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Introduction

During 1950 the nadabnhity of ACTH increased markedly
ta the end that it was {recly abtanable for both mvesugatne and
therapeutic use which resulted v continued investsgation on a
greatly increased scale In consequence The Armour Laboratones
concluded that 1t would be constructive to call a Second Chinseal
ACTH Conference Tlus was held m Chicago Decernber 8 and 9
1950 and « wtal of 102 papers were presented

This amount of material presented at the conference turned out
1o be 100 large 1o publish n a single volume and 1n tonsequence the
Proceedings are published 1n tho parts—2 first volume designated
as Rescarch  consists of pipers dealing primarily with research at
the more fundamental level a second volume designated as Thera
peutics  contasns papers dealing prumarily with the cluncal aspects
of the problema In view of the fact that tius whaole new era of medy
cine s still at the ansesugate stage all of the papers are really re
search presentations Houwerer mast of the papers presented at the
conference contain both chinscal and fundamental observatons velat
ing to adrenal cortical sumulation under different ph)sxo!ogxc or
metabohic siuanons and 1n different disease states In thus hight the
division 1s arbirary but unavoidable and papers on the same disease
may appear m both volumes depending upon the major emphasis
1 the subject matter presented

“The reparts contamed in the Research solume deal primarsly
with the more fundamental aspects of ACTH and adrenal cortical
functson as well as the effects of adrenal corticords on different tissue
systems under varted plystologee and metabohic condstions exther in
the normal human beng or w different disease states In most m
stances the chimical obsenvavons are comncidental to biochiemical
physiologic or metabolic studies or to nvesugauans attempuing to
elucidate mechanisms that may be mn operation it different physt
ologic or disease states

The papers presented in the  Therapentic volume on the other
hand relate primarily to the effects of ACTH 1n the treatment of
different disease syndromes although most of the reports contam
obsersations of a fundamental character An auempt 15 also made m
thus second volume to summarize the results to date m the treatment
of different disease syndromes with ACTH m ovder to obtain a
clearer preture concesming the therapeutic use of ACTH

v



v INTRODUCTION

Each volume of the Proceedings of the Conference contains m
2ddion 10 1ts oun Table of Contents a Table of Contents of the
other volume An examination of the Tables of Contents of the two
1olumes reveals a substantial extension of knowledge concerning the
role of the adrenal gland 1 health and disease and the pracucal use
of ACTH 1 treatung dfferent disease syndromes In this connection
the contnbutors and many other investigators working in this field
are to be congratulated for the scope and quality of wort that has
been undertahen during 1950

On the other hand 1t 1s strll farr to say tht the scope of the work
remammng to be done mn resolving rauonally the problems raised by
tus new era of medicine 1s far from clear although admistedly of
major magnitude However the challenge 15 great and the broad
unphications on health and disease i general are profound It 15
therefore reasonable to forecast that the imagination the manpower
and che facihities will be forthcoming to solve the problems rased
to the credit of the profession and the benefit of the pubhc at Jarge

In the mterval 1t 1s reassuning that many otherwise il or m
capacitated pausents can be rebnbsiitated 1nto eompetent and func
uona} umts of society by the proper and judicions use of ACTH

In the volume Proceedings of the First Chimeal ACTH Con
ference well desenned commendanon was given to the many n
vestigators for the truly vast amount of excellent research work that
had been accomphished 1n the short time that the himued quantitses
of ACTH were nmlable This was parucalarly true of studes relat
g to the physiologic and metabolhic function of the adrenal gland n

the normal human being and 1n different disease states

It was reported in that volume that increased adrenal cortical
function altered the chinical course of 2 number of disease syndromes
but the pomt was made at thar ume that mMlensive i estigrnon
over a wide aren of mediane would be required 1o develop a reason
able pattern of the role and funcuion of the adrenal gland i health
and 1ifincss in general Jt was hikewise forecast that a tremendous
amount of work would he required to armse at vahid conclusions
concerning the effect of adrenal corical sumulation in varous disease
syndromes 1md even more mmporant to elucidate the physialogic
and met1bolic abnormatities which may be concerned m the many
apparently widely divergent disease states which are altered by
adrenal cortical sumulation

In drawing up the program of the Second Clinical Conlerence
the mrjor emphasis was on the investigation of new areas of fun
damental and chmeal saiences or on new approches to well-defined

roblums On the other hand an attempt »as also made 1o Amve

2t an o erall evatuation of the therapeutic effectt eness of AGTH sn
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daseases previously reported This Hiites was done by holding symposia
on different related dhsease syndromes

An attempt wis made to keep the conference informal 1n arder
to allow a free exchange of wdexs as was the case 1n the first con
ference w consequence of which considerable discussion arose

Many of the stuches have fusther clnfied the funcuion of the
adrenat ghind 1n physiology and metabolism Many other studies 1
progress hive conunued to explore the role of the adrenal cortex 1n
disease 1 generid and stdl othiers have more clearly defined the use
of ACTH 1 the treatment of specific disease syndromes

The authors and discussers n the second conference had an op
portunity to revise their presentition and discussion remarks In
order 1o expedite publication the manuseripts and dascussions are
published withour further sigmificant ediung or correcuon by the
authors the editor or the pubhsher

In view of the prehminary and tentatne nature of many of the
results yeported 1 this solume the coments heren may not be
quoted without the prior consent of the author and the publisher
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PART 1

GENERAL ADRENAL CORTICAL PHYSIOLOGY
AND ADRENAL CORTICAL STEROID
SECRETION AND EXCRETION

1
Studies with Labelled ACTH Preparations* §

Martin Sonenberg § Albert S Keston and William L Moneyf

MEMORIAL CENYER FOR CANCER AND ALLIED DISEASES CORNEIL UNIVERSITY MEDI
CAL COLLEGE AND NEW YORK UNIVERSITY-BELLEVUE MEDICAL CENTER NEW YORK

We have previously reported'® the feaubiity of labelling
puuntary protems with radioactsve sodhne (I™) The specsficsty of an
™ fabelled ACTH preparaton for the adrenal cortex of the rat was
d rated by rad graphy (Tsgure 1) as well 1s by direct
radicactivity measurements of the gland The rapid disappearance
of radicactivaty from the adrenal was demonstrated The presence of
radtoactivity 1n the thyrard was assumed to be due o 1odine which
was broken off the labelled ACTH

The technique of trace Jabelling? was used to prepare the radio
actve hormone preparatsons emnployed m this study In this method
the average ratwo of radsoactive substituent molecules per protemn
molecule 1s a small fraction \When small traces of the labelling rea
gent are used there ss greuter hikelthood that brologreal activsty will
be retamed for 1t becomes very improbable that the same molecule

* This work was carsied out duning 2 tenure of a fellowship sn Cancer Researth of
the Amesican Cancer Soacty 1nd supported ta part by a grant ta aid Irom the Amers
can Cancer Society upon recommendttion of the Commuttee an Gros th of the National
Research Councs! This study was supparted 1n part by the Of ce of Naval Research
and the Atomic Energy Commussian under Contract no N8 onr 66

t¥e are wndebted 13 Dr Ruton W Rawson for his tooperation and interese i
this mvesugation We are also grateful to Dr Wendell € ¥eacock and Dr Pamrck
Fatzgerald for therr ssustance

Miss Jean Fager Miss Virgioma Lunas Miss Eva Summel and Mr Jerome Weunstein
contributed valuable technical assistance 1n (hese studies

3 Fellow sn Cancer Research of the Amencan Cancer Socsety

1
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WOE I8AR was constdered (o have 80 tmes the activity of the LAIA
standard while the 13801 preparavion contuned 22 tunes the ac
ity of the LAIA standard ) Ths correspanded to a riuo of active
matenal of approvimately 10 1 One nunure after an antracardiac
wmyection these vmmals were sacrificed by exsangunation and then
perfused with 100 cc of notonsc siine The adrenals were then re
moved and asstyed for Tadiowctn ey

0 Pertused
30
§§~Non Perfused

Y6m TISSUE
»
=]
]
4

N

ACTH §131 ACTH 1131
No {4 No 2
WOE 18 AR J 13804

¥ic 2 Relatsenship of concentrauon of radioactiuty in the adrenals
alter the admymstration of I labelled ACTH preparations of varymg
biologieal potency

Comparisans are made {Figure 2 and Table 1) between che con
centrations of radioactinity expressed as per cent of the admuimistered
dose which localizes mn 2 gram of ussue There was an absolute m
crease with a rano of approximately 8 { n the degree of locatization
of Tadioaceuaty of the more brologically potent Preparation (Armouyr
WOE 18AR) over 2 sumilarly labelled preparation {Armour J13804y
of modern hormonal acawnty This 15 m good agreement with the
t;t;mai:d dosage rauo of active substance n these Preparationy
of 1o 1

Seven ammals were treated m a simslar mnner with the two
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Fic 1 Radroautograph of an adrenal gland from an anmmal that had re
recerved an I'** labelled ACTH preparation

which has been labelled will have been oxidized or reacted :n any
other way The 1adioactive hormone preparations used 1n these ex
perniments were made by 10dination with small amounts of I'** rela
tive to the amount of protein

CORRELATION OF BIOLOGICAL ACTIVITY WITH
LOCALIZATION OF RADIOACTIVITY ATFTER
THE ADMINISTRATION OF A LABELLED
ACTH PREPARATION

An attempt has been made to obtain further evidence of the
spectficity of labelled ACTH preparations for the adrenal glands
For this purpose comparisons were made between biological potency
and localization of radioactivity

S1x normal adult male Sprague Dawley rats were injected 1ntra
cardially with labelled AGTH* prepartions of different biological
potencies Each rat receved either 150y of the Armour WOE 18AR
preparation or 500y of the Armour J13804 preparation (Preparation

AT the ACTH used i this study was kindly supplied by the Armour Labora

tories
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WOE 1BAR was considered to have 80 times the acersaty of the LAIA
standard while the J13801 preparwtion contuned 22 umes the ac
ity of the LAIA stwndard ) This corresponded to a viuo of actse
materiat of approsimaely 10 1 Oune wunuie 2fter 1 itracardrac
mjection these wumals were sacrificed by essanguinition and then
perfused with 100 ¢c of 1sotonic sahine The adrenals were then re
worved nd assayed for vathoactsaty
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Fio 2 Relatrominp of concenvration of radioactvity s the adrenals
after the adminustrauon of I labelled ACTH preparations of varying
brologrcal potency

Compatisons are mide (Figure 2 and Table I) between the con
<entrauons of radioactivity expressed as per cent of the admunustered
dose which localszes in a gram of ussue There was an absolute m
tTease with a ratio of approximately 8 1 m the degree of localization
of radioactivaty of the more biofogicatly potent preparation {Armour
WOE 1BAR) overa sumilarly labelled preparation (Armour [13804)
of modern hormonal actavaty Thus g5 an good agreement with the
CS{L;Y(!)\a]\td dosage tapo of actuwve substance m these preparatons
ol

Seven ammals were treated m a sinmlar manner with the wo
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Tadle I
Adrenal  Adrenal Ave
Rat nt ut m G P G BV 0 P fem
Preparation gms mgms opm Adrenals  Adrenals  Adrenals
WOE 18AR.
Perfused 213 292 3761 0071 243 2
¢ a7

273 no 387 0672 232

Non Perfused 222 330 5591 0106 321
248 35 3312 0063 188 222
254 483 4066 0078 158

113804

Perfused 264 %1 o 0013 034
238 360 235 0011 03t o3t

260 407 240 001 027

212 362 250 0012 033

Non Perfused 240 483 655 0031 064
217 290 653 0031 107 oe

255 372 816 0039 105

224 355 545 0026 073

CPM s county per munute
Last 3 colurans show % of Il in ACTH sample used which Jocalied i the adrenal

glands
Iabelled ACTH preparauons with the exception that the ammals
were not perfused following exsangumnation

When comparnsons are made {Tigure 2 and Table 1) betueen the
degree of localzatton of radioacuvity s the adrenals there 1s but a
factor of approximately 2 5 1 1n favor of the more biologically potent
AGTH preparation This 15 1n poor agreement with the ratio of ap
proumately 10 1 anucipated from the hormonal activities On per
fuston the more active preparation seemed to lose no appreciable
radioactivity whereas the less active preparagyon Jost over 60% of the
ongmal radioactivaty Thas suggests that much of the matersal lost
by perfusion was non specific for the adrenal

It 15 to be expected that when hormone preparations of low bio
Jogical actiwty are used the rodinated non hormonal protems would
create background which would tend to mask any speaific binding
Hence in future experiments we shall use 1f possible the most bio
logxcally active preparations available

Attention wiil be focussed mamly on that friction of the radio
activity i a tissue which resists perfusion or which sur\lnes the fixa

tion procedures used 1 preparation for graf
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DISCUSSION

bR PAUL STARR {Untiersity of Southern California School of Med:
cine Los Angeles) We have been working on radioactive TSH (pr
tuuary thyrod sumutaung hormone) at the Umversity of Southern
Cahformia Is there any posstbshity thar not all of the molecules of
the ACTH referred to by Dr Sonenberg in hus work are acteally
wdimated? In other words only 10 per cent of them could be 1od:
nated with the 1sotope and go along to the gland but the stunulation
of the gland be due to the umodinated ACTH

In relation to the fact stated s e that there was a radwantograph
of the thyroid-—in other words that some of the 1odide went there
my question 1s as follows Is that due to unbound 1sotepe or 1s 1t con
cenable that some of the tabelled ACTH also went to the thyrod?
I so did the thyroid show evidence of mbtbition s one would ex
pect? Mot as one would expect but as one would hope?

Next 15 1t possible——(I am really ashang for the work on TSI
{prtuntary thyroid stmulating hormone])—that any 1odmated TSH
1h turn has gone to the adrennl cortex?

DR MARTIN SONENBERG In these studies Dr Starr we are only meas
uring radioactivity The possibibty that some of the molecules my
not be 1odinated and are sumulating the gland 15 very possible The
only way we can approach the problem 1s to run controls and notce
that other substances do not bebave as I labelled ACTH does

As far as the radioactisty sn the thyroid 15 concerned I may have
been a bittle brief on that point We assume 1t 1s due to morganic
1wdide inasmuch as when morginic rodide 15 given thirty seconds
after 5t 1s given antravenously you can prck up sigmificant amounts
of radsoactivity 1n the thyroid However after the adminsstrauon of
labelled ACTH there 13 a tag of about exght mnutes presumably the
period when the ACTH 1s being broken down Then the curve
the thyroid rises very precpitously We have concluded from this
that 1t a5 the morganic 1odide which 1s localizing not the radicactiye
pratein Furthermore the ACTH preparttions used had vittually
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no assayable TSH (prtwitary thyroid sumulating hormone) n them

1t 1s possible that TSH erther labelled or non labelled may lacat
1ze 1 the adrenals Qur studies with labetled TSH have not helped
elucidate this pownt Incidentally we feel that TSH 15 quate inhomo
geneous of all the pitwutary fractions available to us
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Metabolic Effects of Small Moleculur ACTH
A Prelimmary Report*

Peter H Forsham A Renold J B lesh

PETER BENY BRIGHAM HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON AND
THE ARMOUR SABORATORIES CHICAGO

MATERIAL

To date small molecular ACTH has been given thzee clinscal
tnals *?* In all the matenial was prepared by Lis pepuc digesion
method The present communcation deals wath the use of 3 more
tughly punfied preparation asolted by Lesh and his collaborators of
the Armour Laboratories ¢ The material represents the high potency
fraction 12 obtamed from standard materal fractionated by pH ad
Justment  pepuc hydrolysis and counter-current distribution of the
inchloracenc and soluble fracuion following pepsin treatment This
preparatton was made up 1n propylene glycol solution 1 mY of which
comtatned 0 4 mg of sobid of which 6 34 mg was orgamic material
Assay by the method of Sayers Sayers and Woodbury® as modified
by Munson revealed a potency of 35 mg 10 terms of standard LAT A
per ml of the propylene glycol solution In terms of the known or
game content this ACTH preparauon was thus approxsinately one
hundsed tumes the standard potency

ASSAY IN MAN

The method of Halls and Thorn® utilizng a Rty percent fall m
arculaung eostnophuls as an end pomnt was employed with the results
shown m Table I There was a very wide scatter of the results How
ever the potenty of the matenal seemed to be certainly as tugh and
mast probably lgher than that determined by the rat assay

The anthors wish 1o extend thewr thanks 1o Dr George W Thon
tinued yoterest and advice  this sudy They alsa wish foextend then ﬁ;},’;ﬁ,ﬁ;‘n
to Dr Thomas F Frawley for setting up and superviung the lormaldehydagenic sierout
determunations and to Mass Ann L "Grimes Mrs. Lois Nellis Miss Claire Preston and
Mr Willam } Reddy lor ther techmaal help
7



8 SECOND CLINICAL ACTH CONFERENCE-'
Table I '

Eoswvoprin Assay or PoLvreproe ACTH

Dose by Aumal Fostnophal Fall

A):' say Normal Subjects %’ F D”’j{ Izuman Foctor
25mg D W 53 50 my 20
25mg cL 33 26 mg 10
25mg DL 18 18 mg 072
125 mg DS 63 101 mg 80
125 mg DH 35 27 mg 22 7
125 mg DS 26 22mg 18

MELAN 26 T

METABOLIC STUDIES
INTRAMUSCULAR ADMINISTRATION

C B a twenty year old normal English student served as a sub
ject He was placed on a constant diet and constant fluid intake con
sisting of C 280 P 135 F 162 Na 140 mEq Kk 120 mEq flmd 2000
ml per day Throughout the pertod the bowel habits were regular
Urine was collected daily and bloods were obtained for studies at ap
propriate time ntervals Methods employed were those previously
used by this group 1nt other studies * Sodium and potassium determt
nations were done by 1nternal standard flame photometry s

- e

Experimental Set Up

The polypeptide ACTH preparation ACTH No R 256023 |
(henceforth called PPA) was idmimstered mtramuscularly every six @
hours after diluting the propylene glycol solution with an equal vol |
ume of saline within twelve hours before 1ts use leaving the syrmge
1n the 1cebox throughout The ACTH No J 8006 (henceforth called
RA) nas administered similarly but merely dissolved 1n saline 50 as 1o
have a final concentration of 20 mg per cc The dosage administered
being made comparable on the basis of assuming PPA to be 100 tumes
standard potency are clearly indicated i the diagrams n terms of
the Armour Standard LA 1 A The plan set up was to first gnve the
PPA 1n increasing dosage to then have an mtenim pertod with no
treatment and subsequently 2 period of RA with doses comparable
to those of the PPA previously given

Results
A Muscellaneous Changes

The fall in arculating eostnophils was qualitatively comparable
with the two ACTH preparations used (T1ig 1) but quantitatively
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more marked with RA Serum uric acid fell 15 mg on the PPA and

2 mg % on the RA while there was 2 sl

only on RA

ght rise 1 urinary output

Both preparations produced changes 1n carbohydrate metabolism
(Fig 2) with a minor r1se n fasung blood sugar 1n both nstances
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more marked on RA Urmary phosphorus fell more on RA presum
ably as a consequence of mncreased liver glycogen deposition

1V glucose tolerance tests using 0 % grams per kilogram intrave
nously m 20% solution grven over a thirty mmute persod on dhe last
day of 140 mg of ACTH showed a moderately diabetic type on PPA
and more so on RA 1n both mstances accompanied by a less than the
usual 209 fall m serum morgame phosphorus (Fig 3) This would
mdicate perspheral under utthzation of the glucose administered

B Electrolyte Changes
No significant water retention was obtained on PPA whereas there
was water retention with rebound on RA (Fig 1) There was a sig
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nificant sodsum retention on PPA with a sebound to the previous
level On RA the sodium retention was more marhed with a rebound
beyend the cantral lesel Changes in uninary chioride followed those
of sedium Potassium changes were neghgible on PPA and there was
ashght potassium retenuon on RA There were no ngmibicant changes
i serum electrolytes on exther preparation

1V GLUCQSE TOLERANCE TESTS

230 -~ TR AC AW 8 Tw
e VIR RO E TOE ACTH
i e — EOKTROL

23
"%
30 T 30 2q T80 mn res
Tic 3
Summary

In general PPA showed the same qualitanve effect as RA m these
experiments When comparning the changes produced quantstatively
PPA appeared approumately twenty five tunes as potent as RA An
exceptional reacuion was the fall i 17 hetosteraids on PPA which
suggested a number of possitble explanations

(1) That a msmumal strmulation of the adrenal cottex as was
obtamed by the dosage of PPA used mught fal to produce a rise in
17 ketosterosds

{2y That PP\ mught sumulate only the Comp d F hike :
of the adrenal cortex which would then suppress endogenous ACTH
suffictently to reduce the normal 17 hetosterowd excretion

The second powt was ruled out by an travenous expenment
based upon the use of 0 4 mg of PPA
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INTRAVENOUS ADMINISTRATION

Gordon® had shown previously that intravenously administered
AGTH given continuously over a prolonged period exerts a much
Ihigher brological effect than repeated intramuscular injection in man
Ingle® had established that ACTH gien intravenously as a con
tnuous drip to rats led to the formation of truly gigantic adrenal
cortices With these facts 1 mind a simple experiment was set up
consisting of the admimistration of ACTH 1n saline contmuously
over an eight hour period

T V atwenty year old male student served as 1 subject He was
placed on a constant diet and constant flurds consisting of G400 P
150 F 240 Na 200 mEq I 115 mEq and fluids 2000 ml per day

Experimental Set Up

After five days on constant diet the patient was given 10 mg of
RA 1n 480 cc of 072% NaCl m water wmtravenously over a period
of eight hours The solution for infusion was made up m hourly
portions of 60 cc from a concentrate 1n order to avoid prolonged
exposure at room temperature During the infuston there was no
change mn meals which were admimistered 1n the usual fashion hav
ng had the contents of the intravenous nfusion deducted dunng
the twelve hour period comprising the infusion Blood samples were
drawn at appropriate intervals Twelve hour urine collections were
obtamed throughout from 7 AM 07 PM and 7PM w7 AM
The mfusion was started at 8 A M After a four day interval the
1dentical procedure was repeated wnjecting 0 5 mg of PPA

Results
A Miscellaneous Changes

The eosinophil fall while comparable with both ACTH prepa
rations occurred somewhat earlter and was more marked on PPA
The total white count rose with both to the same extent and returned
to normal withm twenty four hours There was a marked intermt
tent glycosuna with both preparations (Fig 4)

B Llectrolyte Changes

Urtne excretion mncreased with both preparations of ACTH
excess of the volume of flmid given intravenously Urnnary sodium
excretion showed no change during the twelve hours comprising the
nfusion on RA but a defimte decrease on PPA Dunng the ensuing

twelse hours there was a marked fall 1n unnary sodism excretion
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V_INFUSION OF POLYPEPTIDE AND REGULAR ACTH
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assoctated wath a fall in the urinary concentration of this 1on 1 bath
mstances The excretion of chloride followed that of sodium Urinary
potassium excretion showed a definite nise duning the first twelve
hours on both preparations more marked on PPA There was no
tebound retention (Fig 4)

C Unnary Stertod Excretion

The formaldehydogenic steroids showed a five fold increase on
both preparations during the twelhe hour period mcluding the in
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fusion The excretion of 17 hetosterords went from 115 10 172 mg
per twelve hours on RA and from 106 to 21 1 mg per twelve hours
on PPA (Fig 4)

Summary

Essenually wdentical effects throughout were observed with 10 mg
of regular ACTH and 04 mg of polypepude ACTH when exther
were given wtravenously over an eight hour period From practically
all the changes the ratio of potency worked out to be the same ma}
g the punfied peptide preparition 25 times more potent than
Standard LA1 A

The mtravenous effectsveness of RA appeared stepped up five
fold that of PPA eight fold when compared to the ntramuscular
route suggesting greater m situ nactnation of the purer form of
ACTH and/or a more rapd absorption smto the blood stream with
less efficient adrenal corucal sumulation

GENERAL DISCUSSION

PPA appeared to Jead to all the changes attributed to date to the
AGTH preparations of farger molecular size with the exception of a
rise m 17 Letosterords when the matenal was given intramuscularly
every six hours However by the intravenous route PPA led to 2
marked nise in 17 Letosterords

The effect of PPA guven mtravenously for eight hours 1s remark
able if one considers that onhy 50 gamma of brologically active ma
texsa} represent the theoretical maximum sumulating the adrenal
cortices during the period of one hour or somewhat less than 1
gamma per munute These changes mught be thus classified as truly
hormonal 1 character

Ihe potency of PPA judged bv oversll metabohe changes was
only one quarter of that obtained by ammal assay or the cosinophs
tr man Both are based on the effects of 2 single short actvation of
the adrenal cortex by the ACTH admimstered Metabolic changes
on the other hand rely for thewr magnitude and duration on con
unued or repeated adrenal lation which may well differ for
ACTH preparations of vanons molecular sizes though wdentical
short term action on the adrenal cortex

The data presented clearly d race that che polypeptide
ACTH 1s capable of producing the cardinal effects of adrenal cor
1ical sumulation as previously shown 1n man for the Inrge molecular
preparation Tviz Fostnoperua and changes in carbohydrate metab
olism sodinm and chlonde retenuon with potasstum Ioss and a rise
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1 17 hetosterord excretson in quantiues of less than L gamma per
miute ntravenously

SUMMARY

A prepiration of polypeptide ACTH which assayed about one
hundred times the standard prepiration LA 1 A by the rat ascorbie
acid assay and the human eostnophul assty was shawn to be twenty
five tumes as potent as the standard LA | A preparition n overall
metaboltc actinsty

‘The polypeptsde ACTH preparatson produced il the hematologt
<al and metabolic changes preswusty demonstrated with the use of
the commercially avartable prepwauons of Armour ACTH

Marked changes were produced with as hiutle as 1 gamma per
munute when admunistered wrmenowsly orver an erghe hour penod

The small molecules appear 1o be biolegically equivalent to
their larger progemitor
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DISCUSSION

DR CHARLES RAGAN (Presbyterian Hospital and Columbia Unuversity
College of Physicians and Surgeons New Yorl) We have some ma
terial that has been prepared in approximately the same way as that
done by Dr Lesh This was made for us by Dr Folkers at Merck
‘We have used this on several patients with rheumatord arthritis
One characterstic feature of this preparation has been that dur
ing the process of hydrolysis most of the antidiuretic principle has
been removed and 1n our studies we have been 1mpressed that with
adequate control of the symptoms of arthritis there has been very
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lrtle sodsum retenuon wath these small molecular preparavons In
¥ig 515 shown such a case He secenved a rather lasge amount of
degradauon product of ACTH 50R17%7 mn a dose of approximately
40 mgm adyy There was a minor degree of sodium retention

