustant fevcr leukoey toss and
cosmophiia and the mvolsement of nonreluted organs and of penpheral
nerves preclude the diagnosts of glomerulonephntis Inats termmal stage the
disease may be characterized by intractable hy perten~on 1ssociated with
mcreasing renal insufficiency and may resemble malignant hy pertension

Ayocardial involvement secondary to coronary arteritis may produce
signs and symptoms mdistinguishable from those of arterinsclerotic heart
disease Pericarditts with a pericardial rub may result from a myocardial
mfarction from a periarteritic insolvement of a coronary artery or from a
hemorrhage 1nto the percardial sac The electrocardiographic findings
u ually (onsist of nonspecific T wave changes although the picture of acute
pencarditis or frank coronary occlusion may also be seen In any event the
symptoms of eardiac mnvolvement may range from typical angmna to pro-
longed chest pain and cyen seyere cougestive heart falure

Although 1t was onginally felt that the lungs are generally exempt from
the lesions of polyartenitis ahout 40 per cent of the patients suffer from
arterial mvolvement of the pulmonary systtm  Actually 1n <ome patients
the putmonary findings may predominate In suchinstances the combimation
of fever marked eosmophilia dry hacking cough and fleeting and diffuse
pulmonary mfltrations all suggest the diagnosis of Ioeffler s syndrome
Only the persistence of the pulmonary sy mptoms and the subsequent devel
opment of other signs of diffuse vascular mvoly ement reveal the true nature
of the disease process In a signifieant proportion of the described cases 1
Iistory of broncinal asthma precedes the onset of more extensive vascular
mvolvement Likewise n many patients with active polyartentis the symp
toms of intractable asthma may dominate the chnical picture with or without
X ray cvidence of pulmonary mvelycment

Occasionally the presenting complaints are referable to the gastrointestt
naltract ¢ There mav be persistent abdominal pain anolexia and s omiting
Vascular 1 olyement of the gallbladder or appendix with conscquent 1n
farction and necrosis may compel surgical exploration ot mfrequently the
first hint of the diagnosis 1s suggested by the pathologist s exammation of the
offending gallbladder or appendix Hemorrhagie pancreatitss retroperitoneal
bleeding and perforated small intestinal ulcers may all result from gastro-
ntestinal polyarteritis V ascular iny olvement of the liver may produce focal
areas of hepatic necroms subeapsular hemorrhages with symptoms of nght
upper guadrant tenderness and icterus and signs of hepatic enlargement
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and deranged Iner function tests Splenomegaly , though rarely consprcuon
15 present in about 10 par cont of the prtients

Sy mptoms of poly nearitts plawy 2 conspicuous role m about one third to
one half of all the patients mvolved They nclude peripheral hy peresthesias
numbness tinghng and somctimes foot drop and usually result from the
artenitic process m the nutrient vossds to the spial cord or the peripheral
nerses Symptoms of centel neryous <y stem 1schemni—such 15 convul 100y
coma, memngeal sipns and vascular acerdents—also occur, but far le s
frequently

Ahout 20 per cent of the patients suffer from a wide diversity of eutaneous
mamfestations These reactions may vary from mild recurrent urticanal
lestons to generalized lentil shaped nodules which may break down and
ulcerate Mot infrequently the most oyvert signs of the disease are hemor
rhagte extray asations into the shin and subcutaneous tissue whicheventually
coalesce and slough producing large necrotie ulcers Purpurie mamfesta
tions may also mumic the picture of Schonletn Henoch purpura \larmora
tion of dependent shin arcas secondary to venous stasis may be particularly
consptcuous n polyartentis The small nodose lesions along the course of
the artenies from which the discase derives tts nume are only rarely palpable

The usual hematologic findings consist of a leuhocy tosis with a very dis
tiet shift to theleft and a rapid LS R The white blood count usually 3aries
from 15 000 to 30 000 although normal white blood counts and ey en leuho
pemas haie been deseribed There 15 nsually only a mild secondary anemia
Eosinophilia may approach 40 to b0 per cent of the total white blood count,
1t 15 absent 1 some cases

Occasionally the disease may termnte fatally withm two to four weehs
though the chmeal course may be prolonged for months or «everal years
Often a chmeil suspiion may be confirmed by sk and musele bropsy but
an mconclusive pathology report does not exclude the dragnosis Another
laboratory finding which sometimes proves helpful 1s the presence of a
markedly elevated trichimellaagglutinin titer whichappears tobe nonspecific

In our experience we have not obscrved a single patient with necrotizing
polyartentisn whom L I eclls have been demonstrated A long standing or
even more recent allergic bachground as well as the h tory of a bizarre
response to sulfa ngestion also fators the diagno 1 of polyartentis

Prognosis The prognosis 1s extremely poor and many patients suceumb
to progressive renal or cardiac insuffictency or mtercuirent mfection within
12 to 18 months Although some have clumed that those patients with 2
demonstrable allergie etiology may be cured by removal of the sensitrang
antigen this has not becn our exporience

Diffuse Scleroderma

Definition Diffuse scleroderma 1s a chrome progressive disease aﬂectu(l"g'
the collagenous portion of the connective tissue the chief TﬂnfEStgl;r:lqr
hich 15 & peculiar hardemng induratron and ngidity of the skin Su
\c\han"& are found 1n the collagenous tissue of the subcutaneous tissue mus
4



OTHER COLLACEN DI EASE> 309

cles tendons, and viscera (In this chapter, the term scleroderma refers to
diffuse scleroderma The circumsenibed type of «cleroderma which affects
only the <hin and subrutaneous tissues 15 unrelated to the diffuse form and
should not be treated with cortisone or cortrcotropm )

Incidence The disease affects women predommantly the proportion of
female to male patients bemg, approximately two to one Cases have been
de enbed from mnfancy to old age but the onvet ts preally occurs m the third
to fifth decade of ife Despite the relative infrequencs of the disease several
members of the same family may exhubit typieal shin changes

Etiology The <pecific cause of scleroderma 1s not hnown but many
hypothetic etwologic tactors have been suggested ¢ The onset of the
typical skin changes 15 sometimes preceded by an wute mfection o single
fectious agent however has been etiologically related to a sigmficant pro-
portion of the cases Some have impliated rheumatic fever because cases
have been de~crtbed m which signs of rheumatie ¢irditis and scleroderma
coenist Other observers beliwve that the typical fibrotie changes represent
trophic sequelac of primary disorders of the neiyous system The presence of
symmetnical degeneration of the nerve cells of the doisolateral columns of
the spmal cord 1s eited as evidence for this pomt of view 7

A wide variety of endocrme disturbances has likenwise been noted 1n
scattered (1st» In ~ome patients atrophy of the thyrod gland 1~ prominent
others have developed symptoms of «lcroderma after treatment with thy
roid hormone The rapid emactation and cichexta often suggest pitwitary
hypofunction and mndeed 1trophy of the antentor pitwitary has been demon
strated on occasion The adrenal gland has been implicated because of the
mtense pigmentation hypotension asthenin and 1atermittent episodes of
hypoelycemia In other patients disturbances in the secondary sexual char
actensties have suggested hypogonadism as o fartor The finding of osteo
poro~ts with secondary ealeification of the subeutaneous tissue has even been
attributed to hy perparathyroidism Multiple iy olyement of the endocrines
probably 1smerely secondary to the diffuse di ease process and 13 nonspecific

More recently primary vascular phenomena have been regarded as the
respon-ible factor in <ome patients * * The frequency of Raynaud s dicease
as a precursor and the frequent ~clerodermatous mvolvement of the blood
vessels have supported tlus concept There 15 little doubt that vascular
mvolvement and angio.pastie schemia may  exaggerate the pathologic
process or even determine 1ts site of predilection In one patient whom we
obseried the sclerodermatous changes were hmited to one extremity The
patient Kept this arm elevated above her head frequently during the day
while working as a wool comber ascular studies performed subsequently
demonstrated a precipitous tall m pulse pressure and blood flos when this
extremity was elevated above her hed

That emottonal factors mav play 4 part i eliciting anglospastic phenom
ena 15 indieated by the fact that chimeal exacerbation <ometimes follows an
emotional enisis 3 Episodes of Ravnand » dimease are often directly preup:
Ffated he aenb gy chologie stimult
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Pathology The disease 15 not imuted to the shin but also produces difiu e
stiffemng and rigid induration of other connmectinve tissucs of the body
Histologacally the discase proeess mnvohves the collagen tissue primarly
There 1s first 2 mild swelling of the ntercellular collagenous substance at
thig time collcetions of smill round eells may be seattered throughout the
mvolved tissuc In the later stages the collagen tissuc hecomes character
1stieally thickened dense and acellular “This dense fibrosts represents the
tvpieal pathologie change Similar findings may be scen i the media and
adventitiy of some of the smaller blood vessels with gradual decrease 1n the
caltber of the lumen and even ¢ventual veclusion Well defined artentis has
been found i the hidnevs heart and lungs (Talbot VMasugr cated by
Wlemperer Pollach and Bachr') In the early subacute stage, the vaseular
lesion may show hibrnoid degeneration of the collagen resembhing the lesion
seen 1n lupus erythematosus

I1brotic changes may oceur 1 the tongue bueeil mucosa e ophagus and
mteralseolar septt of the lungs hver, <pleen hidnevs thyrord and heart
Wewss and his associates™ haye foeused attention upon the diffu e syvstemic
mvolvement They have demonstrated that the myocardium 15 vers fre-
quently <carred with vascular conneetive tissue

Symptoms Lhe onset of the disease 1s u urlly msidious with the symp
toms merging almost tmpeiecptibly with the preceding state of good health
Prtients rarely complain at first of shin changes but rather of mid stiffening
of the extremities and jaws Arthralgias mormng stiffness and muscle w eah
ness usally predominate In at least 50 per cent of the patients signs of
s asomotor mstability and Raynaud s disease are present Attacks character
1zed by cold and ¢y anotic extremities may recur for y ears before <hin changes
attributable to scleroderma become apparent Less frequently zn earlv pre-
senting complamnt may refer to the gastromtestinal tract the lungs or the
myocardium Dysphagia due to progressise fibrosts of the esophageal wall
pulmonary embarrassment due to fibrosts of the lung or signs of mj ocardial
farlure may mash the rest of the clinieal picture Infrequently the on etof the
disease 15 acute and explosne with fever nonpitting generahized edema and
very prominent jomt pams suggesting the diagnosis of theumatod arthnitis

The shin changes are usually not generalized at first the earlrest detecta
ble alterations occurring 1n the upper extremities and the face Thesc lesions
are usually symmetncal but focal vascular changes may induce more €v
tenstve findings 1n only one extrermty Although the historical desenptions
of the disease emphasized that the earliest skin changes consisted of a promi
nent nonpitting edema 3t most pattents are not seeninthisstage Theearhe t
signs are rather a firm nonpitting induration of the shin and subcutaneoﬁls
tissue (hard tight shin) These are most marhed peripherally and gradus I)
encroach upon the proximal ends of the extremities A charactenistic early

eroderma 13 a firm induration of the cheek so that downward re-

sign of sel e

depress the low
traction of the shin of the malar emnence fails to

It then spreads to the forehead nose lips extremities and torso In the
affected areas, normal skt markings are replaced by a smooth 1vorv appear
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ance Usually loc il hair growth di appears and 1 «ome mstances even shin
sweating ceascs Typically, mereased bronze pigmentation 15 often noted 1
myoived areas This pigmentation may be diffuse or, more hkely patchy
with the dark areas interspersed with sharply demarcated areas of vitiligo
thereby producing what has been termed the picbald appearance At this
stage the vasomotor symp are usually 1 with frequent
eprsodes of (yanoss tingling and hyperesthesia i the finger tips

As the disease progresses the shin becomes mcreavngly ten ¢ and
atrophie face wrinkles drsappear and a typical mashlike expression ensues
The ey clids are retracted the thin hips 1re pressed together with multiple
radial furrows the nosc appears sharp nd pinched and the chin and Iips are
puchered The fingers bceome semiflexed immobile and useless with the
overlymg shin melastic pallid and incompressthle—the typieal  claw
hand The terminal phalanges appear boardike with atrophy and some-
times uleerations at their distal ends Frequently ealeum plaques are de-
posited around the phalangeal jomnts and diffuse calanosis may 1 some
mstances hecome extenstve Gradually movement of the nech swallowing
speech and blimking are all mcreasingly impaired The chest wall 16 1m
mobilized by the restricting tense leathery shin respirations are inereas-
mly labored and myocardial failure may superienc In the terminal stages
the patients are cachectie hopelessly nigid and immohile and converted to
ventable mummees

Albunnuna mild anemia elevated ES R and mld hy perglobulinermia
may all be present Fluoro copic exammnation of the esophagus during the
swallowing of a barum mrxture may fail to show any penstal 15 X ray
examination of the gastrointestmal tract frequently reveals a characteristic
nmipplehhe constriction of the distal end of the esophagus with marked
dilatation above Occasionally chest X rays demonstrate a perilar diffuse
fibross whieh fans out peripherally into the lung fields 3 The bones of the
mvolved arca may show considerable osteoporosts \ rays of the deformed
hands sometime reveal extreme degrees of atrophy of the perspheral ends
of the phalangeal bones with coarse depositions of ealelum m the perartiey
lar tissues (tophi) The electrocardiographic findings depend upon the degree
of myocardialiny olvement but consistusually of nonspeeific T wave changes
with occasional aurtcular tachy cardias or condurtion disturbances

Prognosis The natural course of diffuse scleroderma 15 usually one of
progressn e my olyement of the shin and internal organs with a fatal termina
tion’ Recurrent exacerbations and remissions are the rule In some patients
the disease has persisted for 15 to 20 years Very often the premomitory
symptoms of stiffness arthralgias and Raynaud 5 disease may precede the
first objective evidence of scleroderma by four to five years The patients
woually suceurah to malnutntion eachexia <econdary wnfection or cardio-
pulmonary failure

Dermatomyositis
Defimition Dermatomyositis 13 a chrome nonsuppurative mflammation
of the slan and muscles charactenized by a vague 1nwdious onset of progres
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sive weahness dermatitis and muscle milammation The disease way first
described an 1886 by Wagner 32

Incidence and Etiology Although the disense may occur at any age, it
usually develops between the ages of 10 and 00 There 15 no sexual predom:
nance The cause remains obscure

Pathology I[he charictarstie pathologie feature 15 hemorrhage and
edemi of striuted muscle ind of the ad went interstitral collagen tssues
which are often infiltrated with nflammatory cells Lhe walls of the blood
vessels may be thickened by extensnve edemy celluler inbltration and
fibrinoid dcgeneration of the collagen fibers The muscle bundles reveal con
stetent proliferative and degenerative changes with guant cell formations
and 1nerease 1n number of the «arcolemma nucler In addition to edema the
muscle fibers show loss of striations fragmentation atrophy necross and
sometimes hyalme granular fibnnous or vacuolar degeneration The sk
undergoes atrophy of the epidermis and usually reveals pertsascular 1
filtration of the conum with 1y mphoeytes and plasma cells The histologic
changes n the muscle are not pathognomonie for dermatomy ostrs for they
mayv also be found in rheumatotd arthritis thyrotoxicosts pneumoma,
scleroderma and polyarterttis

Symptoms The disease usually begins with low gride fever weahness
lassitude and malase Sooner or later however the predominating symp-
toms refer to the musculature Although any muscle or combmation of
muscles may be affected the proximal muscle groups are usually more in
volved than the distal 3 Typically the hngers may remam ummsolved
whereas the shoulder girdle may «how signs of extensise disewse [he course
progresses from mid mornung, stiffness to mcreasing weakness and muscular
tenderness Lxentually the affected muscles may lose il ~emblance of fune
tion and the paticnt lics motionless i bed In almost every mstance the
muscles are pamnful and cxquisitely tender to pressure On palpation they
may seem indurated and firm or soft and flabby In some cases the di easels
hmited to onc group of muscles or even to one extremity 1n other mstances
various groups of muscles scum to manifest v olvement n waves the symp
toms 1n one group sub 1ding completely as another group becomes progres
snely mvohed The cervical dorsal abdomtnal and trunh muscles often
show evidence of disease Oceasionally the muscles of the pharyny larynt
tongue and soft palate are myolvcd so that disturbances i snallowing and
speech result Ultimately the diaphragm and other respiratory muscles
mav suffer sertous damage producing asphyxta and frequent aspira
tions When the heart muscle 1s affected tachycardias abnormal electro
cardiographie changes and ¢ven arculatory fallure comphcate the chnieal
picture q

Very frequently the shin and subcutaneous tissues overlying the disea e
muscle are indurated and cdematous This swelling commonly sffects the
face and may produce a tense edema of the cyelids Any portion of th;alsl!:m
of the body may present a w 1de variety of lestons such as urh(a;mlalsl;
nonspeaific eczematord reactions generahzed pruritus and maculopap!
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rash or erythema multiforme Tocalized or generalized hyperhudrosis,
petechiae multiple and srregular areasof brown pigmentation telangiectases
and ¢ven sclerodermalile ehan,.es 1n the <k are not unusual 1 dermato-
myostt1s The lntter changes hayc sometimes been <o pronounced as to <ug,
gest to some observers that scleroderma and dermatomvositis represent
different stages of the same disedse process

Imolvement of the nersous system comimed with the primary mani-
festations of muscle swelling edema and exanthema of the shin often com-
pletes the chinical picture Symptoms of hy peresthesta and numbne s of the
hands and feet Iananating pains and foot drop may then be present
Whereas deep tendon refiexes are usually depres ed or abwent when the mus-
cles are myvolved supratentonal changes may cause mereased tendon re-
flexes and ather pyrimidal tract «igns In the very rare form of the disease
called neuroder the e ) symptoms and signs may be
particutarly conspicuous

1 k h

vod

3 T 1y and Iy hy are unuysual

The laboratory findings are not of diagnostie or prognostic help  \nemia
leuhopenta or leuhocytosis are rarely promment eowinophiha has been
deseribed 1n about 2o per cent of the patients The ES R 15 markedly ele-
vated especially during an acute exacerbation Mild to moderate alburm-
nuna and mieroscopie hematuria oceur 1n about one third of the patients
although ne phropathy 1s rarely a predominant feature The atbumin globubm
ratro 13 usually reversed with a sigrificant hy perglobulmenia Disturbance
of the creatine metabolism characterized by a persistent ereatinuna and a
decreased tolerance to inge ted creatine 1s usually present This feature
prohably reflects the diffuse mflammation of the musculature rather than
any specific alteration \luscle biopstes are often made to confirm the
diagnous even though a diagnosis based solely on pathologic grounds
may be questioned because of the lach of specifiaty of the pathologic
findings

Trchinosts can produce 1 similar pieture of muscle involvement fever
swelling of the eyes and even cardiac mmvolvement The muscular myvolve-
ment 1n trichinosis 1s more acute cutaneous mamfestations are much less
marked there 15 usually an antecedent history of gastrointestinal disturb-
ances and facial edema eostnophiha 1s conspicuous and the caleified larvae
may be reachly demon trated 1n a muscle biopsy

Prognosis Untreated the disease 1s usually pro,ressiye and most obwery
ers report a fatahty rate of 50 to 60 per cent The cour e however 1s ey
tremely vanable and may persist from weeks to 10 or 12 years Aswithother
collagen diseases the elimcal picturc 15 often charactenzed by recurrent
exacerbations and rerm sions not infrequently u long period of quiescence
wall be followed by a sudden flare up 1 olving a new group of muscles This
unpredictable irregular eourse complicates the evaluation of any therapeutic
measure  Death 1s y ually preapitated by mereasing involvement of the
Tespiratory muscles progresive cardae imvoliement ar sumply a gradual
overwhelming weakness paralysis and debility
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Hormonal Therapy

Cortisone and corticotropin represent the only effective agents for the
arrest or symptomatic control of the eollagen diseases Although these hor
mones have been used 1 cach of thewe diseases the Iargest expenence has
been accumulated in acute dis emmated Tupus ervthematosus ' % 37 These
comments will therefore emphastze the effcets of cortisone and corticotropin
m the tter discise

When used m adequate dosage the hormones are dramatically effectine
m econtrolling the chmcal manifestations Usually the temperature falls to
normal within 48 hours tichyecardia and gallop rhy thm subside after 3 to 4
davs and the joint pams are complctely ameliorated within 1 week Chineal
and roentgenographic evidence of pleuropencardial 1m olvement gradualls
distppears after 7 to 14 days of hormone admimisteation The shin le 1ons
fade more slonly Within one week the violescent ervthematous hue dis
appears the lesons then gradually undergo brownish pigmentatton and
finally fade during subsequent months Resolution of the hemorrhages and
exudates 1 the ey egrounds occurs oy er 2 more prolonged period of therapy

In our experience cortisone ind corticotropin hay e been equally effectne
m the control of disseminated lupus er thematosus although 1n terms of
dosage cortreotropin is about twice as potent The ease with which cortt one
may be admmistcred orally has made 1t the agent of chowce for most pa
tients Lhe usual starting dosages are 100 to 200 mg of cortisone per day
admunstered 1n four equal doses by mouth or 100 umts of corticotropin
diided mto four intramuseular ijections Both oral cortisone and parenteral
corticotropin will usually producc their first effects wathin 18 hours For
entically 1l patients duly dosages as high as 000 mg of cortrsone and 300
units of corticotropin i divided doses every two hours have been required
Occastonally when a patient 1s desperately 1ll and an immedate respon
may be hfesaving corticotropin can be admimstered antravenou Iy m a
glucose mnfusion In this form each umt 1~ approsimately ten time as cffec
tive as when given mtramuscularly Accordingh 20 to 90 umts admunu~
tered datly 1 a slow infusion will often produce 4 prompt chmeal response

A poor symptomatac response despuite adequate dosage usually tnducates the
presence of an tnlercurrent wnfection Accordingly all patients particularly
m the acute stage should be treated simultaneouslh with dequate antt
brotic therapy These hormonal agents have an adverse effect upon ~ome
infections and this emphasizes the importance of simultaneous antibiotic
therapy during the first week or longer

After the elmtc 1l mamfestations of the diseasc have been under complete
control for 10daysto 2 nechs the dosage may be reduced in stepwise fashion
until the mmmum daily amount required for the mamntenance of chnical
remsston tsdetermimed Serious relapses of disseminated Iupus ery themato us
have followed abrupt discontinnation of hormonal therapy Thisismuchle >
likely to occur when the dose 15 slonly reduced during a period of severil
weehs or months It 15 our custom to reduce the dosage at intery als of not



OTHER COLLAGEN DISEANES 3to

less than three or four days by no more than o or 10 mg of corti~one per day
Such fine adjustment of dosage will be factlitated by the use of o mg tablets
of hydrocorticone

With continued therapy there 1s usually a progressive improyement 1n
strength and general well being The patients often deyelop voracious appe-
tites gain weight and fill out their depleted tissues In some patients it 1s
ultimately possible to di continue therapy for considerable periods of time
without immediate recurrence In about two-thirds of the patients however
mamtenance therapy must be coutinued indefinitely Subjects have been
sustained relatively symptom free for two to three years with daily dosages
of cort1 one of 20 to 7o mg orally or with parenteral use of corticotropin
n doses varyng from 5 to 50 umts During periods of remtssion 1t may even
he possible to admimister the hormoue less frequently At such times a sin
gle 20 mg cortisone tablet may proside freedom from sy mptoms for 10 to 12
hours, after which another dose may be necessary In most 1nstances it 15
necessary to ad. ter the daily nce amount of cortisone 1n two to
three divided doses

The recent development of a prolon,ed acting purified corticotropin gel
has enhanced the 1alue of this particular hormone for maimntenance therapy
A single injection of the gel da:lv may afford a beneficial effect for the entire
24 hour peried In one patient a daily 5-umit injection of corticotropin has
mamtained a clinieal remis~ion for 24 months vet eessation of this tiny dose
15 usually followed in 48 to 72 hours by fever jomt pains or pleunisy Fre
quently a maintenance dosage of cortisone or corticotropin must be chosen
which will provide maximal freedom from troublesome sy mptoms compatible
with minimal disturbance from undesired effects of the hormone

Qccasionally a patient will develop an acute exacerbation despite careful
maintenance and will require readmission to the hospital for more intensne
therapy Despite prolonged and intcrmuttent therapy the clinreal mam
festations repeatedly re pond to renewed cortisone or corticotropin therapy
Patients rarely develop mcreasing refractoriness to these hormonal agents
even when maintenance therapy has been continued for periods up to three
years

Dunng the course of eortisone or cor therapy derable
improyement occurs m many of the abnormal laboratory findings character-
istie of dissemuinated lupus erythematosus The anemia usually improves
In patients who exubit laboratory evidence of an autohemolvsin and a
hemolytic anerma these abnormal findings similarly disappear under hor
monal therapy The leukopema usually 1mpros es to some extent but in most
of the patients 1t persists 1n some degree dunng remussions of the disease
The thrombocytopena likewise reveals considerable improyement Even
when the thrombocy topema has been =0 marked as to mimic the pieture of
tdiopathie thrombocytopenic purpura a sigmficant merease mn the number
of cireulating platelets may occur after adequate hormonal therapy The
ESR returns to normal m less than one half of the subjects

Serial electrophoretic patterns during the course of cortisone therapy

ra N



316 MLDICAL USFS OF CORTI O\E

reveal a slow increase m the serum albummn concentration and a reeiproesl
reduction i the gamma globulin concentration but these changes may only
occur after several months of successful treatment ‘1he nephrotic preture
may then improve 1f 1t 1s the result of hy poprotetnemia and 1s not associated
with irreversible renal damage The merease in the alpha 2 globulin fraction
which Rewner® desenibed s a charetenstie finding in lupus ery thematosus
persists bihe the lathopuny the ! Locdls and the abnormal I SR even
when a chincal remission has been mdueed by cortisone or eortrcotropin

The serum hexosamme which reflects the degree of alteration m the
mucoprotein of the ground substance and 1s eonspicuously mereased n acute
disserinated lupus erythematosus falls to normal levels as the clmeal
manifestations are suppressed !* Indeed alterations in this hexo~amine con
centration seem to parallel the cinical actinaty of the underly ing discase

Renal damage which may have occurred during exacerbations of the
discase appears to be Iargely 1rreversible Albuminuria, microscopic hema
turia and cylindruria for the most part perstst During the acute phase of
the disease a mld prerenal azoterma may be attributable to dehydration
fever and tissue cataboltsm, and plasma urea concentrations will revert
tow ard normal after some sy mptomatie 1mpre nent has been lished
But 1if the azoterma reflects underlying renal msolvement cortisone of
corticotropin will not reverse this finding even 1n patients in whom a satrs
factory clinical response 15 mduced Azoterma persists or may even merease
mntenstty, and the patients ultimately succumb to uremia

Although others have reported the disappearance of LE cells dunng
climeal remission this characteristte phenomenon has persisted mn almost
all of the patients we have treated over prolonged periods In everal sub
jects the cells have been reduced 1n number and oceasionally they have even
disappeared temporanly , but this pathognomonic abnormaltty can be found
during cortisone-induced remisstons if blood and bone marrow tre repeatedly
exammed

The pathologic findings 1n patients coming to postmortem esamination
after prolonged cortisone or corttcotropin therapy have been similar to those
obseryed 1n the precortisone era and the pathognomonte hematoxy Iin bodies
have been as conspicuous

Undesired Effects of Hormonal Therapy

The type of complieation noted early mn cortisone or corticotropm
therapy tends to differ from that observed after prolonged treatment Never
theless a firm line of demareation cannot be drawn between these two tvpes
of tovic’ effects An untoward effect which 1s usually conspicuousonly tn the
first days of therapy may persist as tr 15p d and 1y
may even appear for the first time after a considerable period of therapy

The most prominent and frequent comphication encountered mn the early
stages of therapy with cortisone or eorticotropin relates to effects similar to
those produced by desoxy corticosterone The majonty of patients retain coen"
siderable quantities of salt and may develop edema hypertension or ev
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congestive heart failure To a consderable extent these sequelae of <alt
retention may be avoided by a carefully restncted sodium free diet Fur~
thermore some have clumed that Jarge doses of potassium chlonde wall
reduce the amount of sodium retained by the kidneys Esen on a salt-free
diet (contamning less than 200 mg of sodium a day) cortisone and cortico~
tropin will evoke a transfer of endogenous sodium chlonde and water mto
the flud phase of the extracellular compartment ** The amounts iy olved 1
such <hifts approuimate 1 » to 25 hters but without comerdent exogenous
salt retention this 1s not usually sufficient per se to produce edema and con
gestive heart fatture Furthermore this redistribution of body water into the
extracellular compartment 18 transent producing maximal effects after
seven to mine days of therapy and disappeartng subsequently de pite con
tmued hormone admimstration
It should be empha 1zed howeser that the underlving cardiovascular
disability 1n patients with di-~eminated lupus erythemato us sensitizes these
subjects to the 1l effects of expanded extracellular volumes whether these
dernye from end or exog sources The development
of congestive heart fallure during early stages of cortisone or cortrcotropin
therapy 15 often preceded by an abrupt increase in body weight or by the
sudden appearance of hypertension Circulatory farlure may mamfest itself
as an acute attack of pulmonary edema or acute hepatic engorgement
Usually 1t ean be effectively combated with Mercuhydnn digitalis bloodless
phlebotomy sedation and oxygen without discontinuing hormonal theraps
In several patients these measures have mduced a 10 pound diuresis m 18
hours and a remarhable recovery
The negative potasstum balanee associated with cort1 one or cortico-
tropmn therapy often produces hypokalemia and hypochloremic alhalosts
The alkalosis 1s usually mild and of little chinical sigmificance The diurests
of chlonde potassum and water howeier when Mercubydnn or other
dwretic a ents are admim tered to control edema will marhedly exaggerate
this electrolytic disturbance In several patientsin whom repeated mercunals
were necessary we have observed plasma potassium coneentrations as low
2820 mEq per hiter chloride concentrations reduced to 70 mEq per liter
and bicarbonate concentrations as high as 40 to 45 mEq per hter When
such severe degrees of alkalowis occur they may be corrected by the judicious
adminstration of potassium and ammontum chlornde A salt free diet de
creases the urinary potas wum loss By this means and by elimmating the
necessity for frequent Mercuhydrm njections such a diet reduces the fre-
quency and seventy of the complicating alkalosis
The tendency to retamn salt becomes less marked as hormoral therapy 1s
contmued In fact a distinet salt diuresis may occur after 10 to 14 days of
ration C 1y the heations attributable to
salt retention become much less troublesome as therapy 13 prolonged Thus
may reflect the improved cardiac function under the nfluence of hormonal
therapy and the progressive reduction mn the hormone dosage as the mam
festations of the disea e are controlled Nevertheless, 1f patients ingest large
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quantitics of salt, edema and congestive heart fallure may ensue at any
stage of therapy Accordingly all patients treated with large datly doses of
either cortisone or corticotropm should be muntaned on a salt free diet
with the intermittent administration of 4 to 8 Gm  of potassium chloride per
day Until the hormonal therpy can be reduced to low mamtenance dosage
the daily diet should not contam more than 200 mg of sodium

Some degree of hypertension 1s detected in the vast majority of the
patients durmg the first two wecks of therapy This elevation of blood pres-
sure may be related m part to the comadent salt retention yet not infre
quently significant blood pressure rises have been noted i the absence of
any detectible weight gam Whatever 1ts cause the hy pertension 1s not
usually troublesome and tends to disappear with continued hormone admm
istration Certainly wny elevation of blood pressure does not contraindicate
the mception or continuation of hormonal treatment Its perwistence or re-
currence after prolonged theripy 1 the absence of obvious salt retention
should suggest the presence of underlying renal mnvols ement

In patients with dissemmated lupus erythematosus comvulwiie seizures
are an infrequent but sometimes disastrous complication of hormonal
therapy [hese serzures take the form of generalized epileptiform clonte and
tonie convulwions and usualty develop n the first 7 to 14 days of treatment
One 12 year old girl whe had shown a remarkable sy mptomatic response
after eight days of corticotropin therapy suddenly developed status ept
Icpticus which led to coma and death In 3 other subjects howeser one or
two generalized serzures occurred and were ihibited thereafter with antt
comvulsant drugs so that cortisone or corticotropin could be contmued
Epleptiform comvulsions were observed during periods of exacerbation of
lupus ery thematosus long before the use of hormonal therapy It had been
oniginally hoped that frequent electroencephalograms (EEG s) might give
prior wainmng of the development of comulshe seizures However the
EEG S are so often abnormal durmg the acute stage of diwemmnated lupus
erythematosus that thev offer little help m predicting the onset of these
serzurcs In 2 subjects severe mtractable headaches preceded the convulsive
episodes by 2 to 48 hours

A number of patients undergo striking mental changes durmng the first
month of adrenal hormone therapy At first they show general improvement
n mood comedent with the disappearance of the weakness tovieity aud
distressing joint pamns Some become very cheerful extremely alert and
even euphoric Subsequently the alteratton m mood majy be characterized
by severe psychotic depression Episodes of <evere depression alternated 1
one patient with periods of mental elation and manic outbursts A second
mamfested pronounced apathy visual and auditory hallucinations, and
expressions of bitter resentment tow ard the medical stafi In some patients
depresstons have centered about threats of self destruction and sutcides
have been reported Although no instance of sweide has oceurred 1n our
series on everal occastons this danger has warranted cessation of therap‘l
For the most part howeser, it has been possible to continue hormona.
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therapy, and these personality changes have subsided as the do age was
gradually reduced Occasionally less blatant personality changes persist
even on relatively low muntenance dosages such as shght irmtabihty, a
subtle change from & generous, forward personality to one that 1s bitter
resentful and suspieious In some pitrents msomnia may be troublesome
while the hormone 15 bang taken

W hether these personality ehanges represent exaggerations of preexisting
traits has not been proved It has been reported that large doses of potassium
chloride mhibit the convulsiye seizures as well as the gross mental aberra
tions This report does not conform to our expertence It should be empha-
sized that the pre enceof touc psychoses and organic mental sy ndromes as
manifestations of the primary disease process does not increase the lihehhood
of superimposed psy chotic reactions after cortisone or corticotropin admun-
sstration In fact, 3 patients have shown complete resolution of such mam
festations after one to two weehs of hormonal therapy

Frank diabetes has been an extremely infrequent complication of therapy
m our expericnce Although transient glycosuria and hyperglycemia were
noted in sexeral patients persistent and massive gly cosuria appeared in but
2 subjects Tn both this mamfestation developed on relatively lugh dosage
levels and was associated with marked unnary mitrogen toss Considerable
amounts of 1nsulin are necessary to control steroid diabetes but the impair
ment 1n carbohy drate tolerance usually disappears completely as the dosage
of the admumistered hormone 1s progressively reduced In both subjects who
display ed troublesome diabetes a strong posttive family history was elieited
It seems likely therefore that this complication will appear 1n those patients
who are potential diabetics

Eleet diographie changes mverted T waves prolonged
QT mtervals and sinus bradycardia occurred m several patients while
under therapy Two subjects showed a complete auriculoventricular dis
socation with a slow 1dioventricular rhythm Vhether these changes are
secondary to the electrolytic disturbances or to a direet effect upon the
myocardium 1s not known Inany event these electrocardiographe changes
are usually transient and of httle clinieal import In ro instance have they
necessitated discontinuation of therapy

One of the most vewng difficulties encountered dunng sustained therapy
with these hormones relates to their tendency to obscure the usual clmeal
signs of mflammation Some patients have developed a fulmmating pneu
monia or bacteremia whule on therapy without conspicuous febrle reactions
or marked toxiaty One 26 year old girl succumbed to an overwhelming
Tungus nfection of the lung without overt pulmonary signs Large gluteal
abscesses se( ondary to parenteral therapy have developed with only meager
evidence of local tenderness or warmth Perforated peptic ulcers without the
typreal signs of peritomtis has e been reported Apart from the alleged nflu
ence of these agents in dissermnating bactertal and fungus infections the
detection of an mtercurrent infectious process may pose  difficult problem
Accordingly each patient on intensive hormonal therapy must be carefully

P
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followed by frequent climeal and laboratory exammnations Furthermore
adjunctive antibiotic therapy should be admmistercd whenes er feasible to
teduce the frequency of thesc ntercurrent mfections

As therapy 1s prolonged the stigmata of Cushing’s syndrome become
progressively conspicuous Their onset depends more upon the length of
therapy than upon the speafic dosage level With prolonged treatment
meresed shin pigmentation moon facies and buffalo hump become evident
i most eases Many patients complam that new depots of fat haye appeared
on their shoulders and bachs Hirsutism abdomumal striae and acneform
cruptions are often troublesome Qceasionally when intensive theripy 13
maintamned for long intervals this chrome formof tovieity’ 1s punctuatedby
an acute psychosis sudden congestive heart farlure or other untoward effect
more characteristic of the early stage- of therapy Severe back pam devel
oped 1n one subject after siv months of hormone admtnistration and sub-
sequent \ ray examinations revealed severe osteopoross and lumbar col
lap~e Tor the most part however clinieal manifestations of negatrs e calerum
and mitrogen balanee have not been promment Conwistent and marhed
elevations of the plasma cholesterol les el have been recorded in _everal sub-
Jects Although 1t has been suggested that such z sustamed lipemtar may
accelerate the premature de clopment of atherosclerosis ® evidence directly
implicating this potential danger 1s not comvineing

The prolonged use of erther cortisone or corticotropin apart from its
beneficial effect upon the underlying disease usually evohes a characteristtc
symptom complex with at least some of the features of hy peradrenocortict m
The clinical pieture may then include ~ome of the persistent sgns of the
primary discase process nd at least some undesired hormonal effects The
attending physician must then balance the benefictal effects of the therapy
m « fatal 1llness against the cosmetic mmplications of a symptom complex
simular to Cushing s syndrome It should be emphasized that no matter how
distressing the latter compltcations may be complete subsidence of the unto
ward effects of hormonal therapy follows soon after cessation of therapy of
reduction of the dosage to mimmal mamtenance levels The importance of
gradually reducing the dosage of cortisone or corticotropin, partreularly m
disseminated lupus ery thematosus, has already been noted

Response to Therapy

D d Lupus Eryth
Prssemmated lupus erythematosus may be classtfied on the basts of the
most 30 climeal festations 1nto five or wix relatively distinet

climeal patterns each of which responds 1n a somewhat different manner t(;
treatment Although this differentiation should not suggest any fundamental
difference 1n the underlying disease 1t serves a practical purpose bccaudc
each of these varied forms presents characteristic problems and re;;lmn s
farly typreally to prolonged hormonal therapy arthritic  hematologic
cerebral, cutaneous, and cardiorenal
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Arthriic When the joint svmptoms provide the sole manifestation of
dis eminated lupus ervthematosus 1t 15 often possible to maimntain the
patients almost symptom free on a relatively low mamtenance dose In
those subjects 1n whom the symptoms attnbutable to polyserositis are par
ticulatly 1 the ready 7 to cortisone and corticotropin 15
also often gratifying We have not obseryed a single mstance 1n which ths
form of the discase has not completely responded to adequate therapy On
the other hand the development of hy peradrenocorticism may demand such
a ngid reduction in dosage that complete control of the sy mptoms does not
prove feasible 4

Hematologic This form of the dicase Itkewse usually proyes susceptible
to adrenocortical therapy Severe symptomatic hemolytie anemia accom
panited by a positive Coombs test and active autohemoly sins has responded
to therapy with the subsequent disappearance of these abnormal hemato-
logic findings Severe thrombocytopema may disappear after two weehs of
hormone admimstration

Cerebral Recurrent convulsions and mental syndromes which may occur
as part of the illness are of unusual interest because similar complications
may be induced by hormonal therapy Despite this fact adequate hormonal
therapy usually suppresscs these clinieal phenomena when they are caused
by the dicease itself There 15 at present no evidence to suggest that these
subjects are more hikely to develop psychiatrie complications from therapy
Oceasionally such patients are treated madequately because the convulsive
or psychiatric manifestations are mistakenly attributed to the hormones
Under these exrcumstances more intensive therapy may produce a remission

Cutaneous The occurrence of the characterstic erythematous macular
lesions as a sole manifestation of d ed lupus erythemat: without
some ev1dences of systemic llness 15 extremely uncommon When the skin
lesions are particularly conspicuous however adequate therapy induces a
favorable but slow re ponse Usually considerable pigmentation rem-uns in
those areas which were mavimally nvolved

Cardiorenal Ths feature of disseminated lupus erythematosus 1s resist-

ant to hormonal therapy The mvocardial vascular wjury increases the
therapeutic hazard It 1s sometimes extremely difficult to determine whether
gallop rhythm pulmonary rales and sudden hepatic engorgement are the
result of a pleuropericarditisora  tovic myocardial effect of the discase proc
€8s or stmply hormone induced salt retention and eongestive heart farture
Occastonally the determination of the circulation time and venous pressure
may define the factor most responsible Usually however a combimnation of
both the disease proecys and cort: one toxieity underhes the deselopment
of these findings the former predisposing the subject to the effects of salt
retention For the most part therefore episodes of congestive failure should
be treated actively with digitalis Mercuhvdnn and low salt diet without
discontinung hormone admimistration Indeed msofar as primary myo-
cardial myolvement obtams an mercase in hormone dosage ~omctimes has a
favorable effcet upon the erreulatory failure
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Ihe mamfestations of severe renal damage arc not altered by cortisone
or corticotropin Of 5 patients with such findings, 4 have succumbed to the
sequelae of renal insufficiency despite moderately good control of the other
chmcal manifestations In part this progression reflects the widespread
vascular i ols ement of the renal parenchy ma prior to the onset of therapy
In addition however the ocelusive yascular process may continue unabated
after mstitution of adequate therapy, despite the suppression of all other
clinteal manifestations of the disease The presence of persistent edema o
hypertension after prolonged cortisone or corticotropin therapy <hould
therefore suggest that considerable renal impairment may exist Too often
these findings are mistakenly attrbuted to hormone toucity

The renal form of the disease 1s further complicated by electrol te abnor
malities which may range from a tspreal hypopotassemic hy pochloremic
alkalowts caused by the hormonal therapy to severe renal acidosis or may
include any combination of the two In the presence of renal insufficiency
the use of potassium chioride for the correction of hy pochloremie alhalosis 13
attended by considerable sk When edema supcrienes in these pattent
Alercuhydnn 15 of hittle value In a limited number of subjects the edems
and hy pochloremic alkalowis may be partially corrected by employing the
cation exchange resins However meticulous care must be taken to as od
severe actdosts from this form of therapy When urema and renal acrdosis
are conspicuous the measures uscd for the more common forms of renal
msufficieney should also be employed

These hormonal agents are able to suppress many of the climeal mant
festations of dissemmated lupus erythematosus and they prolong Dfemma
considerable number of pitients Lhe long term use of cortisone and cortt
cotropm 15 feasible 1f careful and frequent chinieal and laboratory observa
tions are made During the past three years more than 20 patients eritically
1)l with acute disscminated lupus ery thematosus have been admitted for
hormonal therapy Of this number 4 have succumbed durnng this time to
uremia 1 to corticotropin mnduced status epilepticus and 1 to 2 virulent
fungus infection but 13 of these patients have been mantamed 1n a state of
at least partial remission by relatively constant hormonal therapy for penod>
varying from one to three years The persistence of the LE cell of leuho-
pema and an most mstances of an accelerated ES R the pathognomom¢
microscopic findings at postmortem after prolonged therapy the tendency
to exacerbation when hormonal therapy 1s di continued and the progre won
of renal abnormalities despite adequate control of the other clinical mant
festations—all demonstrate that these hormones act only as suppres ne
agents Although they may nhibit local tissue 1eaction to the ol‘fcndmf
etiologic factor ¢! the unknown ctiologic factor and the basic disease process
remain uncontrolled

Polyartentts

The conclusions drawn from the results of eortisone and r-orncotmr]uu
therapy 1 disseminated lupus erythematosus may be apphed to poly

~
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artenitis These agents effect a constderable improvement 1n such mam
festations of the diveasc as fever asthma eosinophiha jomnt and muscle
pains, and a multitude of allergic shin reactions In the presumably allergic
form of the diseace characterized by eosinophilia and transient and migra-
tory pulmonary infiltrations (Loeffler s syndrome), the response may be
striking The charactenstic roentgenographic shadows may disappear mn 48
to 72 hours As with dwsseminated lupus erythematosus however therapy
must usually be continued on a semipermanent basis to mamtam the state
of rem: sion

On the other hand when extensn e vascular iy olvement of the heart and
Lidnevs and hypertension predominate the effects of permanent vascular
damage upon the parenchyma of these vital organs often lead to death de
spite the <uppression of other clmical mamfestations Insofar as the poly-
neuritic signs reflect primary occlustve vascular disease these findings are
stmularly rexistant to hormonal therapy Any underlying cardiac and renal
disease as 1n disseminated lupus erythematosus complicates the use of
these hormonal agents and depresses the ultimate prognosis

Diffuse Scleroderma

The therapeutic response m patients with diffuse scleroderma 1s condi
tioned by the proportion of early tissue alteration in comparison with irre
versible dense scll and vaseular obl ton In several patients in whom
the disease was quite recent 1n onset and relatively acute considerable 1m
provement orcurred both in the imduration of the skin and the Ravnaud s
disea e As with the other collagen diseases the improvement persisted only
as long as therapy was continued * In those patients in whom prolonged
irreversible tisue selerosis and fibrosis predominated the therapeutic re
<ults were less impressive  [he therapy of scleroderma al<o poses the problem
of prolonged admmistration—often at consistently high dosage levels Even
under these circumstances the response to therapy ts usually neghgible
because of the 1rrev erable nature of the tissue alterations

Dermatomyosifis

The effcctivene~s of cortisone and corticotropin in dermatomyositis 15
still to be determined The therapeutic result will depend 1n each mstance
upon the proportion of the irreversible to reversible pathology ** We have
observed several patients in whom a remarhable response has followed the
nception of adrenal hormone therapy with rapid disappearanee of muscle
weahness and inflammation In two of these patients the remission has per
sisted despite the di continuance of therapy Other patients honever have
Dot tesponded to cortisone or corticotropm therapy Patients with this
disease should recerve the benefit of hormonal treatment as soon as possible
OT Symptomatic improsement can be achieved 1n early cises The ultimate
results must await longer follow up obseryations
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Asthma and Rhanitrs

Bram Rose

In the five years that has e paswed since cortisone and corticotropmn were
first used as therapeutic atds in the control of allergic disease in man =% con
siderable literature on the subject has been published Sufficient timehasnow
elapsed for the effects of long term treatment to be observed and for these
agents to be evaluated with a greater degree of accuracy 1n the light of expen
ence In this chapter an attempt will be made to review the exstmng liter
ature even though several earhier reviews arc available 6%

It may be said at the outset that the adyent of both cortisone and cortico-
tropin marhed a notable advance m the treatment of hy persen 1trsaty and
that when properly used 1 man, they are the most 1aluable therapeutic
agents at present avatlable Imtial reports of the dramatic effects of these
hormones upon asthma have repeatedly been confirmed by numerous
observers These consist of rapid disappearance of such signs and <y mptoms
as cough dyspnea and sputum In the majonty of patients appetite
creases and there 15 a gain 1n weight Nevertheless 1t must be emphasm’d
that nerther hormone 1epresents a cure and 2515 well knonn the effects are
temporary Both are capable of inducing marked alterations in metaboll m
and are potentially dangerous if used without care With the mereasing u e
of cortisone and corticotropin both the chinielan and the pathologist have
been forced to become famihar with thetr properttes One sees fewer and
fewer asthmaties who have not had at least a trial of cortisone or cortico-
tropin Yet 1t 15 the opmion of almost =ll observers that no patient with
erther asthma or rhimtis or both should recenve adrenocortical therapy to
the exclusion of other forms of therapy or without a complete iy estigation
and an adequate trial of conventional methods

Companson of the Effects of Cortisone and Corticotropmn

The chief advantages of cortisone are that 1t can be admimstered orally
and 1s independent of the state of the adrenal gland atsedf Thus it 15 useful

From the Royal Victoria Hospital and the Department of Medieme MeGill Univer

sity Montreal Canada
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mn \ddison s discase whereas corticotropin 1s meffective 1 this condition
Lither cortisone or corticotropin may be used 1 asthma and alhed condi
tions There 13 a5 yet no clear cut difference n effectiveness between the two
preparations when each 13 administered wn adequate dosage

Corticotroptn  either 1n the lyophilized form or the newer long acting
preparations 1s active only by parenteral routes such as the mtravenous,
subcutaneous or intramuscular Since these preparationsmay contain foreign
protein they may at times produce reactions of the anaphylactic tvpe =14

The effects of cortisone and corticotropin are numerous and will not be
considered in detail 1n this chapter with the exception of those directly
related to the subject It may be of mterest to note however that of the
many metabolic changes such as alterations in protemn carbohydrate and
electroly te metabolism no essential pattern distinguishes the allergic mam
festation from other forms of discase, with the poswible exception of alter
ations in the urinary excretion of bistamme In the imtial work of Rose et
al ¥ 1 which protem balance studies and blood and urine electrolyte as
well as urine histidine and histamine determinations were made a negative
nitroen balance and a tendeney tonard sodium and chlonde retention and
potassim excretion were observed In all cases hishidine excretion was
creased 'and thishas been obsery ed especially by Holbrook et al '7 Although
Grob' was unable to show much of an increase 1n the urine histamine Rose
etal Y have noted rather phenomenal quantities of a histamme hikesubstance
1 the urine of patients with vanous forms of allergy However there was
neither consistency m the quantities exereted nor relation to cort: one or
corticotropin therapy

Of perhaps greater terest 1s the excretion of the glurocorticoids sub
stances stmilar to compound E and measured biologically in the unne
Venning Johnson and Rose ! have noted that the output of this steroid 15
generally low m older patients with asthma of the intrinsic vanetv and may
be stimulated to within normal imits by the admnustration of corticotropn
In vounger patients with asthma of the extrinsic variety the values are
usually within normal hmits and corticotropin 1s capable of stimulating a
considerable release of the compound by the adrenal cortex The measure
ment of the 17 Letosteroids though of interest 1s of ittle value in determin-
g adrenocortical function n asthma or other allergic phenomena

It 13 difficult to say whether allergy occurs because of a hy pafunctioning
adrenal which 1s incapable of meeting the demands made uponit or whether
the hypersensitive state 1s unable assuch to stimulate the pitwitary adrenal
mechamsm Some evidence m favor of the latter theory has been pre<ented
by Rose

It 1 of interest that many changes directly concerned with hy persensi-
vty are markedly affected by cortisone or corticotropin Examples are the
depression of eosinophils Ivmphocy tes and erythrocy te sedimentation rate
(ESR} the supp of the nfl ory response i the shin to
bactenal vacemes % the nerease m tolerance of a patient to a speeific
antigen ®and the reduction in lymphod tissue That these examples do not
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give the whole answer seems evident <ince a number of other phenomena
associated with the immune response and with hy per-ensttnity m general
do not ppear to be affceted Ior cxample cert un types of antibody forma
tion are suppressed 77 % whereas others arc not altered 22 The wmmediately
reacting shin test remains unchanged during carticane ar cartteatropin
admintstration 8 31=3¢

Asthma

Selection of Patients for Treatment with Cortisone

In the early duys of corticone and corticotropm only patients with the
most mtrictible and long st indmng asthma werc cho en for study mn order
to providc mcontestable proof of the efficacy of the ¢ compounds Smee that
tune they have been gnven i urtually all ¢y pes of asthma or thimtis Such
lack of selection 1s to he deprecated A= 1 rightly pointed out (mn p.z;tuular
by Iiern®® and Coobe ot 1l %) not only does 1t lead to the unnecess uy u eof
cortisonc but 1t 1s @ poor appioach to the treatment of the allergic <tate It
will be seen from the liter 1ure that as use of these compounds becombes more
widespred more and more paticnts 1ppear to become depcndaitt upon
them This cannot be regarded as habit or addiction smce there would be no
destre on the part of the pattent to take either preparation were rch{fmml
able by other means Sherman?® states that the necd for adequate suri ey and
shin testing of these patients 1 esen greater today than before the adient of
advenacortical thcrapy Furthermore a remission obtained by conjentional
forms of treatment such as elimination of foct of wnfection and allergens
tagether wath hyposensitialion s aluays more salisfaclory than the mporary
state of renussron wnduccd by corfisone or cortieolroptn !

The chotce of patient depends upon a number of factors Best ro ultsare
obtamed m the proved case of asthma mn whi b the patient 1s free from am
contr undications to the use of cortisone and has faded to respond to con
ventional forms of therapy It may be well to distmgush here between the
two groups of asthmati mamfestations The frst 15 so-called extrin to of
allergie asthma i wineh symptoms are cansed primandy by the presence of
external em ronmental factors as well as by an nhented tendeney todes clop
allergy  Infection although it may be 4 factor, 1s not usually th(,) ctiologir
agent and the sy mptoms promptly subside once the offending, allygen 1 ne
longer present Paticnts with extrine asthma usuadly do welt with consen
tional forms of treatment such as myections of mixed grasses or ragsecd or
the molds depending upon the history and shin te ts It must be admutted
aoverthelese that a considerable peicentage of such persons develop rather
severe asthma during the time of maxumum pollen counts and become prob-
fems« for the physician For thrs ty pe of patient cortisonc, m 8 sense prod sdon
the 1deal treatment becatse the duratton of treatment i» short lsy mptoms
subside ance the pollen season has ended Thus Carryer et al * I niedlacnder
and Friedlaender  Stier et al ¢ and Randolph and Rolns* hv e seported

fair to excellent results m this form of pure asthma
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The second and perhaps larger group of so-called 2nirinsic or nonallergic
asthma presents n more difficutt problem Here the symptoms appear in
later hife often following wiection of the respiratory tract m the form of
thinutes and bronchihs in the fall of the year There 13 an associated cough
with sputum production In many of these patients the infection becomes
chronie and dofficult to treat They often respond to cradieation of the foe:
of infection as well as to antibnotie therapy Many of course fall mto ncither
one category nor the other These are the muzed cases In view of the reported
numbers of patients who have been treated with cortisone or corticotropin
1t 15 apparent that few such patients respond to eonsventional forms of
therapy The majonty appear to have been benefited enormously by the
advent of cortisone * 12 €36=%5 It 15 pcrhaps unfortunate that many of thesc
require almost constant or repeated hormonal therapy Whether this 1s due
to imadequate attempts at conventional treatment 18 difficult to say Regard
less of these considerations 1t seems «lear that when the patient has tomake
the choice the ability to contmue work and the feeling of well being due to
corts one therapy are preferred to the semi myvalidism assocated with the
chronie asthmatic state which resists other forms of therapy

General Management It 1s agreed by most observers that for the usual
patient ceptain precautions are necessary before treatment 1s instituted and
that clo e superuision during the period of treatment 15 essential These
precautions should 1nelude care i taking the history and a physical examm
nation supplemented by urinalysis chest X ray to ehminate the possibility
of the presence of active pulmonary tuberculosis an electrocardiogram when
indicated &nd appropnate blood sugar determinations

During treatment the patient should be placed on alow salt diet of 1 to 3
Gm daly and a potasstum supplement should be given particularly if
cortisone 15 grven in large doses Either p um chloride or
1odide 1 enterie coated capsules 1s suitable the dosage bemng 3 to 5 Gm per
day The blood pressure should be cheched frequently weight recorded and
urine reexammed

The possibihty of spreading an infection must always be borne 1 mind
though there 15 some coutroversy regarding this pownt *-5¢ Signs of mnflam
mation or infection such as fever leuhocvtosis pan and swellng may be
completely masked by cortisone m high dosage  Some intections may be
spread®® # whereas others such as lobar pneumoma pread loeallys1¢ but
do not produce their typical systemic effects In any case death durng
corticotropin therapy has oceurred as a result of the mashing of the signs of
infeetion and faillure to recogmze the presence of widespread broncho-
pneumoma It would appear that 1t 1s safest m all cases to realize that
infection may be enhanecd

There eems httle doubt that many low grade chrone upper or lower
Tespiratory mfections contributing to eough sputum and maintenance of
symptoms vamsh with rortisone therapy Since cortisone suppresses the
tovic effects of infection this might be interpreted as an over all increase in

the resistance of the patient Further most infective processes mn man
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respond better to anttbiotic therapy 1n conjunetion with eortrsone than they
do to exther of thec agents when grven alone It s prabably wisest therefore,
to use o <witable antibiotic along with cortisone therapy whenever there s
any question about the presence of infection # The remamder of the pre
cautionary measures have to do with undesired effects and will be dealt with
1 the scction Complications of Cortisone Therapy

Admunistration and Effecttve Dosage Schedules

Tojudgefrom theexperience gamned i treating large numbers of patients
there appears ta be no hard and fast rule regarding dosage each case beinga
law unto stself It 15 also obyious that the amount of cortisone requured 15
related to the seventy of the divease process rather than to age or body
weight Thus as much as 2 000 mg a day of cortisone has been admimstered
orally to patients with dissemmated lupus ery thematosus or pemphigus®
and 500 to 600 mg daily to <ome with mtractable asthma

In an early report Glaser et al ® exprewsed the view that larger doses
were required for children than for adults In our experience the dose re-
quired for treatment of acute asthma 1s s high in children as n adults The
average mamtenance dose however may be somewhat lower for the child

Two ty pes of preparation are ayalable for the treatment of asthma and
rhinitis The first 15 the suspension of cortisone acetate contamng 2y mg of
the active prinaple per cc which may be given ntramuscularly or orally
When admimstered ntramuscularly 1t usually tahes from 24 to 36 hours to
exert an effect Sumilarly, on withdrawal the effect may last one to three
days Using the parenteral route Carey et al 4 adminstered 300 mg on the
first day snd 200 mg daily for an additional nine days, or 200 mg on the
first day followed by 100 mg daily for an additional seven days Mnor
vanations in dosage such as 300 and 200 mg on the first tvo days followed
by 100 mg daily, have also been used effectively This preparation 1s most
useful for patients in acute status asthmaticus who are unable to take any
thing by mouth It has the disadyvantage of taking longer to act than the
oral preparation For the usual patient the schedules above are surtable In
status asthmaticus the imtial dose recommended 15 300 mg grven in drv ded
portions of 100 mg each 1nto three different sites in order to promote rapid
absorption Thts should be followed by 50 to 100 mg every six hours until
wigns of improvement are evident Usually 25 to 50 mg every six hours (100
t0 200 mg per day) will be found adequate for subsequent maimntenance It
15 usual to switch to the oral preparation at this stage

Since the demonstration that cortisone 13 effectrve orally =™ the sus

as been largely replaced by the tablets These are awmla};l; m
A ifter

rted

aar

pension h.
tablets of 5 mg and 25 mg The dosage schedules recommended b

ent authors vary to some extent The following dosages have been repo!
to be successful 100 mg a day 1n 20 mg doses at six hour mteryals
200 mg for the first two days followed by 100 mg 2 day for an additronal

five days,* * and 100 to 200 mg daily ¢ More common is the ﬂchedulx of
300 and ‘.”00 and 100 mg on the first three days respectively 408608 It
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1:1mportant to note that the higher the imitial dose the more rapid the effect
Following oral admim tration relief has been noted as early as one to s
hours, although sty to twelve hours usually are required This of course 15
more commonly ob erved in cases of seasonal hay fever or asthma of moder
ate eventy In the more severc nonallergic cases 1t may take from one to
three day s for relief to begin 1nd aslong as <1x to ten days for complete clear
g of all symptoms In acute asthma or <tatus asthmaticus Rose Pare and
hmght#s have found an mitial dose of 300 mg followed by 100 mg every
four hours to be very effective for rapid control of symptoms On this sched
ule even the very acute case will respond within 12 to 14 hours as a general
rule When the patient has become comfortable the do e1s reduced to 50 mg
every six hours and ultimately to 20 mg 1f this amount serves to mamtain
the remission

Studhes with hydrocortisone n the treatment of common allergie diseases
reveal httle difference 1n results from those obtamed with cortisone A
difference does exist in the dosage required 1n that 20 myg, of hydrocortisone
1> approximately equal to 2o mg of corttsone ™

Duration of treatment depends largely upon the type of case Thus
patients with seasonal asthma or rhinitis require treatment only during the
pollen season during which time as much as 200 to 300 mg a day in divided
doses may be needed to control their symptoms 2% The patient with intrinste
nonallcrgie chronte asthma can often be maintained on from 37 o to 100 mg
a day The duration of such treatment however 15 dependent upon the
other measures employed

There 15 a difference of opimion regarding the effect of <brupt withdrawal
of erther rortisone or corticotropin as compared with gradual tapering of the
dose In their <enes of 211 cases treated with corticotropn Rosenberg et al !
found no difference m the duration of remission whether the medication was
abruptly stopped or tapered Carey et al 4 on the other hand have stressed
tapenng the dose n order to produce a lon.er remission Differences 1n the
type of case and in the agent used may account for these discrepancies
With cortisone 1t 15 clear that sudden withdrawal leads to return of the
svmptoms of seasonal asthma or rhimtis within 12 to 2% hours *¢ Most
observers recommend gradual withdrawal of cort1 one however and from
evidence obtaned m repeated trinls i the same patient 1t appears that
symptoms return more ripidly after abrupt withdrawal Acute respiratory
dificulty followng abrupt withdrawal of corticotropin has been reported 7
but the report dealt with ca es of emphysema not asthma Since cortisone
suppresses adrenocortical activity 1t would seem logical that the tapered dose
schedule might allow tim¢ for the adrenal cortex to resume normal activity
It has been estimated that following the withdrawal of therapeutic do es of
cortisone six to ten days are required for the adrenal to react to a test dose
of 25 mg of corticotropm a3 gauged by the eosmophil response and other
eriteria 73 1

Duration of Remission The average remi sion vanes with the type of
case treated and to a les er extent with the route of administration of cortt
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sone In allergic or ~easonal asthma, symptoms usually return withm %4
hours after cessation of treatment with cortisone when given orally or im
two to three dave when the mtramuscular route has been u ed 5 How
ever much longer pertods of remission s irying from davs to months have
been reported for the chronie form of asthma The aver e duration eem
to be about two weeks with vanations from = few dayvs to as long as nine
months ®36 44-43 62 I spte of v estigations 1t 14 <till not possible to predict
how long a remission ean be expeeted Tt 1s also farrhy certan that duration of
treatment and total quantity of cortisone ardministered bear no direct relafion lo
the length of remisston produced ' he one possible exception 15 the que tion of
gradually reduced dosage sehedules versus abrupt ces atton which has
already been considered

Cont versus R d Ad of Cortisone Some con
troversy exsts regarding the relative advantages of repeated admimstration
comparcd with contmuous use of cortisone Repeated course~ each averaging
10 to 12 days followed by an intery 1l of perhaps 2 to 3 wechs without use
of cortisone after which the eydle 1s repeated have the advantage of res
quinng less cortisone n the final rechoning There 1s ~ud to be less tend
ency to gain waght or to develop other side effects which may en ue asa
result of contmuous therapy # 7 On the other hand such a schedule means
that the patient must w ut for the <y mptoms to return—often they return
with alarming rapidity — and only then 15 the next course inaugurated It1s
the opimon of the wnter that contmuous therapy 15 more adsantageous to
the patient provided he or she can be natched periodieally With this mode
of therapy there should be no return of acute sy mptoms and a surpnsingly
small amount of cortisone may suffice to maintam rem: ston In some cases
as hittle as 20 mg or oceasionally 37 5 mg a day 1s required The majonts
of pattents, however, will need 75 to 150 mg as was stated previously
Under suth a tegimen 1t 1 necessary that certam ob ervations be made
periodically  (These are listed 1n the summary at the end of this chapter )
Another objection to continuous therapy s that the patint may go mto &
spontancous remission and cortisone 15 then ndmimstered without need
One can aluays test the possibility by slowly withdraning the hormone and
if the symptoms return resuming therapy unless other measures effectny ely
control the 1sthma Self regulation of the dose may occasionally be useful i
the hands of an ntelligent patient under supersision of the physteian U e
of this type of therapy should not be encouraged for the many reasons
already given

Cntena of Improvement Rather eliborate nvestigitions have been
earned out 1 a number of laboratories n an effort to clanfy by objectne
means the mode of action of cortisonc and the actual degree of improy ement
These studies mcluded such proced as daly phil counts ““P‘“d
tory function tests measurement of the urimary evcretton of steroids an
Jous other metabolic determmations The mjority of 1mestigators
s o4 71 8thit while the ¢ proccdures are of considerable ad and
he chinieal re ponse of the patient For example

A
admmuts 36 444
interest, the best cniterron s t
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the eosinophil count which may be high or within normal muts intially
u ually responds to cortisone therapy by decreasing one-half or virtually to
zero However many patients have improved on moderate doses of cortisone
to the extent of becoming completely free of symptoms although the eosino-
phil count remained fairly elevated m the neighborhood of 600 to 800 cells
per cu mm Under these circumstances 1t 1s not necessary to mncrease
the dose of cortisone to the extent of producing complete disappearance
of eosmophils All that such an d dose does 1s the appe
fite cause weight gain and produce a tendency to edema and rounding
of the face—deyelopments winch otherwise mught not oceur Eosinophil
counts are quite useful however and will often herald the heginning of a
polyartentis Loefller’s syndrome or in rarer instances tropical eosinophilia
Tt 1s also probable that if the eosinophil count remains highly elevated 1n
the neighborhood of 1 000 to 2 000 cell> per cu mm  the case will be difficult
to treat and may not even respond to continued high doses of cortisone

Respiratory function tests have been extremely useful in following the
changes that cccur 1n pulmonary function They have revealed that cases
whieh mught initially have been considered primary emphysema aetually
were asthma the temporary emphy ema being caused by arr trapping which
1s relieved when the bronchospasm and increaced bronchiolar secretions are
reversed by the effect of cortisone There 1~ as vet little 1n the nature of a
clear cut demonstration that the level of the urinary steroids 1n particular
the glucocorticoids or the 17 ketosterords offer any particular ads antage in
gurding therapy 437178

Use of Other Medication 1n Comjunction with Cortisone Therapy In
some of the early reports 1t was concluded that cortisone and corticotropin
potentiated the action of epinephrine and that this preparation should be
gien with care to the patient recerving eortisone Pecent ohseryations have
not confirmed this and all usual forms of therapy should and can be used 1n
conjunction with cortisone This includes such preparations as epmephnne
by subeutaneous injection aminophyllme mtraxenously or by suppository
any of the bronchodilators such as \eo-Synephrine or Isuprel and the usual
vanety of sedatives Vanous combinattons of theophylline ephednne and a
sedative such as phenobarbital may also be u ed with corticone therapy as
they frequently decrease the amount of the hormone that would otherwise be
required This experience 15 virtually unuversal in all the recorded literature
Oxygen therapy must be used when es ential for eases of status asthmaticus
In the casc of a dehvdrated patient who has been 1n status asthmatreus for
a number of days intrayenous glucose or invert sugar solution 1n water may
be ginen m the usual quantity but 1t must be remembered that saline 15
contraindicited

Contraindications

Atthough there 1s general agreement regarding contramndications to the
u e of cortisone no hard and fast rules can be made Some of the con
ditions mentioned by hansell 7 such as the adrenogenital syndrome (i
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which corticotropin 15 contraindieated) ind Cusbng’ disease (in which both
hormones are contramdicated) do not occur in ascoctation with-asthma or
hay fever I'urthermore, the adrenogenital syndrome 1s sometimes treated
with cortisone n an effort to suppress 17 hetosteroid formation ™ Again one
has to evaluate the requirements of each case on 1ts own ments The follow
wng conditions should be considered contramdications under most cireum
stances, but not iy wnably

Cardiac Failure Because of the already altered salt metabohsm and the
tendency to edema admmustration of cortisone will aggrwate the condition
Lt ts posaible to overcome thes effects by salt restriction and use of mereunal
dretics When the litter procedure 1s adopted a potasstum supplement
must be given not only because potassium exeretion may be enhanced In
the cortisone but also beeause the mercunal diuretic lowers the renal thresh
old for this electrolyte It should be remembered that when cardiac falure
oceurs in the asthmatic 1t 1s usually of the right sided vanety, secondary to
advanced emphysema and cor putmonale

Diabetes Mellitus Diabetes and asthma are not commonly scen together
Cortisone 1n moderate doses may mduce plycosuria and to a lesser extent
hy pergly cemua with imparrment of the carbohydrate tolerance Ths effect
appears to be tcmporary 1 the vast majonty of cases Rose Pare and
K ht® have admimistered short courses of cortisone or corticotropm to
2 patients with diabetes and asthm: without any 1ll effects A moderate
increase m the insultn dosage was necessary to control the blood sugar durng
cortisone therapy A third patient with diabetes and rhimbis has been on
cortisone continuously for two and one half years His insulin requirements
have not increased beyond those that would normally be expected 1n this
peniod of time If a patient has asthma and « family history of diabetes, 1t 13
probably best to withhold cortisone or if this 15 not feasible to test the
lucose tolerance frequently  Although diabetic coma 15 undoubtedls a cor
tramdication 1t has not been ~een m association with asthma n this chme

Peptic Ulcer Perforation of a preeuisting duodenal ulcer or the produe
tron of an ulcer 1n & patient who previously was asymptomatic has heen re
ported by a number of ohwery ers® 784 who used either cortisone or cortico
tropin It 15 of interest that nane of the reported cases oceurred n patients
with asthma or rhimtis In a scries of 200 cases of hy persensitivity m which
the majority of patients had asthma Rose Pare and Iamght® encountered
one nstance of perforated duadenal ulcer i a patient who also had poly
arteritts She was mamtained on corticotropin therapy throughout operation
and with cortisone has remained well since that fimes*—now almost three
years Her cortisone requirement v aries from 75 to 100 mg aday Neserthe
less, the possibility of uleer should alnays be ruled out and 1f there 15;;15
question about 1ts presence cortisone should be withheld s emphasized by

85

Blog‘:&i:lgomsxs Spontaneous frictute of the bones sccondary to ";:s"
porosis 18 ot uncommon 1n the various forms of arthnitis It 1d= not j;l;p;:m ‘E)!f
therefore that this condition has been accentuated by the admum
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corttsone o1 corticotropin mn such patients ** It 1s well to be certan that the
condition 1s not pre ent before starting, cortisone even though 1t 1s not com
mon w asthmatic patients Poor dict prolonged bed rest and postmeno
pausal cffeets are factors predisposiug to osteoporows m elderly patients

Hypertension One should differentiate between the tran<ient fluctu
ating hypertension commeonly found durng acute asthma and hypertension
due to other causes The former will respond to cortisone as the symptoms of
asthma disappear the blood pressure will fall to withmn normal hmts In
es ential hypertension on the other hand the blood pressure mav not be
altered and may even he mereased if salt 1s not withheld Arbesman et al 4
report 2 case of asthmi m a woman who had what appeared to be severe
hy pertension the blood piessure bemg 260 ~3 tolic 140 diastolic Because
of the severity of her asthma corticotropin was administered 1ntray enously
Both asthma and hy pertension subsided It seems clear that transient hvper
tension 1> more apt to occur with corticotropin than with oral cortisone
According to Perera *7 oral cortisone mayv cau e a nse n blood pressure if
renal damage 15 presunt

Pulmonary Tuberculosis Tuberculoss 13 a complication which must
always be antiapated 1 asthma As 1n any other infective process admims-
tration of cortisone may mash the symptoms and produce subsidence of
fever return of appetite and ganin weight Bothin man and 1n ammals 8398
there may be a subsequent flare up and the di ease may spread Cortisone
has been admistered in the presencc of tuberculosis under speeial eireurn
stances lhus 1n Addison s di1 ease when therapy with cortisone must be
maintamed complicating pulmonary tuberculosis has responded to strepto
my em and p-aminosaliey ic aexd wath complete sub 1dence of the lestons and
disappearance of tubercle bacilh from the sputum Four such cases have been
observed at the MeGall University Clinte of the Roval Victoria Hospital %
It 15 to be emphasized here that 2> to 30 mg of cortisone per day 15 all that
1s required to mamtain a patient with Addison s disease This 1s much less
than would normally be needed i asthma and 1t 1s probable that higher
doses would be harmful The presence of healed lesions of pulmonary tuber
culosis 1n a patient with asthma <hould mahe one hesitate to use cortisone 1
hugh dosage or for prolonged periods However 3 patients with healed pulmo-
nary tuberculosts and associated asthma obscrved by Rose Pare and
R ht © recerved cortisone or corticotropin for periods varying from three
weeks to six months without any evidence of a reactiy ation of the tubercu
losts That reactivation may occur 1s evident from Perchanok s report® of a
patient with healed pulmonary tuberculosis who was grven cortrsone for
rheumatoid arthnitis

Complications of Cortisone Therapy

The complications ansing as a result of cortisone admimstration have na
proved to be a serious dranback to 1ts use 1n usthma or rhumtis Some of
these have already been dealt with 1n the previous section

One gams the distinet impression from a perusal of the hiterature that the
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more serious undesired effects are less apt to oceur mn asthma or rhumtis but
this may result from the fact that patients with other conditions are treated
n larger numbers Hypopotaseemia, for example, 1« rare nd, as mentioned
previously perforation of w viscus occurted m but one asthmatie patient

Perhaps the most common undestred cffect of cortrsone therapy 1s an
merease m appetite aud gun m werght Quite 2 few patients appear to
develop dependent edemy which disappears rapidly when the dose 15 de
creased 132038 4 4348 Prankim and I owellt® found that edema was produced
more readily by corticotropin than by cortisone but the opposite opmion
has also been expressed # However the madence of edema mduced by
cortreotropin docs not wppear to be higher in other reports® 7 of pitients
treated with the hormones “uch manestations as aene and moonface
arc not common n asthma and rhumtis although they have been men
troned 64649 Temporiry psychosis &2 448 has been deseribed but 1> gen
erally not 1 sertous problem Sutcide follow g treatment with cortisone has
been reported 1n one patient with arthntrs ' A common and sometime
troublesome complaint 14 msomni1 but the condition hke all others 1
temporary nd often can be controlled by mild sedation It 15 not uncommon
for the menstrual ey cle to be altered during esther cortisone or corticotropm
therapy A smigle case of convulsive episodes precipitated m a voung asth
matic patient by cortwsone admimstration was reported by Lowell et al !
No other mst tices vy e been encountered i patients with asthma although
convulsive scizures have been observed commonly followin, use of either
cortisone or cortrcotropmn m dissemnated lupus erythematosus % The
spreading of infection by cortisone therapy has been dealt with m the fore
gowng pages This possibility must constantly be borne in mind

In the serics of cases observed by Rose Pare and hnight % two cases of
spontaneous fracture of the vertebrae associated with osteoporosis were
encountered Both patients were male One a,ed 49 with 4 history of theu
matoid arthritis and asthma of 14 years’ duration had becn tahing daily
doses of 100 mg of cortisone orally from March 1900 to March 1951 when
the condition deyeloped A bone graft was performed and he was placed on
a schedule of testosterone ealeum vitamun D and high protemn mtake Use
of cortisone has been continued and the patient has had no further trouble
smee the change in schedule The second patient aged o2 had been main
tamned on cortrsone for four months, when he developed three frictured
vertebrae 1 October 1001 Although usual procedures gave him imtial
rehef the condition has progressed in spite of the fact that cort1 one was
discontinued

Only onenstanee of allergre reaction to cortisone has been encountered 1o3
and this followed intramuscular admmmstration The sy mptoms consisted of
nasal obstruction asthma and swelling of the eyelids and chechs

In gencral all undestred effects like those changes which constitute 1m
provement i the disease 1tself are temporary nature and dicappear ot
cessation of treatment They can be presented by usmglover doses for mamn

tenance or, as emphasized by McCombs * by nterrupting therapy

~
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S\ deaths oceurred n the series of Rose, Pare and himght * only one of
which could be attnbuted to hormonal therapy  This patient hid attempted
<elf medication with corticotropin and was hospitalized with a wide pread
bronchopneumonia  He died within 36 hours of admission [he 5 other
patients were or had been receiving cortisone but in all of them death was
caused by obvious intereurrent disense or complications and no deaths were
attrbuted to the use of this hormone Zoss and Zodihoff'** reported the
death of a ob year-old man being treated with cortisone \othmg to explain
the mode of death could be found at autopsy Sherman® alwo deseribed two
deaths neither of which could be attnbuted to harmonal therapy