A smaller molecule 50R3033 1w 1 dose of 414 mgm 1 a 24 hour
penod wis followed by 1 vemsssion of symproms of arthritss but with
relanely no change in sodium excrenton With 2 simslar remssion
brought about by Armour standard ACTH there was a significant
weght gun and maoderate sodwin retention

DR SUERDOV mARGEN In the oniginat report of the metabolic effects
of peprdes derived from ACTH whieh ne presented at this meeting
one year ago {refer Proceedings of Firse ACTH Conference  for
data) we noted a greater sodium retmmng effect of the peptde than
of the whale ACTH 1n reltson 1o the amount of water retamned and
assumed that the discrepancy conld be aunbuted 1o posterior preus

tary contansnation of the whole ACTH The increase in 17 Letoster

oid everetion was very marked with both materials

PR J § L BrROWNE [ would hike to pomnt out that there 1s a natuslls
occurning csreumsiance thatof pregnancy sn which these 1sa marked
discrepancy betneen formaldehydogensc unnary corucords or b
ologically active corticords and the 17 hetostevards true 17 hetoster
oids nat rising and the other matenals nung quue markedly as
shown by Dr Venning

Other arcamstances m the body beside the nature of the ACTH
admimstered may affect thus type of response

bR wituiav @ worrson (Unnemity Hospital Ann Arbor) Our
studies an Yong acting ACTH preparations have forced us 1o do bio
amay studies companing the metibalic effects of different ACTH
Preparations In the process we have fallen snto most of the available
traps some of which are avalable to confuse almost any study of
this type

Table 1T ndicates that some metabolc indices change so rapadly
I response £0 a constant daly dosage of ACTH that they simply
are of no value 1 comparatte bioassay Thas figure summarizes aver
age data from 26 subjects gvent 40 mg doses of Adactar on each of
two successive days during which 21 hour unine collections are made
Results are compared with values in control 24 hour unmes In
general the test 18 ssmilar 1o the 48 hour agueons ACTH rest intre
duced by Forsham and Thorn

On the first test day the metabolic ndex which shous the largest
change 1s the urine potassium/unne sodium ratie This however
fades out very rapidly and 1s far less elevated on the second day With
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Table II
ErFecT oF Two Successive 40 M DOSES oF ADACTAR Iy 26 Sun[ECTS

% of Control Value

Furst Second
Test Day | Test Day
URINE URATE/URINE CREATININE 113% 110%,
URATE CLEARANCE/CREATININE CLEARANCE. 129% 1289,
URINE POTASSIUM/URINE CREATININE 115% 100%,
URINE POTASSIUM/URINE SODIUM 223%* 106%*
URINE HISTIDINE/URINE CREATININE 135% 150%
URINE 17 hETOSTEROID/URINE CREATININE}| 1519 163%
* Median values

doses of this size  potassrum diurests 1s much less prominent €ven
1n the first 24 hour urine than mn a four hour test and 1s almost absent
on the second day Clearly counter regulatory factors so largely in
fluence the changes 1n these electrolytes that they are of little value in
quantitatiye assay work

Two metabolic functions show a progressive increase durmng the
48 hour procedure These are the urine 17 ketosteroid /creatinine
ratio and histidine/creanmne ratio The values of urine urate/cre
atimine and urate clearance/creatinine clearance occupy an mter
mediate position between the type of change shown by the electrolytes
and the type of response shown by ketosteroids and histidine

These patterns of change appear to be fundamental to the indices
studied and have been observed to occur 1n gout patients m then
matord arthritis pattents and 1a controls Any qualitatise differences
between various groups of subjects which we have found are poorly
established and may disappear with further expenience

A second point deals with the problem of evaluating the results
of studies tn which one ACTH preparation 1s given for a particular
period and a second preparation 1s given after a brief rest period In
one such study 1n our sertes aqueous ACTH was given n the first
period and Adactar in the second period The results were almost
identical with those Dr Forsham has reported here no ketosterord
increase 1 the first pertod and a marked increase in hetosterord ex
cretion 1n the second period Later studies with the same lot of Adac
tar showed that when compared with aqueous ACTH by other pro
cedures 1t gave almost 1dentical increases 1 unine 17 ketosterod

As a result we have come to question whether successive com
parison with an interspersed rest period 1s actually a valid compara
tive assay procedure The admnistration of ACTH followed by 1ts
withdrawal produces profound changes 1n body physiology and we
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do not yet possess 1y relible way of determunmg the trme at winch
the subject has returned to a basal status

DR JOSEPH E WARRFA (House of Good Samaritan and Hanard Med:
cal School Boston) Dr Torshams sepost on the potency of these
small molecules s frscinrting but [ am worried a bit about the de
pendability of these sequential ass1ys

We hue been dom,, some studies of the climical 1nd metabolic
effects of short (4 day) courses of ACTH 1n low grade rheumatic
fever and hve noted that there 1s often a varible polyphasic recovery
pentod of five to fifteen days duration At firsst after omusston of
ACTH there m1y bea rebound of the e philes and of other
mdices of § hormone activity This rebound reaches sts peak in
anywhere from two to ten days 1nd may be followed by a second
phuse of endogenous ACTH production which 1n twrn may be
shightly excesstve before stabihization occurs at the previous or a nor
mal baseline

Since the peak of rebound may be delayed ta five or six days 1t
1s not unhikely that 2 second course of exogenous ACTH at an erght
day merial may conade with a peniod of increasing endogenous
production of ACTH and of increased sensitivity of the target organ

DR PETER H FORSHAM The suggestion that endogenous ACTH pro
duction maght change seral expertments 1s well taken However
our first experiment we had 1 one week snterval which should have
allowed the return of basal endogenous ACTH production In the
muravenous experiment small amounts of the large molecule were
grven four days after the small molecular preparation and 1t 1s pos
sible that the pitustary was 1n active rebound at the ume of the second
experiment

The exstence of different maxima for vanous indices of adrenat
cortical activation for different preparations of ACTH 1s very likely
It 15 of 1nterest that when ACTH was grven intramuscularly this was
found to be true but effects followng intravenous ACTH could be
practically supertmposed for the large and small molecule

There was no antidiuretic effect of the small molecuiar fractions
but actually a diuretic effect was ob d with ntra d
tration, with marked sodiurmn retention

The results reported with the small and rather homogenous
ACTH are identical with those reported by Dr Li and hus colleagues
on two previous occastons Barning contamimation with an ultra po
tent large molecule tt ippears that this preparation with an average
molecular werght ranging from 1000 to 1500 shows all of the effects
of large molecutar ACTH
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Concerning the Probability that There Are at Least Two
Adrenocorhicotrophic Hormones n the Human Being*

N B Talbot, M S Wood, A M Campbell, E Christo,and A §
Zygmuntowsez
MASSACHUSETTS GENERAL HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON

At last year s conference data was presented which indicated
that the unnary 1117 oxycorticosteroad (11 17 OCS) output per
square meter of body surface (m?) per day of normal mfants chuldren
and adults was essentially the same At the same time 1t was shown
that the urinary 17 Letosterord (17 AS) output per m? per day was
low during the first approximately 8 years after which at rose steadily
until adult levels were attained at about 18 years The present paper
describes studies undertaken 1n an effort to gather mformation con
cerming the possible nature of the factor or factors responsible for
this quahitatie change in adrenal cortical activity during adolescence

The 1nvestigations reported here are divided mto two parts The
first were designed to determine whether the responsiveness of the ad
renal cortex to a standard ACTH stimulus varied with age The
second had the purpose of determining whether the response of the
human adrenal cortex to endogenous ACTH secreted 1n response
to stress might differ appreciably from that observed following ex
ogenous ACTH admimistration

METHODS AND MATERIALS

The urinary sterord analyses were performed with the aid of
methods reported elsewhere** The 17 ketosterord procedure 1n
cludes steps designed largely to el errors or gverestunation
due to common nterfering chromogens Likewse the 11 17 oxycor
ticosterord procedure mcludes an extensive punfication procedure
which appears to reduce errors of overestimation due to non steroidal

. sk was supported by grants from the Commonwealth Fund of New York
from ?x?é'i;‘im.. Caneer Soclcl; and by generous allotments of ACTIH from Armour

and Company 2
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reduting agents to a mmimum Becuse of these factors 17 hetoster
oid and 11 17-0vycorticosterord values obtamed with the ad of
these mlyhe methods tend to yield lower values than are gnen by
2 number of other methods w common use

RESULTS AND COMMEINTS
1 Lffect of exogenous ACTH upon unnary steroid excretion

Figures § 2 wnd 3 deserabe the chnges in uninary H 17 oxyeor
trcosterord and 17 hetosteroid excretion noted when ACTH was
guven te 3 infants 3 cluldren and 8 1dulss In the mfants (Tigure 1)
ACTH 3nduced 1 greater absolate mcretse 11 17-0xycortico
steroad excretion than € did sn 17 Letostesosd excretion By con
trast an the children (Figure 2) and adalts (Frgure 3) ACTH treat
ment caused a greater absolute merease n 17 ketasteroid than
1117 ovycorticosterosd values

The magmitude of differences 1n response are mdicated 1n Table

v

WMy, 0 T fw aler oo W Ta LAY O3E 3
& 7a0y ” Akt TesTouT & swos »
[ 5oy m .
L B ] T ey
® N

2 2
.« 3

7 XETOSTEROID DUTPUT
MG PER DAY

e FER DAY

447 OXYCOATICOSTEROID CUTPUT
-

By
3

PR

Fic 1 Effect of Avmour ACTH admunmistrafion upon the wrinary 11 17
oxycor d and 17 k d excretion by 7 wnfants Results ex
pressed as absolute milligrams per 2¢ hours ACTH dosages grven as mg
per square meter of bedy surface (m®) per day
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I Note in the middle columns that nfants attamed constderably
fugher absolute 11 17-oxycorticosteroid values than either children
or adults Contraniwise adults attamned very much higher absolute
17 ketosteroid values than mfants and children Nonetheless the
younger subjects excreted appreciable quantities of 17 ketosteroids
while under the mfluence of ACTH The data of the night hand
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Fic 2 Effect of Armour ACTH admunistration upon the urinary 1117
oxycortic ds and 17 k ds of 3 children The design of this fig
ure 1s the same as that of Figure 1

columns reveal that ACTH caused a much greater per cent increase
in 11 17 oxycorticosteroid than in 17 ketosterord excretion above
control values n all three groups of individuals As might be ex
pected from these findings Figure 4 shows that ACTH treatment
rarely caused the urmary 17 Lketosteroid output to rise even to adult
normal levels without inducing marked hyper 11 17-oxycortco
sterorduria This was universally observed in persons under 15 years
of age and 1n over half of those over 15 years old

Comments Administration of Armour ACTH apparently causes a
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Fie 8 Effect of Armour ACTH admsmstration upon the urnnary 11 17
oxycarticosterord output of # adults The deuign of thus figure s the same
as that of Figures 1 and 2

very large increase in unmary 11 17-0xycorncosteroid exeretion
sndwviduals of all ages and especrally 1n nfants The latter fact 15
Temarkable 1n view of the small size of the wmfant {about 0% to
05 m?) compared to the adult (about 1 7 m?)

Avalable mnformation mndicates that the capacity of the adrenal
cortices to secrete 11 17-oxycorticosterords wanes rapidly 1n the ab
sence of ACTH * Hence 1t scems reasonable to snfer from the fore
going data that the antenior prtuntaries of the mfants chyldren and
adults ahke must normally produce appreciable quantities of an
ACTH capable of lating 11 17-o%ycortic d secretion

Adrunstration of AGTH also causes a marked and approximately
¢quivalent per cent increase m unmary 17 hetosterond excretion 11
andividuals of all ages 1rrespective of the mtensity and duration of
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I Note mn the middle columns that mnfants attamed considerably
higher absolute 11 17 oxycorticosterord values than erther chuldren
or adults Contrantwise adults attained very much higher absolute
17 ketosteroid values than infants and children Nonetheless the
younger subjects excreted appreciable quantities of 17 ketosteroids
while under the influence of ACTH The data of the right hand
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¥ic 2 Effect of Armour ACTH admimstration upon the urnary 1117
oxycorticosterords and 17 ketosteroids of 3 children The design of this 4
ure 1s the same as that of Figure 1

columns reveal that ACTH caused a2 much greater per cent mcrease
m 1117 oxyeortcosteroid than i 17 ketosteroid excretion above
control values m all three groups of individuals As mght be ex
pected from these findings Figure 4 shows that ACTH treatment
rarely caused the urinary 17 ketosteroid output to rise even to adult
normal levels without inducing marked hyper 1117 OXycoTtice
sterorduria This was umversally observed 1n persons under 15 years
of age and 1n over half of those over 15 years old

Comments Admmstration of Armour ACTH apparently causes 2
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Fic 4 Relations betueen urmary 11 17 axycortscosterond and 17 keto
Sterord ralues of i endocrinal Ity normal per
sons to novmal values during periods of ACTH treatment Note that m
s figure sterord excrenion values ate expressed as mg pes m? per day
The horizontal shaded area near the bottom of the figure guves the normal
range for 11 17-0%ycortscasteraud output by healthy persans The verucal

shaded arex guves the normal adutt male plus female range for 17 keto-
Stero1d excretion

dosage Thus suggests that the 17 hetosterard excretion values of
fants and children normally are very nearly zero because thear adrenal
tortices are not bewng sumulated by an ACTH capable of inducing
normal adult type 17 ketosterod precursor production
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Aetosterond production to be relatnnely undeveloped during infancy
and early cluldhood and to enlwuge durning adolescence Blackman
has described histologic changes in the zona reticulans which largely
fulfill these theoretcal requirements *

2 Effect of Stress upon Urinary Steroid Excretion

Figures 5 and 6 present obsenauons on two patients who did not
tecene exogenous ACTH but who undervent stress sufficrent to
cause alterations i endogenous VCTH production as measured by
changes in uninary steroid excretion The first was an adult who
suffered severe thermal burns the second nas a 19 year old diabetic
Mongol who had a serses of 1sulin reactions Observe that m both
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Fic 6§ Urimary 11 17 oxycorticosterord and 17 kelosterord excretion by
a diabetic Mangol before (days 0 to 72) and during (days 72 to 93ya period
of stress 1 by tnsulin Results expressed as mg per 24
hours From "The effect of vartous regimes of msulin therapy upon ad
renal cortical function in the dzbetic panent (In preparation) by
McArthur J W Chao H € MacLachlan E.A Momll M ¥ Zygrmun
lew':,a A'S Wood M § Campbell A M, Talbet N B and Butler
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These findings make 1t appear hikely that the human antenor
pruitary secretes one type of ACTH which sumulates 11 17 oxycor
ucosteroxd production throughont hife and that during adolescence
1t commences to produce a second type of AC I'H which 1s responsible
for adrenal cortical 17 Letosterord formation IE this thess 1s cor
rect one would expect the adrenal cortical zane responstble for 17
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DISCUSSION

OR RORERT KLEiN I think that there is one note of cauttan that must
be uttered that does not negate Dr Talbot s thests entirely

We mast look with suspicion on any comparison of the relatine
changes m sterosd output tmn children In the minute amotnt of chem
iwcally measured 17 hetosterowds thae young children excrete there 1s
probably hittle or no androg: Hly active material The increase m
17 ketosterotds sn the unine after ACTH presumably does not repre
sent these nonspecific chromogens but adrenal hormonal products
Thus an anfinite rise 1 the output of active substances may be ob
scured by this error in measurement

DR EBCAR S GoRDOY (Wisconsin General Hospital and Unnersity of
Wisconsin Medscal School Madison) All of us who hwe been domg
steroid work have run across the phenomenon I am sere m which
using the same ACTH preparation in different people gives 1 vast
discrepancy between the 11 oxy and the 17 ketosterod respornses
For example we have many patients who have enormous 11
oxysteroid yesponses and no mise or no apprecaable nise m the 17
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of these patients there was a distinct tendency for the 17 hetosterod
and {1 17 oxycorurcosteraid output values to undergo oppostte varia
tians These changes are m sharp contrast to those seen following
exogenous ACTH adminstration (Figures 1 to 4) where the output
of botl types of steroid tended to nise simultaneousty

Comments Gross divergences i urinary 13 17 oxycorticosterard and
17 Letosterord excretion of the types shown m Figures 5 and 6 hase
not been noted following esther the mstitution or cessation of ACTH
treatment  Hence 1t appears unlikely that they can be accounted for
by fluctuations n the mtensity of sumulus provided by a single
AGTH Rather 1t seems hkelv that they reflect vanations 1 the con
centrations of the two postulated human ACIH s one being con
cerned with 1117 oxycorucosteroid the other with 17 ketosterord
precursor production by the adrenal cortex Since the effect of ACTH
treatment wpon these patients was not studied there remains the re
mote alternative possibility that the divergences seen were due (3} to
changes 1 the responsiveness of the adrenal cortices to a single
ACTH or (b) to trmsient alterittons 1 the mrermediary metabo
lism of adyenal cortical hormones

SUMMARY AND CONGLUSIONS

Armour ACTH usually causes a stmultaneous 1ncrease 1n the out
put both of 1117 oxycorticosterords and 17 hetosteroids in mfants,
chitdren and adults The human pitustary on the other hand appears
capable of stimulating the formation of 11 17 oxycorticosterards and
17 Letosteroids at mdependenily variable rates Hence 1t 15 postu
lated (a) that the buman pituarary secretes twvo ACTH s one con
cerned with 11 17-0xycorticosterord the other with 17 ketosteroid
formation and (b) thac Armour ACTH exther contains both types
of ACTH 1 relatively constant proportions ot a single ACTH with
dual acnvity Armour ACTH appears to be about 3 tumes as potent
with regard to 11 17 oxycorticosterord production as xt 15 with respect
to 17 Letosterord formation

While vananions n the guahty of ACTH may account 1 patt for
differences w urmary sterard excretion noted n subjects of vartous
ages \ariations sn adrenal cottical responsiveness to ACTH also are
umportmt 4 standard single lot of ACTH was observed to induce a
relatnvely much greater mncrease i urmary 11 17 oxycorticosterod
and a much smaller increase mn urinary 17 hetosteraid formation n
ynfants and preadolescent children than n adults It remans to be
determned whether these differences dhsappear after fong continued

agmunistration of AGTH
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pr ¥ § L dROWSNE In regard to the 17 ketosteroid response 1fter in
jury I would hike to point out that Dr Yorbes and subsequemtly
Dr Nathanson and Dr Cope nd we ourselves used to find partic
ularly in burns that there was a recsprocal refation to the corticords
glycogenic corticosds rising and 17 Letosterords falling However re
cently as we have improved the nutntional status of our burn cases
mour group we have found that the 17 hetosterowds do not fall nearly
so markedly as they used to

Therefere there 1s the posssbnhity that esther the adrenal response
has been modified by the nutribonal state or that the subsequent
metabohic pathuay of the sut cs has been modified by the nutr:
uonal state

DR PETER # rorsiant It 1s well established that cortisone and for
that matter Compound ¥ will lead to a nise in uninary Letosterouds
Therefore 1f these chsidren tend to put out a lot of 11 }7-ovysterods
they eventually w1l show 2 rise 1 17 ketosterowds

The nise 1 17 hetostesosds being preceded by that of the 11-0xy
sterords which Dr Browne just discussed probably represents a
breahdown of some excess of 11 17-oxysteroids to 17 hetosterods

Inasmuch as this very small molecule of Lesh s that I spoke about
this mormng does everything that the large molecule does I would
feel that the evidence for the exustence of two dsfferent types of
ACTH while 2 tantahning wdea has as yet to be established

DR JANET MCARTRUR (Massachusetts General Hospital and Harvard
Medical Schoot Bostonj Dr Talbot and fus assotates have made
obsenvantons which reveal that healthy persons of alf ages show an
approximately equal increase 1n uninary 17 hetosterord excretion fol
lowing the H 1 ratzon of standard doses of testos
terone propronate This finding suggests that the infant s capacaty to
transform and excrete this type of uninary 17 Letosterond precursor
1s niot greatly different from that of older indisiduals It follows that
preadolescent children should have an appreciable uninary 17 keto
sterord output if they were producing important quantities of these
steroids

The essence of all the reservations which have been expressed con
cernsng Dr Talbot s dual ACTH hypothesis seems to be that hus 15
a possible but not a necessary conclusion from the data he has ac
cumulated ‘W ith the justice of this view Dr Talbot would 1am sure
be the first 10 agree His purpose in presenting this materal was to
provohe discussion and in this undertaling 1 should say he had nota
bly succeeded!
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Fetosterards In the next panent recerving exactly the same prepara
tion ke will have an enormous nse 1 both

This would tend to indicate that 1t 1s the adrenal gland stself that
1 responding differently

DR BRAM ROSE By an unfortunate comerdence 1 don t happen to have
the slide I would lthe to show that the adrenal may respond in the
same panent i different ways depending upon the state of that par
tcular patient

Thus concerns a patent with Jupus whom we have obsersed for a
periad of one year She was started on 100 mgs of ACTH m dinided
doses over a ten day penod and then with a lapse of one week she
had a second course With the first course the 17 hetasterotds rose
quite markedly Wich the second conrse they rose 1o about half that
level and with the third course they did not rise at all Tt was the
same pattent with the same adrenals

DR JEROME w conn I would hike to mnject one more theoretical con
sideration mto this discussion The spontanecous refease of endoge
nous ACTH as the result of stress 1s not necessartly alan to
myjection of exogenous ACTH As we learn more about mechinisms
which release ACTH from the putwitary gland endogenously we real
1ze that that total reachion may not represent sumply a release of
ACTH but a release of some other substances from the prtuntary $t
multaneously as the result of a given stressing situation and that such
substances may modify the action of endogenons ACTH as compared
with the injected material

We Lnow for example that an mnjection of epmephrine releases
both TSH (pitwitary thyroid stimulating hormone) and ACTH at the
samne tume Thus endogenous relexse of ACTH may wmvohe many
other factors besides what we are deahing with when we give exoge
nous ACTH

br M M HOCFMAN (Dathousie University Medical Schao! Halifax)

In support of Dr Conn s statement I should bike to comment about
a patient with rheumatowd arthrits i whom the eosmophile count
veached a constant level of approamately 100 per cu mm while e
cenving cornsone The adminustration of 100 mgs of ACTH over 2
94 hour persod did not result 1n a further depression of the cosino

phile count However when the pattent experienced severe renal
colic the eosmophule count fell to ¢ withint 8 hours of 1ts onset Thas
suggests that n thus individual stress was effective n caustng adrenal
stimulation under ciycumstances where exogenous AGTH was witlt

out such acuon
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PROCEDURE FOR 7 HOUR BIOASSAY OF ADRENAL CORTICAL HORMONES

ADRENALIN PRETREATMENT

M~_ ¢

FIRST EOSINOPHIL COUNT

INJECTION OF ASSAY MATERIAL

@™~ §

SECOND EOSINOPHIL. GOUNT

SECOND_COUNT
(',-,,,' ST COUNT D % {00 * PERCENT DECREASE

Fie 1

arithmically It 1s apparent that the percent decrease of eosmophils
during this period ts correlated with the dose of hormone mjected
As little as 14 & microgrim of cortisone acetate proditced 2 noticeable
decrease and there 1s practically a strasght line dose response betseen
14 and 6 mucrograms

A water sotuble corusone (Uree alcohel Merch) produced essen
tially the same decrease and slope of the dose response cunve as the
oil soluble acetate Compound F and Compound F acetate likewise
produced a resp which was ily sdentical to cortisone ace
tate

We have mjected many different types of sex hormones mls and
non specific sterords and to date the only matenals which produce
the costmopensc response 1n pretreated adrenalectomized mice are the
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A Seven Hour Bioassay for Urinary Corticoids*

Robert S Spews, L Wragg Charles D Bonner and F Homburger

R B JACKSON MEMORIAL LABORATORY BAR HARBOR MAINE A TS COLLEGE
MEDICAL SCHOOL BOSTON D TUF o

A bioassay for adrenal cortical hormones has been developed

based upon a decrease 1n the number of circulating eosinophils 1
adrenalectormized mice (Spewrs and Meyer 1949 1950 1951) This
assay highly sensitive and specific for the 11 oxycorticosteroid hor
mones 1s performed as follows

1 Jax C; Brown male mice weighing 20 to 25 grams are adrenal
ectomuzed 11 a one step operation and 15 mgm pellets of 12
desoxycorticosteroid acetate are implanted subcutaneously
Three days post operatively the mice receive a subcutaneous
njection of 20 micrograms of epinephrine and the matenial to
be assayed 1s mjected 4 hours later (See figure 1)
Eostnophil counts are taken immediately prior to and 3 hours
following the mnjection of the assay material The percent de
crease 1t the number of eostnophuls during this period 1s cor
related with the quantity of 11 oxycorticosteroid hormones in
Jected

The following paper 1s a report of our efforts to adapt this bioassay
for quantitative measurement of corticoid excretion i urine of van
ous patients Tor these assays a special mouse was developed which
was equal to the Cy, Brown 1n sensitivity to cortisone but more re
sistant to toxic matersals This mouse was the Fy hybrid between a
C;; Brown male and a C;; Black female

Figure 2 1illustrates the results obtamned when synthetic adrenal
cortical hormones are assyyed On the ordinate 1s plotted the percent
decrease 1 eosmnophils and on the abscissa the dose 15 arranged log

r

[

Support for performing the assays came from the Amenican Cancer Society and
the Damon Runyon Memorial Cancer Fund through the Cancer Rescarch and Control
Unst of Tufts College Medical School and the Medical Research Foundaton of
Boston Additional support was obtaincd from the Division of Rescarch Grants and
Felowsps of the Natsonal Institute of Health U § Public Health Service and from
the Roscoe B Jackson Memortal Laboratory The large number of 11 desoxycoru
costerord acetate pellets used in these experiments were kindly furnished by Ciba

1 Co
Pharmaceutical 1
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same patents before and after treatment and they were {ound to con
tan Jess than 1 mucrogrim per ¢€