Effects of Long Term Therapy

The variety of effects produced by cortisone and corticotropin and the
possibility of danger from therapy continued over long periods of time tended
to dampen some of the carly enthusiasm for these preparations Many of
these fears have been dispelled as experience has been gatned through the
treatment of patients for almost s1x years In the seres of Rose Pare and
Lnight* the patients were checked at regular intersals Laboratory pro
cedures included urinalysis glucose tolerance test and determination of
eosinophil response to 20 mg of corticotropin and of the unnary output of
17 Letosteroids and biclogie corticoids (glucocorticords) In no instaunce has
there been evidence of permancnt impairment of any of these functions such
as mght indicate damage to hidney or adrenal cortex All patientsrecened a
thorough physical examination \ ray eximination of chest and spine and
electrocardiogram (£cG) when mdicated The only permanent change noted
was m the asthmatic patient who developed osteoporosis and spontaneous
fracture of the vertebrae previously described

McCombs® de~cribed 5 patients with asthma who wue gnen 12 to 23
separate courses of therapy consisting of either cortisone orally or cortico
tropin by injection He was unable to detect any damage to the e patients
in spite of the relatively large dosage of the e hormones Ihere were fen
undesired effects and control was readily achiesed In his opmon short
courses are preferable to continuous therapy since the tendency to untoward
effects 1s less and the tendency toward Cushing s syndrome or hirsutism 1s
minumal He feels that i general, corticotropin 1s preferable to oral cortisone
There have been similar reports? # % where eontinuous treatment over
lengthy periods failed to produce any permanent damage Periodic tests and
examinations were uscd as eriteria

It seems clear nevertheless that continued admmstration of cortico
tropm leads to a temporary hypertrophy whereas prolonged administration
of cortisone results 1n marhed but transient atrophy 73 195 196 of the adrenal
cortex These ob~ervations were based on esamination of the gland at
autopsy It appears that suppres ton of adrenocortieal activity 13 associated
With 4 reduction 1n the substance of the cortex which retams the capacity to
return to 1ts former activity once cortisones discontinued In this connection
80me observers have advocated alternation of cortisone with corticotropin
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m ordir to stimalate the cortex Althouph this procedure <cems fopeal 1t
does nat appear to have had much ffect upon the rc1etion of the patient or
course of the asthma

In the opinron of the author the most important aspeet of fong term
therapy with cortisone rclates to the paticnt with an acute mfection or a
condition requining surgers  Under exther (reumetance there may he diffi
culty of dgnons smce signs and svmptoms myy he altered or entirely
mashed by cortisone Sceondly  the adrenals of the patient treated sith
cortisone may be e ipable of mecting the demands of the situation It
essential therefore that cortienne be muntamed 2t a dosage even higher
than hefore the onset of the cute liness In the case of wnfection antibiotis
are of great yalue and most patients respond well

Prackman et al W7 deseribe 4 paticnts with asthm whase <y mptoms were
controlled by cortisone or corticotropin ~o that major surgery could be per
formed Three asthmatic paticnts undersent major opcration without trow
ble mn the serres of Rose Pare and fumght @ Fhe importance of thew finding:
canuot be stressed too strongly  Wath adeyuate care and an imcreas m the
dosage of cortisoue. to not fess than 300 mg per 24 hours or more if need be
on the day of operation most of thee patients can withstand surgieal pro-
wedure Cortisone should be continued m simaltar dosige for at least three to
four days postoperatnnely and then the dose should graduatly be reduced
In many asthmatic patients the need mas anue for ordmary surgeal pro-
cedure or .uch major procedure as lobectomy for bronchieetaws or tumars

The case reported by Frascr Preuss, and Bigford!®¢ 15 partwulatls i
struetive This patient who had arthntis and had been muntamed on datly
doses of 50 mg of cortisone vratly for a period of months w1s admatted to
the hospital for electin e surgery on the lup yomt Cortr one was stopped and
the eperation was performed within 48 hours He withstood the surpteal
procedute but went into collapse shortly afterward and i spite of all wsual
measures died within threc hours Autopsy rescaled pronounced atraphy of
the adrenals although the three tavcrs of the cortex were still identifiible ot
mreroscopie exammation

1t 15 not dlear whether the coagulation mechanism of the blood 15 al
tered, =110 Jlthough this po ihty should be borne m mind Sumlarhy,
wterference wath wound heahng 15 o possibihty 't but 1t has pot been 8
major factor

General Effects in Relation to Treqtment ond Skin Testing

One of the emgmas regarding the (ffects of cortisone 15 related to shin
tests Though virfually all mechanrsms contributing fo or assocated uith the
ellergre <tate arc 1n some manner modiped or suppressed the ymmediately rea li
g type of shin lest1s an outstanding exception Ths fact enhances the s alue o
cortreone or cortaicotropin 1 the imtial acute stapes of the disease dunng
which symptoms may be rapidly and effectuvely controlled while mve mﬁo
frons can be carrted out Thus the immediately reaeting shan tests are reliabl :
and can be performed dunng, ting stage Srmlarly, X rays of ECG § are 10/
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mitially altered It must be remembercd howeser that the delayed type of
shen reachion such as the tubereulin test or reactions to bacterial 1acetnes may be
impaired or entirely suppressed The hemogram too will be quite different
after imtiating treatment 1n that eostnophuls 1y mphocy tes, and the ES R
may all be depressed to within normal limits It should be routine, whenever
posable to do the hemogram before beginming therapy with cortisone or
corlicotropm

In the mtrinsic ty pe of asthm with purvlent sputum within the first 12
to 24 hours of hormonal treatment there will often be an increase 1n the
amount of sputum followed by its rapid reduction or dicappearance Tins
1mtial sputum 1s very useful to culture for vaceie for subsequent therapy

Although there are few references to the combined use of cortisone with
vacune or hy posensitization therapy the question arses whether cortisone
1 any way enhances or inhibits the cffects of a bactenal vaeeine or pollen
extract This question which would appear to be most 1mportant remams
largely unanswered For example no attempt has been made to ¢1aluate the
effects of cortisone as an adjunct to pollen hy posensitization by admimster
ing small doses of cortisone during preseasonal treatment with ragweed e
traet Using corticotropm Loveless!! was able to increase both climeal and
conjunctival resistance to ragweed pollen in a patient with atopic dermatitis
and asthma Susceptibility was determined by the conjunctival reaction to
three grass pollens ragweed and horse dander There were 3 control sub
Jects n the study Although 1t 15 difficult to evaluate this single example the
report 15 of mterest 1n that 1t was possthle to admrmster higher doses of
antigen and the chinical course of the patient was improved

The mode of action of bacterial vaccines made from eultures of sputum
or nasal smears 13 not clearly understood Infact many authors feel that the
value of cuch therapy 1s questionable Neverthele s many patients with
asthma of the mtrimsic vanety appear to derne, conuderable benefit from
this form of therapy If the resistance of the patient 1s inereased and asthma
controlled following, mstitution of vaceine therapy 1t 1s posstble that these
effects might be further enhanced by the simultaneous admimtration of
small doses of cortisone or corticotropin Thus 1t has been routine to iaugu
rate vaccine therapy and when indicated desensitization m al cases of
Intrinsic asthma following mitral coutrol of sciverc asthma by cortisone or
carticotropin 52 Although some 10 patients on this regimen have been ob
served asyet no evidence has mdicated that cither cortr one or corticotropin
alters the effects of the mjections onc way or another

Common Causes of Falure

A small percentage of asthmatic patients fasl to respond to either corts
Sone or corticotropin Some who apparently do not respond to cortisone may
mprove with corticotropin but the reverse has al-o heen reported At times
this may simply be a question of do age as 1s evident in carber reports of
Patients who responded to 100 umts of corticotropm ntramuscularly but
fauled to react to an wmjection of 100 mg of cortisone ¢ It 15 generally agreed
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m order to stimulate the cortex Although this procedure <ecms logical 1t
docs not appeir to have had much ffect upon the reaction of the patient or
course of the asthma

In the opwnon of the author, the most important aspeet of long term
therapy with cortisone relates to the patient with an acute nfection or s
condition requimng surgers  Under erther crrcumstance there may be diff-
culty of diagnosis simnee signs and « mptoms muw be altered or entrrely
mashed by cortisone Secondly the adreuals of the patient treated with
cortisone mav be mcapable of meetmg the demands of the situation It 15
essential therefore that cortisone be mamtaned at a dosage even higher
than hefore the onset of the acute tllness In the case of mfectron antthioties
are of great value and most patients respond well

Prichman et al 7 describe 4 patients with asthma whose < mptoms were
controlled by cortisone or corticotropm 5o that major surgery could be per
formed Three asthmatic patients underwent major operation without trou
ble in the series of Rose Pare and Iumght % The importance of the e findings
cannet be stressed too strongly With adequate care and an increase m the
dosage of cortisone to not less than 300 mg per 24 hours or more 1f need be
on the day of operation most of these patients can withstand surgieal pro-
cedure Cortisone should be continued 1 similar dosage for at least three to
four days postoperatisely, and then the do e <hould gradually be reduced
In many asthmatic patients the need may anse for ordmary surgical pro-
cedure or such major procedure as lobectomy for bronchiectasis or tumors

The case reported by Fraser Preuss and Brgford' 1s particularl m
struetive This patient who had arthritis and had been mamntatned on dailv
doses of 50 mg of cortr one oraily for a period of months was admtted to
the hospital for elective surgery on the hip jomt Cortisone was stopped and
the operation was performed withm 48 hours He withstood the surgical
procedure but went nto collapse shortly afternard and 1 spite of all usual
measures died within three hours Autopsy res caled pronounced atrophy of
the adrenals although the three lavers of the cortex were still identifiable on
MICroscopic exammation

It 15 not clear whether the coagulation mechanism of the blood 1s al
tered 17110 although this possibility should be borne mn mind Simlarly
interference with wound healing 1s a posstbility 1t but 1t has not been a
major factor

General Effects tn Relation to Treatment and Skin Testing

One of the enigmas regarding the effects of cortisone 1s related to shin
tests Though wwrtually all mechanisms contributing to or associated with the
allergic state are in some manner modified or suppressed lhelnnm(dmlcly rmclf
wng type of shan test1s an outstand ption This fact the value of
cortisone or corticotropin n the imtial acute stages of the diease dunn,
which sy mptoms may be rapidly and effectively controlled while iy c;hﬁc
tions can be carned out Thus the immediately reacting shin tests are relial ;
and can be performed during this stage Simularly \ rays or Eca s are nof
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150 mg by 1,200 mg, by 8, and 300 mg by 1 patient The duration of
treatment 1aried from 8 to 71 days A higher 1neidence of undesired effects
oceurred 1n this group than m most others reported This may be related to
the hugher doses and the duration of treatment required in these cases

Vasomotor rhimtis with and without polyp formation has been studied
primarily by Bordley et al 1'%~ ® According to their findings the nasal mucous
membranes are restored to normal the sense of smell returns within 72
hours but polvps require some two to three weeks to shrink or disappear
entirely They feel that corticotropin 15 more effectn e than cortisone mn pro
dueing these changes Not all authors agree with these findings Baldwin and
De Cara *7 and Rose Pare and hmght®® were unable to venfy the disappear
ance of palyps As in other conditions withdrawal of therapy results m a
return of symptoms in from 10 days to 2 or 3 months

Summary

1 Cortisone 1s probably the most effective apent available for the rapid
control of asthma and rhamtis Its effects are temporary and not curative
1€ upon withdrawal the condition sooner or later will return i the same
degree as that esisting prior to treatment For these reacons 1t 1s imperative
that patients be thoroughly 1nvestigated and g en the benefit of a trial with
conventional methods before cortisone therapy 1s contemplated Use of the
hormone should be reserved for cases of wntractable asthma which have not
responded to treatment by recogmzed means or to tide the severely ill
patient over a erisis

2 Bince the metabolic and mashing effects of hormonal therapy are
widespread and varied cortisene should not be used without thorough
knowledge of 1ts properttes In asthma m particular skin tests of the immed:
ately reacting type are not grossly altered and maj be carned out during
treatment The delayed tvpe of shin test may be suppressed or completely
mhibited

3 Asarule any patient with asthma or rhinitis may reccive a tnal of
cortisone therapy providing no contraindication exists The general pre
cautions consist of placing the patient on a low salt diet supplemented when
indicated by potassium Frequent obsers ations of blood pressure urine and
weight should be made One must watch for the onset of an infection or the
spread of existing infection

4+ Of the preparations of cortisone av ulable the oral tablets are most
widely used When changing from the intramuscular to the oral preparation
1615 well to recogmze that the former takes from one to three davs to exert
1ts effects and that <mularly these effects may be prolonged for the same
length of time after withdrawal The oral preparation mav act within 6 to 12
hours and its effects are dissipated within 24 hours after withdrawal

» The average dosage for the oral preparation of cortt one s 300 mg
during the first 24 hours and 200 mg, the next 24 hours then a daily intake
of 100 to 200 my, depending upon the respon<e The e amounts are con
Veltently admimstered 1n disided doses at s hour mtervals When the
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today that 40 umts of eorfieotropin 1s about equal to 100 mg of cortisane or
60 to 80 mg of hydrocortisone

Since n temporary form of emph; sema 15 eharactenstic of the asthmatic
stite 1t 15 dhfficult 2t times te differentinte clearly between asthma snd
emphy sema v en wlien adequate pulmonnry fanction studies are madp -1
Gne of the complieatsons of chrone hronehal asthma 1s ohstructas e emphy
sema whith may progress to nght-sided hyportension with so ealled cor
pulmonsle Dyspnea due partially to 1sthma snd partially to true pbstrue
teve emphy <emn will be encountered i such caces It 1 thas 1y pe of ease
whuch presents difficulties of diagnows On reviewing roports providing
adequrtedatn st ubvious tht the majority of poor results oceur in patints
with emply sema ¢ 968 128

Another condition which either leads to fulure or prevents an aversge
dose of cortisone from exerting s usual effects 1s infection Thus & asthma
wssonated with pulmonary infeetion such as bronchopuenmoma or a severe
bronchietsy eottisone net only may fail to suppress the asthma but may allen
further spread of the wifective process # Symalarly m an mdnadual mam
tamed on oral dases of 7o to 100 mg of cortisone @ refurn of such symptoms
as wheezing cough and sputum ts not imfrequently eaused by reactaation of an
old wnfection or wmore commanly the adient af & neu wnfection The majonty
of these casey wail respond to one of the bread spectrum antibiohies or to
penictdin of the patient 15 not pemathn senatnne

Hay Fever and Vasomotor Riunitis

trtually all that has been stated relutive to the use of cortisone
asthma 13 applieable to rhautis \lthough the latter 1s a much Jiss senons
condition 1t warrants as much attention not only beinuse of sex eve discors
fort to the patient but slso becanse it s o frequently & precursor of asthma

Allergie rhinites whether caused by pollens ammal emanations foods,
or other external factors can be adequately controlled m most mst tees with
cons entional therapy 1t 1s clear that o number of thowe whe do not respond
may deselop asthma during a particularly bad “eason Reports on nilergic
rhinitis trested with cortisont or corticotropsn ar fewer than thowe on
asthma

Generally these cases respond ta oral cortisons therapy rapidly but re
1apse quite queckly if the hormone is withdraw n suddenly It 1s curious that
not a fon obsersers have noted that i patients suth both hay fever and
astioma the latter responds rmore readhly than dees the hay feser ¢ #On the
average a dose of 20 mg gooen every four to ary hours s a duly dosage of
100 to 150 myg has been sty ocated 28 33 44 3859017

In this dosage range relief aceurs on the average nithin 24 hours but has
beun reported as early s 1 hour after hegmming therapy Most obserers
recommend gradual reduction m dosage snee meanable relapse occurs
within 24 hours of discantinuwg cortisone The daly dosage requrred for
matatenance yanes to some extent Thus m the senes of 14 patients treated
by Stieret al, * 160 mg of cortisone was required each day by 4 patients,
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patient 18 unable to tahc oral therapy, the mtrimuseular preparation may
be used i wmtlar fashion The size of the dow required 15 related to the
severty of the dhease rather than to age sex, or hody weight

6 \lthough many tests such as eosmopht counts, and esttmation of
respiratory function and of urnary excretion of adrenal sterords have been
useful they have not been us valuable & gusde to optimum do age as have
the ehnicad ev imnaton and response of the patient

7 ‘Ihe durition of remisston following, withdrewnl 5o generally short m
the allergic or se wona) forms of asthma or rinmtrs the aserage being a day
or two In the chrome nonallergie forms remission averages ane to three
weehy with v arnitians of from one dy to nine months Tapering the dose
usitally  but not alw n prolongs the ramission

& bhoit repeuted courses are preferred by <ome obseriers hecanse the
inerdence of undesired cffects s fessened  Continuous wdmumstration may
tho be used effectineh provided the patient is chedhed at regular mtenals

9 A\l other forms of therapy <uch as bronchodnators ewpeetorants
seditnies or onypen may be used m conjunction with cortisone Thew use
oftens hastens recovery and reduces the quatity of cortssone required

10 The undewred offects of hormonal treatment i our evpenence hme
been smmlar to thewe descrtbed elwewhere 1 this book

11 The myonty of ¢ases respond to cortisone therapy with rapid di~
ppeas wce of the ssmptoms L few cases appear to be redractory and may
respond to cortwotropm The common causes of refrictonness honever are
farlure to recoguize exsstang sufection or the precente of advanced obstruetne
pulmonary emphssema

12 Contrundications Yo the usc of cortisone are mrhed hy pertension,
cardixe tmiure pulmonity tuberculoss active uleer or a predumpostion te
one advanced diabetes melhtus osteoporosts, renal dssease or hypopotas
semmt There s no hard and fast rufe regarding contramdseations

13 Electine or emergendy operations may be performed i asthmatic
patients receruing cortisone provided the dose 1 adequately meressed and
then mamtamed for a period of at least three to four days postoperatnely

14 \o permanent damage resulting from the use of corbsone i asthme
for pertods excevding two 1nd one half y e1rs has been found with the evep
tron of a smgle case compheated by progresss ¢ osteopoross with spontane
ous fracture of the vertebrae
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cally mamfested in the shm, ind antibodies cannot be readily demonstrated
m the airculation by any of the usual technics \s a result there 1s no simple
laboratory procedure by which the diagnosis can be made or the offending
drug dentified The diagnosis must be determmed from the history of
previous exposure the course of the abnormal findings when admimstration
of the drug 15> stopped  and 1n certmn mstanees readmmstration of the drug
by the same route The use of the patch test 1n a contact dermatitis 15 an
example, but even 1 this instance caution must be observed as the reactron
may be very severe 34

The chimeal picture of allergy to drugs often resembles that seen m
serum sichne s but the mamfestations 1n the 1ndividual patient and the
seventy and seriousness of the reaction vary greatly Fever may be the
only evidence of the process as commonly seen 1n patients recetving a sulfon
amide and the most <erious consequence 15 the dgnostic problem of
whether the temperature rise 1s caused by the underlying infection or by the
drug being administered One of the most trequently observed syndromes 1s
the serum sichness ty pe of reaction that may re ult from pemallin admints
traton 1 which urticana, angioncurotic edema fever arthralgia and
Iymph node enlargement are common

\More serious cutaneous myolvement such as a hemorrhagic and bullous
dermatitis may develop Asthma may be the outstanding feature a typieal
example being the severe attachs which occur m a patient with chronie
mitinsic asthma who 1s sensitive to acetylsalicyhe acid and unknowingly
ingests that drug Of nereasing mmportance are those mstances of drug
allergy 10 which depression of the activity of the bone marrow results The
offending agent 1s almost always a simple chemical substance and the chnical
picture may be characterized by agranulocytosis thromboey topeniy with
purpura or depression of 21l of the elements with a pancy topenia Depression
of bone marrow function mav also be a tovc effect that 15 related to the
admunmistration of Iarge do es or the result of failure to excrete the substance
at the normal rate This situation ean be detected by serial blood counts and
18 reversible when the dose 1s lowered or the admimstration of the drug
stopped

The allergic reaction however 1san  all or none event which onceit
develops 1s not reversed m simple fashion bv withdranal of the offending
drug For this reason once drugs are known to be capable of preducing this
senious $ype of allergic reaction they should not be used in repeated courses
over long peniods of time and should not be preseribed at all unless no other
drug 1s avatlable as an effective substitute An example of a drug hnown to
produce both a reversible toxic depression of bone marrow with eveessne
dosage and an 1rreyersible allergic type of suppression charactenzed by
thrnmbocytopema 15 chloramphemcol

Expenimental Observations

Another senous ty pe of drug reaction is the des elopment of polyartentis
a disease which Gruber® suggested 1n 192> mught be due to hy persensitinaty



7

Ancrgw Reactions to Therapeuﬁc Agents

A McGehee Harvey

Durmyg, the past few 3ears the number of chermel substances utilized as
therapeutic agents has ben mercasing and as a result the problem of drug
allergy has become mmportant fram the viewpamt of both diagnosts and
treatment Reactions to drugs may be of different types The tovie reaction
to a chemieal subst mec depends to a large extent upon the amount admni-
tered and 15 a direct cfect which 1s not rdited to previous expo ure When
functiona! change such 1s the devefopment of nausea from the admmstra
tion of digitabis or tinnitus from salicy lates aceurs 1t a lower dose than that
given to the average mdndual it 1s referred to as drug Aypersensitiiy Drug
allergy on the other hand 1s a specifieally acquired alteration m the capacity
of & prven tissue to react * The Stage ts alway s set by prestous exposure 10
the ¢xeiting, agent or alleryen and 1s nevcr manifested until this latent state
18 actnated by reesposure In contrast to 3 tovie ruaction it s nat defintcdy
related to dosage of the drug znd the i dihood of 1t., occurrence canuot be
reduced by the administration of a smaller amount of the therapeutic agent

Types of Reaction

In consuderation of the problem of drug, allergy there is an mportant
distiaction between those therapeutic agents which are protems and the far
greater mumber which are sumpler chemucal substances and develop their
capactty to act as allergens by ferming conyugates with the body protemns
The mantfe tattous of allergy 1n human bemgs take two major forms Unels
the immedhate or urtreanal type m which anaphylans may occur ~erum
antibodies are often demonstrable and descpsitization 15 po sible The un
medate renctron with fare and whes! to mbalint antigens mjected mtra
dermally i the senartized subject 15 an example of this type Hovever, most
of the drug allergtes e of the delayed or tuberculin ty pe of reaction class

From the Medieal Departvseat of The Johns Hophins Umyeraty Sel ool of Medirin

ore Maryland
Baltun 348 .



ALLFRCIC RFACTIONN TO THERAPFLTIC AGENTS 3ot

sweling and proliferation of venule endothehum was also <een Minmal
sludgim,, of blood often appearcd four to seven davs after the first mjection,
always becoming more intense immediately after the second injection Corty
sone when gien prior to the second mjection not only produced almost
complete inhibition of the reaction, but even after cessation of treatment the
vascular changes remamed less than m the untreated rabbits when given
late 1t caused rewidual arteriolar change to disappear Further work may
help to determine the amount of rish entailed in continuing a drug after the
appearance of allergie mamfestations 1f cortisone 18 administered simultane
ously to suppress the dimical mmfestations of the sensitivity reaction

The eye serves as an excellent expenmental medium for demonstrating
the effects of cortisone or corticotropin given parenterally and of cortivone
applied locally to certain inflammatory and exudatiie reactions which are
allergic 1n nature Three hypersensitivity reactions ean be produced m the
experimental ammal (1) the protein anaphylactie reaction that follows 1n
Jection of horse serum nto the antertor chamber of sensttized rabbits (2) the
reiction of bicterial hypersensittvaty that ensues when halled streptococer
are wjected mnto the anterior chamber of a suitably sensitized ammal and
(3) the focal reaction which occurs m ocular tuberculosis after the sy stemie
moculation of large amounts of tuberculin Under appropriate experimental
conditions 1t can be demonstrated! that all of these reactions ean be aither
completely inhibited or greatly modified by prelmnary treatment with
cortisone or corticotropin Further anterior chamber wnjection of irntating
substances to which the animal has never been previously exposed such as
glveerin staphylococcus toxin and jequinty nfusion will produce mitts
This nonallergic inflammatory reaction can also be mhibited by prior admin
mtration of cortisone and the injection of this hormone nto the anterior
chamber along with the irntant will modify the reaction These experiments
show that both allergic and nonallergic mfammatory reactions can be con
trolled by the hormones This emphasizes the fict that the benefiaal effect
of cortisone and corticotropin 1 allergic disease meluding drug allergy need
not be dependent upon any speafic effect upon antigen or antibody or their
nteraction

The fact that irntation increases the incidence of sensitization m the
ammal has been emphasized by Chase and 1t has been pointed out! that
Ppotent senwitizing agents should not be used locally when they can be given
equally well parenterally for the treatment of & dermatitis Clinteal expert
ence with the sulfonamides and with pemeillin lends support to these ob-
servations Chemotherapy of any ty pe should be mstituted only for a cogent
reason and the progress of the illness under treatment should be followed
closely so that the drug may be discontinued as soon as possible 1he phys
®an must be thoroughly familiar with the protean mamfestations which may
“1gnal the development of sensitnity to a drug which he is administering
Reactions should be detected 1n the early stages before they become severe
Unless admimistration of the drug 1s essential and no appropnate substitute
1sasailable 1t should be discontinued Suppression of the chinical mamifesta
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Later, V aubcl® found lesions compatible with those of poly artentis i ammals
which recersed mjections of a foreign protan and Clark and Kaplan® noted
vascular lestons 1 2 patients who had serum sichness at the time of death
The relationship was not clear, however until the sulfonamides became
widely used and greater opportumty for study of the tissues mn drug allergies
was afforded Rich and Cregory ® were the first to demonstrate that the poly
arteritis seen m patients with a vanety of drug and foretgn protein reactions
ts a manifestation of anaphylactic hy persensitinity The e 1nvestigators were
able to produce widespread lesions ty preal of polyarterstis i ribhits by m
ducing a sensitinity reaction to horse serum This ty pe of polvartentis has
now been described in patients dy ing as a result of hy persensitivity to rodine
thiourer Dilantin wnd other substances * As a consequence the des elopment
of manfestations resembling those of serum sichness during the administra
tion of 4 chemcal substance being used as a therapeutic agent 15 a eause for
concern on the part of the physictan Serum sichness, resulting from the
admmstration of 4 foreign protem such as horse serum was once a verv
familiar picture s long as the admimstration of the serum had been discon
tinued 11 most of the cases before the climeal mamfestations becameesident,
1t was usually of no serious consequence Many drugs u ed m modern med:
cme hownever are given for prolonged periods, when even mmnor es1dences
of an allergic reietion appear the serious question of whether or not the
treatment can be continued must be answered

After the mmtial success 1n the suppression of the mamfestations of cer
tain ty pes of drug allergy m the human subject? 1t was of nterest to deter
mine whether or not the anatomie lesions of polsarteritis produced with
foreign protein in the antmal could be prevented by the admimstration of
cortisone and corticotropm In the first study carried out by Berthrong
Rich and Gniffith 1 18 of 20 antmals subjected to the serum sichness type oI
anaphylactic reaction developed cardioy ascular lestons simular lesions ap
peared 1n onlv 5 of 20 antmals sensitized and g en antigen i hike manner
but treated with corticotiopin In a second sertes, 16 of 19 rabbits developed
polyarteritic and cardiac mflammatory lestons as compared ta only 5 of 19
treated with cortrcotropin 1 Similar studies were done with cortisone ! and
i the three separate studics lesions deseloped m 51 of 09 sensitized un
treated ammals and m only 14 of 59 sensitized mimals treated with cort!
sone or corticotropm

Tbert and Wissler'® have conducted wn 1120 studies of the yascular reac
tion 1n serum sichness using the rabbit ear chamber techme m an effort to
gain further msight into the pathogenest of these wnatomie lesions deseribed
1 rablats Rabhits were ~ensttizcd with horse setum <ome serving for con
trol obsersations and others being treated with cortisone In the untreated
ammals localized constrictions and dilatatrons were seen m the arterioles
four to <even days after the first injection of foreign serum and there was
segmental sticking of leuhocytes to the arterolar endothelium Such alter
\tions were ntensified following the second njection, reached th;xr KII:J“K
mum 1 12 to 72 hours, and subsided slowly over a period of months Loca
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rapidly reduced Recurrences after stopping treatment with any of these
preparattons were infrequent usually mild, and easily controlled by the use
of antihistaminie agents A bricf case report will sersve to Ulustrate the pat-
tern of response 1n these reactions

A 39 year old hou ewife was admitted for mitral valvulotomy On each of several
previous occasions  he had developed tingling sensations and a red itching eruption
on the feet following 1njection of pemeilhin Without knowledge of this history she
was placed on 400 000 umts of pentcillin every six hours for five doses following
cardiae eathetenzation but no reaction oceurred Later no local reaction was
ob erved following the mtradermal 1ny ction of 2 000 units of penieillin

Because of these findings the minor nature of her previous reactions and the
mportance of providing adequate chemotherapy postoperatively she was placed

1

on penteillin On the eventh 1ve day <he developed d urtrcaria
and the drug was discontinued During the next two days 1n spie of large doses of
Pynib the urticaria progressed She lained of sore throat a choking

sensation  developed chilly sensations muld fever and nausea without vomiting
Examination revenled generalized conleseing gant urticaral lesions and angio
neurotic edema of the hands feet and face She was given cortisone 100 mg mtially
and then 50 mg every four hours Within one hour the nauses and sore throat had
abated and there was less pruritus and edema with inereased mobility of the hands
Twelve hours after the first dose she was afebrile the urticaria had disappeared
except for small hrves at the site of 11 and edem
was minimal After 24 hours all mamfestations of the reaction had di appeared

Dermatitis Due to Atropine Irntation of the conjunctrva and adjacent
cutaneous surfaces as an allergic reaction to atropine 15 a special sttuation
which may be utilized to 1llustrate the response of a contact dermatitis to the
admimistration of cortisone and corticotropin Cases have becn treated with
both hormones with effeetive results The angioneurotic edema which may
accompany poson 1vy dermatitis has subsided rapidly in several cases re
cently treated with cortisone Large doses were used in order to obtamn rapid
effects for the fice was severely mvolved An mtial dose of 100 mg of
cortisone was given folloned by 100 mg at two-hour imtervals for several
doses The following case of <ensitity to atropime summanzed from the
report by Carey and his co workers * brings out several ponts of interest

The patient way o 40 year old white female who had tuberculous uveitss and
devilped 5 <evere Jocalized dermatitis after the use of atropme for a perod of
everal weeks Theie was an extensive dermatitis ms olving the entire left sule of the
face and extending to the nght The lids were swollen and ndurated Pericorneal
congestion  edema of the corneal epithehum 1nfiltrate 1 the eornea and pos
terior synechise were pre ent The shin of the face was red extensively denuded
edematous and covered with fresh and erusted exudate Intracutsneous mycction of
tubereulin produced a strongly posttive reaction followed by necrosis and sloughing,
A patch test with atropine preciptated a severe reaction dentical with the factal
lestons She recersed corticotropin mtramuscularly every six hours for two weehs
(total dose 1 420 units) The cutaneous lesions healed rapidly Erythema and edema
subsided 1n about 4% hours and the raw areas were soon covered with epithehum
Corticotropm was contimnued after hetmg had taken place and durng this period
atropme was remstilled nto the conjunctnal sae without produeing a reaction
There w5 almost complete suppression of the dermal reaction to atropie anl to
hereubn during the penod of adrenal stimulation
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tions during contmued adminstration of the allergen in sensitivity reactions
to antipyrine * penteilhin, p aminosabiey Ire aad atd corticotropin® have
been reported Until more detaled information 1s avalable how ever, 1t 1s
not recommended tht these be suppressed because of the possibility that a
erious and potentilly arreveruble reaction, such as aplastic anema
or polyarteritis may become apparent only with cessatton of hormone
admimistration

Treatment of Drug Allergies

The use of cortisone and corticotropin has proved practieal for suppres
sion of the elinteal mamfestations of drug allergies of the delvyed type and
of serum sichness and the response to the admumstration of adequate doses
of uither hormone his i most mstances been prompt and complete The
causative agent can usually be identified and withdrann thus making neces
sary only a short period of treatment which 1s both safe and relatnyely wer
pensive The resuits of treatment 1n the various types of allergy will be
presented

Reactions to Penictllin  The allergic reaction to penieillin 1s an example
of drug aflergy of the delayed serum stchness £y pe i which the prinepal
mantfestations are 1n the shin Urticana and angloneurotic edema haye been
the chief difficulttesin most of the cases treated The urticara whrh develops
during pemenlin admstration miy substde while the drug 1s still bemng
given and tt may not recur when the same preparation 15 reidmimstered
In other nstances the reaction 15 mild and subsides rapdly <o that evalua
tron of therapy may be difficult Of 19 patients treated !¢ all had a severe
reaction which was mcreasing 1n intensity and had not been benefited hy
other means of therapy After the oral admmistration of a single large dase
of cortisone the urticania improved within two hours Since the urticaria
returned 1n 1ts oniginal degree a fow hours later, the change was elearly the
result of hormone administration The average total dose utilized was 760
mg with 2 mimmum of 350 and 4 maximum of 1 000 mg Ingeneral after
i imtial dose of 100 mg 50 mg was admimstered every four hours for siv
doses and then 2o to 50 mg every sn hours for an additional day In vers
severe cascs 1n which prompt rebief was required the interyal between doses
was <hortened to two hours Cortisone given by mouth 1s probably the treat
ment of chotce unless the patient suffers from nausea or vomitmg

Corticotropin admimstered by vanous routes was Just as effectne mn
reheying the varous mamfestations but the rapidity of the reltef was not as
strthing as with cortisone given orally Twenty to forty units of corticotropin
was gien by ntravenous infusion 1n 1 000 ec of glucose oter 1 period of 12
hours Simtlar mfustons of 20 units were repeated on the second and third
day 1f required In scvere cases 1t may be necessary to contintie the mfuslm:
longer than 12 hours or to gine a 1! tary dose of repostty s
i gelatmn to prevent escape from the suppresswve effect Patients treate
with aqueous solution of corticotropin were grven 25 to 35 umits every SIX
atil the allergic reaction was under control and then the dose nas

hours w
3
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which 15 wsually of the delayed anaphylactic type can be effectnyely bloched
by the admimstration of appropnate doses of cortisone

Of particular interest 1s the eace studied by Brown and Howard ** of a
63 year old man with diabetes who developed erythema wheal formation
and mduration about the sites of in<ulin 1njection became rewistant to the
hormone and required approximately 6 000 umits a day to prevent the devel
opment of severe acidon  During the admimistration of corticotropin the
reactions di appeared and the diabetes was easy to manage with small do es
of isulin Wathw a few days of stoppmg corticotropin his insulin require
ment agun ros¢ promptly to very high levels From the detailed studies
earried out in this patient 1t seemed clear that corticotropin did block the
allergic reaction to i ulin which had apparently interfered with 1ts physio-
logie action

Hematologic Alterations In <civeral mstances in which a ranulocy tosis
followed the admmstration of a sulfonamide treatment with cortisone or
corticotropin® *° produced a rise in the total white cell count and in the num
ber of granulocy tes It 1s extremely difficult however todraw any conclustons
from the limited data «vailable because control obsers ations cannot he made
safely in such cases In the type of bone marrow de¢pression i which throm
bocy topema predominates large doses of erther hormone may have a bene-
fictal effect upon the hemorrhagie tendeney but m most cases ob erved the
rise n the number of airculating platelets that may eccur 1 not mamtained
when hormonal therapy 1s discontinued

Individual case reports of the treatment of allergic reactions to a vancty
of other drugs are available It seems clear that these hormones can effec
tively suppress the clinical manifestations m drug allergies of the delayed
serum sichness type and thus at least <horten the period of discomfort for
the patient They also seem henefictal 1n certain of the more sertous reactron
such as exfoliatiy e dermatitis and posably n agranulocy tosts The study of
allergie reactions to drugs 13 an important field Further obseryations on the
effects of corts one and corticotropin 1n the various reactions observed in the
human subject may y1eld important basic information concerming the nature
of these disturbing complications
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Exfoliative Dermatitis One of the most sertous ty pes of drug allergs 15
the development of exfoliative dermatitss, o well known comphication of the
use of arsenicals i the treatment of syphilis Of the drugs in current use on
a reasonably extensive scale pemallin, sulfadiazine streptomycin, pheno-
barbital and trimethadione haye also been known to produce this reaction
As this complication may have a fatal outcome 1ts early deteetion 15 impor
tant, the offending agent must be withdrawn promptly and mtensie ther
apy with cortisone or cortrcotropin 15 indicated  The choce of hormone and
the route of admuustration will depend upon the basic disease for which the
responstble drug, % 15 ey, piven and the extent and location of the myolie
ment of the shin and mucous membranes 1here are few detaied reports of
cases of this type treated with corticone or corticotropin, but the following
summary of a case of exfoliatn e dermatitis due to 1odine origmnally reported
by Carey and s colleagues,® demonstrates that these hormones may pro
duce a raprd change m the course of the iliness

The patient was 1 34 year-old laborer who developed an erythematous mactlo-
papular eruption on the twenty fourth day of therapy with hydriodic amd Three
days later the medication was discontinued and on the follow g day his temperature
rose to 105  the eruption hecame confluent and ulcerattve lesions deseloped on the
mucous membranes of the mouth with extensie angroneurotic edema Exten ne
exfolition developed he was disoriented and the fever pers: ted Corticotropin Was
started at the hesght of the illne s when he appeared mortbund and doses of 2o unils
were grven intranuscularly every siv hours After two days the temperature vas
normal and the edema had largely subsided He became more alert and within a few
days all of the denuded arets showed epithelization Frve days after discontmuing
the corticotropmn he had a relapse with recurrence of exfoliation but responded well
to of hormone ad tration

Serum Sickness Eight patients with scrum sichness, due m 7 fo tetanus
antitosin and 1n 1 to diphthena antitoxtn, have becn treated with cortisone
or corticotropm by Shulman Schoenrich and Harvey ** The dose of corti
sone was 100 mg orally followed n four hours by 100 mg and then by
50 mg every four hours for s1x doses The total dosage of corticotropm grven
intramuscularly averaged 300 units the imtial dose varying from 25 to 30
umits Sever:l eases werc treated with corticotropin by intrayenous mfuston,
40 units being, given over the first 12 hour period There was prompt and
complete response to treatment in all of the cases Two of the patients
<howed evidence of s oly cment of the ners ous system and recovered with
out loss of function The early use of cortisone or corticotropm s p wrticularly
recommended when evidences of nervous svstem s olvement appear

Reactions to Hormones Certmn of the therapeutie substances which are
widely used are protemns and are probably complete antigens uch as msuhg
and corticotropin 1n contrast to most drugs which are simple chemicals an
must form copjugates with body protemns before sensttrzation oceurs
Shortly after the release of corticotropin in 1949 allergie reactions tot ;\ ere

orted by Traeger 7 and later by Brown and Hollander 1* It has been
:lifnnnstmted by Shulman 6choenrich and Harvy'® that this allersy
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Diseases Affecting the Skan

Donald M Pulsbury and Frederick Urbach

In no group of diseases are the effects of cortasone and corticotropin more
striking than m some of the conditions affecting the slan Since the lesions
are visible and the reversal to normality 1s rapid 1 some processes the effects
of such treatment are remarkable particularly to any physician who has had
to deal with many cases of chromc dermatoses for which no satisfactory
method of treatment was previously available However these effects have
led to rather ping premature end t of ad tical therapy
a variety of shin conditions and conwiderable revision of early conclusions
bas become necessary Moreover 1t is apparent that these hormones are
being used 1y 1n some shin d which are so mild and 1ncon
sequential as to make employ ment of this method of treatment 11l advised

Of the greatest importance 1s the judgment of the individual physician
with respect to the wisdom of admmstering any treatment which 1s effective
in a wide range of diseases yet may produce undesired effects One may
adhere strictly to the axiom that the possible 11l effects of a method of treat
ment must never excecd the potentral 1ll effects of the disease being treated
It has been argued that cortisone and corticotropin should be employ ed only
for the treatment of fatal diseases However we are not willing to subsernbe
to this view for as Rothman! has well stated some diseases do not take
hife they justrumnit Certain shin conditions such as generalized exfoliative
psorasis atople dermatitis and generalized seborrhete dermatitis rarely
cause death On the other hand they mav produce complete disabihity
wreck the social and famuly Life of the unfortunate patient, and act as a
source of psychic trauma from which he may never recover Such patients
will mevitably grasp at any method of treatment which offers hope of sur

cease and may be willing—to the point of insistence—to assume rishs some
what greater than the phy sician deems advisable Under such ctrcumstances

From the Department of Dermatology University of Pennsylvana School of Med:
shia Pennsylvama
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allergic mechamsms antibody formation collagen ground substance and
hyaluronidase

Adrenocortical therapy 15 of most immediate practical value i those
dermatoses proved or suspected to be of allergie ongin Study of the alter
attons m allergic mechanisms produced by corticone and certicotropin has

so far led to the conclusion that there 1s no elimeally sigmheant reduction 1in
antibody production and no demonstrable action on the umion of antigen
and antibody The beneficral effect seems to take place at the celflular level
perhaps by alteration of cell membrine permeability or mterference with the
action of whateyer noious agent s produced by antigen antibody union 3

The immediate cutaneous wheal ts pe allergie reaction presumably medt
ated by thermolabile reagin 1s not affected by admnistration of cort: one
or corticotropin * but the delaved granulomatous shm response due to sessile
(cellular) antibodies 1» frequentls depressed although not completely 1n
hibited * Epreutaneous patch tests in patients with contact dermatrtis also
are not affected evcept in high ditutions even though it 15 believed that the
antibody responsible for these rcactions 1s 2 se sile one ® A< might be ex
pected from the observation that these hormones reduce vascular damage
but do not interfere with arculating antibody 1t has been reported that they
ntibit the Shwartzman ph 7 but devel of the ph
of Arthus which 15 an expresston of hy persensitinaty mediated by arculating
reagin s not affected ® The concluston that cortisone and corticotropmn act
at the celiular level 15 entircly compatible with the obseration that therr
benefieial effects are the result of suppres 1on of the sy mptoms but not of
cure of the underlying allergie di ea ¢

Cortisone and hydrocortisone are thought by some v estigitors® to be
absorbed through the mucous membranes of ammals and humans and
through the very thin shin of smali experimental ammals such as the mouse *
Therr ant: inflammatory effects may be readily demonstrated in the con
Juncts 1 and nasal mucosa Unfortunately the results of topreal application
of cortisone (though not hydrocortisone) to human shin hate been dis
appomntmg This may be caused m part by difficulty in absorption of this
steroid through the relatively thick human shin In the mouse topieally
applied cortisone cause thmning of the eprdermis ce sation of harr growth
and decrcase 1n size of the ebaceous glands The thickness of the shin 1s
reduced apparently through a lo s of substance from the collagenous fibers
This effect appears to be temporary and the mouse shin eventually becomes
refractory to the local effects of corti one if application 1s continued long
enough ® Intradermal admi tration of corti one and hydrocortisone
doses too small to cau ¢ systemuc effects results 1 deerea ed cutaneous
reactivity to the delaved type of allergic respon e such as the meect bty
reaction '

Some diseases affecting the shin are fatal Most serious of these are the
collagen diseases (visceral lupus erythematosus diffuse seleroderma, poly
artentis) and pemphigus which often are dramatically improsyed by adreno

‘=2t #he==5y In the collagen diseases conmective tissue 1s primanly
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the phy steran may be called upon to exercase judgment for which no sct rules
will be entirely satisfactory In this discussion of the treatment of varous
dermatoses with cortisone and corticotropin, we shall attempt the formula
tion of certain broad rules based on selected published experiences and
personal experience with some 300 dermatologic patients to whom these
hormones hay e been ndministered In some conditrons it 1s possible to answer
the question as to the advisability of mstituting hormonal therapy with
“Yes aleays, or ‘ Only under certan conditions,” or * Hardly ever” or
“Never |, but mn others a categorseal opinion cannot be given

It has unfortunately been well estabhished that idrenocortical therapy
of and by itself docs not cure discase, though 1t may completely suppress all
evidence of 1t for o time This effect has been named ¢ morbidistati ” by
Sulzberger, 1 analogy with the terms bacteriostatic and fungistatie In the
treatment of diseases affecting the skin 1t 15 essential that this imited and
temporary effect of cortisone and corticotropin be hept constantly mind
In a shin disease i which the cause 1s operative for only a short time asin
a severe drug eruption, adrenocortieal theripy will ippear to be curabine
because 1t suppresses evidence of disease until the cause of accurately deler
mened ean he removed In sertous disease states such as 1cute dissemnated
(visceral) lupus ervthematosus or pemphigus the reversible mflammatory
and systemic mamfestations of the discase (though not the structural
changes) may ordinanly be brought under control by cortisone or cortico-
tropin therapy i the hope that the patient may be hept alve until some
remission of his disease oceurs It 1s worthy of note that m these 2nd some
other discases 1t has not presiously been possible to heep patients alive long
enough to determine whcther or not a permnent remusston esver occurs In
disease states suchas atopie dermatitis hormonal therapy 1s reserved enturely
for the control of fulminating widespread flare ups of the mfammators
process 1 the justified hope that 1 prolonged remssion of the discase ® 1l
etentually oeccur spontaneously

Certain general questions some of them not fully answerahle on the
basts of present knowledge must be asked before hormonal therapy 15 grven
for any di case affecting the shin These are as follows (1) Is the caleulated
nish of such therapy worth assumuing? (2) Is the hormone effective 1 the
shin disease to be treated? If so 13 the contrel ordmanly partial or complete’
(3) Is the condition to be treated sclf hmited or may parti al or complete
remission of the diccase be obtained erther spontancously or from other
ty pes of therapy ? (4) Is 1t likely that hormonnl therapy —once nstituted—
will have to be continued for weeks months or even years’ If so 151t likely
that the necessary dose will be small or large

Experimental and Theoretic Considerations
The discases of the shin 1 which adrenocortieal therapy ha proved
to be of most benefit have i common one or several abnormahtres which
are affected by the e hormones Thus 1t 15 approprizte to review briefly
the present know ledge of the mfluence of cortisone and corticotropin on
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1n some patients but ordinanly 1t proceeds quite normally Due conadera
tion should however, be given to the taking of biopsies in scarred arcas or in
regions where the adequacy of the peripheral yvascular system might be
questioned Under any carcumstances the taking of large * surgical
biopsies with the inclusion of a considerable wedge of tissue probably offers
little advantage m most dermatologic cases and should be avoided

Effects of Hormonal Therapy

In considering the effects of cortisone and corticotropin upon varous
diseases affecting the shin 1t 1s convement to diside the conditions into the
following groups (1) diseases of serious medical import, 1n which the shin 1s
frequently or always affected and cortisone or corticotropn 18 useful m
varying degree, (2) nonfatal shin diseases capable of producing prolonged,
partial, or complete disability (3) acute relatively sclf hmited diveases
affecting the shin 1n which the symptoms and disability may be nuld to
extreme (4) other diseases of vanous ty pes affecting the shin m which cort1
sone or corticotropin 15 rarely indicated

Acute D d Lupus Eryth Chrome Discord Lupus
Eryth Acute d d lupus erythematosus 15 considered 1
detail elsewhere in this volume (Chapter 5) A few remarks may be 1n order,
however particularlv with respect to the differentration of some bemign
conditions of the shin which are commonly the source of a mistaken diag
nosis of visceral lupus ery thematosus

Visceral (acute disseminated) lupus erythematosus with characteristic
shin lesions has been recogmzed as a serious medical disease for some 7o
years During the past 15 years much new information has become available
with respect to visceral lestons of the disease the hematologie picture par
ticularly the LE cell changes in the serum protemn and the presence of
biologic false positive tests for syphills This knowledge has permitted a
diagnosis of visceral lupus erythematosus to be made accurately m the
absence of characteristic shin lesions It has also served to inerease the index
of suspicion toward the distase until rt would now somctimes appear to be
entertained almost too casually as a diagnostic po sibility

One frequently encounters patients in whom a diagnosis of visceral lupus
erythematosus has been made because of the occurrence on the face of the
shin lesions of other diseases The most eommon sources of error are sebor
rheic dermatitis rosacea chronte erythema multiforme photosensitivity
and chromc contact dermatitts Some confusion has also arisen because of
the tendency to use the word lupus  without quahfication as a diagnostic
term Iupus vulpans s a form of tuberculosts of the shin uncommon tn the
United States but common 1 parts of Furope Chrome discoid or better,
cutaneous lupus erythematosus 1s a relatively benign disea e affecting the
<hin and mucous membranes only acute di seminated or better visceral
lupus ervthematosus 1s a serious disease affecting all parts of the vascular
hee"—m which involvement of the shin is relatinely meidental and may not
occu
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affceted but the pathology of pemphigus s mantfested by lack of cohevonof
the basement menmbrane of the epidermys to the cormm Tunowledge of the
action of cortisone and corticotropm on the mesenchyma 1s thus of the
utmont importanee i the understanding of thewr heseficra effects in thee
53 ndromes

Cortisone and corticotropin appeir to affect conneetn e tissue by {1
suppressing osmosts through <emipermeible membrines (2) decreasmg
permenbility of capsllanies (probably mdirectly ) (3) deerescng the spreading
effect of hyvalwronudase probably by mting on the hyaluronate substrate,
{4} reducing the number of fibroblasts and praduction of collagen fibers per
haps through mierference with the synthesis of chondrostin sulfune acid,
(5) exerting a catabolic action on protemns ey entually resulting m reduction
of antibody titers by mterference with gamma globulin s nthess

It appears that theee hormones may be effcctine m collagen di eases by
decreasing the permeabihity of connectis ¢ tivaue membranes thus mterfenng
with the exchange of components hetween blood and tissues eshanemng
protem (and thus mttbody} cxtabobism promoting muntentuce of connee
tive i wmd redueng proliferation of fibroblasts and collagen fibers

The effect of hormonal therapy upos mfection partieutarls i producwng
actiation aud dissenunation of 5 chrome 1nfection such as tubereuloss of
st the suppression of signs and sy mptoms of 2 seyere mternal micction 13
consdered w detail etsewhere s thss book There 1s a consideruble 1 olume of
experimental work to indicate that such therapy mas have an ads erse effect
dwing the masive phase of a new bactenal or 11rus mfection ! = Because
of these facts mamy nvestigators have been eautious m the treatment of
patients with evidence of chrome or acute superficial bactertal mfections of
the shin We hnie observed no adserse effects chimeslly 1 such patents
However 1w the presence of impetigo an snfected ulcer or ceflulitis admins
tration of appropriate antthactersal therapy 1s obuirously wise before hor
monal thertps 13 conwdered In ehrono low grade bacterial ifections which
are 1 common feature of long standing shim diseases such as atopae derma
fiis seborthere dermatitis and nummular eczema the bacteral mfection
may safely be disregarded mn the consideration of whether or not cortisone
therapy should be given Ve hate obseryed no dwsenunation of such mfee-
tions followmng hormonal therapy 1 fact the effect 1s ordinarniy beneheral
In such patients if the integrity of the shin can be restored to normal it may
be possible to control the chronic snfection aimost completely though patho-
genic bacteriy mas be recovered for long pentods of tume from shin nhich
15 seermingly normal

Another aderation which frequently anses with respect to patients

who are being trested with cortisone or corticotropin 1s whether or not 2
bropsy or other munor surgieal procedure shoutd be undertahen because og
expenmental data mdseating interference with healing and x'crrm'mlml ct
granulation trote 1 experimental wounds 2 It has been our experience the
the talmg of small punch bioputs presents no hazard to patients “ihln t\l‘:;
g hormonal therapy  Healing of the area may <eem shghth delay e

Teoen i,
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Pemphigus Pemphigusis a charactenstic bullous disease of the skin and
mucous membranes which 1 of extreme chromeity Until cortrsone and
corticotropint became available 1t was alwavs fatal within months or a few
years Aside from octasional involyement of the adrenal gland the visceral
lesions ¢ arly 1n the disense are extriordinanly minor, but m terms of distress
and discomfort to the patient relentless chromeity and the necessity for
constant nursing care, hardly any disease 1n medicine 1s more formidable

A complete revien of the disea e wall not be attempted here For de
tailed 1nformition the reader 1 referred to the excellent monograph of
Lever  Buefly, the salient features of pemphigus are as follons

(1) Large fad bullae develop on normal or shghtly erythematous
shin leading to denudation and granulating erostons Lesions on the mucous
membranes of the mouth and vagina are common

(2) The lesions usually appear first around body orifices on pressure
sites and 1n mtertnginous areas There 1s gradual at first remittng then
steadily progre sing 1nvolvement of most of the cutaneous surface

(3) Rapid dehilitation occurs after the mucocutaneous mmolvement
becomes extenstve with marked hy poprotemmemia anemia cachewia due to
dysphagia and protein lows and death due to manition or sertous systerme
secondary 1nfeetion The discase 1s almost umiformly fatal

(4) The lesions arc charactenized histologieally by acantholysis A
simple diagnostic techme that has been deseribed?* consists of Glemsa stain-
ng of scrapings taken from the base or edge of a fresh bulla In pemphigus
the smears shoy large sheets and clusters of rounded epithehal cells which
have lost their prickles have a relatively large oval nucleus and show con
densation of the cytoplasmic nucleoprotemn around the periphery of the cell
This gies the appearance of a blwish halo around the cell margin separated
by a hghter staming protoplasmic ring from the nucleus This phenomenon
shich 15 almost alwavs demonstrahle 1n smears taken from early pemphigus
bullae appears to be of diagnostic significance since 1t reflects the basic
tssue defect namelv ac antholysis The characteristic features are even
more clearly demonstrable 1n full thickness biopstes of affected skin or
mucous membranes

In summary the striking features of the di ease are predilection for
elderly males of mddle European or Juwish extraction early mvolvement
of the oral and pharyngea! mucons mumbranes flacad rapdly eroding
bullac with httle tendeney to spontaneous heahn,, and marked debilitation

IrFaTENT All t3 pes of pempligu. respond fasorably to cortisone and
corticotropin therapy provided adequate doses are guen The dosage required
11 severe eases 1s often very lugh Improvement may be stnking but no
sustamed remissions have been reported It 15 necessary to admimster one
of these compounds either continuously or 1n repeated courses Because of
the hugh doses required and the prolonged course of therapy undestred hor
monal effects qre frequent and continuous nigilance 13 necessary

The following case report demonstrates certain features which are fre
Quently encountered 1n the m of ) (1) The dig
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In some patients the differentiation of +isceral lupus crythematosus
from the cutancous ty pe, or from photosensitny 1ty, may be extremely diff
cult It 1s obviously of the greatest importance from the standpomt of
prognosis, howeyer, and crueial to the decision as to whether or not cortisone
therapy 1> to be emploved It 15 our opimon that the differentiation between
the visceral and nonvisceral types of lupus erythematosus may ordinarly
be made promptly m at Jeast 95 per cent of patients Chrome discoid Tupus
cryvthematosus may remain for many years 15 a discase of extraordinan
tenaaty It seems probable that adrenocortieal therapy offers nothing
toward permanent cure ' of chronie discord lupus erythematosus 171*
whereas m the acute dissemmated type such therapy may afford striking
relief Furthermore 1t would appear that 1n discoid Iupus erythematosus
other methods of treatment, particularly atabrine or chlorogume ¥~ * are
far more effectiv e than cortisone or corticotropin In occasional patients the
diagnosts may remamn i doubt for some time possibly for years because
of the extent of the shin lestons which chimeally and histologieally seem
charactenstic of chrome discoid lupus erythematosus and because vague
suggestions of visceral disease are present without decisive chnical or
laboratory signs It 1s our opinion that in such patients bismuth therapy 1>
hardly more than a placebo 1njection of gold salts 15 contramdrcated and
the immediate admimstration of cortisone or corticotropin 1s madssable
The status of atabrine therapy 15 at this time not completely determined
but 1t would appear that 1t 15 considerably more effective etven temporarily
than cortisone or cortrestropin m discoad lupus ery thematosus Prelimmary
experience would mdrcate that chloroquine may be fully as effectrne as
atabrine and more acceptable to patients because 1t does not produce
objectionable pigmentation of the skin

Generalized Bullous Eruptions of the Skm Because of therr relatively
rapid onset, the tendency to denude large areas of shin the frequency of
<erious (superficial or systemic) secondary bactenal mfection rapidly pro
gressing debilitation and the difficulties ed in d d
and management the generalized bullous diseases of the skin repre ent one
of the most important groups of eutaneous disorders Three major categories
have been recognized (1) pemphigus (2) dermatitis herpetiformis and (3)
erythema multiforme-hike eruptions Their etiology 1> unknown but 1
erythema multiforme many different factors meluding drugs virus and
bacterial infections systemic tosteity secondarsy to neoplisms irradiation
and allergic sensitivity, may be operatnie

The cutaneous and other manifest ations of these disease are often very
simular, and accurate diagnosis may be difficult However because the even
tual prognosts and response to therapy vary greatly proper classification 1s

at 1mportance
o g(l;e‘)rtlso:e and corticotropin hav e res olutiomzed the therapy of the bullous
diseases Until 1049 pemphigus was aunty ersally fatal disease withthesehor
mones 1t 15 now possible to restore many patients suffering from pemplllgllll‘i
to a useful and reasonably comfortable Iife for periods still to be determrne
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marhed psychologte henefit 1f he were di charged from the hospital and allowed to
return every other dav for the intravenou corticotropin therapy

Following discharge the patient did fairly well for about two weeh  Becau e of
the difficulty of transporting him to the hospital every other day for corticotropin
mfusions 200 mg of cortisone grven orally 1n divided doses each day was sub-~
tituted On this amount of hormonal therapy the patient gradually Lecame worse
and new lesions developed rapidly with marhed superfieial loughin, and pam of
the oral mucosy Becau ¢ of uncentrollible secondary infection of the L by
Proteus vulgans and the development of evere dependent edema the patient was
readmtted to the hospital on February 13 1902

About half of the cutaneous surface had hecome denuded There was much
sccondary mfection and the patient nas extremely weak It was obviou that =
con iderable amount of the patients edema and weahness were symptom~ of a
hormone nduced =alt and water retention Con equently therapy was changed to
corticotropin 40 umts intravenouslv by 8-hour dnp a alt free diet and copious u e
of mercunal diretics Under combined corticotropin acetarsone antihiotic loeal
and diretic therapy the patient improyed marhedlv and was di charged i March
1902

Follosing discharge the patient was at first treated with daily and later tn
weekly corticotropin intratvenously Vanous long acting corhmt.mpm prepzratmm
were gradually substituted Untal § ber 1952 he almo t
asvmptomatic regaminy, trength and bemg able to work Following a muld upper
respiratory infection new flaceid bullae appeared on the face and lp margin  In
erease of corticotropin dosage from 32 to o0 umts of long acting hormone per dav
cau ed no 1mprovement even though a Thorn test howed good adrenal re ponse
Ard]dxtmn of 160 mg of hydrocortisone datly by mouth resulted in gradual rleanng
of le 10ns

In January 1903 1t was noted that the patient had developed a perst tent hyper
ten 10n of 150 to 210 mm sy tolic and 100 to 120 mm drastolic and a grade 2 hyper
ten ne retinopathy Alse the fasting blood sugar was abnormal for the first time
being 300 mg per 100 ce of blood Urinalysis showed 4+ albumin 4+ sugar and a
trace of acetone In view of the glycosuria and fasting hyperglycema this nas felt
to he a true diahetes made worse by the hormonal therapy Dietary control and
ipsulin therapy were instituted Under a regumen of corticotropn tnsulin low salt
diet and potas wum chloride the patient 1s now agan asymptomatie

Torthy of note 1 the fact that the patient developed persistent hyperpigmenta
tion m all areas previously denuded by pemphigus lesions and that the previou Iy
almost white chest hair has again become black

As Can be seen the over all result 1n this patrent who was almost
d on has been il Yet he suffered almost all the

effects of h 1 therapy so far reported

In our expenience corticotropin 1s preferable to cortisone 1n the manage-
ment of pemphigus Given intravenously 1 umt of corticotropin has the
equiialent actruty of 1o to 20 mg of cortisone given orally and the newer
long acting preparations of corticotropm have an effect almost equal to that
obtained with intrasenous corticotropm (8 hour dnp) The usual regimen
has been to start with 2, to 40 units of corticotropin intravenously by 8 hour
drip daly untl improvement ts marked and then change to long acting
corticotropin 33 to 50 umts intramuscularly once daily When patients are
almost asymptomatic and at least two weeks after the formation of new
bullae has ceased the do e of corticotropin 1s gradually reduced usually by
giving 3o to 50 umts every other day and then by decreasing the individual
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may be delayed until considerable debilitation of the patient has oceurred
(2) Cortisone 15 less effectine than corticotropm 1n pemplugus (3) The
nursing eare of patients with extensive pemphigus 15 difficult and often
extremely obnovious (4) Such patrents arc susceptible to a wide varnety of
bactenal infections (5) The dose of corticotropin necessary to control
pemphigus may be very high, and the rish of untoward phy stologic effects
must be accepted
Casr RrioRrT

MM 259 year old Armenian printer consulted us on July 8 1951 In December
1950 the patient had developed 1edness ind soreness of the tongue Bland local
therapy ndnjections of pemeillin did not result in any improvement By February
1951 bullous lesions and ulcerations had developed on the mucosal surfaces of the
mouth and nose and the pertoral and perinasal shin A diagnosis of monthasts was
made on the basis of a shin culture By May the bullous dermatitis imvolved the
lower legs ankles elbows and abdomen When seen by us in July the patient nas
immediately hospitalized because of generalized denudation of the shin and severe
debility resultin,, from marked dvephagta The past medical and farmly history and
systemic review were not contributory

Treatment was begun with 20 units of corticotropin 1n 1000 ce of 5 per cent
dextrose 1 water Initially this was administered daily through ntravenously
mserted polyethylene tubin, In addition the patient recerved 200 mg of auree
mycm four times daly Tor the next 10 dave the patient showed shght improve
ment but continued to hwe a diurnal fever ringing to 101°

On July 16 1951 the patrent was placed 1n a bathtub for the purpose of removing
some of the crusts from his shin The next day the temperiture was elevated to
105 6 1ectally and he suffered from chills and apprehension A blood eulture taken
at that time revealed a paracolon orgamsm 50 colomies per ce of blood The patient
was given 05Gm larly twice daily Iin 1000 000 units
every 3 hours and streptomyemn 1 Cm daly Corticotropin therapy was stopped
at this time Tor the next three weeks the patient was extremely 11l and the 1mme
date prognosis appeared poor Vigilant and devoted nursing eare w1s a crucial
factor 1n heeping the pitient alive A blood culture taken on July 21 showed no
growth and neomyein was discontinued The patient continued to have a moderate
fever of about 101 until corticotropin therapy was reinstituted Be,inmng in early
August a faarly constant albummuria varyng from a trace to 2* was noted Slight
transient glycosuriy nas also present From August 2 until October 11 the patient
recerved 25 umts of corticotropin mtravenously every other day About the end of
September he began to show faurly steady improvement with moderate clearing of
the slun though occasional new bullae were seen Shght inereace 1n strength and
appetite was noted Dunng this time 4 severe thrombophlebitis of the nght leg
developed whach resulted 1n severe edema of the ankle and leg

Early in October the patient was permutted to 1t up 1n a chair for the first time

since his admmston His weight at this time was 124 1bs On October 11 the do e of
corticotropin was reduced to 15 units eyery other day and this was contrnued until
QOctober 15 However during this time he had a severe exacerhation of acute bullous
Jesions Trom October 17 he was agun given 25 umts of corticottopin every nthnlr{
day For the next few weehs 1ecovery was slow and ouc smonal new bullae stil
formed However the patient steadily ganed wetght and strength and bcmn:e
fully ambulatory by the end of October At this time he was recerving 600 080 ur[:l ;
of pemeillm daily This had been stopped temporarily in the muddle of Ortio ert t;:
<hortly thereafter » monilial and bacterial infection of the shin de»elﬁp{" 1%"9‘ i o
semeillin was resumed By mud November body weight had mcrease (;d e
}md marked gain n strength was noted It was felt that the patient would recer
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pernphigus Daily do es of 200 to 300 mg of cortisone with rapid reduction
of the do ¢ thereafter or 1. umts of corticotropin intraxenously every eight
hours appear to be sufficient to induce quick remuwsions If 1t 15 possible to
diseover and control the causatne agent relap es are not common In caces

Talle ?

Dirrerpatiat Diwenostic TaBLE oF Buitots I ruprions*

Dermatitis Erythema
Pemphigus Herpetiforms Vultiforme
Type of bulls Flaced small to Grouped ve telcs Tense very latge
arge (herpes Ithe)
Erosions Large dueteperiph | Pxcorationsonly | Ordinardy small
eral extension
Healing of erosions | Little tendeney to | Cood Good
spontancous heal
ng
Pre ence of oral] Alway TRare Upto20¢; depend
Testons ing upon th pe
Degree of oral 1n | Usually severe Mld T ually mal 1
solvement
Involvement of | Common Very rare Uncommon
vermihion border
of lips
Race Alid le European | \o predilection o prediection
and Jewish
Usual age of onset | 50+ Young adults Any age
Aortality tefore |95¢ Yery rate Upto20° depend
cortisone and ing upon typ
cortreotropin
histology Acantholysts ntra | Sul epidermal vest | Subepud rmal Y
epdermal bullae ele cles
Serum chemistry
Albumin Considerably de Normal Shghtly deer ascel
crease
Sodm Considera! ly de Normal Normal
crease
Chlor:des Considerably de Normal N\ormat
crense
Response to cort: | Usually good but | Doubtful response to | Lacellent respon ¢
sone ot cortico huge doses often | eitter hormone to small doses of
tropm required Mamtr either hormone
nance doses
necded for long
time  Better re-
sponse tn cortica
tropin

* Thus table 13 based upon data contained 1n the article of Lever #

1n which the etrologie factor 1s not determmable however recurrences may
be brought under control as easily as the primary attacks Undesired
effects are not common becau e the dosage required 1s usually not large and
the necessary duration of therapy rarely exceeds four to eight weeks
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dose In most of our patients a well defined mmmum dose below which
bullous Jesions gradualls recur has been determmable In addition all
patients are given 3 Gm of enteric coated potassium chlonide datly and a
low salt diet After discharge from the hospital, they are checked regularly
for elevation of blood pressure edema and hyperglycemia Local therapy,
such as baths and antibiotics, 1s given as indicated During the acute phase
of the disease transfustons of blood red cells, or plasma are grven as well as
such protem sparng drugs as methyItestosterone

In almost all of the patients whom we have treated for pemphigus, con
tintous ther1py without rest periods has been necessary It appears that
relapses may become progressn ely more difficult to control and should be
prevented of possible How long 1t will be posstble to maintam pemphigus
patients in reasonably good health cannot be predicted at this time but at
the end of almost two years of experience, we continue to be hopeful

Erythema Multiforme-Like Bullous Eryptions There has been an ap
parent inerease 1n ineidence in this group of diseases Since many such erup
tions are presumibly caused by drug sensitavity and the number of com
monly used drug sensitizers has been mecreasing more than exponentrally
this 1s not surprising

The most important features differentiating ery thema multiforme from
pemphigus are

(1) The onset 1s generally very rapid Vdespread cutaneous mvolve
ment occurs, with tense often large, bullae ansing on erythematous or
urticanal shin The erastons are ordinarily small, do not spread by extension,
and heal rapidly unless much secondary mfection 15 present Mucosal 1
v olvement 1s not as common as o pemphigus, and, if present, differs by 2
tendency to spare the vermilion border of the hps Tever 1s epmmon

(2) The disease 15 usually acute and lasts for a few weeks, a« a rule
Recurrences are sometimes traceable to readmimstration of a drug but the
ex it pathogenesis often remains obscure

(3) The syndrome 1s more common i y cunger age groups and may occur
m children (Stevens Johnson type) The mortality 1s low Debthty 1s not a
prominent feature unless other systemrc disease 1s present

(1) The chief features are acute onset, often relatively few «ystemtc
symptoms sometimes & history of drug admustration nfection or pre
evsting systemic disease <elf hmited course 1 most cases and a low mor
tality rate

(5) No acantholytic eprdermal cells are seen 1 smears but many poly
morphonuclear and eosmophilic white blood cells and fibrin debris are
present

One type of bullous eruption probably belonging in tlus group <nd 1
portant because of 1ts sumlanty to pemphigus 1s the so called ‘bullous
pemphigoid * #* For features of differential diagnosis see Table 20

IrFaTMENT Patients with erythema multiforme-like bullous eruptions
wsually respond quickly to erther cortrsone or corticotropn The dosgges
needed to control the disease are much smaller than those required 1
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or cortrcotropin such treatment appears to present little or no possibility of
undesired hormonal effects

Contact Dermatifis The clinical charactenisties of a sensitivity reaction
to a common contactant such ns poson 1vy are well known The mitial
reaction 1s one of erythema and vesiculation most commonly on exposed
portions of the hin wath 1n mals frequent appearance of dermatitis on the
genitalia by transfer of the contactant with the hands A stmhing character
1tic of any contact dermatitis 1s that long haired areas, particularly the
sealp are not commonly mvolved The palms and soles are hhewrse infre
quently mvolied not asis commonly believed because of the thichness of
the shin but because of the absence of hair follicles through which the aller
gen reaches the Living cells of the epidermin In severe contact dermatitis
coalescence of vesicles may oceur with formation of large bullae Ttching 1sa
constant feature There may be extreme edema not infrequently the face 1s
affected to the degree that the eyes cannot be opened Fever may be present
m severe cases Sufficient absorption of the allergen may oceur or may com
bine with proteins in the shin and produce dermatitie and urticanal lesions
at sites removed from the prineipal areas of contact Significant mvolvement
of internal organs 1s not usual unless there 15 secondary infection or the
patient 1s overwhelmed by treatment with speeific antigens

The distribution of contact dermatitis may vary greatly The possible
role of a contactant 1n a dermatitts 15 frequently overlooked and should
always be considercd Chemucals capable of producing contact dermatitis
have increased possibly a hundredfold m the last 15 years Thousands
probably hundreds of thousands of reacttons have oceurred from the local
application of such substances as pemaullin streptomycin sulfonamides
local anesthetics and antihistamme drugs The first three groups of com
pounds should assuredly never be applied topically in the treatment of
disea_es of the human shin Certain antihistammres are known to have such
strong sensitizing effects as to preclude their usefulness and it 1s doubtful
whether the local appheation of any antitustaminie compound 1s justified
on the basis of erther curative effects or rishs of sensitization of the skin
We do not prescribe them Further we do not advise the topeal use of any
local anesthetic which 15 chemieally related to procaine

In addition to these and other medicmal agents hundreds of skun wens
tazers have found usefulness 1n industrial processes 1n new fabric matertals
1n cosmetics and m various preparations used around the house particularly
msectrcides and detergents The reacttons to these compounds may produce
syndromes which arc at times very puzzling

Cortisone regularly effects prompt control of dermatitis due to an ex
ternal contactant Because 1t 15 not necessary to administer the hormone for
more than a fow days at most in such a reaction the oceurrence of undestred
effcets 18 mfrequent Nevertheless 1t 15 obvious that the use of cortisone
should be re erved only for contact dermatitis which 1s severe and disabling

In sceere contact dermatitis we have used the followmg dosage regimen
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Dermatitis and Eczema On the basis of admis tons to U S Army hos
mtals duting World War IT 1t 15 quite dear that some 50 per cent of all
dermatologre disabality results from shin disenses which are classified 1n the
brond group of dermattis and eczema These diseases arc charactensed
varously by «rythema, vesiculation oozmg  crusting  hchemfieation
thichening and ation of the shin The pathologie changes mn the
shan are quite charactenstic though 1t 1s usualfs not posstbic to differentate
one ty pe of ehrome dermatitis from another histologically The pringipal and
contnbuting factors in a partientar case of dermatitis vary greatly In
genernl, the longer the dermetitic mflammation of the shin has been present
the greater the numbcer of fictars which may be contrtbutory Such factars
nddude (1) reactions to esternal contactants erther as a primary cause of
from treatment whih has been apphed (2) secondars mfection acute or
chrome, (3) exconatton from the itching which 13 almost an mntanable
symptom in dermatitis (1) blackage of swcat ducts which aceurs to ome
dugree after any dermatitis no matter how mild, (5) reacttons to mgestants
and mhalants (6) psy chosomatie influences (7) peripheral vascular dicea ¢,
(8) va omotor disturbances

It 1samportant to cl1s 1ify a paticalar case of dermatitss ax aceyrately a¢
possible and to determne the prinupal ettologic factor or factors before any
consideration 1s gnen to the advi ability of cortisone or corticotropitt
therapy At present it 15 our impresston that these compounds are bewg
widels overused and gbused m the treatment of deimatitss

4 bewaldening 2rray of terms has been applied to varous ts pes of acute
and chronie dermatitts In 1n attempt to bring some slight order out of this
terminologie ehios one ® of us has recently prpared a clasufication i whuch
the various types of dermatitis have been grouped under .ome e maimt
headings This s probably still more comples than might be desred but
my be less confustng than the 100 to 150 terms contammng the word
dermalilis or eczema found in large tetbooks of dermatology The indrations
for cortisone or cortieotropm therapy wall be eonsudered m relation to the
following types of dermatiti (1} acute contact dermatitis (2} atope?
dermattis (3) «eborrhere dermatitis (4) eczematous contact ty pe dermz
titts (3 nummular dermatitts (6) lichen sumplex chromeus, (7) chrome
dermatitts of hands or feet (8) stasis dermatitzs (9) muscellaneous derma
to es (meluding dermatitis directly or indurectly related to systemre disease,
obscure erythrodermas chronie hchenord and discoid dermatiis and
Jvmphomas}

It 18 becoming apparent that in some instances of dermatitis hvdro
cortisone omtment cither in the acetate or frec alcohol form miy equal or
even surpass the effects of cortisone or corticotropin admumstered mternally
Tie have treated to date some 200 patients with the 2 5 per cent hydro-
cortisone omtment * Compared to the systemic admmstration of vortssone

¢ Achnonle dgment 18 made to Yerch and Co Ine and The Upjohn Compans for

upplees of hydrocort: one owntment u ed in thus study
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or corticotropin, such treatment appears to pre ent hittle or no possibility of
undesired hormonal effects

Contact Dermatitis The clinical characteristies of a sensitivity reaction
to 4 common contactant such as poison 1vy are well known The imitial
reaction 1s one of ervthema and veswculation most commonly on exposed
portions of the shin with 1n males frequent appearance of dermatitis on the
gemtalia by transfer of the contactant with the hands A\ striking character
wstie of any contact dermatitis is that long haired areas, particularly the
scalp are not commonly myolved The palms and soles are Iikewise infre
quently involved not as 1s commonly believed because of the thickness of
the shin but beeause of the absence of hair follicles through whieh the aller
gen reaches the living cells of the epidermus In severe contact dermatitis
coalescence of 1 exicles may occur with formation of large bullae Itchingisa
constant feature There may be extreme edema not infrequently the face 1s
affected to the degree that the eyes cannot be opened Fever may be present
In severe cases Sufficient absorption of the allergen may occur or may com
bime with protemns in the shin and produce dermatitic and urticarial lesions
at sites remov ed from the principal areas of contact Sigmificant mvolvement
of mternal organs is not usual unless there 15 secondary infection or the
patient 1s overwhelmed by treatment with specific antigens

The distnbution of contact dermatitis may vary greatly The possible
role of a contactant 1n a dermatitis 15 frequently overlooked and should
always be considered Chemeals capable of producing contact dermatits
have mcreased possibly a hundredfold 1n the last 15 vears Thousands
probably hundreds of thousands of reactions have oceurred from the local
application of such substances 2s pemcillin streptomyen sulfonamides
local anestheties and antilistamimie drugs The first three groups of com
pounds should assuredly never be applied topically n the treatment of
diseases of the human shin Certain antihistamuinics are known to have such
sirong sensitizing effects as to preclude therr usefulness and 1t 1s doubtful
whether the local appheation of any antihistamime compound 1> justified
on the basis of either curative effects or nishs of sensitization of the shin
We do not prescribe them Further we do not adyvise the topieal use of any
local anesthetie which 1s chemically related to procaimne