Durning our carly imestigations we attempted to snject 3 different
quantities of unne 1nd then determine the slope of the dose response
curve Howerer as shown in figure 8 all the dose response cunves
were essenuiatly of the same slope and 1t was deaded that only one
pomt of the curve need be accurately established From that pont an
estimate could be made of the amount of cortisone necessary to pro
duce a ssmilar response Digure 4 shows the log-dose response cune
of the eoninopluls to cortisone acetate An example 1s also given to 1

106G DOSE RESPONSE OF FOSINOPHILS TO THE URINES OF VARIQUS PATIENTS
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fustrate how we esysmate the cortsone equuatent of 2 urine sample

The pext step was to Assay urines duning 2 pertod of time when
multiple injections of ACTH were made The results of these assays
are shown in Figure 5 The upper part of the figure shows the total
volume of urtne excreted duning a 2§ hour period The corusone
equnalent per cc 15 shown w the mddle secion. and the caleulated
milligrams of corusone (equn alent) excreted per day 15 shown below
The level befare treatment s tHustrated i the fivst column It can be
seen that the quantity of eosmopen:c materal in the unne ncreased
marhedly during the ACTH treatment

The rate of corticord excrenon over shorter periods of time was
also determined To do this ¢ hour unme specimens wseve taken before
and following an ACTH mjection The resulis are shown in Figure 6
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11 oxycorticosterowds of the adrenal cortex (Spewrs and Meyer 1951)

Thus 1n our laboratories we have found the above procedures to
be an extremely sensitive and specific test which will quanutatively
assay adrenal cortical steroids It 1s sensitsve 1o one part per milion
of the hormones mixed 1n water or o1l solutions

The next step to constder 1s whether this test can be used to meas
ure adrenal hormones i biological materals such as urine and biood
The remainder of this report concerns the results obtamed i our

attempt to assay the corticoid activity 1n urine of patrents treated with
ACTH

LOG DOSE RESPONSE OF EOSINOPHILS TO VARIOUS SYNTHETIC
ADRENAL CORTICAL HORMONES

w 0
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Figure 3 shows the responses obtained when various urines were
mjected 1nto adrenalectomized mice Again the percent decrease 13
plotted on the ordimate and the quantity of urine on the abscissa All
the urnes reported here are from patients who have undergone ex
tensive ACTH therapy

It can be seen that 1n all cases as Inttle as 14 cc of untreated urine
produced a marhed decrease i the eosinophuls of the experimental
ammals One half cc of urine obtamed from A Miller produced a
decrease of over 809 m the airculrting eosmnophils during the 8 hour
assay pertod Even as luttle as 344 cc produced an eosmopcr;xc re
sponse We estimated that this urine contamned equivalent to 14 m
crograms of cortsone per cc Contrel urines were taken from these
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1 The unnary corticords were refatively lugh during ACTH
trextment Many patients had {ronr 10 1o 14 mucrograms of cortisone
{equnnalent) per cc of urme and as much as 21 milligrams equnalent
of cortisane excretion per day

2 The corticaid excrenion before and after the ACTH treatment
was low w1 the patients observed In most cases there was 1 microgram
ar less ol cortisone (equuralent) per cc of unine or a total daly excre
uon of less than 8 milhgrams

ASTAY OF 14 KOUT LKINE SAMPLIS EKOM & ASSAY QF TWQ HOUR URINE SPECIMENS FROM
PATINT DURING ACTH TREASMENT APATIENT RECHVING ONE SNIICTION OF ACTH
ANN GOROON
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3 Following a single injection of ACTH there nwas a marked de
crease 1n urme volume lasung for 4 Pours During this perrod there
w23 a marked ncrease in the quanuty of corucpids excreted

4 When unine was treated prior to mnjeciion mto the assay anx
mals 1t was found that

a) Boiling i 2 neutral or sightly atkaline medium produced an

increase 1n the assay results This did not accur sn urines from
Ppattents recen ing COTtISONE (reatment

b) Boshing 1n an acid medium {pH 2) tended to destray the cortt

cond actaviy

<} Concentratton of the corticords could be brought about by

evaporating off the water or by estraction with chloroform or
cthylene chloride
n y the P response of pretreated adrenalec
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EXAMPLE % cc of unne mijected to e ch of & M ce p oduced the Fallow ng perce 1
decreazes 54 45 59 57 74 ond 6B The ©  g# perc nt decreass wos 60
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It can be seen that there was a tremendous decrease in the quantty
of urine excreted for a pertod of 4 hours following the ACTH 1njec
tion During this pertod of depressed excretion there was a marked
increase 1n the quantty of corticoids per cc of urine

During the course of our experiments the following observations

were made
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an enarmous discrepincy Possibly the frct that Spers assay uses
urine without wny extriction has 1 ternfic wdvantage because when
you extract urine for corucosterords some as you all know are un
doubtedly destroyed by the uswil extraction procedure

PR ROSERT § spEms Thank you Dr Lews for your comments It
s certamly very encouriging to know that ether Iborutories are able
to substantiiee our findings

Dr Pmcus ts enurely right We have been finding a much greater
quantity of corticind matersat n the urine than that reported mn the
hiterature by Dr Venning and others In some cases we have found
up 1o 20 mithigrams equialent of cortisone excreted per day These
high values have bothered us for a Jong while nd we hase attempted
te determine whether our assay is specific or whether some aug
menter mught be musleading us Al evidence to date strongly mndi
cites that the ass3y 1s speesfic at least as far s the sterords and the more
commonty asalable hormones are concerned Over 6ifty sterosd ma
tertals have been assyyed and only adrenal cortical materials hase
shown any eoswmoperuc activity n pretreated adrentlectomzed mice

1 would hike to paint out that we have had a tremendous adan
tage 11 our work Because the eosinopenic response s extremely sen
sitise we were able to assay many urnnes without hiving o first
concentrate the actne material A companison of assays made before
and after treatmem helped us 1w evatuate the effecuiveness of the
many methads of concentrating the corticods

1n the above mmner we have performed chloroform and ethylene
chlonde extrictions of urine and found that the eosinopenic material
was extractable It was also readily soluble in 109 alcoho!l Honever
the chioroform ar ethylene chloride did not remove alf the active
matertal asmall amount usually less than 14 remamed n the unne

The eosmopenic matenal can be desiroyed by bosting under acid
condstions (pH 2) This agrees with published reports of Dr Pincus
and others However we have found that if the unine 1s borled ander
neutral or alkale (pH 10) conditions an increase 1n actvity occurs
In some of our experiments the actisity of a sample doubled after
botling (withaut loss of volume) for 20 1o 40 wmnutes This increase
only occurred n patients recervng ACTH and did not accur in pr
fents recenng cornsone therapy

As far as augmenters are concerned we have not been able to
detect any marhed angmentng effect when known amounts of water
saluble cortisane were added to various urmes

Thus 1n our laboratory the eosinopentc assay of corticord appears
t0 be speaific sensive and accurate
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tomized muce can be used as a sensitive method for assaying urnary
corticoids
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DISCUSSION

DR ROGER A LEwIS (Hoffman La Roche Nutley) Iam interested
this paper and I would hike to mention that we have done a few ex
permments of the same general type based upon the previous work of
Spexrs and Meyer which appeared i Endocrinology We found
much less active material than the present group clums

Our work also utilized adrenalec d mice d with
pellets of desoxycorticosterone and we relied very heavily on Dr Ven
ning s previous work for gmdance By measuring the eosnophil
counts we found urines to contain approximately the same cortisone
or Compound E equuvalent as Dr Venmng found when she assayed
for glycogenic maternal

This method has been described n the current number of the
Journal of Applied Physiology and the only mteresting point which
1would like to make is that we find the same results when we measure
eosinopenic activity as when Dr Venming measures glycogenic ac
uvity This holds true with all the compounds we have tested and 1t
holds true with all the urine extracts that we both tested

DR GREGORY PINCUS I am interested in Dr Lewis comment because
I thought I had read Dr Sperrs tables tncorrectly

Dr Lewis says that he gets about the same activity as the glyco
¢ unstage described by Dr Venning but I notice 1n Sperrs table
per day of cortisone 1n contrast to Venning's 20 to
day of Compound E equivalent That 1s certamnly

genu
8 mg equivalent
40 micrograms a
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an enormous discrepincy Possibly the frce that Spers assay uses
unne wuhout any extraction ns 1 temific advintage beconse when
you extract unne for corticosteroids some as you 2lf know are un
doubtedly destroyed by the usual extriction procedure

pr RoBERT § SeEtks Thank you Dr Lewis for your comments It
18 certmnly very encourging to know thit ether labartories are able
to substantsate our findings

Dr Pincus is entirely right W e have been finding 1 much greater
quantity of corticord matenial sn the unine than that reported n the
hterature by Dr Venmng and others In some cases we have found
up 1o 20 mitligrams equnalent of cortssone excreted per day These
tughvalues have bothered us for a long while 1nd we have attempted
to determine whether our assyy is specific or whether some aug
menter mught be musleading us Al evidence to date strongly wdr
cates that the assay 15 specific at least s far as the sterords and the more
commonly matlable hormones are cancerned Oser fifty sterard ma
tertals have been assayed and only adrenal cortical materals have
shown any cosinopenic actn ity i pretreated adrenalectomized mice

1 would hie to point out that we hase had a tremmendous advin
tage 1 our work Because the eosinopenic response 1s extremely sen
stne ne were able to wsay many unnes without having to first
concentrate the active matertal A comparsson of assays made before
and after trextment helped us to evatuate the effectiveness of the
many methods of concentrating the corticords

In the above manner we have performed chloroform and ethylene
chionide extractions of unne and found that the eosmopeme materal
was extractable It was also veadily sotuble in 10% alecohol However
the chloroform or ethylene chioride did not remove all the actve
matertal a small amount usually less than 14 remained 1n the unine

The eosinopensc materiat can be destroyed by botling under acid
conditions (pHl 2) This agrees nath published seports of Dr Prncus
and others However we have found that of the urine 1s botled under
neutral or alkaline (pH 18) conditions an sncresse m acts 1ty ocCuTs
In some of our expersments the acuvuy of a sample dounbled after
vorlang {without Yoss of volume) for 2D to 40 munutes This increase
only occurred 10 patsents secening ACTH and did not occur in pa
tients vecessing cortisone therapy

As far as augmenters are concerned we have not been able to
detect any marked augmenting effect when known amounts of water
soluble cortisone were added to various urmes

‘Thus in our laboratory the costnopensc assay of cortieend appears
1o be spearfic sensitive and accurate
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INTRODUCTION

It scarcely seems necessary to emphasize to this audience the
umportance of characterizing the exact nature of the adrenal cortex
secretion The most direct approach to this problem 1s obviously to
analyze the steroids released from intact adrenals but unul recently
this has not been undertaken Two praincipal methods have been em
ployed the first involving the removal of adrenal venous blood from
Iiving ammals * the second utilizing 1solated glands perfused with
homologous blood From both types of preparations 1t has been ob
served that the adrenal venous blood following ACTH contains 17
hydroxycorticosterone corticosterone and possibly other steroids®*
Today we should like to present a more complete characterization
of the sterodal products released by the perfused beef gland which
demonstrates that the adrenal cortical secretion may represent a com
plex mixture of corticosteroids In addiion we wish briefly to report
tracer studies which conclusively d rate that cortico: ds can
be formed from radioacetate

METHODS

In these studies we have employed beef adrenal glands mounted
1n a perfusion apparatus previously described * The medium used
was citrated homologous whole blood In each expertment a period
of perfusion of the gland by blood without added ACTH was fol
lowed by a similar period of perfusion with blood containing AGCTH

« These imyesuigations were aided by grants in aid from G D Searle & Co and the
999)

blic Health Service (RG
v il"o’:l dectoral Fellow of the National Caneer Instutute
40
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The ACTI employed was m Avmour preparition and was used 14
concentratton of approvimately 6 mg LA 1A equnalent per liter of
blood The extriction of steroids from the blood on 1 charcoal ad
sorbate 1s well as the elution and concentriuon of the crade steraid
mixture has becn previonsly described® the ernde conccntrate ob
taned was amilyzed by paper chiromatography using the systems de
reloped by Z1ffrome et al 7’

RFSULTS
THF a RETOLY ©F BFFF BLOOD

Prelminary anafysis disclosed the presence of at east fifteen
sletols m the steroid smixture obtuned from ACTH sumulated
glands (¢ Tables 1 to JII} An analysis of several 2 hiter samples of
beef blood which had nov been perfused throngh adrenals demon
strates the presence of some of these substmces but the vanabihiy
from sumple to sample wis quite hwge one sample having 1 total
concentrtiat of 0 6 mg per heer of wdenufitble 2 ketol components
where s another had only 0 1 mg per liter In alt of these blood s1m
ples analyzed 17 hydravycorticosterone was consistently present (in
Amounts rangmg from 35 to 180 micrograms por lites) and corucos
terone 1 desoxycorticosterone and certamn highly polar compounds
{Unknawns I to V) were usually tdentifiable

SINCIE CVCSEE PERFUSIONS

In a number of experunents aliquots were taken from 1 farge
single pool of beef blood for analysts (a) for the il steroad content
{b) aler adrenal perfusion without added ACTH and (¢ after adre
nal perfusion with added ACTH The blood was crrculated through
the gland and colletied without seairentauon Table 1 contuns the
datz of such 1 singlecycle evpersment The data demonsuue that
after passige thraugh dhe gland n the absence of ACTH the blood
contuns all of the sdenufiable sterord comp albert w rather
tow concentrations In thss anstance the total corticosteroid content
after perfusion without ACTH s less than the ongal blood concen
tranon suggesung uptake of blead steroids by the perfused nssues
in other expersments however a significant but small net release of
sterards occurs after adrenal perfusion m the absence of ACTH In
dependent of whether there 1s a net uptake or relewse corucosterone
and 17 hydrovycosticosterone are the principal single components of
such adrennl perfusates Following ACTH the adrenal perfusates
show consistently 1 high concentration of alj components Iru thus par
ticular experiment one obserses a six fold increase of total corticos
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terord over that obtawned from the gland without ACTH perfusion
with tndividual components increasing 3 to 9 fold

The consistency of the steroid pattern observed following ACTH
15 1llustrated by the data of Table 11 in which are presented the data
of four separate single-cycle experiments In these asin the previous
experiment (Table I) 17 hydroxycorticosterone and corticosterone

Table I

THE @ RETOLS PRESENT IN ADRENAL PERFUSATES

Mucro,rams of Sterad
per 2 Liter Blood Semple
a hetols
Mot Per
Adrenal Perfusate
| fused through
Adrenal | N0 ACTH | ACTH
Unknowns I-V 220 80 700
17 Hydroxycorticosterone 360 145 1100
Cortisone — 25
Unknown VI - b 200
Unknowns VII-IX 110 45 250
Corticosterone 400 230 1100
Unknown — 6 300
Dehydrocorticosterone — 250
Desoxycorticosterone 120 35 140

are present 1n approximately equal amount and represent between
them 549 to 61% of the total o hetol In all but one instance the
highly polar unknowns I to V are the next largest component (10%
to 17% of the total) the complex of unknown \ plus 11 dehydrocor
ticosterone and that of unknowns VII to I'\ are next :mn amount and
n lowest concentrations usually are the complex of cortisone plus
unknown VI and 11 desoxycorticosterone

The corticosteroids thus far clearly identified as being present
are 17 hydroxycorticosterone  corticosterone 11 dehydrocorticoste
rone 11 desoxycorticosterone and cortisone Of the ten substances
labelled as unknowns we have evidence that among them are al
lopregnanetetrol 3(8) 11 17 21 one 20 or Reichstemn s compound V
(unknown I1I) allopregnanetriol 3(8) 11 17 one 20 or Reichstemn s
compound P (unknown VI) and allopregnanediol 3(8) 21 one 20
(unknown ) It should be noted that among the 11 ovygenated com
nds 1dentified the 11 hydroxylated steroids predominate the 11
a much smaller quantity and the 11 desoxy sub
he least It should be noted that heichstern s §

pOll
Letones representing
stances representing t
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Table 1t

Microceans {per 2 Livens) or § ArioLs & Retors 1 e Y ERFUSED BLOOD AFTER
Tus Peasusion or ACTH (6 ma per Lrres) a7 4 Trow oF 1 Lrrer per Houn

Experiment ! 2 3 4
@ Ketols®

Unknowns 1=y 450 600 550 708
17 OH Cortacovcrons 1000 1160 1760 1100
Cottsone 120 50

Unknown V1 120 } 0 110 200
Unknowns \ 11-1\ 150 — 800 250
Corticosterone 1200 1300 1800 1100
Unknown \, 450 400 330 300
1t Dehydrocorticosteranc 330 250
11 Desoxycarticosterone 120 140 — —

Usknown 111 may be a lopregnan tetrol 39 11 17 21 ome 20
Unk: X be afl

ma X one
Unknawn VI may be allopregnancinol 38 117 21 fone 70
17 hydroxydesovycorticosterone does not appear m our hsting of

sterowd Ketols present i porfusites although our methods should
have revetded at of present i greater than 10-20 micrograms

MUITIPLE CYCLE LX1 ERIMENTS

The data of the single cycle experiments (Tables § and 11} repre
sent adremt products sssusng from the gland with no posstble further
Jction of the gland ussuc upon them Tn addinonal evperunents we
have recirculated the perfusion med hrough the gland a ber
of times and h1uve examsned the products obtatned Banks of five
glands were perfused with ACTH for four successive hours and 1n
that four hour period the flow rate was varied to g1 e varyg num
bers of passages of the enure perfusate through the glands In Table
T we present the darz of three SEparate expersments in whych the
adjusted flow rates allowed 35 47 and 56 cycles of the medum 1 the
four hour period of perfusion W hile the total steroid outputs of ex
peniments 1 and 3 approsimate each other a much lower total outpur
was obtained m expeniment 2 This we interpret as due 10 advenn
tious differences 1n the glands themselves 1o any event no consistent
effect of recycling on total output 1s chservable In each experiment
17 hydroxycorticosterone ss the largest simgle product representing
40% 10 a little over 50% of the total corticosterod Although corti
costerone 1s the next most plenuful component the corticosterone
17 hydroxycorticosterone ratio 1s now not 1 1 (s single ycle ex
periments) butvariesfrom 1 23t 1 35 suggesting that the synthesss
©of 17 hydroxycorticosterone ss dfferentially promoted by the regy
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teroid over that obtamned from the gland without AGTH perfuston
with individual components increasing 3 to 9 fold

The consistency of the steroid pattern observed following ACTH
15 1llustrated by the data of Table 11 1n which are presented the data
of four separate single cycle experiments In these as in the previous
experiment (Table I) 17 hydroxycorticosterone and corticosterone

Table I

Tue a heTors PRESENT IN ADRENAL PERrusaTes

Microrams of Sterord
per 2 Liter Blood Sample
a Retols
Not Per
Adrenal Perfusate
| fused through
Adrenal. | N0 ACTH | ACTH
Unknowns I~V 220 80 700
17 Hydroxycorticosterone 360 145 1100
Cortisone — 25
Unknown VI — ) 200
Unknowns VII-Ix 110 45 250
Corticosterone 400 230 1100
Unknown X — 60 300
Dehydrocorticosterone — 250
Desoxycorticosterone 120 35 140

are present in approximately equal amount and represent between
them 54% to 61% of the total « hetol In all but one mstance the
haghly polar unknowns I to V are the next largest component (10%
to 17% of the total) the complex of unknown X plus 11 dehydrocor
ticosterone and that of unknowns VII to IX are next 1n amount and
m lowest concentrations usually are the complex of cortisone plus
unknown VI and 11 desoxycorticosterone

The corticostermds thus far clearly identified as being present
are 17 hydroxycorticosterone corticosterone 11 dehydrocorticoste
rone 11 desoxycorticosterone and cortisone Of the ten substinces
labelled as unknowns we have euidence that among them are al
]opregnaneletrol 3(g) 11 17 21 one 20 or Reichstein s compound Vv
(unknown 11I) allopregnanetriol 3(8) 11 17 one 20 or Reichstein s
compound P (unknown VI) and allopregninediol 3(8) 21 one 20
(unknown \) It should be noted that among the 11 oxygenated com
pounds 1dentified the 11 hydroxylated steroids predominate the 11
Letones representing a much smaller quantity and the 11 desoxy sub
stances representing the least It should be noted that Reichsteins S
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ech as ssolted 15 practically sdeaucal (290 counts per mz per min
uie for corticosterone 310 counts permg per manae for 17 hydroxy
corticosterone with 1 thin window counter) suggesting that these
compaunds wwise from a common precursor

CONCLUSIONS

The datrof these expeniments secm 1o us to demonstrate unequi
ocally that ACTEH actng directhy on the drenal gind stmulaes the
praduction of 1 muluphicsty of corticond a hetols Tarthermore the
synthesis of sigmficint amounts of these substances appers to depend
an the presence of ACTH i the airculating medim since the per
fusate sathowt ACTH 15 scarcely enniched with additiona] cortt
costerond - Although the major products of perfusion are corticos
terone and 17 hydrovycorticosterone the presence of thirteen adds
tional o hetols suggests the genesis of multsple products some of which
may be precursors while others 1re further dernatines of cortscos
terone and 17 hydroxvcorticosterone The fact that 1{-desoxycor
ticosterone mncreases sigmficinthy fter perfusion with ACTH tahen
together with our previous demonstration®® that thus steroid 15 con
verted to corticosterone by m adrenal enzyme suggests thss compound
as a hlely precursor of corticosterone

Whale clearly 1 precursor 11 desovycorticosterone appears from
these data also to be an 1drenal secretory product The status of this
compound as an adrenal sterosd has long been in doubt because 1t w1s
abtasned only 1n minute 1mount from 1drenal ussue only by Reich
stein et al ' Its powerful electrolyte actnaty wnd the peculiar patho
lozicat consequences of overdosage with desoxycorticosterone suggest
mportant consequences of 1s endogenous release

Unul full idenufication of the varous perfusion products 15
achues ed the nature of thesr mterrelatians cannot be surmised None
theless 1t s mteresting to note that Rerchstemn and coworkers® have
ssolated 12 « hetols from adrenat glands taken at slaughter wchuding
his substance § which fias not as yet been observed i adrenal per
fusates This means that we have obtawned at least four hutherto un
Tecognuzed adrenosterosds 1n these perfusates Perhaps the so called
amorphous fraction of 1drenal extracts represent in part 2 miunture of
our unknowns I to % It should be emphasized that our analyses meas
ute only the Letols present so that other types of sterord (eg estrogen
androgen progestin) obtuned by adrenal etraction may well be
present Experiments niow 1n progress have as thew spectal aim the
search for such non corticosd sterosds

The fact that acetate 15 a cortscosterord precursor has been firm1y
established by our findings In view of the fact thar acetate 15 also a
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cling We do not beheve that conversion of corticosterone to 17
hydroxycorticosterone occurs since our previous experiments® with
the perfusion of corticosterone through the gland gave no indication
of such conversion

In Table HI we compare the mean output per 20 gm of gland
per hour with the observed corticosteroid content of beef adrenal
glands ® These data demonstrate conclusively the remarkable cortt
costeroidogenuc activity of ACTH perfused glands 1n one hour un
der these perfusion conditions a 20 gram gland puts out approxt

Table 111

MurtipLe CycLING OF THE PERFUSED ADRENAL aND & hEror Propuction (¥
Microcrans)

Mean Pro
duction per Micro,rams
20gm of per Wgm

Experiment No Gland per  of Beef
and Cyele Mo 7-35 2-47 3-56 How  Adrenal
a Retols
Unknowns I-V 1390 445 830 205 70
17 OH Corticosterone 6250 1330 6400 1155 40
Cortisone
205

Unlenown VI }nao 665 690 20
Unknown VII 210 80 195 40

VIII 290 45 195 43 25

IX 290 80 280 52
Corticosterone 1850 450 2800 408 70
Unknown X — 20 208 33 }35
11 Dehydrocorticosterone 580 225 555 105

— 140 38 >

11 Desoxycorticosteronc —

mately nine times the observed corticosterord content and further
more ths rate of corticosterordogenesis 1s mamntamned over several
hours The greatest relative mncreise occurs 1 the case of 17 hydroxy
corticosterone (almost 30 fold) suggesting that this substance 15 a
major end product of corticosterordogenesis

THE PERFUSION OF ADRENAL GLANDS

WITH RADIOACETATE {CH,C*O0OH)
In several experiments we have added to the ACTH contaiming
n medium about 14 mc of C 14 carboxyl labelled sodiuim
acetate The steroidal products are still being analyzed but to date
from two such experiments corticosterone and 17 hydroxycorticos
terone have been 1solated and 1dentified The radioactive count of

perfusiol
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C W Pincus, G and Schenker, V ] Am Chem Soc 71 3261
1949

0 Reschstein T and Shoppee C W Vitamuns and Hormones
1346 1913

1t Srere P A Chuboff T L and Danben W G ] Biol Chem
176 829 1918

t2 Long C N H Rec Prog in Hormone Res 1 89 1047

DISCUSSION

DR RONRAD poBRNER § wonld like to sk Dr Pincus af his resnits in
dieate that Compound L 1s already 1 merabolite and 1s not a true ad
renal hormone 1 the sense that Compound T and Corticosterone are
I was smpressed by the fct that there was very little Compound E
and 11 dehydrocortcosterane m companison with the 1 hydroyy
compounds in the perfusite This wonld surely suggest that the 21

Aetones were secondary products and not the hormones

DR LEOVARD P Erigr. Dr Procus rused the possthlity that the effects
seen from stumulition of the wdrenal cortex by ACTH might be daf
ferent from those seen with admmmstranon of the pure sterords by
virtue of the fact that many dsfferent steraids were 1denafied

We have studied two patents with chronic hmphatic leuhemst
m each of whom two bnlance studies were done—one with cortisone
and ofie with ACTH—and we compared the metabohic effects of the
o

In so far 1s the clinichl and hematologic effects and the effects on
mtrogen and electrolyte metabolism were concerned there were no
essential differences between cortsone and ACTH

There was same water retention scen with ACTH which mght
be attmsbuted to an antidiuretic substance and which was not scen
following administranon of corusone

bR JEROMF W conn I would hihe to ask Dr Pinicus if he has any 1deas
about the difference between a single arcalation m which cortscos
terone and 17 hydroxycorticosterone appeared to be produced m
about the same quanuty while on multiple tirculations there was a
marhed nerease 1n favor of Compound T over Compound B

DR GREGORY PINCU: In regnrd 10 Dr Dobrmtrs question the data
would suggest that Comyj dEsa of Compound F We
are inclined to belreve that thus 1s true because mn addstion to the se
cretory tissue that this blood circulstes through there 1s also a good
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precursor of adrenal cholesterol™ which 1s generally regarded as the
precursor of steroid hormones® our findings re perhaps not too sur
prising We have perfused C 14 labelled cholesterol through the 150
lated beef drenal gland wnd are now 1n the process of eximining the
products from the data of these expertments we hope to be ble to
determine whether acetate goes directly to corticosterord or 1f 1t 15
first bunlt up 1nto cholesterol which 1s then secondarily degraded to
corticosterord

Fnally we should like to mention briefly some of the implications
of our data for clinical pracuise Our finding that ACTH stimulation
leads to the production of a multiplicity of products suggests that
ACTH therapy may lead to consequences quite different from ther
apy with cortisone or any other single corticosterord Not only must
the special effects of the known active substances be reckoned with
but the posstbility must be considered that components which we des
ignate as unknowns I X likewise may possess biological activity In
addrtion possible synergisms and/or antagomsms between individ
ual components of this complex may be discovered While the pattern
of secretion observed with normal beef adrenals 1s remarkably con
sistent this untformity might very well be altered m pathological
glands so that the steroid mixture released no longer contans 17
hydroxycorticosterone and corticosterone as the major components
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The Cortical Sterotd in Mammahen Blood
After ACTH Stimulation

Dan H Nelson leo T Samvels and Hons Reich
UNIVERSITY OF UFAN COUEGE OF MEDICINE SALY LAKE CHTY

Since the isalation of the adrenal steronds by hendall Rech
stein and coworkers there has been some question as to wiich of
these 28 or more compounds re actually secreted by the adrenat
gland Vogt Pashias and others have shoun that adrenal cortical ac
tivity as demonstrited by brological 1ssay 15 present 10 adrend ve
nous blood Vogt was able o find Iide or no adrenal 1wty m
peripheri blood

We have recently been mterested 1n ssoliung the steroids whaich
are present n drenal venous blood Thus work 15 sl in progress but
we now have evidence for the presence of a number of compounds 1
this blood

Perhaps T should describe briefly the manner m which thss ad
renal blood has been colflecied The Ieft lumbo adsenal vein of the
dog has been cannulated following the operation outhned by Vogt
and approximately 30-100 m} samples of blood collected continu
ously guer a period of 1~3 haurs Tn some cases afeer obmmmg acon
trol sample 5 mgm of ACTH has been given ntravenously Using a
chromatographic method which we have develaped for the measure
ment of adrenal steroids m blood we hiave been able to demonsirate
quantitative changes w adrenal sterord secretion following ACTH as
18 tlustrated 1 the next two figures

Figure 1 represents the findings when no ACTH was given Fig
ure 2 shows the immediate markea snerease m steroid secretion when
ACGTH 1s given Despite the stress of the operauon and the obvious

ption that these Is prtuntaries were secreting ACTH the
steroid levels have remained remarkably constant when no AGTH
was admistered  An increase 1n blood Row from the cannufa has
been observed mnmedtately following the wuravenons ACTH The
mechamsm by which this 15 produced 15 ohscure at this ume

Table I lustrates the pattern of secretion of adrenal sterosds as

[
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deal of non specific tissue 1n our perfusion preparttion There 15 the
adrenal medulla for one the arteries and vewns and simular tissue so
the suggestion that cortisone ts a metabolite of Compound F I think
15 acceptable

In regard to Dr Lhels comment, we consider cortisone an end
product and that Compound F 1s 1ts precursor 1 should like to know
what experience he bad with Compound F 1 suspect 1t w1s different

In regard to Dr Conn s question we have an explanation Ongt
nally we thought that corticosterone mght be converted by the ad
renal to Compound I' but we tested this i actual experiments and
found that 1t did not occur Corticosterone appears unchanged after
perfusions through the adrenal

What we are now mclined to believe 15 that i some way Com
pound F inhibuts those enzymatic processes which lead to the produc
tion of Compound B In other dat1 we have presented we have sug
gested that 1n the adrenal there are two paths of synthesis one leading
to the 17 hydroxylated type of steroid of which Compound F 1s the
example and the other to the 17 desoxy type It may be there 1s com
petition for substrate between these two systems and the presence of
Compound F 1n some way mhibuts corticosterone synthesis We hope
to prove this by the stmultaneous perfusion of the precursors of each
which we already know
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Iations from dog «drenal vemn blood Compound T (17 hydroxycorts
costerone) predorminites following ACTH admmistratzon Turther
work 1s under w1y to more defintely estabhish relitne quantities of
these substances present under varions conditions The thurd fraction
1 cluted wath 259, ethmot i CHCY, nd 15 mconsistently present
Tius compound hes the o 8 unsamrated structure as evidenced by
ultrnvioler absorprion but 1t has not been definstely characterszed

Other wvesugitors working wdependently have confirmed the
presence of some of these sterowds in the adrenal cfffuent 17 hydrovy
coriicosterone and coruicosterone have been identfied by Zaffarons
and 17 hydroxyeorticosterone by Bush

Our evidence agrees with Vogrs findings that the adrenal gland
13 able to secrete very large quintities of adrenal sterords Under the
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conditions of our expernment a 10 hgm dog would secrete approxt
mately 50 mgm of sterord per day Despite these very large amounts
secreted only a small amount of free adrenal steroid can be measured
n peripheral bload Only about 5 micrograms per 100 muthiers of
the 17 21-dthydroxy 20 hetone compound has been found m penph
eral human venous blood

Prehminary expersmenss conducted sn both the dog and man
demonstrare ramd remosal of mntravenously mjected cortisone from
the blood stream as 15 illustrated sn fignres 3 and ¢

With the cooperation of Dr Hans Hecht of the Deparument of
Medicine we have been able to cannulate the renal veir of human
subjects Dr Hecht has made use of the anatomcal fact that the ad
renal vern often empties into the lefe renal vein We mughe therefore
expect to find higher levels of adrenal steroids m renal blood than we
find 1 peripheral blood Figure 5 demonstrates that this 1s so and
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Table I
Relatue Amounts of
Fractions 1n Which Pure @ 8 Unsat Found 1n

Fractions Sterords Are Eluted Adrenal Ven Blood
CHClI; (last 12 ml of Testosterone *
50 m}
2% ethanol in CHCly Testosterone Progesterone
(12ml) Androstencdione ++
ditto ditto +
10% cthanol in CHCl;  E Corticosterone F DOC  ++++++++++
(12ml)
ditto ditto +++++ A
ditto ditto ++
ditto ditto +
15% cthanol 1n CHCl3 £
(12 ml)
25% ethanol in CHCly ++
(12 mi)
ditto +
ditto +
Absolute ethanol £

2ml)

Table 1 Elution pattern of extract from adrenal ven blood and of various purc
3

ﬂu’;‘ 17 and have been identified in this fraction
(Nelson Reich Samucls 1950) (Reich Nelson Zaffaroni 1950}

demonstrated by our method It can be seen from this shde that
chiefly 3 fractions have been obtained The first which 1s eluted from
the column by 2% ethanol 1n CHCI, comprises compounds which are
less polar than the adrenal sterowds 17 hydroxycorticosterone wnd

corticosterane have been 1denufied mn the second fraction In our 1so
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Iations {rom dog 1dren1t vem blood Compound F (17 hydroxycors
costerone) predosmunites followsng ACTIL rdoumstration Purther
nork 15 under w1y to more definntely establish relwne quantities of
these substances present under vinons condstons The thard fraction
is eluted with 25¢% ethanol m CHCL, wnd 15 inconsistently present
This compound his the o 8 unsiturited structure as evidenced by
ultruaalet wbsorptian but it has not been definuely charcterized
Other 1 estigrtors working independently have confirmed the
presence of some of these sterowds in the adrenal efffuent 17 hydrovy
corucasterene and corticosterone have been identified by Zaffarone
and 17 hydroxycorucosterone by Bush
Our evidence agrees with Vogt s findings thit the adrenal gland
, 18 able to secrete very Irge quantinies of drenal sterods Under the
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condiunons of our expeniment a 16 kgm dog nould secrete appross
mately 50 mgm of sterosd per day Despite these very Jwrge amounts
secreted only a small amount of free adrenal sterotd can be measured
n pertpheral bload Only about 5 muc per 100 mudhd of
the 17 21-dihydroxy 20 Letone compound has been found m peniph
eral human venous blood

Prefmmnary expenments conducted s both the dog and man
demonstrate rapid remoral of mtravenously mjected cortisone from
the blood stream s 15 llustrated i figures $ and 4

With the cooperation of Dr Hans Hecht of the Department of
Medicme we hate heen able to cannulate the renal ven of human
subjects Dr Hecht has made use of the anatomucal fact that the ad
renal ven often empties into the left renal vein We myght therefore
expect to find higher levels of adrenal sterods 1 renal blood than ne
find 1 penipheral blond Fagure 5 demonstrates that thix 1s so and
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that an increase 1n adrenal steroid secretion after ACTH admunstra
tton can be demonstrated by this method

CONCLUSION

In conclusion we may say that the adrenal gland secretes corti
costerone 17 hydroxycorticosterone and at least two other com
pounds Under conditions of stress when sumulated by ACTH the
chuef steroid secreted appears to be 17 hydroxycorticosterone The
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very low level of cortical steroids 1n peripheral blood 1s apparently
due to rapid removal of these compounds from the circulation

DISCUSSION

DR RARL F PAsciinis (Jefferson Hospital and Jefferson Medical Col
lege of Philadelphia Philadelphia) We have been conducting ex
pertments on dogs which confirm the observation of the Utah group
concerning the rapid disappearance We have not used cortisone 1n
travenously but Upjohn s aqueous extrict and our expertments were
designed for a shightly different purpose

We are comparing the clearance from the peripheral blood m
normal dogs and n dogs under stress trying to get some 1dea or some
approach to the mysterious question of utilization  of adrenal hor
mones

Our method of assty 1s Venmng s bioassay We hate found so far
that 1 the intact dog the clearance rate under stress differs httle from
that under normal conditions As stressing agents we have used n
sulin or colchicine In adrenalectomized dogs there s perhaps 2 more
rapid clearnce but agun with no appreciable difference between
stressed and non stressed anmimals
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The Effect of ACTH on the Uninary Excretion of Steroids
in Neoplastic Disease* §

IraT Nathanson Lewss L Engel and Riia M Kelley

COLLIS P HUNTINGTON MEMORIAL HOSPITAL MASSACHUSETTS GENERAL HOSPITAL
AND HARVARD MEDICAL SCHOOL BOSTON

The effect of ACTH on the urinary excretion of ketosterords
and adrenal cortical hormone metabolites which retain their reduc
g and formaldehydogenic properties has been studied n the past
However the effect of this hormone on the excretion of non ketontc
alcohols and estrogens has not been studied extenstvely The develop
ment of a battery of analyuc procedures apphcable to single twenty
four hour urine spectmens has made 1t possible to follow day by day
changes 1n five groups of steroid compounds 1n sustable patients

METHODS

Twenty four hour urne specimens were collected and the com
pleteness of the collecuon controlled by creatimne determimations

Ketosterotds were measured by the Zimmermann reaction using
the Nathanson Wilson modification® of the Holtorff koch aqueous
alkal method

Total and non ketomic steroid alcohols were estimated by the di
mtrophthalate method *

Total estrogens were measured by photofluorometry and the in
dividual estrogens separated analyzed and characterized by counter
current distraibution *

Extracts contaimng the reducing and formaldehydogenic sterords
were prepared after hydrolysis of the conjugated steroids with Bglu
curomdase Reducing activity was measured by the Heard Sobel and
Venmng method* and formaldehydogenic activity by a modification
e The work was supported 1n part by a grant from the National Cancer Institute
U § Public Health Service and in part by an Insttutional Grant from the American

neral Hospital

ty to the Massachusetts Ges
cznfc'el‘rhlssof;cp{xbhmnon No 721 of the Cancer Commussion of Harvard University
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of the Dughady Jaffee and Witliams procedure® which chimnates
distitation of the formualdehyde

The present report embodies the results obtuned 1 ten patients
with mibignnt disewse who were given ACTH Complete studhes
were made 1 siv of these paents

The datt summarzed m Tig 1 andicate thiat within the narrow
range of dosages of ACTH employed (45-100 mg) m the pitients un
der study the nise i one frictson of the urman sterord muxture s
not necessartly assoctated with simultaneous rises 1n other fractions
Patent N T provides 1 esample of this point The moderate rises
1 non hetomic alcohol wnd estrogen excretion were associnted wath
an uniltered hetosteroid level and actual decreases in reducing and
formaldetiydagentc sterod excrenon A stmular if not 18 marked dis
sociation muy be seen 1n the other patients studied These indurdual
sarsations make it dfficult to decrde which af any fractian of the urt
nary sterords may be nseful 15 an mdex of ACTH effect Fureher ex
persments are requred to eluadate these pamnts

It would be intevesuing to determune 1n indimadual patsents the
dose of ACTH required to cuse w arburwly determuned change
1m one of the fracttons of the urinary sterowds nd then to examne the
relatnne effects on the ather frictions of the unnry sterard missture
Such data might provide 1 better mdex of the dosige requured to pro
duce a given response wnd also shed further hight on the dissocianen
of response nith respect to the vanous steroid {rictions

The dose ringe used 1 these studies %15 chosen dehiberately
the hope of bringing out varsations m the responses of the adrenal
glands of indsvidual pauents to ACTH It was intiapited that this
dose level would be critical for the differentiatson of more responsve
from less responsive glands 10 pattents with some diseases m wiuch
remussions mught be expeeted under ACTH therapy The o pr
uents with Cushing s distase do not fall mro this category bue they
do demonstrate that this dose level 1s adequate to produce a response
n a sensitsve adrenal cortex

The mcreased excretion of estrogen by all of the female prtients
studred to date 13 noteworthy Neather of the tvo male patients m the
senies showed any sigmficant change m estrogen excretion In one of
these however (O N} the preture was complicated by the coexust
ence of post hepantss crrrhosis wnd an abnormally hagh excretson of
estrogen duning the control pertod

Sufficient mateniai has been accumulated 1 pattemts N T {ma
lignant hymphomay O D {(mulbple myeloma) and E B {Cushing s
disease) to carry out separations and analyses of the mdividnal estro
gens by countercusrent distrbution As may be seen from Table I
no estrone or estradiol and less than 1 mucrogram of estriol per day
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PERCENTAGE CHANGE IN STEROID EXCRETION

OISEASE  ( 2 3 4 5 &6 7 8 9 W@ M 12 13 M4

MGS ACTH/24 MRS 80 120 50 100 80 100408050 45 80 100 80 60 &0
DAYSR, 15 18 4 2 20 26 19 1@ 3 3 7 N 28 U
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Sex FF M F F M M F F M F F F M
AGE 53 53 42 59 36 53 60 53 39 28 63 49 49 64

Fic 1 Steroid excretion after ACTH therapy in neoplastic disease
The data are plotted as per cent change of the steroid fractions from the
pre treatment control level

Code to Diseases
1 and 2 E L R —Cancer of Breast

o R L e

{same pauent at difierent dose level)
A O N—Cancer of Lung
A K —Chronic Lymphatic Leukemia
B H —Malignant Melanoma

11—
{’ B —Malignant Lymphoma
NT

E B —Cushing s Disease
G W —
G H —Muluple Myeloma

l" and 13 O D C—Muluple Myeloma

14

(same patient at different dose level)
J S$—\eurofibrosarcoma
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were excreted during the control period by panent N T although
the total estrogen excretion ws 72 g per diy This value repre
sents the exeretion of fluoragersc phienols which may or may not be
sterord! m nature but which ave not identical with estrone estradsol
or estriol Duning the period of rewment with ACTH 1 average
daly excrenon of 18 ug of estrrol wis superunposed upon the base
hine excretion There stil remuns 1 discrepaney besween the sum of
the average dasly excretion of 128 pg per day and the basat excretion
plus estriol Thus m1y be aceounted for by 1n mceretse 1e non specific
Ruorogen excreuon or possihly the everenon of steroidal phenols
which hne not yet been recognsred 1s estrogen metabohites The ad
renal ongan of the estriol must be considered since at antopsy this

Table I

Urrary LXCRETIOV oF LsTROGENS artEr ACTH Turrapy

Vame | Age | Sre Dustase

NT | 53 | F | Mahg lymph [ 7
bo5X9 128 0 0 19
oD 4 F | Mul mycloma

0
80 X 19 82 3 3 29

ER 39 T | Cushings o
5%y (136 | 27 { 24 | 25

Code: 1o tatrogens
Eiiamado 17
E-s1radio]
E«—E:manl‘ 4

patien. was found to have atrophic ovarses Pasient O D atso showed
an increased excretson of estrogen dunng the penod of ACTH ad
munstration

In the case of panent E B estrone estradiol and estriol were
excreted dunng the conwrol penod but there was a sigmficant 1
¢crease during the treatment pertod It 15 inceresting thrt the tesidaal
excretion of 60 ¢ fluorogenic phenols per day seems to remaimn con
stant during the control and treatment periods

Examples of excretion patterns of the types of sterord compountds
under study are shown in the three figures The patene had multiple
myeloma and vuproved dramatically during treatment The excre
t1on of Letosterowds and sterord atcohols are presented 1n Fag 2 It will
be seen that during the periods of ACTH therapy the excretion of
both of these components rase mathedly When the dosage was low
ered from 80 to 60 mg per day there was a shight fall and a return w
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Fic 2 The urinary excretion of ketosteroids and steroid alcohols 1n 2
patient with multiple myeloma treated with ACTH Specimens were col
lected daily but during part of the second perzod of AGTH therapy alco-
hol determinations were made every fourth day

the control level upon cessation of therapy The data in Fig 3 show
that during the first period of therapy the level of reducing steraid
excretion was built up quite rapidly stabihized for a short time then
fell and subsequently built up to a stable level somewhat lower than
the first plateau The formaldehydogenic steroids also showed a b1
phasic response which differed from that of the reducing sterords 1n
that the second plateau was nearly twice that of the first When the
dosage of ACTH was lowered to 60 mg per day both components
mamntamned a fairly steady but somewhat Iower level Cessation of
therapy w1s soon followed by a fall to control levels The estrogen
excretion 1n this patient 1s shown in Fig 1 In this case there was 2
slow mse 1 estrogen excretion to a pliteau which was mamtained
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unul the dosage of ACTH was reduced from 80 to 60 mg per day
The level of ustrogen excrenon then fell someshat and finally re
turned to the control level when therapy was stopped

It 1s wnteresting to note that 4l of the uninary sterord fractsons do
not follow the same pattern m ume The Tise 1 unnary estrogens
appears to be slower than the nises 1 hetosterords and alcohols and
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¥1c 3 The unnary excretion of reducing ami formaldehydogenic stey
auds 1 a pattent wyth multple myeloma treated with ACTH Speamens
were collected daly but during the second haif of the experiment measure
ments were made at 34 day wneervals

the biphasic behavior of the reducing and formaldehydogensc ster
oids serves to dufferentiate them from the other groups

It may be postulated that the action of ACTH 15 exerted early
11 the chaw of reacttons leadhng from cholestero! to the vaitous types
of adrenal cortical sterords and 1n this case the dissociation observed
may be ascibed to vansations 1n the metabohic pathways lawer down
m the charn Larger doses of ACTH may serve esther to accentuate
OF to mash these dissocsations Furthermore these vanatons in mety
Bolic pathways are by fio means constant as may be seen from Figs
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Fic 4 The urinary excretion of estrogens 1n a pauent with muluple mye
loma treated with ACTH Specimens were analyzed daily

1-3 As the course of ACTH admmistration 1s continued the excre
tory levels of the various urinary steroid fractions vary considerably
These day to day changes may reflect some subtle alterations in meta
bolic status of the patient

CONCLUSIONS

1 A study of the excretion of ketosteroids steroid alcohols estro
gens 1nd reducing and formaldehydogenic steroids m erght patients
with neoplastic disewse and two patients with Cushing s disease who
were treated with ACTH has revealed strihing variations n the urt
nary excretion patterns of these steroids

2 It 1s believed that the low dose level employed (45100 mg per
day) accentuates these vanations

3 An increased excretion of urtnary estrogens was observed in
all six of the female patients in whom these meisurements were made
Nether of the two males showed this effect
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4 The most constant findang w+s a0 wcreased excretson of ster
o1 alcahiols duning ACTH theripy
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DISCUSSION

DR RARL ¥ PASCHAI Ve were nterested to see whether ACTH
would sumulate pregninediol and estrogen excretion by the adrenat
corien

Table 11 and Fig 5 shows the vesults m three male proenss
Table I

EXURETION OF PREGVANEDIOL anD OF ESTROCENS 1y MEN DURNG TrEATMEVT wiTH
ACTH anp Corrare

Estrogens
Case Aumber Treatment P"a“":"d““ International Uit
4ge Dia nosis my, per 24 hrs 07 24 bes
t 30yrs ACTH 3239 185
Charwoditis 40-10D mg 175 30
daly
2 44 yrs ACTH 80 1000
Uvaitss 100 mg
daily
3 Myn ACTH None demongr
Pernarr Nod 100 mg belore R
daily 660 320
4 53yma Cortsont 05 before R
Purpura 100 mg 60 14
daly
Each figure reg he velue of an wndividual made at 6~12 day
ntervals
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treated with ACTH and 1n one treated with cortisone We selected
male patients i order to avoid trouble with endogenous ovarian se
cretions

In case 1 and 2 high pregnanediol excretion determned by the
method of Marmion et al, wis found during therpy with ACTH
This would suggest that ACTH stimulated secretion of 11 desoxy
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o]
sl

] L

URINARY CORTICOIDS
{gomma / 24 HOURS)

tooo

AVERAGE DAILY EXCRETION

o
°
a
Leati g1 ety
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Fi6 5 Excretton of formaldehydogenic steroids during treatment with
ACTH hepatic arrhosis
Crosshatched bars indicate menses

corticosterone or progesterone 1n appreciable amounts However mn
case 4 pregnanediol was found increised during treatment with corts
sone 1n this case the pretreatment excretion level was determined
and found to be almost zero

In case 2 and 4 high estrogen excretion determined by bioassay
was found during admimistration of AGTH 1 case 3 none was de
monstrable (mimmum level tested for 30 International Units) be
fore treatment

Another observation concerns the influence of menstrzation on
excretron of formaldehydogenic steroids (fir steroids) during ACTH
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therapy The first case was one of severe hepatic cirrhosis studred
jomntly with Dr W P Havens Jr In this girl the urmary excretion
of formaldehydogenic sterords rose dunng theripy with ACTH (80
mgdaly) At the me of her menses the cxcretion decreised nd rose
promptly thereafter (Dig 5) This observation was made accidentally
m a study of effects of ACTII in heprtic diseise We wondered
whether the mnpared lner function had anything to do with the
menstrual dechine of formaldehydogenic sterord excretion

We therefore made a similar study on a girl treated with ACTH
for theumatoid arthnitis (Fig 6) Agam at the time of menstruation
the formaldehydogentc sterord excretion took 1 nose dive

EXCRETION OF FORMALDEHYDOGENIC STEROIDS DURING ACTH THERAPY IN
RHEUMATOID ARTHRITIS INFLUENCE OF MENSES

12sof

1200l

130}

sool

MENSES
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I wonder whether the data Dr Engel presented could be corre
lated to such an event Whether the decrease of formaldehydogeme
sterord excretion represents an unspecific response to stress (unques
twonably menstruation 1s a stress) or whether 1t 1s more specifically
related to menstruation we do not hnow

DR GREGORY P1ncus I would lhike to ask Dr Engel 1f he has com
parable data for patients recerving corticosterords and whether they
show any differences or stmlarities

DR LEWISL ENGEL We have no comparable data on corticosterone I
am sorTy to say
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Adrenal Function and Steroid Excretion in Disease*

Konrad Dobriner 5 Licherman H Wilson M Dunham | F Som
merville and C P Rhoads

SLOAN KETTERING INSTITUTE FOR CANCER RESEARCH AND MEMORIAL CEMTER FOR CAN
CER AND AWUED DISEASES AND CORNELL UNIVERSITY MEDICAL COEGE NEW YORK

The adrenal hormones whether admimistered or secreted by
the gland under sumultion provoke @ dramanie response m many
wyndromes of disease but the mechimsm of response 1s unknown
The hormone m1y substitute for the decreased or faulty Function of
the adrenal gland but the fact that there o5 2 response strongly sug
gests that 1 these diseases the needs of 2]l tssues or of certamn speciat
tissues for adrenal hovmene 1s not met by the normally secreted hor
mones i the cses m question

This sitvation can anse from two sources—(A) there 1s either an
absotute or a relatve deficiency m the production af sterosd hor
mones by the 1drenal gland or (B) there 1s a disorder 1 metabolism
of the secreted sterowds so thar while sufficient hormone may be se
creted by the adrenal 1t 1s tltered before 1t reaches the essential tis
sues and thus 1 sufficient amount of the propes hormone is not aval
able for the biochemucal processes for which it 18 requured

We have stuched the hntman unmary steroid excretion patternis
since these afford one means of studying hormoune production by the
adrenal glnd We have compared the patterns of normal subjects
with those found mn disetse et hne sought to determine by the ster
oid excretion whether the adrenal responded lle 1 normal or an
abnormal gland when the sumulus of ACTH was applied

If we look at the sterod excretion pitterns of normat subjects
{T1g 1) there are four compounds which mike up the major part of
the hetonue sterords 11 keto etiocholanolone and 11 hydroxy andros
terone which are derived from the 11 oxygenated adrenal hormones

d and ettocholinol which ansc from both gonadal

S

Thyy mvestigavon was mded by granis from the Amesican Cancez Soctety (on
Tecommendation of the Committee on Gros (h of the Natwnal Research Counctl) the
Commonnealth Fund the Anna Fuller Fund the Litha Babbitt Hyde Foundaton the
Altiere and Mary Lasher Foundation and the Natsonal Cancer Institute of the Nasienal
Instrutes of Health Pabiic Health Service 5