In addition to these and other medicinal agents hundreds of shin sens
tizers haye found usefulness 1n industrial processes 1n new fabric matenals
mcosmetis and m various preparations used around the house particularly
insecticides and detergents The reactions to the € compounds may produce
syndromes which are at times very puzzhing

Cortisone regularly effects prompt control of dermatitis due to an ex
ternal contactant Beeause 1t 1s not necessary to administer the hormone for
more than a few days at most 1n such a reaction the occurrence of undesired
effects 15 infrequent \evertheless 1t 15 obvious that the use of eortisone
should be reserved only for contact dermatitis which 1s severe and disabling

In severe contact dermatitic we have used the folloning dosage regimen
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1o adults 200 to 300 mg, of cortrsone are given during the first 24 hours
150 to 200 during the second 24 houts, and 100 my, the third day Improve-
ment 1s usually noted within 12 hours, almost always within 24 It 1s ordt
nanly not necessary to continue cortisone therapy for more than three days
masimple though severe, uncomphicated contact dermatitis Severe relapse
after cessation of corticone therapy 1s rarely encountered unless cxposure
to the cxeiling agent 1s continued There 1 rarely any necessity for cortico-
tropin therapy i simplc contact dermatitis cortisone by mouthis preferable

Inareaction of this type whichis ordinanly self hmted the adyisabibty
of stituting cortisone therapy might be questioned but we belieye that it
Justified 1n selected cases The discomfort 1n such dermatitis may be ex
treme and the cxternal sipns alsrming There 1s alway s some nisk of second
ary infection, which may be severe It would seem quite certamn that the
short course of cortisone therapy which 1s necessary mn such cases s far less
dangerous than the admimstration of a speeific antigen such as rhys extract
Reactions to such specific antigen therapy durng the acute phase of the
eruption are frequently severe and may be fatal 26

It has been established without question that cortisone therapy will be
meffective in contact dermatitss if there 15 continued exposure to the ex
ating agent The following case report 15 1llustrative

AB male aged 40 was scen hoeeause of a severe contact dermatites of the face
apparently cansed by camphor 1n 4 lotton which had been apphed to the face The
reaction was so extreme as to be disabling the eyes were swollen shut The patient
was admtted to the ho pital and 200 mg cortisone was given daily by mouth
Although the conelusion that eamphor was re ponsible for the dermatitis seemed
fairly clent studues to rule out other possible agents wnd to determine other possible
modes of exposwie to camphor were undertaken The patient s wife was requested
to bring in certain matenals from the home one of which w15 a tin containing cam
phor that had been kept mn a clothes closet In identify ing this agent the patient wa
exposed to 1ts vapors The momentary contact was sufficient to eause a complete
relapse even though the patient at the time was recetving 100 m,, of cortisone daly

This case demonstrates the importance of the principle that cortisone
therapy 1s a stopgap n the treatment of contact dermatitis that 1t will be
effective 1f exposure to the allergen continues and that control of the
dermatitis w1ll be depend upon deter tion of the specific agent and
prevention of recxposure to it In this connection, 1t must be hept i mind
that patch testing during the acute phase of the dermatitis 1s hoghly in
advisable because 1t not only may cause a severe local reaction at the site
of the patch test but may produce a complete relapse which may be more
severe than the ongmal attack of dermatitts Under any crcumstances
patch testing procedures should he done only by physieians who have hal}(
experience with the method are famhar with the proper concentration o
the matertals to be applied to the shin and are conversant with the mherent
dangers of reesposure to any allergen A detatled hustory repeatedly re
unquestionably of more value and less dangerous than extensn ¢

viewed 13
patch testing
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When properly performed and interpreted patch tests often have con-
siderable yalidity and usefulness though the econditions of application may
not duplicte those encountered elimcally tn terms of friction maceration
of the shin sweatmg and other factors Scratch or intradermal tests on
the other hand are designed primarly to discover circulating allergens
which produce the sensitization reaction chiefls m the deeper portions of the
skin partieutirly m the blood vessels

It 15 apparently well estabhshed that the admimstration of cortrsone
does not significantly interfere with the patch test reaction Sulzberger et
al ® have determined the reactions to patch tests with semal dilutions of the
allergen before and after admint tration of 150 mg of cortisone daly for
three days and during application of the tests They found that there 15 a
small but consistent trend tonard dimmution of the reaction at the sites of
appheation of threshold concentrations of the allergen Howeser i the
case of allergens capable of produemng fully deseloped or strong reactions to
pateh tests no interference with the response to standard concentrations
could be discerned They conclude that patch tests durng therapy are
entirely feasible and have vahdity This s in accord with ehmeal expenence
as tlustrated by the case report just cited

Although enough data to permut final conclusions have not vet been
collected 1t would appear that hydrocortisone apphed locally may become
a wseful method of treatment in contact dermatitrs particularly if the
process 1s fairly well localized A single report has been published 1 whieh
a few patients with contact dermatitis were so treated 7 On the basis of our
own experience to date 1t would seem that hydrocortisone omtment will be
most effectsve 1n processes in which the tegnty of the sk has been dis
turbed by vesiculation or scratching Our results would indieate that hvdre
cortisone qintment 15 not as effective as corttsone by mouth 1 contact
dermatitis but 1s without any demonstrable hazard to date

Afopre Dermatifts This 15 one of the most characteristic syndromes in
medicine In many cases 1t may be muld and just annoying but 1t 1s some
times eapable of produring total and prolonged drsability

As the term atoprc indicates the disease oceurs 1n persons from allergie
stock Ordimanly 1t 1 first seen during infaney and 1s the most mtractable
type of mtantile eczerna Itehungisentreme and the eczematousnvolyement
may be generahized Fortunately the mfantile phase wsually termmates
spontaneoustv when the patient 1s about 2 years of age The dermatitis may
persist contintously in some unfortunate chuldren

After the usual infantile remission recurrence of the atopie dermatitis 1s
ordinarily noted yust before or during the teens At this time the distribution
of the lesions 1s ighly characteristic theface neck antecubital and popliteal

paces being the principal mtes of mvolvement The disease may become
almost completely generalized at times Atope dermatibis 1a commonly
accompanied by other allergic mamifestations particularly asthma, or hay
fever It 15 a cunous but frequent observation that often ouly one shock
organ wii be involved at o time e g during esacerbations of eczema the
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patient may have no asthma or hay fever In some unfortunate patients,
however, several organs may be <hock <ites at the same time Asde from
rarely observed cataract or heratoconus and the late effects of rhimitis or
asthma, the disease apparently 15 not accompanied by significant systeme
disturbances Patients with atopic dermatitis are frequently of a rather
distinetive personality type alert nuldly hypomame, usually quite mtell
gent and frequently afllicted with tensions and conflicts directed toward
other members of the houschold often the patient’s mother In addition
chrome severe atopre dermatitis often produces profound effects upon the
psyche because of disfigurement, loss of sleep and periodic unpredictable
disabihity which interrupts the patientts somal, scholastie, or occupational
Ife

Atopie dermatitis 1s ordinanly better during the summer months except
m very moist tropical weather Chimatologic therapy majy be extremely
helpful even curative in some cases I'ortunately the esentual outlook m
at least 90 per cent of cases 1s toward almost complete subsidence of the
dermatitis usually before the age of 25 In some patients 1n whom 1t pereists,
1t m1y do »0 n the form of more locahzed dermatitis often on the hands
Only oceasionally does 1t persist unabated

Different types of atopic dermatitis have varying etiologte factors and
these must be thoroughly considered i relation to the advisabihty or lack
of advisability of cortisone or corticotropin therapy The following diagram
ndicates the prineipal factors iny olved 1n the perpetuation of atopic derma
titis and 1t will be immediately apparent that 1n some of these cortisone
may have no beneficial effect

Tt 15 of 1nterest to consider how cortisone might affect the 1artous factors
outhined m Figure 37 Psychomotor activity may be wnereased but ordi
nanly if the response to cortisone therapy 1s prompt 1n regard to itehing and
mflammation of the shin the sense of peace and freedom from symptoms
experienced by the patient 1s stnking Thus carries some danger of and by
1tself because such patients are often intolerant to and extremely depressed
by the flare ups of the derm ititis which may accompany attempts to reduce
the dose of cortisone They may be insistent that such therapy be continued
at a dosage Jevel which may produce undesired effects Wehave encountered
patients who obtained further supplies of cortisone without authority

The itchiness and tickling skin wheeh 1s so charactenstic of patients with
atopie dermatitis ordinarily 1s promptly relieved by cortisone therapy Since
the changes seen m the shin are often largely the result of scratching relef
of the 1tching, 1s responsible for much of the objective 1mprovement seen
Sweat retention due to sweat duct blochage which 1s a constant finding 1
atopic dermatitis 1s not corrected structurally by cort: one therapsy, but the
milaria (or prickly heat reaction) may be greatly reduced or completely
suppressed In the presence of acute hacteral fection 1t obvously would
be wisest to admimster 1 smtable antibactenal agent though we have
never observed extension of a superficial impetiginous or ulcerative mfeutlm;
of the shin as a result of cortisone or corticotropin therapy The effect o

~
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cortisone upon sntigen antibody reactions 1s not precisely determuned, but
1t certainly does not suppress them completely If there 1s any element of
reaction to applied contactants such as medication or cosmeties, cortisone
will not suppress this as long as appheation 1s continued

A striking feature of atopie dermatitis 15 the susceptibility of the patient
to infection of the shin with erther herpes sumplex or vaceia virus and the
explosive character of such infections

It 13 strongly advised that hormonal therapy be undertaken in atopic
dermatitis only after the most careful consideration and after other methods
of treatment have faled It 15 our policy to restrict such therapy to patients

Psyche
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Fic 37 Etwologie factors mn atopic dermatitis (From Pullsbury Texthook of
Dermatology Philadelphia W B Saunders Company 1951)

whose dermatitis 1s extensive and productive of real disability It 1s also of
the greatest importance that the patient understand fully that cortisone 15
not curative and that the eczema may recur in even more severe form after
the therapy has been discontinued It 15 i such cases that the physician
often finds himself eaught on the horns of a dilemma of his own makmg

It 15 our policy almost invanably to insst that in patients with atopre
dermatitis the effert of hospitahzation be tried before cortisone 13 given
Hospitahzation alone often has strthingly good effects for reasons which are
not fully clear at times In addition medical studies can be undertaken to
determine whether or not any contramdication to hormonal therapy exists
These should be done 1n the reahization that 1t may be necessary to continue
therapy for a rather long period of time

The mitial dosage level which we employ 1s ordinanly 200 mg of cort:
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patient may have no asthma or hay fever In some unfortunate patients
however, several organs may be shock sites at the <ame time 4sde from
rarely observed cataract or heratoconus and the late effects of rhumtis or
asthma, the disease apparently 1s not accompanied by sigmficant systemc
disturbances Patients with atopic dermatitis are frequently of a rather
distinctive personality type alert midly hypomanic usually quite mtell
gent and frequently afficted with tenwions and conflicts directed toward
other members of the houschold often the patient’s mother In wddition,
chronie severe atopic dermatitts often produces profound effects upon the
psyche because of disfigurement loss of sleep and pertodic unpredict ible
disability which mterrupts the patient s sotial, scholastie, or occupational
hfe
Atopie dermatstis 1s ordinanly better during the summer months, except
n very moist tropreal weather Cliumatologic therapy may be extremely
helpful even curative 1n some cases Fortunately the eventual outlook m
at least 90 per cent of cases 15 tonard almost complete subsidence of the
dermatitis usually before the age of 25 In some patients in whom 1t persists
1t may do »0 1n the form of more localized dermatitis often on the hands
Only occastonally does it persist unabated
Dufferent ty pes of atopic dermatitis have varying etiologic factors and
these must be thoroughly considered in relation to the adwisability or lack
of advisability of cortisone or corticotropin therapy The following diagram
indieates the prineipal factors 1 olved 1n the perpetuation of atopic derma
tatis and 1t will be immediately apparent that 1n some of these, cortisone
may have no beneficial effect
It 1s of interest to constder how cortisone might affect the varrous factors
outhned m Figure 37 Psychomotor activity may be increased but ord:
narily if the response to cortisone therapy 1s prompt m regard to itehing and
mflammation of the shin the sense of peace and freedom from symptoms
experienced by the pitient 1s strihaing Tlus carries some danger of and by
1tself because such patients are often intolerant to and extremely depressed
by the flare-ups of the dermatitis which may accompany attempts to reduce
the dose of cortisone They may be nsistent thit such therapy be continued
at a dosage level which may produte undesired effects We have encountered
patients who obtained further supplies of cortisone without authority
The rtchimess and tickling shin which 1s so characteristic of patients with
atopic dermatitis ordianly 15 promptly relieved by cortisone therapy Snce
the changes scen 1n the shin are often largely the result of seratching relief
of the itchmg 15 responsible for much of the objective 1mproyement seen
Sweat retention due to sweat duct blochage, which 1s a constant finding 1n
atopic dermatitts 15 not corrected structurally by cortrsone therapy but the
miliana (or prichly heat reaction) may be greatly reduced or completely
suppressed In the presence of acute bactenial mnfection 1t obuviously would
be wisest to admimster a suitable antibactenial agent though we have
never observed extension of a superfieial impetiginous or ulceratn e mfection
of the slan as a result of cortisone or corticotropin therapy The effect of

Y -
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(1) Patients m whom the improved state of the shin 1s mant-uned con
anstently as the dose 15 reduced and who after some three or four weeks of
therapy, may not have any sigmficant flare up on complete cessatton of
treatment Unfortunately this group s small certamly not over 10 per cent
of ull patients 1 our experience

(2) In another group—probably the largest—reduction of the dose of
cortisone will reveal a critieal fevel which s needed to heep the condition
under reasonable control Fortnnately this dosage level (usnally 25 to 75
mg daily) rarely causes anv undesired effects Nevertheless every effort
should be made to find & means of diccontimung cortisone entirely by the
use of local therapy psvchotherapy m selected cascs or a change in environ
ment if possible In <ome patients we have been able to terminate cortisone
therapy by substituting corticotropmm  ordinarly 1n a slow absorption
velicle Here again the reduction 1n dosage must be cautious

(3) In a small group of patients probably between 10 and 20 per cent
1t 1s found that the ‘critical’ dose of cortisone 1s of the order of 100 to 200
mg Thus presents o very real and difficult problem which has made many
physicians unwilhng to mstitute hormonal therapy i atopre dermatiis If
the eczema has been severe the patient frequently s anxious to continue
therapy i rather high doses and 1s unwilling to accept the physician’s
reasons for the nece sty of discontinuing 1t Moreover the flare ups of the
dermatitis which may occur with attempts to reduce the dose often have a
profoundly depressing effect which 1n 1tself may make the dermatitis worse
As s00n as 1t has been ¢stablished that high doses will be necessary, 1t 15
believed adsisable to make every effort to termmate hormonal therapy

Seborrheic Dermatiis Mild seborrheic dermatitis 15 a very common
disease mith characteristic moderate greasy scaling of the scalp on the
sides of the nose and 1 the presternal and interscapular regions It 1s fre
quently associated with acne or with rosacea The basic mechamsm mvolved
15 not hknown though there 1s obviously some disturbance of the surface
fats of the slan Local treatment is r hly ory af regularly
earned out, and cortisone or corticotropin therapy 1s neier justibed 1n
patients with mild dermatitis

In some individuals seborrheic dermatiti may develop mto an ex
tremely extensiye and disabling disease The bactena encountered m normat
sk flora are often completely replaced by pathogenic or potentially patha
genie bacterta Chrome low grade or recurrent acute superficial infections
may be noted especially ahout the ears and 1 intertriginous areas such as
the axillas under the breasts and the anogemtal region In a warm enyiron
ment severe and extensive mulhiaria 1s common and may be of the pustular
varety It 1« quite apparent in these patients that blockage of a lugh per
centage of the sweat ducts has occurred erther uperficially or at lower levels
in the shin and that they sweat Into rather than onto the skin In such
Datients the disturbance of sweating may be sufficient to predispose the
indvidual to so called tropical asthenia and to a much reduced efficiency

A warm environment
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sone duly by mouth divided mto four doses durmg the 24 hour pertod
There 15 no adsantage whatever—in fact 1t 1s usually disadyantageous—to
awaken the patient to give the cortisone Since oral cortisone became avai!
able we have had no reason to admimster the hormone parenterally for
atopie dermatttis If this imtial dosage 15 not productive of improvement
which fortunately 15 uncommon we rarely trv higher doses for we believe
that further merense in the dosage 1s justified only m the most severe and
extensive cases because of the pos~ibility of undesired hormonal effects

In patients with atopic dermatitis we have deemed 1t advisable to deter
mine the mantenance dose as <oon as possible, but make every effort not to
subject the patient to a severe rebound of the dermatitis Since the shin
may be easily obsersed and merease of itching 1s a good warnmg signal of
1elapse madequacy of the dose of cortisone usually 1s quichly apparent As
arule the dose of cortinone 15 mamntamed at a level of 200 mg daily for four
davs and 1s then reduced by 20 mg decrements every three or four days
untl a dosage level of 100 mg daly 1s reached This often approaches the
cntical level for eontrol of the eczema in many patients From this pomnt on,
no reduction m the daily dose greater than 12 3 mg 1s attempted We have
encountered numerous nstances of patients m whom reduction of the
dosage level by as much as 20 mg 10 any one day resulted in severe relap es
which were controlled with difficults

Tn at least half of the pitients with atopie dermatitis 1t 15 possible to
control the eczemn satisfactorily with a daily dose of 20 to 75 mg In joung
persons —and patients with this disease a1e ordinanly young—we have as
vet encountered no adverse effects from this dowe even in those who have
continued such treatment for severil months to two years

It 15 worth while to make an effort to keep the patient on a dose of cortt
sone which will almost but not quite control the eczema completely Various
local methods of treatment can then be tried Oftentimes fortunately with
the comtng of warmer spring weather the dermatitis may subside mto a
remussion which will permut cessation of cortisone therapy

The following results hate been observed mn the treatment of atopic
dermatitis with cortisone

In a wgmficant percentage of patients probably about 2 per cent, the
results of hormonal therapy wll be disappointing the improsement varying
from none to moderate This is ordinarddy the etse where the nflammatorv
changes are less acute such as i those patrents with atopic dermatiti> 1m
whom the skm 15 very dry and the objective changes are produced lrgely
by scratehing Under such errcumstances this failure in treatment will soon
be apparent m most patients usually within three or four davs after cortz
sone therapy 1s started The physicsan 1s then well advz ed to discontinue
hormonal therapy as s00n as possible and not to use larger doses 1€, of the

300 to 400 mg daily

md?;‘;‘;u?g gy ere ﬂafe ups of atopre dermatitis with marhed mﬂammato}r\
(hanges, the nitial effect of cortisone theripy 1s ordmanly oveellent lhe
further course of such patients falls into three general groups
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For the<e reasons we rarely advise cortisone or corticotropin in extensive
eborrheic dermatitis If 1t 1s chosen 1t 1s essential that supplementary
methods be used ncluding appropriate antibiotic therapy and placing the
patient 1n a cool environment Supplementary X ray therapy 13 recom
mended by others but we have almost entirely discontinued the use of
ordinary superficral \ ray therapy m ¢ benign” inflammatory diseases of
the shin

The rebound of <eborrheie dermatitis on discontinuance of cortisone

therapy or even of gradual lowenny, of the dose may be more severe than
the condition ongimally treated If corticone therapy 1s continued for a pro-
longed period we belicve that 1t 1s worth while indeed highly advisable to
stimulate adrenocortical function by discontinumng cortisone and admimster-
1ng eorticotropin 1n 1ts place for two to three neeks Vanous types of topieal
therapy, if expertly selected may be extremely helpful i1n mamtaimng the
improvement which has been accomphshed with cortisone and in reducing
the possibility of a rebound reaction It should be kept i mund that n
extensne seborrheic dermatitis particularly i muddle-aged patients a
diabetic background may be present It 1s obiiously essential to examine a
patient for this imtially and to keep 1t 1 mnd durning the entire course of
hormonal therapy

Eczematous Contact fype Dermatifts This disease Which forms a large
sector of the dermatitis group 1s constantly increasing by reason of the
availability of more and more chemeals which are capable of sensitizing the
human shin  Most cases of chrome industnial dermatitis fall withmn this
category For all practieal purposes chrome fungus mfections of the feet
which become persistently mflammatory may be considered part of this
group Many cases of chrome dermatitis induced by topieal therapy by
cosmeties and by household ch Is are mncluded Other terms which have
been attached to this d are patchy dermatihs  and

chronic mfectious eczematoid dermatitis *

Unless there 1s no reasonable chance of controlling the etiologic factors
we are unwilling to u e cortisone therapy 1n this condition Tt seems probable
however thatlocal hydrocorticone omtment may be justifiable and v aluable
partrcularly m patients in whom the dermatitis 1s not extensive

Nummular Dermatitis This 13 a form of dermatitis which 15 distinetive
morphologically though the etiologic factors are very poarly understood Tt
18 <een prinerpally in adults of mddle to old age The le rons begin as cireular
patches of dermatitis {(nummular or cotn shaped) which are distributed
ttially on the extensor surface of the extrermties and the bach Nummular
dermatitiy may sometimes appear rather explosively m a patient who has
had a patch of chronie dermatitis on one area of the body  often the lower
legs This has also been termedan 1d reactionand apparently 1simtrated by
absorption of an unknown matertal from the prnmary site frequently follow
1ng infection of the area or by a reaction to topical therapy Patches of
nummular eezem 1 often show exidence of bacteral infection which may be
controlled though with difficulty with judiciou local treatment Lowered
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Case Rerort

Severe secondanly infected dermatstis partially controlled by cortisone or
carticotropin therapy with “cure  with hydrocortisone omntment

The patient a male student aged 18 was first seen m August 1002 He was
moderately overneight and gave a hustory of epileptic seizures which had started
some years previously but had been controlled by Dilantin and Tridione The
dermatitis had first appeared mn the early part of 1952 with sealing ery thematous
lesions of the scalp sides of the no e and suprapubic region In spite of whatseemed
to be appropriate local therapy the dermatitis had gradually extended and marhed
secondarv infection had occurred When the patient was first seen by us there nas
severe myvolvement of the scalp face avillas nnogemital region and upper thighs with
Aross evidence of secondary bacterial infection The patient was almost completely
di abled He was admitted fo the hospital where he remained from August 16 to
September 19 1952 After the usual prel ry studies Tud
of the chest corticone therapy was imtiated in g dose of 200 mg daily Terramyem
was also administered to control the secondary infection The mtial improvernent
was marhed but no further improvement was noted after about two weehs of
therapy at the imtial dosage level Cortisone was then discontmnued and cortico-
tropin gel 40 umts daily was ad: { This duced further mp ment
and the patient was discharged from the hospital Corticotropin therapy was con
tinued m a dose of 30 umts of the gel preparation every third or fourth day Attempts
to lower the amount of each dose or to increase the intersal between injections
immediately resulted i marked exacerbation of the dermatitis

Durig this period of treatment 1o epileptiform attacks were noted Because of
the posstbility that a drug sensitivity might be playing & role in the dermatitis the
admmstration of Tridione and Dilantin was discontinued There nas no Haprove
ment of the dermatitis but the patient experienced an epileptic serzure shortly
thereafter Tridione and Dilantin therapy was resumed The dermatits could be
putially controlled by cortisone or cor pin but wasneyer completely suppressed

On January 31 1953 hydrocortisone (free aleohol) ointment (2 5 per cent) was
dispensed along with a tube of placebo ontment The hydrocortisone ointment pro-
duced marked and very rapid improvement the placebo had no effect After two
davs of such therapy the patrent insisted upon using the hydrocertisone omntment
on both siles of the body Cortisone therapy by mouth was discontmued without
resultant exacerbation With regular daily application of & small amount of hydro-
cortisone ointment to the involved sites the patient has remained m excellent con
dtion for three months

In this patient, the local appheation of hydrocortisone ontment pro-
duced results which were definitely supertor to thase of erther cortisone by
mouth or corticotropm mtramuscularly W hether or not this effect will con
tinue remams to be seen

The temporary effects of cortrsone or corticotropin therapy in estensive
and severe seborrherc dermatitis are ordinartly very marhed However 1t
must be remembered that in extensiy e seborrhere dermatitis at least three
wgnificant disturbances have oceurred 1n the shin, and these are ordwmanly
wreversible It 1s extremely difficult to bring the bacterial ecology back to
normal There are no satisfactory means of rehieving the sweat retention
syndrome 1 the skin though this may be controlled very adequately é’) a
cool environment It 15 tkewise difficult, sometimes impossible to pl'Df ‘t!}:e
permanent correction of the abnormal fats of the shm surface and of the

disturbance 1 the sebaceocus glands
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large, 100 to 150 mg daly bemny, sufficient ( radual reduction 1n the dose
over a period of two to three weeks 15 often poswible along with adequate
therapy to control the stasis and scrupulous as onlance of any topical medi
cation which may be sencitizing Hy drocorticone omtment mav be extremely
helpful 1n controlling re stant patches of dermatitis

Miscellaneous Dermatoses Brief mention mav be made of sei eral other
dermato es 1 which some experience with cortisone therapy has been
aequired One of the most important of these 15 psoriasis Seme 1mtial reports
on treatment of chronic psoriasis have been fasorable but the expenence of
other absers ers -3 including ourselves hasnot confirmed this \sarule no
effect whates er can be observed in the patches or plaques of chrome proriasis
from cortisone therapy If there 15 any 1mproyvement whatever 1t promptly
disappears following cessation of such treatment In ordmary chrome
psonasis therefore hormonal therapy 1s not adsised

One exception to this statement 15 found 1n the severe exfoliative exacer
bations of psoriasis particularly in patients with a concomitant arthritis 3t
In such patients the erythema and scaling of the skin may affect all parts
of the skin surface itching and burmng, may be extreme and there may be
marked general symptoms by reason of exce 1ve protem losses from ex-
folhation interference with temperature regulation because of the large
volume of blood at the skin surface and interference with sweatng In such
patients the bility of eventual devels of some type of lymphoma
must be hept in mind The conditron may be extraordinarily chrome and
completely disabling Various types of topical and internal therapy are
usually meffective In such patients cortisone or eorticotropin therapy 1s
distinetly worth a tnal though the results are unpredictable In occasional
patients partial rehabilitation may be possible

Utticana  Acute urticaria following ingestion of foods or drugs to which
the patient 15 sensitive 1s of course one of the more common allergte states
m which the shin may be affected Though the lcsions may per<ist for days
or weehs at times as they do after <erum type reactions from pemeilhn
the course of the urticarial outburst 1s usually short In mild cases a tral of
antihi tamume therapy 15 the mtial treatment of choice If however the
urticana 1s severe and persistent we would unhesitatingly administer cor
tisone provided there are no cogent contramdications Such treatment
usually 1s rapidly effective It has seemed worth while in some patients to
administer 200 mg of cortisone m a single mitial dose and continue treat
ment for three or four days in a dosage of 200 to 300 mg every 24 hours
In othern1ve healthy indnviduals 1t has been our expenence that this dosage
method does not produce undesired effects The do ¢ may be rapidly
reduced thereafter by derrements of & much as 50 mg damly Since urticaria
15 ordinanly a self imited discase the condition ordinanly will not recur
when cortisone therapy 1> terminated proitded the patient does not continue
fo recewte the food or drug responsible

Chronc Urticana This condition 1s much less amenable to cortisone
therapy 1n fact the re ults are so poor as to make such treatment hardly
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humidity of the environment, purtxculur13 1n overheated homes duning the
winter slmost 1mvanably makes a nummular dermatitis worse Lixposure to
sunlight 1s usually beneficial Lhe disease may he recurrent every winter for
soveral years Prolonged soap and water bathmg 1s extremely harmful and
older patients with nummular dermattis must ordinarily res ise their bathing
habuits drastically

Although cortisone therapy 15 ordinanly quite striking in its effect upon
this disease 1t 15 not recommended because the condition 1s usually not
drsabling recurrences after cortisone therapy are often more severe than the
origmal condition and judictous use of other methods of treatment 1s
usually effectine On the basis of experience to date 1t would appear that, if
any hormonal therapy 13 to be employed hydrocortisone locally will be
preferable to cortisone or corticotropin given sy stermeally

Lichen Sitmplex Chromcus (Localized Neurodermatitis) In this condi
tion the essential change 15 an area of tickly or itchy shin which the patient
scratches repeatedly often unconsciously There 15 often a marhed psv
chosomatic factor the patient responds to tension by seratching this area
of skin Corticone or corticotropm internally 1s not adviced If there 13
oozing 1 the area or if the mtegnty of the shin 1s disturbed by scratching
local hydrocortisone therapy may be very useful However m arcas which
are simply thickened and lichemfied no effect from hydrocortisone may be
noted Once the cycle of seratch itch scratch 1 broken spontaneous healing
of the shin occurs However m some patients the dermatitis and rtehing
may perast for many years The lestons may occur anywhere but the sites
most frequently mvolved are the ocapital arca i women about the ankle
knees or hands and in the pertanal and vulvar shin

Chronic Dermatitis of Hands or Feet This 1s a very common derma
tologie problem It often produces marked disabihty 1n members of the
Armed Forees i mdustrial workers 1n phy sictans and nurses, and in house
wives, particularly young mothers The etwlogic factors v olved are comple
and numerous with va omotor disturbances p-ychosomatie hy perhidrost
reactions to uritants and sensitizers and superficial fungus mfections pre
dominant In seyere cases the condition frequently 1 chroniw and sometimes
1mpossible to arrest if the entironment 1 not 1deal 1n respect to exposuré
to iwrntants and sensitizers Systemic cortivone or corticotropm therapv
15 rarely advisable Ve have observud <everal patients m whom topical
application of 25 per cent hydrocortisone ointment. produced satisfactory
control of the dermatitis

Stasis Dermatitis For the ordinary uncomplicated stasis dermatitis oF
ulcer 1t 15 obv1ous that corti~one therapy would represent a rather unphy 1o~
Togic method of treatment However stasis dermatitis 15 ~ometimes com
plicated by local skin sensitization and by explosnve and extensive 1d
eruptions which may persist for long periods of time Such a dissemmated
dermatitrs 15 not wnfrequently secn after the induetion of a local sensihization
rexction by topical medication If the dermtitss 1s severe and disabling the
use of cortisone 1s often Justified The 1nitial dose required 15 usually not
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large 100 to 100 mg dwuly bang sufficient Cradual reduction m the dose
over a period of two to three weeks 1s often possible along with adequate
therapy to control the stasis and  crupulous avordance of any topical meds
cation which may be <en 1tizing Hvdrocorts one omntment may be extremely
helpful 1n controllmg re 1 tant patches of dermatitis

Miscellaneous Dermatoses Brief mention may be mede of several other
dermatoses m which <ome ¢xperience with corts one therapy has been
acquired One of the most important of the ¢ 13p onass Some nutial reports
on treatment of chronte p orss have been favorable but the experience of
other obsery ers 243 inctuding, ourselies has not confirmed this Asarule no
effect whatever ean be ob erved m the patches or plagues of chrome p onasis
from cort1 ane therapy If there 13 any improvement whatever 1t promptly
disappears following ces ation of such treatment In ordinary chrome
p ona 13 therefore hormonal therapy 15 not advi ed

One exception to this statcment 1= found in the severe exfoliatine exacer
bations of p ona 1~ particularly m patients with a concomitant arthnt;
In such patients the erythema and caling of the <kin masy affect all parts
of the Win urface 1tching and burning may be extreme and there may be
marhed general <y mptoms by reacon of exces ne protein losses from ev
fohation 1nterference with temperature regulation hecause of the large
volume of blood at the skin ~urface and interference with sweating In such
patients the po ihility of eventual development of some ty pe of v mphoma
must be kept in mind The eondition may be extraordmanly chronie and
completely di abling Varnous tvpes of topical and nternal therapy are
u ually meffectine In such patients cortisone or corticotropin therapy 1s
distimetly worth a tnal though the reults are unpredictable In occasional
patients partial rehalrhtation may be posuble

Urticana  Acute urtreara following ingestion of foods or drugs to which
the patient 1s senwittve 15 of course one of the more common allergre states
in which the shin may be affected 1hough the lesions may persist for days
or weeks at times as they do after erum tvpe rcactions from penieillin
the cource of the urticanal outburst 1s usually short In mild cases a tnal of
antithistamime theraps 15 the imitial treitment of chowe If however the
urticana 13 severe and pers: tent we would unhesitatingly admnster cor
tisone prosided there are no cogent contrammdicattons “uch treatment
usually 12 rapidly effective It has seemed worth while mn some patients to
admimster 200 mg of cortisone m a single mitial do e and continue treat-
ment for threc or four days 1n a dosage of 200 to 300 mg every 24 hours
In otherwise healthy individuals 1t has been our experience that this dosage
method does not produce undewred effects The dow may be ramdly
reduced thereafter by decrements of as much as 50 mg duuly Since urticana
1s ordinanly a _elf irmted disease the condition ordinanly will not recur
when cortisone therapy 15 termnated provrded the patient does not confinue
{o recerre the food or drug responsible

Chromc Urficanta This condition 1s much less amenable to cortisone
therapy 1n fact the results are so poor 2s to make such treatment hardlv
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humidity of the environment pamculnrlg 1 oy crheated homes during the
witer almost invariably makes a nummular dermatitis worse Expo-ure to
sunhight 13 usually beneficial The di ease may be recurrent every nnter for
several years Prolonged <oap and water bathing 15 extremely harmful and
older patients with nummular de rmatitis must ordinarnily reyise their bathing
habnts drastically

Although cortisone therapy 1s ordinanily quite strihing 1n 1its effect upon
this disease 1t 15 not recommended becau e the condition 1s usually net
disabhing, reeurrences after cortisone therapy are often more ~evere than the
onginal condition and Judicious use of other methods of treatment 15
usually effective On the basis of expenience to date 1t would appear that,of
any hormonal therapy 19 to be employed hydrocortisone locally will be
preferable to cortisone or corticotropin given <y stemmieally

Lichen Stmplex Chromicus (Loceltzed Neurodermafitis) In this condt
tion the escentinl change 1s an area of tickly or itchy shin which the patient
scratehes repeatedly  often unconsetously There 18 often a marked poy
chosomatie factor, the patient responds to tenmion by scratchmy, this ares
of skan Cortisonc or corticotropin internally 1s not advised If there »
oozing m the area or if the mtegnty of the shin 1s disturbed by scratehing
local hydrocortisone therapy may be very useful However m areas which
are simply thichened and lichemfied no effect from hy drocortisone may be
noted Once the eycle of scrateh itch serateh 1s broken spontaneous healing
of the shin occurs However n <ome patientz the dermatitis and itehing
may persist for many years The lesions may oceur anywhere but the tes
most frequently 1y olved are the occipital area in women sbout the ankles
knees or hands and m the pertanal and vulvar shin

Chronic Dermatitis of Hands or Feet This 1s a very common dermt
tolo.ie problem It often produces marked disabilty n members of the
Armed Torces 1 industrial worhers 1 physicians and nurses, and 1n house
wives particularly young mothers The etiologic factors v alved are corapler
and numerous with vasomotor disturbances psy chosomatre hy perhidrows
reactions to writants and sensitizers and superficial fungus infeetions pre
dominant In severc cases the condition frequently 15 chrome ind sometimes
mmpo-sible to arrest if the environment 1s not 1deal 1n respecet to exposure
to writants and sensitizers Systemie cortisone or corticotropin therapy
15 rarely advisable We have observed several patients m whom topreal
application of 25 par cent hydrocortisone omntment produced saty factory
control of the dermatitis

Stasis Dermatitis Tor the ordmary uncomplicated stasts dermatitis ot
uleer 1t 15 ol 10us that cortisone therapy w ould represent a rither unphysto-
Jogie method of treatment However stass dermatitis 1 sometimes com
phicated by Jocal shin <ensitization and by evplo ne and extensie ul
eruptions which may persist for long periods of time Such a disseminaty d
dermatitis 13 not infrequently seen 1fter the mduction of aloc al sen 1tization
reaction by topical medication If the dermatitis s seyvere and disablng the

use of cortisone 1 often justified The imtial dose required 13 usually not
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posable to fower the duty dose to 23 nnd 37 5wy duly, respectivedy, with
hue pronth progroes g, ot a normal rate

Same 1opronth of har was notod an 16 of the 22 paticnts tronted wath
il grawth bang ob crved i from throe to jax wochs Tiono pationt was
reprosdl compladc Thore was eloar ovdenen that the eutlook for rogronth
was poor af the alopcon had had it onsct prioe to pubcrty and if the disenso
Bad taen prosent for o very long ponod of time Aso 1cpnrdlos of other
factore ropronth of axdlaey and pubte e mounhihedy followimg, corbisone
thueapy

In 7 of the ptionts ecported by the Canthiors the period of obseesation
was anflicnnt to poenat some s atustion of relts fiom the cosmatic pomt
of vicw and i b of the €t was fedt that ycasonabily saty factory ¢(fiets
Tl bocn obtamcd Tn one patient witls troplae nawl changes nasoemted
with & wmversal alopean con wWlorable improvement o nail growth was
noted after three months of thornpy No scvere nndeared offects occuread
bul the mkd oncs which woe notad demonstrate the importance of ade
quite ropular ol crvation of patients reccvng, mather prolongcd corhisono
thorapy

Unfortunately thore was n markod tosdoney to retipse to the ongmal
tonditton of alopeain on cossation of corttsonn theenpy Growth coutd ba
miduccd npan i such cn e by ranstituting, the hoemone Lhe authors con
dudo that 1he mochansm whodhy cortisone canses stimulation of e
wronti 1 kbl obseure nnd theerire that at may act * by change 1 loeal
henuesl mibeu through vome such manna as fisencng, sebnccous pland
function or horstintzation W nre an complete sereomont with Dillahin and
Rothman thint this form of thaapy 1« not to be rocominended for gencral va
e the treatmont of alopocrvareata 1w pood cxample of the wse of 16 imch
Kuns ta shoot vparrows

Topieal Therapy with Hydrocortisone Ointment

Lopical cottisont acctate thaapy m disonses of the sk has vot been
moved to be of value 7 1w 19 contradstinetion to the (fectiv iness of
cortisone suspcnsion or omtments i Ahe <vo and possibls at the muco-
cutnncons juncbon of various body onhoes

Although the only furly (stended stady on the uso of hydrocortsonn
omtment ¢ that of Subzberper Watten awd Sath 7 thon data indicato
duardy that hydrocortimone ointment may be of marl ¢ value 1 cortnm
Bpes of shn dizcnsos and may make 1L unneccsary (o fnve cortisone
systomcally mon comadorablc proportion of paticnts sulfonmg, from bempn
milmmntory 10w tione of the shin. Our ot Cepenencs with hy drocortison
omtmong 1 rdatiady ] bat some 200 pationts wath vanous 1ypes of
dermatoscs hiwo been teeated In cortmm types of mflamed oonng dermn
titls, tho «fMeets of hydrocortisone omtment may bo so rapad s to bo star
thog execcding (ven the effecta of cortivone gien mystormieally Mo datc
no untowmd effeets whatcver of such therapy hiave Leen seen but furtlicr
mvestigntion will obviously be necersary before final conelusionsean be made



350 MFDICAL USFS OF CORTISONE

worth while Our experience has been similar to that of Sulzberger and his
associates® 1 that, rather surpnismgly the appearance of urticanal Jesions
15 1ot suppressed by corttsone to wy ippreciable extent in a considerable
proportion of patients Furthermore rapid recurrence 1s noted on cessation
of therapy Chrome urticaria 1s an extremely difficult disease to treat sue
cessfully This 1s especially true 1f dermographiem 1s present Slin fests
with foods are probably worthless in this condition Lxidences of general
tllness, with the possible exception of occasional foc1 of mfection and psy
chosomatic fictors, usually are not present Antilustamimes regularly
admimstered may be effective though tolerance to them often 13 ac
quired eventually The passage of time and 4 beneficent regimen 1n Te-
spect to nervous tension and physical activity seem to be the most effectine
methods

Alopecia Areata The observation that admimstration of cortisone will
cause temporary regrowth of hair 1n patients with alopecia areata 1s of
mterest as a possible means of better understanding of the physiology of
hair gronth and of the effects of cortisone upon a particular organ system
However hormonal therapy 1s not recommended because (1) the effects
are unsatisfactory i many patients from the standpomnt of complete
regrowth, (2) regrow th of hair 15 temporary and continued administration of
cortisone 1s necessary to mamtaimn 1t and (3) for the temporary amelioration
of a disease having only cosmetie significance, ad ration of 4 d
capable of producing undesired effects as a result of overdosage 15 pob
warranted

The following summary of the effects of cortisone in alopecia areata 18
taken principally from the excellent article by Dillaha and Rothman :
Walker and Rothman® had prestously studied 230 patients m an effort to
determne whether there were anv consistent underlying abnormalities 1n
this disease, with particular reference to endocrine disease They concluded
that there 1s no regular evidence of endocrine abnormahty However their
studies clearly showed that alopecin areata tends ta be more severe when it
has 1ts onset before puberty, that pregnaney and lactation sometimes have
s marhkedly beneficial effect upon alopecia totahs and that occasronally
thy rotoxicosts and alopecia areata begin simultaneously

The report of Dillaha and Rothman® 1s concerned with the effect of
orally administered cortisone 1n 22 patients 11 of whom had alopecia which
was nearly uniersal In 16 of the patients the alopecia seemed relatrvelv
stationary at the time treatment was mstituted and in 5 others1t was <how
1ng extension The duration of the reported attack of alopecia areat vaned
from 3 months to 20 years the average being over 6 years After prelmmary
physical and laboratory examinations the patients were given cortr-one by
mouth 1n an 1tial dose of 100 to 150 mg daily which nas contmnued for
four weeks or longer In patientsn whom early hair regrow th nas noted the
dose was gradually lowered in an attempt to establish the mimimum maimn
tenance dose nhich would promote actn e hair grow th Tt was found that an
smitial dose of at least 100 mg a day was necessary In 2 patients 1t was
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possible to lower the duly dose to 25 and 37 5 mg duly, respectinely, with
hair growth progres. ing at a normal rate

Rome regrowth of hur was noted 1n 10 of the 22 patients treated with
mmtial gronth bemg observed in from three to six weeks In no patient was
regrowth complete Ihere was clear evidence that the outlook for regronth
was poor if the alopecra had had 1ts onset prior to puberty andf the disease
had becn pre ent for a very long period of time  Also regardless of other
factors regrowth of aullary and pubie har 1s unlihely following corti one
therapy

In 7 of the pitients reported by the « authors the period of observation
was sufficient to permit some evaluation of results from the cosmetic point
of view and m 4 of these 1t was felt that reasonably satifactory effects
had been obtumed In one patient with trophie nail changes associated
with a umver al alopeeny conaderable tmprovemcnt m nul growth was
noted after three months of therapy Mo <evere undesircd effects occurred
but the mild ones which were noted demonstrate the importance of ade-
quate regular ob ervation of patients recenng rather prolonged cortrone
therpy

Unfortunatels there was 2 marked tendency to relapse to the ongmal
condition of alopeert on cessation of cortisone therapy Growth could be
mduced agun 1 such e1ses by remnstituting the hormone The authors con
clude that the mechanism whereby cortisone causes stimulation of hawr
gronth 1s still obscure and theorize that 1t may act by change 1n local
chemical milieu through ~ome such manner as influencing sebaceous gland
function or heratinization  We are 1n complete agreement with Dillaha and
Rothman that this form of therapy 15 not to be recommended for general use
1n the treatment of alopecia areata It1s a good example of the use of 16-inch
guns to shoot sparrows

Topical Therapy with Hydrocortisone Omtment

Topical cortisone acetate therapy in diseases of the shin has not been
proved to be of value 7 This 1s in contradistinction to the effectiveness of
cortisone suspension or omntments m the eve and possibly at the muco-
cutaneous junction of 1anous body onfices

Although the only farly extended study on the use of hydrocortisone
omtment 15 that of Sulzberger Witten and Smuth 7 their data indicate
clearly that hydrocortisone omntment may be of marked value 1n certan
types of skin dieases and mayv male 1t unnecessary to gne cortisone
systemically 1n a consider ible proportion of patients suffering from bemgn
inflammatory reactions of the skin Our own experience with hydrocortisone
omntment 13 relatively brief but some 200 patients with vanous tvpes of
dermatoses have been treated In certamn ty pes of inflamed ocozing derma
ttis the effects of hydrocortisone ointment may be so rapid as to be star
thing exeeeding even the efiects of cort: one gven systenucally To date
no untoward effects whateyer of such therapy have been .een but further

nvestigation will obviously be necessary before final conclusions can be made
——
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The following summary 1s based principally on the report of Sulzberger,
Witten and Smuth ? Txperiment il demonstration of the probable effect of
hydrocorticone loeally upon the shin was ay alable from the report of Gold
man, Preston, and Rochwell ' who showed that reactions to application of
vontactant allergens on the shin could be prevented by the intradermal
1njection of a hydrocortisone acetate suspenston They noted that this zone
of mhibition of the reaction extended beyond the immediate site of 1njection

Sulzberger and his ascociates used ointments contaimng hydrocortisone
n concentrations of 1 25 and 5 per cent respectively m varous bases
Thejy believe that the 5 per cent ointment 15 supenior to the 2 5 per cent, and
the 2 5 per cent a little supersor to the 1 per cent However these differences
were apparently not marked enough to make any final conclusions, wd
continued experimental and ehmeal study of the effect of yarious concen
trations 1s necessary Reduction of the hydrocortisone content to the lowest
effective concentration 1s of importance from the economic standpoint
because of the present cost of compound F From our own experience, 1t
would appear that i extremely thin laver of omtment applied to the shin
15 a3 effective as larger amounts To date, the effectrveness of one omntment
vehucle over another seems not to hate been demonstrated at least n the
experience of the Sulzberger group

The largest group of patients 30 m all, treated by Sulzberger Witten,
and Smith had atopic dermatitis  Emmently satifactory ” results were
noted 1n 20 of these Our own experience though less extensite has been
similar Of 10 patients with atopie dermatitts on whom adequate follow up
reports were ay ailable sitisfactory results were noted 1n 8 In2patients, both
of whom had very dry Iichenified skin without acute mflammation or exu
dation the hydrocortisone omntment showed no superiority over the placebo

In 5 patients with vulvar and/or 1nal pruntus the Sulzberger group
obtained good 1esults 1n 3 Our experrence with this difficult dermatologte
condition has been even more encouraging In 7 of 8 pattents treated for
long standing anal pruntus the results have been extremely sati factors,
and the rapid subsidence of 1tching 1s often striking Our study has not beert
continued long enough to determine the permanence of results Many cases
of anal pruritus are perpetuated by the scritch stch seratch cyele and are
escentially 4 locilized neurodermatitis if significant remssion of the tehing
can be produced the ¢yvcle mayv be interrupted for prolonged periods

Sulzberger Viitten and Smith state that “in several cases lichen
chrorucus simplex nummular eczema and distinetrve esudative discord
and lichenotd chronie dermatosis were alvo improved to some degree
We have treated only 1 ¢a e of the latter condition, with mdifferent results
7T he evperience with hydrocortsone 1n Iichen simplex chronicus 1n our own
series has been mixed as to effectiveness of the hormone but i general 1t
appears that unless the ntegrity of the skin 1s disturbed as in an cozing
and exudatrve patch the results are less hikely to be favorable In such
morcover the entment may tend to lowe 1ts effectis eness a9 the

tie ts,
e : bade A similar finding has been noted in nummular

acute mantfestations sul
«czema or dermatitis
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TvALLATION OF At RENOCORTICAL THERAPY 1N SELECTED Shin Disrasts

Dusease or Syn Irome

I ffect of Cortisone or
Cortrcotropin Therapy

Justificatron for Use

Angoncuratie cdema

Contact dermatitis

Dermatitis medicamentoss

Atopie dermatitis

Fxfoliative dermatitis

Set arrhese dermatitis

Pemphigus

Nummular dermatitis

\ery effectine

Very dflectne

1 ffoctis encwsy anesdepend
Jngupon ty pe of eraption

Varnble but mart idistatie
wprotial ly "5¢ of ca s

Vanable particularly effec
trve in allergic dermatitia

Highly effectie

Regularly effectnne though
very high doses usually
necessary

Almost alnays ¢flectine

In eevere cases partict
larly of there 13 nsh of
baryngeat invols cment

Sygtemic cortisone therapy
Justified only wn very
severe and extansie in
volvement  Hydrocorts
one ointment preferable
and po wbly the most
effective  treatment 1n
locahized less evere

cases

Tully justified 1 severe
cases partteularly af i
ternal org ns as wcll ns
skin are shock sites of
the reaction

Only 1 earcfully selected
patients with extensie
disbling mnvols ement
1 rolonged therapy often
neces ary \ofto be used
. mild to moderate

orms

Almost always indicated 1n.
severe extensive imohv e
ment though necessary
therapy may pro~
langed

Careful conderation nee
essary Justified only m
acvere extenarve involve
ment not controlled by
other methods of treat
ment Hydrocortisone
omtment may be prefer
able 1n some patients

Always justified and indy
cated unless some very
compelling contramndica
tion to hormonal therapy

exists

Varable u ually not justi

ed Rescrve for exten

sive severe 1nvolvement
with realization that
prolonged therapy or
repeated courses may b
necessary

(continued on following pige )
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The following summary 1s based principally on the report of Sulzberger
Witten and Snuth ¥ Dxperimental demonstration of the probable effect of
hydrocortisone loclly upon the shin was a1 alable from the report of Gold
man Preston and Rochwell 19 who showed that reactions to application of
contactint allergens on the shin could be prevented by the intradermal
imjection of a hydrocortisone acetate suspenson They noted that this zone
of inhtbition of the reaction extended bey ond the immediate stte of injection

Sulzberger and huis assocrates used ointments contaning by drocortisone
m concentrations of 1 20 and 5 per cent respectniely 1n various bases
They beheve that the a per cent ointment 1> superior to the 2 » per cent, and
the 2 5 per eent a hittle superior to the 1 per cent However, these differences
were apparently not marked enough to make any final conclustons, and
continued experimental and elmreal study of the effect of varrous concen
trations 1s necessary  Reduction of the hydrocortisone content to the lowest
effective concentration 15 of mmportance from the economic standpomnt,
hecause of the present cost of compound I' From our own evperience, it
would appear that n estremely thin layer of omtment apphed to the shmn
15 as effectnie as larger amounts To date the effect1t enews of one omtment
vehicle over another seems not to have been demonstrated at least n the
experience of the Sulzberger group

The largest group of patients 30 n all treated by Sulzberger, Vitten,
and Smuth had atopic dermatitis  Eminently satisfictory re uits were
noted 1n 20 of these Our own experience though less extensive has been
stmular Of 10 patients nith atopic dermatitis on whom adequate follow up
reports were a1 ailable satisfactory results were noted in 8 In2patients both
of whom had very dry Iichenified shin without acute mflammation or exu
dation the hydrocortisone omtment showed no superiority over the placebo

In 5 patients nith vulvar andor anal pruritus the Sulzberger grounp
obtained good results in 3 Qur expentence with this difficult dermatologie
condition has been even more encouraging In 7 of § patients treated for
long standing anal pruntus the results have been extremely <atisfactors
and the rapid subsidence of itching 1s often striking Our study has not been
continued long enough to determine the permanence of results any cases
of anal pruntus are perpetuated by the scritch ttch scrateh cycle and are
essentially a locilized neurodermatitts if stgnificant remus 1on of the itching
can be produced the cycle may be mterrupted for prolonged periods

Sulzberger Witten and Smth state that 1n several cises lichen
chromicus simplex, nummular eczema and distinctrve exudative discard
and lichenoid chronie dermatosts were also improt ed to some degree’
e have treated only 1 case of the latter conditron with indifferent re-ults
The evperience with hydrocortisone 1 hehen simplex chronreus in our owi
sertes has been mixed as to effectiseness of the hormone but in general 1t
appears that unless the mtegrity of the skin 1o disturbed as 1 an aozm)g
and esudative patch the results are less likely to be favorable In such

er the omntment may tend to lo ¢ 1ts effectis eness as the
patients morcoy lor finding hae b ted 1 nummular
acute manifestations subside A stmilar finding has been note:

eczema or dermatitis
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AURENOCORTICAL THERALY I\ RELeeTrd Shis Drra bs

Di ea ¢ or SynIrome

Ffect of Co tinane or
Corticotropin Theray 4

Justfication for L se

\ngioneurotic edema

Contart dormatitis

Dermatitis medicamente 1

Atopic dermatitia

I xfoliative dermatitig

Seborrhere dermatitis

temphigus

Mummular dermatitis

Ay effeetnne

Very effectne

1 flectn eness aricsdepend
ingupon ty pe of eruption

Vanable but morbidestatie
1 prohat Iy =5¢ of case

Vanable partieularly effec
tave m allergre dermatitis

Iighly effective

Regularly effective theugh
very high do s usually
necessary

Almost alnays effectsve

In severc races partien
larly af there 15 n k of
Liryngeal involy ement

Systemc cortisone therapy
Ju tified only in very
severe gnd exten e n
volvement 11y drocorty
wone ointment preferahle
and pos ibly the most
effectine  treatment an
loealized less evere
cases

Fully justified n sevcre
ea e3 partieularly of n
ternal organs as well as
shin are shock sites of
the renction

Only 1n carefully seleeted
patients with extensne
J1 1bling imvolvement
Lrolonged therapy often
nece ary Vottobeu ed
m mid to moderste

forms
Almost alnay & indiated in
severc exten ivemohve
ment though necessiry
therapy may be pro-

longed

Careful con ideration nec
es.ary Justified only in
severe extensive mnvolve
ment not controlled by
other mettods of treat
ment Hvdrocortisone
ointment may be prefer
able ;n some patients

Always justified and inds
cated unfess some very
compelling contramn lica
tion to hormonal therapy

exnts

Venzble usually not justt
fied Reserse for exten
s1ve severe 1volyement
with realtzation that
prolonged  therapy or
repeated courses may be
neces ary

(continue | on following page )
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Dusease or Syndrone

F ffect of Cortisone or
Corticotropin Therapy

Justificatron for Use

Erythema multiforme (all
types)

Id eruptions
Trythemn nodosum

Visceral lupus erythema
tosus (acute disserm:
nated lupus erythema
tosus)

Cutaneous lupus ery thema
tosus (chrome discord)

Psonasis

Sarcordosts
My cosis fungoides

Chromie anal and vuhar
pruritus

Lachen planus
Alopecia areata
Post herpetic neuralgi

Lepra reaction

Dermatomyosttis

Dermatitis herpetiformis
heloids
Chrome urticara

Only effectnne method of
treatment

\lmost alnays effectne
Ahnost alwaye ¢ fectrne

Almost  always morbidi
static  high doses and
prolonged therapy fre
quently necessary

Uncertan and vanable

Only occasionally effective
particularly 1a extenstve
wvolvement of skin with
arthrtis

Vanable and uncertam

Extremely variable other
methods such as \ ray
have more regular effect

Systemic admimstration
variably effective

Rarely effective

Quite effectrve 1n produeing
temporary  partal re
growth of harr

Uncertain

Dvidence of some effective
ness accumulating

Rarcly effectrve

Rarely e

flective
Doubtful

Alnays justified m severe
epses provided no con
traindication eusts Oc
casionally  though not
commonly prolonged
therapy necessary

Scvere cases only

Yanable depending upon
seventy Careful stud)
to determne w hether le-
siong are par of ma
sive phase of infection
such as tuberculosis or
coceidiordomy coss
Great caution adyisable

For control of acute ex
acerbations probably
not advisable 1 low
grade mamifestations

Not recommended Chloro
quine or atabrine effec
trve Gold salts nof

recommended
Only severe eaes DNot
indicated n ordinary

chronte psorasis
Tarely to sometimes 1nd1
cated

Rarely

Systemic therapy justified
only 1n cases with se¢
ondary contact derma
trtis Hy drocortisone
omtment apparently
supenior often strikingly
so

Not recommended
Not justified

Preliminary tnal of other
ruethods preferal le
Dependent upon judgment
of physician experienced
s treating leprosy
Probably always worthy of

Mot recommended
Mot recommended
Mot recommended

Aost uncertamn  Perma
nently good results un
common

trial
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Sulzberger and his . ociates found his drocortisone ointment of no effect
m the treatment of p orasis chrome discoid Jupus erythematosus pemphy
gus vulgans, and alopeaa aresta Our expenence 3s similar with respect to
psonass In canfully controlled chmeal expersments in which similar sym
metric lesions could be treated with the eimntment and a placebo no differ
ence w13 demonstrable

These authors noted that 1n therr pitients the effect of the omtment
seemed to disappesr ome four or five days after di continuance of appliea
tion We have not yet had suffiuent opportunity to determine this but
1t would scem that in many patients the occawonal application of the
omtment even asinfrequently as every two or three divs may be adequate
to heep the process under control Fortunatcly moreover 1f an arca of <hin
can be hept more normal for a fairly long period of time secondary factors
such as ynjury from excoriation <ccondary infection and mihana may be
orercome to & conuderable extent

Summary

To complete this o <1y of adrenccortical therapy in shin conditions 1t 1s
pertinent to mention that the preferred methods of attaiming optrmum ind
maintenance dosages are the rame as tho ¢ established for rheumatad
arthritis {7+ ) and allicd disorders Stmilarly the <ame rules regarding dura
tion of therapy, avoidance of undewired effects and gradual stepw: e reduc
tion of dosage to preelude rebound reactions are m order Conditions
constituting contraindications to therapy are dscussed at length 1 other
chapters of this v olume

In this résumé of the effects of corticone and corticotropin upon v arious
diseaces affecting the skin certain conditions 1n which skin 1nvolvement
vecurs as part of a general sy stemic disease have not been eonsidered These
are fully diseussed 1n other chapters In concluuion we refer to the tabulation
n Table 26 of our own evaluation of cortisone or corticotrapin therapy n
selected shin diseases which mdicates first whether or not such therapy 1s
effectnein controlling the disease and second whether or not we believe its
use 13 Justified 1n that particular disease
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Iusease or Syndrome

1 ffeet of Cartisane or
Cortrcotropin Therapy

Jushijieatoon for Ler

Irythema multiforme (all
types}

1d eruptions
Frythema andosum

Viseeral lupus ersthema
tosus (acute dissemi
nated lupus erythema
tosus)

Cutanrous lupus ery thema
tosus (chromie discoid)

I orasms

Sircordosis
Mycosis fungoidey

Chrenic anal and subiar
pruntus

Lichen planus
Alopecia areata
Post herpetic neuralgia

T epra reaction

Dermatomyositis

Dermatitts herpettformis
heloids
Chromic urticaria

Only effective method of
treatment

Amost alnays eflcetne
Almost alnays ellcetne

Almost always morlnds
static  high doses and
prolonged  therapy fre
quently nece sary

Lncertan and vanable

Only occasionally effectine
particularly 1 extensive
mvolyement of skin with
arthntis

Vanable and uncertain

Txtremely 1anable other
methods such as \ ray
have more regular effect

Sy stemic admunistration
1anably effective

Rarely effective

Quite effective 1n producing
temporary partial re-
growth of hair

Uncertain

Evidence of some effective
ness aceumulating

Rarcly effectrve

Rarely effective

Alnays justibed in severe
eases provided po con
tramdteation eusts Oc
casionally  though not
commonly prolonged
therapy nece<sary

Spyere cases only

Varahle depending upon
seventy Careful study
to determtne whether Je-
mong are part of ma
snve phase of infection
such as tuberculo 13 or
cocerdiordomy cosis
Great eaution adusable

For control of acute ex
acerhations probably
pot advisable 10 low
grade mamfestations

ot recommended Chloro
quine or atabrine effec
tinve Geld salts no!

recommended
Only scvere caes Mot
mdieated n ordinary

chronie psoriasis

Rarely to sometimes ndt
eated
Rarely

Systemie therapy Justfied
only 1n cases with sec
ondary contact derma
titrs Hydrocortisone
ointment apparently
superior often strihingly

0
Not recommended
Not Justified

Isehminary tral of other
methods preferable

Dependent upon Judgment
of physician expericnced
1n treating leprosy

1 robably always worthy of

tral
MNot recommended
Mot recommended

Doubtful

Most _uncertain  Perma
neutly good re ults un
common

Not recommended
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Granulomas Pulmonnr) Granulomatoses,
Pu]monary Fll)r051s, Other Pulmonary
Condlhons

Dickinson W Richards and John H McClement

In the field of pulmonary di ense cort1 one and corticotropin have been
found to produce three general types of reaction (1) relief of asthmatic
attachs 1 bronchial asthma and the asthmatie aspects of various chromie
pulmonary condittons {2) subsidence of the acute inflammatory responee to
pulmonary infections sometimes with spread of the underlying infections
proce s (3) a tarable symptomatic improtement 1n granulomatous and
fibrogranulomatous states with greater or less degree of resolution of the
disease

Although conaiderable work has been done hknowledge of granulomatous
and fibrogranulomatous conditions 1s still incomplete This group of disea<es
for one thing 15 heterogeneous and poorly defined containng many duer e
entities Turthermore the effects of cortisone and of corticotropin have been
irregular and unpredictable esen in well-established pathologic conditions
such as berylliosts or sarcoidonis While there has been some tendency
tonard better therapeutic response in the more acute cellularly actne and
recently developed eaces 1t has not been consistent Analyis of the anatomic
changes produced by cortisone or corticotropin has been hampered by the
diffieulty and hazard of repeated lung biopsy

Thus chapter 1 devoted to a review of the status of corticone and cortr
cotropm therapy 1n the major divisions of nonobstruetive or nonasthmatic,
gr and fibrotie pul y diseases Qther aspects of the chromic
granul diseases— ophthalmol \ 1—are tahen up
elsewhere 1n this volume Brief reference 15 also made m this chapter to

From the First Medicat Division and the Clest Service B llevue Hospital and
the Department of Mlediemne Columbia University Coll ge of Physicians and Surgeons
New York New York
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Granulomas Pulmonary Granulomatoses,
Pulmonary Fibrosis, Other Pulmonary
Conditions

Dickinson W Richards and John H McClement

In the field of pulmonary d1 ease cortisone and corticotropin have been
found to produce three general types of reaction (1) relief of asthmatic
attachs 1n bronelal asthma and the asthmatic aspeets of various chronie
pulmonary conditions (2) subsidence of the acute inflammatory respon<e to
pulmonary infections sometimes with spread of the underlying nfectious
process (3) a varable symptomatie improvement 1n granulomatous and
fibrogranulomatons states with greater or less degree of resolution of the
discase

Although considerable work has been done hnowledge of granulomatous
and fibrogranul 1 1 stall If Thus group of diseases
for one thing 15 heterogeneous and poorly defined contaiming many diyverse
entittes Turthermore the effects of cortisone and of corticotropin have been
wrregular and unpredictable even in well established pathologie conditions
such as berylliows or sarcoidosis While there has been some tendency
tonard better therapeutic response 1n the more acute cellularly active and
recently developed cases 1t has not been consistent Analysis of the anatomie
changes produced by cortivone or cortic otropin has been hampered by the
difficulty and hazard of repeated lung biopsy

Thus chapter 1s devoted to o review of the status of cortisone and corti~
cotropin therapy 1n the major divisions of nonobstructive or nonasthmatic
granulomatous and fibrotic pulmonary diseases Other aspects of the chronic
granulomatous discases—cutaneous ophthalmologic visceral—are taken up
elsewhere 1 this volume Brief reference 15 also made mn this chapter to

From the First Medical Division and the Chest Service Bellevue Hospital and
the Department of Medieine Columbia Unny ersity College of Physicians and Surgeons
New Yok New York
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vanous other pulmonary conditions mn which cortisone and corticotropm
have been used

Sarcotdosis

Chmeal pathologic, and phystologic studies have shown that among
cases of pulmonary sircoidowis there may be wide v wniation 1 the chinical
mamfestations, physologie patterns of pulmonars dysfunction the natural
course of the disease, and the histologie eharactensties of the lestons An
understanding of these yarations among untreited cases 1s mportant 1
any considerition of the results of hormonal therapy and may help to
explun some of the differences 1n results which hese been obseryed Three
ty pes have been identified

Type I—~Stmple Restrictive Ventilatory Insufficiency In this group the
lcsions whether localized or diffuse, are Iargely interstitial and symptom
atology 1s bempgn chiefly mild to moderate exertional dyspnea Physiologie
study* shows (1) slightly reduced lung volume and ventilatory capaeity,
without emphysema  (2) moderate hyperventilation at rest and durmg
excraise, (3) normal arterial ovygen saturation and oxygen diffusing ez
paeity (4) <ometimes o moderite pulmonary artenal hypertension The
cliucal eourse 1s mild but wsually prolonged

Type II—Syndrome of Diffusion Insufficiency or “Alveolar-Capullary
Block " 1he climeal symptomatology in this group wiich has been deseribed
by MeClement et al  and Austrian et al 3 1s apt to be progressne and
severe (1) marhed hyperpnea and tachypnea leading to mncreasing dysp
nca (2) cyanosis on exercise later also at rest (3) persistent <hort non
productive cough (4) sometimes clubbing of fingers and periods of fever
() m fatal cases the terminal eprsode may be bronchopneumoma or nght
ventricular falure

The charactenistic physiologic abnormahties are (1) reduction i lung
volumes without evidence of emphysema (2) well mamntainred maumum
breathing eapacity (3} marked hyperyentilation at rest and after exereise
(4) normal or only shghtly reduced artertal oxygen saturation at rest, with
a marhed fall on exercise (5) reduction 1n the oxvgen diffusing eapacity
(0) disturbance 1 the pulmonary ventilation perfusion relationships (7}
pulmonary artertal hypertension It 1s belicved that the most mmportant
defect 1s the reduction 1in the ovygen difusing capacify Pathologreatls
iffuse v olvement of the als eolar eapillary septa 1s 2lways found

Type IN~—Physiologic Findings of Chronic Pulmenary Emphysema
Coates and Comroet as well as Lukas* have found physiologic changes
characteristie of pulmonary emphysema mn a few patients with pulmonary
sarcordosis These studies and others have shown that all of the functronal
and hemodynamic changes seen 1 chrome pulmonary emphysems m3y be
encountered though obutructive or asthmatte sy mptoms may be only slight
Climeally the pulmonary msufficency observed among this group has
varied from mild to very severe and 1n some of these patients there was

evidence that thewr disease had ewisted for 2 constderable nertod
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Pathologle studies® 73 have demonstrated that n the lung the sarcord
le 1on mav vary in loeation extent and hi tologie characteristies The ex
tent may ringe from di crete nabay ke grinulomas cattered throughout
the lung with abundant arcas of normal lung between the nodules to
ma nemnohement with nearly all the alveolar capillary septa infiltrated
with an almost continuous granulomatous process The amount of fibrous
tis ue which 15 present 1 the granulom itous lesion v tnes greatly and this
may be related to the age of the lesion Il v iriations have been <ecn from
areas wlich eontan hittle or no fibrous t1 <ue to tho e with extensne fibrows
and hvalimz ition in wlieh only small islands of t1 pical granulomatous tissue
shlf remam In the lung the granalomas may be located 1n the alhveolar
capillary <epta 1 the pulmonary interstiium outside this septal area,
about the blood veswels or even in the broncht

Hormonal Therapy

In the first reported use of adrenocortienl therapy m a proven case of
Boech s sarcoid Thorn and hus group® ob erved that the administration of
corticotropin (10 umts per day for eight days) to « patient whose disease
had been pre ent for at leist two vears failed to produce any change in
eymptoms or imn the lesions in the lungs wveal tract or phalanges There
was evidence of adequate adrenal stimulation 1n this case

The numerous chinieal and elmicopathologie studies which followed this
mitial report have demonstrited the varety of responses that may be
obtained when =arcordo 1s 13 treited with these drugs Engleman and his
as ocnites ' as well ag Straus't and Michael * reported thar chimeal and
pathologic studics of cortisone-treated patients with lung or lymph node
myolvement In these an tnereaced sen<e of well being appeared, dyspnea
decreased or disappeared if 1t had been present pulmonary infiltrations
cleared enlarged peripheral lymph nodes became normal i size <erial
biop 1es of lymph node lesions showed the development of a more fibrous
and less granulomatous reaction and in some the elevated serum globulin
level decreased to normal \ll of these changes appeared within three or
four weeks of treatment when treatment was discontinued, relapse to a
pretreatment status appeared within three or four weehs 1 some but not
all istances

Subsequent reports'*—** have confirmed these early observations In a
study of 13 pati nts with <arcoidosis Siltzbach™® reported detailed observa
t10ns on many of the clinical and pathologic results of treatment He noted
that some subjectis ¢ 1mprovement had occurred 1n every case but that i
none had this improvement approached a cure In 5 of 7 patients with
severe disability there was however sigmficant relief Response to tieat-
ment was irregular and often transitory lesions mught regress 1 one area
and rematn stationary 1n another He believed that new lesions were more
amenable to treatment than old ones although some which were known to
be old regres ed with treatment Relap-e occurred m 7 of 10 patients whose
treatment had been stopped, and this relapse oceurred as early as two weehs
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varous other pulmenary conditions 1n which cortisone and corticotropmn
have been used

Sarcordosis

Chiical, pathologic and physiologie studies have shown that among
cses of pulmonary sareoidous there may be wide vanation i the chmeal
mamfestations, phy siologic patterns of pulmonary dyvsfunction the natural
course of the disease and the histologie characteristics of the lesions An
understtndimg, of these vanations imong untreated eases 15 mmportant
any consideritron of the results of hormonal therapy and may help to
explain some of the differences 1n results which have been observed Three
ty pes have been 1dentified

Type I—Simple Restrictive Ventilatory Insufficiency In this group the
lesions, whether localized or diffuse are largels interstitial and symptom
atology 18 benign chiefly mild to moderate exertional dyspnez Physiologe
study!? shows (1) <ightly reduced lung volume and ventilatory capacity,
without emphy<emr (2) modcrate hyperventilation at rest nd dunng
esercise  (3) normal artenal ovygen saturation and onygen-diffusing ca
pacity (1) sometimes a moderate pulmonary arterml hypertension The
chnieal course 1s mild but usually prolonged

Type II—Syndrome of Diffusion Insufficiency or “Alveclar-Capillary
Block * The chmeal sy mptomatology in this group which has been described
by McClement et al ? and Austrian et al,? 1s apt to be progressive and
severe (1) marked hyperpnea and tachypnea leading to increesing dysp
nea (2) cyanosis on exercise later also at rest (3) peristent, short, non
productive cough (4) sometimes clubbing of fingers and peniods of fever
(5) 1n fatal cases the terminal episode may be bronchopneumoma or right
ventricular failure

The charactenstic phystologic abnormahties are (1) reductron m lung
volumes wathout evidence of emphysema (2) well mamtauned maamum
breathing eapacity (3) marked hyperventilation at rest and after exercree
(4) normal or only shghtly reduced arteral ovygen saturation at rest with
a marhed fall on exercise (5) reduction 1 the ovygen diffusing capzeity
(6) disturbance 1n the pulmonary ventilation perfusion relationships (7)
pulmonary arteral hypertension It 1s believed that the most important
defect 15 the reduction m the oxygen diffusing epacity Pathologieally
iffuse 1y olvement of the alycolar capillary «epta 15 always found

Type III—Physwologic Findings of Chromic Pulmonary Emphysema
Coates and Comroet as well as Lukas® have found phy<iologie changes
charactenistic of pulmonary emphysema 1n « few patients with pulmonary
sarcoidosts The-e studies and others have shown that all of the functronal
and hemodynamic changes seen 1n chrome pulmonary emphysema may be

neountered though obstructive or asthmatic symptoms may be anty shght
Chimeslly the pulmonary 1nsufhciency observed wmong this group has
vaned fiom mild to very severe and m some of these patients there was

evidence that their discase had existed for a considerable pertod
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the granulomatous leson of Boeek’s sarcoid toward a more fibrous and
hyalimzed phase There may be a decrea e 1n the constitutional and local
manfestations of the disease with cleanng, of the chest \ ray and a decreas
m the size of lymph nodes lner spleen and other imvolved organs Phy«io-
logte 1mprovement demonstrable by functional tests may sometimes
accompany these gross changes However the degree of improvement vanes
widels from patient to patient Ihe ¢ varations in response can possibly be
attnbuted to the duration extent location or histologic charactenstics
of the pretreatment lesion Relap e to pretreatment status occurs 1n &
large number of patients within a short time after therapy 1s stopped

Dosage While the place of cortisone and corticotropmn 1n the treatment
of rarcoido 1515 not settled hormonal therepy <hould certanly be gnen a
thorough trial in all cases of progressine di ease with symptoms

It 13 best 1 most cases to start with vigorous dosage, 200 to 300 mg of
cortisone on the first day then 200 mg 4 day for one to four days then 100
mg 2 day until improvement 18 well under way which may take a week or
even two or thrce weehs As aoon as po 1ble the do age 1< lovwered and an
cffort made to reduce the dailv muntenance dose to 50 mg a day  After
svmptoms and signs have reached a mimmum plateau level a period without
medication may be tried under clo e observation

Patients who do not begin to rcspond to tlus do age schedule within
a few days may be given a trial with higher doses for a weeh or more as
tolerated but not much can be cxpected 1n most resistant cases of this knd

Berylium Granulomatosis

Cort1 one and corticotropin are as yet the only known agents having a
defimitive action 1n arresting and in some cases appatently resolving the
manifestations of chronie berylium potsontng

First recognized about twenty years ago ¥ the damaging effects of ex
posure to beryllium and 1ts salts haye been extensnely imestigated Both
acute and chrome progressiye forms are recogmzed

There 15 an acneform shin eruption which clears upon removal of the
actual exposure An acute diffuse inflammation of the respiratory tract,
caused by nhalation of fumes or dust contaiming beryllium or 1ts salts 1s
usually mild 1n nature and clears spontaneously without sequelae

The important and serious toxic mamfestatton however 1s a diffuse
pulmonary granulomatosis caused by 1halation of berylhum particles
It may develop following only shight exposure or occasionally after a long
latent period The tvpical le 10n 15 a small granuloma with central grang
cell and penipheral epithelioid elements tending over months or years to
Pprogress to a chrontc fibrosis The disease 15 1n the lung parenchyma with
nterstitial infiltration causing loss of pulmonary expanston and charac
terstically a widespread thickemn,, of alveolar septa As first shown by
Whght Filley and Grinnel * the physiologie dysfunction 1s an alveolar
capillary bloch stmilar to that described under Sarcordoss Type IT

Symptoms are dyspnea hyperpnea cyanosis and cough Van Ord
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or as late as three months after cessation of treatment In 7 of 8 eases where
senial biopsies were tahen from Nrcherson s om p ipules or sarcord lestons
of skin, lymph nodc, lung, or bronchial wall there was a discermble merease
of fibrosis or hyalimzation when the post treatment biopsy specimens were
compared with pretreatment speamens In the 1 case i which no change
could be detected the pretreitment lesion was descrihed as already showing
marhed fibrosis and hyalimzation

In addition to these chineal and pathologte studies s few reports of the
cffcets of the hormones upon cardiopulmonary function n pulmonary
sarcoidonts are avmlable Galdston and lus associates! studied a patient
with pulmonary imolvement and phy«olotc findings smilar to those
descnibed under Fype I During treatment they observed a shght merease
m the Iung volume and maximum breathing eapacity The ventilation of
the phystologic dead space decreaced to normal but hyperventilation
persisted Renold and others ® in a study of the effects of smaller doses of
carticotropin grnven by prolonged intravenous infusion found that a patient
with pulmonary sarcotdosis obtamed marked climeal 1mproyement as well
as o pronounced mereise m the vital capaeity, maximum breathing e~
pacity, and arterial oxygen saturation Inerease in the vital and maumum
breathing eapaeities was also noted by Small ! In a patient with pulmonary
sarcordoss and physiologie findings of chrome pulmonary emphysema 1€
Type IIT Tukas® observed that a reduction m cough, wheezing and
dyspnea oceurred after cortrvone therapy was started and that the ratio of
residual v olume to total capacity decrcased the 11tal and maxtmum breath
mg capacities mcreased and the arterial oxygen saturation at rest and
during exereise returned to normal In this ease many of the changes prob
ably resulted from the rehef of bronchial or bronchiolar obstruction MeCle
ment and his assocates? found that m patients with the alveolar capilary
bloch pattern (Type II), the response to cortisone was vartable Two such
patients had marhed clinteal 1mproy ement with an increase 1n lung v olume,
decrease 1n hyperventilation and return to normal of all the following
measurements arterial osygen saturation after everuse ovygen-diffusing
capacity percentage of venous admisture 1n the arterial blood and pul
monary arterial pressure durmmg exertise Howeier, mn 2 other patients
whose disease was of longer standing, no significant change was obsery ed
1n the physologic findings duning treatment In another patrent with sareod
and physiologie findings of chronic pulmonary emphysema (Type 111), they
observed an improvement in pulmonary function which was manifested
chuefly by tmproved oxygenation of the artenal blood Howeier m thus
case the characteristic lung volume changes of pulmonary emphysema and
the previously observed pulmonary arterial hjpertenston could not b
significantly altered by treatment They believed that this failure of some

o make an adequate physiologic response could result erther from

<
i cnt or from the fach

the production of severe pulmonary fibrosis by treatm
that the lesion already was chiefly fibrotic before treatment was started
To summarize cortisone and corticotropin usually induce a change 1n
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the granulomatous lesion of Bocch s sarcord toward n more fibrous and
hyvalinized phase There may be u decrease in the constitutional and loeal
mamfestations of the disease with cleaning of the chest \ ray and a decrease
1n the mize of hymph nodes Iner spleen, and other involved organs Physio~
logic improvement, demonstrable by functional tests may sometimes
accompany these gross changes However the degree of improvement vanes
widely from patient to patient Ihe e v wriations m response ean po sibly be
attnbuted to the duration extent locatron or histologic charsctenstics
of the pretreatment lesion Relap e to pretreatment status occurs 1 a
large number of patients within a short time after therapy 15 stopped

Dosage Wlle the place of cortisone and corticotropm in the treatment
of sarcardosis 18 not <ettled hormonal therapy <hould certamnly be gnen a
thorough triil in all cases of progres e di ease with symptoms

It 13 best 1 most cn es to start with vigorous dosage 200 to 300 mg of
cortisone on the first day then 200 mg a day for one to four days then 100
mg a day until improsement 13 well under way which may take a week or
even two or three weehs \s soon as posable the do age 18 lowered and an
effort made to reduce the daily mamtenance do ¢ to 50 mg a day After
symptoms and signs hay e reached a minimum plateau level a perod without
medication may be tried under clo e obeeryation

Patients who do not begin to respond to this dosage schedule within
afew days may be given a tral with hugher doses for o week or more as
tolerated but not much ean be expeeted 1n most resistant cases of this hind

Beryllium Granulomatos:s

Cortisone and corticotropin are as yet the only known agents having a
defimtine action 1n arresting and 1 some ca es apparently resolung the
mamifestations of chrome beryMum poisontng

Frest recogmized about twenty years ago ® the damaging effects of ex
posure to beryllium and its salts have been extensiely imvestigated Both
acute and chronie progressite forms are recogmzed

There 1s an acneform shin eruption which clears upon removal of the
actual exposure in acute diffuse inflammation of the respiratory traet
caused by nhalation of fumes or dust contaimng berylhum or its salts 1s
usually mild 1n nature and clears spontaneously without sequelae

The important and cenous toue mimfestation however 1sa diffuse
pulmonary granulomatosts caused by nhalation of beryllum particles
It may deselop following only slight exposure or occasionally after a long
latent pertod The typical lesion 15 & small granuloma with central giant
cell and peripheral epithehioid elements tending over months or years to
Progress to a chrome fibrosis The disease 15 1n the lung parenchymsa with
Interstitial infiltration causmng lo s of pulmonary evpansion and charac-
terstically a widespread thichemng of alveolar <epta As first hown by
Wonght Tilley, and Grinnel * the physiologic dysfunction 1s an alyeolar-
eapillary block similar to that desenibed under Sarcoidosis Type 1T

Symptoms are dyspnen hyperpnea cyanois and cough Van Ord
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or as late as thrce months after cessition of treatment In 7 of § eases where
serral biopstes were tahen from Nickerson luveim papules or sarcoid fesions
of shin, Iymph node lung or bronchial wall there was 2 diseerntble increace
of fibrosts or hyalumzation when the post treitment biopsy specimens were
compared with prctrcitment speesmens In the 1 ¢a ¢ 1n which no change
could be deteeted the pretreatment lesion was described as already showing
marhed fibrosis and hyahmzation

In addition to the e cime ! and pathologic studies, o few reports of the
effects of the hormones upon cwdiopulmonary funection in pulmonary
sarcordosts are avmlable C aldston and s associates <tudsed a patient
with puimonary imvolvement and physiologic findings similar to those
desenibed under Type I During treatment they ob erved a shight inerease
1 the lung volume and manimum breathing capacity The ventilation of
the physiologie dead space decrcased to normal but hyperientilation
persisted Renold and others? in n <tudy of the cflects of smallcr do es of
corticotropin given by prolonged mtrw enous infuston found that a patient
with pulmonary sarcoidosis obtamed marked cluiucal mproyement as well
a3 n pronounced inerease i the vital caparty maximum breathing ca
pacity and arteral oxygen situration Inerease in the vital and maximum
breathing eapacities was alzo noted by Small ' In a patient with pulmonary
~arcordosis and phy siologic findings of chronie pulmonary emphy ema 1¢e
Type 11T Tuhas? obrerved that 4 reduction m cough wheczing and
dyspnea occurrcd after cortisone therapy was started and that the ratio of
residual 1 olume to total capacity decreased the vital and maximum breath
mg capioties mercased and the arterial oxygen saturation at rest and
durmng exerase returned to normal In thi, case many of the changes prob
ably resulted from the relief of bronchial or bronehiolar obstruction McCle
ment and s associates? found that in patients with the alveolar capillary
block pattern (Type II) the response to cortisone was vanable Two such
patients had marhed elinieal improv ement with an increase in lung 1 olume
decrease n hyperventilation and return to normal of all the following
measurements arterial oxygen saturation after exerer ¢ oxygen diffusing
capacity percentage of venous admixture m the srterial blood and pul
monarv arterial pressure duning exercise However 1 2 other patients
whose disease was of longer standing no significant change was obsery ed
10 the physiologic findings during treatment In another patient with sarcord
and physiologic findings of chronie pulmonary emphysema (Type III) they
observed an 1mprovement mm pulmonary function which was mamfested
chiefly by improved oxygenation of the arteriul blood However in this
case the charactenstic lung volume changes of pulmonary emphysema and
the previously observed pulmonary artenal hypertension could not be
sigmficantly altered by trentment They beliey ed that this failure of some
patients to make an adecuate physiologic response could result ether from
the production of severe pulmonary fibrosis by treatment or from the fact
that the lesion alrcady was chuefly fibrotic before treatme nt was started

To summarize, cortisone and corticotropin usually nduce a change m

VEs
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To summanize, experietice with the ¢ agents i pulmonary granulomato-
518 due to bery llim 1s still frigmentary It 1s sufhaent however to provide
a generil guide to tharapy  as wedl as to progne is e peenilly smee the
response 1n this disese appears to be stmlar to that in other chronie pul-
monary granulomatoses

Dosage In most instinces  ubstantnd dosige 13 nceded to ufect the
gramilomatous le ton of berylltons Van Ord trand ¥ who has ad perhaps
the largest chimel expencnce with this di eise recommends thit either
cortisone or corticotropin be grien in maximum do e 1€ corti one in the
range of 100 to 200 mg dwly for several weehs followed by gradual reduc-
tion to mainten ince levels The effeets produced by cortt one or by corta
cotropin 1n comparable dosage are escentially the =ime 1n most cases
thologm cnitena of mproyement are a rise 1n arterial oxy gen saturation
and a decrease in hyperpnea

The respon ¢ from pitient to patient 15 <o varable and unpredictable
that treatment should be indiidualized Improvement m some patients
will begin within a few days tn others within a month or occasionally two
months Since dosage 1s ligh unfavorable wide effects have to be watched
for constantly In many mstinees the mantenance dosage represents a
balance between the amount of improvement that can be achieved and the
Patient s tolerance Sometimes however remarkable control of symptoms
13 obtained and only small mantenance doses of o0 or 2> mg of cortisone
daily are necded Intermittent courses of corti one therapy may <uffice
occasionally the drug can be discontinued altogether without rcturn of
symptoms

Pulmonary Aspects of Collagen Diseases

Diffuse Scleraderma Becau ¢ of the effects which cortisone and corti
cotropin have been demonstrated to have in some of the other diseases of
callagen 1t 13 not surprising that these agents have been used 1n cases of
diffuse scleroderma with pulmonary 1m ol ement

Chimeally patients with scleroderms im olving the lungs have dyspnea
Which 18 often only slowly progressine but which eventually may become
extremely seyere and complicated by night ventrieular fallure \ nonproduc
therntative cough 15 another frequent complaint Baldwin Cournand and
Richards ! as well as \ustrian et al * have shown that these cases have @
Phystologic pattern simular to that deseribed under Sarcoidosts Type IT 1 e
alveolar capillary blockh Studies of autopsy matenal® -3 have shown that
late 1 the cour e of this disease the principal pulmonary finding 1s a
hyalhmized and fibrous orgamzation of the pleura alveolar capillary <epta
and the pulmonary nterstitial issue This process leads to the formation of
Cystic arcas as well as dense zones of fibrous t1s ue In addition the alyeolar
septa and the bronchial walls may be nhltrated by inflammatory cells
and one author®® has described adenomalike proliferations about the small
bronchi and bronchioles Some cetasia of the small bronchi has been fre-
quently observed
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strand, * who has followed a large number of patients with this diseace,
reports that one third of lns series have died, one third have shown progres-
s e deterroration, and m one third the (imieal condition has been more or
less statronary

Agamst this background cyperience n treatment of pulmonary beryllio-
s1s with cortisone and corticotropin over the past tuo or three vears has
shown that these agents i most instances produce some amelioration m
the disease but that this efiect 1« extremely vanable estending from com
plete relief of symptoms in some patients to httle or no improvement 1
others Wright * reported a case 1n which cortisone was continued for 134
days m do~ages varying from 33 to 100 mg daily The patient’s chineal
condition previou Iy deterioriing  began to improve and pulmonary
function and work tolerance mcreased throughout the period of treatment
IUme Inkley and Pritchard ¢ reported o patients with chrome bervilo 18
who were treated with earticotropin and cortisone Four were started on
100 units of corticotropin duly, continucd at this level for one weeh, and
then reduced gradually to 2 muntenance dose of 20 umts duly Cough and
dyspnea mmproved \-rags <howed partiil elearing The improvement
persisted for 1 short time after treatment was discontinued One patient
had a recurrence two months Iater with faverable re pon e to a second
cour<e of treatment Another developed symptoms with the onset of preg
naney and mproved only after the dowige of corticotropm wa increased
progressnely for two months eventually reaching 100 units dals  Cortrsone
m g dosage of 100 mg daily was then substituted and after 87 davs the
patient was delnered of a normal fant who developed a transient glyco-
sura after birth but recovered

De Nard) 7 reported 2 patients I treated suceessfully with corticotropin
and a second who failed to 1mprove with cortisone, 100 mg a day for 12
davs but later did <o on corticotropin Tlus patient was mamtaned on
20 umnits of corticotropin datly Ferntset 4l , #1n de unbing a series of patients
treated nith cortisone and corticotropin mentioned 3 with berylium granu
lomatosis All tmproved with corticotropin i doses rangmg from 2o to
160 unts daaly

One casc of bers losts successfully treated with cortisone 15 mcluded m
the large general experience reported by Trupp et al * In the senes of
Kennedy et al # who gave corticotropin in doses of 100 umts a das there
were 2 patients with berillosis In 1, treatment had to be discontinued
after 28 days because of emotional nstabilits but physteal improyement
continued for two months thereafter The other patient recerted treatment
I three <eparate courses, wnd his improement also contimued for ~everal
weehs after the last course

Austrian et al 3 reported 1 case of probable beryllioss 1n which no -
pro ement was obtained after four weeks of cortisone, 100 mg daily lP“I
monary function studies showed no change from pretreatment +alues
Chnteally 1t appeared that the di ease process was gradnally progressing
unfas orably

>
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To summanze expenience with these agents i pulmonary granulomato-
sis due to bery thum 1s still fragmentary It 3s <ufficient, however to provide
u general gmde to theripy 13 nwdl ne to progno s espeertlly 1nce the
response 1 this disease appears to be similar to that in other chrome pul-
monary granulomato es

Dosage In most instances substantial dosage 13 needed to affect the
granulomatous le 1on of berylhows Van Ordstrind # who has had perhaps
the largest climesl «xpenience with this disca ¢, recommends that ather
cortisone or corticotropin be gisen in maimum dosage 1, cortsone in the
range of 100 to 200 mg daily for several wecks followed by gradual redue-
tion to maintenance levels [he effcets produred by cortisone or by corti-
cotropin 1n comparable dosage are ewentially the same m most cases
Physiologie entena of improvement are a r1 ¢ 1n artenal oxygen <aturation
and a deercase in hyperpnea

The response from patient to pitient 18 so vanable and unpredictable
that treatment should be individualized Improvement m <ome patients
will begin withm a few days 1n others within a month or vecasionally two
months Sinee dosage 13 high unfayorable sde effects have to be watched
for constantly In many instances the dosage represents a
balance between the amount of rmproyement that can be achieved and the
patient s tolerance Sometimes however remarhable control of symptoms
15 obtaned and only small maintenance doses of 50 or 25 mg of cortisone
daily are needed Intermttent courses of cortisone therapy may suffice
oceasionally the drug can be discontinued altogether without return of
symptoms

Pulmonary Aspects of Collagen Diseases

Diffuse Scleroderma Because of the effects which cortisone and corta
cotropin hate been demonstrated to have 1n some of the other di eases of
collagen, 1t 1s not surprising that these agents have been used n cases of
diffuse scleroderma with pulmonary 1y obv ement

Chmcally patients with scleroderma mvolving the lun,s have dyspnea
which 13 often only stowly progressive but which eventually may become
extremely severe and complicated by right ventricular failure A nonproduc
tive rnitatns e cough 1s another frequent complamt Baldwin Cournand and
Richards ! as well a5 Austrian et al ? have shown that these cases hive a
physiologie pattern similar to that described under Sarcotdosis Type 11 1¢
alveolar capillary block Studies of autopsy matenal’>= have shown that
late in the course of this disease the prineipal pulmonary finding 15 a2
hyalimzed and fibrous orgamzation of the pleura aleolar capillary septa,
and the pulmonary interstitial t1s ue This process leads to the formation of
cystic areas as well as donse zones of fibrous tissue In addition the alveolar
septa and the bronchial walls may be infiltrated by inflammatory cells
and one author®® has desenibed adenomalike prolferations about the small
bronehi and bronehioles Some ectasia of the small bronchi has been fre-
quently obseryed



391 MEDICAL UNFS OF COPTISONE

Most of the paticnts with «clerodermna whose treatment with corts one
or corticotropis has been reported either hve not had agmificant pul
monary disease, or they have been tudied by iy estigators who were prn
caipilly concerned with «ome other o peet of the dicease In the group of
pitients with seleroderms reported by Basles et al ® there 15 one who
apparently had involvement of the lung Durnng treatment with corti-
cotropin (16 umts daily for 20 days) modcrate improvement occurred 1n
the shin and jont mamfestations but no <hange in her pulmonary statuss
mentioned  West and his asocntes® summanzed the treatment with
corticone of v patient with generalized ~eteroderma and puimonary n~
rohement 100 mg was ginven duiy for 1o dave followed by 100 me dads
for 4 divs The pulmonary <ymptoms were not altered and repeated
cardiopulmonary funs tion studies <hown ed an unchanging pattern of ak eolar
cipillary block Dunng this penod the imolved <k improved hghtly
Taubenhaus and Lev!? observed that the cough sub ided and breathing
becime easier i a patient with <eroderma mmvolving the lungs dunng
treatment with cortisone (300 and 200 mg on the fr<t and ~econd dave
followed by 100 mg dailv) There was no change in the appearance of the
chest X ray during tre ctment but the shin and joint manifestations 1m
proved and <hin biop 1es showed some Jooening of the collagen bundles

While 1t 15 unhihely that corticone or corticotropin would matenally
change the fibrous process which 1s the prinapal defect m this dicea e 1t 13
possible that thev could affect the inflammatory reaction which has been
deseribed in the bronchi and alyveolar septa and thus produce minor changes
m symptoms Because there 15 no evidence that thewe agents improve the
iffusion of oxygen across the ahveolyr membrane which has been thichened
by seleroderma 1t 15 unlihels that they would sigmficantly alter the cour<e
of seleroderm inmvolving the lungs

Cortisone and corticotrapin should probably still be regarded as of
unproved 1alue . puimonary wcferoderma If treatment 15 undertaken
because of progressive or disabling, svmptoms tests of pulmonary function
will be helpfil 1 deeiding whether any phy<iologie change has occurred
and whether treatment should be continued

Other Collagen Diseases In rheumatic fever polyartentis and acute
disserminated lupus erythematosus pulmonary mfiltrations and pleural
effusions are sometimes obseried Thee may result from congestive fmiure

ing bronchop or the specific lesions of these discases
Climeally 1t may often be difficult to determine the etiology In 2 patients
reported by Carey Harvev and Howard® the severe pleuntic pan wineh
was present m 2 cases of dissenunated lupus ervthematosus disappeared
within 24 hours after the start of treatment with corticotropin Soffer and
Bader®® alo found that 1 9 patients with diseminate d lupus ery thematosus
the pleural effusions cleared within two weeks of the start of treatment

with cortisone or corticotropin
The details of treatment of theso disences are discu ed 1n another

1

chapter
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Nonspecific Put v G 1

Cort1 one and corticotropin have al o boon used to treat granulomas of
le s «pecific type or etiology than tho ¢ which have been di cus ed 1 ths
chapter A few cases have heen reported' 22 of granuwlomatous direase of
the lung not attnbut thle to exposure to toxic substances and with a la to-
logte pattcrn that s net characterstic of Boeck s <ircoid or berviliosis
Clineally and physiologically the e cases have a pattern <imilar to that
desenbed under Sarcordosts Type 1 and Bervihum Granulomato s 1e
the pattern of alveolar capitlary block 1 athologically they have been found
to have an extensive msaston of the alvcolir capillary septa by a granu
lomatous process The ¢ granwlomas have been compo ed of epitheliod
cell with large numbers of 1 int cells which have been of both the Langhans
and foreign body typc and hwe contamed large amounts of doubly refrac
tile lamellated cry talline material Similar granulomas with the <ame t3 pe
of erystalline material have been ob crved in Iymph nodes

West et al # obseried a voung man who had the physiologic pattern of
alseolar-capillary block and a granulomatous process in both lurg and
lymph nodes like that just deseribed Durnng his first course of treatment
with corticone (100 myg daly after larger doses on the first three dayvs) they
observed a decrease mn dy pnea and on X ray of the chest an incomplete
but defintte cleaning of the reticular infiltration w the lungs and a decrease
of tular lymph node enlargement \ second biopsy of the lung <howed
replacement of the previously noted epithelial cells by hyalinlike matenal
Phystologic studies <howed mprovement m the artenal oxygen saturation
after exercase sl ht inercase i oxygen diffu ing capacity and return to
normal of the venous admivture in the artertal blood Treatment was
stopped ifter three weehs and <ubsequent unpublished obeervations have
shown that a relap e to his pretreatment status occurred re treatment with
cortisone produced no such signific int change as occurred with the first course

This same paper?® contams a report of another case 1 which dramatic
improvement on corticotropm and cortisone was observed The patient
was a young woman of 26 with merensing dy~pnea cvanosis and cough
for two years so cverc in the preceding month that <he had been confined
tobed On admission to the hospital she was profoundly anove and required
an o<ygun tent continwously Three weeks after :dmivsion having had no
improvement she was started on corttrotropin In Figure 38 the treatment
and progressive improvement are charted Physical signs and \ ray findings
cleared simultancously In the two years since then she has required corti-
sone most of the trme but i doses of only 50 mg three times a week

Austrian et af ¥ mention another patient 1n whom a biopsy of a periph
eral [ymph node howed a granulomatous lesion with birefractite crystals
and numerous foreign body giant cells In this patient .evere alveolar-
capillary block comphicated by right ventricular failure was pre ent Treat
ment with eortisone produced no change 1 the climeal or phvsiologie status

\utopsy showed widespread pulmonary fibrosis with granulomatous lesions
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Most of the patients with scleroderma whose treatment with cortisone
or corticotropinr has becn reported exther have not had wignificant pul
monary disense or they have been studied by mvestigators who were prm
apally concerned with some other aspeet of the diease In the group of
patients with sderoderma reported by Bayles et nl * there 1s one who
apparently had mvoliement of the lung During treatment with cortt
cotropin (40 umts daily for 20 days) moderate smprovement occurred 1n
the skin and jomt mamfestations, but no change in her puimonary status 1
mentioned  West and his as octites? summarized the treatment with
cortisone of a patient with generiized scleroderma and pulmonary i
volvement 100 mg was given duly for 15 days, followed by 100 mg daily
for 4 days The pulmonary symptoms were not altered, and repeated
cardiopulmonary function studies showed an unchanging pattern of alveolar
eapillary block Duning this persod the involved shin mmproved shghtly
Taubenhaus and Ley® observed that the cough subsided and breathing
became easier 1 a patient with scleroderma molving the lungs dunng
treatment with cortisone (300 and 200 mg on the first and second days
followed by 100 mg, daily) There was no change 1n the appearance of the
chest \ ray during treatment, but the <hin and jomnt mamfestations 1
proved and shin biopaies showed some loosenng of the collagen bundle=

While 1t 1s unhikely that eortisone or corticotromn would materally
change the fibrous process which 1s the prinerpal defect 1 this disease 1t 1s
poswible that they could affect the inflammatory reaction which has been
described 1n the bronchi and alveolar septa and thus produce mnor changes
in symptoms Because there 1s no evidence that these agents improve the
diffuston of oxygen across the als eolar membrane which has been thickened
by scleroderma 1t 1s unhhely that they would significantly alter the course
of scleroderma involving the lungs

Corticone and corticotropin <hould probably still be regirded as of
unproved value 1n pulmonary scleroderma If treatment s undertaken
because of progressnie or disabling symptoms test« of pulmonary function
will be helpful 1n deciding whether any phystologie change has occurred
and whether treatment should be continued

Other Collagen Diseases In rheumatie fever polyarteritis and acute
dissemmated lupus erythematosus pulmonars 1ufiltrations and pleural
effusions are sometimes obsersed These may result from congestive fanlure,
1 broncel or the speetfic lesions of thewe di eases
Chnieally 1t may often be difficult to detormine the etiology In 2 patients
reported by Carey Harvey and Howard® the severe pleuritic pam which
was present in 2 cases of dissemmated lupus erythematosus disappeared
within 24 hours after the start of treatment with corticotropm Soffer and
Bader® al<o found that 1 9 patients with dissemnated lupus erythematosus
the pleural effusions cleared within two weehs of the start of treatment

with cortr one or corticotropin
The detalls of treatment of the e diseases are discussed in another

chapter
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(1) Chromic interstitinl or restrictive fibrosis, of which uncomplieated
sihicous 1s an example a condition producing melastieity of lung, tissue with
restricted ventilators capacity  d exertional dyspnea One would not
expect that this fived fibrous tissue infiltration would be appreciably altered
by cortisone

2) Complicating obstructive emphysema with or without asthmatic
symptoms Cortisone may bring relief m this condition by its antiallerpic
effects ns in bronchial asthma or perhips by redueing an acute mflamma-
tory process in the bronchial and broncliolar walls

(3) Complicating acute or chronie infection, hronchitis hronchieetasis,
bronchopneumoma It has been shown that cortrsone and corticotropin may
act adver ely on sueh conditions by reactivating an old infection or per
mitting the implantation of a fresh one

(1) Complicating tuberculosts Cortisone or corticotropin, especially
1f used for extended periods may result n reactivating an old tuberculous
focus This 1s further discus ed 1n the chapter on mnfection

With the wide use of eortisone and corticotropin certainly many pa
tients with pulmoenary fibrowis of one type or another have been treated
with these hormones Tor the most part these cases are only noted n the
literature 1n the rare 1nstances assoctated with unfavorable side effects A
fen more direct obscrvations have been made Ferris et al ®* described a
patient with pulmonary fibrosis who was not improved by cortrcotropn
and another who showed a moderate subjcctine improvement Iiennedy
et al # reported a patient with silicosis who recerved 100 to 160 umts of
corticotropin for 30 days with resultant improvement 1 cough sputum
and dyspnea Tlis mprovement persisted one weeh after treatment was
stopped Cortisone 200 mg datly was then gnen for a weeh agamn with
relief of symptoms Chest \ rays showed no change dunng the course of
therapy It 1s not clear whether or not this patient had an associated
emphy sema

In unpublished studies based on experience 1n the authors clime, the
action of cortisone or corticotropin 1 long standing chronie pulmonary
fibrosis without obstructive emphysema or asthma has been largely negative
If however n an mdividual ease symptoms are progressing and unrelieved
a schedule of treatment similar to that recommended for granulomas may
be tried

Ph, logic tests of the pul y function of a patient will often deter
mne whether sufficent obstructive emphysema 1s present for cortisone
therapy to be effectne If there 1s an element of emphysema this agent
may bring real relief sometimes 1n doses as low as 25 mg daly

Other Pulmonary Conditions
Pulmonary Carcinoma The results to be obtaned with cortisone and
corticotropin 1n this discase may be considered n two categores (1) direct
therapy and (2) repl therapy foll g bilateral adrenal
(1) Lattle benefit 13 to be anticipated 1n established carcinoma of the

.
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m the ilar and medwstinal lymph nodes It could not be determimed

whether treatment with cortisone comverted the pulmonary leston from
granulomatous to fibrotic or whether 1t was fibrotic when treatment was

started
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Fia 38 Chart showing the changes i resting ventilation and arterl oxygen
saturation 1n association with cortisone and corticotroptn therapy 1n o patient with
pulmonary isufficiency of unknown ctiology The measurements on May 12 were
made while the patient was breathing arr containing 25 per cent oy gen Subsequent
measurements were made while the patient was breathing, air containing 21 per cent
ovygen (room air) (Trom West et al %)

In these less well defined granulomatous diseases of the lung the n
constant and vanable response to cortisone and corticotropm, as well as
the conversion of the granulomatous lesion to a more hyaline and fibrous
process 15 simular to the results which hay e been obsers ed 1n Boech’s sarcord
and berylliosis The retsons for these v arations in response are not clear
but probably they are smilir to those which have been diseus «d under
Sarcoidosis

Stlicosis, Chronic Fibrotic Pulmonarsy Disease

Tlus large categors of disabling pulmonary disease must be constdered
from the point of view of the acton of cortisone and corticotropin 1 scverd
aspeets These may be hsted as follows
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lung 1n the way of measurable effect upon the lesion In Peirson and Thel <
sertes 40 2 eases of bronchogeme ¢ sranoma were treated with cortisone or
corticotropn without demonstrible change i the tumor A patient with
tracheal carcinoma treated by Iaylor Aver and Morrs't had repeated
biopsies before, during and after therapy  \o changes were noted, and
extension of the tumor occurred durmg treatment

(2) Of 18 patients with prostatie breast, or other types of caranoma
treated by Huggins and Bergenstal* by total adrenalectomy and subse
quent maintenance on cortisone 2 with pulmonary metastases re ponded
favorably One patient with primary bronchogcme carcinomse was not
mmproved by adrenake ctomy

Among ather pulmoniry conditiony or diseases with pulmonuy com

plications that respond favoribly to cortisone or corticotropin therapy,
trichinosis®® and T oefller s syndrome** * m1y be mentioned
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Infections

Chester S Keefer

The general warlability of erystatline cortisone has stimulated mvest
gations of the relation between adrenocortical hormones and the course of
many infections Also the question of the relation of adrenocortical hor-
mones to reswtance and the total defense forces of the body has been
reopened

It has been demonstrated that i several diseases admimstration of
cortisone or corticotropin to patients with a Vanety of infectipns 1s followed
by & profound change in the chmeal course There 1s often a deerese of
fever disappearance of the symptoms and signs of mtoxication and evidence
of suppression of mnflammatory processes Thewe mdications of improve
ment howeser, may be associated with an advance of the infection even
though there are few or no overt symptoms or signs When admimstration
of the hormones 12 stopped  the ses ere sy mptoms of infection often reappear

This chapter will be devoted to a discussion of cortisone in infections It
will conclude with a summary of some of the important points concerming
the relation of adrenocortical hormones to resistance

Infectsons and Intoxications Treated with Adrenocortical
Hormones

In Adrenalectormuzed Amimals The relationship of adrenocortical hor
mones to re 1stance has been studied most extensively 1n adrenalectomized
anmmals In 1941 the subject was reviewed by Perla and Marmorston! mtheir
monograph entitled Natural Resistance and Clinrcal Medieine I ater reviews
by Hartman and Brownell? and Sely¢? are 1n essential agreement, that adren
alectomy 1n animals decreases resistance to many infections and tovic agents
Also there s il ity to anaphylaetie shock and to listamine
The theory that this decreascd resistance 1s caused by a loss of cortical

From the Mas achusetts Memonil Hospatals 2n1 the Department
Boston. Unnversity Schoot of Medieine Boston Maseachusetts of Medeine
401
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cotts one 14 given to these prtients during an anfcetion the dose should be
ndequte to muntuin normal equilibrinm: but 1t should not be execs ne
order that mfl immation will not be suppre ed The patient with Addison’s
i ease 15 the climueal counterpart of the adrenalectormzed ammal with an
mfection

In Patients with Normal Adrenal Glands A vanety of infections have
been oberved 11 mn following the use of corti one or corticotromn alone or
1 combination with antibactenial agents A number of wartming signals hate
been posted 1h editorials and m <pecial articles eoncerned with the problem
of infection and resstance and the adrcnocortic )l hormones because of
evdence that cortisone ean induce a reduction 1 ressstance Inflammation
18 suppressed but the infection may spread i gpite of sy mptomatic improye-
ment This may occur without ans evidence of the suppression of antibody
formation or of dircet stimulation of the growth of microorgamisms In
the hght of thewe facts hormonil therapy should be admimstered with
great catition m any paticnt with an wfection

Adrenocortical Insuffi y 1n Acute Inf D

Before discussing the effects of cortisone or corticotropin i specific
mfecttans 1t 15 well to consider the question How often does adrenocortical
sufficsency occur asa part of the climeal picture inacutenfectious di cases?

During the cour e of mfections in man Irowne has found an increase
1n the exerction of adrenocortical hormones m the unne This response of
the adrenal gland to infection 1s probably nonspeeific since a varety of
mjurtes may cau e a wmlar reaction 1he true sigmifieance of this increased
exeretion of hormones 13 not known So far Browne has not been able to
demonstrate a quantitatine reduction in the response of the adrenal gland
tonfection "The possibihity of partial farlure of adrenal function during the
tourse of some 1fections needs to be examimed further

In the past some 1ndirect extdence of adrenocortical msufficiency durning
the course of certain acute mfections was developed from a study of the
electrolyte pattern of the blood The changes noted are suggestiy e of adreno-
cortieal ffi 3y namely ad msodum an ncrease 1n potassmm
and chlonde hypoglycemta hemoconcentration and arculatory collapse
Furthcrmore  there are scattered re ports that the use of adrenocortical
extracty and <odm chlonde has been helpful 1n combating cireulatory
farlure awsocrated with infections Until more mformation becomes avatlable
such data must be mterpreted as constituting only indirect evidence of
adrenocortical msufficiency

When the adrenal glands are eximined at postmortem they are found
to hai¢ undergone profound hrstologic changes during the course of many
severe infections In recent vears Rich'® has directed attention to the

peculiar type of adrenal cortical damage associated with acute infections
and 1ts possible relation to airculatory coll wpse  In his excellent essay he
descnibes the damage to the adrenal cortex that follows various acute mn
fections and gives clear illustrations There 15 necrosts of 1solated cells and
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funetion recen ¢ support from the obsery ation that resistance can be raised
by adrenocortie il hormones

The mechanism by which adrenalectomy ¢ iuses a decret e in re 1 tance
remauns obscure That 1t decreases natural immumts to wfeetion <ecms
denr Acequired mmututy 15 not reduced however and the eapaoty fo
produce antibodies remains substantially unch mged It has heen suggested
that the disturbances noted may be causcd i part by alterations i elec
trolvte balanee but this change cannot explan all of the obeerved facts

While animals with adrenocortical insufficiency can be made le s st
ceptible to toxic agents following adrenocortical therapy, hittle or no benefit
can be discovered n mtact ammals subjected to the <ime agents when
cortical extracts are used “ehve? has however been able to increase re-
sistance to some extent mntact antmals exposed to trauma cold and drug
The dosage of adrenocortienl hormones mav be a most mnportant factor
smee exeessive amounts of these hormones given to intact ammals exposed
to infection may hwe a delctenous effect upon the resistance to the mfec
tion whereas small doses may have a slightly fa\ orable effect

In Intact Ammals When cortisone or corticotropin 1s gnen to mtact
ammals subjected to mfection there may be shight or no pratection When
lirge doves are given however, resistance to the infection 1s defimtely sup-
pressed This has been true 1n all amimals ncluding those recen ing passive
antibodies sufficient to mereise resistance to the pathogeme agent Th
depres<ion of resistance has been obsersed 1n a vanety of bactenal iral
and parisitic infections in ammals including the hemolj tic streptococeus,* #
the 1 occeus & the ment oceus ® Brucella * Treponema pallidum *
the staphylococeus *° trichophy ton ' influenza virus ¢ poliomyelitrs virus M
and malari] parasites !

This decreased reststance 1 mtaet anmmals follow g admiustration of
cortisone or corticotropin 1s probably due to a nonspectfic effect upon the
processes of inflimmation All those who have studied the tissue responsesin
these cases agree that inflammatory reactions are repres ed and the mfection
15 poorly localized Evidence that cortisone stimulates the growth of bac
teria or decreases phagocy tosis by leukocy tes 1s lackang but there 1» evidence
that 1t suppresses 1on Raisst? has <« ted that the actruty of
the reticulo-endothelial cells may be inhibited by these hormones so that
maaimum activity of the clearing mechamsm of the body 1s prevented

Herc then 15 a paradosical situation Ammals with adrenocortical
msufficiency have an inereased susceptibihty to infection and mtact ammals
which have recerved large amounts of cortisone ikewise exhbit an mnereased
suscepttbility The suppression of inflammation may account n part for
the latter reaction, but the mechanism i the e animals 1s unknown

In Patients with Adrenocortical Insufficiency It 1s well known that
patients with Addison s disease are especally susceptible to 1nfections and
that comversely infection 1n these patients are likely to precipitate a et ‘St
Introduction of the ant1 mfective agents and of cortisone has bec}u :l. gl::n
benefit to those with Addison s discase It 1s agreed howeier, that w
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a transformation of the sohd cords of the zona fisereulata mto tubular
structures contaming an inflaimmatory exudate These changes have been
observed at autopsy 1n patients who had had meningocoecic, preumococele,
and streptococeic mfections, and diphtheria They have been noted espe
cially m persons who died with an assoented cireulatory collapse

Prior to Rich’s observations, and dunng, World War 1, Deetrich! made
an extensive study of the anatomic changes n the adrenal glands during
the course of sarious infections, including wound nfections gas bacillus and
streptococcie infections, and pertomtrs In all of these the glands were
damaged as shown by edema and a loss of hipoid material in the three layers
of the cortcx These changes were followed by necrowis complete destruetion
of cortical cells, and proliferation of the vascular connectine tissue of the
cortex  These listologie changes are & part of the septic tovie process and
duffer from the metastatic septic processes 1n which there 13 a deposition of
orgamsms 1n the capillaries, massiie necrosis hemorrhage leukocytic 1m
filtratron, and abscess formation Many other obseriations have becn made
concerming the histologic changes i the adrenal cortex following infection,
so that 1t 15 fair to say that a wide vartety of infections have & deleterous
effect upon the anatomic structure of the adrenal cortex

I'rom such observations then, we may conclude that during acute n
fi My those nied by signs of acute eirculatory collapse
the possibihty of adrenocortical nsufficiency should be considered and
studies devised to determine whether this concept can be confirmed

Effect of Hormonal Therapy upon Specific Infections

Hemolytic Streptococcus Sore Throat Inasmuch as acute rheumatic
fever follows tonsillitss caused by hemoly tic streptococer 1t was only natural
that cortisone should be studied in patients with the latter mfection m an
attempt to determine whether cortisone alone influences the course of the
disease and whether acute rheumatic fever can be prevented by 1ts use
during the course of the 1cute nfection Hahn and lus co workers™ studied
a group of 174 patients with hemoly tic streptococcus sore throat One half
recen ed no trentment and the other half recert ed short courses of cortwone
for five or six days mn a total dosage of 500 mg

Cortisone had no effect upon the sy mptoms or physical signs of infection
and the patients recening the hormone had fever for a longer perod than
did the controls Suppurative complications developed m one of the cortt
sone treated patients and m 3 of the controls Rheumatic fever develaped
1n 2 of the treated patients and 1n 5 of the controls The P R mterval by
electrocardiogram (Eca) was greater than 021 second 1 5 of the treated
patients and 1n 4 of the controls In short, cortisone had no effect upon the
symptoms oI Signs of the acute dicease, and 1 the dowes employed, 1t did
not merease the meidence of fsuppurame complicatrons nor did 1t prevent

f acute rheumatic fever
the;f;i D“ as no evidence that cortisone depressed the antistreptolysin

response In fact, the titer of antistreptolysin was hagher m the treated
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closed by \ rav exammation of the lungs In patients with asociated
tubereulo 15 of the Lirynx the edemy decrcases and improvement follons
In <ome paticnts the tubereuln reaction 15 reversed

The e responses 11t only while the hormone 13 being admim tered Its
withdrawal is often folioned by a flarc-up of all the sy mptoms and signs of
the pulmonary le 1ons Trom these ob envations 1t 15 suggested that the
effect of corts one tn active pulmonary tiberculosts 1s to suppre s the inflam
matory and the allergic hyper ensitivaty reactions and that when the corti
sone 1s withdrawn the inflimmatory reactions once again assert themselves

Actwe Tuberculosis Associated with Addison s Disease I hns 15 the one
situation 1n which cortr one 1s indieated s replacement therapy n the pres-
ence of active tuberculosts The hormone should be grven m the smallest
daly dose thet will muntun the patient i equlibrium

Inactwe or Latent Tuberculosts \ few ca eshave been reported in which
patients with mactis ¢ or Iatent tuberculowis developed the aetine or disserm
nated form of the di ea ¢ followiny, hormonal trcatment for rhenmatod
arthntis or acute diss minated lupus erythemwtosus #-37

From all reports and <tudies so far 1t 18 plawn that cortisone or corlicotropin
should be wsed 1 the treatment of tuberculosis only when there 1s ascocrated
1ddison s disease Patients with active or latent tuberculosts should not re-
cenve hormonal therapy at the present time and all patients under prolonged
treatment with hormanes hould be examined pertadically for stigns of active
infection

Acute Penitoniis In patients dying from acute peritomtis and in animals
with experimental peritomtis the hpid content of the adrenal cortes de
ereases sigmbeantly It has been postulated by some that this change may
be followed by a failure 1n function and masy account m part for the fatal
termination 1o test this postulate Boling and his assoctates’® treated a num
ber of peritomitis patients with combined chemotherapy and hormonal
therapy (cortisone or corticotropin) There was a rapid disappearance of

toxieity  and prompt rcturn of normal gastromtestinal function These find

ngs indscate that this combined therapy may produce better results than
chemotherapy alone but further c\plurahon and careful study are required

‘Waterhouse Friderich Sepsis Purpura
and Acute Circulatory Collapse This syndrome 1s often associated with
massine hemorrhage into the adrenals or severe anatomic damage to the
glands The prognosis 1s usually grave and recovery was very rare before
the chemotherapeutic era A4 pre-ent treatment of the sepsis Wath anty
nfectine agents of the shock with parenteral fluds and the use of corts
sone as well as other adrenal hormones has resulted mn recovery of a fen
Patients ¥ 40 Certainly this 15 one infection 1 which replacement therapv
with cortisone 15 indicated

Summary
The place of cortssone 1n the treatment of wnft ctions has not been defi-

nitely determined Certanly 1t should neer be used as the sole agent mn the
treatment of infectiony
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empyema One of the paticnts with primary ats pieal virus pnenmoma had
a severe and protracted course In <hort corticotropin can altcr the cour ¢
of hoth pneumococcic and atypical virns pneumoma mwofar as symptoms
of acute “tovienty  are concerned but it has no effect upon the organism
In the experimental ammal treated with corticone and nfected with pneu
moeoccus 1t has been shown® that the inflammatory lesions mn the lung are
suppressed and that they contam an excessive amount of acellular flind
which e many orgnisms

Trchinosss  Cortisone and <orticotrapin effect sy mptomatie relef of
trichinosss 3 ¢ Tever edema ind muscular pams decrease rapidly and
improvement occurs promptly  Ihes 15 one of the first advanees in the
treatment of this pirasitic mfestation The symptomatie relief 15 related
m some w1y to the antigen anttbody reactron because in the experimentally
produced disewse in gumea prgs corticotropin does not prevent death when
massive Infection ts present nor does 1t affect the number of parasites 1
the muscles ©he percentage of eostnophils in the arrculatmg blood decreases
temporarnly

Keratodermia Blennorrhagica Associated with Gonococcic Arthnitis
Corti~one hins been «hown to have a beneficial effect upon the shan lesions of
Leratodermia blennorrhagica 3 associated with gonococeie arthritis It
therefore deserves further tril in this dermatologic condition

Malaria When given to monheys with malana ! corti one cau es an
merease tn the parasitemrn in the posterttieal phase and the re ponse resem
bles thit which follows muaria Lymphemia and a decrease in the suze of
the 1ymph nodes ind splecnt also oceur Treatment of the chronte or latent
stages of the mnfection proyokes a recrudescence which may be very <cvere
These studies suggest that cortisone and corticotropm are contrundicated
1n the treatment of malann The same obser atton has been made m man *

Leprosy Iepromatous lestons have been observed te decreise under
treatment with corticotropm 7 and 1t 15 suggested that this 1s the result of
a change n the local tissue reactions

Tuberculosis Experimental Infections in Animals It 15 generally ad
mitted that both cortisone and corticotropin suppress the inflammatory
lesions of tuberculosis n the mouse guinea pig and rabbit The mortality
mereases 1 hormone treated ammals and the lesions become more necrotic
and contain larger numbers of bacilli - There 15 some evidence that the
beneficial effect of streptomyemn may be partly lost by the addition of
cortisone n the management of experimental nfections ? All the studies n
esperimental tuberculosis suggest therefore that cortisone enhances the
severity of tuberculous infection and that it cts by altering the tis ue
reaction around the bacilli rather than by any direct effect upon the organ
1sms themselves

Actwe Tuberculosts in Human Beings When cortisone or corticotropin
1s given to patients with actne pulmonary tuberculosis a stribing change
rs during the period of therapy ** There is defer e~cence, 1mpro\ ement

occu
ry regresston of signs of mflammation as dis

of appetite and a tempora

~
~
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The combined use of antimicrobic agents and cortr-one needs further
study espeeially m pitients with adrenil insufliciency or with acute erce
latory fmlurc assoctated with infections i which there are signs of adreno-
eortical msufficiency

In experimental antmaly cortisone enhances tuberculows and infections
due to memngococar hemoly tie streptococct, staphylocoeer pneumococe,
mfluenza virus poliomy elitis virus, Brucelly, trichoph ton, treponems, and
malarial paraates

Cortisone produces chneal improyement 10 patients with Addison's dis-
case associated with tubereulosis when gnen in small do es (00 mg a dvy)
1 combmnation with strcptomy cin

Cortisone may produce ehnical improvement with relief of symptoms
and signs of acutc intoxteation 1n patients with typhoid fever Rochy Moun
tain spotted fever lobar p and aty pical virus preu
moma The mfective agents are not affected, and relapses and complications
are not prevented When cortisone 1» used 1 the management of such pa
tients 1t should alwavs be combined with the most effeetive antunicrobic
agent The precise indicitions for cortisone treatment i such infections are
unknown

While cortisone 15 bemng used for the treatment of any chrome di ease,
such as rheumatoid arthntis or disseminated lupus ery thematosus the pa
tients should be followed most carefully for signs of infection It 1> estab
lished that when patients undergomg treatment with cortione develop an
intercurrent infection many of the common signs of mfection such as fever
and the associated symptoms of intoxication may be absent VWhen latent
tuberculosts becomes ictne 1n a patient under cortisone treatment the
symptoms may be rmmmal in spite of the activity and progresston of the
disease It1s well therefore, to study all patints under cortisone treatment
earefully for signs of infection
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Eye Diseases

Alan € Woods

In 1949 shortly after Hench and his associates 1n the Mayo Clime pub
lished their paper on the dramatic effects of cortisone and corticotropin upon
the subjectine symptomatology of rheumatoid arthntis 1t was noted by
several observers that these agents had a similar effect upon the acute non
granulomatous iritis so often assoeiated with rheumatod arthntis Although
these substances were then in scant supply and only 4 few cases of ocular
disease could be treated 1t soon became evident that they had s remarkable
effect upon various other ocular inflammations There was no information
then avalable on the therapeutic range or limutations of these hormones
the proper dosage or methods of admimistration for ocular disease or the
mechanism through which they exerted ther effect A good deal was known
however of ther general physiologic action and certain defimte contra
indications to their use (though by no means all) were recogmzed

Ophthalmologists were therefore confronted with a fourfold problem
which may be summanzed as follows (1) to determine the therapeutic
range and limitations of these agents in ophthalmology 1€ toascertan the
extent of a fayorable chinical therapeutic action and the ocular conditions 1n
which they were effective, (2) to determine the proper dosages and the opti-
mum methods of admumstration 1 ophthalmie disease (3) to determine the
effect of these hormones upon various experimental ocular lesions and to
explore the mechanism of their action i this field (4) 1n the light of ehmieal
and experimental iy estigations to determune the ocular conditions in which
hormonal therapy mught have a deleterious effect and be spectfically
contramndieated

From the Wilmer Ophthalmological Institute and the Department of Ophthalmalogy
‘The Johns Hopkins Uarversity School of Medicine Baltimore “Maryland
he portions of th ¢ report emanating from the Wilmer Ophthalmological Institute
were supported hy & grant from the National In titutcs of Healtt U S Tutlie Health
Service This chapter 15 an extension and amplifi ation of a paper by the same author 1
the British Journal of Qphthalmology 36 401 1822
411
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As these substances came 1nto more abundant supply, ophthalmologits
addressed themselves to these problems with enthusiasm In the short period
of five years, a mass of information has been collected on the use of cortisone
and corticotropin 1n ophthalmology Hydrocortisone became ayailable later
than cortisone and consequently has recenved less itenstye mvestigation
Lhe indications are, however, that its action 1s stmular to that of cortisone,
and possibly even morc effective The evidence now avarlable makes a form
dable and remarkably umform total The purpose of this report 15, therefore,
to assemble the mformation already obtaned and to pomt out what has
been establiched and what requires further v estigation

Range and Limtations of Adrenocortical Therapy
1 Eye Diseases

In the Gifford Memorial Lecture! delivered n 1901, the pauaty of the
reports then eisting was pointed out The matenal on which this lecture
was based was a series of cases of ophthalmic disease treated with cortisone
and corticotropin 1n New Yorh Hospital and made available through the
courtesy of Dr John McLean,? and a simular series treated in the Wilmer
Ophthalmologreal Institute Study of these cases 397 1n all, permutted cer
tain broad conclusions Since ths lecture, numerous other reports confirm
1ng the oniginal findings have appeared m the hterature -t These conclu
s1008 were

In certain inflammatory conditions of the eye, especrally those affecting
the cornea uveal tract, and external eye the parenteral admumstration of
cortisone or corticotropin or the topical admimstration of cortisone 1 fol
lowed 1n a ngh percentage of cases by dramatic control of the inflammatory
and exudative phases of the disease These agents do not affect the cause of
the disease but, rather, influence the reaction of tissues to the ciuce or
wrnitant

In many diseases which are fax orably influenced there 1s 2 definite tend
eney for the inflammation to recur after cessation of treatment

In certan edematous and wmflammatory conditrons—especrally second
ary glaucoma mflammations of the retina and optic nerve, edematous cor
neal grafts and probably m syphilitic interstitial keratitis—the action of
cortisone and corticotropi 1s variable and cinnot be accurately predicted

Tn some hemorrhagic and exudative conditions such as Coats’s dr-ease
Eales’s disease, malignant exophthalmos, diabetic retinopathy, and retro-
Jental fibroplasita no consistent therapeutic results have as yet been
demonstrated

In degenerative disease whether of the cornea retina, or uveal tract
these agents are totally without effect

The material available from other 1vestigators and from our further
experience 11 the Wilmer Ophthalmological Institute (where the number of
cases treated 15 now more than double that of those reported?) permits eluci
efinition of broad general principles for the use ot these agents

and d
datron. on and the limitations of cortisone

n ophthalmic disesse The fax orable acty
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and corticotropin as indicated by the informatton asvailable at pre ent may
be summarized as follons

External Diseases

Inflammations of the external eye are the result of exther allerme tovie
or physical trauma or of a degenerative process or are evidence of an exog-
enous or endogenous infection The therapeutic range of corticone and
corticotropin 1n external ocular inflammations vanes greatly according to
the cause of the disease

In acute nonbacterial inflammations of the external eye, the action of
these hormones 1s usually spectacular Here the inflammation secondary to
the physical allergie, or towic trauma 1s 1n 1tself the harmful reaction which,
1f severe long-enduning or repeated, ultimately produces actual damage to
the cells and organse change 1n the eye Hormonal therapy, exther parenteral
or topical usually controls the inflammation secondary to phy<ical or toxic
trauma nterpo es a shield between the cells and the irntant and facihitates
prompt recovery without residual damage

Allergie reactions in the ey e are usually acute insults and are self limited
Thev may however appear to be chronic when they are the result of a
hypersensitivity to bacterial antigens and intoacation anses from a chrome
focus of infection In acute reactions such as allergic conjunctratis vernal
catarrh phlyctenular heratoconjunctivitis and episclentis, if cortisone or
corticotropin therapy 13 continued throughout the natural hfe of the reac
tion the control of inflammation and exudation may simulate a complete
cure Within 24 to 48 hours after 1nstitution of treatment the eyes become
white and free of inflammation when cortisone or corticotropin s discon
tinued after 6 to 10 days of treatment if the reaction has burned out the
eyes remain free of symptoms until the allergie 1nsult 15 repeated In the
chrome reaction 1 which the body 1s apparently unable to free 1tself of the
intovicating allergen a mmilar suppression of mflammatron 1s expenenced
but unless steps are taken to remove the mtowucating allergen or to desens
tize the patient there will be an almost diate return of infl
when treatment 1s terminated It 1s1n the allergic reactions however that

cortisone and corticotropin reach their greatest usefulness In more than 90
per cent of external allergic inflammations the use of these agents gives al
most complete symptomatic rehef and 1if properly continued complete con
trol of the acute attacks The availability of h 1 therapy with 1
symptomatic improvement does not relieve the ophthalmologsst of the duty
of determining 1if possible the cause of the allergic intoxcation and taking
proper steps to remove the same Otherwise acute attacks will reeur upon
renewal of the stimulus 1n the chrome reaction the recurrence will often be
immediate on cessation of treatment

One form of external allergie reaction contact dermatitis requires 8pe-
cial mention Der: )l are almost m reporting that the
parenteral use of cortisone or corticotropm or the topieal use of cortisone
has no effect whateocyer upon contact dermatitis or drug allergy On the
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other hand Carcy and Ins assoust(s® have reported that mtensne cortt
sone ar corticotropin treatment of patient« with shin eruptions <econdar to
drug aliergy results usunlly i prompt and complcte control of the dermatitis
but there 14 a marked tendency for 1t to recur after termmation of treatment
The question s of espeeial iterest to aphthalmologists since they <o fre
quenthy encounter 1 hyper (nsitivity to atropine and other alkalods used
routineds i the (ve Our expertence has been that vigorous parenteral treat
ment with cortt one or corticotropim 13 followed by prompt ubsidente of
the I dermatitis and that atropine or other alhaloid e be used without
reietion as Jong as the hormonal treitment 15 continued A stmilar but le »
mtense «ffcct miy be obtmued by applying cortizone topieally to the con
Junctival xac Though it s difficult to attribute the subsidence of the derma
tits to this thetapy  the fact that the patient can be challenged with the
alkalwd without reaction winle under hormonal tre wtment mdieates a cause
nd effect reltion lap

It has been st ited that cortisone 14 without ¢ffect i degeneratine divea e
Although 1t has no therapeutic action on the underlying condition never
theless topieal cortisone 18 of valuc i controlling the mflymmation second
ary to 1 degeneritive keratitis Thus i a band heratitis with calemm
carbonite and phosphate ervstals beneath the epithehum and occisional
croston through the epithefium the photophobia and conjunctitis can
often be successfully <ontrelled by mstillation of cortisone or hyvdrocortt one
omtment 1 the conjunetinal 1 Unless an aetiye underfs ing granulomatous
wethis 1s present there 15 no <ontrmndication to the prolonged use of toprcat
cortione wnd 1t frequently gies more sy mptomatie relief than any other
treatment

In exogenous or endo.ecnous infections the ietion of cortisone and cortl
cotropin 15 limited at best to control of the mflimmatory reaction These
hormones have no antibiotic action nd do not affect the myvading ergan
1sms Lurther their 1ibhibity to control mflammation 1s mn direct proportion
to the sevcrity of the stimulus If the infecting orgamsms are of high tovieity
and especially if they produce tissue destruction ornectosts theinflammatory
reaction mayv be well beyond the therapeutic range of eather cortisone or
corticotropin  Therefore any therapeutic action they hatve i bactenal infec
tions 15 hmited in seope and related to the seventy of the mflammatory
stimulus In mmor infections thes may give symptomatic relief but if the
natural factors of resistance or some form of therapy does not actually de-
«troy the wfecting orgamsm the bactenia continue to grow and the use of
corticone or corticotropmn only mashs the symptoms Thus though cortisone
and corlicotropin are useful agents 1n bacterral congunchiatis or in wnfected cor
aeal wlcers tnsofar as they reduce inflammation and pain their use carries with
o the r1sh of masking symptoms and lulling both the patrent and ophthalmologist
tato 6 false sense of sceurtty

In the treatment of deep cated endogenous infections of the cornea an
any mstances the inflammatory, neova cu

additional question an es In mi
. uch accompany a heratitis are detense

1arization and fibroblastic proresses
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and repaur phenomena Obviou 1y such phenomena <hould not be suppres ed
unle » other adequate apecific therapy s av ulable s primerple 15 well
exemplified by a case of abste 5 of the cornea On admission there was con
junetnal nflammation, marked chemosts and begimmng s asculaniz vion of
the cornea The patient was placed immedrately on hormonal therapy which
produced partinl deariug of the external inflimmatory reaction and a sub
sidence of the chemosts The ahscess itselfl was unchanged if anything 1t
progressed After one week of hormonal treatment the cwusative orgimsm
had been tsolated and ats sensitinaty to antibiotics and sulfonamides deter
mined Speerfie therapy was then begun and the hscess promptls healed

Since cortisone and hydrocortisone have no antihiotic effect but may
control the inflammation of infection and gne svmptomatic relief at the
nish of mashing symptoms local use of a combination of corticone and an
antibiotic may be consdered Such combined treatment has been u ed for
some time 1n the Wilmer Institute and no antagomstic action between corty
sone or hydrocortisone and wy antibioties or sulfonamides has been noted
Retently the posability of such an stie or minbitory action between
cortisone and various antibioties tn witro and tn 120 was mvestigated by
Tepn ' and no antagomstic effect was found Combinations of cortisone and
neomyein and of cortisone and bacitracin m omtment 1re already on the
marhet In infections in which the myadmg orpanmsm 15 neomyem or
bacitracin <ensitive these combinations have already proved their worth,
giiang early sy mptomatic relief together with the neces ary antibiotic action
However one or two antibioties even though they mav have a wide spec
trum are msufficient Combinations of cortisone or hydrocortisone with
various other antibiotics should he made 1alable to facilitate the use of
hormenal therapy with the spearfic antibiotic to which the orgam m s most
sensitive

The underlying principle for the use of tortisonc and eorticotropin in ex
ternal ocular disease 1s that m acute inflammation from allergic or physieal
trauma these hormones will shield and protect the tissues from the resultant
toxin or intant and so prevent the inflammatory resetion Since allergic or
physical trauma 1s usually self limited treatment throughout the natural
life of the tissue reaction m 1y late & lete cure If the infl 10n
15 the result of actual bacterial infection the use of these agents should
alwiys be accompanied by proper chemotherapy or antibiotic therapy to
destroy the infecting orgaruisms In chronic or deep seated external oculir
mfections not only should the use of cortisone or cortirotropin be accom-
pamed by appropriate therapy directed at the cause of the dicease but the
Q whether the infl tion 15 o defense and repair reaction should
also be considered before hormonal therapy 13 instituted

Uveal Disegse
In evaluating ndrenocomcal therapy n u\e\hs the fundamental differ

ences betmeen and ous Uvertis and between
acute and chrome uveal inflammation must be kept clearly 1in mind
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Mongranulomatous uvertis 13 believed to be erther a hypersen=itnity
phenomenon or the result of acute physical or touc trauma The ususl
causes are exther a bactenal hy persensitivity resulting from a former infec
tion, or a reaction to operatnie or other trauma It 1s characterized elinteally
by acute imflammation, edema, and sometimes a fibrinous exudate, with
out primary orgame changes 1n the tissues The insult 1s usually acute and
the tissue reaction limited A severe attach may produce orgame damage,
but as a rule the early attacks clear without residua, and orgame damage
oceurs only upon repeated attachs In the chronic allergic reaction i which
the body 1s unable to free itself from the intovieating allergen, the tissue reac
tion may be prolonged until the hypersensitive state 1s exhausted Histo-
logieally the reaction 1s characterized by edema serous exudation, and
diffuse 1y mphecy tic nfiltration 1 Classic examples of nongranulomatous
anterior wettis arc the acute mitis <o often as-ociated with rbeumatord
arthritis or an old gonococeal wnfection and the nomnfectious postoperatne
cychitis A simular example 1n the postertor uves would be the intense sub
retmal edema and vitreous exudation seen as part of the focal ocular tu
berculm reaction

Granulomatous uyeitss 18 belteved to be caused by the actual invasion of
the uveal tract by hving organisms which eause granulomatous disease It1s
essentially a chronmicinfection The recogruized granulomatous ocular di eases
are tuberculosis sy philis brucellosss, and viral 3east, and fungus infections
There are probably many unrecogmzed causes \ classic granulomatous uve-
1t18 15 charactenized by low-grade chronic inflammation and nodulsr -
filtration of the tissues, with gradually deivelopmng orgame changes, ti sue
destruction and a replacement by fibrous tissue Histologreally the cellular
mfiltration consists of epitheliond cells, Iymphocy tes, macrophagic cells large
mononuclears, and fibroblasts Classic examples would be a chronie tubereu
lous uvert1s in an indiv1dual with low sensitivity to tubercubin or the ¢hrome
diffuse choroiditss of early sy philis

In the classic forms of nongranul ous and gr.
two types of mflammation (the acute intense tnflammation cau ed by the
Iy per-ensitnaty reaction and the chrome, comparati ely low grade inflam-
mation caused by infection) can be readily differentiated However non
granulomatous ut eitss of the chronie ty pe or that which oceurs after repeated
acute attacks and resul tissue d may closely late the prcture
of granulomatous uvettss Smmtlarly granulomatous uveitis may show a con-
fused preture Orgamsms which cause typical granulomatous changes m the
t1~sue may at the same time produce a bactenal type of hypersensitivity
Once such a hy 1ty 18 blished, a dary allergic reaction
may be evohed by the various fractions of the bacteral antigen It 1s clearly
recogmzed that this occurs m tuberculosis and probably 1n other granuloma
tous diseases Thus in the same eye there occurs the picture of a nongranu
lomatous reaction superimposed upon a granulomatous focus In highly
sensitized tissue the allergic reaction may be so intense that 1t mashs the

true underlying granulomatous nature of the disease In other cases the dual

tous w estis the
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nature of the renction my be quite evident—volent external inflammation
asvoeiated with typical granulomatous changes in the anterior uvea, or the
very common picturc of a massnve choraidal exudate surrounded by a zone
of subretinal edema

The 1mportance of tlus concept of two types of mflammation occurnng
1n the same ey e 15 of paramount importance 1n ey aluating hormonal therapy
m granulomatous wyeitis Cortisone and corticotropin tend to suppress the
mnflammation and exudation due to allergy 1rritants physieal trauma or
bactenal infection although the extent of this inhilntory action varies with
the character and intensity of the stimulus causing the inflammation There
fore 1n ealuating the therapeutsc effect of hormonal therapy one must consider
the type of inflammation suppressed and the 1alue of such suppression Since
different concepts of the eticlogy of uveitis are 1n vogue 1n different chmes
and varying terminology and diagnostic criteria are often emplojyed 1t 1s
somewhat difficult to assess the results reported 1n the hterature Howeser,
when due allowances are made for such factors analysis of these reports
gries remarhably umform and consistent data

Nongranulomatous Uveitis In classic acute inflammations of the anterior
usea, whether caused by allergic insult or postoperative reaction without
mfection cortisone and corticotropm exert their most dramatic and con
sistent ¢ffects In approuimately 80 per cent of patients with acute intis a
prompt fax orable reaction is noted within 48 hours varymng from improve
ment to complete substdence of ciliary congestion and edema of the ms as
well as di appearance of cells and fibrin from the anterior chamber If treat
ment 15 continued thercafter throughout the natural course of the disease
this impr t may late a lete cure In the p e type
without infection both corticone and corticotropin have a pronounced effect
m controlling pain and inflammation

In the so-called chronic form of nongranulomatous intis or indocy clitis
the reported results are not so spectacular A favorable reaction varying
from 1mprovement to pl bsid of nfl tion 1s observed mn
approuimately 60 per cent of the cases However unless the offending aller
gen or underlying stimulus 1s eradicated, there 1s a tendency for the mnflam
mation to return after cessation of treatment

Nongranulomatous disease of the posterior uvea1s variously termed non
granulomatous chormditis acute choroiditis acute diffuse choroiditis In
1ts ty pical acute form 1t 15 characterized by intense generalized edema of
the choroid and clouding of the vitreous usually without heavy organized
opacities The more chronic form 1s characterized by 1l defined exudates
with surrounding subretinal edema These 1l defined exudates may be non
granulomatous foer where the cellular infiltration 1s most intense occasion
ally they may be true granulomatous lestons with surrounding edema that
18 the result of an allergic tissue reaction due to a bactenal hy persensitivity
produced by the invading organ ms responsible for the basic granulomatous

disease—a nongranulomatous proress supermposed upon a granulomatous
one
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In the acute edematous form without csudation or when 11l defined exu
dates are merely foer of inereased cellular nfiltration, the use of cortrsone or
corticotropmn 15 usually followed by complete regression of all objective
symptomatology If adequate treatment 15 maintained thereafter over the
natural course of the reaction this may simulate o complete cure Iowesver,
if the 1ll defined exudates are actual granulomatous fou with a secondary
allergie reaction atound them the action of cortisone and corticotropin may
be hmuted to control of the subretinal edem1 etreumeenption of the exu
date, wd dleanng of the vitreous In such eases unless other therapeutic
procedures have controlled the basic disease process recurrences are fre-
quent when hormonal therapy 1s discontinued The + anous reports ndicate
that this type of fayorable reaction may be espected 1n approximately 80
per cent of patients trcated Almost all observers agree that to obtamn a
fay orable result 1 posterior uveal diserse treatment should be more pro-
longed and mntensive than thit required in the wntenor form

Differences of opinion appear i the various reports on the meidence of
recurrences of acute wyeal imflammation after hormonal therapy This prob
ably 15 the result of variation 1 the periods of observation after treatment
A study at Wilmer Institute where the persod of obseryation n the early
cases 1> now almost five years mdicates that in recurrent types of uveal
drsease such as acute nongranulomatous mitis assoeiated with rheumatod
arthnitis of specific therapy directed at the cause 1s not wnstituted or 15 not
successful recurrences after primary control of the infammation by cortt
sone or corticotropin therapy occur with the same regulanty as before
treatment

Granul Uveitss Granulomatous imflammation of the anterior
uvea (chrome uvettrs) 1s usually characterized by chromic low grade nflam
mation and organic changes m the s and cihary body, with secondary
corneal and lens changes It may smolder for months or years and may
undergo evacerbations with periods of acute inflammation which probably
are focal hypersensitivity reactions If hormonal therapy 1s used dunng an
acute exacerbation an immediate result fayorable m the ense of control of
inflammation and pan will usually ensue If used m the chrome phase
when the predominant cause of the low grade inflammation 1s infection the
response to such therapy 1s less strhing and recurrences are prompt and
frequent after treatment 1s terminated Organic changes and nodules in the
1r1s arc not usually affected by hormonal therapy If they appear to reares
the 1mproy ement 1> almost certainly the result of a spontaneous subsidence
of the inflammatory reaction rather than a specific action of the hormones
on the eause of the granulomatous disease The expertence of yarious invests
gators indicates that some control of inflimmation oceurs in approximately
GO per cent of cases of chrome granulomatous uvertis but that relapses are

frequent
Cranulomatous disease of the posterior uvea 1s varously called granu

Jomatous choreiditis chrome choraiditis foeal chorouditts chronic exudative
choroditis cireumsersbed plastic chorowditis deep foglihe choroiditts and
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various other names It 19 essentially an exudatne disease with tresue de
struction It 15 not readily influenced by cortisone or corticotropn therapy,
an apprently favorable rosult betng, reported in only about one third of the
eaves and 1n the e cases the favorable action 1< u ually hmited to areum
seription of the exudates control of any surrounding subretinal edema and
some cleaning of the vitreous- n <hort control of a secondary nongranu
lomatous allergc reaction 1 the exudates gradually absorb without ghoss
such absorptron should not be consdered o cure It mas be eaused by sup
pression of the mfBammatory reaction of mfection the natural forces of re
sistance or adjuvant therapy and should not be mterpreted as resulting
from a specific action of the hormones on the ¢iuse of the disea e

Recurrences of grantlomatous choroxditis after cessation of hormonal
therapy are frequent How frequent cannot be sud for the diffcrent term
nology used mn various reports and the absence of exact data on treatment
make an aceurate analy 13 1mpossible If one can judge from a consulting
practice where 1n getiera) only the worst cases are seen <exere reeurrences
after hormonal therapy appear to be the rule

The basic prineiple in the use of hormonal ther ipy i granulomatous use
1t1s appears to be that such therapy may be a two-edged sword Cort1 one
and corticotropin tend to suppress mflammation and exudation whether
produced by a hypersensitivity reaction or by infection Since the mflam
matory reaction due to allergy 15 v1olent and may be destructne its sup
presston 1s a destrable atm On the other hand the mfammation due to
chronte infection 15 low grade and as pointed out, may be considered a
reparative ph In \ tous uvertts therefore the question
1show to use hormonal therapy to control a destructn e allergic inflammation
and yet not interfere with the reparative processes which accompany the
inflammation of infection There 15 no clear answer Until the situation 1s
clanfied by further study the wisest rule 15 that cortisone or corticotropin
should not be used in granulomatous uveitss unless elinieal evidence of a
serious dary allergie mnfl 100 15 present Their wse 1n such cases
should always be guarded—never prolonsed—and if possible hormonal
therapy <hould always be accompanied by specific chemotherapy or ant:
biotic therapy

Two types of granulomatous wvertis that require special mention are
sarcoidosis and sympathetic ophthatmia

Sarcordosis Larly attempts to control ocular eomplications of sar
coidosis by the parenteral use of cortisone or corticotropin or the topical
use of cartisone were as a rule disappomnting although favorable results
oceasionally were reported Comparatnvely recently 1t has heen <hown that
under intensry e mtrayenous corticotropm therapy the mediastinal cutane
ous and ocular lesions of sarcoidosis melt away only te recur promptly
when treatment 15 termmated The eve however offers & umque oppor
tumty for administering sustained therapy whieh may posubly control the
local disease In the Wilmer Institute several proven cases of ocular s
codosis were treated intensmely with mtrayenous corticotropmn and dra




420 MEDICAL USES OF CORTISOMF

matie resolution of the lesions ensued There were prompt recurrences after
cessation of treitment The disease was agan brought under control by
intravenous corticotropin therapy and thereafter the patients were gnen
sustained treatment with topical cortisone ointment in the conjunctival sac
Over a persod of obseryation, now up to eight months m 1 case, there have
been no recurrences What the end result will be 1s unpredictable but
view of the gravity of the disease and the absence of any other form of
therapy this treatment appears justified

Sympathetic Ophthalma Hath, Waugh, and Lyda!® have recently a5
sembled and analy zed the results of cortisone and corticotropin therapy in
72 ¢ es of sympathetic ophthalmin Regardless of the severity or duration
of the disease an immediately favorable result was obtammned n 47 or 64 per
cent of the eases After termination of therapy 18 of these cases relapsed
but the dicase was agun brought under control with further treatment In
carly cases the fasorable results were even more strihing approximately 80
per cent being controlled by cortisone or corticotropmn therapy Thisis a
wgmifieantly higher percentage of fayorable results than that obtaned with
any other form of treatment \lorcover, 1t appears quite possible that the
farlure rate might have been lonered still further if intensive intrayenous
corticotropin therapy had been used 1n the unfayorable cases Sympathette
ophthalmra 1s a prolonged but ultimately self imited, disease It therefore
appears that prolonged treatment throughout the natural course of the dis-
ease may be necessary Because of the gravity of this condition patients
who do not respond to the usual hormonal therapy gnen parcnterally may
be treated with corticotropin intravenously with proper precautions later
cortisone may be admunistered topically

Inflammations of the Nerve and Refina

It 1s almost 1mpossble to evaluate the reports of fatorable action of
cortisore and corticotropin 1 optic neuritts A number of authors have ob
scrved remarhable improvement m optic and retrobulbar neunitis after the
use of these agents others have reported entirely negative results All those
citing fay orable results have recogmzed that many forms of optie peurttis
whether produced by demyehnmng disease syphibs or undefermined
causes have a natural tendency to sudden and spontaneous remussion
Therefore, 1n any tndrvidual case 1t 15 difficult—often impossuible—to state
whether the obscrved improvement 1s post hoc or propter hoc The gener:l
1mpression appears to be that favorable resolution of the optic neurrtis 15
noted 1n more than one half of the caces treated with corfisone or cortico
tropmn and that this result 1s related to the therapy Until the exact etrology
of optic neuritis 1s better understood and the mechamsm of the actton of
these hormones 15 established, 1t will probably be 1mpossible to relate the
obsersed improvement defimtely to the hormonal therapy On the hasis l:if
the information avalable the use of these agents s indicated 1t optrc and
retrobulbar neurttis, certainly as a trial procedure
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In central serous retinopathy, if treatment 1s mstituted before degener-
ative changes in the retina have oceutrred the results of cortisone or rortico-
tropin therapy appear remarkably good subjective and objectine improve-
ment usually beginning after 2 to 3 days treatment, with subsidence of the
central serous exudation occurring in 7 to 10 days Reeurrences after ces-
sation of treatment are not uncommon

In acute exudative retimtts (Coats s disease) which may be either an
acute exudatine disease in the external retina or a subretinal hemorrhagic
reaction there 13 some equivoeal evidence that m the early stages before
detachment and ghiows have occurred cortr~one or corticotropin may check
the remor eless cour~e of the di ease \ con istently fay orable reaction how
ever has not vet been demonstrated Only a few ~uch cases have been
treated and failures appear to be more frequent than successes Turther
myestigation of the action of cort1 one and corticotropin 1n the exudatine
type of Coats s disease 13 justified

In other forms of retinopathy such as the various hemorrhagie types,
re dabetic retinopathy athero- and arteriolosclerotic retinopathies Cales s
disease leuhemic retimitis the use of cortisone and corticotropn has grien
uniformly disappomting results A large number of disbetic retinopathies
hatve been treated with topical cortisone and no real improyement has been
noted 1t has been demonstrated that parenteral treatment with cortrsone
or corticotropin 13 possible 1n diabeties if the insulin dosage 15 properly 1n
creased In a few cases of diabetic retinopathy treated under this regimen,
the results have been disapponting and any visual improtement probably
13 the result of spontaneous absorption of vitreous hemorrhage rather than
any alteration 1n the retinopathy Recently reported experimental evidence
discussed 1n a subsequent section of this chapter indieates that therapy with
cortisone or corticotropin may actually be contramdicated 1n diabetic
retinopathres

Miscellaneous Eye Diseases

In several ocular diseases there has been or 1s still considerable differ
ence of opinion concerming the therapeutic action of cortisone and corttco-
tropin Chief of such conditions are the exophthalmos of Graves disease
cloudy corneal grafts, secondary glaucoma and retrolental fibroplasia

The Exophthalmos of Graves’ Disease In only a fen cases i thi cate
gory has treatment with these hormones been reported Itzgerald and hus
co-workers” cited 2 cases in which a conspicuously favorable result was
obtamed Others! 23 have observed no effect nhatsoever Experimentally
Smelser and Ozanicst” have shown that cortisone and corticotropin have no
effect upon the experimental exophthalmos of guinea pigs The rationale of
hormonal therapy in thy rotropic exophthalmos appears to be the fact that
a marked inerease occurs 1n the water volume of the orbit and the assump
tion that the use of the e agents decreases capillary permeability Smce the
results of treatment reported thus far arc contradictory further exploration
18 indicated
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matic resolution of the lesions ensued There were prompt recurrences after
cessation of treitment The diseasc was agamn brought under contro] by
mtrasenous corticotropin therapy and thereafter the patients were gien
sustained treatment with topical cortisone omtment 1n the conjunctinal sac
Over a period of observation, now up to eight months 1n 1 case, there have
been no recurrences What the end result will be 1s unpredictable but m
view of the gravity of the disense and the absence of any other form of
therapy this treatment appears Justified

Sympathetic Ophthalmia Hath Waugh, and Lyda!® hase recently as
sembled and analyzed the results of cortisone and corticotropin therapy m
72 cases of sympathetic ophthalmia Regardless of the seventy or duration
of the disease an immediately fayorable result was obtained n 47, or 64 per
cent of the cases After termination of therapy 18 of these cases relapsed,
but the disease was again brought under control wath further treatment In
carly cases the favorable results were even more striling approumately 80
per cent being controlled by cortisone or corticotropin therapy This s a
sigmficantly higher percentage of fax orable results than that obtatned with
any other form of treatment Moreover, 1t appears quite possible that the
fulure rate might have been lowered still further 1f intensne intravenous
corticotropin therapy had been used i the unfas orable eases Sympathetic
ophthalmin 1s a prolonged but ultimately self-hmited drsease It therefore
appears that prolonged treatment throughout the natural course of the dis
ease may be necessary Because of the gravity of this condition patients
who do not respond to the usual hormonal therapy given parcnterally may
be treited with corticotropin intravenously with proper precautions later,
cortisone may be admimstered topically