3
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and adrenal hormones In addition to these major metabolites 1n nor
mal man small amounts of other steroids are excreted stch s preg
nanolone 1ndrostanedione etiocholanedione as well as Compound
F traces of E and some of their transformation products such as tetr
hydro F and E ‘The amount of each compound varzes somen hat 1n
different subjects tnd one may conclude that there are quantitative
differences between indisiduals just as there are differences tn hesght
or weight or temperament but mn the normal subject there are no
qualitatrve deviations from the normal pattern

The steroid excretion pattern 1s quite abnormal mn neoplstic
disease (Fig 2) Not only do some normal compounds disappear com
pletely but certain abnormal compounds of adrenal origm are found
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m 2 significant number of cancer paents The conclusion to be
drawn from these results 1s that there 1s 1n tbnormal adrenal function
oran altered metabolism of dren1l hormones when cancer 1s present

Can we draw any conclusion 1bout ndrenal function of normal or
drseased subjects when their glands h1ve been sumulated by ACTH?
We are fortunate that through the cooperation of Dr Nathan W
Shock of Balumore we were able to compare the response of four

NORMAL JLYMPHATIC| CANCIR CANCER GASTRIG GASTRIC § LYMPHATIC | NORMAL
MALE LEUXKEMA | OF LAR Nx] oF CANCER CANCER | LEUXEMIA § FEMALE
VAiE | *'wane | prosTare | ‘e FENALE | ‘FEMALE
AL GROLP) 35 TO 3 —46 27 38 34 T 6 -T2 $2-78 37 3 49-53
NoOFCases) 2 2z 2 | € 2z z z 2
iyt
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oL | W — —| |
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o Tz | sciiw § + -corere
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o _.-._-_.-_l_—_l_—_l_l___ ..J
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normal subjects 1n a metabolic experiment with the results we re
ported with leukemia patients last year at this conference Dr Shock s
group conducted the metabolic studies while we studred the urnary
steroids measuring both ketosteroids and formaldehydogenic steroids
(Table I) The control pertod was 15 days after which the subjects
recetved 100 mg ACTH per day 1n 4 divided doses for 12 days

It 1s remarkable that in three subjects the increases in ketosteroids
and formaldehydogenic steroids increments are nearly 1dentical and
as Dr Shock reports the N and P excretion was sumlarly umform
The subject who showed no ketosterord excretion did not show any
changes m his N and P values indicaung an unresponstve adrenal
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and adrenal hormones Inaddition to these major metabolites 1n nor
mal man small amounts of other sterords are excreted such as preg
nanolone androstanedione etiocholanedione as well as Compound
F traces of £ and some of their transformation products such as tetra
hydro F and £ The amount of eich compound varies somewhat 1n
different subjects and one may conclude that there are quantitative
differences between mdniduals just 1s there are differences in height
or weight or temperament but in the normal subject there are no
quahitative deviations from the normal pattern

The sterond excrenion pattern s quite abnormal 1n neoplastic
disease (Fig 2) Not only do some normal compounds disappear com
pletely but certain abnormal compounds of adrenal origin are found
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the normal subjects There was howeser a sharp difference i the
lesel of formaldehydogenic siermds of the norm) subjects and the
pattents with neoplisin The control wilues of the cancer patients
nere orer 10 tmes s bugh as those found in the normals and rose to
much Jugher valites fter ACTH stmuliion »ith much more vaina
tion n cach mdividun! The vesults are summanzed 1 Table 113
The Letosteroud responise ts the samc i the normal subject and 1n
neoplasuc disetse but there 15 1 sinking difference i the formalde
hydogemse steroids. The erige meretse of formaldebydogenic ster
ads 10 the normal was 35 fold wnd wm (he neophistic patients was
seven fold

Table 111
Jermaldehydo enic sterords
ketasterards (e, 2k ) {mo /20kr )
Control wcrn | Cowdt | acTH
sT | ST
Arerage
SO VU
NORMAL 203 507 E 03 104
NEOPLASTIC 165 509 38 26
DISEASE .
Ratro
st e e
NORMAL | 10 25 10 347
NEOPLASTIC | 10 31 10 70
DISEASE )

Tt seems reasonable to assume that the adrenals in the neoplastic
patients were already 10 1 state of alert Yet these same adrenals under
sttmulation were able to exhibit a conniderable increase sn prodisc
tion of hormones which yield formaldehydogenic sterords 1n the
urine The values reached were over twice the lesel of the normals

A study of the mdnadual sterouds exereted before and during the
sumulation of adrenal funcuon by ACTH should give more precise
information of hormone production and metabohsm The compart
son of the results with those ot d after the ad ratron of cor
tisone and other adrenal hormones should shed further Light on the
mechanism of steroid hormone action The results obtained after
adrenal sumulation by ACYH are shown m Fig 3 The pattern of
6 urinaty steroids before during and after ACTH admsnsstration in
three patients with neopl disease 15 compared with normal per

sons of the same age group There was an increased excretion of bath
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Table I
Noraars
Sormaldehsdo, entc stesords
ketosterords {mg /2dhr ) (m,, /24hr )
—

Control 72 Days ACTH Controt 12 Days ACTH
227 581 03 81
202 607 04 124
231 298 02 71
150 540 03 141

Avera e
3 507 | 03 104
Ratea
10 25 [ 10 347

Sumilar unresponsiveness in several patents to ACTH admimistration
has been reported by us dunng the past year

A simdar study of panients with neoplasuc disease 1s shown n
Table II The Letosteroids both during the control pertod and dur
1ng admimistration of ACTH were essentinily adentical with those of

Table 17
NeopLASTIC D1 EASE
formaldebydogeme sterords

fetosteroas (mg 24kt ) {mg s 24kr)
Control 12 Days ACTH Control 12 Days ACTH
147 636 42 19
166 427 17 378
170 47 54 240
247 26 10 183
16> 256 24 255
107 86 — —
160 608 105 404
151 550 02 119 j
30
171 749 | 50
Average
165 509 | 38 26
Rate |
b
10 31 ] 10 70 J
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compound F The 1solation of increased amounts of 11-oxygenated
steroids 1s experimental proof that the side chain of cortisone 1s o1
dized and steroids with 19 carbon atoms are produced In addition to
these urinary C,, compounds u:th 11 oxygen function we find after
cortisone s well as after ACTH admmnistration ncreased amounts
of compound F and E and two reduction products of both hormones
These were tetrahydro L and tetrahydro F (Fig 5)

The 1s0lation of these two comy Is not only blishes their
relation with the precursor hormones but tllustrates that the firse step
n<he degradation 1s a reduction of the conjugated ketone group in
Tng A This 15 of great physiological 1mportance smce these reduc

71



70 SEGOND CLINIGAL ACTH CONFERENCE

NORMAL CANCER OF BREAST LYMPHATIC LEUKEMIA | NORMAL
FEMALE FEMALE MALE maLg
@ cB "M s )]
-
bavs 2 6 6|18 30 . s 9 &
00 200 38 powt 200
. Cot 1 mg mg lcontol mg Cont of Post
24 AGTH ACTH acTh ACTH AcT ACTH

ANDROSTERGNE

7

ETIOCHOLANGLONE

[ i
PREGNANOLONE

11 HYDROXY ANDROSTERONE

2 ) MYDROXY ETIOCHOLANOLONE
—
> 11 KETO ETIOCHOLANOLONE

Fic 3

11 oxygenated and 11 desoxy compounds during adrenal sumulation

A comparison of the excretion pattern of 6 typical ketosterotds
after ACTH sumulation with a pattern after cortisone admumstra
tion 1s shown in Fig 1 The two patients had lymphatic leukemia
T he patient who recerved 100 mg of cortisone for 6 days and 200 mg
for 12 days excreted 1n hus control period only traces of amounts of
the 6 compounds After admimstration of corusone a striking 1n
crease of the 11 oxygenated urary metabolites nas observed There
was no wncrease of the 11 desoxy compounds during cortisone treat
ment 1n contrast to the great increase alter ACTH

From the abote we can conclude that the adrenals produce other
hormones or steroid precursors than cortisone or the closely related
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1s metabolized to these two end products A more hikely explanation
1s that compound § (11 desoxycortisone) or 17 hydrovy progesterone
(11 21-desoxycortisone) can be metabolically owidized to androster
one nd etiocholanolone Indeed using 1sotopically labelled C , ster
o1d hormones of the 11 desoxy type 1n 1 cooperatise study with Dr
Gallagher and Dr Fukushima the transformaton to Gy, 17 Ketoster
oids has been observed Thus 1s proof that the 11 desoxy hormones
of the human adrenal contribute to the urnary androstcrone and
etrocholanolone  Since both these compounds are ncreised by
ACTH sumulation 1t 1s almost certain that their C, 1i-desoxy pre
cursors are normal secrenons of the adrenal glind The metabolism
of these compounds then 1s very sumilar to the metabolism of corti

HYPERTENSION
NORMAL FEMALE FEMALE
24

uy RIB1Gle(8]2]51A]5] |55 nl Al

3 ANDROSTERONE

[
T ETIOCHOLANOLONE

11~HYDROXY ANDROSTERONE

11- HYDROXY ETIOCHOLANOLONE

Nw
D
11 RETO- ETIOCHOLANOLONE

Fic 6



72 SECOND CLINICAL ACTH CONFEREMCE
tion products are much less active biologically than the hormones
themselves The hate no therapeutic activity when guven i the same
amounts as the hormones

A third metabolste velated to cortisone and compound F was sso
lated from urine This substance was 21 desoxy tetrahydrocortisone
(3a 170 dihydroxypregnane 11 20 dione) (Fig 8) and was obtained
both after cortisone as well as ACTH administration "The reduction
of the side chain seems to occur after the reduction of the A ring

In summary coruisone 1n 1ts metabolism undergoes a series of re
ductions to more saturated compounds with the same number of

GH2OH GHaOH CHa0H
¢=0
¢=0 c=0
(ﬁﬁm HO, OH Oy on
" HO
o 2
o H
COMPOUND E COMPOUND F TETRAWYDRO E
CHy0H CHs
&= <=0
§=9 oH
HO, OH Oy,
o [ 1 ; HO-
H
TETRAHYDRO F 21 DESOXY TETRAHYDRO E
Fic 5

carbon wtoms Inaddition however there 1s also oxidatrve loss of the
side chun with the formation of the C,y sterods stll having the
1] oxygen function as has been shown previously There 1s no evt
dence that during metabolism a loss of the 11 oxygen function occurs
We are forced to assume therefore that the precursors of the 11
desoxy steroids—androsterone etiocholanolone and pregnanolone—
are adrenil hormones without 11 oxygen function Pregnanolone
may dernne from progestesone and DOG both of which have been
1solated from 1drenal glinds We have no evidence that the side chun
15 lost with the formation of C,, compounds

The precursors of the increased amounts of androsterone and
etiocholanolone are sull not accounted for There 1s no doub shat
ursors after ACTH stumulation are adrenal sterouds It 1s

T prec
:::fl:ksy ¢hat the adrenals produce testosterone a compound which
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unne but the unaunt of each compound s small actunlly at the low
est level found sn normal subjects The most significant finding how
aver 35 the presence of 1 compound which from its charactenstic
stricture 13 an adrent) hormone metrbolite—17 hydrony pregnano
lone This compound has not been found i the unne of any of the
twemty-erght normal subjects studied It has been found quite regu
farly 1 cases of adrenal hyperplass and adren! tumors Therefore
this patzent wath arthritss had an adrenal dysfuncuon

We ave anare that from a single mstance one cannot draw the
concluston that m all cases of arthnits there 15 adreml dysfuncuon
There s 1o doubt however thit wdrenal dysfuncuon was present
Tins patient The patient made a dramatic temporary recovery under
treatment with cortisone Studies of lus urnany steroid pattern as
affected by thus treatment with cortisane are under way s 1re studies
of the excretion pattern of the same patient under AGTH therpy
all of the resubts of which may reveal some mteresung leads

SUMMARY

We have studied the adrenal funcuion before and =feer stumula
ton with ACTH and discussed the pathway of metabolism of adrenst
hormones e have gnen evidence that the adrenal hormone excre
fion 15 changed m neoplastic diserse hypertension and in one case
of arthrius

We conclude that dyvsfuncuan of the adrenal 1s an wmnpostant fac
tor 1n these syndromes and that further study will greatly expand our
inouledge of the specific role of the hormones and af the adrenals in
health and m disease

The authors express thesr deep apprectation ¢ Dy Thomas F
Callagher for his generous and valuable assistance m the preparation
of this manuscript

DISCUSSION

DR WILLIAM ¢ WoLFsOv Figure 8 summarizes obsersations made Jast
year by Dr Robinson and Dr Duff during a study m which the effects
of cottasone were compared with those of agnenus adsenal cortcat
extract An egual number of glycogen umits was gnen daidy i bath
penieds Chmcal and metabolic effects were quite comparable wuh
one exception The aqueous adrenal corucal estract produced
wmarked merease 1 17 hetosterond excretton while the cortisone did
not {Fig 8)

1t 15 entsrely reasonable 10 assume from this result that adrenal
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sone 1e theyare mn part degraded to G, steroids and 1n part excreted
as reduced G , steroids

Let us now turn to other syndromes than cancer to inquire
whether an abnormal production or metabolism of steroid hormones
1s present Such a syndrome 15 essential hypertension and 1t can be
seen m Fig 6 that two abnormal steroids are excreted m a significant
number of patients
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Arthritis however 1s one outstanding condition which responds
strikingly to adrenal hormone administration as well as to adrenal
stimulation by ACTH Exhaustive disputation has not decided the
status of adrenal function of the arthritic patzent

Through Drs Sprague and Mason of the Mayo Climic we have
obtamned the urine of a paticnt with arthntis and m Fig 7 the sterond
excretion pattern of the arthritic 1s shown in comparison with that
of 2 normal subject With the exception of pregnanolone il the com
pounds excreted by the normal male are also present it the patient s
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Adrenal Function During Pregnancy and the Effect
of ACTH Duning Pregnancy

Joseph W Joiler

PRESSYTERIAN HOSPITAL AND COMEGE OF PHYSICIANS AND SURGEQNS
COLUMBIA UNIVERSITY NEW YORK

NORAMAL [RECNANCGY

The report by Vennng (1916) has sumulated interest n the
role of the adrenals durw,, presnancy Tobuiwn (1919) and Jailer
(1940) using dufferent techniques hme confirmed the obsersation
that there 15 2 muwked mcrease m wrnary cortseoids during preg
nmaney Our studies demonstrating & rise sn corucowds and a much
smaller merease m unmary excrenion of 17 kewosteroids are presented
M Fig 1 Dysss has abso shown 1 deereass wm axenlatng eosmophils
during the conrse of pregnngy only 1o nse after debery

PREGNANCY IN ADDISOY § DISEASE

Our wterest in tins Geld wis onigmally avoused by the opportu
ity to stady several \ddisontan patsents dunng pregnancy T hus ex
pertence has been presented by knowlton Mudge and Jarer (1919}
Subsequent o this one of the pauents s undergone another preg
nancy and she was re imesngated wah newer methods for studying
adrenal function She was admutted at approxmately monthly meer
1als 10 the metabolism ward for study Pellets of desos cortcosterone
had been implanted siv months previous to the onset of this preg
fancy and when 1t was fele that they had been absorbed she was mam
tatned on 2 mg DcA daily This was supplemented with varying
amounts of added sodtum chlornide Durmg the last timestey of preg
Tancy 1t has necessary to decrease the amount of added salt

During both pregnancies there was a marhed merease 1 17 keto
sterod excretion At the time of the fivst pregrancy 17 ketosteroids
were determined according to the methed of Pimens with antunony
trichlaride and during the secand the colonmetric method employed
was the Holtorff hock i ton of the Z: Reaction
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cortical extract contamns the 17 Letosterord precursor which 1s respon
sible for the marked increase 1n 17 ketosteroid excretion seen with
ACTH This precursor 1s not substances A B E F S or desoxycortt
costerone for none produce 1 comparable increase 1n urnary 17 keto
sterords The 17 Ketosterord precursor contained 1n adrenal cortical
extract would appear to be relatively mert metabolically smee no
different1nl metabolic changes attributable to 1ts effects were ob
served mn this study

Paper chromatographic studies of the 17 hetosteroids excreted
after administration of ACTH have shown an mteresting diffexence
mn the qualitative time relations of one of the fractions With suitably
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large doses an increase n the usual monoketonic monoalcoholic
steroids may be seen clearly on the chromatogrim

Following withdranal of ACTH the concentration of this mono
Letomic fraction falls to below control values and then returns to 1ts
baseline Very different behaviour 1s observed 1n the c1se of one of
the diletontc 17 ketosteroids Thus steroid tncreases during the ad
minstration of AGTH and when ACTH 15 withdrawn 1ts concentra
tion continues to increase for some days Maximum output 1s ob
served at a time when all metabolic mdices indicate a relative lack
of 11 17 oxysteroids to be present Clearly therefore tius substance
cannot be 1 dernvatnve of a steroid with 11 17 oxysterord actisaty but
must anse from an inert substance or from one which has actnvities
opposite to those of the 11 17 oxysteroids Its behaviour 1s 1n fact
entirely consistent with that expected of an intermed:ate 1n adrena!
cortical steroid metabolism The position of this steroid on the chro
matogram 1s consistent with androstenedione or etiocholenedione
The former 1s currently widely regarded as a possible precursor of
at least three groups of adrenal steroids
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e focussed our attention on ums organ The exiraction procedure
is difficult technically and probably quite mefficent To date we
haie a ketonue fraction of poaled premature plicentae which gives
the Zymmerman reaction reduces phosphorolybdic anid and more
specifically hiberawes formaldehide on incubation with periodic acid
Hounerer st 15 probably not cortisone since i the dosages employed
there was no deposition of Iner glycogen m adrenajeciomized mice
In partison studies between benzene and water 1 appears to be
more soluble sn benzene It has not been crystathzed as yet

Eridence of a protemn hile hormone simmlar to ACTH has been
found 1n placental ussue These evtracts are cipable of reducimg
ascorbic acid 1 newborn rats according to a method previously de
scribed (Jaster 39350) and (in collaboration wath Dis P E Smath and
F Agate) st will reduce adrenal ascorbic acid 1n the hypophysecto
muzed rat as well Its role 1n nonnal pregnancy s unknonn

TOXEMIA QF I REGNANCY

It would thus appear that during preguancy there 15 ample ew
dence of 2 temporary state of hyperadrenilism in women There 15
experumental evidence for a ssmular state m pregnant ammals as well
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Fic 1 Daily excretion of urinary steroids in mgms determumned at van
ous times during course of pregnancy (N R L neutral reducing hpids or
steroids)

I'g 2 demonstrates the increase noted 1n one pattient Within 7-10
days postpartum these values fell to typical Addisomn levels The
excretion of neutral reducing lipids was high n the last trimester
and fell accordingly after delivery

The adminsstration of 03 mg epinephrine on two separate oc
castons and 25 mg ACTH on one occasion resulted 1n at least a 40%
dechine n arculating eosinophils When these tests were repeated
after delivery however there was no decrease 1n circulating eosmo
phils (Fig 2)

An attempt was made to rule out the fetal adrenals as a source
of these steroids Urine was obtained from the male nfant for the
first three days of life An average of 0 6 mg 17 ketosterord and 03
mg neutral reducing lipids per day were found These values were
obtamned during the time when the maternal values were still above
her usual non pregnant values Tihus seemed to us at lewst to rule
out the fetus s the source

It was also possible that this patient had adrenal remnants which
were bewng sttmulated duning pregnancy n some fashion Conse
quently 100 mg /day of ACTH were adminstered begmming the
1 1th postpartum d1y and no fall 1n eosinophils and no increase 1n
17 Letosterords could be observed (Igure 3)

The only rematning source of these steroids would ppear to be
the placenta Previously chorionic gonadotropin estrogens and pro
gesterone have been 1solated from placental tissue Therefore we
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After smuable control pensods 70 mg ACTH (i § divided doses)
were admimistered duly One pattent recened 150 my cortisone
datly
Several pauents went snto Jabor after but a few doses of ACTH
These women 7re not mcluded 11 this report Indeed we soon felt
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that ACTT had precipuated labor but more careful study showed
this to be fortmtous nd not causal Six patents were follossed a
sufficient length of ime 1o attain 2l the physiologeal effeers

There 15 conclustve esidence that the ACTH was physiologically
active The eosmnophls dechined markedly often disappeaning com
pletely The 17 Letosteromd excretion values mare than doubled The
neutral veducing lipids reached exceedingly hugh values—40 mg /
day mn one pauent (Tig 4) There was a retention of sodium  al
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The question anises whether there 15 any further alteration 1 adre
nal cortical function 1n toxema of pregnancy This pathological
state 1s characterized by hypertension albuminuria and edema In re
cent literature there have been several speculative papers by Garrett
Paruamen Sona nd Ehrnrooth claiming that the etiology of pre
eclampsia and eclampsia 1s bound up with excessive secretion of adre
nal cortical hormones Tobran has shown that pregnant women with
excessive edema excrete about 469 more formaldehydogenic sterords
than pregnant women with mintmal or no edema There was no
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correlition however with the level of the blood pressure Conse
quently 1t seemed to be of interest to see what effects the administra
tion of ACTH and/or cortisone would have on normal and patho
logical pregnancy

Patients in the last trimester of pregnancy were studied 1n the
hospital ind placed on the hosprtal s2lt poor diet The normal preg
nant women were gien 6 grams of sodium chloride 1n addition the
pre eclamptic no added salt The latter patients on rdmission were
placed on bed rest sedation salt restriction and magnesium sulfate
intravenously when indicated This usually resulted in a marked
chinical 1mproyement with 1 decrease 1n edema hypertenston nd
albuminuria After stabilizatuion the study was instituted
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both 1n erly wd e pregnanes hve consistently responded with
a much grever 1ise in fasting blood sugar The werge nse wos ap
proxsmately 80 mg per cent nd the smatlest 15 mg per cent Five
such tesults are shown m Ity 6 The lowest etirve shows the mimmal
effect obtuned The first curve indicates the changes i 1 diabetsc
pregnant womn
It shonld be emphasized tht theve 15 evidence for some imparr

EFFECT OF AGTH ON FASTING BLOOD
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ment of carbohydrate metabohism duning preg y A small per

centage of women show 2 louered renal threshold for glucose and
others may even show wmparred glucose tolerance

In summary there 15 evidence of increased production of adrenal
sterords during pregnancy mn both normal patients and Ad disornsans
The possibihity exists that at least part of these e of placemial ongin

The admimstration of ACTH and cortssone under the cond:
tons of our expersment does not ciuse any altertion . the wsual
course of normal or toxermc pregnancy Studies are uudcnny 0
ascertam more about the role of sodwm n the etology of toxermua
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though 1n the pre eclampsia patients the control urine sodium values
were low due of course to salt restrictson

However under the conditions of this experiment ACTH and
cortisone had no effect upon the clinical course of normal or toxemic
pregnancy There was no mncrease n albuminuna no edema forma
tion no effect on serum uric acd no effect on resting  blood pres

EFFECT ON BLOOD PRESSURE
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Fic 5 Horzontal bars represent period of ACTH administrauon Vert
cal lines represent average daily resting blood pressure

sure and but mmimal weight ncrease (Figure 5) One toxemic pa
tient after stabilization on ACTH showed a rise 11 blood pressure
duning labor howerer this 1s known to occur normally

The only finding worthy of note was a consistent rise in fasting
blood sugar m all pattents studied Our previous experience with
unselected mdividuals grven adequate doses of ACTH has been an
occasional rise m fasung blood sugar Pregnant women however



ADREN $I FUNCTION 1IN PREGNANCE 83

weidental to the study of physiological vanations 1 tasl blood o
smophil levels

A highly ssgmificint and rguubr duly vanaton e eosimoplnls
was recently reported mn five dufferent stocks of mice studied with
Dr Visscher m the Deprwrtment of Physiology of the Unnersity of
\hnnesota Fig 8 presents m part unpublished ditn extending the
finding to the B, subline of the C , Black stock Inview of the dwrnal
thythm one should conmider the effects of pregnancy at the tme of
the mudnight fon  as well s during the morming hsgh It e
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be seen from the first shde that 2 marled cosnopena sn the third
trimester of pregnancy can be detected at both these periods of the
day sn the Z, stock of mce

Inconclunion ¥ call attenuion 10 1he extent of the dirnal rhythm
which 1 some stocks of mice and under the controfled conditions
reported elsewhere amounted to a regular difference of about 804
betneen the levels determmed from 6 10 10 AN and those obtamed
m the period from 9 P M to | AN Such diurnal rhythms impress
us as a maore general phenomenon They hase been reported for the
excretion of 17 ketosterords and of neutral reducing hipsds 1n the
unne of men and for the lipid content of the adrenal cortex n
mice Exact indication of the period of the day at which studies
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DISCUSSION

DR RARL E TASCHAIS At the present moment we hate 1 patient quite
simular to that of Dr Jailers under study a woman with Addisons
disease who was studied before she was pregnant then she was
studied again during pregnancy

The studies so far show that her formaldehydogenic sterords be
fore pregnancy were 200 micrograms per 24 hours nd toward the
end of the third month of pregnancy they re up close to 800 which
15 about the top level of normal for formaldehydogenic steroids

DR FRANZ HALBERG (University Hospital and Unnversity of Minnesota
Medical School Minneapolis) I should like to present data on eosint
ophil levels during pregnancy as collected from the Z, stock of mice®
and shall also use the occasion to emphasize the importance of a
phystological phenomenon of possible interest to this audience
During the third week of pregnancy we observed 1 marked eosin
openia 1n contrast to the levels determmed under standardized con
ditons and at comparable times both 1n non pregnant females of
the same stock and of similar age (= 20 days) nd in pregnint am
mals during the first aind second weel of pregnancy Twul blood from
controls was collected for in eosmophil count within five minutes
from the blood letung of mice 1n their third trimester of pregnancy
Typical results are seen 1n Tig 7 The light bars represent levels
obtained m mice during the third week of pregnancy The cross
hatched bars tepresent counts from amimnals 1n the second or first
timester of pregnancy and some non pregnant females As you can
see the ume scale of the bar diagram 1s not constant The figures
were obtained at specific imes of the diy and represent 1 finding