Inflammations of the Nerve and Retina

It 15 almost 1mpossible to evaluate the reports of fatorable action of
cortisone and corticotropin m optic neuritis A number of authors hatve ob
served remarhable 1mprotement m optic and retrobulbar neunitis after the
use of these agents others have reported entirely negatnve results Al those
citing fayorable results have recognized that many forms of optic neurtis
whether produced by demyelmang disewse syphobis o1 undetermuned
causes, have a natural tendency to sudden and spontaneous remission
Therefore 1 any ndrvidual case 1t 1s difficult—often impossible—to state
whether the observed improvement 1s post koc or propler hoc The general
mpres-ion appears to be that fayorable resolution of the optic neurtis 1
noted 1n more than one-half of the cases treated with cortisone or cortico
tropn and that this result 15 related to the therapy Until the exact etiology
of optic neunttis 1o better understood and the mechamsm of the action of
the.e hormones 1g established 1t will probably be impossible to relate the
observed improyement defimtely to the hormonal therapy On the basis of
the informatton ayailable the use of these agents 1s ndieated m optic and
retrobulbar neuritss, certainly as a tnal procedure
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they reported 14 premature infants with retrolental fibroplasia treated with
large does of corticotropn In all of these progression of the disease nas
mhibited In 3 of o untreited controls the disease progressed In a more
recent paper  they and their a< ociates divide the acute phase of the divease
to five stages and pomt out that 1f the treatment 13 to be suece~ful 1t
mu t be instituted 1n the first or «ccond stage In 30 ca es1n these categones
treated with corticotropin succe~s was obtained in 16 and falure or indeter-
mimate re ults m 14 In 36 simlir untreated control ca<es spontaneous
regression occurred 1n 2> and progres 10n of the divea e i only 13 Com-
bming their series they found no statistical difference m the progress of the
disease between the treated and the untreated ca es and concluded that
corticotropin has no effect upon the coure of the di ea ¢ This observation
181n accord with that of the majority of investigators although Schele et al ®
who studied the effects of both corti~one and corticotropin have reported
1 olated succes es Since corticotropn theraps n premature nfants 1s
attended by a hugh mortalits and morbadits and all the weight of evidence
15 against <uch treatment s having any therapeutic value no further explo-
ration of 1ts use 1n retrolental fibropla 1a appears Justified

Degenerative Disease

The statement that in degenerative disease whether of the cornea retina
or uieal tract thewe agents are totally without effect! requires explanation
and amphfication

Retinal Degeneration Degeneritnne di ease of the eve may m some
wstances be secondary to inflammation or exudation and the re<ultant loss
of Vision may stem from both the inflammatory and the degenerative factors
Control of the ed. or mfl; v phase may therefore gne sub-
Jectrve vi ual improvement and at the ame time check the progre~sion of
the sccondary degeneration For example in central <erous retmopathy
there may be a L macular d 1on secondary to the localhized
subretinal edema Control of the scrous retinopathy majy therefore result
1n restoration of the retina to proper position and thus improve 11 10n and
check the progress of the macular degeneration The retinal degeneration
which has already taken place remains unaffected Essential degenerations
such as corneal dystrophies juvenile or semle macular degenerations hyalne
degeneration fanulal retmal degeneration and degeneration secondary to
hemorrhage are totallv unaffected by the adrenocortical hormones Two
conditions—pigmentary degeneration of the retma and fibrnoid degenera-
tion of the conneetive tissue—ment speeial mention

Pigmentary Degeneration A number of cases of pigmentary degenera
tion of the retina have been treated by parenteral injections of cortisone or
corticotropin and by the topical use of cortr one Careful efforts have been
made to detect any smproiement by following the visual acuits the light
sense and the visual fields Some moderately encouragg results have been
recorded in a few cases by McLean Gordon and hoteen and 1n one ca e by
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Keratoplasty A number of cases of keratoplasty assoetated with early
clouding and v 1seulanzition of the grift have been treated with cortisone
topieally or parentcrally, or with corticotropin parenterally Treatment with
these agents was usually mstitnted from the second to fifth weck after oper
ation and aftcr clouding or vasenlanzation of the graft had appeared 1f
treatment 1s instrtuted within the first three days after doudmng 15 observed,
50 per cent or more of the cases show a clearing of the graft and inhibitton
of vascularization therefore what threatened to he an unfayorable result
has been transformed into 1 favorable one Topical cortisone appears to be
the preferable method of treatment I reatment must be snstituted before
the changes are established and irreversible Maumence'® has recently re
ported experiments ndicating that delaycd clouding of the graft may be
related to an allergie reaction to the donor graft by the reeiprent Dapent
mental studies discussed m 4 later section of this chapter, indrcate that
cortisone inhubits neovasculinzation of the cornea In view of this expen
mental nork and the fayorable elaral results reported, the topical u e of
cortisone m carly clouding and vasculanization of corneal grafts appears
indicited Though treatment should be mnstituted earls it should probably
be delaved until two weehs after operation i order not to interfere with
firm union of the graft

Secondary Glaucoma The action of cortisone and corticotropin mn sec
ondary glaucom apparently 15 quite unpredietable Blake Tasanella, and
Wong" have reparted 4 cases of secondary glaucoma m which the tension
was controlled by the use of corticotropin Other observers have also noted
that m some patient~ hormonal therapy 1s followed by a control of tension
1n secondary glaucoma but in other cases these hormones have not had any
effect upon this condition Lillett © has recently reported a study which
mdicated that in patients with normal eyes the ocular tension 15 unafiected
by parenteral use of corticotropm The explanation of these confheting
results may be thit when the sceondary glaucoma 1s the result of acute
mflammation or esudation the control of such flammation mav Te
store a normal balance, but if the secondary glaucoma 1s due to orgamc
changes or blocking of the angle bv mflammatory debrs these hormones
will have no effect From the chnical view point there appears to be little
reason to use either cortisone or corticotropmn 1n secondary glaucoma unless
active ocular mmflammation 15 present

Retrolental Fibroplasia Reese and Blodi?! have argued that retrolental
fibroplasia 1s essentrally an angioplastic or angiomatous process although 1n
some cases the early dilatation of the retmal vessels may be absent that
many of the infants showed shin angiomas, that the adrenal pitwitary axis
15 not well developed m early infancy that corticotropin appear> 1 the
placenta only 1 the last three months of pregnancy that premature birth
deprive the wmfant of corticotropm, and that premature infants show a
deficcency of 17 hetosteroids 1 the urine—all mdicating 2 relative corft

n deficiency It was therefore logical to postulate that retrolental

cotrop? deficieney In therr first communieation

fibroplasia mght be related tosuch 2
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apy action m scleromalacia perforant Mooren s ulcer, or marginal dys
trophies Yurthcr explorition of these possthihities 15 mdieated

Admumstration and Dosage of the Adrenocortical Hormones
1n Eye Diseases

The methods of parentersl admimstration of the adrenocortical hor-
meones and corticotropin are well hnown In general the same methods are
used 1n ophthalmic disease W hen corti~one and corticotroptn were first u ed
rather eliborate laboratory studies were performed sn order to ay o1d undesir
able reactions As expenience with the ¢ agents hag mereased the e studies
have become simplified W hen the hormaones are admimstered systemieally,
weight and bloed pressure should be checked datly and the fasting blood
sugar should be determined at the onset of treatment and every four to six
days thereafter The urine should be examined for evidence of glycosura
Eosinophil counts are tahen as an index of the response to hormon:l treat-
ment To compensate for a possible potassium loss 3 Gm of potassium chlo-
nde daily are often given during the course of systemic hormonal therapy

Cortisone  Parenteral and Oral Admumistration Cortisone 1s usually
guven n divided doses erther parenterally or orally 1n a total dosage of
300 mg the first dav ind 200 mg the second thereafter 100 mg s gnen
darly for 2 7- to 1H-day period and then gradually tapered to a datly main-
tenance do ¢ of 20 to 50 mg The hormone 1> usually given twice dails if
the parenteral method 15 selected or every s hours if administered orally
At the conclusion of oral or parenteral cortisone therapy corticotropin 18
often given for two to three days to stimulate the adrenal cortes and thus
OVer the deps nt action of cortisone

In disease of the posterior ocular scgment choroiditis endophthalmitis
and gencralized uveitis the parenteral or oral admimstration of cortisone
{or the parenteral use of corticotropin) are definitely the methods of choice
'Fhe effert of the two agents s about equal In patients who show no thera
peutic response to mtramuscular injections of cort: one 1ntravenous ad
ministration of corticotropan 18 indieated

Cortisone and Hydrocortisone Topical and Subconjunctival Admurstra

fion Most mteresting for ophthalmologists 1s the topical admimstration of
cortisone, and hydrocortisone It has been shown by a number of 1y estia
tors that cortisone apphed topically to the eye has a therapeutic effect 1
anterior ocular diseases equal or superior to that obtaned by parenteral
mjection This same [ocal action has also been demonstrated experimentally
The effect 13 noted within a few hours and 1s obviously mdependent of any
general physiologic action Esen when topteal administration 1s prolonged
for months ne general physiologic reactions are observed only rarely 1s
the eosimophil count affected even though the therapeutic effect may be
marked Only small amounts of cortisone need be given topically to obtam
the mavimum therapcutic effcct Topical use permuts prolonged treatment
requures no Iaboratory studies to avoid untoward effects and affords great
economy
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Olson and his associntes ¢ Steffensen and Kuhora ® have reported <light
improvement 1n Visual fields, visual acuity, and brophotometric readmgs
1n 9 of 14 patients recenn ng cortisone or corticotropin therapy parenterally
Howcrver, an almost equal mprovemdnt was noted 1 4 of 7 patients recen
ing mtermedin a contaminant of corticotropin Exccpt for these oceasional
cases, the results have been disappomting and o study of those n which
improvement was noted yields no convineing evidence that there has been
any true orgame regression or mhubition of the degenerative disease When
the fluctuations in vision visual helds and hght sense, which oceur under
placebo treatment and even m untreated cases are considered together
with the subjective emotion il reactions of patients with a disease they are
naturally reluctant to admit 1s hopeless 1t seems impossible to attnbute the
occasionally reported improyement to other then these factors Lien though
the slight improyement reported was causally related to hormonal therapy,
continued parenteral therapy would probably be necessary to exert any
sustmned 1mprovement LUnless new and more convineing evidence 1S
presented, 1t 1s probible thit cortivono and corticotropin will tahe ther
place with other a ents that have been used frntlessly 1n the treatment of
mgmentary degenerition of the reting
Fibrinoid Degeneration Iibrinod degeneration of the connective tissue
and myxomatous swelling of the ground substance are common to the
various collagen discases In the eye, the connectn e tissue system consists
ot cellular elements (fibroblasts) fibrllar elements (colligen reticulin,
elistin), wnd an mterfibrillary amorphous ground or cement substance
(colloids hyaluronie acid, and mucopolysacchandes) The reaction of the
connective tissue system to trauma be 1t phystcal bacteral or allergic
may be erither proliferative {(kelord) or degencratn e {fibrinoid degeneration)
Other vascular and granulomatous changes of the 1arious collagen diseases
may differ but they all have the common denominator of fibrinaid degener
ation with straghtening and thickening of the fibers an increase m their
optteal refractivity and apparent friability In an excellent article, Stiller
man * has revieved the ocular mamifestations of the v arious collagen diseases
and has pornted out that vascular change and hbrinoid degeneration may
account for hoth the systemic and the ocular findings In many of the ocular
comphcations the connective tissue changes may be sccondary, but 1
others such as scleromalacia perforans and the conjunctrial nodules of
erythema multiforme, they may be primary Stllerman then suggests that
other ocular degenerative diseases of unknown etiology (Mooren's ulcer
marginal corneal dystrophy Leratoconus progressive ms opla) may 10
truth represent a degeneration of the cellular, fibrillary or nterfibrilary
components of the connective tissue and hke other collagen diseases be
susceptible to the action of cortisone or corticotropin Duke Elder and s
associatess have reported 3 cases of Mooren’s ulcer treated with cortisone
nith questionable sy mptomatic improvement i 2 mstances We have noted

Lable regression of rheumatic nodules of the sclera and some quesnon

NAar)
B but there 1s a8 et no evidence of

able mproyement m early heratoconus,
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any action 1 seleromalacin perforans Mooren’s ulcer, or marginal dys
trophies Turther explorition of these poswibilities 1s indicated

Admuustration and Dosage of the Adrenocortical Hormones
1n Eye Diseases

The methods of prenteral admimstration of the adrenoeortical hor-
mones and corticotropin are well known In general the same methods are
used in ophthalmic discase W hen cortisone and corticotropin were first used
rather elaborate Inboratory studies were performed 1n order to ax o1d undesir
able reactions \s experience with these agents has mereased these studies
have become simplified When the hormones are administered sy stemically
weight and blood pre surc should be thiecked daily and the fasting blood
sugar should be detcrmuned at the onset of treatment and evcry four to six
days thereafter The urine should be examined for evidence of glycosuna
Eosmophil counts are taken as an index of the response to hormonal treat-
ment To compensate for a possible potassium loss 3 Gm of potassium chlo-
nde daily are often given during the course of systemie hormonal therapy

Cortisone Parenteral and Qral Ad. Cort1 onc 18 usually
grven in divided doses, erther parenterally or orally 1 a total dosage of
300 mg the first day and 200 my, the ~econd thereafter 100 mg 1s gnven
daily for a 7- to 14-day period and then gradually tapered to a duly main-
tenance dose of 20 to 50 mg The hormone ts usually given twce daly of
the parenteral method 1s selected or every sin hours if admimstered orally
At the conclusion of oral or parenteral cortisone therapy corticotropin 18
often given for two to three days to stimulate the adrenal cortex and thus
overcome the depressant action of exogenous cortione

In disease of the posterior ocular segment choroiditis endophthalmitis
and generalized wseitis the parenteral or oral admumstration of cortisone
{or the parenteral use of cortic otropin) are definitely the methods of choice
The effect of the two agents 13 about equal In patients who show no thera
peutic response to intramuscular injections of cortisone intravenous ad
mimstration of corticotropin 1s indicated

Cortisone and Hydrocortisone Topical and Subconjunctival Administra
fion Most 1nteresting for ophthalmotogrsts 1s the topieal admimstration of
cortisone and hydrocortisone 1t has been shown by a number of 1nvestiga
tors that cortisone applied topically to the eye has a therapeutrc effect 1n
anterior ocular diseases equal or superior to that obtained by parenteral
Injection This same local action has also been demonstrated experimentally
The effect 13 noted within a few hours and 1s obviously mdependent of any
general physiologic action Lven when topical administration 1s prolonged
for months no general physiologic reartions are ob erved only rarely 1s
the eosiophil count affected even though the therapeutic effect may be
marked Only small amounts of cortisone need be given topically to obtan
the maximum therapeutic effect Topieal use permuts prolonged treatment
requires no laboratory studies to avoid untoward effects and affords great
economy
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Cortisone may be grven as 1 omtment, or by subconjunetryal 1njectton,
or by mstillition as & collyrinm  hoff and his o workers ¥ ads ocate sub
conjunctrsaf use on the grounds that an equal therapeutic effect 15 obtamed,
treatment 1s required only every one to three weehs and local reactions
are reduced to the mmmum On the other hand, Vlosher® has reported
distinctly poorer results with sttheonjunetiy al ingectton thin with mstillation
of collvrum and Tcopold and lus co-workers? have reported mild but
defimte local reactions 1he latter studies on the permeabihity of the cornea
to cortisone indicate no marked inerease 1n absorption when cortisone 1s
given by the subconjunctival route In our experience better results are
obtamed from instillation m the conjunctival sac shight though the trauma
of subconpunctiy \l admimstration may be 1t 1> avorded by mstillatron

If given as o collynum  the usual commeraial preparation of cortisone
which contans 20 mg per ee may be diluted 1 o nith saline thus reducing
the 0 9 per cent concentration of benzy! aleohol which 15 used as a preserva
tive, to a pomnt where 1t produces Iittle oeular irntition Merek and Co,
In¢ has speaially prepared sterile opbthalmic suspensions in eoncentration
of 25 and 05 per cent m a buflered phosphate solution with swtable pre
servative This 15 almost entirely nomrnitatmg and permits use of the
collyriem in ats full strength of 20 mg per cc if so desired, thus making
frequent apphcation unnecessary [his strength, ora 1 2 dilution 1s usually
given every one to two hours during the acute stages of ocular mflammation
or until o satisfretory response 1s obtamed thereafter the interval 1s length
ened The eye 1s best hept under an eyepad to present the washing away of
the msoluble sterotd The maintenance dose usually 1s 1 drop every 12 hours

An especially cons ement method for the topical appheation of cortisone
15 the use of an ophthalmic ointment which 1s now available It 1s easly
applied by the patient permats slow and steady absorption obuiates the
need of an eyeptd and avoids the loss of cortisone which 1s washed out by
the tears and coagulates along the lashes when employed as a colly rum
To ayoid the competition of a mineral o1l base 1 which cortisone 1s shghtly
soluble an aquaphor or lanolin base 15 u<ed A (oncentration of 10 to 15 mg
per Gm appears sufficient for the usual case although 2» mg per Gm mav
be 1ndicated in gcute cases A preparation contaiming 15 mg per Gm (18
per cent) 15 wailable commereially Preparations neaker than 10 mg per
Gm appear to be meffectne Applied every three to four hours the thera
peutic effect of the ointment 1s equal to that of the collyrum applied everv
hour The blurnng of vision which results from use of an omtment 15 nat
usually troublesome because eyes requiring treatment throughout the day
wsually ate so acutely inflamed that blurnng of viston 1s not notwced, as
mawmtenance therapy in noninflamed eyes the ointment need be used only
once m 24 hours Just before retinn,, Mention has already been made of the
yalue of cortisone combined with an antibiotic m n omtment for the treat

rnal ocular infections
melg:ﬁ;‘:t:rmone for parenternl admimstration has not been 'u;nhg’e
lang enough for 1ts effect upon ocular dicease to be tested extensively An
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omntment and a colly rium have also been mde available and there are two
reports in the hteriture on the effect of topreally apphed hydrocortisone
upon ocular mflimmation Steffensen Ivy and Nagle * have reported 12
eases of antenor segment ocular di case treated with a hvdrocortisone
collyrium (o mg perce in1 0 000 Zephiran) In 3 caces of intis the results
obtuned with hydrocortisone were as good as tho e previously obwried
with corts one and m one case better results were obtamed with hydro-
cortisone  Equally fayorable action was observed m corneal uleers sernal
conjunctivitis allerge conqunctivatr  phlsetenulosts and syphilitie mmter
stitial heratitis \o tmprovement was obtained 1 endothehal dystrophy

MeDonald and hts associitest? recently reported that the results
obtamed 1 46 cises of vanous anterior egment ocular diceases treated
topieally with hydrocortisone given esther as 4 collyrium or by ubcon
Junctival jection were equal or superior to those observed with topieal
cort1 one They commented e pecrally upon the antiphlogistic aetron and
soothing efiect of hy drocortisone us compred to cortisone They al o noted
spectfically that when hydrocortisone wis mjected subconjuncinally
vestiges of the erystals could be cen for two to three weeks Since 1t 15 less
soluble 1n plasma and more slowly absorbed than 1s corticone they believed
smaller and less frequent dosage would be required Climeal use of hydro-
cortisone 1n the Wilmer Qphthalmalogical Institute has been limited to an
ophthalmic omtment contaimng 1> mg per Cm (1 o per cent) and 2 col
Iynum  Our resuits coneide with those reported by Steffensen Ivy and
Nagle ¢ and MeDonald et a1 7 1e when used topieally hydrocortisone
appears as efficacious as cortisone Several cases that were resmtant to
topieal cortisone notably a seiere case of collagen discase of the selera hue
yielded to topieat hydrocortisone We can al o confirm the antiphlogistic
effect noted by “Mc¢Donald and his co-workers

Topieal u e of cortisone or hydrocortrsone erther as an ointment or as a
collyrrum 15 the method of choice m all external diseases and m mflammation
of the anterior ocular .egment Lecause 1t produce results equal if not
superior to thowe of parenterally admimstered eortisone or corticotropn
However 1f antersor wveal mflammation does not yicld to topical therapy
parenteral hormonal therapy should be tried Further when generalized
uveitis or disease of the posterior ocular segment 1s once controlled by
parenteral hormonal thcrapy the improiement can often be mamtamed
with cartisone ointment

Corticotropin  Parenteral Admimistration Corticotropin 1s givenerther by
intramuscular injection or by wtr: mfuxen If int lar ntec
ton s the method cho en the mitial dosage 1 uwsually from 80 to 120 units
daily 1n divided doses It may be given m saline or i gel If given mn saline
the injections should be not less than <1< hours apart 1f the long acting
corticotropin preparation 1s selected 1njections usually are grven at 12 hour
ntervals After the first day the dosage may be mncreased muntained or
decreased according, to the theripeutic and eosmophil response If a fay or-
able responce 1s obtained the dosage 15 usually decreased from 120 umts

-
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daly to §0, then to 60 10, and finally 20 umits, 1t should, however be
creascd agam if an exacerbation of the ocular inflammation occurs Mam
tenance doses of 20 to 30 umts dmly or intermittent courses can be ginen
over an extended persod, provided the usual preeautions are observed
When administered 1ntraxcnously by glucose infusion, corticotropim 1s
usually given over an eight-hour period, once dauly This hormone 15 from
8 to 12 times as effective when ghven mtravenously as when gren intra
muscularly, because 1ts destruction by proteoly tic enzymes of the muscle 15
avoided by the intravenous route Tor most conditions 20 units of corty
cotropin 1s the full daily intrayenous dose required In ocular «arcoidosts or
resistant sy mpathetic ophthalmia doses up to 40 units darly may be needed
to ehiert a satisfactory therapeutic respense Again as a satisfactory result ts
obtamed, the dose 1s gradually decreased over & 10- to 20-day pertod In
trax enous corticotropin 1s indieated 1n patients with disease of the posteror
ocular t, ch Tits dophthalmits and hized wrethis who
show erther no therapeutic response to intramuscular injections of cortisone
or corticotropin or no eosinophil response to the intramuscular corticotropin
In contrast to conventional methods of admmstering corticotropin
parenterally for ocular disease Quimn and Wolfson? have recently recom
mended what they term enduidualied wntensie hormonal therapy The
prineiple of this therapy 15 that different individuals and different disease
entities react m widely varying manners to these hormones Therefore
dosage and duration of trevtment are carefully adjusted to the patient s
responsc If the disease entity does not react promptly to hormonal therapy,
treatment 1s continued for a prolonged period again with careful adjustment
of dosage to avoid overtreatment or untoward reactrons Their patients
were given adjuvant therapy (potasstum salts, thyrod extract ete) to
combat symptoms of hypercorticordism which were found to occur 1n
remarhably few patients with ocular disease In some cases trextment Was
continued for four to stx months Long zeting corticotropin was the hormone
generally used When cortisone or intravenous corticotropin was used the
equivalent dosage in long scting corticotropin was given m their report
Thirty three patients with ocular disease were treated by this method A
number had slready been resistant to topreal cortrsone and the rematmder
were chiefly 1ndividuals whose progrosis was poor mcludmg <everal with
changes usually considered irreversible (secondary optic nerve atrophy nd
degenerative changes 1 the choroid and retina) Many patients showed
1mprosement only after prolonged therapy—some only after 30 to 175 days
of treatment These authors obtamed 29 successes or 80 per cent, in ther
ceries of 33 patients The patients with changes which are usually considered
wrreversible were among the successes As a possible explanation for the
long delayed mmproyement the authors cite the work of Goldman and
Ruchfield, ® who reported the appearance of new junctional mevl 1n patients
recewing long term treatment with either cortisone or corticotropim These
re believed to be neuroepithelial structures composed of
d sensory nerves Qunn and Wolfson suggest that a

junctional nevi we

neuroepithelium an
~
<
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somew hat stmilar phenomenon may oceur in the optie nerve and retina 1¢
that prolongud treatment with corts one or corticotropin masv produce a
proliferation of optic nenve or neuroretinal clements, or the sustaimng
components of such elements

Though 1t 15 undoubtedly true that the same disrase—and different
mdimduals—may react diver ely to1anous methods of trextment o that
the physteian 15 justified 1 switeling from cortisone to hydrocortisone or
to long acting or mtravenous corticotroptn 1 resstant cases nevertheless
on reviewtng the results reported by Quinn and W olfson 1t appears that therr
conell of a long-delayed resy to adju ted corticotropin therapy are
not entirely yustificd For example Table 27 bows that 11 of their patients

Tatle 2~

AsaLysts OF Fiapings oF QUins asD WoLrson?
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! I Corticotroptn U nits
tcerage ' Results
Diseass No of Dijsof . |
Patients | Treat ‘
ment T T
Al D & Tt1[F cel
e S
S S NS
|
\cute monosymp- | )
tomatic retro-
hult ar nenritzs 5 2 51 25 a2l 11140
Acute angiospa tie {
retinopathy 2 13 } -8 61 a0 1 1 0
Acute reeurrent
indocyclitys (re-
fractory to top |
cal cortisone) 4 2 1 # {2 s |00
Totals 1 2 61 i 3 \‘1.31 IRERE

recenned what might be termed conventional treatment (a total equivalent
dosage of 681 umts of corticotropin given for an average of 22 days) with
excellent results in 9 patients and remission 1n 2 There 1s nothing unusual
n thewe findings Table 28 on the other hand shows the results in 22 of
their patients i whom the average duration of treatment was 80 days, the
average mavuimum daily dose 1ol umts the average daily dose 78 units and
the average total dose o470 units In this group excellent remission was
reported in 11 patients good remussion in 8 and poor results m 3 At first
glance thisisimpressne However 15 of these had acute or chronic uvertss
and the average time for attainment of the therapeutic change was 6o days
1 7 patients 177 days were required The results obtamned were excellent
12 7 of the 15 pattents gaod tn 6 and poorn 2 In any 15 cases of acute or
chrome uveitss treated for periods varying frum 39 to 177 days a spon
taneous remission 1n 7 and 1mprovement n 6 patients would not be an
unusual outcome 1rrespectrve of therapy
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datly to 80, then to 60, 40, and finally 20 umts, 1t should, however be m
creased agam 1f an exacerbation of the ocular inflammation occurs Mam
tenance doses of 20 to 30 umts daly or mtermuttent courses can be gien
over an extended pertod provided the usual precautions are ohserved
When admimstered intravenously by glucose mfuston, corticotropm 15
usually given over an eight hour penod, once daily I'lus hormone 1s from
8 to 12 times as effectnve when given ntravenously as when given ntra
muscularly, because 1ts destruction by proteoly tie onzy mes of the muscle 1s
avoided by the intravenous route Tor most conditions 20 umts of cortr
cotropm 1s the full daily mtrayenous dose required In ocular sarcordoss or
restistant sympathettc ophthalmia doses up to 40 umts d uly may be needed
to elieit a satisfactory therapeutic response Agun s 2 satisfactory result 1s
obtamed the dose 1s gradually decreased over a 10 to 20 day period In
travenous corticotropin 1s indicated mn patients with disease of the posterior
ocular segment choroiditis endophthalmitis, and generalized uveitts, who
show erther no therapeutie response to intramuscular mjecttons of cortisone
or corticotropin or no eosmophul response to the intramuscultr corticotropin
In contrast to comventional methods of admimistering corticotropin
parenterally for ocular disease Quinn and Wolfson?® have recently recom
mended what they term tndimidualt ed ntensue hormonal therapy T1he
principle of this therapy 1o that different mndividuals and different disease
entities react 1n widely varying manners to these hormones Therefore
dosage and duration of trement are carefully adjusted to the patient’s
response If the disease entity does not react promptly to hormonal therapy,
treatment 1s continued for a prolonged period, again w1th careful adjustment
of dosage to avoid overtreatment or untoward reacttons Therr patients
were grven adjuvant therapy (potassium salts, thyrowd extract ete) to
combat symptoms of hypercorticoidism, which were found to occur m
remarkably few patients with ocular disease In some cases treatment was
continued for four to st months Long xcting corticotropin was the hormone
generally used When corti one or mtratenous corticotropn way weed the
equrvalent dosage 1n long acting corticotropin was grven 1n their report
Thirty three patients with ocular disease were treated by this method A
number had already been resistant to topreal cortisone and the remamnder
were chiefly mdividuals whose prognosis was poor including several with
changes usually conudered irreversible (secondary optic nerve atrophy and
degeneratrie changes m the choroid and retin) Many patients showed
1improvement only after prolonged therapy—some, only after 30 to 175 day s
of treatment These wuthors obtained 29 succeeses, or 80 per cent, it their
certes of 33 patients The patients vith changes which are usually considered
irreversible were among the successes As a possible explanation for the
fong delayed improvement the authors cite the work of Goldman and
Ruichfield * who reported the appearance of new Junctional nev11n patients
recerving long term treatment with erther cortrvone or corticotropin These
uroepitheltal structures composed of

unctional nevi were hehesed to be ner
;euroeplthehum and sensory nerves Quinn and Wolfson suggest that a
~

.
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somewhat similar phenomenon may oceur 1n the optic nervc and retina 1¢,
that prolonged treatment with cortisane or corticotropin may produce a
prelhiferation of optic nerve or neurorctinal elements or the sustaming
components of such elements

Though 1t 19 undoubtediy true that the same discase—and differcnt
wndividuals—may retet diver ely to vanous methods of treatment s0 that
the physiein 1s Justified 1n switching from corttsonc to hydrot ortrsone or
to long acting or intrascnous corticotropin 1 resistant eases nesertheless
onreviewing the results reported by Quinn and Wolfson it appears that their
conclusions of a loug delayed responsc to adjusted corticotropin therapy are
not entirely justified For example Tible 27 shous that 11 of their patients
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received what might be termed conventional treatment (a total equnalent
dosage of 681 umts of corticotropin grven for an average of 22 days) with
excellent results 1 9 patients and rem sion 1 2 There 15 nothing unusual
n these findings Table 28 on the other hand shows the results in 22 of
their patients 1n whom the average duration of treatment was 80 day s, the
average maximum daily dose 151 units the average daily dose 78 units, and
the average total dosc 5470 umts In this group excellent remission was
reported 1n 11 patients good remssion 1 8 and poor results it 3 At first
glance thisyis impressive However 15 of the e had acute or chronie uvertts
and the average time for attamment of the therapeutic change was 6o days

m 7 patients 177 days were required The results obtained were evcellent
10 7 of the 15 patients good 1n 6 and poor 1n 2 In any 15 cases of acute or
chrome uveitrs treated for periods varving from 39 to 177 days a spon

tanecus remission 1 7 and improvement 1n 6 patients would not be aun
unusual outcome 1rrespectiye of therapy
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The results i 7 cases of retrobulbar ncuritis are scarcely more impressise
Tour of these are deseribed as acute optic neuritis of unhnown ctiology of
from two davs to three wechs’ duration when treatment was started The
remisston obtaned was excellent m 2 patients “good’ m 1 and “poor’ 1m
the fourth Insiew of the tendeney of many eascs of optic neuntis to subude
spontaneously m 2 few wechs, these findings cortamly are not remarhable

Table 28
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Acute or chrenie recur
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chornoretinitis 7 17" 154 &7 9148 5 1 1
Acute or chronte
chorioretinopathy
(spectfie etiologie
variants) 3 4t 142 82 | 3872 0 2 1
Acute nonrceurrent
chorioretingtys 2 (3] 82 51 | 3820 2 0 0
Chronie mnflamma
tory anterior scg
ment disorder (re
sistant to topieal
cortisone) 3 39 130 90 | 2093 a 3 o
2 Optic Neuritis
Acute optic neuritis L
etiology unknown 4 36 1 94 [3376| 2 i
Acute or chrome retro
bulbar neuritis o
known etiologyv 3 110 208 94 910 2 1
Totals 22 80 J 151 ) 78 580 11

The results 1n 3 of the cases of retrobulbar neuritis of known etiology require
wmore consideration One patient with neuromyelitis optica of seven days
duration and total hlindness 1n each eye when treatment was started recov
ered to 20/30 vision after five months Such recovery 1> not usual but ]«.Ezr
tanly 10 every large chme remark able recovery of vis10n 1 neuromy;a 1:‘:
optica 13 frequently observed In the second case (retrobulbarhneuntxs r‘l))le
dissenmnated sclerosis of one year’s duration apparently with some visr

~
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optic nerve atrophy afready present) a recovery to 20/20 vision in three
months was unusual but agun it swdlknonwnthat remassionsand exacerha
tions are characteristic of disseminated selerosis and morecvidence than that
pre ented would be reqiured before the improvement could be attnbuted
to the hormonal treatment "The Jast case of sypluh 1ndueed retrobulbar
neuritis of three months duration mmproved to 20 60 vicion in two and
one half months —a result which would be expeeted Finally 1t would
require the most minute study of the individual ¢ 1se and all posaible factors
imolved before the conelusion could be accepted that orgame optic nerie
atrophy and retizal degencrition have been reversed by hormonal therapy

Effect of the Adrenocortical Hormones upon Ocular Reactions
and Disease in Expenimental Animals

De pite esten ne mvestigitions by immunologt ts cimaans phyvst
ologists and chemists the mechanism whereby the adrenocortical hormones
and corticotropin exert their dramatic effect upon mflammation s as yet
undetermined However certatn obeervatious have been made of therr
effect upon expenmental ocular reactions wnd di ease which throw consider
able light on their mode of action and are of particular intercst to chnieal
ophthalmologists Such obsery ations are based upon studies of oeular in
flammations causcd by variows hyper ensitivaty rexetions  writants and
mfeetions the capillary permcability of the eye wound healing ar d neo-
sasculanzation of the cornea the development of the ocular granulomatous
lesions of tuberculosis and bricello 15 the absorption of cortisone in the
eyey and the possible role of eort: one and corticotropin m the pathogene<ts
of diahetic retinopathy These studies may be summarizd as follows

Ocular Infl A Due to Hyp R
The three recogmzed anaphylactic and allergic reactions which can readily
be ¢y oked 1 the eyes of expenmental ammals are

(1) The anaphjlactic reaction due to sensitization and mtoxcation with
protein agents hor<e serum being the protemn commonlsy used This was
first described by Nicolle and Abt® m 1908 After sensitization of the amimal
has heen aceomplished by the proper systemic injection of horse serum the
njection of small amounts of horse serum 1 the anterior chamber produces
an inten e nongr utlomatous mtis charictenized histologieally by edema
and lymphoeytse mfiltration of the wieal tract Thisimtis s tranvient lasting
for four days or more and then usually subsiding without residue

{2) The allergic ophthalmic reaction due to sensitization and intonica
t1on with hacterial antigens This was first deseribed by Dertch and Swift? in
1929 In the form mo t commenly used the animal 13 ensitized by repeated
ntracutaneous myections of hising alpha streptococer or hilled beta strep
tococer After sensitization injections of minute quantities of the specific
homologous anti_en 1n the anterior chamber produces a nongranulomatous
s of some 3 to 14 diys duration In highly sensitized ammals this may
be accompanied by clouding and s asculartzation of the cornea

{3) The focal reaction to tuberculin shown by eyes with tuberculous
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The resultsn 7 cases of retrobulbir neuritis are scarccly more mmpresstie
Tour of these are described as acute optic neurtis of unhnown etrology of
from two days’ to three weeks’ duration when treatment was started The
remission obtaned was excellent 1n 2 patients “good’ 1, and poor ' m
the fourth In 1w of the tendency of many cases of optic neuntis to subside
spontancously 1n a few weehs these findings certamly are not remarkable
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The results tn 3 of the cases of retrobulbar neuritis of know n etiology require
more consideration One patient with neuromyelitis optica of seven days
duration and total blindness 1 each eye when treatment was started recov

cred to 20/30 vision after five months Such recovery 18 not usual but ]c(zr-
tamly 1m every large climie remarkable recovery of vision m neuro:n_‘,i 1 :
optica 15 frequently observed In the sccond case (rotrobulbarhneun 15 t?,le
disserinated sclerosis of one year s duration apparently with some vist

~
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optic nerve atrophy already present) a recovery to 20,20 vision 1 three
months wasunusual but agam 1t 1swellknovwn that remes 1onsand exacerba
trons are charactert tie of dis eminated selerosts mnd moreesvidence than that
presented would be required before the improyvement could be attributed
to the hormonat treatment The last e ¢ of syphilts induccd retrobulbar
neuritis of three months duration improved to 20 60 1 10n 1in two and
one half months—1 result which would be expected Finally 1t would
require the most minute study of the mdiidual case and all possible factors
mvolved before the conelit 10n could he accepted that organie optic nene
atrophy and retinal degeneration hwve heen rever ed by hormonal therapy

Effect of the Adrenocortical Hormones upon Ocular Reactions
and Disease in Expenimental Animals

Desptte exten 1ve imvestigations by immunologists chmeran phyvst
ologsst  and chemuists the mecham m whereby the adrencecortical hormones
and corticotropin exert therr dramatic cffect upon mflammation 15 as vet
undetermined  Howeser certam observations hwe been made of ther
effect upon experimentl ocular 1eactions and dise e which throw con ider
able light on their mode of action and are of particular nterest to chinical
ophthalmolo.t ts Such ob ervations are ba ed upon studies of ocular m
flammations cau ed by various hypersenstinaty reactions gentants and
mfections  the capillary permeabnhity of the eye wound healing at d neo-
vasculanization of the cornea the development of the ecular granulomatous
lestons of tuberculo 15 and brucello 15 the absorption of cort1 one 1n the
eyes and the po <ible role of cortrsone and corticotropn in the pathogene 1s
of diabetic retinopathy These ~tudies m1y be summanzed as follows

Ocular Infl fl Due to H; R
The three recognized naphylactic and allergie reactions which can readily
be evoled 1n the eyes of evperimental ammals are

(1) The anaphylactic reaction due to senwtization and mtovication with
protein agents hor e serum being the protem commonly used This was
first deseribed by N\icolle and Abt*? 1n 1908 \fter sensitization of the animal
has been accomplished by the proper systemic injection of horse serum the
njection of small amounts of horsc ~erum 1 the antenor chamber produces
an mntense nongranulomatous mitss charactenzed histologreally by edema
and lymphoey tic nfiltr ition of the wyeal tract This mitis1s transient lasting
for four days or more and then usually subsiding without residue

(2} The allergsc  ophthalmie reaction  due to ~ensitization and 1ntovica-
tion with baetenal antigens This was first deseribed hy Derick and Swift?! 1n
1929 In the form mo t commonly u ¢d the ammal 15 enutized by re peated
mtracutaneous mjections of living alpha streptococer or hilled beta strep
tococer After sen itization 1mjections of minute quantities of the specific
homologous antigen 1 the anterior chamber produces a nongranulomatous
iti> of some 3 to 14 day  duration In lughly sensitized animals this may
be accompanied by clouding and asculanzation of the cornea

(3} The focat reaction to tuberculin shown by eyes with tuberculous
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disease after the systemic mnjection of an excessive dose of tubereulin This
reaction has long buen recogmzed chmeally It was produced and deseribed
m experimental animals by Woods and Burky? 1n 1943 1f immune allergie
rabbits with a restrained secondary ocular tuberculosts are grven a systemice
njection of 100 mg of old tuberculin, within 24 to 48 hours the quiescent,
diseased eyes flare up wath a typical nongranulomatous iritss which persists
for 2 to 7 days and then fades

It was found that when sensitized anmmals 1n these three categories were
treated with parentcral cortisone or eorticotropn for a four-day penod prior
to the antertor chamber mjections and for a four-d4y period afterward, the
ocular reactions were partially or completely suppressed, the mjected eyes
of the treated ammals showing either 4 mimmal or no reaction to the mjec
tion of the specific intigen or to the parenteral injection of tubereuln
It was further found thnt, 1f cortione or hydrocortisone was injected mnto
the anterior chambers 1t the same time the specific 1ntigen was grven, the
reaction could be wuppressed by this means alone The degree of suppression
shown after erther parenteril or topieal trentment was proportional to two
factors—the amount of the hormone gn en and the degree of hy perensityi ity
shown by the experimental ammal In these various expertments cutaneous
reactions to horse serum, alpha or beta streptococer or tubercuhn were
Iikewice partially or completely suppressed by parenteral admimstration
of cortisone or corticotropin However the underlying tiesue hypersenst
tinaty was not disturbed, for when treatment was discontmued and erther
the eyes or the shin of the sensttized ammals were later reinjected with the
specific antigen they reacted quite as brishly «s the untreated controls

Inflammation Due to Irnitants In 1931 Seegal and Seegal,®® m the course
of experiments on local tiwsue hypersensitivity showed that introduction
1nto the anterior chamber of such wrritants as glycerin 1odine ete produced
4 transient wit1s A simlar antis can also be produced by staphylococcus
toun and a more 1ntense mtis which may actually be accompanied by
corneal necrosts and perforation of the globe can be produced by jequinity *
If the animals were parenterally treated with cortisone or corticotropm four
days prior to and five dayvs after the antertor chamber njection the itis
produced by gly cern or staphylococcus town could be completely nhibited
A sumlar suppresston vas obseried when the test ammals were treated with
cortisone mjected 1n the antertor chamber sy nchronou ly with the irntant
Agam it was found that the degree of suppression, from mild to absolute, was
quantitatriely related to the amount of the hormone adminstered

When jequuty mnfustons were used, if the mnfusion was sufficiently
strong to produce necrosts neither the parenteral admnistration of cortisone
or corticotropin nor the antenor chamber njection of cortione had any
effect upon the resulting lesions ¥ When weaker infusions were used the
inflammation shown by the controls was partaally or completely suppressed

al cortreone or corticotroptn and by topreal cortisene or hydro-

1t
by parente e degree of the msult

cortisone The degree of suppres 10n varied with the
1e, with the strength of the jequinty nfu 1on used
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Inflammation Due to Infection In studying the suppression of the focal
reaction to tuberculin by the pirenterat admunistr ition of cortisone 1t was
found that when the cortisone w s continued for three weehs after the focal
reaction 1 the ey had subsided, the cyes of the treated rabbits became
white and free of vimble inflammation although the tubercles on the s
continued unchanged or even nereased shightly Thus for a <hort penod
treatment with cortivone produced the pecubiar picture of white nomnflamed
eyes with an active tuberculosis 3

In mvestigating the effect of hormonal therapy upon the development
of ocular tubereulosis 1t was found that parenteral admimstration of corts
sone hydrocortisone or corticotropin suppressed all inflimmation m the
moculated eyes for 4 period of five to <iv weehs Duning this period the
orgamsms quite evidently propagated for mynad tubereles later developed
after this prolonged incubation period and the lesions were found to be
swarming with baeilli It thus appeared evident that in these experimental
ammals the adrenocortical hormones and eorticotropin inhibted the
Rammatory reaction due to mfection with the \ycobacterum tuberculosis
Studies as yet unreported indicate that this suppression of the inflammation
of 1nfection 13 not, imited to tuberculosis but oceurs in the granulomatous
wvertls produced by Brucella organtsms

From this group of experiments 1t was concluded that the ability of
cortisone, hy drocortisone and corticotropmn to control inflammation was not
restncted to the nfl ory response dary to hypersensitivity reac
tions but extended to that produced by irritants and by mfection Since
small amounts of corti~one injected in the eye immediately suppressed the
mflammatory response produced either by the hy persensitivity reaction or
by intants, the hormone wpparently acted locally at the cell level and 1ts
action was mdependent of any general physiologic change It appeared
clear that these agents did not affect the underlying antigen antibody reac
tion but 1n some unexplamed way shielded the cells les ened the tovic
effect of the allergic reaction of the wrntant or of the bactenal toxun and
=0 prevented the inflammatory response It was also evident that the ability
of these hormones to control inflammation was only relative and failed
10 the presence of too powerful an 1nsult

Capillary Permeability If a decrease in capillary permeability were
produced by cortisone or corticotropin such action would go far 1 explain
g the mhibitory effect of these hormones upon nflammation and exuda
tion Various studies 1n collagen disease® indicate that capillary fragihity as
tested by suction devices 13 decreased 1n these diseases after cortisone or
corticotropin therapy Simularly Armstrong and Irons® reported studies on
the protein content of the vesicles 1 a patient with scleroderma which
indicated that after treatment with cortisone or corticotropin  the protein
content of the vesicles fell markedly a&pproaching that of a transudate
This they mterpreted as evidence of a decrease n capillary permeability

Two methods have been employed to determne the permeability of the
capillaries of the ey e, the first being to assay the passage of protemn across
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the etiary blood aqueous barner and the second, to 193 the pas age of
fluorestem

It 15 well known that w normal ammals after repeated punctures of the
wterior chamber the ripenerated aqueous has 4 much Ingher protemn
content than the onginal aqueous indicating an mercase m permeability
of the capiitaries 1t the aliiry barmer Iryine and Trvine® studied the pro-
ten content of the fust and sccond agueous of normal wumals under treat
ment with cortisone and found that the merc wed protem content of the
second aqueous was nat affected by such treatment They concluded that
m the normil ribint under the conditions of their expeniment, cortr one
had no effect upon capitiary permeainfity

The action of cortisone i mhilnting the pissage of fluoreseem across the
aliry hlood vqueous barner was first studied by Ieopold and his asso-
cintes * They found that tre itment of a normal ammal with corts one had
o whibstory effect upon the pas«age of wtrarenousty myected fluorescent
into the aqueous mdicating that such treatment did not decrease the per
mealahty of the cypllanes of a norml rabint for molecules the size of
fluorescein McDonald et al 7 have recently confirmed this finding for
hydrocortisone showing that prior subtonpuncinal mjection of hvdro-
cortisone dud not inhibit the passage of fluorescein mto the aqueous of the
normal eve

Cooh and MacDonald®® concluded from their study of patients that
treatment with cortisone did not mfluence or decreaze the passage of fluores
cemn mto the anterior chamber of noninflamed eyes However 1 eyes i
flamed from various oculir diseases where the passage of fluorestemn in the
anterior chamber was greatly incrensed treatment with cortisone reduced
the passage of fluorestem to the levcd shown by nomnflamed eyes They
coneluded that though cortisone had no effect upon the capiiary permeabil
1ty of the normal human eye 1t played an smportant role m redueing the
wnereased capillary permeabihity associated with mflimamation This agrees
with Biegel s observation® that in anaphylactic usettrs produced by sen
aitization and mtovication with horse <erum cortisone had a marhed m
Tubitory effcet on the exudation However VeDonald et i 7 ve recently
reported an experiment 1n rablats m which prior subconjunctrval mjection
of hydrocortisone and prior subconpunctnal and systerme myeetions of
cortisone had no mhhitory effect upon the passage of streptomyem mto
the aqueous of a previously wflamed eye Turther mvestigation of this
nportant question 13 in order

Wound Healing The general studies of Ragan et al 49 and Span Volo-
mut and Haber'® clearly mndieate that treatment of the experimental
2mma) with cortisone mterferes with new fibroblast formation but not » 1ith
granulomatous tissue Aready formed The esidence of an effect upon ept
thehsation 1s somew hat conflieting The question of w ound healing 1n the cye
has been espeually muestigated * 434 Friedenw Ad* studied the effect of

thellum in rits
ent waith cortione upon the nutosis rate of corneal ept
e the control anmmals

and found no difference between the treated and
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Leopold and hiy associates? found that rabhnts treated with cortisone showed
shight delay 1 ¢pithelizvion of the cornca after standard trephine wounds
Though they observed no gross chmcal diffcrence 1 the healtng rate of
stromal wounds 1n the treated and control rabbite nevertheless istologie
studies showed definitely less granulomatous tissue m the treated eyes than
n the controls They made no obsery ations on endothelnl regeneration

Newell and Dixon*s «tudied the effcet of subconjunctnally mjected
cortisone upon the healing of full corneal grafts and found no evidence
that cortisone had any «igmibficant influenee on the normal rapid probiferation
of corneal epithelum A marked difference 1n stromal healing was noted In
the untreated controls leuhoey tes and eostnophils beg,n to disappear after
the third day and proliferating heratoblists migrated between the wound
margins displaced the epithehum and formed cellular connective tissue
In the treated eyes leuhocey tes persisted up to the eighth day heratoblastic
proliferation was mimmal ind as late as the cleventh dav the wound was
filled only with epithelim and fibrin They noted that endothelial cells
i the grafts were absent m many sections and were fragmented 1n others
and that fibrin filled the posterior edges of the wound

Ashton and Cook** mvestigated the effect of cortisone upon perforating
corneal wounds In an exceptionally well illustrated paper they showed that
cortisone inhibited the fibrmous corgulum cellular nfiltration and fibro-
blastic reparr T1he Newell and Dixon they obsered fragmentation of the
endothelium and inhibition of endothelial regeneration The mhitntion of
both stromal and endotheha! repur was related to the quantity of corti one
admingstered Tt was moderite with «small doses when repur was still ade
quate but marked with large doscs when repair mught be completely 1n
ibited MeDonald and lus 1ssociates 7has ¢ found these findings tohold true
for hydrocortisone reporting 1 similar intubition of stromal repair 1 the
treated eyes

Just how cortisone inhtbnts the hibroblastie reaction 15 a mystery Steent®
i & recent study found that cortisgne when added to t1 sue cultures m
concentrations up to 25 times that of the usual therapeutic levels had ne
effect whatsoever upon the fibroblastic growth of chich embryos

It 1s doubtful however if these well established experimental findings
have any marked climeal sigmificance Ashton and Cook* do not state the
amount of cortisone that was required to obtam complete whibution of
repair It 1s quute probable that the amount so idmimstered was well mn
excess of that usually gnen chmeally Certainly both general surgeons and
ophthalmologists hare repeatedly operated on patients under cortisone or corty
cotropen therapy and consislently haie obscried no unduc retardafion in the
healing of cutaneous or corneal wounds

Neovasculanization In 1950 Jones and Meyert® reported that cortisone
applied topically had a marked mnhibitory action on the neov aseularization
which 5o regularly followed caustie burns of the cornes Quite recently this
finding has been fully confirmed by Ashton Cook and Langhami? and lso
by Lister and Greaves 4% A<hton and his associates determined the effect of
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both subeonjunetivally ind parenterally administercd cortisone upon the
saseularization and cornel cdemy produced by mjection of a <olution of
alloxan nto the anterior chamber They found that such injections of corty
sone reduced and delayed neovasculanzation but did not completely mnhibit
1t The degree of mbubition w 1s much grester when cortisone was adminis
tered subconpunctnally Similarly  they found that cortisone given sub
compuncin iy mathedly inlubited «damy opacifie stion ind the mereascd
thichness of the cotnea but ginen parenterally 1t had no such effect Iister
wnd Creaves® found that cortisone admunrstered erther subconjunctrsally
or parentcrally inhibited the vasculanzition <econdary to therml burns
of the corner These findings have buen confirmed by MeDonald and his
assouiates for cortisone and for hydrocortisone 7
There 15 no esact evidence to indieate the manner mn which cortisone
hbtts neotascularization  1he most plausible explanation as yet available
15 that the phenomenon may be concerned with the inhibition of endothelial
proliferation 43 4
Granulomatous Ocular Lesions Tuberculosts There 1s constderable
evidence that treitment of experimental antmals with cortisone may radi
cally alter the course and possibly the pathogenews of systemic tuberculous
lesions Tirst Michael Cummings and Bloom * and then Spun Molomut
and Haber!! reported expcriments which indieated that treatment with cor
tisone depresecd the natural resistance to infection posse sed by tuberculosts
resistant rats Iater Luric and his co-workers® showed that i rabbits with
pulmonary tubcreulosis produced by mhalation of bacilll the whale course
of the ensuing lesions was radically altered by cortisone treatment with
caseous foul in the tubereles and a great mercase m the numbers of the baeilll
1n the lestons A ~cries of recent experiments®! indicates that n the eye the
entire coursc and type of tuberculous lesions can be altered for the worse
by treatment of the ammals erther with topically or parenterally admims
tered cortisone or parcnterally admimstered hydrocortisone These findings
were, n brief as follows
Ocular tuberculosis runs a radically different course in normal and 1n m
mune-allergic rabbits In the normal nonimmune rabbit there 1s a mmimal
reacti0n to mjection of tubercle bauilli into the antenor chamber The meu
bation period thereafter 1s followed by the development of hard tubercles 4
hagh degree of reactivity to tuberculm and with this a stage of acute mflam
mation then develop in the diseased eye Next the tubercles soften neerosi
and caseation follow the eves go mto buphthalmos and within six to eight
weeks the majonity rupture On histologic examenation the eyes show lurge
caseous tubercles with tissue de truction Inimmune allergic rabbits the pic
ture 1< radically different An imitial flammatory reaction to the tuberculo-
protein m the moculum fades 1n three to scven days Therc 1s then an mneu
bation pertod of varving time after which the eyes develop a restruned
tuberculous disease Acute inflammation necrost caseation buphthalmos
and rupture of the globe are rarelv if ever observed Within three to five

months the condition of the eyes becomes quiescent, and vanable residual
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carring 15 present On histologic examination only minmimal hiealed granu
fomatous Jestons are found

Inimmune-allergic ribbits which for 2 50- to »8~d1y pertod from the time
of moculition were given corty onc crther parenterally or toprcally or hy
drocorts one parenterails the development of v1ible lestons was mhinted
for 20 to 18 dave while the coutrols devcloped lesions i 10 to 14 davs After
this prolonged incubation period the eyes of the treated animals developed
1e 10ns similar to the controls When trcatment was then stopped after 50 to
o8 days the ¢ eves undcrwent acute exacerbations and as earls as three
davs after termination of triatment showers of »oft tubcrdles developed on

F1 39 Ocular tuberculosi 1n untreated normal rabbit 30 davs after inoculation
tllustrating adyanced ca eous tuberculo 1 buphthalmos and impending rupture of
globe (Irom W oods and Wood )

the iy and m the cornea On bacterial staws the ¢ were found to be swarm-
g with baalli Thereafter the ey es developed necrosis easeation and buph
thalmos and some of them ruptured The whole preture of the disease was
radically changed and the eycs of the immune Allergic rabbits assumed the
same chintcal and histologic pattern as that ob erved mn normal nonmmune
rabints It 15 alse noteworthy that i this experiment the corts one treated
rabbits remmned m good condition and howed no unduc mortality rabbats
treated with hydrocorticone however were found to have a marked loss in
body weight high blood sugar ghcosuna and a high mortahty The im-
portant features of these experiments are shown i Figures 39 to 43

Study of the amimals mdicated that this changed picture 1n the immune
allergze rabbits was not caused by lo s of their immune status but probably
was related to inhibition of phagoeyto 1s and fibro 15 and possibly to de
pression of the adrenal cortex by the cortisone with concequent adrenocor
ticath when cortisone was withdrawn Immune-
allergic rabhbits Slmllﬂl'l) treated with corticotropin did not develop this
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both subconjunctivally and parenterally administered cortisone upon the
vaseularization ind corneal ¢dema produced by mjection of a solution of
alloxan into the anterior chamber They found that such 1njections of cortt
sone reduced nnd delayed neoy aseularization but did not completely mhibit
1t The degree of mhibition was much greater when cortisone w 15 admimis-
tered subconjunetivally Similarly  they found that corticone gen sub
conunctn lly murhedly mbnbited cdem op wficstion, and the mereased
thichness of the cornca but given parenterally it had no such cffect Lister
and Gieaves* found that cortisone adminstered either subconjunctn atly
or parenterally mhulnted the vasculanzation sceondary to thermal burns
of the corncr lhese findings have heen confirmed by McDonald and his
assocntes for cortisone and for hydrocortisone 7

There 15 no exact evidence to indicate the manner tn which cortisone
mhbits neovascularization The most plaustble explanation as yet available
15 that the phenomenon may be concerned with the inhibitton of endothehal
proliferation 43 44

Granulomatous Ocular Lestons Tuberculosis There 15 considerable
evidence that treatment of expertmental anmals with cortisone may rads
cally alter the course and possibly the pathogeness of systemic tuberculous
lesions Tirst Michael Cummmgs and Bloom,* and then Spain \olomut
and Haber*! reported expcriments which mdteated that treatment with cor
tisone depressed the natural resistance to infection possessed by tuberculosts
reswstant rats Later Lurte and his co-workers® showed that in rabbits with
pulmonary tuberculosts produced by mhalation of bacilli the whole course
of the enswing lesions was radically altered by cortisone treatment with
caseous focr i the tubercles and a great merease in the numbers of the baalll
1n the lesons A series of recent experiments®! indicates that in the ey e the
entire course and type of tuberculous le<ions can be iltered for the worse
by treatment of the animals etther with topreally or parenterally admins
tered cortisone or parenterally administered hy drocortisone These findings
were 1n brief as follows

Ocular tuberculosis runs a radically different course m normal and inm
mune allergic rabbits In the normal nonimmune rabbit there 15 1 mimimal
reaction to injection of tubercle baulli into the anterior chamber The meu
‘outnon perod trereaiier - folion el by e devdopment of hand vakeades A
hugh degree of reactivity to tuberculin and with this a stage of acute nflam
mation then develop n the diseased eye Next, the tubercles soften necrows
and caseation follow the eves go into buphthalmos and within six to eight
weeks the majority rupture On histologic examination the ¢yes show lar.e
caseous tubercles with tissue destruction In immune alletgic rabbits the pic
ture 1s radically different Animtiu inflammatory reaction to the tuberculo

1 the noculum fades 1n three fo seven days Thete 1s then an mmcu

Totein 1f
b tramned

bation period of varymg time after which the eyes develop a res
tuberculous disease Acute inflammation necrosis caseation buphthalmos
and rupture of the globe wre rarely if ever observed Within three to five

months the condition of the eycs becomes quiescent and vanable restdusl
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carnng 1~ present On histologie exammation oty mmimal healed granu
lomatous le 10ny are found

Inimmune-allergic rabbnts which for 4 00- to 18-day penad from the time
of moculation were given cortt one esther parenterally or topteally or by
drocortt one parenterally the development of viible le 1ons wa. inhilnted
for 20 to 48 davs while the controls developad le 10ms m 10 to 14 davs After
this prolonped incubation perod the eves of the treated ammals developed
lesions 1mular to the controls When treatment wax then stopped after w0 to
o8 davs the ¢ (ves underwent acute exacerbation  and as early a three
davs after termination of treatment <hower of oft tuberdle devclaped on

Fic 39 Ocular tulxreuloms tn untreated normal rabbit 30 dav  nfter mnoculation
1llu. tratmg advanced caeous tubereulost  buphthalmos and impending rupture of
rlobe (From Wood and Wood 9

the ins and 1n the cornea On bacterial tams the e were found to be swarm-
g with baeilllh Thereafter the ey es dcveloped necro<is caseation and buph
thalmos and ome of them ruptured The whole picture of the di ea e was
radealls changed and the eves of the immune-allergic rabhits a sumed the
ame clinteal and histologie pattern as that obsersed in normal nommmune
rabbits It 15 al 0 noteworthy that in this experiment the cort: one treated
rabhits remamed 1n good condition and  howed no unduc mortahty rabbits
treated with hydrocorti one however were found to have a marked lo s 1n
body weight high blood sugar glveo una and a high mortalits The 1n-
Portant features of the-e expennments are shonn i Figures 39 to 43

Study of the animals indieated that this ¢hanged pieture 1 the smmune
allergic rabbits was not caused by 10 of their immune status but probably
was related to mhibition of phagoevto 1s and fibro 1 and po 1bly to de-
Pression of the adrenal cortex by the cort1 one with con equent adrenocor-
ticalh defi when e cort1 one was withdrawn Immune-
allergic rabbits umlarl) treated with corticotropin did not develop this
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both wubconjunetivally and parenterally administered cortisone upon the
vasculanzation and corneal edem produced by myection of a solution of
allonan nto the anterior chamber They found that such myjectrons of cortl
sone reduced and delayed neovaseulanzation but did not completely mhibit
1t Ihe degrec of ihibition was much greater when ecortivone was admims
tered subconpunetivally Simarly  they found thit cortivone given <uh
comunctiv illy mukedly mbtbited edeme opacific ttion and the mercased
thiehness of the eornea but gnven parenterally, 1t hid no such (ffcct Lister
and Gre wwes* found that cortisone ad tered either subconjunctnally
or parenterafly mhibited the yascularzation secondary to thermal burns
of the coruer lhese findings have been confirmed by VieDonald and his
assacites for cortisone and for hydrocortisone 7

There 1> no exuct evidence to mdicate the manner 1n which cortisone
intubits neov ascularization  The most plausible explanation as yet available
15 that the phenomenon mty be concerned with the inhibition of endothelial
proliferation 43 ¢

Granulomatous Ocular Lesions Tuberculosts There 1s considerable
evidence that treatment of experimental animals with cortisone may radi
cally alter the course and posstbly the pathogenesis of systemic tuberculous
lesions Furst Michael Cummings and Bloom * and then Spain Molomut
and Haber*? reported experiments which mdicated that treatment with cor
tisone depressed the natural resistance to infection possessed by tuberculosis-
resistant rats Later Lurie and his eo-worhers®® showned that i rabbits with
pulmonary tuberculosts produced by mhalation of bacilli the whole course
of the ensuing lesions was radically altered by cortisone treatment with
caseous foc1 1n the tubercles and  great increase 1n the numbers of the bacilh
1n the lestons L <eries of recent experiments®! indicates that in the eye the
entire course and tvpe of tuberculous lesions can be altered for the wor e
by treatment of the animals erther with topieally or pirenterally admmms
tered cortisone or parenterally admimistered hydrocortisone The e findin.s
were 1n bref as follons

Ocular tuberculosis runs a radically different course in normal and mm
mune allergic rabbits In the normal nonimmune rabbit there 1s a mimmal
reaction to 1njection of tubercle bacill: mto the antertor chamber The incu
bation period thereafter 1s followed by the development of hard tubercles A
high degree of reactivity to tubereculin and with this astage of acute nflam
‘mation then develop i the diseaced ¢ye¢ Nent the tubercles soften necrosis
and ¢ ceation follon the eyves go into buphthalmos and withm s to eight
weels the majonty rupture On histologie examination the eyes show lar.e
caseous tubereles with tissue destruction In immune allergic rabbits the pre
ture 15 radically Anmtial infl reaction to the tuberculo
protem m the 1noculum fades i three to seven days There1s then an Jmud
bation penod of varying time after which the cyes dev elop a restraine
tuberculous disease Acute inflammation necrosts caseation buphthnh;na
and rupture of the globe arc rarely if ever observed Withm three tod ula
s the condition of the eyes becomes quescent and variable restdua

month:
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scarnng 1 pre nt On hastologie examun ition ouly mimmal heated grn
lomatous lesions are found

Inmmune-itergie rablnts which forw 20- ta s$-dan penod from the time
of moculation were gen corts one ether parenterally or topically or hy
drocortr one parenterally the development of 11 1ble le 10ns was mbubited
for 20 to 48 dav~ while the controls doveloped le 1ons i 10 to I dws After
this prolonged meubation period the eves of the treited ammals devdloped
le yons sumilar to the controls When treatment w s then stopped after o0 to
3 dav  the e eves underwint acute exwerbition  and s carly v three
davs after termination of treatmont <howers of oft tubcrcles developed on

Tic 39 Ocular tuberculos 1n untreated normal rabhut 30 dav wter mocultion
illy trating advanced 1 eous tubereulo 1 buphthalmos aud mpending rupture of
globe (From Wood and Wood )

the 111 and m the cornea On bactertal stams the e werc found to be swarm
mg with baeilll Thereafter the ey es developed necro 1 ¢4 ¢ition and buph
thalmos and some of them ruptured The whole picture of the di etse was
radically changed and the ¢yves of the immune allergic Tibbits wsumed the
same clinieal and histologic pattern 1 that observed m normal nonmmune
rabbits If 15 al o noteworthy that in thi< experiment the corti one treated
rabbits romamed in good tondition and showed no undue mortalty rablits
treated with hydrocortisone however were found to have a marked loss 1n
body weight hgh blood sugar glycosuria and a high mortality The im-
portant features of these experiments are <hown m Fi ures 39 to 43

Study of the animal ndicated that this changed pictuie 1n the immune
allergic rabbits was not caused by loss of their immune status but probably
was related to mhibition of phagocytosis and fibro 1s and possibly to de
pression of the adrenal cortex by the eortisone with consequent adrenoror
tieath defi when corticone was withdrawn Immune
allergic rabbits slm\larl) treated with corticotropmn did not develop this
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T16 40 Ocular tubereulo 15 in untreated immune allergic rabbit 90 day» after
moculation sthy trating restramed  off linuted di case (From Wood and W eod 31)

3 Immune Allergic Rabbits LocalCortisone
Cantrols
LocalCo s
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Fia 41 Graphillustrating the course of ocular tuberculosts in untreated immune
allergic rabbit (solid Iine) and imrmune allergic rablnt treated topically with cortisone
(dotted line) Note suppre ton of imtial allergic reaction uppression of all inflam
mation for 4% days and violent rebound ph 3 days after of
treatment (From Woods and Wood )
changed picture of tuberculous disease A possible explanation for the fail-
ure of corticotropin treated rabbits to develop this rebound phenomenon
may be that such rabbuts mamntamed their adrenal hy pertrophy for the 100
day penod of observation after cc sation of treatment and thus probably
were not deprived of the protective wfluence of their own cortisone
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Fic 42 Showers of soft tubcreles on ins of immune alleryic rabbit treateil topt
eally with corticone occurning, 3 to 11 days after cessition of treatment (From
Woods and Wond 1)
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F16 43 Final appearance of eye of immune allergie 1abbit treated topically with
cortisone 30 days sfter termination of tieatment Compare with Figures 39 and 40
and note transformation of pracess from rectrained healin, disca. e to fulminating,
caseous disease (From Vyoorls and Y aod 1)

These findinga w1th respcct to ocular tuberculoss are in accord with those
of others who nvestigated systemie tuberculosis and n general are similar
to the observations of Turner and Hollander? m a study of experimental
syphilis n rabbits When such rabbits were treated with cortisone these
vestigators found that the animals developed large, boggy, nonuleerative
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Icwions (which were sw wming, with treponemata), mstead of the usual en
cumsenihed Icsions ob erved m the untreated controls A sharp rebound phe-
nomenon oceurred on cessatton of treatment with <pread and violent accen
tuation of the disease
Thesc experiments appear to have particular climeal significance Unless
u ean be proved lnler that sireptomycn and p aminosalicylic acd or such other
newer agenls as Vydrazid when guen concurrently with cortisone will present
these recurrences and rebound phenomena in tuberculous eyes, 1 would be wise
to assume that cortisone therapy showld be sevcrely resiricted in any case of
proved or suspecled ocular {ubereulosts
Brucellosts \s yet unreported experiments from the Wilmer Institute
mdicate that hormonal therapy may have an untoward action m ocular
brucellosts Immune allergic rabbits (ammals with a previously mduced sys-
temic Brucella infection) were used m these experiments, the ocular lesions
bemg produced by a hiter anterior chamber mjection of Brucella organisms
after the immune status had developed It was found that the imtial allergic
ophthalmic reaction which oceurred regularly in the untreated controls was
completelv or partially suppressed by the parenteral mjection of cortisone
hydrocortisone or corticotropin and by the topteal appheation of cortisone
omtment Thereafter chincal evidences of mmor ocular mfection and 1
flammation were fewer The mcidence of severe ocular infectton however
was undiminished and an mcreased susceptibility of the eves to a smaller
moculum was obsersed Moreover the <eventy of the Jesions in the reacting
eyes ippeared enhanced by the continued hormonal treatment No rebound
phenomena such 25 were constantly obhserved n tuberculous vyes occurred
m these ribbits It was concluded that under the conditions of this expent
ment the drenocartical hormanes and corticotropin were of no value in the
treatment of experimental ocular brucellosis except to suppress the minor
mflammation and mfection which 1 the control eyes subsided spontane
ously Hormonal therapy appeared to be contraindicated 1n that it rendered
the eyes of some animals more susceptible and increased the scventy of the
nfection 1n the reacting eves
No defimitive explanation of the mechamsm of such an action has as vet
heen found, although it has been suggested that mhibition of the minor
mflimmation or infection may have nhited local phagocy tos:s of the -
jected orgamisms It 1« of interest that in this experiment the cutaneous
reactrvity of the chronically mfected animals to brucellergin nas either com-
pletely suppressed or greatly dimini hed
Absorption of Cortisone by the Eye When the cffect of topical cortisone
upon ocular mflammation was first observed 1t was difficult to understand
just how a substance as msoluble as cortisone acetate could be absorbed trom
the conjunetival sac ‘That it did penetrate mto the eye w2 clearly attested
by 1ts effcct upon nengranulomatous mt~ Leopald and his co-workers?
studied the question experimentally and analy zed the aqueous for 1ts corts
son¢ content after m tillation of cortisone su penston into the conjunctrval

aac and after both subconjuncti al and retrobulbar njections They found
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that all methods of ipplication re ulted 1 penetration of cortisone mto the
aqueous amd that subeonjunetiyal tnyection w s only slightly supcrior to
stillition of the collyrmm m the conjunctival sae

In the course of cxpuniments on the effect of topatly applied cortisone
upon the vartous hypersensitivity reactions we noticed 4 curtous phenome-
non After the anterior chamber ingection the <halhy ery stalline suspen ton
of the cortt one acctatc wis dearly visible 2% a floceulent mass Within 24 to
36 hour< all trace of 1t hnd disappcarcd while corticotropin in the anternor
chimber was slowly abhorbud over a penod of sveral days However when
corti one acet e wasgnen whionginctinafly the ervstaf were readily ceen
bencath the congunctiny for + penad of approvmately 2 week It eemed
probuble that cortt one i the anteror chamber or s the conjunctnnal sac
undersent come chomiel altcration which made it readily <oluble and easily
absorbed Tu t whit this chinge was 1 a complete mystery although a re-
cent ob enation by Steen** may br importint In the cour<e of lus expert
ments on the growth of me oderm m t1 sue cultures with cort: one he ob-
erved that i the pre ence of lnng cell the msoluble cortt one acetate
combined with glueo « to form 4 new and woluble compound which may be
cortrone ghteoside The amilanity of corty one 1n the anterior chamber of a
Ining eve to the conditions of Stecn s evpenments 1s strihing Perhaps he has
found an answer to the puzziing que tion of ab orption of cortisone by the
eye Certamly 1t 13 an mteresting, fild for furthor investigation

Possible Role of Adrenal Cortex 1n the Pathogenests of Diabetic Reti-
nopathy Recent and as yet prehminary reports of mestigations suggest
that the adrenocortical hormones and corticotropin may play a sigmificant
role 1n the pathogencsis of diabetic retimopathy The pre ent status of thee
myestigations may be summarized as follows

Dana Eser ale and Zubrods® reported a climcopathologie study of 190
dubetic patients autopsied in The Johns Hophins Ho pital between 1938
and 1950 These patients fll nto two rather sharply divided groups The
first Lroup of 57 patients showed the ty prcal himmelsticd Wil on aneury sme
m the glomeruls of the hadneys 90 per cent of these showed typieal ancurys
mal capillary lesions in the rctina— the basic picture of diabetre retinopathy
In studying the historics of the patients m this group 1t was consptcuous
that none had shown any evidence of acudosis and that 1n the absence of
@xogenous wsuln none had descloped hetoss The secand group of 133
patients did not have Kimmelstiel Wilson lesions i the glomeruh of
the kadney« Only 10 per cent of this group showed capillary aneurysms
m the rctina Insulm defiecney acmdoss wnd hetosss were promiment
finding,s

On the basis of this tudy the authors suggested that lammelstiel Wil
son glomerular aneurysms and dizbetic retinopathy are part of the same
chmeal entity that they are not related to an msulin deficiency but rather
that the diabetes 1n these patients 1 the result of exeess of the hy pergly
cemie glycogenoly tic fuctor and that this factor may be respon. ble for the
‘ascular capillary lesons There was suggestis e evidence that the alpha cells
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of the pancreas may be concerned in the excess of the hy pergly cemic
gy cogenoly tie factor

It 1s also pertinent that these himmelstiel-Wilson lesions in the glomerult
hine been ob<ersed in experimental ammals under prolonged cortisone and
hy drotortisone treatment that the development of retinal aneury sms has
becn abserved m patients under prolonged corticotropin therapy and that
Tummelstiel Wilson lewions have been found i the glomerult of one such
pttient 1t autopsy ** There are al o a number of reports of a diabetie rett
nopathy deseloping fiom mild diabetes durmg the course of a pregnancy
with spontancous and complete regression of the retinopathy following de-
Inery These yvarious chuieal and histologic obsery ations <uggest the posst
bility that the adrenocortic1l hormones may play some part i the patho-
genesis of diabetic retmopathy

Stimulated by the ¢ vamous ohservations Bechertt has undertaken a
clinteal and experimental nvestigation of the possible role of adrenocortical
hormones and corticotropin m the pathogenesis of diabetic retinopathy
This investigation 15 shil} in ats early ~tages but the prelimmnary reports are
most interesting It was first found that rabbits made diabetic w1th allosan
did not develop either a retinopathy or kimmelstrel-W1il<on lesions mn the
glomeruh However when the ammals were gnen prolonged treatment with
corticotropn distortion of the capillary pattern and defimte capillary aneu
rysms developed 1n the retina together with hammelstiel Wil on lesions
the glomerul of the kidney The myvestigator then directed his attention to «
study of the adrenals of drabetie patients autopsied m The Johns Hophins
Hospitd Although the weight of the adrenals 15 admittedly a poor method
of evaluating adrenal actisity nevertheless the adrenals of the Rimmelstrel
Yiilson retinopathy group were found to be 24 per cent larger than those of
the controls who had diabetes without retimopathy The Tummelstiel-Wil
<on retinopathy group al<o .howed a great mcrease mn lipid laden vacuo-
lated cells in the zona fasciculata of the adrenals An effort to explam these
striking differences on the basis of the immediate cause of death stre s fac-
tors etc was unsuccessful and the author believed that the evidence of
mcreased adrenocortical activity found mn the hammelstiel-Wilson ret:
nopathy group was related to the pathogenesis of the lesions On the basis of
these and other obserations he has ads anced the working Iy pothesss that,
1n addition to the pancreatie lesions pituitary stimulation with the resultint
Liberation of excessie amounts of corticotropin and increased production of
adrenocortical steroids are factors mn the development of both drabetic ret:
popathy and Tummelstiel Wilson lesions i the ludney

Obviously these myestigitions are all in the prelimmary stage and more
experimental proof will be tequued to estably h thus hy pothests Neverthe-
le.n 1ty attractiveness 1s undemable It affords an evplination for many es-
tabliched clinical obsers ations which heretofore have been mexplieable It
possibilities of a therapeutic approach to & disease for n hich there has
herapy whatsoever For example Creen et al # have re-
betic retinopathy m which bilateral adrenalectomy was

opens
until now been no t
ported 2 case of dral
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done and the patient was mamntained thereafter on cortisone, with regression
of the retinop1ithy The possibality that corticotropin and the adranocortieal
steroids may play a sigufieant role in the pathogenesis of diabetie retinopa
thy mas alko dampen the enthustasm of the mansy mvestigators who have
tried hormonal therapy n this disease

Contraindications to the Use of Adrenocortical Hormones
1 Eye Diseases

When corttsone and corticotropin were first used ehimically a great mass
of mformation on their general phy <ologie action had already been aceumu
lated It was well known that profonged ehmcal u e of exther hormone might
produce such untow ard phy siologtc effects as retention of alt and water with
& resulting hy pertension relatively mnsulin resistant hy perglycemia Cush
mgs syndrome with the charactenstie facies hirvuti m and amenorrhea
and alteration i cerebral function Therr use therefore was contramndicated
in patints with hy pertension nephntis diabetes and varous psychoses

As further chmeal and expenmental mformation was gathered 1t was
found that 1n sdditson to their unexplammed action on collagen diseases they
had an nhibitory effeet upon wflammation exudation neevascularzation
and fibroblastic reaction and vartous warnings and speculations were ad
vanced concermng their final effect 1n certamn infec tious di cases Thus \rm
strong and Irony¥” warned that when the inflammatory reaction has a
defensive action that 1s when infection exists 1n the inflamed tissue the
action of acit and, or cortisone ean be elearly deleterious  Similarly 1 the
diseussion of the paper by Olson et al * Swan stated  Much remuns to be
determmned about the do age and side effects and the possibility of delaved
or indirect effects has scarcely been mvestigated  The validity of these
warnngs 1s now becoming apparent

In deep infections of the cornea and m granutomatous disease of the uyeal
traet the esence of resistance or healing 15 first bacteniostasis with immobili
zation of the myading orgamsms followed either by their destruction
through phagocy tosis or their encapsulation by a fibroblastic reaction The
final tic ye repair 1s by fibromis When cortisone and corticotropin suppress
inflammation they do so irrespeetise of whether the mflammation 1s eaused
by the hypersensitivity reaction irntants or infection In suppres ing the
mflammation secondary to mfection the accompanying mobilization of
phagacytic cells and fibroblasts 1s Ithewise suppressed and the fibroblastic
Teaction and neosascularization are impaired Thus i expenimental ocular
tuberculosis the suppression of phagoeyto 1s and fibrosis by cortisone ap
Pears to be intimately concerned in the reversal of the picture from a re-
stramed process to a destructive one

13 there any evidence that inhibition of neovasculanzation fibrosts and
phagocytosis by hormonal therapy has an adierse effeet 1n human ocular
diease? At p meeting of the Study Section of the National Institutes of
Health and the American \ enereal Disease Association in W ashington D C
0 April 1901 1t was elearly brought out by a number of climictans that when
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cortisone was gnen durmng the carly stages of the mterstitial keratitis of
congenital < philis, its use was followed by prompt rchief of all inflimmation
clewing of the interstitial corneal mfiltrates and presention of the sascu
larization ph These diate results m early cases are meon
testable However 1f the heratitis has advanced to the stage of corneal
necrosts before treatment s stirted the use of cortisone ha httle or no ¢f
foet Aostudy of somc of the culy succewfully trovted cses andie stes that
prolonged therapy may be necessary to prevent immediate recurrence In
the Walmer Institute <eries are several cases which have been under treat
ment with topical cortisone for a year or longer W hile under treatment the
eyes reman white and free of infl ton but if a of treatment 13
stopped within 72 hours the eyes again exhibit evidences of returning in
flammation Dxpenimental studies®® have shown that an immunity of the
cornea to remnoculation with reponema pallidum accompanies the de elop-
ment of the vasculanzation ¢y cle and 1t has been suggested that the vascu
larrzation per se 1s responsible for such immumty Therefore 1t may well be
that the mhibition of vascularization in the cornea 1n interstitial keratitis 1s
not desirable from the viewpomt of actual healing or prevention of recur
rences Indceed there s doubl in the minds of many syphilologists and ophthal
mologists®™ whether corlisone therapy wn winferstitial keralifss 1s yustifiable
Mention has atready been made of the lngh meidence of recurrences of
granulomatous uvertis after apparent primary control of the discase nith
cortisone or corticotropm In many of these cases there 15 4 notable ab ence
of the usual ghal scars It 15 well recognized that a large percentage of such
granulomatous uyertis 15 tuberculous various mnvestigators placing the ne1
dence at 10 to 40 per cent while some Cerman authonties beheve 1t 15 stilt
higher It may well be that many of the recurrences of granulomatous
uveitis observed in tuberculous eyes after the termmation of hormonal
therapy are rebound phenomena such as occur 1n experimental ammals As
yet no histologic material from patients ts av atlable for study to confirm this
supposition Clmical evidence however lends support to the idea that such
rebound phenomena do oceur i human beings Two patients have been
treated m the Wilmer Institute for undoubted tuberculous choroiditts all
the criteria necessary for such a diagnos:s bewng fulfilled m both cases Both
of these patients recerved intensive treatment with cortisone to control the
chorordal inflammation and exudation while at the same time they were
gien streptomycn with either Promizole or p ammosalicylic aad as the
adywvant Cortisone was continued for the usual period and the strepto-
myemn and adjuvant therapy was given for 42 to 60 days In both cises im-
mediate <atisfactory circumseription of the exudates and clearmy, of the
yatreous were obtamed with later resolution and disappearance of the exu
dates The patients were discharged with no evidence of actrve ocular
flammation Vithin a week one patient returned with a violent exacerbation
around the origmal lesion and 1 s1x weehs the sccond patient returned in
the same condition Fortunately mn both imstances the discase was agam
controlled by prolonged streptomy em and adjus ant therany Tt seems proba-
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ble that 1n both the ¢ cases the violent recurrences were rebound phe
nomena here omewhat delayed by the streptomy (n and adjurant therapy
Bised on experimental analogy 1t 14 reasonable to as ume that inhibition of
phagocy to i~ and fibrovis by cortisone may have heen related to the e prompt
Teurrences

Whether the inhibition of mnflammation phagoey tows and fibro 13 by
hormonal thertpy operates ads ersely 1 other forms of granulomatous us eitis
—those due to Brucddhh fungr trcponema viruses—Temains an open ques-
tion to be answered in future ivestigations In the meantime the moral of
pre ent chimcal and expenimental ob crvations cems clear When trsues
are actually infected with pathogenie orgam ms the inflammatory reaction
tomfection1 primanly a defensive mecham m 1t <hould not be interfered
with or inhibited unle < there 15 rea on to believe that the infection will be
overcome by the natural factors of reastance by peafie chemotherapeutie
or antibiotic meacures or unle s there 134 econdary hypersen itinatsy reac
tion which m iteclf threatens destruction of vision In such ea es cortr one or
carticotrapin may be given ta control the subjectts L sy mptomatology of the
di eae and the secondary allergic inflammation around the lestons How-
ever, 1f no promi e of natural or induced recovery can be detected and the
econdary allergic reaction 1 not unduly threatemng the natural pattern of
the disease had best not be disturbed by hormonal therapy This 1s certamly
true m tubereutosis probably true in syphalis and po 1bly true m other
chrome infections of the eve In such granulomatous nfections corts one or
corticotropin <hould not be used at all or 1f employ ¢d to control an alarming
«econdary allergic reaction their use should be guarded—ne er prolonged—
and recognized as a calculatcd rish

As the early enthusiasm over hormonal therapy m ocular di ease has
subsided and more 1nformation has been obtained there 15 gradualiy emerg
mg a realization of the actual therapeutic application of the e hormones
their imtations and contramndications to their u e Vuch of their effect 1n
certain speaific conditions 1 still to be deternmined but the broad prinaiples
of their therapeutic action are becoming clear They are not curative agents
their action 1s imuted to control of the exudatni e and inflammatory phases
of dt ease and even here their therapeutic range 1s hmited The salient gues
tion to be eonsidered before the harmones are used 1~ simple Is the control
of nflammation de<irable” In many cases notably when the inflammation 1»
the result of allergie towie or physical msult the answer s an unequn oeal
Yes, m others such 2s ocular tuberculosts 1t 1s usually an equally positive
No Inalarge group of chronic nfections the answer s still undetermined
In this last group the hormones will usually give early symptomatie rehef
but agamnst this fayorable action must be weighed the attendant di ad
vantages inhibition of fibrosis of phagocytosis and of neovascularization
If specific therapeutic procedures are available to compensate for the loss
of these reparative ph then the symp s rehef afforded by
the hormones 15 a ble sing for both patient and ophthalmologist On the
other hand 1f adequate specific therapeutic procedures are not ax ailable and

o
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an alarmmg  econdary allevgic reaction has not occurred 1t w ould appear
that hormonal therapy should be used most guardedly in chrome ocular
mfections
Summary
1 Cortisone and corticotropin hay ¢ a defimte but mited role 1n ophthal
mc therapeutics Their favorable action 13 imited to control of inflammation
and exudation They have no antibiotic or chemotherapeutie actton and
act not on the cause of disease but on the reaction of the tissues 1o a cause or
nritant
2 VWhen ocular mflammation 15 the result of acute trauma (allergic,
toxic or physical) the reaction of the tissues 1s usually self imited and the
control of inflammation with hormonal therapy during the natural course of
the tissue reaction may simulate a complete cure Cortisone and cortico-
tropin therefore find their hughest usefulness 1n allergic reactions of the ex
ternal eye and nong lomatous nfl tions of the uveal tract
3 In chronic granulomatous uveitss the effect of the hormones 15 not so
spectacular Recurrences after cessation of treatment are frequent
4 VWhen emploved to suppress the inflammatory reaction due to chrome
mfcetion af the tissties, hormonal therapy should alwavs be accompanied by
specific antibiotic or chemotherapeutie procedure to chmmate the basic
underlying mfection
5 TheMhormones have no effect 1 the usual degeneratn e diseases of the
eye There 15 a possibihty however that they mav be effective in ocular
disease related to fibrinoid degeneration
6 Use of cortisone and probably of corticotropin 1s usually contramdi
cated 1n any form of ocular tuberculosts and should be guarded 1n chronme
granulomatous nfections Their chief value m chrome granulomatous dis-
ease 15 limited to control of the secondary allergie reaction
7 Indisease of the external ey e and antenor ocular segment the prefera
bl method of treatment 1s the topical use of cortisone as etther an ointment
or a colly rum
8 In disease of the posterior ocular segment the parenteral administra
tion of cortisone or corticotropin 1s preferable In severe, resistant cases the
ntras enous use of corticotropin may be indicated
9 Expenimental studies m which vanous ocular reactions were tsed a5
indexes, have shown that cortisone and hvdrocortisone taprerlly or paren
terally adminstered and corticotropin parenterally admmnstered, (a) sup
press the various recognized ocular hypersensitivity reactions, ocular
reactions due toirntants and inflammation due to infertron (b) mhibit neo
vasculanization of the cornea (¢) reduce fibroblastic activity n the stroma
of the cornea and regeneration of the corneal endothelium (d) radieally alter
the pathogenesis of ocular tuberculosis changmg the picture in the immune-
allergic rabbit from a restrained fibrotic process mte a necrotizing caseating
destructive lesion and {e) mfluence the granulomatous lesions pl‘uduc(‘li‘ by
Brucella orgamsms Further, the adrenocortical hormones, either secreteﬂ or
admmnistered, may be concerned 1n the pathogenes:s of diabetie retinopathy




o

e

ES

-

£

o

FIF DISFASFS

u7

10 “1he mechamsm of the therapeutie action of corti one and cortico-
tropen, tn ocular dien e 18 ax vet undeturmued  but present andications
are that 1t results from n direct action of the adrenocortical hormone at the
local cell level
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Gastromtestinal Daiseases

Thomas E Machella

Very little has been published 1n connection with the effects of cortisone
upon the human stomach That cortisone may influence gastric function 1s
suggested by 1solated case reports m which peptic ulcer or its complications
were recognized for the first time during treatment with corticone or cort1
cotropin Another indication 13 the reported action of corticotropin in stimu
lating gastric secretion In this chapter an attempt 1s made to summarize
reported experiences deahing with the effects of cortisone upon gastric secre-
tion and the chinical course of peptic ulcer Also discussed are reports of
patients in whom peptte ulcer mamfestations were first recogmzed during
hormonal therapy of other diseases as well as pertinent observations m
expertmental anmmals Under appropriate headings the effects of cortisone
upon liver function hepatic coma and the chnical course of hepatic diseases
will also be evaluated as will 1ts action in peritonitss and such disorders as
sprue celiac disease regional enteritis and uleerative colitts

Effect of Cortisone upon Gastric Secretion

Gastne Acidity The effects of cortisone upon gastric acid secretion n
man have not been studied extensively More work on this important prob-
lem 1s required especially 1n patients recciving the compound for prolonged
periods Gray et al * observed no significant changes 1n gastric acid or pepsin
secretion during the 24 hours following oral admraistration of 500 mg of
cortsone to 4 patients with active peptic ulcer Sandwesss et al  after ad-
mmusterng a total of 13 Gm of cortisone over a period of 11 days found
that the nocturnal secretton of free hydrochloric acid was greater 1n 2 cases
of duodenal ulcer than before cortisone was prescribed A parallel to these
findings 1s contained 1n the study of Gray et al ! with corticotropmn 1n which
daily doses of 80 to 120 umts over a period of 10 to 21 days produced an
increase n the gastric acidity found on <enal aspirations m 7 fasting patients

From the Department of Mediemne University of Iennsyhania School of Medicine
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(o with ¢ normal” stomach 1 with healed gastnc ulcer 1 with healed duo-
denal uleer) and m the 12 hour nocturnal secretion of 3 patients one of whom
had a healed duodenal ulcer They also observed a sigmficant nise n gastric
pep m concentration within 7 to 14 davs Thetr investigation was not con
trofled by the admmmstration of placebos

The mfluence of cortisone upon the gastric aad <ceretion has heen stud
ted somewhat more extensaively 1 experimental ammals than in human
bemgs Davenport and Chay re? obsery ed no effect upon the <ccretton of free
hydrochloric acid follow ing the mjeetion of cortisone intonorm1l miceand no
difference 1n the rates of gastrie seeretion of adrenalectomized mice and the
controls The=e as well a5 other observations led them to conclude that the
hormones of the adrenal cortex do not play 2 cirect or 1mportant role
the mechamsm by which acid 15 seertted VMadden and Rarsburg? studied
the effect of cortt one admimstered to rats at vary g times after pylone
ligation followed by adrenalectomy upon the volume and pH of grstne
ttiee The e authors observed that adrenalectomy decrea ed the gastrie se
cretion and that cortisone was effective 1 partially preventing this effect
when admimstered one hour (but not 16 hours) before the procedure was
undertahen They speculited concerning the posaible influence of the adre-
nals on gastoe secretion which might act through alterations mn water and
electroly te balance Friedman Sandweiss and Saltzstem® found that both
fasting and stimulated seeretions were consistently higher in Mann Wilham
son dogs treated with cortisone than m the untreated ammals The values
howeser were within the imits obtaned 1n normat dogs but they felt this
may have been caused by the fact that the treated animals were 1n better
general physical condition than were the untreated animals

Uropepsin Excretion A ¢ In uropepsin excretion occurring in most in
stances within 21 to 72 hours after oril or parenteral admimstration of 250
mg of cortisone daily was observed in normal subjects by € ray ¢t al ¢ 1he
Average increase was 88 per cent which was not as great as that obeerved
by the authors following admimistration of corticotroptn !

Cortisone and Peptic Ulcer
The mnfluence of corticone on the clinical course of peptic ulcer has been
vanously described Sandweiss et al 2 admumstered 13 Cm  of cortisone over
a period of 11 days to 2 patients with active duodenal ulcer Defimite im
Provement occurred m 1 and no chinge was ohwerved 1n the other In the
latter instance laparotomy disclosed that the ulcer had penetrated mto the
Dancreas Bauer? included 3 or 4+ patients with known duodenal uleer in
Is group of arthnitic patients who were given adrenocortical therapy 1
of these had bled about four weehs prior to hormonal therapy In none were
complications such as perforation or hemorrhage encountered durmng ad
minstration of cortisone or corticotropin Hench® ob crved that the peptic
ulcer of 3 or 4’ patients with rheumatoid arthritis was not activated or
aggravated by cortisone even though the compound was sometimes admin
1stered for prolonged periods
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On the other hand, Kursner, hlotz and Palmers belieyed that administra
tion of a total of 800 mg of cortisone over a pertod of 10 days reactivated a
gastric uleer m one of therr patients in whom symptoms appeared within
five dnys after the mstitution of cortisone therapy This patient had expen
enced similar symptoms threc months previously before cortisone was ad
mimstered Hench® obsery ed that the duodenal ulecr of one of his rheumatard
arthntis patients became apggravated each time cortisone was given orally
In a group of 60 rheumatoid arthritis patients recen ing prolonged cortisone
or corticotrapin therapy Ragan'® had 3 cases of hnown duodenal uleer which
Wwas present before esther of the hormones was admintstered In 2 of the e 3
surgical procedure was performed because of hemorrhage

Case histories of at least 4 patints in whom mamfestations of peptic
ulcer were ascribed to cortisone therapy haye been reported in detail =14 In
none of them howeser was there absolute proof of the absence of uleer prior
to therapy These case histones include the appearance of lesser curvature
gastne uleer three months after the administration of a total of 9 Cm of
cortisone '* perforation of an anterior duodenal uleer on the fifteenth day
of cortisone therapy when a total of 3 Gm had been given ! & fatal hemor
rhage from an acute gastroduodenal ulcer which oceurred six days after
completion of 1 two week course of cortisone 1 which a totalof 1 7 Cm was
admimstered '* and hemorrhage from erther a gastric or duodenal ulcer five
and one half months after mstitution of treatment during which a total of
855 Gm wis given ' In addition to thewe cases Young and Rodstemn' re-

ported probable actn ation of a duodenal ulcer 1n one of their pattents treated
with cortisone for rheumatic fever a gastric hemorrhage occurred after 21
days of treatment and roentgenographic evidence of the ulcer perststed for
five months thereafter On the other hand an unusual tendeney toward the
development of peptic ulcer has not been umformly noted in patients recerv
mg eortisone therapy Bauer? did not obsers e the appearance of uleer 5y mp-
toms 1n patients treated with either cortisone or corticotropm and Rose®
observed but one ulcer in a group of 200 patients on long term hormonal
therapy for allergie disorders primanly asthma

Although there 15 a certain amount of ctreumst intial evidence and a
widespread belief that cortisone administration may predispose a patient to
the development of peptic uleer 1t would appear that the case has not 1s yet
been «atisfactonly established In the first place the opmions of elticians
with vast experience are not 1n agreement Secondly peptrculcerisa natural
occurrence 1n theumatod arthritis as shown by Bauer s survey 7 which re-
1 caled an maidence of 4 5 per cent of peptic ulcer m 650 cases The merdence
was somew hat ligher i males (0 5 per cent) than mn femnles (3 per ccnt) In
Ragan s experience ** about G to 8 per cent of rheumatoid arthritis patsents
have n history of peptic ulcer It would be helpful to have a properly con
trelled survey of the merdence of peptic uleer 1n large groups of patients re
cet 1y, cortisone for prolonged pertods of time Ca tric analyses and 10ent

genographic examinations of the stomach and duodenum should be made
before cortrsone 1s mstituted It 1s well known that peptic ulcer may exit
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without the apptarmee of symptoms until «ome comphar
hemorrh e or poforation first moahes 1< pre ence hnosu {1
it obtmned 1 ammal studies do not upport the theory tha
sone tends to favor the duvelopment of peptic uleer i fact
Sandwer s et ol 2 indicates that corti one muy exert a favora
The ¢ nuthors admimstered a tota) doby dosage of 20 mg of
tate ubtutaneou Iy or nurimusculaely to 6 dogs propared ace
\ann Wilham<on techme The hormone was first given 13 to
the opcration and vontinued througheut the Wie of the ammal
Po toperatine =urs i al time of the cortisone treated antmals w
of the 11 coptrol ymmale and about 40 per cant fonger than 1
when cotticotropm was puven to animat on which the vame ¢
bieen performed Onby 1 of the 11 control ammals survived
tontrast 10 4 of the 6 cortrone-trested ammals The ammals w
cottisone were oheerved to be mn better e neral physteat condt
controly and had fewer postoperative siseerat adhevons

Sprue

Favoratle re ults have heen reported to follow the adm
orty ene to prtients with sprue Symilar ob ery itions have b
the author In nddition a posaible rationale for the u ¢ of vor
ds ea e was aupphied recently by Diéz Ruvas Herndndes Moral
D1 eh? who found laboratory and chima) evidence of decreise
tieal artinaty 1 approuimately 40 per cent of patients with tr

Adlersberg Coleher and Drachman'® treated 4 cases of nor
1 of tropiea) wprue with cortr one m amounts varymy, from 0
osera peniod of 5 to 77 days Lhe patients recenned eight cou
ment 1 five of which the compound was admimistered wtramy
mthres orally The mintial dosage was 100 mg per dav gher
dissded doses C limeal and sy mptomatic 1mpros ement was obs
of the 3 patients during, therapy The extent of improyement de
e Xngth of treatment and vaned m each imdvidual In ger
hents felt stronger becarne mor alert deseloped tnerca ed apy
fewer stools and during prolonged ourses of therapy guned
torthea peracted but the amount of fecal tat decreased £h
tolerance curve improved i 1 case but was unatered in the otl
relap o5 occurred one to five wechs after (e sation of theripy
Tollack® qfy erved 4 cleal roms son m & patient with nont
who recenved 100 mg of cortrmone dasly by the mtrimuscular ¢
ton of the dose to 25 my twice o neek resulted 1w a retutt o
which subsided once more when the dosage was mcreased S
“i:ﬁ‘\mnm(d 1 chinseal remision on a regimen of 50 mg, orally e
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response, in his opimon was not striking but each patient showed some
improvement either subjectively or i a lessening of diarrhea

Taylor et al ! treated 6 cases of nontropieal sprue, 5 by the oral and 1 by
the intramuscular route The amount of cortisone given varied from 2o to
100 mg daily These patients expertenced an merease m appetite and
strength  disappearance of abdommal eramps and distention and a de
erease n number and volume of stools The fecal loss of water decreased and
nocturnal direws lessened Edema of the extremities mncreased when
amounts i excess of 75 mg werc admimistered Blood pressure hecame ele
vated in 1 patient but returned to 1ts usual level when the dose was de
ereased ©he condition of these patients reverted to pretreatment status fol
lowing discontinuation of the hormone Data on the metaboltc balance were
obtaned m 2 patients During the pertod of chnieal improvement there oc
curred an improved absorption of vitamins A and L a decreased loss of fat
and mtrogen mn the feces and a dimmnished fecal sohid and water content
The serum albumm increased while the globulin tended to be lowered
Sodium and chloride balances were generally powitive but became negative
after cortisone was discontinued The potasstum tended to be mversely re
lated to the sodium and chlonde balance Calaum and phosphorus balances
were mconsistent The authors aseribed the tmprovement chiefly to more
efficient intestinal absorption but thought that hetter utilization of diet also
plaved a part They stated that 1t appeated that cortisone offered the most
effective means of treating nontropieal sprue in exacerbatton though 1ts
importance n the Jong term management of the di ease remamed to be
evaluated

Celiac Disease

Ugland Wennevold and Salomonsen ? treated a case of celiac disease
with 940 mg of cortisone over a period of seven weehs and another with cor
tisone (4b2 mg ) and corticotropin (156 umts) for six weeks They obsers ed
mprovement 1n the general condition mood appetite appearance and fat
content of stools degree of wron deficiency anemia hy poprotemema and
glucose tolerance test No effect nas noted upon the osteoporosis retarded
development of the epiphyseal nucler or roentgenographically demonstrable
changes 1n the small intestme Two other cases treated only with cortico-
tropin also responded favorably

Regional Entenitis

The oceurrence of arthnitis and ery thema nodo um n some cases of re
gional ententis led to a trial of cortisone 1n thi disease Machella and Hol-
lan * admimstered 1 5 Gm of cortisone subcutaneously for & period of 10
days to 3 patients severely il with regional enteritis Institution of therapy
was followed by a sense of well berng improved appetite disappearance of
arthritie phenomena subsidence of fever and drarrhea change in character
of stools from liquid to formed gain 1n wetght decrease in ery throcy te sedt
mentation rate (ESR), and mncrease 1n hemoglobin The total number of
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etreulating eosmaphils fell following the admntstrition of corti one o
change 1 the roentgenographic appearance of the di ea ed portion of the
bonel nas detectable at the end of the period of therapy Tran tent or pro-
tonged relapse occurred 1n cach ease after cewation of therapy Since then
12 addional patsents with attacks of arthntis and ervthema nodosum have
been trested and prompt improsement oceurred in all but 1 * In regional
entenitis 1n the author < experionce corti one has been as effective oradiy as

EQSINOPHILS 4 1 37 153
SED RATE 23 V'3 6
WEIGHT 145 142 152
105
104 a
]
103 2
102 3
(4]
10} o
o
100 }
99
........... TEMP (F}
981-
30
200
100
Py S—— C QO B T 175 0 N E_ (MGl
24 & 8 L6 14 '8 22 26 30 34
~ D A Y s -

Ti6 44 This chart Wiustrates the prompt and dramatic re pon e to cortione of
2 20 year-old malc with regional entenitis The eprsode treated was a relapee which
necurred one year after the proximal colon and about one half of the leum had been
Temoved surgicaily Tt will be noted that promptly on wstitution of oral cortisone
therapy fever (F) ubsided In addstion appetite returned and o en o of well heing
dexeloped Subcequently the ES R (mm per hour) decrea ed and the patient
gained weight He 1s still in renwis 10n exen months after terrmination of therapy

shen injected Some of the patients have been mamtamed for pertods ex
tending to 10 months on daily mamtenance doses 3 arying from 2o mg for
children to 50 and 7o mg for adults

The admistration of cortisone has mduced dramatic remiaons m sev
eral instances (Eigure 43) despite a previously walled off perforation of the
bowel actne bleeding and massiie edema as a result of hypoprotemema
The results reported by other authors have heen somen hat fess satisfactory
ot the whole but in certaim mstances v orable effects hay e been oheers ed
Redssh * admm tered 50 my, of corticone tsice danly for 10 days 1o 2 pa
trents with regionil ovterits In 1 he obnerved that the disappearance of
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arthritic phenomena was accompanited by subjective improvement a de
crease m number of daly stools from 5-8 to 3-5 and roentgenographic ev1
dence of smprovement m small bowel funetion An area of orgamc narrowing
was not influenced 8y mptoms recurred follow ing discontinuation of therapy
In the second case the admiumstration of cortsone was attended by the dis-
appearance of arthritic phenomena but diarrhea and abdommal cramps
persisted

Improyement in regional enterstis followmng the use of corticotropin has
also been observed The reported nstances melude 4 cases treated by Ast
woodetal ®2by Gray et al 3 of the 4 cases treated by hursner Palmer,
and Ilotz * and the expenience of Stanley Rosenberg and Cleroux * who
obtamed excellent responsc in 7 eases and moderate in 1 ease which was com
plicated by coexisting psy choneurosis In the majority of mstances relapses
occurred at varying mtery als after cessation of the hormonal therapy Iurs
ner Palmer and klotz ® felt that the re-ponse of regronal enteritrs to corti
cotropin was not as satisfactory as that observed m uleerative colitis

Ulcerative Colitts

Re-ults of the treatment of ulcerative colitrs with cortisone have not been
as favorable as those obtammed with corticotroptn A summary of the cases
treated with cortisone ind reported n detail 15 contatned 1 Table 29 The
good results reported m 46 per cent of 26 cases are tn contrast to the effect of

Table 29

Sumuary oF Restirs oF Cortisone TrERapy 1 Urceratne Courtes

\uniter of | Latoratle | fotal tmount | D1700" o
Luthor I atients | I espons 1dministered tration
Ireated m n) P
‘achella and Hollan ? 3 2 15 10
Redish . N 0 l 1to2 10t0 12
Dearing ind Brown? [ 4 2 I otod 4 atoH
Cailland and Demole? 1 1 - 30
hasner and Palmer® o i 1 19104 521 10t020
Mehell Tuthill and Sullisan’ 1 [ 1 1, 12
\ianes et 2l ¢ [ 2 ’ 2 ! FEE 1o to -0
Gray et al * ] B [ 3 ] 256800 | 10t048
Total number of ca es J 26 ' ™ ’

# 3150 recen ed desony corticosterons
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cotticotropin in 117 colfeeted eases 67 5 per cent of which showed remus
1w ¥ The apparent greater effectivene smu be o ed m part by the fact
that fewer ca es have bewn troated with torts onc and that the hormone was
admmiterest i msaffiernt amounts i somc instanee  Rarver and Palmer?
were more mmpres ed wath the whion of corticotropm than with that of
corti ane In 3 of {heir patients corticotropin was beheved to be vasth s
wnor ta corty one m mduany, nme o and 3 patent after fwding to
re pond o cortr one admimstered prally or by imjection obtamtd dramaty
improvcment with corticotropin They fedt however that Iarger quantities
of cortisone mght prove more eficctne Fuhn hern and \my ¥ reported 2
focalized perforation of the eolan i 1 and acute perfortion with genorafized
pentomtisin £ of 17 patients trovted wath corticotromn Since the © comply
cations take plece m patients with ulceratane colits who are not recoving
sdrenocortieal therapy  the role of such therapy 1 their production 18
uncertuin

When rems won ocenrred duning the admimistration of cortt ane 1t usu
ally w1s prompt and charactenized by n mcreased sen e of well homng
ces ation of fever development of excellent appetite and gradusl subudence
of durrthea Fry thema nodosam and arthrite mantfestations wben present
promptly i appeared Roentg plae and do ropic evidences
of improyement were not alnays observed durny, the period of ehmial
mprovament

Gray? haa reported the rcaults of long term therapy with or cortisone
tn uleeratne eolitis e pitients were treated for pertods rangg from 3
1017 monthis and a fas or1ble response was produred m 11 of these exceflent
results being obtained 10 6 patients and far resufts m 3

Mot all cases of ulcerative colitis have rosponded 1o cortsone In the
author’s experience the piticnts most bncfited were tha e who were greatly
delalitated or had an mtilly low tetal arcalatimg «ownophil count and
those with & socsated <mall mtestine myolvement Patients not responding
vere those who were in pood generat condition or had normal to high eostno~
phil counts which did not fall dunng therapy with cortt ane and those with

cemungly hopete s emotional motivating mechanisms Cortt one like cortt

cotropin does not cure ulreratn e colitss any more than 1t cures arthritis or
any of the other chronie discases whose mamfestations it releses A rudap ¢
may oceur following discontinuation of treatment »f the emotional problems
muolcd have not been sati factonfy resolyed durng the period of mprove
ment When remssion has been nduced by hormonal treatment and the
emotional problems remain unsolved prolougation of the remsson may be
obtaned by edmim tration of mamtenance do es I relap e occurs while the
Paticnt 1s recen ing maintenance therapy a prompt increase m the dose s
indieated

Pentomtis

Boling et al * oberved that both child and aduit patients with pen
tonitis responded more rapdly to chemotherapy combined with cortisone
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or corticotropin than to chemotherapy alone The pertomtss was secondary
to v vanety of causes mduding, extrayasation of bile and ruptured appen
dines More rapyd disappearance of toveity and return of normal gastron
testinal function were noted in the extremely tovic patients so treated

Cortisone and the Liver

The effects of cortione upon Iner function tests of patients with and
without primary hepatic disease have been studied In addition its influence
on the cimeal conr ¢ of hepatrtis with and without coma and of ehronie
hepatstis has been cvaluated

Effect upon Liver Function in the Absence of Primary
Hepatic Disease

Holmes and Percefull®® obscrved httle change i the Iiver function tests
of 23 patients without primary hepatic di easc when 100 to 300 mg of corti
sone was given daily over periods of 14 to 90 days 1n a total dosage varying
from 160 to 10 3 Gm The van den Bergh reaction serum bilirubin brom
sulfalein dye excreting capaeity prothrombin time total serum protem and
albumin globulin ratio were essentially unaltered

Effect upon Lwer Function and the Cliical Course of
Hepatic Disease

Acute Hepatiis Butt et al * observed no sigmficant changes in serum
bilirubin or hver function tests m a patient with acute serum hepatitis
supertmposed upon a eirrhosis who recerved 50 mg of cortisone twice daly
for a first period of 14 days and a second of 5 days Similarly they found no
evidence of alteration in the physical findings or course of the disease i this
patient On the other hand m a ease of serum hepatitis observed by Rifhin
et ol * serum balirubin decreased from 23 to 3 mg per 100 cc of blood
alkaline phosphatase from 7 to 4 units cephalin flocculation from +3 to 0
and thymo! turhidity from 70 to & umts 11 days after completion of an
8 day course of cortisone therapy The patient was i a semistuporous con
dition when first given cortisone but within 24 hours after a parenteral
mjection of 100 mg the appetite returned and a sense of well being was
experienced The same datly dose was continued for the nest four days and
then was reduced to 50 mg for another three davs Impros ement was mamn
tamned and the patient apparently made a complete recovery Havens
Myerson, and Carroll? noted nothing unusual n the rate of recovery of 1
patient who recerved cortisone during the cony alescent pha.e of viral
hepatitis

Chrome Hepatiis The effects of cortisone upon the various liver fune
pion tests in patients with chrome hepatitis have becn inconsistent and ex
penences have vaned Hanger and Colhins® admimstered 100 mg of corty
sone to 3 patients m two equally dnided daily doses for 15, 17, and 28 days
respectively In each mstance jaundice lessened and the serum globulin
chiefly the euglobulin fraction decreased The cephalin floceulation alhaline
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phosphataze and brom<ulfakin dyve excreting capaeits showed meonsistent
changes A shight but definute ierease 1n the serum albumin and aninerea ¢
1n the esterified cholesterol friction wore noted A prompt deerease n the
1ze of the liver and a lessening of the jaundiec were also ob erved but these
changes were accompanied In a distinet iercase i the tendency to retamn
flurds which was more marked than that u wally following admint tration of
compirable do e of corts ane to paticnts with other conditions ¢ peaally
tho e on & restricted salt intake  Lhis was particularly true of the formation
of aseitic flwd

(nvorgy and Bluemle** admin: tered cortisone 1 amounts varymg from
06Cm in xdavsto 28 Cm gisen i three courses over a period of six
months to 5 patients with chronie hepatitts mncluding 2 cases of the bilary
type They ob erved a deerca e m serum bibrubin varving from 013 to 3 1
g and an incrca ed exeretion of urobilinogen (K0 to 00 per cent) m all
patients Thymeal turladity and gimma globulin were reduced significantly
n 4 mstanees Gluco e tolcrance tests rovealed temporanly deereased toler
ance 10 4 of the u patients Treatment wath corti one efftcted amelioration
of the chimical condition m 2 patients worsened 1t 1 1 and produced no
thange 1n 2 Fhe authors fult that 1n certamn ca es of chronic liver di ea ¢
however corticone might be of value as a means of improving appetite

Havens Myercon and Carrall® obrerved diminsshed retention of brom
sulfalein m 1 patient marked rcduction of thymol turhidity i another and
but little alteration i the cephalin cholesterol flocculation te t in 7 patients
with chronie hepatitis who recen ed intramuscular injections of 50 to 100 mg
of corts one dnily for periods ranging from 8 to 165> dvys \ arymg degrees of
Increa ¢ in edema or aseites were noted in > of these patients and euphana
with mercased appetite ocenrred 4 1wo were cumcally improved dema
and ascites inereased rapidly m 2 others who beeame stuporous during or
shortly after cossation of therapy one of the e patients died In another pa
tient fever associated with an mfection of the urinary tract disappeared
shen cortisone was given and reappeared when 1t was discontinued Gly
cosuria oceurred 1 this patient dunng the latter part of therapy and eon
tinued for 10 days after ccsation of corti one \ gluco e tolerance test at
this time revealed results that were diabetic m ty pe

Holmes and 1 ercefull?® found no evidence that the hver funetion wasim
Paired n any way by the daily admimstration of cortisone in total amounts
of 21 and 23 Gm for 11 and 18 days respectindy to 2 patients with
<hronte hepatitis No sigmificant alteration oceurred m the course of the
disease  although mprosed appctite and moderate improvement m the
ehse of well being were noted Butt et al ** found no change 1n the serum
Blirubin v er function tests or the Lipem:a 1n 1 pattent with biliary arrho-
&5 and severe hy perliperma who recened 100 mg of cortisone Intramuscu-
Iarly twice daily for a period of 12 daye The physical findings and the
course of the dy ease were mumilarly unaffected Blahd et al * found that the
admmstration of desonvcorticosterone cortivone and corticotropin at <epa
Tate periods accelerated the development of ascites and edema 1n patients
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or corticotropin than to chemotherapy alone The peritonitis was secondary
to a variety of causes ncluding extravasation of bile and ruptured appen
dnes More rapid disappearance of towetty and return of normal gastrom
testinal function were noted in the extremely tovic pattents so treated

Cortisone and the Liver

The effects of cortisone upon hiver function tests of patrents with and
without primary hepatic discase have been studied In addition, its mfluence
on the clinial course of hepatitis with and without coma and of chrome
hepatitis has been evaluated

Effect upon Lwer Function in the Absence of Prumary
Hepatic Disease

Holmes and Percefull®® observed httle change in the liver function tests
of 23 patients without primary hepatic disease when 100 to 300 mg of cortt
sone was given daily over periods of 14 to 96 daysn a total dosage varying
from 165 to 103 Gm The van den Bergh reaction serum bilirubin brom
sulfalein dye excreting eapacity prothrombin time tota) serum protemn and
albumn globulin ratio were essenttally unaltered

Effect upon Lwver Funciton and the Chnical Course of
Hepattc Disease

Acute Hepatiis Butt et al 4° observed no significant changes 1n serum
hilirubin or Diver funetion tests mn a patient with acute serum hepatitts
superimposed upon a cirrhosis who recerved 50 mg of cortisone twrce daily
for a first period of 14 days and a second of v days Sumilarly they found no
evidence of alteration in the physical findings or course of the disease i this
patient On the other hand 1n a case of serum hepatitis pbserved by Rifkin
et al 4 serum bibrubin decreased from 23 to 3 mg per 100 ce of blood
alhaline phosphatase from 7 to 4 units cephaln flocculatton from 43 to 0
and thymel turbidity from 70 to 5 umts 11 days after completion of an
8 day course of cortisone therapy {he patrent was in a semstupgrous con
ditton when first given cortisone but within 24 hours after a parenteral
jection of 100 mg the appetite returned and a sense of well being was
expertenced The same daily dose was eontinued for the next four days and
then was reduced to 50 mg for another three days Improvement was main
tamed and the patient appirently made a complete recovery Havens
Myerson and Carroll* noted nothing unusual in the rate of recovery of 1
patient who recerved cortisone during the convalescent phase ot 1iral
hepatitis

Chromic Hepatitis The effects of cortisone upon the yarious hiver fune
on tests 1w patients with chronic hepatitis have been aconsistent and ex
penence. have vared Hanger and Collins** admm tered 100 mg of cort:
sone to 3 patients 1n tw o equally divided daly doses for 15 17 and 28 days,
respects ely In each nstance jaundice lessened and the serum globulin
chiefly the euglobulin fraction decreased The cephalin flocculation alkalme
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pho phata « and bromeulfalcin dye exereting eapacits showed 1econst tent
charges A shght but definite mercy Cin the <crum albumin and an inerea e
w the e-tentfied cholesterol {raction ware noted  \ prowmpt deerca ¢ the
size of the ver and n lc <eming of the jaundice were alwo ob erved but these
changes were accompaned by 2 di tinet inerea @ m the tendunes to retatn
flupds which nasmort marked than thit u ually following ndmimstration of
comparable does of cortisone to patients with other conditions e pecially
the ¢ on s re tricted salt ntake Thi was partieulary true of the formation
of & citre flwd

Crormy and Bluem) ** adpimistered eortt onc i amounts varving from
06Gm m 1xdavs to 28 Cm given w three courses over a pertod of 1x
months to 5 patients wath chrone hepantie meluding 2 4 es of the biltary
tipe They ob erved a deereast m serum hilirubin varving from 013 to 3 1
mg and an inereasesd excretson of urobnhinogen (,0 to 00 per cent) m all
pattents Thymol turbidits and gimma globulin were reduced sigmheantly
4 tanees Cluco e tolerance tests revcaled temporarthy deercised toler
ancein 4 of the » paents Trestment with cortt ane efficted ameboratinn
of the chmeal condition 1 2 pitients worrened 1t 1 3 and produced no
change in 2 The suthors fult that 1w certamn crces of chrome hier dica e
honever eorti one mught bie of value 8s & means of improtving appetite

Havens Myeron and Carrolit ob erved dimmished retention of brom
sulfalan m A patient marked reduetion of thy mol turbdity w another and
but little afteration m the tephalin cholesteral flocculation tust i 7 patents
wath ehronse hepatitis who reee 1y od intramu~enlar ingections of 50 to 100 mg
of corti nne daily for periods ranging from 8 to 16> d sV arving degrees of
Inerease 1n edema or asertes were noted n ) of the ¢ patients and euphoria
sith mereased appetite oceurred 4 Pao wor clinte dls tmpraved Edema
2 asertes mereased rapadly 0 2 others who beeame stuporous during or
shortly after crsation of therapy one of the ¢ patients died n another pa-
tient fever assocated with an wfection of the unnary tract disappeared
when cortisone was gven and reappeired when it was discontinued Gly
€ouna oceurred 1 ttis patient duting the tatter pact of therapy and con
tinued for 10 days after cewsation of corticone A pluco e talerance test at
s time res egled results that were dinbetic in tvpe

Holmes and Perec fulls found no evidence that the lner function wasm
pawred 1n any woy by the dadly admimstration of corty one m tut i amoints
W21 and 23 Gm for 13 and 18 davs 1 pectinely to 2 patints with
chrowic hepatitis No syrmficant altcration occurred n the eourse of the
disease although wmproved appetite and moderate \mprovement 1 the

1 of Wl hemng were noted Butt €1 31 % found no change 1 the <erum

Enfirutuy Iner funetion tests or the hpema in 1 patient with biliary ewrrho-
&3 nd pexeve Ty perhipemia who recen,cd 100 mg of corticone mtramusey
larly tyyre daily for a period of 12 days The physical findings and the
rourse of the disease were sumilarls unaffected Blahd et 11 4 found that the
admitivtratioy of desoxy earticosterone cortivone and corticotropin at cepi-
*ale peniods necclerated the deselopment of asates and edems n patients

e
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with hepatic errhosts A marked withdeawal diaress of sodium and water
followed discontinuance of these agents, i some instances this was suff
ciently pronounced to remove all edema and ates

Hepatic Coma In 2 cases of hepatie coma on the basts of a fulmmant
hepatitis Ducer and Iatz*® reported recovers follow g the admimstration
of cartisonc One patient recovercd from the coma etght hours after an intra
muscular mjec tion of 500 my, of cortisone the other, treated with cort: one
corticotropin Ferramy an and surcomy an became conscious on the fourth
day of trentment Depressed viphy wd bota globulns retumed to normal i
both ¢1ves A third patient died in coma one hour after recening the first
dose of cortisone Lhree other pitients with more chrome forms of hepa
s alco died One was tretted with cortisone and corticotropin 4 <econd
with corticont and lerramyan and a third with cortisone Terramsy ein, and
aurcomy Gn

Effect upon the Microscopic Appearance of the Lwer

Hanger and Colins*? noted a decrease n the cellular infiltration of the
diseased portions of the Iner m 2 cases of chromie nonalcoholic hepatitis
treated with cortisone but active necrosis of parenchymal cells was not
abolished Stemberg Webh and Rafshy ¢7 admunistered 5075 Gm of cortt
sone intramuscularly to 1 paticnt with acute rheumatic feser for 4 period of
43 davs The lner beeame palpable on the sixth day of therapy after a total
dose of 1 o Gm Signs of congestin ¢ heart fatlure were not pre ent A punch
biopsy of the hiver revealed the hepatomegaly to be cansed by fatty infiltra
tion Seven davs after discontinuance of cortisone the Iiner became smaller
A biopsy performed 14 days later revealed normal liver tissue In 1 case ot
portal cirrhosis ¥ biopsy performed after cessation of cortisone therapy re-
svealed no essential difference i the appearance of the Itver from that found
prior to therapy

Summary

1 The reported effects of cortisone upon gastric seerctory function and
the climical cour<e of peptic ulcer may be summarzed as follows

Single do.es of cortisone have not influenced gastric aadity or pepsin
sceretion 1n patients with aefis¢ peptic uicer nor have they affected gastric
stcretion 1n normat or adrenalectomized mice

Repeated doses of cortisone over prolonged perods of time have been
observed to give nse to (1) a hagher nocturnal ~ecretion of free hy drochlorie
aeid mn 2 crses of duodenal uleer (2) an nercase i uropepsta exeretion
normal subjects nd (3) i Vi Willnimson dogs an almost normal paw-
tr3r aesdits 1 the cortivone-treated group m contrast to the 1educed acuhity
found 1n the controls

The mfluence of repeited cortisone adminstrtion on the climeal course
of known peptic ulcer has been \ariously deseribed as benefial aggravat-

ing, or without effect
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The fir t recogmtion of the cymptom or complic itinn of wleer durmng,
torty one therypy has been recorded i at lea t 4 ea ev In the « the mam
festations or complications appeared after corts one had been adnum tered
for one-half to fis ¢ and one-half months Ina fourth ¢ e hemorrh e from a
za troduodenal uleer oceurred 21x davs after a two-week cour e of corti one
had been completed the hemorrhage having occurred after the patint wa
& chatged from the hospitsl Hemorrhage from a duodonad uleer s fifth
ease was attnbuted to ¢ probable actis tion  of a duodenat uleer as o ult
of eorts one

Some authors with vact experience have not ob erved an unu wal tond
eney toward the development of uleer mamft tations i paticats roonmy,
rortt one for prolonged periods of time

The po bilits of dovelopment of peptie ulcer or of its more  enous
complications should alwavs be hept 1n mmd while corti onc 1 bong,
min tered  Additional data based upon earcfully controlled studics how
ever ar riquired to <ettle some of the points nhich have been ru «d

2 The 1 ults of cortisont therapy 1n patients with sprue and celix
dies e have been an general satt factory Whether admmistercd orabhy or
bt injection the compound has been effective in produeing and maintainng
femission. Relapaes have oceurred following diseontinuance of corti one
Continued admimstration 15 u ually e quired to mamtun ram swon

3 The results of cort1 onc therapy 1 regional ententis and wleeratine
colitis hav been vanable In some mstanc s defimte and drimatie improve
ment has heen asenbod to the ¢ ompound nother afavorable re pon e bis
not becn obtamed Continued therapy ks been required in ome cases to
muntain romis 1on

4 The disappearance of tonieity and the return of gastromtestimal fune
tinn to normal patients with penitonmitis hase been ob erved to be more
fapid following combmned cortisone and chemotherips than after chemo-
therapy alone

© The admumistration of cortt one to paticnts with acute or chrome
hepatie diea o has been asociated with vanable results Too few cases of
acute hepatitis have been treated to permit any conclusions The course of
the diceace yares 50 much from patient to patient that proper evaluation
Tequires large scrics properly controlied

Fyperience with chrome hepatitis 1 general 1indicates that cortisone
™3 wncreas, appetite and give rise to a sense of well being Certamn unde-
“rble effeets such as werea ed asaites and cdema and even coma and
g:’:‘:h have attended its u ¢ Reduction 1n amount of fat fibrous and m
olhe:ﬂm“ <lls m the hiyer has been reported sn certan patients while i
o} Mlopsy tevealed no demonstrable changes Alterations i the com
shghi Q“(‘lplo)cd liver function tests have been either shight or significaint
mtenu“ uction in total serum hibirubin concentration and brom ulfalem
o l()m 23 well as nereased urobilinogen excretion has been deseribed by

ut others have found no significant \anations
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ather controlling mechanisms which oppoe « the action of the 11 oxy terawds
1here 12 probibly more distinction than diffcrence hetween the ¢ alternative
evplanations but the po ible therapeutic cfects of corty one and cortico
tropm can best be understand 1n terms of their modify g mfluence on the
processes which selectnedy control the growth and diffirentiation of the
ranous types of blood cells as well as on pithologie tissue reactions which
lead to the dhboration of 1y tic 01 othows ¢ ngurious subst s

Applications of Adrenocortical Therapy 1n Diseases of the Blood

The effects of admim tration of cortt one or corticotropin have been
noted m patients suffcring with a wide vanety of hematologic conditions
meluding thost associated with specthc defiaenaies inhersted abnormahties
infections and ntoxications It 15 however m three broad categories of
disease affecting the blood and blood forming, organs that these agents have
proved e peaally «(feetive 1n modify ing, the course of the illness 1 some
instances they haye provided the only defimtive therapy ayvalable These
categories are (1) hypersplen1 m mamfested by pancy topenin or by <elce
tive cytopenias (2) disseminated neoplasms of the hemie and Iy mphatie
systems and (3) myeloid hy poplastas of either known or obseure etiology

Oby of Therapy D ling upon the natural history of the dis-
case and the particular hazards and speeial problems which may an e during
1ts cour<e the objectives of treatment with cortisone or corticotropin will
differ 1n the groups of conditions listed above 1n their varnous subdistons
and 1n each mdividual case

Certamn of the hy persplemic disorders notably 1diopathie thrombocy to-
pemic purpura of short duration and sometmmes acute acquired hemolytic
anema are charactenzed by a tendency to undergo spontaneous remission
In such instances one must assume that hemic homeosta<is has been restored
either by the subsidence of a self limited process such as an acute infection
or by a successful effort on the part of the body to overcome the factors pro
ducing mmbalance and so reestablish normal equilibrium between cell pro
duction and destruction In some ca es the admmstration of cortisone or
corticotropin promptly 1mtiates lasting remsston comparable to that which
may occur spontancously but with a pattern of response and frequency of
occurrence which clearly indicate that they are hormone induced How-
ever, even 1n those cases of hyper plemsm which are only transently bene
fited by hormonal therapy temporary ariest of the proecss may serve to
control a rerious hemorrhagic episode 1n a patient with 1diepathie thrombo-
cytopeme purpura to overcome a Tesistant nfection m one with spleme
neutropemia or to prepare adequately a patient with acute acquired hemoly
tic anemia for splenectomy

In acute leukemua the goal of steroid therapy 1s reestablhishment for a
time of nearly normal functional hemopotests whereas n chronic eascs of
leukemia and lymphoma 1n advaneed stages cortisone may be useful m

partially suppressuing neoplastic cell growth and 1 producing temporary
palliation
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Blood Diseases and Malignancy

Frank H Bethell

Influence of the Adrenal Cortex and of 11-Oxysteroids on the
Hemic Equilibnium

The part played by the adrenal cortex n the maintenance of blood cell
levels 1s not well understood Mechamsms eoncerned with cell prohferation
deselopment and rclease from tissues of origin as well as those hating to do
with rcmoval and destruction of circulating corpuscular elements are un
doubtedly nfluenced by a number of factors which to.ether constitute a
<ystem of forces the function of which ts to maimtam a steady state in health
and at the same time provide for controfled and limited responses to stimul
arising from environmental wituations Although characterstic alteration
m blood values are found m association with gross dysfunction of the
adrenal cortex such as the ancmia of Addison s disease! and the polyey
thema commonly observed in Cushing s syndrome  the changes are usualiy
shight or moderate and as a rule constitute only a miner part of the disease
picture

A decrease m circulating 1y mphocytes due apparently, both to Ivsis of
developm,, cells m Jymph tissue® and to suppression of growth of [y mpho
cytes ¢ follows the njection of cortrsone hydiocorticone or corticotropm
Eosinopenta and neutrophil leuhocytosts together with evidences of m
creased erythrocytic prohferations are associated with stimulation of the
adrenal cortex®? or with the adminwtration of 11 ovysterowds Howmever
these changes are not progressive with tontinued administration of the hor
mone and the leukocyte values except for eostnopema tend to revert to
ward normal m spite of other evidences of perwistent metabolic effect It
must, therefore be presumed that cortisone and corticotropin either hasea
hmuted influence on hemopotests or that hemic equihbrium 1s restored by

The Thomas Henry Sinp on Memoral Institute for Medical Research and
cheFlI)oexgartment of Medicine Untversity of Michigan Vedical School Ann Arbor
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ment mtheva eulwr component of the hemorrhagie diathesis which preecded
and appearcd to be Lapely indepandant of the «flect upon the thromboo tes

The concept of tho hnormalities operating independently 1 thrombo-
evtopente purpura his recenved «upport from the ob ervations of Taloon
Creene and Lozner ™ who wdmim tered ather corti one or corticotropimn to
14 patients with idiopathie thrombooy topemc purpury ind ta 3 with purpura
and thrombocy topoma ax ocatad with Jeuhemin In 2 of the former froup
complete remisston ocenrred, with improy cment in vascular resistance pre
eeding 1 e 1m platelet counts In all of the other patients vasular rest tance
tnerea od without change in the platelet v ilues The ¢ authors conelude from
such obervations that corticont or cortieotropin myy nduce wn improse
ment i va cular resstance which 1 not neces anly accompanted bs n
ereased platelet production On the other hand as suggested by Evans and
T * future to demonstrate a 11 ¢ n the platelet count does not nece arly
mduate a lack of production sinee the elements may be leaving the arcula
ton or adhening to v wcular walls as ripudly as they arc rdden ed mto the
blood stream It 15 undoubtedy true that the mtegrity of the vascular walls
may b imparred by a number of metabolic deringements such as non
thrembocy topenic hy persensittvaty reactions shich may be influenced by
1L oxvsteroids but 1t remaims to be proved that the abnormal va cular re
sistance 1n 1diopathic thromboes topente purpiira 15 cau ed wholly or 1n part
by 8 mechanism other than lack of thrombocy tes

Mot of the publi hed reports on the us¢ of cortisone and corticotropin 1n
rdiopathie thrombory topenie purpura include only & few (ases and because
of the vanability of the chnical course and mamfe tations of this discase
compilation of data 1s apt to be musleading Moreover ome v estigators
apparently have fatled to ob erve their patients for « sufficient length of
time to determine the ultimate effect of hormonal therapy The usual pat
tern of suceessful thrombacy te response to cortisone or corticotropin 1s an
abrupt and progressive rise which dev elops within a few days of the start of
treatment and often leads to platelet counts well tbove the normal range
On discontinuance of hormone administration a rather precipttous decline
occurs although in favorable cases the count does not fall to pretreatment
levels and purpura does not recur Subscquently 1 tho ¢ patients sho have
swstamed remissions the thromboeytes mere wse <pontancously within a
fes days to 4 wech and a gradual rise may contmue for «everal months
(Figure 40)

The effect of cortwone or corticotropin m 3 patient. with idiopathic
thrombocy tapenie purpura of the chroni form was reported by Jacobson
and Sohicr * T'wo of these had previously had splenectomies followed by
temporary rem: sion In all 3 patients platelet counts rose to high levels
during hormone ad 1on In the 2 spl ed patients relapses
occutred when the dosage was redueed or the medication discontinued The
third patient underwent removal of the spleen while 1n & cortisone induced
remusion The dosage of cortisone employed by these authors was 100 mg
by mouth every eight hours and platelet lex els within or above the normal
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Patients with myeloid hy poplastic conditions may be benefited by cort
sone or corticotropimn administration, at least to the extent that fewer trans
fusions are required and 1t may occastonally be possible through the mye
loid stimulatory action of these hormones to earry a patient through a
phase of severe marrow ntoxication or depression until reparative activity
has time to become evident

Idiopathuc Thrombocytopenic Purpura

Bleeding, 1n whopathie thromboey topenie purpura 15 attributable to two
defects, a vascular abnormahty usually although somewhat 1adequately
described s capillary fragility and a lack of thromhocytes The chnical
forms of the disease are so vanable that a number of pathogenetic mecha
misms have been postulated m 1ts development ® In general, three mam ty pes
are recogmzed (1) acute usually self limsted but sometimes unless treated,
becoming fulmmnant with death in hemorrhagic eriwis (2) chronic active,
with unremitting, clinical and hematologic changes (3) ¢3 che, characterized
by periodic exacerbations and remissions In making these distinctions based
on the natural history of the disease 1t must be achnowledged hewever,
that chronie cases usually have a fairly defimtely dated onset and that they
represent mstances of the condition wiich failed to remit spontaneously In
the writer s experience approximately one half of a scries of nearly 50 pa
tients with thrombocytopenic purpura of short duration whose manifesta
tions were not so severe as to require mteriention failed to show evidence of
spontaneous remssion during at least a two months period of obsetvation
following the onsct of purpura and for this reasen most of them were sub
jected to splencctomy Unless a specific nonbactertal infection or drug reac
tton can be determined as a probable provocative factor in the des elopment
of thromboeytopenic purpura there 1s no known wav of predicting which
patients will undergo spontaneous remission nor can definite time himits be
set; for the occurrence of such remission Experence indicates however that
few patrents whose purpura lasts longer than four months will remut spon
taneously This observation 1s of sigmficance 1n the evaluation of cortisone
and corticotroptn therapy m idiopathic thrombocy topenic purpura stnee 1t
1s ymportant 1 each case to bear 1n mind the probable course of the illness
without treatment

The earliest reported observations of the effects of cortisone or cortico
tropin 1 1diopathie thrombocytopente putpura were made by Robson and
Duthie® and by Meyers Miller and Bethell 1° The former authors treated
2 patients wath the disease with cortisone and observed decreases n capillary
fragility before rises i thromhocy te values Although both patients were
ymproved remissions were neither complete nor lasting after discontinuance
of therapy Meyers and her assoctates mitially reported that 3 of 5 patients
with 1diopathic thrombocy topente purpura all of whom were treated with
corticotropin  obtamed sustained complete remissions following therapy
These authors 1 later publicationst!=** also called attentton to the improve
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mentn the vascabie component of the he morrh gee ciathess which preceded
and sppeared to be By wedepandont of the (Tt apon the thrombacutes

The contept of tn o abnormahitus operating idependently i thrombo-
#rtopere purpura has reecned support from the ob (rvations of 1aloon
Creene and 1 ozner ' who ndautustorad esthor corts ane or cort atreptn to
4 patients wth wdiop sthye thrombocvtopenn: purpue wnd to 3 with purpura
and thrombueytaponiy ssocated with Joubome n 2 of the former Lroup
complete remt son preutred with improvemont m \ wonlar reastace pre
ceding oo platelct counts In all of the other pautients L culss resst mee
meren ed without change e the phatclet sadues The e authors canclude fram
ek obrervations thit corticane or corticatropin may wdute an mprme
ment 1 1asaatar reastnce which s not ntresvanh, accompansed by n
ez ed platcdet production On the othor band as sugrested by Ty md
Tas " fhure to demonstsite a n ¢ an the platelet count docs not seces irily
tdicate 4 ach of production ane the clemonris may he &oaoug the arota
tion ot adhering 4o v cubir wadls as rapudly as they e rilessed to the
blood stream It 1y undoubtedhy true that the tegnty of the vascubir walls
M be impaired by a number of metabolie deringements wch as non
thrombocy topcmse hyporsenaitiity reartions which may be mfluenced by
Heorg sterords hut 1t rem uns to be proved that the abmormat 1 wseutar re
atance m adopathie thrombocy topere purpura i catsed wholly or m part
by a mecham m othce thau lack of thrombocy tes

Mot of the publishied reports on the yse of corts one and (orticotropm in
diopthic thrombar y tapensc purpura meinde ouly o fon cases and beeause
of the vanability of the chmeal eourse and mamfestatsons of this dicase
ompilation of datn 1« apt to be musliading Morcover  ome mvestigators
2pparentls hase fadded (o abeerye their patients for & sufficent feugth of
lme to determune the ultimate effect of hormonat therapy The usual pat
tem of suceessful thrombuacy te respons¢ to (ortione or (ortwotropm 13 an
rupt and progressss e rise which develops witlun 4 fow dass of the start of
Ereatment and often feads to platelet counts well above the normal range
On discontinsance of hosmone admmistratton & pather preapstous dechine
occury although m fay orablc cases the count doey not fall to pretrestment
Ievelsand purpura docs not reenr Sabstguently 1 those pattents whoe have
Bustamed remisiony the thrombocy tes me rease spontanennsly  withm 4
fen days to a week and 2 gradual mve may continue for several months
(Figure 43)

The effect of cortrsone or cortu otropm m 3 patients with sdiopathie
thrombucy topenic purpur of the chrowe form was reported by Jacobean
and Sohuer 4 fyg of these had previoush had splenectonues followed by
temporary remision Fu all 3 patients platelet counts rowt to high fevels
durag hormone admunntration In ihe 2 plinttiomuzed patients relapses
oveurred when the dosage was reduced or the mediestson discontinued The
third patient underscnt remeval of the spleen while m a cortisone mduced
Temussion 1 he dosage of cortisone employed by these authors was 100 m,,

> mouth eyery mpht hours and platelet levels withm or abote the normat
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range were attamed mn four days Corticotropm was given imtially 1n daily
doses of 50 or 100 units The prompt responscs of these 3 patients with long
standing thromboeytopema are clearly attributable to the medication since
the possibility of spontancous rumission ean be exeluded with reasonable
certainty

Iwnelve patients with idiopathie thromhocy topentc purpura were gnen
cither cortrsone or corticotropin by Wilson and Ensemann 7 Cortisone was
grvenn a darly dosage of 50 to 100 mg  the corticotropiy was admnrstered
every dvy 1 a dose of either 40 umts mtramuscalarly or 10 units mtra
venously 1  continuous eight hour mnfusion Three pattents had sustaned
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Fic 45 Su tamed remu swon waduced by cortieotropin therapy in a 31 year-old
woman with acute dopathic thrombocytopenic purpura The patient completed
pregnancy successfully Note the prompt rise of the platelets the fall on dwconbinung
therapy v ithout recurrence of purpura and the subsequent slow recovery Mole
In tlus and related figures B T mdicates blecding time

remisstons two folloning cortisone admiustration alone and one after both
cortr one and corticotropin Two members of the scrtes had transient re-
spon es and scven dertved little benefit from hormonal therapy Of these 6
were splenectamized, & experiencing dramatic and lesting resulis up to the
fime of the report

Nyers and her assoctates!® reported thrombocey tic re ponses to levels of
normal or ebove n 12 of 17 patients with 1dtopathie thrombocy topenic pur
pura treated with cortisone or cortrcotropm Of thesc 5 had pending re-
mmassions of at least 16 months This series studted by the wrniter and hus col-
feagues, has now been extended to mclude 23 cases of which all but 7 have
had complete chimeal and bematologic remissions In 9 of the patients re
mssions have been sustained A more detaled analy sts of therapeutie results

1n ths sertes wail follon
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In viw of the reported expenence of the authors eited 1t 13 somewhat
surprieng that Stefzmmt and Jus 1 socrates' were able to condclude that cor
tt one or corticotropn had no more than an «quitoenl or evane cent effect
upon the number of circylatiug thrombocs tes in some members of their

enies of Lo patint~ with aeute or chrome whopathie thromboes topente pur

pura and no effect upon the remainder They obtained no sustained remus
«ons but obscryed reduction 1 mo t ea es of spontaneous bleeding mam
festatons and improvemant i capillary frapiits The less favorable results
obtamned by the ¢ mie tigators may po sibly be esplamed by inadeqguate
dosage of the hormones Cortr one was grven i duly doses of 100 to 100 mg
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Fig 18 Niight respon e to corticotropin tn 5 43 year-old male with acute 1dio
pathie thrombocs topemie puepuea and complete sustaned renus on wndyce 1 by
cortione (From Meyers Miller Linman and Rethell #4)

whereas the expenience of the writer mdicates thit 300 mg duly 13 usually
reipired to produce a prompt and masimal response

The idely divergent natural course and clinteal mansfestations of dio-
pithte thrombocs topeme purpura render each cz ¢ almost an indridual
disease entity However curtamn generalzation- ba od on a small but vaned
sertes may perhaps be allowed <tnce they permit & prelsmnary evaluation
of the application and usefulpess of rortisone and corticotropmn 1 thys
disease

An snalysis of the rsults obtamed n our <enes of 23 cases of idiopatine
thromboey topenie purpura treited with cortrsone or cortrcotropin 1s pre
sented i Tables 30 to 33 I rom the e data the following conelusions of prac
tical therapeutie significance may be drawn

1 Sustamed remisston mduced by hormonal therapy may be expected
' a hmited number of patrents with this disea o (Fyures 4o and 40) In our
Sertes the number so affected did not Lxeeed the expected maidence of spon
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range were attamed i four days Corticotropin was given mitially m daty
dowes of 50 or 100 umts The prompt responses of these 3 patints with lony,
standing thrombocy topents arc elearly attributable to the medscation since
the posstbility of spontaneous remission can be excluded with reasonable
certamnty

Tuclve patsents with whopathie thrombocy fopeni. purpura \ ere guen
aither cortisonc or cortivotropin by Wibon and Emcmann 7 Cortisone v as
gnenm adaly do<age of o0 to 100 mg  the cortrcotroptn was admmnsstered
every dyy m a dose of ather H0 untts mtramusculardy or 10 umits mtra
venotely i 4 contimions et bt hour imfusion Three pattents had sustamed
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Fic 45 Sustmned remission induced by eortrcotropn therapy tn a 31 vear old
woman with aeute rdiopathic thrombocytopentc purpura The patient completed
pregrancy successfully Note the prampt rt ¢ of the platelet thefall ondicontinting
theraps without recurrence of purpury, and the subsequent slaw recovers Yoo
In this and related figures BT mdicates bleeding time

remisions two follonmg cortisone admmmiration alone and one after both
cortisone and cortieotropin Two members of the scries had transient re
sponses and scven dernved lttle benefit from hormonal therapy Of thes &
were splenectomized § expertencung dramatie and lasting results up to the
time of the report

Myers and her 1ssociate«!? reported thrombocy tie responsts to levels of
normal or above 1 12 of 17 patients with rdiopathic thrombocy bopenic pur
pura treated nith cortisone or cartweotropin Of these § had pending re
mt stons of at Jeast 16 months This series studied by the writer and s col-
Teagues has now been extended to incfude 23 eases of 3 hech all hut 7 have
had complete chinteal and hematologic remussions In 9 of the patients ;c
mussions have becn sustamed A more detaifed anahy «is of therapcutic results
m ths senes wilf foliow



RLOOD DI FaSES AND MAUICNANCY 171
Fatle 31

Re pon b or Poaterer Cornt v Heravion 7o Contear Frrrers Dosace At
Deraion oF Hopsossn Tueruny v Ivosapie TRroupocyrorsnie 1LRILRA

Birats n e Y[

i
L ttCort|Clae al B ta] Therapy | Horw o, Dty Dove """,";"I“f
Ly j thents
Tiestaeed to [ € mplete 81 € rtsone Tonn 300 meg | 9
horinal ing o an —— - R ——]
18 Iwx Carte g ' 10 units ' “
— S SRS, R o - —— - -
Loaleetc b ) Inecmpl te or 1 23 1 Cortmomt 00 W me
no teen 00 - S A
Cortreotropin i e unm‘ qe

*Two of thcae patients Caled th re pond to corts otrop i it sul equently of taracd
romplete reans ton with cortisone

detnes little or no binefit from cartione af corticotropun admumt tritian
may st undergo complete remassion following plenectomy (Fipure 4%)

2 The time requrred for thrombocy te inerease to become apparcnt after
mstitatron of hormonal therapy 1 not more thn a few davs i tho e pa
tints who have good even though temporary respon os I normal platelet
Jevels are not ttaned withun 10 days 1t 1 exceedingly unlikeds that pro-
Tongeng therapy will have ans further «fect uttess the dosage ks been m
uffiacnt In our experrcnce an adequatc theripoutie tnst requires the
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. Fic 45 Falure of both corts one anil corticotropin to jnduce remsssion 1
hm}’euﬂ]d &l with acute iiopathte thrombocy topenie purpura Splenectomy wase

Dved by
Bethey ")') an abrupt and ustaned sespon e (From Meyers Miller Tiaman and
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T able 30

Cunvicar Ry posses 1o Cortrsone ok CONTICOTROIIN 1v TwrNTY THRLE Cisk of
JpioraThn. TarowsocyTorrzie Y mILRA

\ature of ‘ Vunber of Numler o
Response | atieats Subrsequent T surse H nmml
Completc 18 Sustamned ramysaon of 6-30 montha 9
Remission follosed by selapse “plenctomy vas 9
! then performed 1n 8 patients with sustained
! remssion The ninth patient had undergone
| plencctoms previously
Tacompirte ‘ 4 Splencetom)y with remr ton 4
Shght 1 Splearetoms With remu swon 1
)

taneou femu stan but the pattern of the respon es and thewr tune relation-
<hips to theripy «learly indicate that they sere mitinted by cortsanc or
carticotropin admunistration  Pattents who relipse after 4 complete hor
mone mduced semision may he expected to vespond \gun ou resuption of
medieation s eharactersstic of hormon il therapy 15 of importance sinee it
permuts seestablihment of control of the hemorrhagie tendeney in patints
who relipse after an mitiat therapentic triaf and who are considered (amdt

dates for splenectomy (Figure 47) The rare patient 1 our espenence who
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15 47 Pepeate ! rerut swons wnduced by cortr one and cortreotre pin folloned by
relynes 1 & 3¢ vear-ohl woman « ho had had chronie recurrent thromboes topemie
purpura for eght yenrs & lenectomy was done while she %13 in cort: one ndueed
remt son Wiieh has been sustawned [t tio vear  (1iom Meyer Aliter I mnian
and Bethell ¥¥)
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dernves hittle or no benefit from cortt one or corticotropin admim tration
may still underpo complete remussion followmng, <plenectomy (Figure 16)

2 The trme requured for thrombocy te merea ¢ to become pparent after
1 titution of hormonnl therapy 1o not more than a few dave in tho e p2
tients who have good even though temporary rospon s If normal platelet
Jevels arc not attamed within 10 davs 1t 15 exceedingly unlihely that pro-
longing therapy will haye any further ffcet unless the dosage has been i
suffiacat In our cxpersence an adequate tharapeutie tril require the
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Jear-old girl with wute 1diopathie thromboey topenic purpura Splenectomy was

followed by an aby
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lable 8

Lenari of Iiness with REPERENCF 10 Type aND DErREE oF
Cuviear ResponsE To CORTISONE OR CORTICOTROPIM

Remissiona
Duration of I urpura | Total N umiber of
(months) I atients
Sustained| U nsusfained or
Incomplete
Texathan 3 9 8 1
3-6 4 1 3
6-12 4 [} 1
More thn 12 [ o [
Table 33

IMPROVEMENT 1N CAPHILARY FRACILITY prsrite Poor THROMBOCTTE REsrovst T0
Horumovar Turrary In Frr Casrs o Iptoratiic TuroMROCYFOPENIC I OURPURA

Platelet Count Posttie Preswre Capitary
(thousands per e mm) | Fragulity Test (Pumpel Leede)
Tatient | Age| Sex
Before Therapy | fter Therapy | Before Therapy| ifter Therapy
sB ofF 9 100 22 000 4+ +
BS YR 5 000 30 300 S
B 0|F 4 000 25 800 i
I BRI 17 100 P
NS 59 [ F l 3G 000 ' 95 000 +++

daly administration of 300 mg of corhisone usualls gven orally in frac-
tional doses of 75 mg every six hours In the case of corticotropin the usual
dosage 1s 100 umts mtramuscularly each day 1n doses of 20 umts every six
hours

3 Bustamed remissions may be expected 1n most patients with idiopathic
thrombocy topenic purpura who have had hemorrhagie symptoms for less
t{han three months, whereas those whose hastory extends for Tonger than six
months are lmost certam to show incomplete responscs or to relapse after
discontinuing therapy

4 All patients mith ihopathic thrombocy topenic purpura who are hav-

mg active hemorrhagie mamfestations may be expected to show 1mprove
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ment after cortisone admimistration even though no change m crreulating
thrombocy tes occurs Such improyement 1s evidenced by a lessemng of capil

lary fragality I'xceptions to this statement probably will be observed but at
present there appears to be no need to quahfy 1t Benefieial effects from
corticotropin therapy are, of course dependent upon the degree of adreno-
cortical re ponse to stimulation

Acquired Hemolytic Anerma

It 1s m hemoly tie anemias of the acquired type associated with auto-
immumzation that cortisone or corticotropin administration has produced
espcaally spectacular results This disorder of obseure and probably multy
ple etiology 15 relatively uncommon but 1ts meidence appears to be on the
merea ¢ It may oceur at any age but m our experience the rdiopathic form
1s most frequently seen in middle Iife with a predominance 1n females of
three to on¢ The onset may be ncute and the course rapidly progressine
with fever and other evidences of toxicity or symptoms may develop in
adiously without <evcre systesic manfestations In the former group there
1s often a Iustory of preceding infection such as primary atypical pneu
moma Some cases termed sy mpmm'mc or secundary as opposed to wdio-
pathie are assoctated with dis pecally malignant
hmphoma and 1y mphocy tic leuhemia It 18 quite probuhle that this group
of hemoly tic anemi1s 1 due to hypersensitivity reaction and that 1t may
be closely related to the collagen diseases In this respect the association of
acquired hemoly tic anemia and disseminated lupus ery thematosus has been
reported by Dubois'® 1n 3 cases and 2 similar instance has been observed by
the wnter

The f consideration: phasizing the 1 nature of
acquired hemoly tic anemia and its relationship to connectnve tissue and
lymphoreticular disorders provided a rational basis for the therapeutic trial
of corti~one and corticotropin T arly expemences with these agents in the
treatment of acquired hemoly tic anemua of autoimmune type were reported
by Dameshek and by Gardner at the Third Annual Meeting of the Blood
Club ?° Since then numerous reports have been pubhshed all dealing with
relatively small numbers of cases but exlnbiting remarkable agreement in
their conclusions

Dameshek Rosenthal and Schwartz ! ohserved almost complete re
missions 1n 4 of 5 patients with acquired hemoly tic anemias treated with cor
ticotropin Two of the cases were of the wdiopathic type and the remainder
were associated with malignant lymphoma Comerdent with the arrest of the
hemolytic process there was d ance of warm’ h lutimn and
marked diminution of cold agglutiiin The Coombs te t rem wned positive
in all «a es Relapse 1n the hemolytic process oceurred soon after discon
tinuwance of therapy n 2 patients and resumption of treatment re ulted 1n
second remussions In an addendum to this report the authors mention 3 ad
ditional <1ses of 1diopathie aequred hemolytic anemiy 1 all of which dra
matic responses 1o corticotropin administration were obtamed They state
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Table 32

Tenari oF ILLaBss wiTH REFERENGE TO TYeE AND DECREE oF
Curnicar RespONSE To CORTISONE OR CORTICOTROPIN

Remissions

Duration of ! urpura | Total Number of
(months) Iatients Unsustaned
Sustane 1|y or
Tess than 3 9 8 13
36 1 1 3
6-12 4 0 14
More than 12 6 0 [
Table 33

InrRovEMENT IN CariLLaRy Frasiury peserre Poor Tarowsocyrs Resrowse 1o
Horsoxar THERAPY IN FvE Cases oF Ipiopartnic THROMBOCYTOPENIC PURPLRA

Platelet Count Positiee Pressure Lapillary
{thousands per cu mm ) Fraqlity Test (Rumpel Leede)

Patient | 1ge|Sex

After Therapy

Before Therapy | After Therapy | Before Therapy

sSB 9| F 9 100 22 000 +++ +
BS |15 |F 5 000 30 100 R o+
JB |19 |F 5 000 25 800 St +
JW 58 | M 5 000 17 100 +++ I +
S 50| F 36 000 J 95 000 [P ] 0

daly admimistration of 300 mg of cortisone, usually given orally in frae-
tional doses of 75 mg every sty hours In the case of corticotropin the usual
dosage 15 100 umits miramuscularly each day n doses of 25 unite every six

hours
38 d rer ns may be expected 1n most patients with idiopathic

thrombocytopeme purpurs who have had hemorrhagic symptoms for less
than three months whereas those whose history extends for longer than six
months are almost certain to show meomplete responses or to relapse after
discontmuing therapy

4 All patients wath 1diopathic thrombocvtopenic purpura who are hav-
1ng active hemorrhagic mantfestations may be expected to show improve-
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Meyirs snd lier seoauiest® reparted ob (rvations i 7 patients with
whap athe sequnred homaoly e ancmies troatod sath eortisons or corticotrapin
Of the ¢ une pitient 1+ Abvear ofd wom sith a probable durition of
hemals tie ancman of at least twa vears undersent sustamed efical and
hematologie remwean whiel has now fasted neardy theee years  Athough
this patieont has ne ovudenee of sctive hemokyss meomplote intihodics m
tos titer contmine to b demonstrible m her ~emm boe other psbiente m
thi  tney cxperinecd substantialls complete remissions after esthor corts
&one or corbeotrops sdministr stion but rdapsed when trestment sas doss
eontmued  Fae of this group had e thrombacy tapeniy s ~socnited wath
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Fic 40 Tartnl response to costscotropin m a 20 vewr-oll womsn sith acute
hemolyte anemia sudt thromboey topeme purpara wha obtamed eomplete although
transient renuw ion while recenving earti ine theraps Splencetomy has re alteed in
sustarned remun don (Trowm Mever Miller Tasman and Bethelt 1)

therr hemoly tie anemay (Fyures 43 and 0) Set ond re ponses were obtained
prior to <plenectomy 1 4 of these patients One of the 7 members of the
seties f Go-year-old woman with woillne s of thrie months duration faded
to respond to cortsiotropin i 2 datly dose of 100 umits ind 1espanded only
partially to cartisone 300 mg, dahy Splasectamy wis done with but tem
porary wmprovement and the patint has stiee been mamtamed for longer
than twe years on pertodic courses of or i cortane 1 doves of 50 or 7o my
dady (Digure 51} It 15 af wterest that whereas the titer of autonpplutinans
generslly falts as hemolyss decreases m response to sterowd therapy the
opposte was true i ths pattent who demonstrated & warked mse m the
titer of autounmune bodies 2t & time when partial chmeal and hematolo, i
remmssion was evsdent The series repotted by Dleyers and as ouates!® hag
now been extended to mclude 12 2 ev and s summary of the therapy em
ploved and the responses obtamed wall be presented fater
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that cortisone 1 tablet form was found useful for continued mamtenance
therapy

One case of acquired hemoly tic anemia associted with rheumatoid ar
thrtis and a pneumome inflammatory process and 2 cases of hered:tary
spherocy tic anemia were treated with corticotropm by Davidon and his
assoclates * The latter 2 werc not benefited The patient with the acquired
process underwent 1 dramatic remrssion with «ome evidence of recurrence
after cessation of treatment but subsequently made a complete recovery
It seems probable that this patient s hemols tic 1nemrn was of the acute
vanety assocrated with primary aty preal pneumoma Spontaneous recoyery
may be anticipated m such cases if the patient survives the acute process
Because of the mtense hemagglutation usually present transfusions are
frequently of no value and may bedetrimental and the outlook is often grave
Cortisone or corticotropin administr ition m~y belifesay mginsuchsituations