Toutered line of GIT obtained through the courtesy of Dr J J Battner



10
The 48 Hour ACTH Test in Pregnancy and Cortisone Re-
sponse in Toxemia*

Willam L Caton Duncon € Reid and Chorles C Roby

SOSYON LYING-IN HOSPITAL, FIORENCE CRITTENTON HOME AND HARVARD
MEDICAL SCHOOL, BOSTON

Pregnancy 1s a temporary 40 weck state of tacreased pitustary
and adrenal actinity Associated with the mcrease 1n funcuon there
1 1n some cases hypertrophy and hyperplasia of each of these glands
In addition an sncrease i basal metabolic rate protewn bound 1odine
and cholesterol has been observed 1n some cases durning pregnancy
The marked change m the glucose talerance test as pregnancy pro
gresses has been described Although many of these metabolic changes
1 pregnancy must be related to changes i adrenal corticat funcuon
data to support the relanonship are meager Vennwmg described an
inerease m unipary corticords and 20 ketosterords as pregnancy pro
gressed No tnerease n 17 hetosteroids was detected Rath and others
have nated the progressive decrease i airculating eosinophils during
Ppregnancy

This report 15 diaded mnio tvo parts The first describes the
effort to evaluate pitmitary and adrenal functson by 48 hour AGTH
stmulation during pregnancy The second part describes the results
of eortsone suppression of adrenal and prustary activity i preg
nancy complscated by hypertension and atbuminura

48 HOUR ACTH TEST IN PREGNANCY

Two clinscally normal primiparae coopesated in the studies No
attempe was made to change their dietary regimen or to restrict their
acuviues ;m any manner The same kind and quantuy of food vas
caten by each of these women at each meal during the enure persiod
of study The patients were ambulatory in the Florence Cristenton
Home and during the 48 hour test penods therr housework duties
Wwere not nterrupted
s

Auded 1nt part by grants from the Soston Lying i Hospital Assocates the Milton
Fund Haryaed Unwwersty and Charles H Hood Foundation’ Boston
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directed towards the elucidation of problems related to homeostasts
are undertaken 1s therefore desirable It appears as a sine qua non
for the determination of eostnophil levels 1n the mntact laboratory
mouse where withun each 24 hours this thythm may bring about 2
change from over one thousand cells to 200 cells per cu mm tail
blood
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a progressive mcrease 1n the exeretion of 17 Ketosterowds does oeeur
durtng the sicteen week period of study

Tigure 2 illustrates the results in the second patient studied This
pattent was chically normal wnd except for excessine weight gun
with edem she did not differ from the presous patient

A totlly diffevent type eossnophul response 1s noted During the
first twelve to eighteen hours of ACTH stumulation 1 decrease m
cireulating cosmophils occurs but during the remammng thirty to
tlurty s1x hours of the study period there 15 a progressise increase 1n
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Fic 2 Response ta ACTH )} during pregnancy compl by
excesstve weight gan

the cell count In each mstance 1t 15 noted that the fasting counts at
the end of the 48 hour pertod of sumulation s greater than the pre
stimulation counts The counts were all taken under the same basal
conditions

Thus response rebound or eosinophul escape was noted mn all
tests m this case If at the end of the 48 hour period however an
injection of 50 mg 1s given decrease 1 the eosinophil count occurs
Thus 13 1llustrated by the braken lines 1 the figure Except for the
first test period no mcrease 1n the 24 and 18 hour fasting blood sugar
15 detected The 17 ketosterond excretion except for the second
study period 1s not increased durtng the five pertods of strmulation
No sudden weight gawns are observed during the tests Howeser this
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Beginning at the twenty third week the 48 hour ACTH test was
performed at three to four itervals throughout the remainder of the
pregnancy An attempt was made to have the last prepartum obser
vations as close to the onset of labor as posstble Five tests were com
pleted on each patient during the last sixteen weeks of pregnancy

Total eostnophil counts were done as described by Dunger while
17 ketosteroids were estimated according to the method of Callow
Blood sugar was determined by the Folin Molinos method

The same lot of AGCTH was used 1n the entire studs In the first
test on each patient an mtial mjection of 25 mg of ACTH was
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Fic 1 Response to ACTH stunulation during normal pregnancy

given followed by 10 m, every six hours for 48 hours During the
last four tests 25 mg was mnjected every six hours for 48 hours mak
1ng a total of 200 mg given during the test period

RESULTS

Figures 1 and 2 1llustrate the response obtained when the adrenal
cortex 1s stimulated by ACTH at regular intervals during pregnancy
The first patient studied (Fig 1) shows a prompt and sustamed de
crease 1n circulating eosinophils during the injection of ACTH This
low count 1s marntained during each of the 48 hour periods of obser
vations There 1s a moderate mncrease m the fasting blood sugar in all
test periods except the second The 17 ketosteroid excretton during
ACTH sumulation 15 mncreased n the first period ouly However
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signs and symptoms of the disewse The three cses described below
are pot reparted prumandy as x method of trenwment but e attempts
ta learn more about the physiolozical changes 1n pregnangy comph
cated by toxemsa It 1s our hope that a better understanding of m
tustary and adrenal function dunng toxenma will result in improved
treatment of the discase The edema hypertension atbusnursa and
water retentian of thus complication of pregnancy suggests that m
creased pituttary wnd adrenal scusaty smught be related to thexr pro
duction Cortisone was therefore used 1n an attempt to suppress
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Fic 4 Corusone response of severe pre eclampsia

these actinities and to determmne 1f the sums and symptons of preg
hancy toxemua might be changed

Figure 4 sllustrates the vesults in the thirty year old gravida 3
park 2 who was admited wath severe pre eclampsia when thirty
weeks pregnant Her first pregnancy was comphoated by toverma
and a second pregnancy was uneientful Three members of her
famuly have severe hyvpertensian A maternal auat had tovem:a with
convulsions during one pregnancy

Dunng the twenty ninth weel of the present pregmancy a sudden
omset Of severe headaches marhed visual disturbances hypertension
and generahzed edema occurred Because of vaginal bleeding 1n the
first timester the patrent had been placed on diethylstitbesteral al}
medication was discontnued and 50 mg cortisone at 12 hour inter
vals now started After twenty hours the patient had an unusnal
sense of well bewng Symptomatc improvement was marked A pro
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patient s total werght increase during the 16 weeks of study was
excessive by normal standards

A third patient Digure 3 exhibited a similar lack of response to
stimulation and three weeks following the test developed moderately
severe pre eclampsta When the signs and symptoms of this complca
tion of pregnancy appeared very few eostnophils were detected 1
the peripheral blood The absence of a normal response to exogenous
ACTH stimulation suggests high endogenous pitustary hormonal
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Fic § Forty eight hour ACTH test duning pregnancy comphicated by
excessive weight gain and edema Three weeks after the completion of the
test the pauent developed pre eclampsia

production and the low eosinophil counts seemed indicative of 1n
creased adrenal cortical function

CORTISONE RESPONSE IN TOXEMIA

The second part of this report describes the use of cortisone in
three patients with toxemia of pregnancy The esaluation of treat
ment in toxerma 15 dilficult The signs and symptoms of the disease
are vanable and Temissions occur spontaneously Hosprtalization fol
lowed by minimal sedation may result 1n marked improvement even

1n severe pre eclampsia The onset of labor occastonally alleviates the
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Finch € A MD and Conroy L Surgery Gynecology nd
Qbstetrics 90 320 1930

2 Adrenal Tunction in Pregnaney Vennmg £ I 39 203 1946

DISCUSSION

PR R R MARGULIS A lunited number of patients were studied at the
Henry Ford Hosputal In one group were women with normal preg
amcies who were gven YCTH near term to see sf st were possible
to induce fabor One woman with a retuned dead fetus was treated
with the same objectine

In the sccond group ACTH and cortisene were rdmimstered to
determne their possible value m therpy ot mild and sesere eclimp
513

Wewere not able to prove conclusivels that ACTH would mnduce
labar

The cclamptics felt better on cortisone trevement s Dr Caton
mentioned We did not see any strihing change for better or for
worse in the blood pressure There was no change in total daly
urinary atburmn output Siagle unne specimens frequenthy showed
a decrese from |+ to 1 or 2 4 but this was due to the mcreased
volume of the urmarsy output

We had one patient adnmtted to the Emergency Room m con
valsions Under mild sedation and cortisone therapy the convalsions
stopped and there was 1 strilang snbjective smprovement Frie days
Iater she spontaneously went into labor Agan there were no de
manstrable changes in etther the athummuna or hypertension

bR Joseprt w JawEr The only thing I would Iike o0 say 15 that we
t00 thought that ACTH was puiting women snte lahor but when
we really tested 1t we found 1t didn t do so ar alf



92 SECOND GLINICAL ACTH CONTERENCE

fuse urine cutput was almost free of albumin Spontaneous labor
occurred after thirty hours of cortisone treatment with delnvery of
an actve 2-12 1nfant Both mother and baby were discharged well

Pauent #2 developed eclampsia during the twenty second week
of pregnancy Her first convulsion occurred one hour after admission
to the hosprtal and thirty minutes after the imual injection of cortt
sone Magnesium sulfate had been given in addition to cortisone
Tlus combination of therapy stabilized the patent and no further
comvulsions occurred No change 1n urine output or albummurna
was noted After a short period of stabihization the pregnancy was
surgically terminated

Patient #3 was an obese multrpara whose pregnancy was complt
cated by severe hypertension and superimposed toxemin At term
with ruptured membranes and no labor she was admitted sem
stuperous completely amnesic and disortented Twelie hours after
starting cortisone the patient was rational and oriented Cortisone
was continued in 50 mg doses at 12 hour intervals A moderate fall
n blood pressure was noted In spite of restriction of fluids during
this twelve hour pertod to 250 cc of hypertonic glucose a 1300 cubic
centimeter diuresis occurred All visual disturbances had disappeared
and she had no complamnts Cortisone was discontinued after 48
hours Labor and uneventful delivery of a normal infant occurred
two days later

SUMMARY

The results 1 two of the three patients are encouraging but
several limutations of such hormone suppression are noted First 1f
1t 15 to be adequate a certarn duration of time 1s necessary in order
to accomphsh the suppression The lack of response 1n the patent
with eclampsia 1llustrates this factor Second the immediate effects
of cortisone may possibly precipitate an exacerbation of the cond
tion rather than result 1n improvement

Perhaps 1f 1n the less severe cases of pre eclampsia the pituitary
and adrenal can be effecuvely suppressed the clinical course of the
disease might be changed so that the pregnancy can be continued or
terminated with safety
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KIDNEY AND ELECTROLYTES

1

Interactions Between the Adr ticatraphic H
{ACTH) and the Somatotrophic Hormone (STH) 1n Re-
spect to Therr Effects upon the Kidney and the Cardio-

vascular Apparatus®

Hans Selye

INSTITUT DE MEDECINE ET DE NIVERSITE DE
HMONTREAL, MONTREAL

1t 1s now a generally accepted fact that during exposure to

stress large amounts of corticotrophic and corticord hormones are
discharged 1nto the blood as an integral part of non-specific defense
during the general adaptation syndrome *** There 1s considerable dis
agreement however concerning our hypathests according to which
during adaptation to stressor agents an mntoxscatton with endogenous
antessor pitustary hormones or corticoids could predispose the organ
1sm 10 the development of disease and thus resultin  diseases of adap
taton

Ansmal experiments led that 1 phrosclerosis
penartenitis nodosy as well as morphologic changes remimiscent of
the hypertensive and rheumatc diseses can be produced by min
eralo-corticosd substances such as desoxycorticosterone (DCA)* or
desoocorusone (Rechsteins  compound 5 )® Essenttally sumilar
cardrovascular and connective tissuc lestons of the so called collagen
disease type have also been reproduced sn anumals by a lyophitized
anterior prtuntary preparauon (LAFY®7
P

Thus mrvestigation was performed » 1ih the help of grants from the Nanonat Heast
Instiute (US) iFe wational Research Council of Canada and the Canadan Axtim
anit Rheumasiom Soaety o
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In order to Icthtate the survey of the numerous 1nimal experz
ments which had 10 be performed i order to amive 2t thyy concla
ston we shall fest summanze the results of ¢ach experimentat senes
and then attempt therr correlwion and evalnaton i the section

Discussion  This procedure will also help to disungush clearly
bemmeen the esteblished facts on the one hand and the hypothetical
evahnuion of thewr sigmficnee on the other

FMEERIMENTAL 1 ROCEDURE

Although we make no auempt w outline our techmques 1
detail here 1t ts pertinent to menuon that generally speaking 1l
these experiments were performed on fermle prebiid rats wesghing
100-140 gm The night ladrey was wnarbly removed on the day
preceding the rdmustration of the first hormone injecuons The
amimals recerved a powdered purmnt fox chow  diet and nere gnen
1% NaCl solution mstead of drinking water The undateral ne
phrectomy and the NaCl supplement were adnimstered becanse these
factors had previausly been shown 10 mcrese sensitinty to the muw
¢ralo-corucard actions of L AP or DCA although thiey do not produce
any tovic effects in themselies

ACTH (Armour) was usually adminsstered at a dose level cor
tesponding 1o 6 mg per day of the Armour standwrd This amonm
was wdmumstered n six njections (4 hours apart) durang the dzy
and mght

STH {punfied preparitons supplted by Dr € H 11 (Berheley)
Armour {Chicago) Organon {Oss) Horner (Montreal)} was gisen at
adose level of approsimately 5 mg per day divided mto 3 injections

Cortisone (Merch) and DCA {Schening) were guven 1n the form
of microcrystatiine suspensions (25 mg per cc m saline wath added
suspending agents) 2 5-5 mg per day n a single dose

LAP was prepared from dussected cattle anterior lobe The re
sulting posder was suspended 1 saline (40 mg per «c ) and njected
at the dose Jevel of 40 mg per day 1 two diaded doses

All mjections were ad ed by the subc route

The duration of these experiments was usually one month unless
the hormone combinations proved to be so toxsc that the anymals
died wath overdosage mamfestations before that time

I RINGI{ AL FACTS ORSERVED
1 LAP syichwm STH

It will be recalled that LAP 15 merely a dned cattle antersor
bitaary ponder which contains all the adenchypophyseal prna
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The resemblance between the actions of DCA and LAP became
even more obvious when 1t was found that both these hormone
preparations predispose the rat to the production of evperimental
arthnitis * and to an1phylactord reactions® As a working hypothests
we assumed therefore that LAP may act by virtue of s cortrcotrophic
effect perhaps by stimulating the production of mineralo-corticods
through the adrenals

However later when adequate amounts of purified ACTH (Ar
mout) became avulable to us 1t was noted that even the lughest
tolerable doses of this hormone failed to reproduce the above men
tioned actions of LAP Thus AGTH causes no nephrosclerosis 1t
exerts only uregular effects upon the blood pressure and far from
ehaung collagen disease and predisposing to arthrius or allergy
it actually mhibuts their development both 1 experimental ammals
and in man Pure synthetic gluco-corticords (eg  cortisone) act es
sentially like ACTH not like DCA or LAP Apparently, ACTH 1s
predominately 2 gluco corticotrophic hormone  that 1s one which
stimulates the adrenal to produce gluco-corticords Hence obuiously
the actnve principle in LAP could not be identical with ACTH It
remained to be shown whether the typical LAP effect 1s due to one¢
of the other known anterior pituitary hormones to a hitherto un
known hormone or to a combination of several hypophyseal princi
ples In the meantime the agent n question was merely designated
as the LAP factor or Xfactor of the pitmtary**

A large number of experiments performed 1n our Institute during
the last few months have led us to conclude that thus  LAP factor
15 1dentical with the socalled growth hormone or somatotrophic
hormone (STH) Limutations of time prevent us from reporting upon
all these experiments n detul here today but 1n view of the im
portant 1nter actions between STH and ACTH we felt that a brief
synopsts of pertinent imesugations would be of some interest to
the partictpants of this conference Those interested will find com
plete descriptions of these experiments in the references csted *

EXPERIMENTAL OBSERVATIONS

The principal object of this communication 1s to review evpert
mental observations which led us to conclude that STH 1s the an
terior putunary factor responsible for mineralo corticord actions
Hence 1n a sense 1t represents the naturil counterpart of ACTH
the hormone primanily responsible for gluco cortscord secretion

» Many of these p

the hihliegra,
Tt 2ll these papers will appear 1n 1951 and since the journsls are men

wioned the reader will encounter ho d ficulty in Jocaung them as soon 3s they will

appear
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4 LAP produces hyahnosis

All the abore mentsoned toxsc v nions of DC A ¢1n be reproduced
with ernde mienor pranary extrwets or I \P The mam dsfference
between the syndrome produced by DCA on the one hagd nd the
pintuy prepartions on the other s thar the latter rirely ehics
perrteritis nodost tn the free mesententc arteries though they do
cause such vascular fesions n the heart and sometimes m the mn
crers Purthermore LAP clients 1 syndrome of planchnomegnly
{marked enlargement of the spleen uer 1nd hadney) this s much
less pronounced 1fter DCY ad ratton The splanch galy
was annibuted to the ST content of the LAP espearally since 1g 53
regularly accompanted by a mnrked increase sn somauc growth **s

5 STH produces hyalinosis

Electroplioretically pure STH reproduces alt the above men
toned vcons of LAP Trom this 1t was conctuded thit STH 15 the
tatherto umdentified I AP factor which mmueates mineralo corty
cod actons Like LAP ST does not tend to produce any mesen
teric periarterstis nodoss and causes a pronounced hypertrophy of
the adrenals 1n not hypophysectomized anmals® However afier
ablation of the puurtary STH does not tend to canse any adrenal
enlargement nor does it praduce hyalinosis * Apparently endoge
nows ACTH participates m the production of hyahmnoss by STH
Perhaps the ingection of STH ehctts a discharge of ACTH from the
ammal's own prutary just 1s ISH causes an LH dsscharge and vice
ersa

8 ACTH does not produce hyalinosis

Lven toxic doses of ACTH hase no tendency to clwit the hyah
nosis syndrome It does ¢rnse marked hyperemia of the yenal slomer
uls which 1 extreme cases may fead to glomerular hemorrhages and
the disintegration of some nephrons Houever these lesions are 30
different from those produced by DCY LAP or STH thar we may
safely exclude ACTH as the agent primartly responsible for the pro
Quction of DCA ke mmeralo-corticords * ¥

7 Cortisone does not produce hyafmoss

Orerdosage with cornsone ehats the same renal changes (esseny
taily characterized by glomerular hyperemia) as ACTH This 1 n
agreement with the generally accepred view that AGTH 55 primanty



98 SECOND CLINICAL ACTH CONFERENGE

ples as well as much accompanying non hormonal protemn material
However the preparation 1s particularly rich 1n STH as shown by
the fact that 1t considerably promotes somatic growth as nell as the
proliferation of connective and lymphatic tissues AH these actions are
shared by electrophoretically pure STH ™™ This consideration led
us to suspect that the muneralo corticoid like actrons of LAP may be
due to 1ts STH content

2 Adrenalectomy presvents the mineralo corticord actions of
LAP

Earlier observations had shown that 1n adrenalectomized rats
marmtaimed on cortical extracts LAP does not eliat 1ts usual toxic
effects upon the cardiovascular and renal tissues Thus 1t became
extremely probable that the effect of our pituttary preparation 1s
actually medzated through the 1drenal cortex 7 ** However adrenal
ectomized rits even when given fairly high amounts of adrenal cor
tical extracts do not withstand LAP treatment very well presumably
because the Iatter tends to produce subcutaneous abscesses and con
tuns much toxic protemn matenal Becanse of the poor condition of
the experimental animals the above findings were difficult to evalu
ate Inmore recent experiments 1n which adrenalectomized rats were
mamntamned 1 excellent shape with corusone LAP sull failed to
exert mineralo corticord actions In this sertes control rats receved
the same amount of LAP and cortisone 1s the adrenalectomized ani
mals yet the former died with mamfest nephrosclerosis and myocar
ditss at 2 trme when therr adrenalectomized partners were still i per
fect shape and showed no macroscopic or even microscopic evidence
of cardiovascular or renal damage Here we were faced with the
rather singular siturtion that adrenilectomy augmented resistance
to a toxic hormone combination *

3 DCA eliaits the hyalinosis syndrome

As stated 1n the introduction DCA--especiilly when given m
high doses to sensttized ammals—produces the so called hyahinosts
syndrome  This 1s mainly characterized by the deposttion of hyalin
or fibrinord materal 1n the walls of the artersoles and the renal
glomeruli This gridunlly leads to fatn] nephrosclerosts marked poly
urna hypertens:on and a myocarditis similar to that seen in human
rheumatic fever The sascular lesions generally resemble those of
peniarteritis nodosa They are seen quute regulrly throughout the
arteral tree of the mesentery the pancreas the bramn heart and

other organs®*
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t LAP produces ly1hinosss

All the above mentioned toxic atuons of DCA cut be reproduced
wath crude wnterior prewstary extsacts or L AP The mam difference
between the syndrome produced by BCA on the one hand and the
pitntiry prepuanons on the other s thae the latier rarely ehen
penanientss podost 1M the free mesentenic rtertes Mthough they do
cause such vascular Jestons m the hart wnd someumes sn the pan
crens Turthermore LAP ehiosts a syndiome of splanchnomegily
{marked enlargement of the spleen hver and hadney) thos 1s much
less pronounced after DCY admumsutatton The splanchnomegnly
was atnbuted to the STH content of the LAP espeaially simce st 13
regularly accompanied by a2 marked increase wn somauc growth *7°

5 STH produces hyhinoss

Electrophorenically pure STH reproduces all the abovemen
tioned actions of LAP T'rom dus 3t was concluded that STH 15 the
hitherte umidenufied L AP factor which nmitates muinerato-coru
coud actions Lake LAP STH does not tend to produce any mesen
tenc persartensiss nodosa and causes a pronounced hyperstrophy of
the adrenals sn not hypophysectomized ymmals“ However after
ablatron of the preuttary STH does not tend to canse any adrenal
enlugement nor does 1t praduce hyalinosis ™ Apparently endoge
nous ACTH parucipates i the production of hyhwosis by STH
Perhaps the smjection of STH chioits a discharge of ACTH from the
ammal s own prowstary just as TSH causes an LH discharge and vice
YErsa

§ ACTH does not produce hyalinosss

Eren toxac doses of ACTH have no tendency to eliit the hyah
nosts syndrome It does cise marked hyperenua of the renal glomer
ult which 1n extreme cases m1y lead to glomerular hemorrhages and
the disitegravion of some nephrons However these lesions are so
different from those produced by DCA LAP or STH that we may
safely exclude ACTH as the agent primarsly responsible far the pro
duction of DCA hike mmeralo-corticords * ¥

7 Cortisone does not produce hytinosts

Overdosage with cortisone ehatts the stme renal changes (essen
ually charxctenized by glomerular hyperemia) as ACTH Thus 1s n
agreement weh the generally accepted view that ACTH 15 primanly
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a gluco corticotrophic hormone and that an oserdosage with gluco-
corticords does not result in - collagen disease "

8 Cortisone aggravates some of the toxic actions of DCA

It 15 generally known that many of the experumnental lesions pro
duced by DCA (as therr clinical counterparts such as permarterits
nodosa rheumauc lestons) are prevented by cortisone It 1s not as
generally recognized however that the kidney represents a note
worthy exception

Rats treated stmultaneously with large amounts of cortisone and
DCA develop even more pronounced nephrosclerosis thn those
given DCA alone Yet the penarterius nodosa elicited in the free
mesentertc vessels by DCA 1s completely inhibrted by concurrent
treatment with cortisone while the lestons 1 the heart and in the
pancreatic vessels may be either mhibited or aggtavated The car
diovascular damage caused by mineralo-corticords may be secondary
to changes 1n the kidney (increased production and/or decreased
detoxficatron of renal pressor substances) In this event the mtensity
of the cardiovascular lestons could depend upon the relitne m
portance 1n each case of the renal damage (which would tend to
increase the severity of the cardiovascular lesions) and the direct
action (peripheral protection of the vessels) of cortisone It remains
1o be explamed why the free mesentersc vessels are so much more
readily protected by cortisone than those in the hidney the heart
or the pancreas**

9 ACTH aggravates some of the toxic actions of LAP

Simultaneous treatment with LAP and ACTH results 1n 1 syn
drome essentially comparable to that seen after concurrent treatment
with DCA 1nd cortisone Here agam mesenteric perirteritis nodosa
1s completely prevented the renal lesions are aggrnvated and those
sn the heart pancreas 1nd most other vascular territories are xrnbly
influenced depending upon individual factors of susceptibility nd
other conditions of the experiment **

10 Cortisone aggravates some of the toxic actions of I AP

Rats ssmultaneously treated with LAP and cortisone 1lso respond
essentinlly in the same manner as those concurrently treated with
DCA and cortisone ** The observations described n points 8 and 9
ble with the view that LAP imitates the DCA hike min

are compatt
d acuons while ACTH or cortisone produce glico

eralo-corticox
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corticord effects As noted 1n eaperiment no B conjoint treatment
with minerlo cortscosds and glucocorticords results in 1 dissoctation
of the typieal hyalinosis syndrome mn that the mmesentenic periarterstis
nadosa is presented while the nephrosclerosss wnd most of the other
artenial lestons e aggruvated

11 DGA aggrvates some of the towie 1ctions of LAP

Rats simuliancousty treated wuh LAP and DCA exhubie 1 hyals
nosts syndrome essenually similar to that caused by LAP alone or
DCA alone {marhed nephrosclerosis myocardat wnd cardion ascular
damage but litle f any mesentenic perareeniys nodosa) but the
evolution of the syndrome 55 much more acute and the serenty of
she lesions 15 considerably greater In essence there appears to be 1
pronounced synergism between the toxic 1ctions of LAP and DCA?

12 ACTH ~ggravtes some of the toxic acuons of STH

The nephroscleros:s polyuria and myocarditzs normally elicied
by STH 1 gremdly augmented by simultineous treatment with
ACTH In thes respect (and with regard to the other mamfeststions
of the hiyahinosts syndrome) the changes produced by conjomt treat
ment with STH and AC I'H are quite comparible to those elicited
by LAP and ACTH These obserations 1gam agree wath the assump
tion that the acune factor in LAP 15 acunally STH =»

13 Corusone preients some of the toxic actions of STH

As we have stated above (pamnt no 10) corttsone sggravates the
nephrosclerotie action of LAP Under certame condstions it can also
increase the renal dartaage caused by STH bt anly of the dosages
at which the two hormones are goven preclude the production of
cortical atrophy by cortssone Usually if large amounts of cortisone
are given the adrenal cortex fnvolutes and in that event renal dam
age 1s prevented Apparently here the compensatory atrophy  of the
adrenal cortex protects the hidney from STH just as the cortical
atrophy subsequent to hypophysectomy or surgical ablatioy of the
suprarenals If on the other hand the circumstances of the expert
ment {evposure of the wmals to stress nadequate dosage of cortt
sone) are such that cortical atrophy does not occur then cortisone
aggraves the renat damage This 15 probably due to 2 penpheral
synergrsra between STH and msneralo rorticords on the one hand
and corusone on the other ™ These observations agree with the viev
that STH 6 novnephrotowac m self and depends for this effect upon
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the mamntenance of the adrenal cortex exther by endogenous or by
exogenous ACTH

11 DCA aggravates some of the toxic actions of STH

Simultaneous treatment with STH and DCA causes partcularly
malignant rapidly fatal nephrosclerosts with polydypsia polyura
and a marked tendency towards edema formation Tins could be
due to a mere summation between the actions of DCA and of the
mmeralo cotticords endogenously produced under the snfluence of
STH Itmnay also be the result of an extra adrenal peripheral sensitt
zation by STH of the hidney and connective tissue structures to the
toxic actions of the injected DCA *

15 DCA aggravates some of the toxic actions of ACTH

The results of conjomnt treatment with DCA and ACTH are
essentially the same as those obtained by concurrent administration
of DCA and cortisone except that in the former case the adrenals are
enlirged 1n the latter they undergo pronounced compensatory 1
volution In both mstances the renal damage 15 particniarly severe
while mesenteric peniartertnis nodosa does not tend to develop as 1t
would under the mfluence of DCA alone

GENERAL DISCUSSION

All these observations are compatible with the view that STH
represents that factor in LAP whuch 1s responstble for its mineralo
corticord actions The ability of LAP or STH to elicst the hyalinosis
syndrome and particularly the charactenstic renal lesions depends
upon the mtegrity of the adrenal cortex Hence fnncional mach
vation of the adrenal cortex by hypophysectomy or cortisone over
dosige as well as surgical removal of the suprarenals prevent these
untowards effects of STH Conversely ACTH aggravates them pre
sumably because 1t mncreases the amount of STH responsive cortical
tissue and 1t the same time augments the quantity of circulatng
gluco corticards which sensitize the kidney to toxic amounts of
muneralo-corticords (see below)

The glucocorticods (e cortisone) counteract some of the
toxic mansfestations of the muneralo ds{eg thedesel
of mesenteric penarteritis nodosa the production of 2 topical 1t
rutation arthritis by the local administration of wrratants to the jont
lestons) On the other hand the renal dimage caused by muneralo
corticords 15 aggravated by gluco-corticords as shown by the com
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bined admimustragion of DCA 1nd corusone  This syme aggravauon
apparently also occurs betneen the endogenous glucocorticords and
mmeralo-corticords when rats are ssmultanecously treated with ACTH
and STH

As regusds the mechanisms through which STH could exert sts
{oxic effects upon the cardiovascular system and the Lidney the fol
lowsng posstbihittes come to mind

1 ACTH sa gluwcocorticotrophic  hormone (that 15 one which
stunulates the adrentt to produce gluco corticoids) and STH pos
sesses mneralo cortcotropluc effects Howerver wlule ACTH can
masntan the integrity of the adrenal cortex {eg even after hypo
physectomy} STH fals to do so Hence the hter cannot eheat sts
potential mneralo-corucotrophic actsons after the adrenal cortex
hag become 1ropinc due erther to cormsone overdosage or to hypo
physectomy

2 The secretion of minerio-corticords by the adrenal s wde
pendent of hypophyseal regulation Howetver duc to 2 pestpheral
synesgisn the minertlo-carticords {eg DCA) sensiize while the
glucocorucods (e g costisent) dusenmtize the tissues 1o the above
mentioned toxtc eflects of STH

3 STH everts uts effects both through the adrenal cortex and sn
the periphery It wugments munertlocorticond secrenon and 2t the
same tune sensitizes the tissues to the effects of munerle-corticods
Comversely glucocorticowds dimsnssh the producton of either type
of corucord nd concurrently desensiuze the tissues to the mimeraio
corticand {DCA STH) type of effect

Further expenimients are now 1 progress 0 explore these three
possibilities but at the present ume the third hyporthesis appears to
be most readily compatible with all the known facts

It may be instructive now (0 Attempt a cartelition of all these
new observations with the previously established facts cancernng
the mechanism of the hormonal defense reactions to stress during
the general adaptation syndrome

As indicated 1 the figure the stressor {traumt mfections burns
etc) acting directly upon the cells produces damage At the same
time 1t also mobilizes for defense by evokng a sumulus which
duces the antertor prustary to produce ACTH under certain ar
cumstances 1t may also cause a discharge of STH The nature of
this first mediator between the directly wjured organ and the an
tenior pruMary s not yet known (humoral nervous®) Hence here
115 imndicated merely by an mterrupted hine labelled with a questian
mark ACTH mduces the adrenal cortex to produce predommantly
gluco carticord compounds whose effect upon the response of the
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‘arious target organs 1s generally inhibitory (eg catabolism dimu
nuton of granuloma formation 1nd of allergic responses) Con
versely STH enhances a vaniety of defenstve reactions mn the target
organs (eg anabolism augmentation of granuloma formation and
of allergic responses) primarily by sumulaung the connectise tissue
Part of this action 15 undoubtedly not mediated through the adrenal

STRESSOR

Frc 1 Schematic Dingram tllustrating the principal interrelations be
tween the hypophysis the adrenal cortex and the peripheral target organs
duning the general adaptation syndrome (shightly modified after Selye b

cortex but this direct effect sensitizes the connective tissue elements
to the (essentially sirmlar) actions of the muneralo corticords It 1s
probable that STH also acts by increasing the production of mmn
eralo-corticords However m 1tself 1t cannot maintamn the cortical
cells 1 a responsive condinion hence 1ts  corticotrophic  effect 15
dependent upon the simultaneous availabslity of ACTH In the final
analysis the phystologic and pathologic responses of the target organs
to stressor agents largely depend upon the balance between the
minerlo corticotds and STH on the one hand and ACTH and the

gluco-corticords on the other
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SUMMARY

Experiments on femnale picbald rats revealed that electrophoret:
cally pure somatotrophic hormone (STH) produces nephrosclerasts
polyuria myocarditrs pancrettic penarterstis nodosa and hyperten
stion These effects cortespond to those cheted by an excess of des
oxycorticasterane acetate (DCA) or lyophilized antersor pitmtary
{LAP) It 1s assumed tht STH 1s the princsple responmible for the
couic action of LA upon the hdney and the cardionascular system

Large doses of cortisone prevent the eavdimaseulxr and remat
damage normally caused by STH overdosaige but only if the hor
mone produces wdrenocorieal trophy Complete supreenalectomy
or inactivation of the adrenal cortex by hypophysectomy hlewase
prevent the 1bove mentioned tovc effects of pure STH and of $TH
contmmng LAP

Apparently STH exerts 1s tovic effects upon the hidney and the
cardtovasculr ssstem only through (or at least in the presence of) a
responsiie adrenal cortex

In the production of the socalled  disenses of adaptation STH
appears to play a role equally as important 1s that of ACTH The
former 15 responsible for the activaty of mineralo corticords which
sumulate defensive granuloma formaton while the fatter segulates
the seeretion of gluca-corticords which mmhibut such defense reac
tions
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DISCUSSION

R FRAMA L ENGEL We have given as much as 5 mgs of Armaurs
Growth Hormone to fats over a course of thiety or forty days with
out ever getting any diurests Likewise when gnen with as much as
8 mgs of ACTH we have also gotten no imcrease in urine volumes
T don t know whether we are deahing with a difficrent sort of prep
aration of the growth hormone

DR wRy BUNDING {Armour Laboratonies Chicago) Reports from
Dr de Bodo of New York Unnersity (N Y U) mdicate that certatn
of our {Armour) growth hormone preparauions have sumglasly pro
duced diabetes insipadus ke effects i the hypophysectomized dog
and that these effects can be counteracted by a posterior puturtary
prncple

DR HANS SELYE Ina way Dr Bunding ansnered Dr Engel s remark
because while you dudnt get any diabetes mupidus apparently
Dr de Bododid
1 thuni. that itlustrates very well the mportance of what we call
conditiomng factors wn the action of these hormones
I wonder whether you used sensized ammals on a high sodium
intake?

pr EnGeL These were amumals that were normal on a tube fed hugh
carbohydrate dier We got some diuresis when they developed dia
betes but not a very great volume

or serve f thunk that s trae of even the smpure LAP preparanans
unless the sensitszed animal had very prolonged treatment with
heavy doses necessary
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The Mechanism of Action of ACTH in Experimental
Nephritis Due to Foreign Protein* 4

Ralph Josiah Wedgwood Chinfon Van Zandf Hawn and
Charles A Janeway
with the techn cal oss stance of M nam Ekdahl

THE CHILDREN S MEDICAL CENTER HARVARD MEDICAL SCHOOL BOSTON AND
MARY IMOGENE BASSETT HOSPITAL (AFFILIATED WITH COLUMBIA UNIVERSITY)
COOPERSTOWN NEW YORK

The experimental praduction of various lesions attributable
to hypersensitiity 1 rabbuts by the wnjection of foreign protens has
been demonstrated by many investigators It has been suggested that
there exists a similarity between these lestons and those found
serum sickness and possibly the collagen diseases in humans

This laboratory has shown previously that histologic lestons re
sembling those of acute glomerulonephritis i humans attributable
to hypersensitivity can be produced furly regularly mn the rabbit by
a single large injection of purified bovine serum gamma globulin In
this expenmental disease the development of acute lesions 1s cor
related rather closely with certain serological sequences—namely the
disappearance of this antigen and a transient depression of the serum
complement titre followed by the appearance of circulating ants
bodies and an mcrease 1 serum complement When the formation
of anttbodies 1s prevented by adequate doses of \ radiation or nitro
gen mustards these changes do not occur the complement titre does
not fall and lestons do not develop **

Figure 1 shows the composite data from three groups of rabbits
and mdictes the effect of mitrogen mustards on this espersmental
disease The first group of rabbits recenved a single mjection of be
\ine serum gamma globulin By the tenth day following the mnjec
tion maximal depression of the serum complement titre was evident
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! Thuutes of Healdh U S Public Health Service et ot
ficd bovine serum gzmamaz globulin for this study v as supplied through

be ooy of Drs Jules Porsche and James B Lesh by Armour & Company

the rourte) o P keit 1 this study 1 25 supplied through the courtesy of Dr John R

H
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ACTH 1IN EXPORIMENTAL NLPHRITIS i)
In eighty st percent antibodses could be demonstrated and tn sev
enty seven percent defimte renal Jestons developed The second
group recessed the same myection of gammn globultn and m add:
ton doses of mitrogen mustirds adequate to prevent wmtibody forma
non and 1s can be seen no anttbodies were formed no depression
of the serum complement occwrred and with one enception no
renal lestons could be found A third group g en nitrogen mustards
alone shoned no serum complement changes and no renal lestons
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From these data and the data of hay® and others we postulate the
following sequence of events (Fig 2) m the produenon of these le
stons

1 A poruon of the crrculating anugen 1s fixed in or on the venal
tissue

2 Circulating annigen stumulates the formation of antibodaes at
the various sites of anubody formation

3 This annhody mnteracts with the antigen fived in the Lidney

4 This combination possibly as a result of the fixation of com
plement prodnces ussue wrntation which 15 manifested by the my
croscopic lestons



110 SECOND GCLINICAL ACTH GONFERENGE

We have found recently that by grving two injections of purtfied
bovine serum gamma globulin ten or eleven days apart (2 method
simular to that used by More and Waugh* but without the umilateral
nephrectomy which they performed) we can produce more severe
and more easily demonstrable glomerular lestons m about eighty per
cent of our rabbuits Although demonstration of the appearance of
antibodies in these animals 1s complicated by the second 1njectron of
antigen there 1s the usual close correlation between the rate of ds
appearance of the antigen the appearance of antibodies the fall in
the serum complement titre and the mcidence and severity of the
renal lesions

The administrauon of ACTH to rabbats subjected to this double
mnjection technique prevents the development of the renal lestons
In figure 3 the data from three groups of rabbuts are collected and
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compared In the first group two njections of punified bovine serum
gamma globulin were given ten to eleven days apart As can be seen
there was a definite fall in the average serum complement titres of
fifteen rabbats mn ths first group antibodies could be demonstrated
n nine (sixty per cent) and defimte renal lesions were found in twelve
(erghty percent) The second group recerved the same double 1njec
tion of gamma globulin but 1n addition four milligrams of AGTH
every six hours from the fifth day following the first injection untl
the time of sacrifice two days after the second injection In this
group a sumilar fall in complement titres was observed and arculat

ing antibodies were demonstrated m six (fifty five per cent) of the
eleven rabbits However no renal lesions could be found 1n any of
these Tabbits recetving ACTH n direct contrast to the usual cor

relation of defimte renal lesions with the appearance of antibodies
and with 2 depression of the serum complement titre In the third
group five rabbats recerved ACTH alone at the same dosage for the
same pertod of time as the second group As was to be expected none
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of these rabbits showed the development of antibodies a fall in serum
complement or renal lesions

The dosage of ACTH used was chosen because we found 1n
agreement with other observers that a sigle mjection of four mil
ligrams of ACTH 1n 2 two hilogram rbbat produced a statstically
sigmficant drop in the absolute circulating lymphocyte count for a
period of four to eight hours The action of the hormone was also
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mamifest by microscopic changes wn the adrenals of all the rabbits
recewving the hormone

SUMMARY

The development of glomerulonephrius 1n rabbuts following the
injection of bovine serum gamma globulin can be prevented by n1
trogen mustards X radiation and ACTH It1s our hypothesis (Fig 4)
that 1n the case of nitrogen mustards or X radiation lestons do not
develop because the production of antibodses 1s prevented and con
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sequently no antigen antibody reaction can occur However 1n the
case of ACTH no lesions appear 1n spite of the development of antt
bodies and in sprte of the evidence for the 1nteraction of antigen and
anttbody as shown by a decrease in the serum complement titre sug
gesting that the hormone i some way alters the capacity of the ussues
to react to this usually wrritant antigen antibody combination
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DISCUSSION

DR EARL BENDITT (Bobs Roberts Memonial Hosputal and University
of Chicago The School of Medicine Chicago) It 1s quite reasonable
to suspect that there may be mn ACTH induced alteration 1n the
capacity of the tssues to react mn the presence of antigen and ant
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tody On the other hand the posnbily exists w the hight of recent
worh that there 15 a reduction 1n the quantity of anttbody produced

Thus Germuth and Otunger at The Nauonal Insutates of Health
have shown that under the circamstances of their experaments admin

sstracson of ACTH to rablis reduced by about 50 per cent the quin

uty of ants egg albumin anubody produced

or BRAV RoOSE 1 should ke 1o ask 2 guestion with reference to this
paper w view of the experiments of Germuth and Otunger because
I think they showed rather nicely that the production of the Arthus
phenomenon 10 rabbits can be mhibited by the admunistrition of
ACTH and that as the antibody production is decreased so does
the capacity of the animat to react with the Arthus phenomenon 1n
the shin by the injection of the oryginal antzigen namely the horse
serum

They also showed that when the animal was under the mfluence
of ACTH the admumistration of both wmugen and antibody resulted
s the productson of the Arthus phenomenon in the normal nay
They thevefore postulated that the Arthus was dependent on the
presence of annbody and that the infubitson of antibody production
was the main effect

Iwonder therefore if there 15 any reason to beheve that the type
of leston that occurs i the hadney as demonstrated sn this expert
ment 1s a dsfferent type of reaction compaved to the Arthus phenom
enon winch 1s produced by the myection of foreign serum

DR 5§ HOWARD ARMSTRONG JR I happen to have been quite close
to thus expenimental work m talling with Dr Hawn since w stasted
1 do not think that there 1s any guestson that the anubody levels that
they are getung here are entirely comparable to what they get wath
out ACTH although I realue that in other Iaboratonies an occasionat
depression of antibody production has been related to ACTH
There are many posstble mecharsms about which one can specu

late concerming the relation of antigen anubody complexes to the
pathogenesis of the istalogic alteratsons seen by this group and by
Rich s group i Baltmore In that the data of this paper do not deal
with mechamsm merely with the fact of blocking discussion 15 not
relevant here

DR GREGORY PIncus I would like to recall to this audeence the ob
servation made by Menkin on the effect of adrenal extract on the
snflammatory reaction In those days be did not have pure corticos
tevoids asatlable He found the action of leukotoxin on the 1nflam
matory agent was inhubited Apparently the chuef inhsbition occurred
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at the capillary The capillary permeabihity which greatly mcreases
as a result of the inflammatory reaction did not 1ncrease

T'wonder 1f we are dealing essentially wath a stmilar phenomenon
here namely a change in the inflammatory reaction to the antibody

DR RALPH JOSIAH WEDGWOOD There st1ll seems to be some question
as to the effect of ACTH on the production of anttbodies In our ex
pertments the ACTH was given from the fifth day following the
mitial njection of antigen 1n an effort to avord possible nhibition
of antibody production which might occur 1if the amimals were pre
treated with the hormone since we felt that by the fifth day cireu
lating antigen should have been 1n contact with the sites of antibody
formation for sufficient time to 1nutrate the usual production of anti
bodies

The demonstration of the appearance of crrculating antibody 1s
dependent upon the disappearance of ctrculating antigen and the
nability to demonstrate such antibodies 1n the presence of circulat
ing antigen does not indicate that such anubodies have not been
formed or released The demonstration of airculating antibody 1n
these experiments 1s hindered by the second injection of antigen
gtven at Just about the ime one would expect antibodies to appear

In this experimental method we find that those rabbuts who do
not get ACTH and who show the disappearance of antigen  the fall
in complement and the appearance of antibodies show renal lesions
those who get ACTH show the same sequence of serologic changes
but do not get any renal lestons On examination of the serologic
changes 1n individual rabbits one cannot distinguish between the
two groups by the fall of the complement titres by the rate of dis
appearance of antigen or by the demonstration of the appearance of
antibodies

In the production of these glomerular lestons I do not believe
that we are dealing with the usual type of anaphylactic response I
am sure that there are at least two types of immunologic reaction
responsible for the production of the lesions attnibutable to hyper
sensitivity These rmght be classified as the ymmediate type which
would nclude the usual anaphylactoid reactions and nephrotovic
nephritis 1n rats (but not n rabbuts) and the reaction that produces
the Iestons seen in our Iaboratory which might be classified as de
layed
Much of the work on the effect of ACTH on the immunologic
responses at this time seems to accentuate this hypothesis ACTH
seems to have a greater effect expenimentally on the delayed type

of reaction than on the 1mmediate  Our data are certainly consistent

with this idea
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The Relation of the Salivary Sedwm Potassium Ratio fo
Adrenal Cortical Achvity*

Thomas F Frawley and George W Thorn
PETER BENT BRIGHAM HOSPITAL AND NARVARD MEDICAL SCHOOL BOSTGN

The elecrralyte regulating effects of adrenal steronds upon the
electralyte composnition of \artous body fuids and unine are well es
tablished Conn! has shown that this influence 15 also excreted upon
the electrolyte composition of sweat and that the measurement of
sweat sodrum and chloride may be used as an index of adrenal corrieal
activaty ‘The present study has been undertalen to ascertam whether
adrenal cortical actinaty may also determsne to a large extent the
electrolyte composition of saltva In addition to beng a seadly avaul
2ble secretion there were reasons to suppose that us electrolyte com
posiion mght hke that of sweat reflect adrenal corncal actnaty
Both sweat and salsva are hypotome and have as ponapal 1ons so
diym patasswem and chloride In both of these secretians thss electro
Iyte composition 35 the result of osmotic work by the secreting glands
‘That ths secretory work mught be under hormonal control has been
suggested by Hiki® and the calcium concentration of salva 1s known
10 be elevated following overdosage of parathyrowd extract

METHODS

Subjects on a moderate but uncontyolled salt intake were studred
1 the post absorpune state Stunutation of sahivary flow was obtained
by chewing paraffin and collecting specimens aver tho consecutive
ten munute periods Each saliva specimen was centnifuged and an
aliquot made up 1 distitled water Sodmm and potasstum were de
termmned by imternal standard flame photometry and routine meth
ods were employed for other chemical determinations

The first 10 minute specrmen was discarded since 1t was not con
sidered to be a representative phystologicat aliquat of the normal sal

* The authors are sndebted 1o William

Reddy AB for tech
Suning 1hese stadies ) y for technseal collabioration

us
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nary secrettons but rather stored ductal secretions contammated by
oral debris expectorated during the first few minutes of active chew
g The observations to be discussed are based on measurements of
the sodium and potasstum concentration of the second ten minute
period specimen

RESULTS

I Variations in the Concentration of the Chemtical Constituents
of Saliva

Imtially several chemucal consutuents of salisa were measured
The concentration of chloride was studied extensnely under a va
riety of conditions and was found to be mnconstant and to bear no
satisfactory correlation with adrenal cortical function Studies of the
concentrations of phosphate and uric acid were equally irrelevant

In comparative studies of normal subjects and patients with Cush
g s syndrome or Addison s disease differences were observed par
ticularly between the concentrations of salnvary sodium (Fig 1) The
normal range of sodtum concentrations overlaps as might be pre
dicted with that of treated Addison s disease However, there 1s no
overlap between the high range of untreated Addison s disease or the

THE CONCENTRATION OF SODIUM AND POTASSIUM
IN_PARAFFIN STIMULATED HUMAN MIXED SALIVA

M sooum
[ potassium
I Rance

INGS [Z5] DIS
NORMALS SYNDROME TREATED UNTREATED
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low range of Cushun, s syndrome Thus the salivary sodium concen
tration sartes mversely wath the state of adrenal corucal funcuion
Among all groups the concentration of potissium showed httle vara
bility and the ranges of concentration 1 the groups studied were
smll but overlipped widely Howeser st 15 this limited range of
potissium change and the small tendency of potassium to vy m
versely wieh sodium which 1s enttical since nesther the concentration
of sodium or potasssum singly appeir 1o sepirate these groups ade
quately For these reasons salnary sodsumm to potisssum ratio (Nash)
has heent measured 1n relation (o these varying states of adrenal corti
cal actnaty

1T Varsations 1 the Salnary Na/k Rauo

Mormal Subjects In 17 normal subjects the salnary N/h rauo
ranged from 0 33 10 2 I withameanof | 3 (Fig 2) Sungle salna Nas/k
st10s 1n normal ndisiduals taken at mienals over a period of sev
eral months remained relatnvely constant (see upper part of Fig 5)

THE SALIVA Nu/K RA'\;:IO AND ADRENAL CORTICAL
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THE EFFECT OF 48 HOUR ACTH TEST
ON_SALIVA _Na/K RATIO
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BCUSHING'S SYNDROME
Fic 4

over a period of months (Mg 5) fifteen mg of DCA produced after
21 hours a fall in salivary Na/k ratio from a control level of 095
to 073 Ths 1s approximately a 23 per cent fall and represents the
lowest Na/k ratio ever observed m this subject In another subject
the same dose of DCA produced a fall 1n the salivary Na/k ratio of
25 per cent These observations provide defimte evidence to the ef
fect that desoxy like sterords alter the electrolyte composition of sa
liva

SUMMARY AND CONCLUSIONS

The saliva Na/K ratio has been measured 1n a group of normal
subjects and i patients with varying degrees of adrenal cortical ac
tivity In general the Na/k ratio has been observed to vary nversely
with the state of adrenal cortscal activity

It was found to be 13 (mean) in the normal group 50 (mean)
i patients with untreated Addison's disease and 05 (mean) 1n pa

tients with Cushing s syndrome
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THE EFFECT OF DESOXYCORTICOSTERONE ACETATE

URQN THE SALIVARY Na/K RATIO

Subdect T.F 30 M Normal Subject
ate N¥afE Ratio

3/3/50 Ll

11/8/50 0.95

11/10/50 1.0

12/4/50 0.95

DCA, 15 ng ,1l.m
12{5/50 0.73
Fig 5

In pauents with marhedly lowered serum soditm concentrations
the salna Na/k ratio dad not reflect accurately the state of adrenal
cortical function

Desovyeorticosterone acetate (1o mg) admmustered to normal
subjects produced 2 25 per cent fall in the saliva Na/h rave

In all pauents showing an adequate response to ACTH admims
traton there was a fafl in the salnary Na/h ratio of 18 to 68 per cent

The saluary Na/h ratio aflords a simple means of following
changes 1n adrenal cortical actsvity 1 terms of electrolyte regulation
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over a period of months (Fig 5) fifteen mg of DCA produced after
24 hours a fall 1n salivary Na/k ratio from a control level of 095
to 073 Thus 1s approximately a 23 per cent fall and represents the
lowest Na/k. rauo ever observed 1n this subject In another subject
the same dose of DCA produced a fall 1 the salivary Na/h ratio of
25 per cent These obseriations provide defimite evidence to the ef
fect that desoxy like sterods alter the electrolyte composition of s2

liva

SUMMARY AND CONCLUSIONS
The saliva Na/k ratio has been measured 1n a group of normal
subjects and 1n patients with varymg degrees of adrenal cortical ac
trvity In general the Na/K ratio has been observed to vary mversely
with the state of adrenal cortical activity
It was found to be 13 (mean) in the normal group 50 (mean)
n patents with untreited Addison s disease and 05 (mean) n pa

tents with Cushing s syndrome
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there was 1 fll 1n circulating cosinophils irrespective of the dose of
ACTH Since these results were m accord with previous work such
counts were made only 1n the first few studies

The expected nise 1n excretion of 17 ketosteroids and neutral re
ducing Lipids occurred after administration of ACTH The average
control excretron of 17 hetosteroids was 0 52 mgy/d and that of neutral
reducing ipids was 0 17 mg/d The admmstrition of ACTH was fol
lowed by 1 rise 1n 17 hetosteroids to an nverage of 1 09 mg/d and a
nise of neutral reducing hiptds to 1 averige of 032 mg/d On con
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unued sumulation the 17 ketosteroids rose at times to normal adult
female levels and the neutral reducing lipids far exceeded normal
adult levels an example of which 1s shown i Figure 1

The mtrogen excret:on in the unine showed a uniform rise when
ACTH was admmstered