Two children and one adult with -evere idiopathie acquired hemoly tic
anemia were treated with cortreotropin by Gardner and associates ¥ In each
mstance, they observed a diminution in the rate of red cell destruction and
a decrease m immunologic abnormahties One patient who had transfusion
reactions was transfused with safety as the result of treatment The authors
emphastze the value of this form of therapy m the preparation of patients
for «plenectomy They mention 1n an addendum that o additional patients
with 1diopathic acquired hemoly tic ancmia were also benefited by cortico
tropin therapy Iey and Cardner * treated 3 pattents with acquired hemoly
tic ancmia with cortisone and obtaied results simiar to those which had
been secured with corticotropin  [he red cell hemoglobm and hematoent
values gradually rose the reticuloey te counts subsided and the serum bt
rubm values returned to more normal levels The Coombs’ test titers became
wenker or negative In the one patient who demonstrated both osmotre and
mechanteal fragilittes of the erythroeytes these abnormahties disappeared

The case of 1 63 year old woman who was said to have idiopathic e
quired hemoly tic anemia of 24 vears known duration was reported by Crary
and Bech 2 The divease was of cychic type and when seen by the authors the
patient was m severe hemoly tic erists With corticotropm and later with
cortisone therapy an almost complete remission of the process was obtamed
Relapse occurred when the daily cortisone dosage wasreduced to 2o mg  but
improvement followed rapidly when the do<age was mereased to 50 mg
Scven months later she was observed w1 partial relapse with a hemoglobin of
80 Cm per 100 ce of blood the dosage of cortisone wasincreised to 75 mg
daly In spite of the larger dose hemolysis continued and the dose of cort1
sone was rared to 100 mg daily with Dittle evidence of enhanced thera
peutic effcct Eleven months after starting, therapy she died apparently as
the result of bronchopneumonty and cardiac decompensatton This case 3l
Justrates the fact that some patients with chrome acqutred hemoly tic anemia
become mcreasingly resistant to cortisone therapy and demonstrates the
hazards of continued lugh dosage admunistration with respeet to flud reten

tron and mereased susceptibahity to mfection
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that cortisone 1 tablet form was found useful for eontinued mamtenance
therapy

One ease of acqmred hemoly tie anemia assoaated with theumatod ar
thntis and a preumonic mflammatory process and 2 eases of hereditary
spherocy tic anemua were treated with corticotropin by Davidson and ht
assoctates 2 The latter 2 were not benefited The patient with the acquired
process undernent a dramatic remission with some evidence of recurrence
after ceswation of treatment but subsequently made a complete recovery
It seems probable that this patint « hemoly tie anemia was of the acute
vartety aseoctated with primary atypieil pneumoma Spontancous recoery
may be antiapated m such cases if the patient surviies the acute process
Because of the intense hemagglutination usually present transfusions are
frequently of no yalue and may bedetrimental and the outlook 1soften grave
Cortisone or corticotropin Administration may be hfesax ingin such situations

Two children and one adult with «exvcre 1diopathic acquired hemol tic
anemia were treated with corticotropin by Gardner and assoctates 3 Ineach
mstance they observed a dimmution n the rate of red cell destruction and
a deerease mn immunologic abnormalities One patient who had trinsfusion
reactions was transfused with safety as the result of treatment The authors
cmphasize the value of this form of therapy m the preparation of patients
for splenectomy They mention m an addendum that o additional patients
with idiopathic acquired hemoly tic anemty were alvo benefited by cortico
tropm therapy 1ey and Gardner * treated 3 patients with acquired hemoly
tie anemia with cortisone and obtamed results similar to tho e which had
been secured with corticotropin The red cell hemoglobmn and hematocnit
values gradually rose the reticulocyte counts substded and the serum hth
rubm values returned to more normal levels The Coombs test titers beeame
weaher or negatine In the one patient who demonstrated both osmotie and
mechanteal fragilities of the erythrocytes these abnormahties disppeared

The ¢ase of a 63 vear old woman who was sud to have idiopathie ac
quired hemoly tie anemia of 24 years known duration was reported by Crary
and Beck 28 The disease was of ey chic type and when seen by the authors the
patient was mn severe hemolytic cricis Viith corticotropin and later with
cortisone therapy an almost complete remission of the process sas obtauned
Relapse occurred when the daily cortisone dosage was reduced to 2o mg but
improvement followed rapidly when the dosage was mncreased to o0 mg
Scyen months later she was obseried m partial relapse with a hemoglobin of
§0Gm per 100 ce of blood the dosage of cortisone was increased to 7o mg
dauly In spite of the larger dose hemolysis continued and the dose of corty
sone was rused to 100 mg daily with hittle evidence of enhanced thern
peutic effect Lieven months after starting therapy she died pparently as
the result of bronchopneumonia and cardiie decompensation This ease i
Justrates the fact that some patients with chrome acquired hemoly tie anemia
become mcreasngly resitant to cortisone therapy and demonstrates the
hazards of contintied high do axe admm tration with1c puet to flwd reten
tion and mcresed susceptibilits to infeetron
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anemia 1wo pitients went into remission after treatment with transfusions
and cortwone, wWhich was given m doses of 100 to 200 mg daily Both of
these patients had the cold hemagglutin varety of acquired hemoly tic
anema Sigmificant mmprovement was noted m the remaming 6 patients
This was charactertzed by inerea e in red blood ecll count duminution 1in
retseulocy tosis deerea e mn Jaundice regres 1on of the enlarged spleen and
decrease of antibody titers Howeser, when 1t beenme obvious that remis
stons could only he mamtained by eontinuous cortisone therapy , splenectomy
was done In contrast to the situation seen n previous years these patients
were m excellent chimeal condition at the time of operation I'ive of the pa-
tients sequired cortisone for varying periods postoperatnely In 3 of these
1t was ultimately posable to discontinue the medication Two patients re
quired continuous therapy after splenectoms  In addition to these cases of
wdiopathic acquired hemoly tic anemia corti one was employ ed successfully
by Sachs and associates in several patients with symptomatic hemoly tic
anemia complicating chrome Ivmphocy tie leuherma

In a ease of acquired hemoly tic anemia in & 76-y ear old man Hansen and
Anderson®” obtamed seral electrophoretie serum protemn tracings before
duning and after treatment with corticotropin Prior to therapy the values
were within normal limits although the Coombs test was poutine During
torticotropin admimstration which was moderately effective in controlling
hemolysis, there was an unusual elevation of the gamma globulins and
amultaneously the Coombs' test beeame negative Immediately after eessa
tion of treatment the Coombs test again became positive and the gamma
globulms deereased to normal levels

The expenences of the writer and his assoclates in the treatment of 1dio-
pathic acquired hemoly tie anenua with cortisone or corticotropin are sum

Table 84

Cunviear Resrovses 1o Conrtisone anvp Corticotrorty v ThELVE CasEs oF
Totoratnic Acquirep HEsoLYric ANEMIA

ol | Yymber of Subse juent Caurse i
S
Complete - Sustamed remission of 36 months 1
Relaps and death 1
Relapse re treatment and splenectomy with 5
control
Incomp, 4 ’ 3y wath remisaon 1
Splenectomy followed by relapse 2
None 1 Splenectomy with partial eontrol 1
_J

e —
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Fia 51 Partial response to cortisone i a bo year-old woman with exceedingly
severe hemolytic anemua of three months duration Splenectomy produced hstie or
no beneficial effect Nitrogen mustard (H\ ;) admunustration depressed bone marrow
actruty but falled to nfluence hemolysis Persodte cortisone therapy has mamtamed
the patient 1n reasonably good health for longer than two years (From Meyers
Miller Linman and Bethell %)

The relatively bemgn course and high mewdence of <pontancous remis
sions 1 patients with hemoly tie anemra who demonstrate ngh titers of eold
agglutinns 1 contradistinction fo those with warm agglutimins has been
emphasized by Sacks, Jahn and Workman ?¢ Cortisone of cortrcotropin was
employed n 8 patients in the authors series of 19 cases of acquired hemoly tic
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may be eveecdingly difficult, wd dingno tic studies alw ws hould melude
arcful examunitron of the hone marrow Ty popltic and yplistic ancmias
leuhemia  ind other malien maes wall be conderad soparatddy and atten

tion now will be dirertcd toward tho ¢ diorders in wiich the disability

o far as the bload 15 conecrned s attmbutable entirddy to the Tk of
neutrophil«

Agranulocytosis

In thicacutc di order of grmulopote 1+ which 0 dmost dwavs cwsed by
a4, rexction the u ual outcome 15 ether death movrdhtneby short ime
or pontaneous rceev ey after withdrawal of the re pon thle agent and treat
ment with antibioties It 15 therefore difficult to evaluite the results of
therapy directed tow ird the ncutropenin st elf Neverthcdess evidence 15
quite conelu e that cortr one or corticotropin may either hasten recovery
from agranulocyto 15 or prove to be wotually hftsaving o cverdds all pa
tients with profound neatropeniy

A casc of agranulocy toss due to prolonged u e of sulfadnizine ~ulfy
merazine and culfamethazine m winch cortisone admimstration was fol
lowed by prompt and ripid rccovery was reported by Caldwell and assour
ates * \ithough <hipht improv cment i the blood picture was noted at the
time corts one therapy was begun the pitient  condition was stsil considered
grave and the dramatic change in status 1= pre umably attributable to the
cortisone An even more convinein, report of the sueces ful u e of cortico
tropin tn a case of aranulocy tosts was published by MeMillin  The patient
a healthy 36-vear old decp sy diver suffered complete paripleda as the
re ult of an acadent He developed «yotitis and later pneumona and was
treated with sulfadiizine wnce senwitnvity to pemalim precluded its use
Sulfadiazine was piven for seven days in a dose of 10 Cm  three times daly
for treatment of the (vatitis and was sub equently mcrea od to 10 Gm
every four hours when s1ns of pueumoma appeared His ~y mptoms and
fever gradnally subsided over a period of sesen days and the medication was
discontied He then developed raprdly progre sive teuhopena until s
feukocy te count reached o level of 490 per cu mm with complete ab ence of
neutrophils He was extrumely 11l with high fever (yanoss and gallop
thythm and his death appeared rmminent  \ sternal marrow examination
showed lack of granulocyte desdopment heyond the progranulocyte stage
Admistration of corticotropin m doses of 20 m., every six hours for three
days and <ubsequently 1 reduced dosage for an additional four days was
followed by a prompt and dramatie nse of the leuhoryte values to a maxy
mum 1 excess of 70 000 per cu mm  Many immaturc granulocy tic elements
were present  [he marrow exhibited a marked change with evidence of
active neutrophilie diffcrentiation Clmical improvement was noted within
the first 24 hours of corticotropin administration and progressed satisfac
torly Tater the peripheral blood and marrow findings became normal

Two patients with agranulocytosis following the use of throsemicar
bazone for theumatoid arthrtis were treated with corticotropin by Virk-
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manzed m Tables 84 wd »6 Of 12 patients 7 had complete chueal and
hematologic remissions but m anly 1 of the-e was the response sustamed
after discontinung treatment Partial remissions were obtamed w 4 patients
and 1 patient o man aged 45 with severe hemoly tic anema, fatled to re pond
either to corticotropim m a dady dose of 100 wnts or to corfisone m mereasing
dosus up to 400 mg duly Duning the perod of cortisone admint tration the
hemoglobm dechined ta 3 2 Gm per 100 «¢ of blood m spite of dmaby trans
tustans of 000 ¢ this was accompamed by mereacng jaundice and progres-
wiv ¢ hepatomegaly and spl aly When pendcd red cells from 4 000
<o of blood were gteen oser a periad of three days together with cort: one
106 mg each day the hemoglobin rose to 104 Cm and splenectomy was
performed  The immedtate result was {avorable and so far the humolv i
proee s appears 40 have been largedy arre ted (see Table 34) A somewhat
similer e se of acquired hemals tie anemia which appeared to be uninfluenced
by corticotropin administration s been reported by Clearhin #

Takle 31

Dot avp Duration oF Inrmiac L Eriop oF Horywe v
Tuerapy 1 Ipiorasnie Acguirer Hewourt

AREATY
t ! 7 h
Hormone | Dty Dose | Dara ron of Lheropy
)
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Ihe do age uf cortiane durin,, the mitial period of treatment was wswlls
300 mg by mouth duly but m some caces 300 mg was gnen The medica
fion nas admum tered i fracttonal dases cvery s\ hours when the or il route
nas empleyed In tho ¢ few pattents Wha were treated mtramuseularhy with
cortisone the same doses were w.ed s 1n tie case of oral admunstration hut
the medication w 15 grven m two divided doves tuehie hours wpart Cortico-
tropis wae gren mttamuscularly Gy six hours wodo e totaling 100 to
160 units datdy The dur wion of ther \py was fong(r n patients with aequired
hremoh tic wn¢mua than m the whopithic thrombaody topenr purpura group
and m mo t cases exceeded three neehe

Leukopenmic Conditions
Profound dumnution i the number of Qrenliting ncutrophils with the
ecompany mg, hasard of uncontroiiable mfection occurs u'| acute agranuto-
eytoss primary and «econdary splone eytopams wnd ‘pcriodic neatro-
rdi s ffecting the myefopaietic <sstem bs o whole
teuhermin and primary and sceand wy neoplms
o~ 1t the o groups of conditions

peata &s wellawn & ol
such as aplistic anemis
Affecting the marron Differential durgu
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treatment of splenic neutropema 15 seanty  The writer has published his
observations on 2 eases of Telty s syndrome! and another ca e has sinee
been treated All 3 patients were middle-aged women with long standing
th d arthntis =pl aly leuhopenia and a hustory of recurning
fections In 2 cases admmmstration of corticotropin 2> units every $IX
hours was followed by attainment of normal neutrophsl values in 6 and 11
daysre pectnnely Relapse promptly followed discontinuance of therapy but
second remi< 1ons were obtaned with cortisone in do es of 100 to 200 mg
daily The third patient showed a delay ed and incomplete response to corti
cotropin 1 doses up to 1u0 units datly for a period of 17 davs When treat
ment was changed to cortisone 300 mg duly the neutrophil percentage
ros¢ from 20 to 93 1n seven days whereas the total leuhoer te count incrersed
from 1 050 to only 1 000 per cu mm 1 this period of time  \fter 18 days of
cortisone therapy 300 mg dails the leuhocy te count was 3 450 per cu mm
with 93 per cent neutrophils Although relapse has invanably followed ces-
sation of steroid therapy m Felty s evndrome 1t has been possible to mamn
tam normal or nearly normal neutrophit values for many months on mam
tenance cortisone therapy in daily doses of 7a to 100 mg

The correction of neutropenia by cortivone or corticotropin treatment m
Felty s syndrome may be attributable to the beneficial effect of the hor
mones upon the underlving rheumatoid arthnitis sinee 1t has been shown
that the anemia of rheumatod arthntis 13 favorably influenced by such
therapy * On the other hand 2 of the 3 patients discussed above had rela
tively minor and apparently mactrie jont di ease and their ery throey te and
hemoglobin values were normal \orcover cortisone or corticotropin ad
mimstration Wus accompanied by defimte diminution of spleen «ize it has
also been observed that <plenectorny may be folloned by correction of
neuttopesia without beneficial effect upen the svmptoms and wgns of
arthritis Therefore, 1t scems probable that the action of cortrsane or corti-
cotropin on the granulocy tic equiibrium 1 Felty s sy ndrome 15 largely 1f
not completely mdependent of their modifying mfluence on the mflamma
tory changes of rheumatoid arthritis

The wnter has observed a case of apparent primary splenic neutropenia
i 2 21 year-old woman 1n whom an excellent hematologie response was
obtained dunng the admimstration of corticotropin 2o units esery six hours
The total leukocy te count rose from 1 300 eclls per cu mm with 8 per cent
neutrophils to 15 030 cells with 79 per cent neutrophils after seven days of
therapy Splenectomy was done duning the hormone-nduced response and
there has been no evidence of relapse for a period of five months during
whieh she has recened no therapy On the other hand another patient a
Woman aged 47, suffering with spleme neutropema which was known to be
of at least one year’s duration had no granulocytie response whatever to the
datly adminsstration of 300 mg of cortisone for a two-week period Splenec
tomy has been followed by a restoration of normal leukoey te values but1t1s
100 early to evaluate the long range effect of the removal of the spleen A
smilarinstance of complete lack of response to corticotropin tn a 61 year old
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hunen *' One of the patients, a woman nged o0, was extremely 2l wath
pneumonia and appeared to be comatosc when corticotropin therapy was
mstituted Within 18 hours after three mjections of 20 mg of corticotropm,
she showed dramatic improy ement with return of temperature to normal and
nse 1n leukocyte count Both of these patients made complete recoveries
In the same article the author reports on the successful use of cortisone
one case and of corticotropin n o second case of thrombocy topenic purpura
{ollowing the admimstration of gold salts

The introduction of phenylbutazone, 2 compound closely related cherm
cally to ammopynne for the treatment of rheumatoid arthritis gout and
other painful inflammatory conditions has been folloned by reports of a fen
mstances of agranulocytosis -3 None of the cases so far reported has
proved fatal Cortisone or corticotropin was employed 1n the treatment of
most cases, but the results are on the whole difficult to evaluate because
for the most part the patients were not severely 1ill and ther management
was complicated by the stmultaneous use of a vanety of therapeutic meas
ures An exception to these equis acal results may be provided by the case
reported by Stifel and Burnheimer 3 Thar patient a 52-year old woman
suffering with rheumatoid arthritis was given pheny lbutazone 200 mg three
times daily for six weeks She deseloped complete absence of granulocy tes m
the pertpheral blood, which persisted for five days and was sccompamed by
intense pharyngtis There was a dramatic elinteal and hematologic response
following the admuustration of corticotropin

I \perience has shown that the presence of infection ts no contramdica
tion to the use of cortisone or corticotropin 1n the management of acute
agranulocytosis On the contrary the admimstration of one of these agents
together with antibioties may serve to suppress a dangerous inflammatory
reaction and at the same time md 1n restornng the defense resources of the
body

Splenic Neutropena

Severe granulocytopema as a festation of hyperspl 15 ob
served most often m association with rheumatoid arthntis as a component
of Felty’s syndrome or as an diopathic  disorder to which the term pn
mary splenic neutropenia has been given Hy persplenie leukopema s usually
persistent and relatively stable and 1s almost never of extreme degree nor
assocsated with the profound marrow alterations which characterize acute
agranulocytosis Nevertheless patients with splentc neutropenia are es-
pecmlly susceptible to such mfections as recurring pneumomnts and they
may fad to respond to antibiotic therapy Splenectomy 1s the treatment of
choice 1n such circurastances but 1t 1s not always successful Moreover 1n
the presence of an acti e infection surgery may be contrmmndheated and,‘ m
any event, medical measures which may counteract the process resp
for the leukopenia however transtently should prove useful 1n enhancing
defense agamst infection or 1n preparation for surgery

Reported experience with the use of cortison¢ and cortrcotropin m the
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treatment of spleme ncutroperin 19 ecanty  lhe wrter has pubhched his
absennations on 2 exes of Telty & syndromet! and another case has since
been treated All 3 patients were mddie nged women with long standing
h tord arthni spl gt leuhopeata, and a history of recurning,
nfectiona In 2 eases admimetration of corticotropn 2> units every g%
hours, was folloned Iy attamment of normal neutrophl v alues in 6 and 1}
dassrespectinely Relapse promptiy follawed discontinuance of therapy but
second remiamons were obtained with cortisone 1n doses of 100 1o 200 mg,
daly The third patient showed a delay ed aud incomplete respon v to corts
cotropin 1 doses up to 100 umts duily for o pnad of 17 days When treat
ment was ehanged 1o rorhisone 30D mg dads  the aeutrophy) perreptage
7o e from 2a to 93 m seven davs whereas the total leuhocy te count e reased
from £ 6,0 to only 1 500 per cu mm m this pensod of time After 18 day s of
cortisone therapy 300 my, datly the leuhoc te count was 3 4,0 per cu mm
with 93 per cent neatropluls Although relapse has mvarably followed cesr
sation of sterord thernpy 1n Felty s syndrome 3t has been po wble to man
tam wormal or nearly normal neutrophit vafues for muny months on mam
tenance cortizone therapy m daily doscs of 70 to 100 mg

The correction of neutropema by rortisenc or rorticotropn treatment in
Felty's «yndrome may be attnbutable to the benefiend effect of the hor
maones upon the underlyving rheumatod arthntis smee 3t has been shown
that {he anema of theumatowd arthrites 1s favorably nfluenced by such
theraps * On the other hand 2 of the 3 patients discus od above had rela
tvely minor and apparently snsctiy e joint disease and thesr ery throey te and
hemoglobin values were normal Maoreover corbisone or corticotropin ad
munstration was accompanied by definite diminution of spleen mze It has
o becn obnersed that splenectomy msy be followed by corsretion of
neutropems without beneficta} effect upon the symptoms and sgny of
arthntis Therefore 1t seems probable that the action of cortisone or (orts
cotropin on the granuloes tie equibbnum in Felty = syndrome 18 Jargely of
hot completely independent of therr modifying imnfluence on the mflamma-
tory changes of theumatond arthntis

The wniter has ohseryed 8 case of apparent prmary aplenie neutropenis
m a 21 year-old woman 1n whom an excellent hematologie response was
obtaned duning, the admimstration of corticotropin 25 units even six hours
The total leukoeyte count rose from 1,350 cella per cu mm - with 8 per cent
neutrophils to 10 00 cells wath 79 per cent neutrophily after seven days of
therapy Splenectomy was don¢ during the hormone induced respon e and
there has been no evidenre of £ tap e for a panod of five months dunng
which she has recessed no therapy O the other hand another patient 2
woman aged 47 «uffening with #plente neutropema which was known to be
ofat fesst one year 8 duration had no gramifory e respon © whateyer to the
daily sdmunistration of 200 mg of cortionc for 15w ok pennd Splence
tomy has been followed by a restoration of normal euhocy te valties but it 1s
too eatly tg evaluate the fong, range «ffcct of the romoval of the spleen A
amilarintance of comple te Iack of reapon 4 to costicotsupinan 2 53 3 pas-old
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hunen *' One of the patients 2 woman aged 50, was extremely 1l with
pneumonia and appeared to be comatose when corticotropin therapy was
mstituted Within 18 hours after three 1njections of 20 mg of corticotropin
she showed dramatic improt ement with rcturn of temperature to normal and
rise 1n lenhocyte count Both of these patients made complete recoyeries
In the same article the author reports on the successful use of cortisone m
one casc and of corticotropin 1n a second case of thrombocytopenie purpura
following the administration of gold salts

The introduction of phenylbutazone s compound closely related chemi-
cally to ammopyrme for the treatment of rheumatoid arthritis, gout and
other pamful inflammatory conditions has been followed by reports of a few
mstances of agranulocy tosts #2-3 None of the cases so far reported has
proved fatal Cortisone or corticotropin was employed 1n the treatment of
most cases, but the results are on the whole difficult to evaluate becausc
for the most part the patients were not severely 11l and their management
was complicated by the simultaneous use of a variety of therapeutic meas
ures Aun exeeption to these equivocal results may be provided by the case
reported by Stifel and Burnheimer 3% Their patient a 52-ycar old woman
suffering with rheumatoid arthritis, was given phenylbutazone 200 mg three
times daily for six weeks She developed complete absence of granulocy tes m
the penipheral blood which persisted for five days and was accompanied by
intense pharyngitis There was a dramatic chinieal and hematologic response
following the administration of corticotropin

Experience has shown that the presence of infection 15 no contramndica
tion to the use of cortisone or corticotropin in the management of acute
agranulocytosis On the contrary the admimstration of one of these agents
together with antibiotics may serve to suppress a dangerous inflammatory
reaction and at the same time a1d 1n restorng the defen e resources of the
body

Splenic Neutropenia

Severe granulocytopenia as a festation of hyperspl 13 ob
served most often 1n association with rheumatoid arthntis as a component
of Felty s syndrome or as an 1diopathie’ disorder to which the term prt
mary splenic neutropenia has been green Hy persplenic leuhopema 1s usually
persistent and relatnely stable and 15 almost never of extreme degree nor
assocsated with the profound marrow alterations which characterize acute
agranulocytosis Nevertheless patients with splenic neutrapema are es-
peaially suseeptible to such mfections as recurnng pneumonitis, and they
may fail to respond to antibiotic therapy Splenectomy 13 the treatment of
chowce 1n such aircumstances but 1t 1s not always successful Moreover in
the presence of an active infection surgery may be contrandicated and, in
any event medical measures which may counteract the process responsible
for the leukopema however transiently should prove useful 1 enhancing
defense against nfection or In preparation for surgery

Reported experience ® 1th the use of cortisone and corticotropin n the
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treatment of splemic neutropema 1s seanty  lhe water has published his
observations on 2 cises of Ielty « svndrome" and another case has since
been treated All 3 patients were middle aged women with long standing
theumatoid arthritis splenomegaly leukopema and a hustory of recurning
mfections In 2 eaces admiistration of corticotroptn 2> umts every siv
hours was followed by attnnment of normal neutrophil values n 6 and 11
daysrespectively Relapse promptly followed discontinuance of therpy but
second remissions were obtamed with cortisone i doses of 100 to 200 mg
datly The third patient showed a delayed and imcomplete response to corty
cotropin in doses up to 150 units duly for a period of 17 days When treat
ment was changed to cortisone 300 rag daily the neutrophil percentage
ro ¢ from 20 to 93 m «even dayvs whercas the total leukocy te count micreased
from 1040 to only 1 500 per eu mm 1 this penod of time  \fter 18 davs of
cortisone therapy 300 mg daily the leukoey te count was 3 150 per cu mm
With 93 per cent neutropluls \lthough relapse has myvariably followed ces-
«ation of steroid therapy n elty s sy ndrome 1t has been possible to man
{amn normal or nearly normal neutrophil values for many months on main
tenanee cortisone therapy mn deuly doses of 7 to 100 mg

The correction of neutropema by cortisone or corticotropin treatment in
Felty s syndrome mav be attnbutable to the benefieial effect of the hor
mones upon the underhy mg rheumatoid arthntis smce 1t has been shown
that the anemia of theumatowd arthnitis 18 fasorably nfluenced by such
therapy 2 On the other hand 2 of the 3 patients discussed above had rela
tively minor and apparently mactive jomt discie and therr crythrocyte and
hemoglobim values were normal Morcover (ortisone or eorticotropin ad
munstration was accompanied by defimite dimmution of spleen siz¢ It has
also been observed that splenectomy may be followed by correction of
neutropenta without bLienefieial effect upon the symptoms and signs of
arthntis Therefore 1t scems probable that the action of cortisone or cortt
cotropin on the granulocy tic equibbrium in Telty s syndrome 1s Yargely of
Dot completely, independent of their modify ing mfluence on the mfamma
tory changes of rheumatoid arthritis

The wniter Lias observed & case of apparent primary splemc neutropena
103 21 year old woman m whom an excellent hematologic response was
obtameqd during the admunistration of corticotropin 2o unuts esery six hours
The total leukocy te count rose from 1 350 cells per cu mm with 8 per cent
heutrophls to 15 050 cells with 79 per cent neutrophils after seven days of
therapy Splenectomy was done during the hormone induced response and
there has been no evidenee of relap e for a period of five months during
shich she has recerved no therapy  On the other hand, another patient a
“oman aged 47 suffening with splenic neutropems which was known to be
of at Jeast one year s duration had no granuloey tic response whatever to the
daily admmstration of 300 my, of cortisone for a two-week period Splenee
fomy has boen followed by a restoration of normal leuhoey te values butitis
too early to evaluate the long range effect of the removal of the spleen A
sntlar instance of lete lack of resp to cor mn a6l year old
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man with primary splenic neutropema has been reported by Wintrobe and
associates 7

Periodic Neutropenia

The mteresting condition to which Reimann and de Barardims®® have
assigned the name periodic (eychic) neutropenta, 1s charactenzed by regu
larly recurring severe neutropema usually m three weekh cyeles Fever,
malaise and mflammation of the mouth and throat with superficial ulcera
tions of the oral muco~a are common accompaniments of the neutropema
but the cyeles may recur without my elinieal mansfestitions The etiology
1s unknown although because of a <imilarity to the menstrual cyele an
endocrinologic hass has been proposed The occurrence of the condition m
hoth sexes and over a wide range of ages together with the absence of
demonstiable hormonal disturbanecs, renders such an explanation unlihely

A case of periodic neutropenia n a 78 3y ear old man who was treated with
corticotropin has been reported by Monto and associates * Although this 1s
the oldest patient with periodie neutropenia on record, the diagnosis seems
to be established on sound entena During one of the episodes of neutro-
penia the patient developed a <evere rectal infection followed by pneu
monia The leukoey te count remamed for three days between 500 and 600
cells per cu mm with almost complete absence of .ranulocy tes and his con
dition was considered erttical The administration of corticotropin 20 umts
every four hours was followed withm a tew hours by remarkable clinseal
mmprovement The leuhocyte count rose to 4 000 per cu mm with 05 per
cent neutrophils Because of the abrupt improvement m the (limcal and
hematologie condition of the patient followng corticotropin admmstration
the authors attribute the change to a therapeutic response rather than to a
eychic recovery phase

On the other hand 1n the case reported by Reimann and de Barardin:
admimstration of a single dose of 2o units of corticotropin during 2 neutre
pente episode was followed by a further decrease in the level of cireulating
granulocytes whereas the same test dose given during, an ntersal between
episodes of neutropema mduced the usual neutrophihie response

Although the question 1s still unsettled 1t seems probable that nerther
cortisone nor corticotropin will have much mfluence on periodic neutro
penia except that in the presence of severe infection the inflammatory rcac
tion may be favorably modified and the degree of neutrophilic response
cnhanced during the ¢y clic recosery phise

s %

Neoplasms of the Hemic and Lymphatic Systems

In this eategory are meluded the leukemis plasmoeytic my eloma and
the malignant lymphomas especially Hodphin s disease follide 1y mphoma
Iymphoeytic sarcoma and retieulum cell srcoma Whether or not all of
thece conditions may ultimately be classified as neoplasms 1~ open to ques-
tron Nevertheless whatever the provoeatine fietor may bema peafic con
dition or in an ndividual case and howeyer the chnteal course and pathologic
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mantfestations may vary the common attribute of the ¢ atlments 15 a pro-
gres e di ordetlingss of row th and differentintion of a more or Iess speetal
1zed mesenchymal tis ue Sinee adeenal sterowd therapy or adrenocortical
stimulation may modify A spectacular manner the growth propensities
of me (nchymal tisue the admmstration of 11 oxy sterowds or corticotropin
to patients with leuhcmi v or v mphoma s aroused a great deal of justihable
scientific intcrest and  unfortumatels o constderable amount of unwar
ranted and futile optimi m

Leukema

Discussion of 2 particular form of therapy in leuhemiy requires separate
connderation i terms of the prmary celiulartypu of the d order the degree
of nondifferints ttion of the predominant cells ( mmmatunty ) m bone mar
row lumph tisue and blood the extent of exic sive prohfuration  the
seventy of associated ancmin and thromboes tapenty the age of the patient
the clinieal mamfestations and the duration of the tlness Fypres.ed
speeific nomenclhiture © the leuhemins may be de ignated according to
cellutar type as lymphocytie primulocy tic menocytie plasmocy i and
megakaryorytic They may be citegonzed as acute subicute or chrome
depending upon the degree of differentiation of the prohifertie cells and the
elimeal mamfestations ind they may be further subdinided mto leuhemic
sublcukemie or alcukomic forms which mas undergo reversible transition
from ane to the other according, to the number of arculiting lcuhemic cells
in the peripheral blood

Waithin recent 3ears 2 number of chemotherapeutie agents have been
found to be effective in the trcatment of some forms of leuhemta These 1n-
clude the mtrogen mustards and stmilarly acting compounds urethane and
certain antimetabohtes such as the folic acid antagonists and 0 mercapto
purime Undoubtedly more compounds of a lthe nature will be added to the
list of antileuhemin agents «inee nonc of tho e now avatlable offers more than
himited and temporary henehit All those substances howeser they may differ
m therr biochemieal teactions owe thar action to a suppresston of cell
growth with a more or less selective effect upon leukemie tissue True remis-
sion following their use characterized by (omplcte or partial return to a
hematologically normal state as contrasted with mere suppression of cell
proliferation must be attributed to the ereation of fayorable conditions for
at least temporary restoration of the hemue equilibrium  This concept of the
basis for the beneficial effect m leuherma of chemotherapeutic agents as well
as that of 10mzing radiation 1mplies the perwistince m varying degree of a
regulatory mechanism of blood cell produetion and differentiation

From the standpoint of pathologie physiology  the effeet of cortisone or
corticotropin 1 leukemia 13 of cspecial mterest because these materals are
not primarnly destruetny e or suppressive agents affecting all rapidlv growing
celis hut they exert a selectrve artion on the growth and development of
particular cell lines arising from the myeloid and lymphoid reticulum Thus
improtvement accompanying their use m a case of acute leukemia may be
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man with primary splenic neutropema has been reported by Wintrobe and
associates 37

Pertodic Neutropena

The mteresting condition to which Reimann and de Barardinis®s have
assigned the name pertodic (cychc) neutropenia, 1s charactenzed by regu
Iarly recurring severe neutropenia, usually m three-wech cycles Fever,
malaise nd inflammation of the mouth and throat with superfical ulcera
tions of the oral mucosa are common accompaniments of the neutropenia
but the (ycles may recur without any clineal maniestations The etiology
15 unknown although hecause of a simihwrity to the menstrual cycle an
endocrinologie basts has been proposed The occurrence of the condttion mn
both scves and over a wide range of ages together with the absence of
demonstrable hormonal disturbances renders such an explanation unlikely

4 case of persodic neutropenia n = 78 year old man who was treated with
corticotropm has been reported by Monto and associates 3 Although this 1s
the oldest patient with periodic neutropenia on record, the diagnosts seems
to be established on sound ertteria Duning one of the episodes of neutro
pema  the patient developed a severe rectal infection followed by pneu
moma The leuhoeyte count remained for three days between 500 and 600
cells per cu mm with almost complete absenee of granulocy tes and his con
ditton was conwidered eritical The admuistration of corticotropin 20 umts
every four hours was followed within o fuw hours by remarkable cliniesl
mmprovement The leukocy te count rose to 4 000 per cu mm with 05 per
cent neutrophils Because of the abrupt improvement n the chmeal and
hematologic condition of the pattent following corticotropin administration
the authors attribute the change to a therapeutic response rather than to a
cyclie recovery phase”

On the other hand m the case reported by Retmann and de Barardums %
admimstration of a single dose of 25 umits of corticotropin durimng, a neutro
penic episode was followed by a further decrease n the level of crreulating
granulocytes whereas the same test dose g1ven during an interval betneen
ep1sodes of nentropenia mnduced the usual neutrophilic response

Although the question 1s still unsettled 1t seems probable that neither
cortisone nor corticotroptn will have much influence on pertodic neutro
pema except that in the presence of sesere infection the inflammatory reac
tion may be fatvorably modified and the degree of neutrophilic response
enhanced during the cyclie recovery phase

)
Neoplasms of the Hemic and Lymphatic Systems

In this category are mcluded the leuhemtas plasmocytic myeloma and
the mahbgnant lymphomas espectally Hodghin o diserst follicle Iy mphoma
Iy mphocy tic sarcomy and reticulum cell sarcoma Whether or not all of
these conditions may ultrmately be clasified s neopl .sms 15 open to ques
tion Nevcrthele s whatever the provocatne factor may he m a specific con
dition or i an 1ndisdusl case and howeyer the clinie al courst and pathologie
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manfestations may vary the common attnbute of the ¢ ulments s a pro-
gresnve disorderline < of grow th and differantiation of a morc or le < apccal
tzed mestachymal 6t we S adrenal stermd therpy or adronocorticl
stmubtion mav modifs 1 n speetreulir manner the growth propen 1tics
of me cnchymal 11 ue the adminsstration of 11 oxy sterords or corticot ropin
topatients with leuhemitor lvmphoma Visarou «d o great deal of ju ufiable
wentific mtere toand unfortumitely a con werible amount of unw i
ranted and futik optimism

Leukema

Discusston of & partieutar form of theraps m lthenns ropmrc < parite

considerition i terms of the primany cdlular type of the disordor the degree
of nondifferenttition of the predomitiant celis ( immatunts ) bone mar
ton hmph tricue and Bood  the (went of (a1 proliferatim the
eventy of assocrated ancmia and thromboey topeniy the age of the patient
the chmeal mamife tations and the durstion of the llness Tapre ed
prefic nomencliture * the lokemits may b desgnated according to
cellular tipe as hhmphocvtic granuloes tic - monoes ti pla mocvtie and
megaihanyecytic They may e eategonzed as acute subacute or chrome
depending upon the de wrec of differontintion of the probferitine cells and the
hnical mamfcstations and thes mu be furthor subdivided imto kuhemie
tubleukerme or leukemic forms which m1y undergo raversible tran itton
from ond to the other weording to the pumlicr of araglitng leukemie s
m the pertphe ral hlood

Withim reccnt vears a number of chomothe rapeutie agents have been
found to be effective m the treatment of some forms of lcukermia The e m
clude the wtrogen mustards and simil irhy acting, compounds urcthane wnd
cerlan antimetabolitcy such as the folie acd antagotusts and G-mercapto
purne Lndoubtedly more compounds of a ke nature will be added to the
I t of antileukemin agents sinece none of tho « now axvalahble offers more than
lnuted and temporars benefit \ll the e substancee however they may differ
m thar brochemical ractions owe their action to a suppression of cell
gronth with a more or less selectsy e fTect upon leukermice tissue True remis
sion following their use characterized by complete or partial return to
hematologically normal state as contrasted with mere suppression of cell
Profiferation must be attributed to the ereation of favorable condatians for
at feast temporary restoration of the hemic equulibrinm This concept of the
basts for the heneficial eff et m leukemin of chemotherapeutic agents as well
2% that of wntzing, radiation 1mplies the perastenee i varying degree of o
reulatory mechamsm of blood cell production and differentiation

Erom the standpoint of pathologie physiology  the cffeet of cortssone or
orticofropm 1n Yeuhemi v 1% of cspeaial intercst hecau ¢ these matenals ar
20t primanly destruetive or suppres«ive agents affecting all rapidly growing
cells but they excrt a selective aetion on the growth and development of
articular cell knes ansing from the my clod and Iy mphoid reticulum  Thus
mprovement accompanying their use 1n a case of acute leukema may be
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man with primary splenic neutropenia has been reported by Wintrobe and
assocrates 7

Peniodic Neutropema

The interesting condition to which Reimann and de Barardims® have
assigned the name, periodic (cvelie) neutropenia s characterized by regu
larly recurrmg severe necutropema wsually m three week cycles Feyer
maluse and inflammation of the mouth and throat with superficial ulcera
trons of the oral mucosa tre common accompantments of the neutropema,
but the cyeles may recur without any ehnical mamfe tittons The etiology
15 unhnown although because of 4 simlanty to the menstrual evele an
endocrimologre baws has been proposed The occurrence of the condition in
both seves and over a wide ringe of age> together with the ab ence of
demonstrable hormonal disturbinces renders such an explanation unhkely

A case of periodic neutropenia 1n a 78 +ear old man who was treated with
corticotropin has been reported by Monto and associates 32 Although this1s
the oldest pattent with pertodic neutropenia on record the dingnosts seems
to be estiblished on sound criteria Dunm,, one of the epreodes of neutro-
penta, the patient developed a severc rectal mfection followed by pneu
monia The leukocyte count remamed for three days between 500 and 600
cells per cu mm with almost complete absence of granuloeytes and his con
dttion was constdered entical The wdmmrstration of corticotropm 20 umts
every four hours was followed withm a fen hours by remarkable climeal
improvement 7The leuhocyte count rose to 4 000 per cu mm with 6o per
cent neutrophils Because of the abrupt improvement m the chncal and
hematologle condition of the patient following corticotropin adminsstration
the authors attribute the change to a therapeutic response rather than to a
cyche recovery phise '

On the other hand 1 the case reported by Retmann and de Barardints %
admiustration of a single dose of 25 umts of corticotropin during s neutro
penic epi~ode was followed by a further decrease i the level of circulating
granulocy tes whereas the same test dose given during an interial between
episodes of neutropenia mduced the usual neutrophilic response

Although the question 1s still unsettled 1t seems probable that neither
cortisone nor corticotropin will have much mfluence on periodic neutro
penia escept that in the presence of severe mfection the nflammatory reac
tion mav be favorably modified and the de.ree of ncutrophilic response
enhanced during the ¢y clic recovery phase

)
Neoplasms of the Hemic and Lymphatic Systems

In this eategory are meluded the leuhemins plasmocy tic myclomy and
the malnant Ivmphomas espeaally Hodohin s disese follicle 1y mphoma
Iy mphocy tic sarcoma and reticulum cell sarcoma Whether or not all of
the e conditions m®y ultimately be classified as neopltsms is open to ques-
tton Neyertheless whatever the provocative factor may he m a specific con
dition o1 m anindndual ease, and howes er the clnieal course and pathologc
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Eventually all patients with acute leuhemrt become ressstant to the
form of theripy which they have been recenving, s problom was studied
by hungsley Pillers et al * who ob erved that either the hormones or folie
acid antagonsts were effective i producing further remisstons m approst
mately o0 per cent of patients showing, resistance to one ty pe of therapy

Chrome Leul In the manag t of chrome leuhemia  there 13
hittle place for the use of cortisone or corticotropin  An exception to this
general rule may be made n selectcd «ases of advanced chronie Iy mphoey tic
leukemia particularly whenit s aecompamed by severe anemia or cutaneous
mamfestations * In such cases distinet sy mptomatie relicf may he produced
with continued cortisone admimsteation i duly doses of w0 to ¥r mg and
mtervals between blood transfusions may be lengthoned

Hodghkin s Disease and Lymphosarcoma

Patients with advanced Hodghin s disease may be temporanly benefited
by eortisone admimstration and the terminal phase of the illness rendered
more tolerable The improvement 1s largely subjective but subsidence of
fever relief of pruntus regression of tumor masses and considerable weight
gain may occur Hematologie values may improve and patients who had
been considered no longer swuitable for mtrogen mustard or triethylene
melamine therapy may agam be treated with these agents Morcover the
admimstration of cortisone prior to and during a course of mitrogen mustard
therapy tends to diminish marhedly the gastric disturbances associated with
the latter As reported by Straus and associates ** the administration of
cortisone as sole therapy in rapidly progressive Hodghim s disease 15 not as
efficacious as mtrogen mustard or \ irradiation  These authors®” performed
serial bone marrow examinations during administration of cortisone to 6
patients with active progressive Hodghin s discase The most conspienous
changes were proliferation of erythrocytic granulocytic eosttiophilic and
megaharyocy tic elements as well as reticulum cells assoctated i some
mstances with morphologic abnormalities The development of giant cells
of the Sternberg Reed type was noted 1 the marrow of 3 patients The
authors interpreted thus finding as evidence that cortisone does not bene
ficnally affect an mmportant underlying mesenchymal disturbance 1 Hodg
kin s discase

Ind d Iymph the same md for and limstations
of cortisone therapy apply asin advanced chromc lymphoceytic leukemia and
Hodghin s disease Improvement i appetite and sense of well being with
some temporary regression of tumor masses constitute Justification for the

use of hormonal therapy m those patients who are approaching the terminal
phase of their illness

Multiple Myeloma
Reported experience with the use of cortisone or corticotropin in plasmo-
eytic myeloma 18 somewhat conflicting Engle and Barr®® observed no satis
factory response in 3 patients who were treated with corticotropin In the
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attributed to a duect nfiuence on normal regulatory mechamsme—an
actyyatton of defense forces such as may sometimes follow an acute mfechon
~—rather than to a directly destructive action on Jeuhemse cells Neverthe-
fess regression of 1y mphord tumors or fall in the level of arculating leukemic
cells induced by cortisone or corticotropwr therapy s accompaned by
greatly neressed une amd evereton and other biochermical evidences of
mass dissolution of neoplastie cells ¥4

Acute Lenkenua Since the first reports of the use of cortisone and cortx
cotropin m the treatment of leuherma appeared 1 1030 42 #-# the number
of publications on the subject has gronn to melude data on many hundreds
of patients In spite of the volumtnous hiterature the expenience and con
clasions of the writers may be summanzed quite bnefly  Mueh of the follow
mg matenial 1s adapted from papers and distucsion presented st the Second
Chinieal acta Conference 4-52

In scute levherma admanistration of cortisone or corticotropin wall lead
to deerded climieal and hematologie smprovement in from 40 to 80 per cent
of cases treated In a smaller number approxmately 20 per cent remussions
wiil be virtually plete The diff wt reported 1 of improve
ment 13 caused largely by the age of the patients duration of the disease
when treated aud criteria of therapeutic esaluation Best results are ob-
tamed in children Y oung adults may respond farorably but older persons
with acute leuhema are rarely benefited by hormonal therapy and mn some
mstances an adverse effect may be produced The prospect for tmprovement
appeats to be better in the acute lymphoeytic than i the acute granulocy tie
vanety of leuhemia but the writer has observed exeellent temporary results
10 cases of the latter type On the other hand there appears to be general
agreement that the acute monocy tre form 18 not responsiie to cortisone or
cortteottopin therapy

If treatment 1 discontiaued after a good vesult has been obtawed
relapse will usually oceur within o period of two to ten weeks On the other
hand continued therapy with cortisone may serve to mamtam remisston for
six months or longer Seeond remissions oceur m about one-half of the
patients who mstially obtamed fasorable results whereas a third remission
15 rarely observed

Although cortisone and corticotropm produce fewer undestrable effects—
at least n the early penod of thewr admmistration—than do the folie aerd
untagonsts the latter type of therapy when saccessful will effect longer
and more ey enly mamtaned remisstons than can be secured with the hor
mones For this reason many chintetans advocate the combined use of corty
sone or corticotropin and Aminopterm or Amethoptenn durmg the early
stages of therapy If remission 13 obtamed the hormonal therapy 1 stopped
and the antagonist 1s continued Marse and assotatest® have used the follow
wy, plan of therspy with reported success acute leukerma of cluh{i’rcn
Treatment 12 mstitutcd with Ammoptern 1 mg daly and cartisone 2o to
100 mg dmby Once the remission s obtaned Aminaptenn 2 to 3 mg
weehly ond cortisone 12 o mg datly are grven
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Eventually all patients with acute leuhemia become resistant to the
form of therapy which they have becn reeenning 1lus problem wag studied
by Kungsley Pillers et al * who ol erved that esther the hormones or folic
acud antagonists were effective n produeing further remissions 1 approxi-
mately 50 per cent of patients showmng reststance to one type of therapy

Chromic Leukemia In the management of chromie leukerma  there 1s
hittle place for the use of cortisone or corticotroptn An exception to this
general rule may be made 1 selected eases of advanced chronte Iy mphoey tic
leukerma, particularly when st 1s accompanied by sty cre anemia or cutaneous
manifestations ® In such ca es distinet sy mptomatie rebef may he produced
with continued eortisone administration m dauly doses of 50 to 7o mg  and
mteryals between blood transfusions may be lengthoned

Hodghkin s Disease and Lymphosarcoma

Patients with advaneed Hodghin s disea e may be temporanly benefited
by cortisone admimstration and the terminal phase of the illness rendered
more tolerable The improscement 1s largely subjectine but subsidence of
fever rehef of pruritus regression of tumor masses and considerable weight
gam may occur Hematologie values may improse and patients who had
becn considered no longer suitable for nitrogen mustard or trethylene
melamine therapy may agam be treated with these agents Morcover the
administration of cortisone prior to and during a course of nitrogen mustard
therapy tends to dimmmsh markedly the gastric disturbances associated with
the latter As reported bv Straus and associates 5* the administratton of
cortisone as sole therapy 1n rapidly progressive Hodghin s disease 1s not as
efficacious as mtrogen mustard or X wrradiation Lhese authors®” performed
serial bone marrow e tong during ad 1on of cortisone to 6
patients with active progressive Hodghin s discase The most conspreuous
changes were proliferation of erythrocytic granulocytic eosinophilic and
megakaryocytic ek as well as cells associated in some
nstances with morphologic abnormalities The development of giant cells
of the Sternberg Reed type was noted i the marrow of 3 patients The
authors mterpreted thus finding as evidence that cortisone does not bene
fically affect an important underlying mesenchy mal disturbance in Hodg
kin s disease

In disseminated lymphosarcoma the same mdications for and imitations
of cortisone therapy apply as in advanced chronic lymphocy tic leukemia and
Hodghin » disease Improvement in appetite and sense of well being with
some temporary regression of tumor masses constitute justification for the

use of hormonal therapy 1 those patients who are approaching the terminal
phase of thewr illness

Multiple Myeloma

Reported expenence with the use of cortisone or corticotropin m plasmo-
eytic 1 18 somewhat confl Engle and Barr® obseryed no satis
factory responst n 3 patients who were treated with corticotropm In the

»
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writer s reported series of 8 cases® # treated with either rortisone or cortico-
tropm, excellent tempotary 1mprovement w1s noted m ¢ In 3 the response
was slight, and 1 1 1t was conwidered ¢quivocal Thas weties has now been
inereased to 12 with approsimately the same proportionate results The
masn evidences of 1 favorible response we relief of hone pan 1mcrease m
sensc of well bemny, and unprovement w lehotatory v alucs meluding de
crease 1n the number of plasmoblasts and proplasmocy tes n the marrow,
lowering of serum globulin and blood nonprotein mtrogen values and some
times merease i hemoglobin

In smtablc (nses urcthane 15 the treatment of chotce mn plasmocytic
myeloma Cortisone or corticotropin should be reserved for use 1n patients
who refuse 10 take urethane or are not benefited by 1t as well a5 1n those who
are suffering with intense and disabling pan

In concluding the seetion on the use of cortrsone and corticotropin n the
manigement ot neoplasms of the hemic and lymphatre sy stams 1t s fitting
to quote trom Farber s5' summarization of the reports and discussion on
this subject
The steroid hormones chemical compounds which ate catemolybic and any new
foum of therapy which may be developed hould be used as part of the total cire
given the patient with dis eminated cancer Untit the dav has come when actually
curative agents will be at hand 1t must be remembeted that the steroid hormones
and chemical substances now used m the treatment of acute leukemia Ivmvho
<arcoma Hodghins disease and other forms of disseminated cancer eannot be
admmt tered as the sole form of therapy to a patient with deseminated cancer Antt
bioties transfusions genet i supportive measures nd gieat attention to the emo
tiunal and social aspects of the problem are but part of the burden of the doetor who
cares for such patints Therefore acTH ind cortisone n themselves guie Do
answers to the doctor who 1s confronted with the patient with incurable cancer To
those groups of workers who have assumed the responsibibity of grving total cue
particularly to patients with leukemin and the lymphomas including Hodghins
disense  +0TH and cortione come 15 8 weleome arddition to the tools which may be
used 10 behalf of these patients To the myestigator in the field of cancer the stetod
hormenes offer new challenges in the fundamental questions enncerning their
niture mode of action and their potentiilities which reman to be answered

Hypoplastic Anemua and Refractory Anema

The hypoplastic anemias vary m scverity from almost complete absence
of myeloid hlood (e} preeuvsors with resutting granulovy topema nnd ex-
treme thrombocy topema as well as aregencrative anemia to refatively mild
forms characterized by dimimished red cell production In the former group
all forms of therapy mcluding use of the hormones are generally untvailing
although cortisone or corticotropin may temporarily control hemorrhagic
mamfestations In less severe degrees of hypoplastic anemia hormonal
therapy may have a deaded myelostimulatory cffect m chrome 1d10pathie
forms of the disease the frequency of transfustons may be lesscned by con
tinued mamtenance therapy with cortisone or by 1ts pertodic admumstration

Tavorablé results following corticotropin adminstration to 4 patients
with so called refractory anemia have been reported by 1fill and Hunter ¢
In one of these patients a woman aged o3 years with chronie mild ery thro-
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cytic hypoplasia the effeet of the hormone m stimulating, red <l produc tion
appears to be elear cut In the other 3 1improsement may well have been
spontaneous Ioch®s has observed dimimished need for blood transfusions in
2 ndults with chrouw hy poplastic wama following mstitution of cortisone
or corticotropin theripy Shulmn® abserved no handfit from the u e of
erthier cortt onc or corticotropm m 8 of 10 prtunts suffering with yanous
types of refractory ancmiy In tof the 10 pitints sigmificant reticulocy tosis
oceurred during the admumstration of corticotropin but in only 2 of these
was there an assoated nse i the hematoent In but 1 of these 2 patients
was the ery throe tie respon e reproducible

Three patients suffening with aplastic anemia were treated with hor
monal therapy by Wintrobe and as oentes ¥ [wo of these patients 1m
proved subjcetinely and dimimution of purpura wis obsrned No change
took place m the volume of piched red cells or i the number of reticulocey tes

In aplastic anemut attnibutable to dnig imtoucation such as that which
may follon chloramphentcol admmistrition the u ¢ of cortisone or cortico-
tropin s proved completels meffcetive mn the writer s «xpenence with 6
cases o treated It must thercfore be conduded that the hormones hwea
limited field of u efulness m the hypoplastic and refraetory anemias and
that they are most hikely to prove benehieial w the chronic relatiely mild
forms of aregencrative anemit

Other Hematologic Conditions in Which Adrenocortical
Therapy May Prove Useful

Allergic Purpura

‘The Schonlem Henoch form of s aseular purpura charactertzed by pete
chiae ecchymoses abdomnal pun bloody stoels and often hematuria has
been shown to respond to corticotropin by Stefimnt ind associates ¢ and by
Wooley * Cortisone hes been emploved successfully by Rugelmas & i this
tvpe of purpura Relapse tends to occur after discontinuing therapy but
hormonal treatment 1s indicated durning acute exacerbations of the illness m
order to lessen the sk of acute abdominal emergeneies or progressive renal
damage

Thrombotic Thrombocytopenic Purpura

Two patients suffering with this dissemmated disea e of artenoles char
actenized by widespread deposition of  hualin thromby  in the walls of
terminal vessels were observed by Meicham and associates % Administra
tion of corticotropin to one of the patients appeared to have a heneficial
effect  Although this disordcr ts almost 1f not altogether umformly fatal
mtensie hormonal therapy appears to be mdicated as the only avaitable
means except possibly splenectomy  of modifying, 1ts progresstve course

Sickle Cell Anemia

A single case report by Siss® offers quite convinemnyg evidence of the
effectiieness of cortisone and corticotiopin 1 amelorating the sy mptoms
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writer » reported series of 8 cases® 8 treated with either cortisene or cortico-
tropin excellnt temporiry 1mproyement was noted m 4 In 3 the response
was shght and mn 1 1t was considered equivocal This sertes has now been
increased to 12 with approumately the syme proportionate results The
marn evidences of a fasorable response ate relief of bone pain increase in
sense of well bung  wnd improvement m Ithoratory alues mdludmng de
crease in the number of plasmoblasts and proplasmocy tes m the marrow,
lowenng of serum globulin and blood nounprotemn mtrogen values and some
times merease m hemogtobin

In swtable cases urethanc 1s the treatment of choice m plasmocs tie
myeloma Cortisone or corticotropmn <hould be reserved for use 1 patients
who refuse to take urethine or are not benefited by 1t as well a5 1n those who
are suffering with intense and disabhing pan

In concluding the section on the use of cortivone and corticotropmn m the
management of neoplasms of the hemie and Iy mphatie svstems 1t 1s htting
to quote from Farber’s®' summarization of the reports and diseussion on
this subject
The steroid hormone- chemical compounds which are caremolytic and any new
form of therapy which may be developed should be used as part of the total cire
wiven the patient with disseminated eancer Until the day has come when actually
curative agents will be at hand 1t must be remembered that the steroid hormones
and chemical substances now used in the treatment of acute leuhemwa Iympho-
sarcoma Hodghins disease and other forms of dis emimated cancer cannot be
adnunistered as the sole form of therapy to a patient with disseminated cancer Anti
biotics trinsfusions eneral supportive measures and great attention to the emo
tional and <ocal wspects of the problem are but part of the burden of the doctor who
cares for such patients Thetefre actu and eortisone mn them ehies gne no
answers to the doetor who 1 confronted with the patient with mcurable eancer To
those groups of workers who have 2 umed the responsibility of giviny, total care
partteularly to patients with leuhemna and the lymphomas including Hodghins
disease AcTH nd cortisone come as a welcome ddition to the tools which may be
u ed n behalf of these patients To the investigator i the field of cancer the sterod
hormones offer new challenges 1n the fundamental questions concerming ther
nature mode of action and their potentizhittes which remain to be answered

Hypoplastic Anermia and Refractory Anemia

The hypoplastic anermas vary i severity from almost complete absence
of myelod blood cell precursors with resultng granuloeytopenia and ex
treme thrombocytopema as well as aregenerative anemrn to relatively mild
forms chatacterized by dimmmshed red cell production In the former group
all forms of therapy including use of the hormones are generally unay mbing
although cortivone or corticotropin may temporarily control hemorrhagie
mantfestations In less ~evere degrees of hypoplastic anemi hormonal
therapy may hase 1 decrded myelostimulatory effect 1n chronie 1dtopathic
forms of the discase the frequency of transfusions may be lessened by con
tinued mamtenance therapy with corti one or by 1ts periodic admnistration

Farorable results following corticotropin adminnstration to 4 p1tmn£s
with so called refractory nemia have been reported by Hill and IIunt]er
In one of these patients a woman aged 53 years with chrome mild ery thro-
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and prostatic mahignancies may nduce regression of the tumor mass and
impros ement 1n subjectiye signs
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of erisis mn a patient with sichle cell anerma The author concludes that
although the hormones do not appear to elevate significantly the erythrocyte
or hemoglobin values, they m some manner tend to prevent the vascular
occlusions which are characteristic of the crises of this disease

Dissemmated Neoplasms Other than Those of the Hemic and
Lymphatic Systems

Cortisone and corticotropin have a restricted but defimte role m the
therapy of disseminated neoplasms other than those of blood cell forming
and Iy mphatic tissues Judicious use of hormonal therapy 1n terminal states
can modify the clhnical course by lessening paimn, improving appetite and
restoring 2 degree of well being Such appheation of adrenocortical therapy
constitutes treatment of the patient instead of the specific disease

Nathanson and Kellev™ have reviewed the mdications for the use of
cortisone and corticotropin 1 neoplastic diseases From the collective evi
dence 1t seems clear that these hormones are ineffectrve i a wide vanety of
careinomas and mn neoplasms of ¢onnective tissue ongin

With the exception of 1 patient suffering with my cosis fungordes which
probably should be elassed with the malignant lymphomas, Taylor and
Mornis™ observed no effect upon tumor growth in thewr patients wrth
advanced neoplasms The-e mncluded 2 cases of earcinoma of the breast with
metastases 1 of carcmoma of the trachea and 1 of Ewing s tumor

Sptes and associates? observed lessening of pain and ‘ increased com
fort 1n 8 patients with moperable squamous cell caremoma There was no
objective evidence of improvement

Farber and colleagues™ observed no effect upon the primary disease
following administration of cortisone or corticotropin m 4 cases of neuro-
blastoma with metastases 1 of Wilms s tumor with metastases, 1 of osteo
geme sarcoma with metastases, 1 of angiosarcoma 1 of undifferentiated
sarcoma 1 of reticulum ccll sarcoma and 1 of transitional cell sarcoma
Elie]™ has reported sumilar negative results of hormonal therapy 1n a wide
variety of carcinomas and sarcomas other than those of Iy mphocy tic origin
Taylor™ observed augmentation of tumor growth mn 3 of 4 patients with
advanced carcmoma of the breast who were treated with corticotropm In
1 patient with carcnoma of the trachea admimstration of corticotropmn
resulted 1n mprovement of the airway due to decreased swelling around the
tumor and relief of bronchial spasm The tumor progressed and biopsies
showed no change

1n some cases of prostatic and mammary carcinoma however, the results
with cortisone hate been more encournging In 4 of § patients with recurrent
prostatic careinoma treated with cortisone to induce adrenal atrophy Hay
ward?® reported fas orable response consisting of return of appetite mereased
strength and vigor and diminshed pam mamfested by lessened ;,thm
requirement Evidence 15 accumulating”=7 to show that adrenalec o::)
followed by maintenance therapy with cortisone 1n some cases of mammary
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and prostatic mahgnancies may induce regression of the tumor mass and
1mpros ement n subjective signs
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Spies and associates’ observed lessening of pain and ¢ mereased com-
fort 1n 3 patients with toperable squamous cell carcmoma There was no
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Farber and colleagues™ obsersed no effect upon the primary disease
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sarcoma 1 of reticulum cell <arcoma and 1 of transitional cell sarcoma
Ehel™ has reported sumlar negative results of hormonal therapy in a wide
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Taylor™ observed augmentation of tumor growth m 3 of 4 patients with
advanced carcmoma of the breast who were treated with corticotropin In
1 patient with carcinoma of the trachea admmstration of corticotropin
resulted 1n 1mprot ement of the airway due to decreased swetling around the
tumor and relief of bronchisl spasm The tumor progressed and biopsies
showed no change

In some cases of prostatic and mammary carcinoms however, the results
with cortisone have been more encouragmg In 4 of 5 patients with recurrent
prostatic carcinoma treated with cortisone to mduce adrenal atrophy Hay
ward™ reported fas orable response conststing of return of appetite increased
strength and vigor and dimimshed pamn mamfested by Jeseened narcotic
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Diseases of the Kidney

John A Luetscher Jr

A limited number of patients with discase of the hidueys can be helped
substantially by the admmnistration of cortisone The selection and manage
ment of such patients as well as the use of cortisone m other conditions
complicated by renal discase require the recogmition of certamn untque
problems Cortivone affects the mass of matenal presented to the hdneys
for excretion the renal capaaity for excretion and the selective reabsorp
tion or rejection of speafic substances Cortisone may modify the elinieal
and chemial signs of renal disease The followng discussion will present
some fundamental concepts which should be useful m determmng the
treatment of patients with diseased hidneys References to the basic con
tributions desertbed m the following paragraphs ean be found 1n a recent
review !

In Addison sdisease the faiture of sodium conservation and of potassium
elimmnation by the hidnevs can be remedied by the administration of desovy
corticosterone (pca) This steroid alone however fails to return renal fune
tion entirely to normal The low rate of glomerular filtration and of renal
plasma flow and the falure of water diuresis in Addison s disease can be
wnproved by the administration of cortisonc or the closely related substance
hydrocortisone

The effects of large doses of cortisone upon renal function 1n the normal
man are 1n same respects exaggeratians of the useful effects in adrenocortieal
deficiency Cortisone 1n dosage of 100 mg or more per day leadstoaneleva
tion of the glomerular filtration rate and of the renal plasma flow above the
normal level The effects upon sodium balance are not consistent probably
because both filtration and reabsorption of sodium are enhanced to & van
able extent by the administration of cortisone In general the larger the
dose the more <odium 1s likely to be retained Potassium may be lost from

From the Department of Medicme Stanford University School of Medicine San
Franeisco Califormia
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alrcads present After morc prolonged admimstration both the effccts upon
proteinueta and edemy may be teversed and an mprovement m the ¢ signs
may hecome evident Pationts wath renal discase frequently show an eleva
ton m blood pressure when cort1 one 15 admmstared  There 1s a general
mmpre <ion that the jnercase m blood pro sure on admintstr ition of cortisone
1 not as frequent or as praat as that which follows the administration of
corticotropin  Lht blood pressure usuably falls to pretreatment levdds within
one 1o fne davs aflter medicition 18 withdriwn

The effects of idrenocortical therapy upon excretory function of the
Kidnevs depend upon the status of renad function and the reversibility of
any deficiency of exeretion due to disease Patients with normal renal fune
tion may show 2 suprinormal glomerular filtrition rate ronal plsma flow
and exerction of other sub tanees when cortisone or corticotropn s adminis
tered Patients with moderate reduction of renal function due to divea e
may or may not manfest improvement when the « hormones are adminrs
tered In cert un metances of the nephrotie syndrome  triking mereses of
renal function have been ob erved Othcr patients may show very hittle
mmprosement of renal funetion under the mfluence of cortr onc

I the renal myury 13 of such hmited vever iility that a sigmificant
inerea ¢ 1 exeretory function does not occur a7oterma or potassium intox
eation mav apper under the mnfluence of the imcrcased eatabolic effects of
cort1 ane or corticatropim ‘The rceumulation of urev and other products of
protemn eatabohism may lead to urcmia or a rapid mcrease n the scrum
potassium level may reflect the mabihity of the hidney to handle anincreased
load 34

In patients with advanced rcnal fulure the effect of cortisone upon
Uremia or upon potassium mtovteation 13 varable from ca ¢ to case In some
mstances a dangerous aggravation of the signs of renal insufficiency may
take place In others renal function 1s stimulated <o that 4 balance may be
struch or there may even be a reduction 1n the level of blood waste In any
case no additional potassum should be given to such patients and it 15
probably adyisable for them to be placed on a relatively low protein intake
pending, determination of the effects of cortisone upon the renal function
The blood ure1 wnd scrum pota sum should be followed carcfully at such
times since wigmficant changes mw occur from day to day

In addition to the dircet effects of cortisone upon the human hidney 1t 1s
posable that thcre may be modifications 1 endogenous adrenal seeretion
modificitions which may affect the pattern of the disease and of 1ts symp
toms In the nephrotic «vndrome for example there 1x an excess of sodium
retaiming actiuty an the unnary corticowds during, the edematous stage
Che abnormal levet of sodmum retawing actinity 15 reduced when offective
druress follows the wmimistration of cortisone Such a modificttion mn the
spectrum of active adrenocortical b ts that the 1tfi
of the (hnical preture masy somctimes be influenced by the substitution of
cortisone for another hormone

To summanze the clinical importance of these obseryations, ne must
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the edlls and excreted by the normal hidneys, with some reduction n the
serum potrssim concentiation (In the absence of effective renal function
howeser the potassium level of the serum may rise during the admuustra
tion of cortisone ) Polvuna may hecome mantest after some day s of corts
sone wdmunstration Renal gly cosurty has heen noted even when the hlood
supar hie not risen to abnormad levels There are mereases i the rates of
excretion of urates amno aads snd several other substances dunm,, corty
sone treatment

The cffects of corttsone upon sexeral t3 pes of expermental nephritis
ammaly deserse conuideration bocause of 3 certam paraflelsm with human
disense Dithor cortisone or vortic otropin will prevent the lesion of anaphy
lartic glomerilonephnitts wineh octurs i amm s wjected with foregn
serum protein The protection gren to the hdneys 15 mamfested esen
though wtibodics are formed wnd apparently react with the antigen at the
uwsu time with 1 reduetion m the serum complment fevels In contrast
with the bonefical result  the admmstration of cortisane or of corlua
tropin to anmals whose hidneys have been wyured by uephratonc serum
does not result m a correction of the leston  Although the pathologie leston
may be modrhied the net effect upon the anmmal 15 not clearly benefiial
and mdeed some of the evidences of the nephrotoc nephmtis may be
aggravated  The sdrenocortical hovmones may preduce edema and hyper
tension especially i the prosence of renal disease Several types of expert
mental protemuriy have been shown te b sggrivated by cortisone and
other adrenal hormones

When very buge doses of adrenocortic il sterosds o1 corticotropin are
guen to cxpetimental ammale renal leosons may be ohserved pea can pro
duce a deposstion of hy alime or fibrmord matertad i the nalh of the arterioles
and the renal glomerul and t an lead to = faial nephrosciuows if ngh desage
13 prolonged Cortisone (an prevent the vascular lesons of overdosage of
DeA 1 other organs but the renal fesions are not affected bixce sive dases of
cortrsone or cortientropm produce & eapsilwy dilatatson m the glomerult
with hypererma and escape of protem and blood mto the renal tubules
Examuation of the hidneys of patients who have recened large doses of
cortisone or coiticotropm prior to death has shown only rare lesions of thie
type Bilater of rorticnd necrosss of the hdney s has been destrshed n ammals
treated with cortisone when the Shwartrman phenomenen was eiohed
Fortunately no comparable sitnation has been observed m man

The effect of cortisone upon the course of the forms and stages of renal
hsease i man 15 highly 1anable as mght be expected from the differences
of resporse w evpertmental aramals There 1s no conclusne eudence that
adrenocorhical therapy can citre any hisease of the hidney> but m the mevt
faxorable eases remrssions ¢f long duration may be establishud  Certam
chmical and chemicat agus of renal disease m1y be modhihed Just a; mn
experimental ammaly many  patients chow mepuased protemuria when
cortone s admistered 1he sodim retainmg effect of thes hurmonlbs mﬂ})
re-uft m the accumulation of edema especiatly 1 canes m which edema is



DISEASFS OF THF RIDNEY 407

mmemia respond as well as tho e with less stnhmg ehanges Tdema 15 a
problem only bec wse it may ncrease during, trcatment f the resparitory
resery € 18 small paracentesis of the pleural cavity and of the pantoneum
may be advisable in order to relieve the extreme distention Patients with
marhed reduction of renal function or with very poor output of urine arc
more hable to develop difhiculties duning trcatment Honee very effort
<hould be made to establish a good urnine output beforc begmning, cortisone
therapy  Anemta of a nevere gradc reflects a reduction in red cell mass which
may be an impediment to dimination of fud m certain eases If the anemra
155y ere (hematocnt bdow 30 per cent) st as quite justifiable to trinsfuse the
patient hefore treatment with cortrsone 15 begun Sigmficant elevation of
the blood pressure may reflcet active glomerulonephritis or a severe reduc
tion 1n renal function but 1 many nstances 1t offers no serious barrter to
treatment especially when corticone 13 tsed

In many 1nstances 1t 15 not pos thle to determine with any accuracy
before treatment whether glomerulonephritis 1g responsble for the nephrotic
syndromt When sigmheant hamatuna elevation of the bood pressure and
marhed reduction of renal function are pre ent the diagnosis of glomerulo-
nephritis 1s more probable \escrtheless moderate degrees of hamatuna and
reduced renal functton are frequently present without clear cut sgns of
glomerulonephrnitis and such patientsa may recover cutirely without residual
changes A sharp differentration between those cases of nephrotic sy ndrome
resulting from glomerulonephntis and those of unknonn etiology does not
seem feasible n many nstances and has hittle weight 1 the outcome of a
suigle cour e of treatment

The «flects of cortisonc upon patients with the nephrotie syndrome may
be divaded mnto three general stages 1he matial stage lasting approvimately
five days 1 charietenized by a fall m urme volume reduction i urine
sodiim output and an merease 1n body weiht as edema mereases The
reduction an urine flow 15 not entirely dependent upon the sodum retention
since 1t oceurs even 1n paticnts who have very little sodmum 1n the unne
before treatment and i tho-c whose mtake of sodum 1s restricted In the
latter group the serum sodium concentration may be deereased during this
stage of oliguria There may be 4 sharp rise i serum potassium at this time
accompanted by an 1nerease i blood urea With the mcreasing volume of
body fluids respiratory difficulty may ensue of the reserve 1s reduced by a
tense accumulation of fimd m the abdomunal and pieural cavities Pro
teinuna tends to increase at this time espeeally if the imtial rate of protemn
excretion was not very high The total serum protein may be reduced n
concintration

After some days of cortisone admimistration—usually at the end of about
five days—gradual improvement 1 urine volume 1s noted Proteinuna
when 1t 19 increased tends to return nearer to the control level Animprove
ment i the serum protemn and albumin concentration may be noted The
body weight tends to fall shghtly during this stage as edema 15 reduced
The 8¢ rum sodium concentration returns toward normal and a small amount
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recognize that renal function 15 uuder the control of hormones of the same
ty pe as cortisone and that the excretory function of the hadney 918 stumulated
by the admmstration of cortisone The abihity of the diseased hidney to
respond to stch stimulus 15 varable honwever and the disadyantages of an
mereased load placed on the hidney by the catabolie effects of cortisone ma3
exceed the benefit of a hmited merease sn function A separation of these
components may sometimes be made by companng the level of serum
crestine with the levels of serum urea and potasstum The ereatmme,
stace 1t 15 produced at a steaddy rate will give a rough mde of renal funchion
mdependent of the load the serum urea and potassum will reflect the
hidneys abihity to cope with the increased catabolic foad and wilt tend to
n5¢ out of proportion to the ohange m the serum creatwne when the kdnes s
are unable 1o cope with mereased demands *

Under the mfluence of cortisone, the patient with renal diseare may
mamfest inereased protemuna edema and hypertension but m general
these are reversible pl 17w hack will disappear when dosage s reduced
or wmmistration of the drug 15 stopped  Other comphcations of cortisone
therapy masy oceur i patients with renal disease about as frequenthy as
other patients It scems unhheb that any permanent renal lesion wilf be
observed 1 man followin, the admmstration of rortisone although lemons
have been noted in the hidneys of ansmals given ecessne doses of several
adrenocortical steroids Some of the pecific complications of eertam phases
of renal dicease will be diseussed 1w this chapter under the appropriate
headings

Treatment of the Nephrotic Syndrome

The most tmpressiy € results obtuned with cortisone in the treatment of
renut disease have been observed 1in thowe cases of the nephrotie svndrome
due to unhnown causes or to glomerulonephritis 37 Less satisfactors results
have been obtamed w1th the nephrotie manifestations of issemumated lupue
erythematosus and the hummelstie] Wilson svndrome Theee latter con
ditions will be discussed sulisequently under speerfie headings

The nephrotic s\ndrome 13 charactenstically mamfested by heasy
protemuna hy poalbw mcrensed serum globulin greatly mereased
sedimentation rate (ES R} hy percholesteremia and ncrease in the serum
fat Ddema 1 usually an important mamfestation although it ts 1anable
extent Rens! funchion 15 gencralk well prescried but m a few snstancts
marhed reduction w renal exeretory function is observed The unne output
vanes but frequently 1s subnormat In patients with reduced function and
olignna the levels of blood wrea and serwm potassium may be cley ated and
there may be marked ncrdosrs Some degree of anemsa s frequently observed
Tlavation of the blood pressure with retmapathy and eardae enlargement
or fmilure 15 sees i s0me cases assotated with glomerulonephritss

In the <election of eases ind preparation for treatment with cortsone
Yttle smportance need be attached to the sesenty of the cardual elmeal
mamfestations  Paticnts with massive protemuna and severe hypoalbu
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following <teps A good urine output should be established before treatment
by foromng fluids espeanlly of there 1« any evidence of mtrogen retention or
elevation of the serum potassium The sodinm ntake should not be sa
strictly controlied duning, the fir t days of trentment as to aggrayte the
tendeney to hypotomeity  Patients reem to do better on diets permitting
10t0 25 Cm of sodwm chlonde per day than on tho e contmning 1 lower
content of sodium  \n excess of sodtum chlonde at thus time may simply
result i a vers rapid accumulation of edema During the later day s of treat
ment or afterward diuresis may b accompanied by a loss of potas um
which may result in a lowered serum level During the stege of diurcsrs the
potasum level <hould be cheehed and supplementary potissium (3 to »
Gm per day as potassum chlonde) may be given to provent further deple
tion Much larger quantities of potassium myy oceasionally be necessary
order to control the tendency to hypohalemni duning a profuse diwresis
while the patient 15 recening cortisone When a dutress follows di contin
uance of corticone theripy  a signifieant fall i blood pressure mav occur
and this myy b assoctated with <y mptoms of weahness general muscular
aching and postural hy potension A pronounced stnus tachy cardia may be
ob erved at this time especially 1n cluldren In most instances no specific
therapy 1s necessary but we have oceasionilly used concentrated human
serum albumin or hlood to inercase the blood volume If it 1s suspected that
frank adrenal msufficiency mav be present fter 1 long, course of eorticone
therapy a small replacement dose of cortisone or be s might be used namely
23mg of cortrsone or » mg of nea dmly for a few days

A very serious complication of treatment may be related to the tendency
of the nephrotie patient to develop infeetion which may be obscured by the
effect of adrenocortical therapy upon the chimieal appearance of the mfec
tion A hospitabized patient with the nephrotic syndrome who 15 recening
cottisone has a better than cven chnce of developing, a dinseally wignificant
mfection during, or immeditely after s course of theripy Recogmition of
such a problem presents unusuai dificalties Tever 19 unusual 1 patients
recenving large doses of cortisone while the leuhocyte count 1s charaeters
tieally elevated m patients with ncphrosts who are recening cortisone The
only mamfestation of a scvere generalized infection mu be restlessness
mihility toeat orthe appearance of some local agns Cven with the greatest
vatchfulness some paticnts will develop signs of 1 severe nfection 1mme
distely upon withdrwwal of the drug In addition to the conscquences of the
infection 1tself such an event frequently interrupts or presvents improve
ment in renal function Becau e of these difficulties and dangers associated
with mfection during treatment the patient should recerse full doses of an
eflective broad spectrum antibrotie I ven under these condstions vigilance
must not be relaxed since infection may oceur

In addition to these specific complications of therapy n the patient with
nephrosis any of the other possible complications of treatment with cort1
Sone may occur and appropnate safeguards should be set up to detect and
treat them as promptly as possible
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of sodiim may appear w the ure If cortisone admumstration s contmued
for more than 10 doys & gradual merease m dicess may cnsue and o con
widertble imount of cdema m 1y be elimmated 1he protunura may drnih
1t this e When dutrests occurs while adienocortical therapy 15 being
ginen the potwaam concentiation of the serum ey falt befow the normat
fevel and far this reason the fevd of the serum pot sstum should he followed
earefuliv

Then the admunstration of cortisone 15 stopped release of sodum and
of water usundly ensues Thns process mav continue uptyf ehmumnation of
edema js complete but i 1 number of wstances the diresss 13 not sufficent
to be chmeally vseful During diurcsis the mass of protein excreted per duy
frequently s reduced and ap @ fow individuals complete cessrtion of pro-
temuna oceurs At this time the abnormahities of the unnary sediment such
as casts fat filled epithehal eells and mnerensed numbers of red biood cells
may be reduced w number or disappear entirely W hen diuresis and reduce
tion m protanuna ocur 4 substantia] rise in the serum protein and atbumm
levels usually fotlows

In those patients who are fortunate enough to obtam complete efiming
ton of edema and protemuna a remisston may be expected to last from
some weeks to an indefimite pertod In » few fortunate patsents all the signs
of the nephrotic oy ndrome disappear entirely and the patient may have no
further trouble the serum protems and fats graduadhy return to normal
Ievels and the LS R approaches normal over a poniod of some months
Such a remssion may be micvrrupted st any tune by an wfection or stress
of any sort or without obstous cause for the relapse Contmuation of
p 1a or of urmary sed abnormality 1s apparently not compatible
with prolonged remission

Whether or not the course of treatment s followed by diurews or im
provement in protemuria some mmprovement of renal excretory function
freqaently w obtamed In the most fasorable cases the level of Llomertar
filtration rata may be strihangly increased but in other mstances the defect
1n filtration 1s apparently not s0 easily rexersed and only 4 munor merease i
fltration rate s noted Thesc obsery attons have rased the hope that the
progressive dsminution 1 renal function which 15 the most destructsse
aspect of the deeasc might m certam mstances be delayed or presented

Complications

A number of complications of nephrosts as a result of adrenocortical
therapy have been noted In rnost mstances they may be prevented or con
trolled by appropriate mansgement but w certam mstances admmstration
of the hormones may have 1o be termmated These problems will be ton
sidered 1n the order of ther accurrence Durmg the fast d2y s of cortsone
admnistration the sy ndrome of mcrerang edems low serum sodmm con
centration, and high serum potasaum concentration wmay be assoasted
with the ohguria Therc does not appear to be amy sumple satmfactory wav
combmation of problems but they may he rummized by the

to meet this
-
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hormone s dunng 1ts admmistration Many ptients <how 3 sharpmeraa e
m glomerular filtration rate durng the admunistration of cortt one but
apparently the <odium retaming, action of the hormone prevents the release
of apprcuible quantsties of sodmm during, trcatment The wnprosement
renal function continues for some time after treatment 1s termmated whle
sodwm reab orption dimim hes when the cortisone 15 withdrawn In «uch
mdinidualz a digresis would naturally be expeeted to ensue 1t 1s much more
difficult to explun the ehnges i protamuna and i the activity of the renal
leston as judsed by the uninary sediment Such changes mav appear dunng
or after trcatment with corticone or corticotropin

Since cortt one and corticotromn have apparently opposite effects on
over all adrenal seeretory activaty 1t s dificult to explain the results aither
1n terms of an wmncrease or a decre 1se in adrenal function It has already been
mentioned that there 15 rome evidence m favor of the hspothesis that
abnormahtics of adrcnal seerction may have an unfey erable mfluence on the
course of Llomerulonephntis or of the nephrotic «yndrome ¢ fhe relation hip
of pos.ible endogenous changes m adrenal function to the obscrsed mods
ficatton of the nephrotic =vadrome wil require much additional study
Trom a practical standpomnt however an mmportant conduson may b
drann 1 patients with the nephrotic syndrome there 15 no obgection to
abrupt withdranal of corticone therapy because the release of fluid asso-
ciated with temporary adrenal nsufficiency may be an important factor
1n the production of favorable results Tor this reason we have not u ually
tapered the dose of rortisone but rather have given full dosage up to the
last dav of the planned course of treatment and then have withdrawn the
drug entirely  After brief cour es of treatment the development of signs of
adrenal msufficiency great enough to affect the patient adverscly has been
seen only very rarcly

Although treatment with cort: onc for 10 to 14 davs 1« follewed by com
plete and lasting remission 1n some case  rceurrence of the nephrotie pieture
frequently oceurs within a few months In other patients unsatifactory or
limited ymproy ement 18 seen Such patients may be benefited by repeated or
continuous therapy

If the mutial ¢nal of cortisone 1< not followed by a satisfactory response
additional courses of larger dosage may be benefial Further treatment 1s
also indieated when recurrence of sy mptoms and signs oceurs after tempor
ary improtement This plan of treatment results in peristent remis ton 1n at
Iea t 40 per cent of the children and adults so treated 7

The frequency of relapse and progression of the discase to a fatal termi
nation aftcr 1solated brief courses of adrenocortical theraps has suggested
the usc of more s ontinuous therapy tor the period of three to six months after
inttizl trewtment when recurrence 1s most common 7 It seems undesirable
to subject thewe patients to the nishs of continuous hugh dose therapy
Admnstration of cortisone 100 to 400 mg on three days of each weeh
appears to avord many of the hazards and undesired effects while gnang a
considerable degree of protection aganst recurrence *
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Companison of the Effects of the Adrenocortical Hormones

The results just described may be mduced not only by corttsone but also
by the closely 1elated compound, hydrocortisone, and by corticotropin A
number of questions concerning selection of the hormonal agent to be used,
dosage and duration of treatment reman unanswered esen though con
siderable information has been collected Many of the original obseryations
on the treatment of the nephrotic sy ndrome were made durmg administra
tion of corticotropin whereas eortisone was used in less effecttve dosage and
for briefer periods of ttme The results of these studies appeared to indicate
a superiority of pertormance of corticotropm m mducing dirests and m
mmproving renal tunction When the drugs are studied under more equrtable
conditions there docs not seem to be a conspicuous difference 1n the thera
peutic resuits obtained Apparently, several differences 1n the general type
of response can be expected The use of corticotropin may be followed by 2
mere pronounced antidwrests durmg the early days of trewment Diuresis
may occur durtng the first or second week of treatment with corticotropin
with cortisone 1t 15 more likely to be seen during the third neeh Effective
ehmination of edema may not occur during the admmstration of erther
agent but a favorable result may follow cessation of therapy Treatment
with corticotropin generally produces a somen hat greater eleyation of blood
pressure and reduction of cholesterol concentration in certain patients In
contrast cortisone and hydrocortisone are effective when given by mouth
It mav be advantangeous to avoid multiple mjections in certatn cases of the
nephrotic syndrome such as those affecting children or very edcmatous
patients or when unusual susceptibility to infection and the reduced defense
agrunst infection during hormonal therapy make parenteral admmmstration
hazardous

Dosage and Duration of Treatment

Docage and the duration of treitment must be determmned for each
wdividual and much remams to be learned about the advantages of differ
ent plans of idmimistration A dosage lower than 100 mg per day of cortt
sone or of hydrocortisone 1s probably relatively meffectual Similarly <
coursc of less than 10 days of treatment at this dosage level probably yelds
only a small proportion of good results A recommended starting, pomt myht
be a course of 10 to 12 days of treatment with 200 mg of cortisone per day
If the cortisone 1s given s a saline suspension of mucrocrystals mtrimus
cularly the effect 1s delayed several days Oral admunistration appears to
guve an equally satisfactory respomse Although children appear to require
approumately the same dose as adults we have not usually grven more than
200 mg per day to small children, but have given 300 or 400 my, per day to
adults i certain reststant cases There may be some adyantage 1n contimnng
the admmstration of cortisone for as long as three weehs The effects of
long term treatment are strll being explored 8

It 1s important to remember 1m connection with the use of(;:omscnet;r;
such patients that mmprovement 1s as likelv to occur on withdrawing
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apent v extremely difficult The effcets of cortisone upon the dinteal «apns
and laboratory evidences of the diset « have been vanable 7* Hematurny
has usually continued 1 sprte of admimstration of the hormone In certam
instances of gross hemturny there his been 2 reduction in the mtensty of
bleeding  but i other mstancts mcreases in humaturia hve been noted
during prolonged treitment with cortisone or after its cessation doma
tends to mercase during the period of hormonal treatment and to demny h
immednately afterward Fley ition of blood pressure has been noted when
adrenocortical therapy has been admimistered this effeet has been more
strihing, with corticotropm than with cort: one Cardie fulure would offer 2
contramdication to the nwe of cortrsone In the rare instances of oligura or
anuria cort: one and corticotropin have been tried with vamable effects
Ue of the ¢ agents m the anurie patient 18 dangerous sinee a raprd mere e
m urcmia and potessium mitoxiestion may appear dunng, such treatment
Although long term study may demonstrate some <pecial arcumstances m
which the use of the adrenocortical preparations may be of value i acute
nephritis at present it does not seem justthable to use the ¢ agents except in
carefully <elected cases in which the outlook appears extremely poor

Latent Gl loneph: Latent glomerul hritis 15 2 stage of the
discase m which no dinteal manifestations are obvious while the urmany
signs continue Thore 15 no evidence that the use of cortisone 4t this stage
affcets signifieantly the course of the disease 7 If proteinuria becomes he ny
edema appers the scrum proteins fall and the cholesterol rises—all mdiea
tions of the approach of the nephrotic syndrome—it myy be yjustifiable to
use cortisone n an effort to modify the development of this stage of the
dicease

Chronte Glomerulonephnitis Chronie glomerulonephritis usually pro-
greses with or without clinteal manifest itions or flarc-ups to a stage of
terminal renal insufficiency with uremia and hy pertension  Although seme
of these patients respond to adrenocortical therapy with mmproved renal
function the gan s usually temporary Other patients show no such reverst
bilits of the of excretory f and react to cortivone only
with a rive i the level of the blood urea and a comparable chimeal deteniora
tion In general the use of cortrsone at this stage 18 hazardous and there 15 no
concrete evidence that its use will be followed by clinieal improvement 3

Renal Lestons of D: d Lupus Eryt} and Polyartenitis
Drussernmated lupus ervthematosns and polyartentis (penarteritts nodosay
majy affect the kidneys and produce festations closely bl those
of the various stages of glomerulonephritis Unfortunatels the renal lesions
seem to respond much less fasorably to adrenocortical therapy than do the
general lesions of this distase The evidences of renal njury appear to be
relatively unidtered by the administration of eortisone although certain
speaific manifestations may be improved For example the des elopment of
the nephrotic syndrome during the course of dissemmated lupus erythema
tosus may be halted in certuin instances by the use of cortisone The effects
under the e aircumstances are similar to those seen n the nephrotrc syn
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To summanze these findings n the nephrotic syndrome the mode of
action of cortisone has not been ascertamed although several favorable
results of 1ts admimstration have been deseribed Treatment of these
patients requires special attention to certain problems concerned with the
impairment of renal function, 1n addition to the more usual complications of
therapy Although the most switable plan of admimstration has not been
settled cortisone ts usnally given 1n courses of two to three weeks duration
m full dosage thus 15 followed by abrupt cessation of therapy to take ad
vantage of the poswible rebound effect upon adrenocortical function In
about half of the patients so treated a temporary remussion will occur
during which the patient will be free from edema and posstbly from pro
temuria and changes of the uninary sediment In g few mstances complcte
and lasting remission of the disease 1s established at this time, but mn many
recurrence of edema may follow a respiratory nfection or other stress Such
recurrences may be trcated lthe the omgmal attack More continuous
therapy 15 indicated 1if only temporary relef 1s obtatned after brief courses
of treatment

When effective diurests fails to follow within a week after termination of
treatment 1t 15 highly unlkely that further improvement attributable to
the cortisone will ensue The patient may somettmes be relies ed of edema by
admunistration of concentrated human serum atbumin (20 to 50 Gm per
day for four to seven days) or by paracentests and the use of Southey s
tubes After a rest pcriod a second course of hormonal treatment may be
considered

Prognosis

The effect of cortisone upon the long range outlook for the nephrotie
syndrome cannot be accurately defined because of the lack of a strietly
comparable control sertes It 15 clear that the use of effective antibioties
has reduced the high morbidity and mortality associated with infection The
prognosis for the adult suffertng from the nephrotic syndrome has been
further improved by the admimstration of cortisone 7 The long term bene
fits of cortisone are less obvious 1n children 1 whom the disease follows a
more bemgn course The development of more effectsy¢ plans of treatment
holds promse of further improvement 1n prognosis

Renal Diseases 1n Which Cortisone Is of Doubtful Value

Glomerulonephnitis Since cortisone has been useful in the nephrotic
<yndrome m which glomerulonephrits may play a role 1t 1s quite natural
that trial studies should have been made of the ¢ffects of rortrsone upon
other stages of glomerulonephntis In general the results have been disap-
pomtmg Chnical benefit has only rarely occurred and no substantial evt
dence of improyement in the urinary scdiment or other signs of the disease

noted
has::::‘e Glomerulonephritts Acute glomerulonephritis s a hsease of
bemgn outlook and vanable course 1n which evaluation of any therapeutic
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tients with dicease of the hudneys excepting tho e with advanced renal
sufficiency
Cort: one has been shown to be of value 1n the treatment of the nephrotic
syndrome Since certain unusual problems mas be encountered the phyvst
atan should take speeal precantions as outhined
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drome associated with glomerulonephnitis, although the fundamental fesion
1 the hidney usually 1s not altered and relapse 1s almost mevitable after a
temporary peniod of benefit 7 Prolonged treatment of these diseases may
stabilize an advaneing renal isufficiency in certain cases, but in others the
renal lesion progresses mexorably to uremra

Drabetic Nephropathy (Kimmelstiel-Wilson Syndrome) Diabetic ne
phropathy does not appear to respond fayorably to cortisone, even though
some of the manifestations resemble those of the nephrotic syndrome *

Toxemia of Pregnancy Toxema of pregnanes with hypertenston,
edema, protemnuria and <ome suppression of urine has been treated with
cortisone '° Although temporary 1mprovement has been obseried 1n toxemic
patients the benefit 15 short hved and the use of cortisone 1n the toxemia of
pregnancy must be considered still 4 lighly experimental procedure

Anuria Due to Acute Tubular Necrosis or Injury Anuna due to acute
tubular necrosis or mnjury and oceurring after 1ascular collapse or intoxica
tion does not seem to offer 1deal conditions for a trial of cortisone, although
1ts use 1n this connection has been suggested The principle of conservative
management of anuna 1s to dimmmsh to a mimimum catabolism of protemns
and release of potasstum The effects of cortivone 1n 1ncreasing metabohsm
and release of potassium would offer a sertous contraindication to its use m
the anuric patient It 1s difficult to visualize how adrenocortical therapy
could have any beneficial influence in the presence of established tubular
njury or necrosts

Urermia This condition 1s a contramdication to the use of cortisone

Pyel L Pyel hritts or other infections of the urinary tract
should constitute a serous contraindication to the use of cortisone because
of the demonstrated effect of cortisone and corticotropmn i breaking down
the resistance to mfection Although the use of an effective antiblotic will
usuelly control infectton under such cireumstances, the rapid spread of
urinary tract infection in patients with Cushing s syndrome and mn certain
patients with pyelonephritis who have been treated with cortisone should
<erve as a warmng that even full doses of antiblotics may not adequately
control an infection in the presence of a high level of ewrculating corticoids

Summary

The admtnistration of cortisone to patients with renal disease presents
certain specific problems

1 The catahohe action of cortisone may increase the amount of urea
potasstum and other substances to be excreted by the kidneys

2 The increase n renal function which appears m the normal man under
the mftuence of cortisone erther may be esaggerated or may fal to appear
m the patient with renil disease

3 The protenura edema obguna and hy pertension charactenstie of

many diseases of the Lidneys may be temporanly aggravated during cort:

<one admimistration )
Wath approprate precautions cortisone may be admumstered to pa
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vantety of mental symptoms that these patients present Depression of
some degree oftcn associated with retardation s perhaps most frequent, or
the retardation may be replaced by trnitibihty 1 the form of agitation,
anviety crying spells or noncooperitive behavior Both retardation and
intability may appear i the same patient at different times Varation
m the climeal psy chiatnie picture not only 13 «cen from patient to patient
but also occurs conspicuously 1n the course of the di easen any one patient

The pyy chiatrie picture of \ddion 3 di exsc 15 often much like that of
Cushing s syndrome * This 15 surpnstng «ince the disorders are so different
from the physiclogie Ir The asth may be suffi 1y great to
dominate the preture and mash many psy chologie sy mptoms so that they
pass unnoticed

Good descriptions of the psy chiatrie aspects of either the adrenogental
syndrome or the svndrome scen 1 pheachromoey toma are not commonly
found 1n the hiterature

Hormonal Therapy 1n Psychiatnc Practice Cortisone corticotrepin
and thyroid gonadal and other hormenes have been tried as therapeutic
agents in many forms of mental disturbance '3 The results have been con
flicting and the successes few It eems to be easter to cau ¢ than to cure
psy chows by manipulating hormones Discouragement howeser should not
presail because of these ob ervations Data are rapidly accumulating that
show an undoubted relationship between endocrine glands and bram These
data are so sigmficant and sllummate the problem from so many angles that
1t scems reasonable to hope that 1n the future much will be learned about
the etiology of the schizo-affectsve group of reactrons This 1> the greatest
contemporary problem 1n psy chiatry

Other hormones that might be mentioned ate those whuch either by their
lack or by therr excess seem to bear a relation to mental disease Vlany have
been given as therapeutic agents and the use of androgens and estrogens
has met with some success The hormone most extensisely used in the treat
ment of these diseases 1 insulin for schizophrenta Early enthustasm for this
therapy has not heen Justified by & statistical study of results but msulin
certainly has a conspicuous if short Ined effect upon schizophreme symp
toms 1n many cascs

Psychiatnic Effects of the Adrenocortical Hormones
1 Therapeutic Doses

In the last few years cortisone and corticotropin have been available
for therapeutic use and have proved to be of value nt the treatment of a wide
variety of disorders As a result there has been an opportuntty to study the
effects of these hormones and related compounds upon behavior It 13 now
clear that the incidence of mental disturbances in patients recer ing adreno-
cortical therapy 1s higher than would be epected 1 the general patient
population The exact inerdence 1s not easy to determine partly because 1t 1s
difficult to say whether or not minor behasior changes are related to hormo-
nal therapy and partly because patients are treated by a large number of
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Neuropsychiatric Disorders

Stanley Cobb Gardner C Quarton and Lincoln D Clark

Mental Symptoms of Endocnine Disorders

For 2 long time evidence has indicated that endocrine disorders are
sometimes associated with mental changes The mental symptom of
hyper and hvpo thy roidism are famibar to most physinans Oceastonally 1
hyperthyroidism the symptoms may be schizophremic with delusions
hlluanations and catatoma The change from the affective to the schizowd
picture may be rapid as i Case 14959 reported by Means ' In contrast to
the reduced cerebral metabolism in my<edema 2 1t has not been posaible to
demonstrate altered cercbral metabolism 1n hy perthy roidism ¥

Mental disturbances follow tng removal of parathy rord tumors have been
deseribed by Cope* and others 8¢ The patients become extremdly appre
hensive as the ngh level of caletam in the blood falls to normal This state
of anvsets 15 promptly reficved by mtrav e nous admnistration of same farta
of caleum

Mental disturbances of {1te pregnaney and the puerperium are probably
related to hormonal readjustments These re wtions are u utlly depressive
often with strong schizophremc cotoring T atrly ty pical deprc wions without
schizowd symptoms are common however and short paranowd episodes
without obs1ous de pre<sion are Anown to oceur The well known emotional
disturbances of the menopause may be thought of as simiar phenomeny

Cushmg s syndrome whether caused by hasophilie adenomu of the
prwtary or by adrenocortical hy perplasia 1s often accompamed by sciere
mental 5y mptoms™ ! that sometimes may bLe releved by operative remov al
of the adrenal tumor Some cases hav e shown lesions of the braw and changes
10 the spinal flmd No single clear cut psychiatric prcture emerges from the

1all
the Medueal and Psvchiatrie Services Mia sachusetts General Hospital (1
\:ef:l‘l"‘no,;un and the Departments of Medicme and Paychiatry Harvard Medical
chooi Toston Mas achu etts (I ublication No 132 of the Robert W Lovett Memonial
Found tson for the Study of Coippling Disease Harvar | Medieal Schoob)
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be encountered  Scrious disturbances of mood ar eommeon The ¢ rnge
from ovtreme chition with the other duneal features characterstie of
mantt to profound depres ton withsovere retardtion matiem and stupor
Some piticits have swadal tendeneis and scyeral suiades have been
reported 1% Thedepre od pationts frequently talk about thar families and
mas ash that refatw ca not be parmitted to vistt them The (vtreme retarda~
tion may make special p 3 cnatrie nirstug eare pECesEry Somctimes 1t 1%
hard to mantam adeguate nutntion
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Fio 52 Type and meidence of severe mental disturbances a socrated with the
use of adrenocartical hotmones 1n 34 patients (Themost common sy mptom asotiated
@ith muld reactions 12 euphoria )

@

p and 2 thinkmg are ‘The paranowd 1deas
are often Telated to the mediea! treatment situation Many of these patients
have sersous medical diseases and as a result have quite intense relattonships
with their doctors and nurses Also cortisone and corticotropin therapy has
been grven a mage quahty because of its dramati. effectrieness i some
cases and beeause of the raruty of these hormones in the easly years Many
patients vere bemg treated under expenimental conditions with sery close
observation All of these factors tend to influence the paranoid content of
the patients thought Ynid sllusions and hallucinations irequently are
mtinately concerned wath the paranoid ideation

The delusional thinking 1s almest never well orgamzed or systematized
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phy sicians for many different conditions Glaser'® has tentatiy ely suggested
an inadence of 3 per cent

Mild Reactions

Patients who are only muldly disturbed durmg hormonal treatment
seem to have an exagperation of the sense of well bemg (which 1s almost
umversal) even to the pomt of euphorta or hypomanic reaction Tlus 1s
related by some authors to the therapeutic success of the hormones
relieving unpleasant and dislthed symptoms of the underlying discase for
which therapy was mstituted Many cases howen er, havc shown euphoria
before any relief of sy mptoms was apparent In Hollender’s' well studied
case aweel of cortisone therapy (100 my, per dayv) brought on a hy pomanic
reaction with elation and apprehension but no other symptomatic change
The apprehension was explained by the patient as resultthg from fear of
addiction because the feehng, of elation was go pleasant From this ca e as
well as others 1t would scem that the euphona desvelops m spite of adyerse
psy chologie situations indierting that the reaction 1s produced by phar
macologic action It must be admitted, however that the mechamsm of the
euphoric eftect ts not yet hknown

Patients with shght or t2invent disturbances may also show depression,
restlessness and difficulty 1 concentrating Some complain of a sense of
unreality or depersonalization Tt 1~ rather common to hear that the patient
18 dizzy and has a feeling of pressure mn the head or unusual tingling sensa
tions that frequently are located over the forehead 1516 In more disturbed
pattents these sensations are not mentioned so often but 1t may be that
they are masked by more dramatie symptoms

Severe Reactions

At the present tume a rather large number of cases of obvious mental
disturbance associated with cortisone or corticotropm therapy have been
studied and reported m the hiterature although not manv are deseribed 1n
detail It 15 possible to determine with some degree of accuraey whether or
not the disturbance has any charactenstic features In Figure 52 the symp
toms frequently found 1 the e patients are listed Included in the tabulation
are cases reported m the hterature i adequate detail 1317 as well as those
studied by us Figure 52 cannot be regarded as contammng rehable statistical
snformation about the incidence of these symptoms becau e the data have
been collected from several sources and the farlure of an author to use a
certain word n desenbing & mental status does not mean that the word
could not have been used Turthermore sucha tabulation obscuresthespecfic
features of mndividual cases It does give a fair idea however, of the vanety
and type of symptomatology found 1n severe mental reactions

Grossly disturbed patients show a vamety of symptoms, as revealed 1n
Frgure 52 The onset of mental difficulty 1s often indicated by restlessness
pxcitement emotional lability, or the expres 1on of » paranod idea In-

commia 15 an important feature and may suggest that more difficulttes will
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dav~ after the corticotrapin wa onutted she suddenls reeovererd and the unu.ual
mental ymptoms did not return The patient had no b tory of previous mental
e orders but had led a rather Linely 4ndd un ati factory hfe She had diabetes and
arterionclerotte heart di ease but there was no evidence that the diabetes was out
of control or that she had u tuned an ept ode of conge<tne fulure coronary
occlu 10n or cerebrov 4. cular thrombosts

Case 2

This 41 vear-old noman wa< admitted to the hospital on Januany 11 1901 for
further treatment of generalized ymphocvtic Iy mphoma The disea. ¢ had previou Iv
responded f1vorabls to a total of 2,65 umts of corticotre pin given over the course
of 30 dave There wa. no pat hitory of peyehiatnie tlines  No untoward mental
changes had occurred duning the first course of treatment On the econd admis 1on
cortr one was given from Marel: 3 through March 43 1 a total dosage of 13 Gm

The condition of the patient wa. psvebatrically uneventful until March 12 At
that ttme he was noted to have marked pre< of peech and to Le highly exdularated
The following day she became u pueious amtated and frightened She maintained
that the ward nure nas  pavchosnahvzing  her and wod a evidence the faet that
the desh lamp at the nure  tation na  pomnted in her direction In sddition  he
#tated that the other patients sere talhing about her and deliberately malang nove
to upset her Ward converations became the ouree of auditory 1lluons of para
noid depre e quality eg that he mas going to be sent to 8 mental ward She
claimed that she was unable to heep track of time and that her memory was defee
tine For the next few davs her mental tate wasarable he was e< entially normal
at time« vet at other imesx uffered auditory hallucination and expre~ ed paranoid
formulations of event goiny, on about er On March 16 the patient entered a tate
resembling catatonie tupor She beeame immobile nmi mute and negatine The
evelids were held half-loved and a fine tremor was pre~ent i the hps eyelids and
hands There was rest tance to pa. ne movement Ln wallowed sshyva dripped from
her mouth Ceres flexibilita was demon trated on several ceca.tons Dunng the
next few days this tuporous tate rontinued butit wa punctuated by a vanets of
verbal and motor symptom  “peech returned intermttently but con t ted of word

alad with puamng and echolaba much 1n evidence For a time her only verbal
respon.e to questions or even to rhythmie clipping of the hands nas to intone

ring rang o i she were a bell At other times po. tunng grimacing and a curious
fixed unblinhing tare were obeened

The psychosL continued in this vartable course On March 22 a2 tate of over
activity panwe ani a aultneness developed which reminded <ome ohververs of
catatonic exeitement Reahty contact lowly improved however She agam ver
balized depre~sive delusions and multiple 1deas of reference in regard to the enviren
ment “u picrou ne-s and fear nere agawmn evidenced On March 30 1951 the patient
suddenly improved  he was m good contact and miled but remained reticent and
timid  Lucid period occurred with mereatng frequency but 1n the interim hallu
emation poorly structured paranoid delu.ior  and mappropriatenes<s of affect nere
mn ev lr{eme It was not until \May 13 that the mental tate became permanently
normal

Sub~equent to di charge on {ay 23 the patient remamed quite well for three
months Her lymphoma then became worse but responded fatorably to \ ran
therapy She has ince remamed sell from a peychiatrie standpomnt

Convulsions

Conyulstons that sometimes occur during treatment with corticone and
corticotropm®  are of considerable theoretic interest .ince desoxy cort:
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and may change from hour to hour It s often concerned with the patients
own body Sometrnes 1t 15 posuhle to follow the deyelopment of « somatie
delusion Beguunng with o s ague feeling of depersonnbization o patient may
then express concern over some part af the body and finally make some
bizarre delusonal statement It 5 quate hibely that this common chneal
feature results from the faet that these patients are suffering from a medical
diness and huve frequently heard a good deal of talk about thewr hadies and
the possibile effei ts of therapy Sometuncs the patient s concern centerson &
read bodils change such as a shghtly swollen faee or minmad irsutiom Salt
and water metabolisia hase even heen dicussed by patients who linh with
thesr delustons what they have obviously overheard the doctors saving

Speech disturbanees are related both to the mood disorder and the
wdeation o content It 1s not unusual to note an etreme pressure of speech
Indisiduals who are usually taciturn may deesde to tell the story of ther
Ines In the more disturhed eises speech 1s disorganized and frigmented
One patrent adopted 1 Southern tccent

Orert behavior 39 related both to mood and thought content \ fen
piients become extremely overactine asaultne and combatine Some
~how brzarre and ntuadistic moyvements

Some patents e confused and disoniented and seem to have low of
memory 1t ot unisial however to find pabients with gross delusions ond
hallucinations who stil seem to be perfectly ontented wwd without any ev1
dence of mumory dhsturhance

In thng group of patients 1t 15 unwise to atterpt to distinginsh between

org e and ‘ {unebional  peschioses or betseen  neurotie and Py

chotic  reastions ? beewse we are not able to s13 what the mechamsms are
for the obsious chinges ur function Turthermore some patients shon
symptoms of bath hind- 1 separate epizodes The following casc reports
will serve to illustrate this and to demoustrate the rapidly changing chreal
preture which 18 sometimes seen

Case I

A 52 year olid simgle nomn nas treated nath corticotiopm 20 umits 3 day mtny
venoudly for an exfohative dermatitis Mo unusual pachologic symptoms vele noted
wuntit the third dat of ther iy when she hepan to moan ery and sefuse food In the
afternoon and ey eruing 1t was difficult to aron e her A review of her drug, intahe and
seports of the nonpratewn nitrogen blood sugar end electrolytes did not evpium her
condition The nant dat she was profoundly depressed but without delusions dis
turbing preoceupttions or hallurmations She was not confused or duworiented md
showed no memory loss Yer <ndden erving spells amazed her since there was

notlang to be dep {about  The dep cisapy 1 and cortreotropin was
contmued bt on the eighth d1 of theraps <he beeanse talhatine and wrational
Extremeh confused and &t orrented she hept <tying ¥ don t hnow where L am—
what atn 1 deteg here?  Corticotropm v s omitted and on that day she was dw'
twetly euphortc and compluned of dizzmess bat quiekh returned to hclx;ausua
mental state Three dats after corticottops wac dwscontimued she sgun beeame
deprested dronsy and aprthebie She beliered che was dead and sud h\\'}h) ;k) a0u
torture & dead person 0? Thiv nas folloned by 2 brief persod it which 8 n:eu::‘
actne and combaitie but most of the fime vhe was mute and uare pogte Seivel
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days after the corticotropin was onutted <he suddenly recovered and the unusual
mental <ymptoms did not return The patient had no history of previous mental
di orders but had led a rather lonely and un ati Lictory hfe She had diabetes and
arterio clerotic heart di ense but there was no evidence that the dizbetes was out
of control or thit she had <u tuned an ept ode of congestine fallure coroniry
oecluston or cerebros v cular thrombo 13

Case 2

Thie 41 veir-old weman was admitted to the ho pital on January 11 1951 for
further treatment of generalized Ivmphocytic hmphoma The disea. ¢ had previoun 1
responded fayoribly to a total of 2 )60 umts of corticotroptn given over the course
of 30 davs There wa no past ln tory of psychiatrie liness \o untoward mental
changes had neeurred dunng the first course of treatment On the econd admi s1on
eortisone was myven from March 3 through March 13 i a total dosage of 13 Gm

The condition of the patient was prycluatrically uneventful until March 12 At
that time she was noted to have marhed pre sof peech and to be highly exhilirated
The followsng, day she beeame su pictous mtated and frightened She mantaned
that the ward nurce was  p vehcmahzing  her ind o ed as exudence the fict that
the desk Iimp at the nurses tition wa pownted in her direction In addttion  he

taterd thit the nther patients were talling about her and debberately making not e
to upset her Ward comversations beeime the source of auditory 1llu tons of para
noid depres ne qualty eg that she wa< going to be ent to a mental ward She
claimed that she was unable to heep track of time and that her memory was defec
tive For the next fen days her mentalstate was vanable she wase entially normal
at times yet at other times uffered auditory halluenations and expre ed paranod
formulations of events going on about her On March 16 the patient entered a tate
reembling, catatonic stupor She became tmmobile rtgid mute and negative The
eyelids were held half cloced and a fine tremor nas present 1n the hp. eyehds and
hands There was rc 1 tance to prsive movement Unswalloned salina dripped from
her mouth Cerea fleubilitas was demonstrated on several oceasions Durtng the
next fen days this stuporous state eontinued but it was punctuated by a vanety of
yerbal and motor symptoms Speech returned internuttently but conai ted of word
salad with punning and echolahia much 1n evidence For a time her only verbal
respanse to questions or even to rhythmic dapping of the hands was to intone

g rang  asif she were a bell At other times posturing grimacing and a curious
fived unblinhing stare were ob erved

The psychosis continued 1 this vanable eour e On March 22 a state of over
activity pame and asaultiveness developed which reminded <ame ob ervers of
catatome excitement Reality contact slowly mmproved however She agun ver
balized depre sive delusions and multiple 1deas of reference in regard to the environ
ment Suspieiousne < and fear were again evadenced On March 30 1901 the pattent
suddenly 1mproved she was 1n good contact and smmiled but remained reticent and
timid Lueid periods oceurred with mereasing frequency but in the intertm haltu
cmations poorly structuied paranoud delusions and nappropriatene s of affect were
m evlr,lence It was not until May 13 thit the mental state became permanently
normal

Subsequent to discharge on May 23 the patient remained quite well for three
months Her lymphoma then became worse but responded favorably to . ray
therapy She has since d well from a psychatric stand

Convulstons

Convulsions that sometimes occur during treatment with cortisone and
corticotropin®' ? are of considerable theoretic interest since desovycorts
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costerone (nca) apparently s effective m preventing sewures ¥ oodbury
et al ¥% have reported that w the rat bram evastabslily 1 mereased by
cortisone and decreased by pcy The electroshack threshold 1s Jowered after
cortisone This experimental vork suggests that speaific mechanisms for the
serzures seen sn patients may soon be found W hen serzures oceur i potsents
recen wng cortisone or corticotropin however, 1t ss difficult to be sure whether
they are cused by the therapy or are related to changes produced by the
underlying medieal disease Many patients recon ing adrenocortical therapy
have diseaces v hich convulsions may oceur as a pars of the sliness, wathout
hormonal therapy Dissernanated lupus ery thematosus 1s perhaps the best
example There 15 the poswbiity that cortisone and cortreatrapm mahe
seizures more lthely in alf cases However 1t has been stated? that the
presence of fever indicates that the convulsions are secondary to the disease
whereas m the abeence of fever consulsions are smd to be the result of
admmsiration of the hormone It 1s hard to see hon tins theory ean be
supported at present sinee we hnow 2o hitle about the mechamsm of action
of these hormones

The fact that seszures oceur 1s also of interest because many patients
recery ing corttsone or corticotropmn therapy have abnormal electroencephalo-
graws (EEG) * 2 The 1ra 15 sometunes abnormal however when thereis
no mental disturbance No conustent correlation between the rEw and other
chmen} features has been determunid m:&he patients reported

Duration and Course of Mental Reactions

The duration of menial symptoms which are nssociated with hoimonal
thesapy sartes Viany patients will have diffienlty only for a day or so In
the cases studied by Glaser™ the longest period during which symptoms
persisted was 35 days and i those reported by Clarh Bauer and Cobb*
W was 150 days All the patients studied so far have recovered ewcepting
those with serions  preexisting mental disease and of course those who com
mtted swerde or died from the underlying medical disease There does not
appear to be a sigatficant difference m the duration of those disturbances
assocrated with corticotropin and those associated with cortisone

Mental reactions do not seem iohat e any consistent corrciation with the
mstitution duration of cessation of therapy Some patients wha were nated
to be upset had been under treatment for only two to seven das Others
had been recetying treatment without dafficulty for over 100 dass when the
mental disturbance first appeared Cnses are reported m which mental
symptoms were first noted after hormonal therypy was termumated Tur
thermore o close relatronshup hias not been conclusn ety established between
the onset of mental sy mptoms and the sizes of the stngle dose the average
daly dose or the total dosage of eortisone or corticotropi Some pmentf
have deseloped dramatic symptoms on small doses but wm spite of the
sbsence of » clear correlation  the meidence of mental dusturhance seems to
be higher 1 the sertes of patients reees ing high dosage than m the group
treated with small quantitses of these hormones



\ELROPS)CHIATRIC DISORDERS 513

Pathology and Physiology

The madence of mental disturbances duning hormonil therapy 1s
apparently related to the nature of the disease for which the hormones are
used Patients with dissernated lupus ery themato«us scem to be prone to
develop dhfficulties On the other hand, surpnisingly few mental disturbances,
othcr than mmmal enphoria, * were noted m a <cries of patients with
pemphugus who recersed large doses of the hormones Present evidence does
not explun the disamilar psy chologie reactions occurning dunng therapy for
different diseases This vanation may be eaused by an merensed incidence
of underly tng brata damage 1n some conditious or it may be wholly a matter
of dosage or duration of treatment ¥

It 13 of course, tremendously important to decide whether or not there
13 any physiologic result of therapy that 13 consistently associated with
mental disturbance Up to this ttme no such association has been found
I hoff ct al #* have suggested that these mental sy mptoms are associated
with potas wum depletion In the largest senes of cases reported, however no
consistent correlation was found between serum electrolyte changes and
mental symptoms ¥ 17 Schieve Schemberg and Vileon?? stated that after
two weeks of corticotropin therapy their patients showed a decrease 1n
cerebral blood flow and an ncrease in cerebral vascular resistance as meas
ured by the nitrous oxide method but they also demonstrated that cerebral
oxygen and glucose metabohsm were within normal hmits Furthermore
the findings m 2 of their patients who were psy chotic did not differ notably
from those m other patients of the group * Many phy stologic mechanisms
mght posaibly be upset by cortisone or corticotropin therapy and hy poth
eses coneerming some of these have appeared At present conuiderably more
study 1s indicated

Many patients developing mental symptoms during treatment with
corttsone or corticotropin have elevated spinal flnd protein without other
spnal fluad changes This may be caused by the underlying disease 1n each
case, but since the spinal flud protein 13 frequently clevated i Cushing s
syndrome this finding may be noteworthy 7 In the future we may hnow
whether cortisone and corticotropin in some way produce an increased
spinal flud protein If they do not it may be that patients with elevated
spimal fluid protein are more likely to develop mental sy mptoms than those
with a normal amount It 1s posmble that the permeahdity of the blaad-
brain barrer 1s related to these problems

Prognosis

At present we are not able to say that there are any definite contramndica
tions to cortisone and corticotropin therapy because of a predisposition to
mental disturbance Patients who have had preyvious serious mental divease
seem to develop recurrences of their psychoses i some instances It 1s
reasonable therefore to advise against treatment with these hormones i
such eases unless their use 1s deemed essential and the hazard of psychosis 1s
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costerone {pes) apparently 1s effectne m presventing scizures VY oodbun
et al®  have reported thet m the rat bran, exatabalty 15 mereaced by
cortsone and decrersed by pos The electroskrock threshold ss low ered after
cortione Lhus evpersmental work suggests that speetfic mechamsms for the
setzures seen in patients may soon be found W hen serzures oceur i patients
reeen ing cortisone or corticotropn hawever, it 1s difficutt 1o be sure whether
they are caused by the therapy or are refated to changes produced by the
underlying medical disease Many patients recens ing adrenocortical therapy
have diseases 1o which comy ulsions may oceur as a part of the illness without
hormonal therapy D 1 lupus erythemat 1s perhaps the best
evample There 1s the possrblity that cortisone and corticotropin mahe
seizures more hhely m all cases However it has been stated * that the
presence of fexver wdicates that the convulsions are secondary 4o the disense
whereas m the abeence of fever convulsions wwe sad to be the result of
admunstration of the hormone It 13 hard to see how this theory ean be
supported at present since we hnow so hittle 1bont the mechamsm of action
of these hormones

The fact that seizures eccur 1s also of interest because many patients
receiying corasone or corticoiropin therapy have abnormal electroencephalo-
grams (E£G) 42 The £eG 18 sometimes abnormal howeser when theress
no mental disturbance Yo consistent correlstion between the rec and other
chneal features has been determuned an"the pattents reported

Duration anid Course of Mental Reactions

The duration of mental svmptoms »hich are ncsoerated with hormenal
therapy vartes Many pattents will have diffieulty only for a day or 8o In
the cases studied by Glaser? the Jongest period dunng which symptoms
persisted wae 35 days and m those reported by Clul, Bauer and Cobb ™
1t was 150 dags All the patients studied so far have recovered eseeptng
those with serious precvisting mental disease and of course thove who com
mtted suteide or died from the underly g medieal disease There does not
appear to be & sigmficant difference in the duration of those disturbances
associated with corticotropm and those rssocsated with cortwone

Mental reactions do not scem o hat e any consistent corvel ston with the
stitution duration or cesyation of therapy Some patients who were noted
to be upset had been under treatment for only two to seven duy Others
had been recen ing treatment without dafficulty for over 100 davs shen the
mental disturbance first appeared Cases are reported m wlick mer‘na!
symptoms vere first nated after hormonal therapy ws termunated  Fus-
thermore o close relationstup has not been conclusively established betneen
the onset of mental sy mptoms 1nd the sizes of the sinJe dose the averige
datly dose or the total dosaye of cortisone or corticotropm Some patiints
hase developed dramatic symptoms on small doses but i spite of the
absence of ~ clear correlation the merdence of mented disturbanee seems to
be bagher m the series of patients reccns ng ogh dowge than i the group
treated with small guantities of these hormones
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Etiologic Theories

The question quite naturally anses whether or not the ty pe of sy mptoms
found m patients with mental disturbances are speatfically caused by corti-
sone and corticotropin It 15 obivious that in many ways the e patients are
simular to certam other mentilly 1l individuals Some observers believe that
the previous personality of the pitient entirely determines the sy mptomatic
picture # This view docs not entirely explain the frequeney with which
euphoria and restlessness are found In general these episodes are similar to
the mental disturbances slready desenbed for & vanety of endocrine
abnormalities

There 13 another possibility worth considenng It may be assumed that
1f an indivrdual has iy od o relatively normal hife up to the time of hormonal
therapy and is then prcupitated snto a psychotic illness he will not have
avatlable fixed and rigad p vechotic patterns <o his illness will be charae-
terized by rapid fluctuations by mood change and by apprehension In
addition the illness may show a special pattern made lthely by the patient s
personality In other words these eprsodes an be compared with acute
schizo-affectine episodes

The etiologic question cannot be scttled at this time We have not yet
been able to est ibhish any simple relation between a physiologic event and
the mental disturbanee Psychologic factors certainly play a role in deter
mining the nature of the disturbance but we eannot be posttive that they
precipitate the trouble A number of factors p-ychologic and physiologic
may act in varying combinations It 15 sometimes said that cortisone and
corticotropin may precipitate a psychosis heeause they mav remose psycho-
logic defenses by producing rapid smproxement 1n a psychosomatic disease
If a patient has used somatic symptoms to handle an emotional problem and
these symptoms are dramatically removed he will have to find other way s of
deahng with his problems and these new ways may be psychotic It 1s true
that many cases can be found 1n which the mental disturbance accompanies
1mpros ement 1n the underlying medical disease It 1s also true that some
patients develop a recurrence of the symptoms of the underlying disease
soon after recovering from the psychosis However some patients develop
mental symptoms although no change oecurs n the medical disease

It 13 possible that the psychologic meaming of certam situations closely
associated with cortisone or corticotropin therapy mav have profound
fluence on the patient Situations of this kind might be the success or
failure of therapy anticipation of cure from a magte drug’ the ntense
nterest 1n the patient by the physician the feeling of bemng a  gunea pig
or famly of an ind: ds on the part of the patient that s
greater than 1s possible or preater than the patient wishes Seme of these situ

ations mght produce suffictent emotional stress to cause mental disturbance

Cortisone and corticotropin may produce certain phystologie changes
which although not directly responsible for mental reactions effect a sec
ondary emottonal response which leads to the disturbance For example the
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tahen into account Of course the personality pattern of an individual deter
mines 1o a considerable evtent the content and perhaps the nature of the
psychologic symptoms, but at present we eannot determine which patients
will breah down mentally Many who develop serious mental disturbances
have had no detectable defintely neurotte tratts prior to treatment Some
patients with & history of emotional problems do not experience difficully
with hormonal therapy Psychologie testing maght he effective m determm-
sng predisposition to mental disturbance in these patients but it has yet to
be tnied 1n 2 Jarge enough series of cases to be statistically meanngful

Certaly any patient recerving cortasone or corticotropm therapy should
be watebed elosely for signs of early psy chologie thange Stace swade 18 the
principal nish when a patient becomes depressed or apitated, proper precau
tions should be taken to prevent this unfortunate outcome Patients who
complain of dizziness heavy feehngs in the head and paresthema and those
whe develop restlessness wmsomnia and mild wdeas of reference should be
watched closely

Treatnent

Since patients recover from the mental reactions 1n day s or weehs treat
sment has consisted mostly of careful obseriation and support It 1s probabh
wse to have the patients folloned closely by a psyehatrist and to mamtam
as much continuity of personnel as possible These patients are frequently
quite disturbed by transfers from one ward to another but of course thie
may be necessary for safety A good many patients with severe depresston
and some with muma have been treated with electroshock therapy (57T}
with pood Tesalts No clear indientions for s T rom be estabhshed bey ond
those which apply to all psy chiatrie patients

‘The most difficult dectsion to be made 15 whether or not to stop hormonal
therapy In most of the cases studied therapy was terminated and the pa
tients ultimately recovered Sometimes therapy has been resumed later with
another hormone or with different doses of the same hormone without
further trouble Since we hnow so little about the etiologe factors honever
we cannat say whether discontimung therapy 1s essential or not It certamly
seems wise to discontinue 1t m most cases

Seversl treatments of the mental distarbanee under consideration re
direetly related to hypotheses concermmng etiology For wmstance 1t seems
wise o try to find hormones that may antagonze the effects of cortisone
Both pes and testosterone have been given trials that hate not yet prov wed
enough evidence for evaluation

Afost of the patients show a fasly typieal pattern of recovery with
penieds of almost normal behavior followed by further disturbed periods
1% 15 not wise to regard the patient s mental diffieitics as ended the fivat
t:me he seems normal to examination

Bimce the prognosis 1s good there 13 no serous difficulty 1n diseussing the
imental disturbance with the famyh  parhelarly »f the possiinlity of such

reaction nas menftoned before mstitution of the hormonal therapy
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patient may become frightened of strange bodily sensations such as dizz
ness, numbness, paresthesia or vasomotor changes It 1s possible that facto
of this kind may be important n the mental symptoms of some endoer
disorders

Numerous theories have been proposed that explamn the mental disturt
ance by some bioch 1 or tissue ch but the cvidence 1s not 3
sufficient for evaluation It has been suggested that cortisone and cortice
tropin damage nerve cells ** Mental symptoms have been blamed on th
thrombowis of cerebral vessels * Suggestions hayve been made that cerebrs
glucose metabolism 1s interfered with i some way It has been (laimed tha
an acetylcholine like substance found in the blood of patients recervin
corticotropin 1s similar to that found in those experiencing severe emotions
tension * Smce cortisone decreases protemn anabolism or 1ncreases proten
catabolism and increases the deamination of ammo acids 1t has bees
suggested that cerebral protern metaboltsm 1s disturbed Sulfhydryl mhib
tion also has been mentioned as a possible mechani<m 3 Certainly 1t 1
possible that these hormones by modifying electroly te and water metabolisn
may disturb the permeability of nerve cellular membranes even though gros
correlations have not been estabhished between mental symptoms anc
serum electrolyte changes Many sterords produce anesthetic or analgest
effects Some <uch mechamsm might lead to certain psychologie disturb
ances However cortisone 1s beliesed to produce this effect less frequentls
than do other hormones %7 All of these possibilities are worth further study

From the data available at present we believe the most plausible theory
1s that the mental disturbanee 15 a result of the action of the hormones on
cercbral nerve cells that the reaction 15 1n general schizo affective and that
psy chologic factors are secondary determining to some extent the severtty
duration and mental content of the symptoms
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ho mon | trestment and laborato 3 find
202
Blood coagulation
artt one effects on 91-9.
horn onal treatment effects on  0-2 1
1l 1o mhoembe ] ym and cort1 ono trestment

106
Bloo1 diseases and neoplastic d orders 464—
438 Secals inemia Purpura etc
Blood pressure
€ 1 osterone effecta on 60 405
cortisone effects on 9 -93 490
desoxy cort cost rone effe tson 51
Blood ve els
i adrenalectomized antmal
cortisone effect on 93-94
Bocck s sarcoid_See S ro dosms pulmonary
Rone Se als Tractures Osteoporons
growth corts one effects on 8¢ 9%
1oetabolt m
tt nue effects an 8-87
sn ol cumator] a thrtis © 3
B ne marrow depres ton  See Agranulocy

2223

01

Bronchial d ease 397

Buello s ocula expe imental !ormon s
in 440

DBuraitis
Formonal t eatment n 149 150 .53-754

Calaum e ¢ et on o t sone effects on 86
Capillary pe meablty expe nental hor
nal effects on 433434

Capillary resi tance corttsore 3y 93
Carbot ydeate metaboli m
adrenal ste oid effects on 73-31
in adrenalector) ed an mals 18-20
ad enoco t ale t act effects n  3-30
ort one effects on 66-60 82 §3
n rheumstoid arthnt s * 3
Cartnoma S e alzo Neoplastic d ease
0 mon | treatment 4R8—489
of lung hormonal t eatment 397-3)%
Cardiova cular sy tem als Cardts
Hea t Blood vessels
ortisone effects on 92-95
Card 1 77 73 98 257  See also
Endo ardits  Iercard tig

ongestive fadure t eatment 8. °%3
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Adrenal steroids—(Contin ed)
Hdussxycorticosterorls See also Desoxy
worticosterone 11 Deanxy 17 hy
Irsxy oty o terone
tructure and synthesis 7-10 g
11 desoxy corticosterons  See Descucnru
costerone
effe tson
carbohy drate metabolim 2831
electrolyte metabolism 26 27 o8
fat metabolsm 31-4,
glucotneagencss #4 30
Life muintenance in adrenalectomized
ammals .4-6
mu cle function 3. 8,
muscle weaknes 8¢
proten metabolsm 3 -31
sodum metal olism 26-2
water metal olism ./-28
excretion 12 13 See also 17 ]\etostcrmds
excretion Sterot I+ urina
corticotropin effacts on 22u
formaldehy de gem steroids 10 12-13
corticotropin effects on 131
glucocorticorda  See Adrenal sterorls 11
oxy corticosteroids
17 1 ydroxy corticosteroids Sec 17 Hy droxy
cortico teros Is
1solation 10
1sotopie 6 11
17 ketosteroids See 17 hetosteror s
11-0%y cortrcostermds effeets on
carbohy drate metabolism 99-30
diabetes production of 30
gluconeogenesis .3-30
metat olism and excretion 12-14
protein metal ol sm 3.
structure and synthens 7-30 &
physiolog ¢ eflects comparative 25
potenc es compirative .5
reducing steror {1 13
sccr tion 1
syntfess microbial 10-11
Adrenalectomy experimental
biochemical changes 14 71
effects on
antidiuretic hormone sen ity 19
cardiovascular system 72-°3
diabetes
electroly te metal ohsm 15-17
adrenal steroids in 26-27
growth mamtenance 25
infection resistanco to 401-40..
sulin sensitivity 1
Lidney function 2~ 18 24
Iife mamtenance 24~26
Jymphotl tissue 23
smesenchy mal tis ue 23
muscle function 21-22
adrenal sterowds 1n 34-35
stress resi tance to .3-24
water balance adrenal steroidsn 27-28
treatment
adrenal pteroids comparative effects 25
adrenocoriscal extracta 17
sodium chlonde 15-17
Adrenalectomy therapeutic
corticotropn follo ving 13¢
corbisone treatment 7  143-144
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Adrenalectomy therapeutic—{Contanue )
to ortisone treatment 143-144
Adrenoeortical extracts
w adreral - ton szedd ar smals 37
amorphous fraction
chemistry 9
effects
biologie 9
on lfe mamtenance
nuzed suimals ot
nectabolie 47
corticosterone 1n o8
effects on
carhohy drate metabolism 28-30 .9
disbetes p oluctin of 36-31
cleetroly te metal shsm 26 °7 28
glucane sgenesis 25-30 &
alycogen defosition 2
hfe mamntenance i adrenalectoruzed
ammals 24
nitrogen exerotion 29
1 roten metabolism 37-34
water metabohsm 2%
hydrocortisone 1 .3
preparations 173
treatment wath
m Add (noadisese 13
in a lrenal msuffi seney acute 193
Adrenocortical steroids See Adrenal steroids
Adrenocorticotropie Forrione  See Cortico

1n alrenalecto-

Adrenogenital syndron ¢
cortisone treatment an 146-147
1ydro ortisone effects on 118
Anmnuloc) to 1 hormonal treatment . 349
305 479-480

Alergs Seealso Astima Rt allersae ete
bosmonal effects on 102
phy s ologic effects of 327-3.8
Allergy contactant lydrocorts one m 38.
Allergy cutaneous Sce Dermatitis
\llergy drug 318-35¢ 4 0450 48+
agranulocytos s 4 9-480
aplastic anemia 48/
dermatitis atropne-induced 353
dermatitis_exfoliative
diagnosis
ey infammation and 414
hormonsl treatment 35 3
}ormones reactions to lz‘ 354-35
penmcillin reactions 35-~3
serum sickne s
symptoms 349
asthma 319 See al o Ast!wm:
bone marrow depres. n 340305 187
types 348-340
Alopecia areata
cortisone treatment 380-381
hyd oco t1 one omtmer tn 385
rine a(xd metabolism S e Protemn metabo

Amorphmxsl act on See under Adrenoco t1 al
e tra
Anaphyla 1 Yo rional effects on 101~10°
34)-351 494 S e also Stress
Androgens adrenal 8 10 1. §e
cort cotropia effect on
excretron 109 110 131-132 . 5
See also Ste 0xds urinary
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Androsterone ¥ ¢ \n lrogens sdrenn)
Anemia
mla e 45,
Penoliti a quired
wtwlogy 443
hormonal treatment 4 3 4 &
dosage
resistance to A74
results § 7
plen ctomy anl 4 o 4 ¢
Visteleta Thod 4 5 8
by poplasti 48543
1 Xle eel] 4588
siterorytie tereditary 474
Antibofy formation Yiormennl efferta on
101 107 3.8
:\nudmrdmlormonc of gitmtary See Pum
-y posterrr antidiuretic hormone
Anty (rep(ol)sln titer corti one cffe t o
-

Anuria acute 504
Arthnty alleegie 253
gouty See Gout
lemophuhe *51
palindromie 51
psonatic 9,4
theumato | S ¢ 1t eutintoud sethat s
septi P55
traumatic acute 755
ArtInit wit! chronic ul erative colitia 253
Att ular and r cumstic divase 10 = uu
Ascorte acad
m sdrenal glard corticotropin effect on
45 13013
deplet an foflowing ep neplnne 1 7
treatment with inrheumato darthritis .37
Asthma 396-740 341-317 S e alsa Allergy

ug
acute 331 333
comiplicat ons
d abetes mellitu 334
henrt fa luce 334
hormansl § eatment and 335-337
hypertenion 336
intect on 378 338 340
© teopora 13 334-335 336
pept « ulcer 331
tubereulo s 335
and desensitization 3 $
rol gy 333 9
lustamine excretion 3°7
hofmanal ¢ eatment 8°G-319
admin tration and dosage 310-333
cortisone vs  orticotropin 310
anuibintics stpplericntat ndur ng 3 9
330 340

compl atonsand unde ccd effects 335

:onhmn)ug ¥ ante m ttent 33
toulra ndications

deatl a dur ng 337

4o ze schedules 330-331

5 Nure causes of 339-340
LUp ovement it tis of 33 -333
longt m effects of 337~318
management 320 330

pat ent selection 3 $~3

» eeautions 3 9-330 337-333
711 sons 331-3

Astt ma—(Contsnued}
hormonal umlmcnt—(connnnz n

aniskinte t 339 33
suy  lementa) thm .1:3
withdransl

Atherosclerosis corti one efleets on D1

Autonomic nervous sy stem and corticotropt.

sccretion 12

Beryihwnn po samng ¢t rote S e€ ran doma
be slbm
Doy y duning }ormonal treatment
61
ool See alao He noporetic systen 1 ¢ na
phis latctets ete
adrenoco 1 al f orrione i i1
c1pa iton hormo ol effects on 89 01
€ ythrocyte §ydration cortisone snd 75
hs

fosraation adrenal cortet and 464465
hormonal treatment and laboratery find
ngs_270-27
Blood coagulation
cortsone efferts an 01 92
horn onnl treatment effects on 2 0-2
th omboembol st and corts pne treatment

106
Bloo 1 dises. es nnd neoplastic d orders 4r4
449 Secal o Atema lurpura etc
BDlood pressure
cortico terone effects on 60 49>
cattisoy ¢ effecta on 9° 93 4%,
desoy cort costerone effe ta on 51
Blood ve sels
1n adrenalectom zed animals 2.-23
cartisone effect on 93-04
Boe L sarcord See 8 teo dows pulmons 3
Bo e See also T actures Osteopo oais
growth corti one effects on 8¢ 4%
1 etaboli m
ortt ne effects on 8687
wrleumatod s qt s 3
Bonp marrow depres 1on Ser Agranulocy

01
B onchial disease 33,
Brucella 13 ocula e pe imenta]
m 440
Bu sius
hormon [t atmentin 149-150 953 .54

Yormones

Cale um exeret ot _cort ane effects on 8¢
Cap Uaty permeﬂh\\ ty exp r mental hor
w effe tuon 433434

Capillary rex tanco cortisone n 93
Cart o ydrate n etaboly m

ad enal ste o d eflects on  8-31

n ad ennlectomuzed sn mal  1B-.0

ad eno ort cal extract effects on_28-30

ortisone effects on 66-60 87 83

1n the imatord arthritis .3
Ca ainoma_ See also Neoplastic d sease

ha manal ¢ eatrient 483489

of lung hariw oal ¢ eatment 337-398

Cardiova eular system Se al  Cardts
Hea t Blo ivesels
cort: on  flects on 97-05
Cardits 977 & 9 289~ 8" Q¢ gleo
ndocarditt  Yerteard i

congestive failure t eatment 2y -243
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Carditir—~(Confinue )

corusone eatment i 287 203

heart murmurs hormonnl treatsient snd
284- 87

beart mize corty one effccta on 243

sodimn restriction tn $-~"43

tachyeardia hormonat trentment ani ¢ 7

233

3
Cartitage cortisone effeets on 9%
Celine disease 453

Cell electroly te compo ition pea effects on

Clitoride taetabobers See Fiectroly te metabe

1sm
Cl olesterol

n adrenat glanl 4 5

corticatropin effect on 131

adtenal steros § pre ursor 10-11

1 hydroreptisone brosy nthe 15 11X

sotoyic 11

m serum_hormonal effects on 133

Clorex 282 3>

Choroditis 457419

Colhitys vieerative ¢ 6 44"

Callagen Qurensea af °37 3°3 See also Con
mective U sue Rtheumatmd srthnitis
Rheumatic fever efc

and fibnnod d(-gt-neumm .31 e 9345
hormonal treatment 314-3
pulmonary & pects 393 3)5

Coma kepatic 460

Compound A Ser 11 Dehy drocortiensterons

Compound B Ser Corticosterone

Compound E See Cortisons

Compound F See Hidrocart: ono

Compound 8 Sce 11 Desoxs 17 hydrosy cor
tico terone

Congenital defects cottisone effects on 95—
49

Conneetive tissue
rortisone effects on 8§ -8 100
hormonal treatment effects on_359-360
Convulsions_presention of 511-512
Corticoids  See Adrenal sterosd
Corticostermds See Adrena) steroid
Corticoaterone

adrenal cortex 04
blood pressure 60
carbobydrate metabol s 59 60
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Cor s

y a4
(21
Corticatropta S¢e also Pituary antenor
allergic reactions to 137 998-99) 354 355
A% metiod 6-7 104
ches nead properties 194 1 5
ortiane suppoes mg 197
hagno ticu e
ta Addi on s di eae 144 145
1 dishetes melhitus latent 145-146
effects on
adreasl cortex 4 5-6 &7 12, 130133
135-136 190-19%
adrenal sterosd secretion o ¢ 17-13
ndrenal steroid aynthesis 10 11
anaphylexis 101-10° 351
aatibods formation 1G1-107 3 9
Yruceltoms ocular experimental $10
nmlhu') permeabhty  experimental
434

('holes!em! eerum 133

carneal grafts 457

cottisone rxcl’ehnn 131

diabetes production of 31 £9-62 83

electroencephalogram 512

electroly to n etabolism 26-°7 133-134

eo mophils 741

estrogen secretion 137

ee disen e expemnemal 431143

far metabols m

growtt 9 -9%

hechng wmeye di ea es 415 419 47

hemopote s 464-46!

hydracottisone bio ynthens 119

13 drocartssone excretion 131

17 hy droxy torticostermd excretion 141

nfections 401-410

mBammation 44

17 ketostecord formation and excretion
131-132 134

hner 99

nervous system 133-135

pitmtary snterior 13+ 190 192-193

pregnancy adrenal sterord med ation i
135

progesterone secretion 13"‘ 133
protemn metabol sm 3
utmopalhy dabetic pmmgemm 441~

slun pxgmmmmn 85 134
ateroids urinary 12-12
by reaction 407

by following
£0

excreton produsts 62-63 61
etabolism snd excretion 6%-63
overdosage 61
phywiologie actiony 58-60 See also Corty
costerane effects
preparations
structure 8
synthe 13 11 58
tosiarty 61
Corticosterone treatment
admmustration and dosage 63
hestions
lppd dison & disesse 58 59 60 61 6364
caremoma
compheations and undessred effects 61
Corticosterane ¥s cortisone 60 61

tubcrculosis 397 406
pulmonary scirve 406-407
uropep 1 secretion 45
o hesting. 300-361 434-425
extra adrenal act ons 135
hstory 2 193
chinies! use 178-18%
290lation 124-175
lsolopc 136 See alas Sodwmm scetate

mecnbol sm l 5136

phy siologme act on! 130~135 37238

potentiators 236-23%

preparstions, See undzr Cortscatrop »
eatment

paschatr o eﬂ'ec!a 567-5t4

secretion
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Corticotropin—{Contint e )
retios —{(Co ¢ nued)
adreasl sterods and 1 6 1
autonoms meevou 81 tem effects on
1

cortisone eff ct on “J 0

desoxy cocli o terone offects on ol

epinephrine offectson 1 1 9

humoral control 1 6-17

hy pot! alamus effects on 1 3 130

new ohumers! contrcl 179

pituitary tasophils and 126 131

regulstory mechaniyns 1 6 130

stress effectaon 1 ) 131
substitutes hotm onal 236

toxieity 136 137 S e alr Corucotropin
treatment complicat: n and unde
sired effect

u es phart acologic 14 151 S ealso Cor
ticotropm treatt ent admieu tration
dosage p eparations
Corticotropin treatment 147 14§ 147-151
admimstration and do age 13%-14% 147-
51 107

eve disea ey 497 431
prolonged 198-710
slort term 194-198
allergic reactions to cortisone treatmentin
354 355

pplications
di on & disease 137
foliowing adrensle tomy 13~
alrenocortical hvy ofunction 144
agranulocyto 3 343 479~480
allergic d en es See Allergy d ug
Asthma Rhimitis
snemia
hemolyt ¢ lcqmrrd 473-448
hypoplastic 4864
mckle cell 48 —(?R
articular and rheumatic diseases 177~
755

a thma 3 6-340 341-34
berslhum g anulomato 19 391-393
Hood di ea es 464-45%
neoplastic 483-4%6
bronehial 397
burst 2 3-254
¢a cmoma lung_ 397-398
cel ac disea ¢ 4.
cof s ul e ative 456-457
collagen d ea e3 314 394
de matitis
atopc 3 375
atrop ne induced 35
ontact 353
exfoliat ve 354
nummular 378
seborchec 3/5-377
derm tomyosit 3 314-3°0
dystrophia myoton ca 149
ent stis egional 457
epicondy] t 53- 54
exophthalmos 4 1
eye d eases 411-447
degenerat v 473-4 §
Felty s synd ome 490432
fib oplasia r t olental 4
gast omte tinal d  as s 450-461

Cerueotrop in treatment=~({Continued)
wpph atiot v—(Co finued)
gout 100 18
ganulct  pulmonary 395-396
granulomato 1 berylhum 391 393
hay fever 340 34
infe tiona 401 408
kilney di eases 494 405 500 501
lepro’y 40t
leukerma 483485
Loefller &vndrome 398
malaria 406
multiple s lecon 150
nyastt enma gravis 149
myelotia multiple 435-456
naal polyps 331
neoplast: disenses 4% —48C 443489
nephrots  ynd o1 ¢ WO
neurop ychiatric di orders 505-518
neutropenia periodic 49
optic neuritis 470
osteon th 1tis 254
panhy popitwitarism 13
pemphigus 364 3¢
pemallin reactions 35 -353
pneumonts, pneumococerc 405-406
pneumonia’ virus atyp cal 405406
polsarter is 314-3 0
peoriasiy 379
pu pura
allergic 487
thromboes topen ¢ 1d opathy
Reiter  yndrome 255
rheumat ¢ ar d artic llar ondit on
255

4U0-473
253

rheuniat ¢ fever .70 "“7
Iaboratory findings .7
rheumato d a th ity l'l ~ 53 184-185
ity 340-347
sa coido 13 389-391
& lerode na 314
diffuse 394
serum eickness 351
shoulde hand syndrome %23- 54
s)eco s 306 397
lan d seases 357-395 383-33.,
kn nfect on 360
Stllad ease °17
during stre 50252
tend mt  ©53-_51
teno ynovitis 753-254
tr1 hinoma 398 406
chemotherapy and 1n pet ton tis 407 457-
458

ompl cat ons and undes ed effects 136
6736

slan p gm nt ton S5 134
sodium retention 134-135
ont mind: ations
tube culo 15 101
convul ons du ing +11-512
cot oneand "09-210
du ng co tisone w thd awal 108
hydroco ta one and 210
overdo age effects 13€
D tent select on 147
prpa tons 13 ~147 .09
allermm react onsto 13 ™ 8-929 354-355
long acting 140-142 198
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Carditis—(Continued) Corticosterone vs desoxy corticosterone 59
cortisone treatment in 292 293 0
heart murmurs }ormonal trestment and  Corticotropin Sce also Patuitars anteriot
284-987 allergic reactions to 137 2°8-2 ¢ 354 355
heart size corti one effects on 253 assay method §-" 124
sodium restriction 1 28.-283 chemical properties 124125
tochyeardia_hormonal trestment and 2 7 cortisone suppre g 19
275 "33 dingnostic v ¢
Cartilage cortisone cffects on 0% n Addionsdiene 144-145
Celiac disease 454 wn diabetes melhitus Jatent 145-146
Cell electrols te composition pea effects on effects on
adrenal cortex 4 5-6 87 1°5 130-133
Chlonde mﬂnbolum See Clectroly te metab- 135-136 190-193
olis adrenal steroxd secretion 5 6 1°-13
Cho]e!terol a Irenal steroid syathe 13 10-11
in adrenal gland 4 5 anaphylans 101-10 31
corticotropm effects on 131 antibody formation 101-10 3.9
adrenal steroid precur or 10-11 brucellosis ocular expenimental 440
10 hydrocortisone biosy nthesis 119 capillary permeability experimentsl
1sotopic 11 433434
10 serum _hormonal effects on 133 cholestero! serum 133
Clorea 8 292 corneal grafts 492
Chororditis 41¢~119 cortisone ucmmn 13
Colitis uleerative 450-457 diabetes production ol 31 65-69 83
Collagen diseases of 299-3 5 See also Con electroencep! alogram 512
nective tissue Rheumatod arthritis electroly te metabolium 26-2 133-13%
Rheumatic fever ete eosmophuls 141
and fibrinoid degeneration of e)e 424475 estrogen secretion 132
hormonal treatment 314-3% eye di ease experimental 431-433
pulmonary aspects 39%395 fat metabolism
Coma hepatic 460 growth 979
Compound & See 11 Dihy drocortico terone healing 1n eye disea es 415 419 4
Compound B See Cortico terone hemopolesis 464-465
Compound E See Cortisone hy drocortisone bio ynthesis 119
Compound F See Hy drocortisone Iy drocortisone excretion 131
Compound 8 See 11 Desoxy 17 hydroxy cor 17 hydroxy ¢o ticosteroid excretion 141
infections 401~110
Congenital defects cortisone effects on 93— mflammation 147
09 17 ketosteroid formation and excretson
Connective tissue 181-13° 131
cortL one effecta on 87-89 100 liver 96
hormonal treatment effects on_359-360 nervous system 134-135

Convulsions prevention of 511-512 pituita 3 antenior 131 190 197-193
Corticords See Adrenal steroids pregnancy ad enal sterord mediation 1B
Corticosteroids See Ad ensl steroids 13>
Cortico terone proge terone secretion 132-133
absorption 62 protem metabohsm 3. 69
retwmopatly diabetic pathogenest 441-
adrenal cortex 64 443

blood pressure 60 shin pigmentation 85 134

carbohydrate metabolism 59 60 steroids u inary 17-13
hypertension following adrenalectomy tuberculin reaction 407
60 tuberculo 12 397 106
exeretion products 6 —63 61 pulmonary active 405107
olism and e cretion 62-63 uropep 1n secret o
m‘i}im 6 wound heahing on-a01 434435
physologe sctions 53-60 See aleo Corta extra adrenal act ons 135
one effects history 2 123

clin eal use 178-182

re| arntlons
Emfczu e & 1solation 1.4-175
3 nthesis 11 53 1otopie 136 See al o Sodum ucetate
tomeity 61 1sotopic
35-136
ticosterone treatment metabolism L o
O unistration and dosage 63 phy siologie act ans 130135 ° 38
potentiators
Bpﬁ‘:«f‘?‘f:i disease 58 59 60 61 63-61 P epa ations Sec unde Corticotropim
treatm
carcmom: it
red effects 61 p yehatnic wiects 5
comph:ntmns and undesy et D schnats

Corticosterone Vs cortisone 60 &
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Cortrrone—{Can! nued)
structure §
substitute Yormor 1 3¢
Ttheq 1 €60
toxicity 103~101 See also C rtrsone treat
ment comylcations snl undeirei
ts

u et plarmacologie 147 1ol See alen
Corti ot e treatmert adn i tration
YR frep mab s
Cortivmet e tin 1 L
adrum traton and 1> g 111 115 145~
19
trtory 1 "-18€
intra e uhr 115 208 09
miravenou 111-11° 115
oral ve ntramu cular 117 114
prolongsd 3 10 ~10 337 135
slort term 191 19%
subconjunctival 115
topieal 110
aprlicats ns 142-151 18
Addison a d sease 4
with d sbete 83
altenal hype rlare 140 140 11
following a Irenal ctomy
adrenogenitsl syn dron e 146-14
sgranuloc to 13 305 3§ 9450
sllerme diease  See Allergy
Asthma Rl t. ete
slopecin a eata 180 381

18

drug

u queed 4 3 478
I3poplastt 456 4S
sekle ell 487488

wit} ant boties 29
meye di eacs 415

Mucuhr and heamstl

204
d eaes 17 ~

Mh 36 3
be 31l um era
blood d cose 4t5-453
ne pl t 433 45
b on hial di eac 347
bullous e upt on 33

| mato  391-393

eath ct e othe apy
meyed eaes 415
n 40 45 -458
w th_tloran prentcol
u Ro ky Mountan spotted fev ¢ 405
1 typto d fever 405
oline ul erat 4645
collagen d ea ¢3
pulmona v 393
om hep tc 460

witl  tcotropn "09 10
orti ot opn ea ton 354-355
d matitis

top 5

£ oF ne snduced 35

¢cho1 38

conta ¢ 359 3¢3-3 1

foh tve 354

stas 378-3 9

C ot wae treatment—(Con! v ey
pplicat ons—(Co finu I}
lermatom it 314 30
with le  ve rtie sterre m V)b on
disease "1 =
dystrop! 1a myotonica 149
en locarditis bactersnl suba ute 29
enteritis teqonal 4544
epicon {slitts 2,3 754
exorl thatmos 4 1
eve discasy 411 17
legenerative 4734 5
Lelty 8 e3n lrome 450481
fibropla.ia retrolental 472
Firos pulmonars 390 393 39¢
& tr intestinal diseases 400473
o rutonephritis 50 w03
zut "ot
gea ulona pulmonary 390-396
granulo nato s bersllium 391-393
Lay fever 310 1
Lepatitt  448-460
Hodgkin s diwease alvanced 495
4 fe tions 404407
skin
keratodern 1 nmu rt amca 106
Lilney di aswe 49
Fumm Istel W ] on n ndmme 401 44
443 504

leukema 433 455
fller 3 330t ome 393
1up 15 erythematosu dussem nated 314~
316 361 302 503-504
Iy mphosarcoma 430
malaria 400
multiple & I rosis 150
mynstl ema gravis 85
nyeloma multiple 485-156
miot ma Sy
na al polsps 341
n ople tic d wen. e 437-4S¢ 489-489
n phrotic sy drome 496-50
new ologic d ease 150
neutropenia plenic pimary 490481
opt ¢ neu itts 420
o teoarth itis 54
pempligu 363 364 366
penic In react ons 35.-353
Polyarteritis 314-3 0 503 504
pregnancy toxemis of 04
pulmonary nsufficiency 390 Sor

purpura

allers 486

thrombocytopen  duopattie 400~
i3

Reiter s synd ome 755
theumsticand art cul dsene 253-°5
rheumats fev 29
1 boratory § dings . 8 20051
theumatord srth itis 1 7
rumitis 310-310
with sah 3late 23
83 coido 15 3%9-391
61 ode ma dlﬁ‘\lse 30%-3 5 394
rum sckness 3
o oulder hand sy ndcome 253 51
kin d seases 357-385 383-38,
sl co 3 396-397
epondyhtt theumato d .16
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Preparations—(Contanued)
potency
UB 1 anf internationat umts 17§
138 139 141-142
venations §
short acting 13%-139%
resistance duting 213
withdrawal effe ts 130 193
Corticotropin v ortisane . rheumator |
arthntie 154 185 208 09 210
Cotts otropin vs hydrocort: one 1n theuma
toud arthntis 19, 18,
Cortisono
absorption 106-10"
cutaneous 359
ocular 410441
diagnostic use 1 disbetes mellituy latent
145~146

effects on
adhesions expersmental 8)
adrenal cortex 81 190-103 491
adrenal gland 79 80
allerme diseases 101-102
anaphylszis 101-102 3.0 3.1
antibody formation 101-102 3,9
antistreptolysin titer 401405
blood coagulation 91 92
Llood compowtion 90-91
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