The unnary potassium usually increased on the day thit ACTH
was grven Thus could not be explained by increased protein catabo
hsm using the usual 3/1 ratio of potassium to mitrogen In several
cases there was 1 unexpluned secondary rise 1 urinary potassium
2 to 3 days after ACTH was given This too was associated with 1
creased nitrogen output

‘The most stnking change occurred in the sodium excretion
In contrast to most adults there was no restriction of sodium during
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It has been suggested that the fetal pituitary 1s mhubited from
producing ACTH by the excess of maternal steroid transmitted
across the placental barnier this mhibitory influence 1s removed after
birth * The stress of postnatal life then stimulates the pitwitary to
produce increasing amounts of ACTH until the previously unre
sponsive adrenal 1s built up to an efficiently responding organ Up
to this hypothetical point the adrenal would be relatively unrespon
sive to exogenous ACTH just as the adrenal 15 1n some cases of Sim
monds disease

In four cases Venning found urinary 17 Letosteroid levels that
were hugh for the first few days of life and then fell to normal fantile
levels She has suggested that the early high Letosterord output may
represent maternal hormonal products The later low levels of 17
etosteroids may well represent nonspecific chromogens The mfant
under 10 days of age however can excrete a hugher level of 17 heto-
steroids after ACTH admunistration as has been demonstrated by
Venning 1n one of her cases and m two of our unpublished cases

The function of the so called fetal cortex has long been a matter
of speculation A relationship between 1t and the cells seen 1n cases
of congemtal adrenal hyperplasia (and also with the cells of the nor
mal reticular zone) has been postulated However most of the ex
perimental work has been done 1n ammals and 1t 1s very difficult
to apply this work to human bemngs Some nsight into the funcuor:
of the X zone in mice has recently been gamned by the work of Jones

‘The present work was started 1n 1n attempt to establish the pos
stble changes 1n sodium and potasstum control m this persod of
changing corticosteroid production It was soon found however that
the observed differences lasted beyond the first few weeks and mto
the pertod where Talbot® has shown that the excretion of neutral
reducing lipids 15 stable increasing only proportionately to the n
creastng surface area of the child

In this study determnations of 17 ketosteroids and neutral re
ducing hiprds an the unne were also made n fourteen nfants 10
weeks of age or less of which 11 were premature and three were
full term 1nfants three weeks of age or less In addition 2 infants
1 six months and 1 eleven months old were studied 1 a sumilar man
ner The mtakes were estimated from conventional tables and ran
dom samples of the diets were actually analyzed ACTH was admuin
1stered to 12 patients for one day only 1n doses of 1 to 10 mgms every
6 hours Two patients recenved ACTH 4 tmes a day for periods of
7 and 10 days respecusely Cortisone was given to 2 mfants one 1¢
cenved 25 mgms 1n a single mjection  the other 50 mgms Single doses
of desoxycorticosterone acetate were guen to 1 children

In all infants over one week of age on whom counts were made
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sone showed a marked decrease i urinary output of water sodium
and potassium Thus infant was then given ACTH and responded to
1t 1nn the same manner as the other newborns

In comparison with the infants of the younger age group a study
was made on 1 six month old full term nfant and 1 eleven month
old full term mnfant Both of these children showed sodium retention
when ginen ACTH for one day Parenthetically mention must be
made of a six month old boy who appeared to excrete increased
amounts of sodium when ginen ACTH

Figure 2 shows the clectrolyte balances of a 19 day old infant grven
ACTH of a 6 month old infant gnnen ACTH and of an 18 day old
mfant given DCA Each column represents one day Intakes were
plotted down from the zero line and the urinary excretion (blacked
m) 1s plotted up from the intake The resultant white spaces below

EFFECT OF ACYH ON Na & K EXCRETION IN 19 DAY OLO INFANT

MEQ SODIUM POTASSIUM
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EFFECT OF ACTH ON Na & K EXCRETION IN € MONTH OLD INFANT
ACTH 20MG ACTH 20MG

EFFECT OF DOCA ON NA & K EXCRETION IN 18 DAY OLD INFANT
OOCA S MG DOCA 5MG

Fic 2
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the pertod of ACTH admimstration but there was nonetheless a sig
nificant increase 1n the excretion of sodium 1n the urine on the day
following the administration of an adequate dose of ACTH Thus loss
1n the urine was often greater than the intake for the day of that 1on
and varied roughly 1n ratio to the dose of ACTH It was accompamed
by an ncrease 1n urinary volume and there was usually a decreased
rate of weight gain at this ime

In the larger infants who recenved the larger dose of AGTH there
was a suggestion of sodium retention on the day of ACTH adminis
tration Even 1f this were valid 1t was so shight that 1t could not ac
count for the increased excretion the next day

Table I gives the average daily intake and urmary excretion of
sodium from 10 studtes on infants recerving ACTH for one day only

Neither of the two infants who were given ACTH for a week or
more showed any signs of escape from the effects of AGTH on sodium

Table I
Urinary Intake—
Rx Intake Excretion | Unnary Output
[} 145 66 79
0 168 79 89
ACTH 178 75 103
0 181 168 13
0 176 97 79
0 189 87 102

excretion This mcreased excretion continued for 2 to 3 days after
ACTH admunistration was stopped One of these premature wmfants
developed diarthea while he was recetving ACTH He continued to
pour out more sodium 1n s urine than he took 1n 1n spite of the
fact that there was probably an increased loss 1 the stools He did not
start to conserve sodium by dimimishing urnary output unt:l 3 days
after ACTH was stopped Up to this time any additional amounts
of parenteral saline received were excreted within 24 hours

When DCA was administered to newborns 1n doses of 2-5 mgms
there was a decreased urtnary excretion of sodium and a decreased
urinary volume These patients also were grven AGTH and showed
typical newborn responses DCA did not cause an ncreased excretion
of potassium 1n these children but instead 1n several cases there was
a decreased excretion comnaident with the reduction m urinary
volume

Two premature mfants were given cortisone When 50 mgms
were given to the first infant there was no sigmificant change 1n elec
trolyte excretion The second 1nfant who recerved 25 mgms of cortt
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DISCUSSION

br Joserrtw jasiEr I wonld hke tosay a word about the premature
human pryuitary

We hase found using the {all 1n the eostnopluls as a test that the
premature at birth up unni abowt the renth dvy of bife does nor re
spond with a (il m arculing eosinophils to the ad nion of
epmephrime However 1t does respond of course to the adminstra
tion of 6 mg of ACTH

Generally speakng we have found that the highter the infant at
buth thatis the more premature it 1s 1¢ birth the Jonger w rakes for
the prunary 1o respond

DR ROBERT nigs~ [ think Dr Jailer s interpretatson s quite eotrect
Using small doses of ACTH as reported fast year we found that dur
ing the first week of lfe the eosnophil response of the newbom in
fant whether premature or full term was much less smng or much
less adequate than 1t was after that tume

e felt that that was probably due 1o the fact that its adrenals so
to speak had nat been pnimed by prwstary ACTH
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the zero lines represent posttive balances and the blacked 1n areas
above the zero line represent negative balances It must be noted that
no allowance has been made for stool or sweat electrolytes

Our patients were predominantly prematures because they were
more available for balance studies In our small series there was no
difference 1n response 1n various weight and maturity groups and pre
viously no difference had been noticed 1n eosinophil response to
ACTH between premature nfants and full term infants of the same
postnatal age * However the abnormal effects of the adrenal on elec
trolyte excretion may possibly persist longer in premature than m
full term nfants

St1ll to be determined are the average time for disappearance of
the abnormal sodrum excretion whether the ability to retamn sodium
on ACTH admimnistration 1s acquired before this abnormal excretion
1s lost (perhaps greater mtakes of sodium might make this more easly
demonstrable) and of course whether the mncreased excretion 1s due
to some abnormal adrenal hormone or to an abnormal balance among
the various normal hormones The wnter rejects either the posst
bility that this loss can be due to sweat changes since 1t 1s frequently
greater than the difference between intake and urinary output 1n the
control periods or the possibilzty that 1t can be explamed by adrenal
exhaustion since 1t contmues and increases with continuing AGTH
adminstration when other hormonal products are still ncreastng

SUMMARY

There 15 a period one to two weeks after birth before the adrenal
of the newborn has full normal power to respond to ACTH or stress
by putting out more corticosteroids Up to this time the basal output
of these hormones 1s also low Thus 1s a quantitative change only and
even n this period the adrenal can respond to ACTH After this pe
riod the response of the mfantile adrenal as measured by steroid ex
cretion 1s relatively as good or better than that of the adult provided
that the dosage 15 not scaled down 1n absolute proportion to size

On the other hand at least one to two months are required before
stumulation of the adrenal of the infant will produce significant so
dum retention Adrenal stmulation of the newborn infant before
this produces a loss of sodium that can have serious effect if the stim
ulation 1s continued
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A reduction m the venous hematocrst occurred mn all patients
ranging from 3¢5 10 2695 Although the renal plasma flow as meas
ured by the clearince of para inunohsppurate increased by from 17%
10 3765 in the 3 patients (n whom 1t was measured the effective renal
blood flow as calculated from the venous hematoerit and the renal
plasma flov, was not sigmificantly altered

‘The glomerutar filtratton rate as measured by the clearance of
mulin increased i all patients by from 20%5 to 43% the increases
bemg most marhed 1 the paents recerung ACTH The filtration
fracuon was not significandy altered

In this group of patients the mean control clearance of endoge
nous creatinine was 115% of the clearance of inulin Following the
admmistration of ACTH or cortisone the creatimne clearance was
only 94% of the clearance of mnulin This change 1n the ratio of the
clearances of creatinine and mulin was statistscally sigmficant for the
enure group and 1n three of the four patients taken indruidually As
sumng thar a rauo of creaumne and nubin clearances which 1s
greater than 1 0 1s the result of both filtration and twbular secretion
of creattmne an mcrease w filtraton alone would be expected 1o
lower the ratio tonard 1 0 Howeter the mcreases in the filtration
rates 1n these patients were not sufficient in themselves to account for
the reducuons 1n the clearance ratos which ocevrred It is therefore
concluded that the admmnistranen of ACTH or cortssone imnduced an
alteration 1n the excretion of creatimne and tnulin or both Simitar
findings have been obsers ed 1n patients with Addison s disease treated
with cortisone *

The factors which regulate the rate of excretion of unc and and
electrolytes are not known with certainty but may 1nclude their
serum concentration the rate of glomerular fltration or wmdepend
ent changes m renal tubular metabolism W here altered excretion 15
the result of a change m the producnon destruction or release of a
substance the amount presented to the lidney as mdicated by the
product of the plasma concentration and the glomerular filtration
rate {filtered load) should be changed 1n a sumalar directyon

In most instances changes in the rate of excretion of a substance
during the admimistration of ACTH or cortisone occurred despite
comrary changes 1n 1ts plasma concentration and m 1ts rate of filtea
tion or presentation to the hidney mdicating the primary role of al
terattons 1o tubular transport In those mstances 1 which the rates
of excretion and of Rltraton of 2 substance changed 1 sumslar direc
iwons an alteration n the ratio of the rate of excretion to the rate of
filtraton 15 also consnidered to be mdicative of a change 1 tubular
activity with regard to that substance
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The Effects of ACTH and Corhisone on the Renal Tubular
Transport of Uric Aaid, Phosphorus and Electrolytes n
Patients with Normal Renal and Adrenal Function*}

Sidney H Ingbar Edward H Kass, Charles H Burnett, Arnold §
Relman Belton A Burrows, and John H Sisson
THORNDIKE MEMORIAL LABORATORY BOSTON CITY HOSPITAL HARVARD MEDICAL

SCHOOL THE EVANS MEMORIAL MASSACHUSETTS MEMORIAL HOSPITALS AND
BOSTON UNIVERSITY SCHOOL OF MEDICINE BOSTON

The data from earlier mvestigations with ACTH and cortt
sone together with observations made 1n patients with pneumonia
treated with ACTH suggested that the adrenal steroids may mnfluence
renal function The present study was undertaken 1n an attempt to
determine the nature of such effects upon the normally functioning
kidney and the extent to which the kidney participates m the over
all metabolic response to these hormones The data obtained could
also serve as a baseline for 1nvestigations of the effects of ACTH and
cortisone upon disordered renal function

Four patients were studied their renal function was found to be
within normal limts by the usual clearance techmiques Two of these
patients were then given AGTH and two were given cortisone Glear
ance measurements were repeated on the last day of administration
of hormone under conditions as nearly 1dentical to those of the con
trol tests as possible Increasing doses of the hormones were given
so that 1n the 24 hours prior to their respective tests the pauents who
recerved ACTH were given respectively 275 mg and 430 mg and
those who were gnen cortisone recerved 600 mg In an effort to pro
duce maximum functional alterations the doses admnistered were
larger than those usually employed since small but sigmificant
changes 1n renal function m1y be obscured by the 1accuraces of the
clearance technique
—

This work was aided by a grant from the United States Public Health Service
and part of it was done under contract with the Army Medical Research and Develop

mex‘]"l'lﬁnoeafg(frﬂ was supplied by Dr Jobn R “ote of the Armour Laboratories
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fer of unic acid under the mfuence of 1drennl stevosds are 1n agree
ment with the conclusion of investigators using other techmiques
that the nocosuv effect of ACT11 nd cortisone 1 renal tn ersgin 2*

Phasphorus (g 2)

Phosphorus excrenon increased 151 all pauents despite diminished
or constant yates of filtration of phosphiorus The ritio of exereted 1o
filtered phosphoriis rose by 1t least 1009 1 alf prusents and by s
much as 300% 1 pauent D § These dita demanstrate that altered
renal tubular transfer of phosphorus 15 at least sn part tesponssble for
the mcreased phosphorus excretion which may follow the admmistra
ton of ACTH or corusone and may 1ccoumt for the losses of phos

EFFECT OF ACTH AND CORTISONE OK SUBULAR YAANSFER OF PHUSPRORUS

ot 3 ConteoL

B ACTH

Exceetion  ce 3 contrsone

1
oo

e o U
04
10U o o
®
.
Fiuvpation UB -~y
dasm i
200 L
w©
s
Cxearsion
Frnarion  *O
’ . D U
10
: ol all &0
PATIZNT [ 08 [ Fw
09s€ 43/24 Hr ExD) 458 w o0~
[V P
ACTH CORTISONE
Frc 2

phorus which could not be accounted for by losses of nitrogen or cal
aum*?

The admmstrauion of para ammohippurate 15 hnown 1o mcrease
phosphorus excretion ® and loading wath sodhum para armnohippu
rate resulted m mereased phosphorus excretion m all 4 patents both
prior to and during the admmstratton of AGTH or cortisone The
nicrements in phosphorus excretson resulting from load: ng with so
drum para amunohippurate while the patients w ere recesving ACTH,
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Uric Aad (Fig 1)

In the two patients who recerved ACTH marked ncreases in the
rate of excretion of uric acid occurred despite decreased serum con
centritions which resulted in significant decreases n the rate of its
filtration The percentage excretion of filtered uric acid ncreased
marhedly—by 200% 1n one wstance and 100% in the other

In one patient who received cortisone collection errors may have
occurred (indicated 1n the charts by dotted lines) and may have in
validated measurements of absolute rates of excretion and filtration
but the ratio of excretion to filtration need not have been altered by

EFFECT OF ACTH AND CORTISONE ON TUBULAR TRANSFER OF URIC ACID
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collection errors Tius demonstrated an ancrease of 809 during treat
ment with cortisone

It 1s of interest that 1 pattent I' W who recenved cortisone no
change 1n tubular activity with regard to uric acid was demonstrated
Excretion and filtratton were not significantly changed nor was the
percentage excretion of filtered unic acid In this pattent darly estr
mations of uric actd excretion rey ealed no change during cortisone

Ta)
he le)l)ese findings which demonstrate an alteration of tubular trans
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Potassium {Fig 4)

Only m pattemt P H who recen ed cortisone were potassium ex
cretron and the ratio of excreted to filtered potasstum mncreased prior
to loading with sodim para aminolnppurite In the remaming $
pitients potassium cxcretion nd the ratio of potassium excretion to
potassium filtrtzon were actuaily decreased

Loading with sodium para aminohippurtte prior to the admnis
tratton of hormone resulted 1n little or no change 1n the 2hsolute or
percentage excretion of filtered patassium During the period of hor
mone admmistration however lording with this material resulted
1 markedly augmented absolute and percentage excretion of filtered
potasstum

EFFECT OF ACTH AND CORTISONE ON TUBULAR TRANSFER OF POTASSIUM
EFFECT OF LOADING WITH N PAH

354

Canrrot
MJ NG LOAD
34 Serone Lo
EachETION 20 ACTH
LY ACTH
1o f Extpene e
= [} TR
od i CORTISONE,
ol o]
Furnmon ]
ILE N, | 4
MEQ/MIN. "
©
2
ExcRETION %O
FiLtaation 40
= i
bose arz s A oo
03 MB/24 HR s 4
L
S et
ACTH CORTISONE
Fic 4

It 15 notewaorthy that the tenuency to excrete nore potasstur dur
g the admumstration of ACTH or cortisone was not apparent in §
pattents unul loading with sodium para ammoluppurate was per
formed Balance data 1n patient P H reveal that the greatest nega
tive potassium balance which tius patient displayed durning the
admlmstmtlon of cortisone occurred on days m which sodxum PJl’a

hippurate was ad ed In patient F W the only days
on which negative potassrum balance occurred were those an which
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were greater than they had been during the control tests Cortisone
however did not produce this effect
Sodium (Fig 3)

In 3 of 4 pauents prior to loading with sodwm para ammohippu
rate sodium excretion decreased under the influence of AGTH or
cortisone Inpatient D) § sodium excretion was increased However
he was the only patient who was given ACTH 1ntravenously durmg
the clearance tests and since this induced a marked antidiuresis the
natriuresis which he displayed may represent the activity of contamt
nating posterior prturtary hormone which was present in the amount
of 1 ¢ unuts of pressor per mjection These decreases in excretion o
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curred despite increased or constant rates of sodium filtration Again
except m the case of patient D § the ratio of excreted to filtered so
dium decreased significantly duting hormone therapy

In all instances the admumstration of loads of sodrum para
amnohippurate mnadent to the determinanon of T, PAH resulted
1n large 1ncreases m the excretion of sodium During the period of
hormone administration however the mncreases 1n both the absolute
and percentage excretion of filtered sodium durtng loading periods
were less than they had been during control tests
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Function 1n Normals and Pauents with Addson s Disease Sub
mitted for publication

2 Benedict ] D Torsham P H Roche M Soloway S and Stet
ten D Jr The Effect of Salicylates and Adrenocorticotrophic
Hormone Upon the Miscible Pool of Uric Acad in Gout J Clin
Imvesugation 29 1104 1950

3 Gutman A B indlu T F Effects of Adrenocorticotrophic Hor
mone (ACTH) 1n Gout Am ] Med 924 19,0

4 Sprague R G etal Observations on the Effect of Cortisone and
ACTH n Man Arch Int Med 85 199 1920

5 Bartter [ C etal The Effcct of Adrenocorucotrophic Hormone
m Panhypopumtarism ] Chn Investygation 29 920 1950

6 West C D and Rapoport § Urinary Excretion of Phosphate
Following the Injection of Sodium p aminohippurate Proc
Soc Exper Diol & Med 71 322 1949

DISCUSSION

DR FREDERICh € BARTTER (Massachusetts General Hospital and Har
vard Medical School Boston) In a large number of studies i which
we have observed thus increased excretion of potassium on the first
day of ACTH therapy there has not been 1 substantial retention of
sodium until the second day This 1s hard to reconcile witha cauon
exchange hypothesis

DR Jack MrrcorF I should like to reaffirm Dr Ingbars observa
tions and 1n addition ash two general questions

Farst 1 wonder whether the excretion filtration ratio 1s entirely
valid 1n terms of electrolyte clearance Might it not be invalidated by
tubular electrolyte secretion?

Second the ph of PAH (para aminohrppurate) as a load 1s about
38 which simply means that 1n the presence of an acid unine the
amount of anion solute requiring obligatory cation excretion 1s var
able Thus feature has bothered us a great deal Para immohippurate
as well as other loading solutes imtiates a very large excretion of po
tassium independently of the ad 10n of ACTH

We studied a normal patient who was loaded mmtially with a
large amount of Na thiosulfate subsequently with very small quant1
ties of sodium para aminchippurate dunng the next imnterval and
finally with very large quantities of Na PAH (soduum para amino
hippurate) It may be noted that there was no change or very little
change 1n serum water concentrations of sodium or potassium A
farrly large and prompt increment 1n sodium excretion was noted
There was a very prompt imtial r1se 1 potassium excretton as Dr

{'f
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loading with sodium para aminohippurate was performed During
the administration of this material the excretion of large quantities
of the nonreabsorbable para ammohippurate anion may have forced
the excretion of large quantittes of cation In the presence of i
creased sodium reabsorption and sodium retention potassium ap
pears to have been substituted for sodium

It appears possible therefore that the effect of the adrenal ster
ords on potasstum eXcretion may result from wgmented sodium re
absorption and may depend upon the nature and quantity of amon
claiming excretion An mntratubular exchange of potassium for so
dium may therefore explain the losses of potasstum 1n excess of orin
the absence of losses of nitrogen which may occur when ACTH or
cortisone 1s administered * 4

It 1s of 1nterest to note that such excessive losses of potissium are
frequently most marhed on the first day of hormone admimistration
and subsequently diminish or disappear by the third or fourth day
This sequence of events suggests that the renal mechamsm for the
formation of ammoma which takes 3 to 4 days to become fully acti
vated may provide mncreasing amounts of cation and may thus spare
potasstum That this may be a phenomenon general to diverse states
producing sodium retention 1s mdicated by observations that the
administration of sodrum loads to patients with the nephrotic syn
drome results 1n the excretion of large amounts of potissum and
that mercurial dinretics when given to patients with sodium reten
tion of cardiac or hepatic ongin may result 1n marked 1ncreases 1n
potassiam excretion

CONCLUSIONS

1 The administration of ACTH or cortisone may induce altera
tions mn normal renal function as evidenced by changes mn the renal
plasma flow glomerular filtration rate and the ratio of the clearances
of creaunme 1nd 1ulin

2 Changes n the renal wbular transport of uric acid and electro
lytes occur during the adminstrauion of ACTH and cortisone and
contribute significantly to the over all metabolic response to these
agents

3 The effect of the adrenal steroids on potassium cxcretion may
result from augmented sodium reabsorption nd may depend on the
natuce and quantity of anion cluming excretion
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Observations on the Relation of Renal Function Changes
to the Electrolyte and Glycosuric Effects of ACTR*

David P Earle, J D Alexander, S J Farber and £ D Pellegrino

BELLEVUE HOSPITAL AND NEW YORK UNJVERSITY COUEGE OF MEDICINE
NEW YORK

Admunistration of ACTH often causes sodium chlonde and
water retention potassium loss and at umes glycosuria parucalarly
at fugh dosage levels These effects are supposedly the result of 1n
creased amounts of adrenal cortical hormones acting on the renal
tobule cells Honever evaluanion of effects on the renal tubules 15
difficult nnless glomernlar filtration rate 15 also assessed The present
paper represents a study of the effects of ACTH on normal hidney
function and of the relation of changes 1n Tenal function to the elec
trolvte and glycosuric effects of the hormone Seven subjects with nor
mal hadnevs were selected for study

The effect of ACTH on glomerular filtraton rate and renal
plasma flow 15 1llustrated mn Tigure 1 Seventy five to 200 mg ACTH
were admimstered darly 1 divaded doses for 8 to 22 days Filtration
rate indicated by the solid hines increased shightly 1n the first 3 sub
jects pven ACTH while very large mereases were noted 1n subjects
4 5and 6 The increases in filtration rate 1n these 6 patients Tanged
between 13 and 114 ml /minute with an average of 51 ml /minute
Panent 7 had an unaccountably ugh control filtration rate and was
the only one to exhibit a decrease during ACTH administration
Renal plasma flow 1ndicated by the dotted lines was measured 1n 5
of the subjects and showed shght to moderate decreases in 4 ‘The
renal plasma flow increased i subject 4 but not ws much as did the
filtration rate Studies performed 4 to 13 days after ACTH admins
tration was terminated in subjects 3 4 and 5 indacated retnrn of renal
functions to the pretherapy range

As a result of the changes in hltration rate and renal plasma flow
the filtration fraction mcreased 11 4 of the 5 subjects number 7 being,

*This work was supported in part by a grant from the Life L
Research Funl The ACTH was generously domated by the Armour Tapareomee 2!
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Ingbar told us If followed over a pertod of about an hour and
eighty minutes potassium excretion gradually diminishes to 1ts con
trol level

In a patient having the edema of the nephrotic syndrome quite
different mamifestations were noted With mfusion of sodium as the
loading solute a very large excretion of potasstum was utiated Lt
tle augmentation of sodium excretion occurred The excretion of
potassium was greater than could be accounted for on the basis of
filtered potassium These observations suggest that there 15 something
peculiar about tubular potasstum transfer which at least in diseased
mdividuals and temporanly n the normal may be quite mdepend
ent of obvious ACTH or cortisone effects

DR SIDNEY H INGBAR I am very much interested 1n the observations
of Dr Bartter However I believe that such findings are unusual i
that patasstum loss most frequently occurs early and 1s accompanted
by sodium retention

We realize that changes in the ratio of excreted to filtered matersal
are not conclusive evidence of a change 1n tubular function per se
and therefore we feel more assured m our conclusions because 1
many instances 1 these patients not merely did the rano change
but the absolute rates of excretton and filtration were altered by
ACTH or cortisone in opposite directions

As Dr Metcoff pointed out para amino hippuric acid 1s a rather
strong acid and has a low pk The lowest urme pH values which we
obserted mn these patients were about 4 5-4 8 At such pH values only
a small percentage of the PAH excreted could have been excreted
with hydrogen 1on Despite the high rate of excretion of PAH m
these patients the apparent cation deficit tn the urmnes of these pa
tients could not be explaned on the basis of hydrogen 10n excretion
1n relatton with PAH It may however have represented the excre
tion of tirable acid 1n association with phosphate and also perhaps
ammoma In addition 1 patients with nephrotic salt retentron ad
mimstration of an alkaline salt NaHCO, has been demonstrated by
Burnett and hts collaborators to result 1n marked increases 1n pot1s
sium excretion similar to those seen during the administration of
NaPAH 1n these patients recerving ACTH or cortisone

re sce additional discussion following Observattons on the Relation of Renal
Furchon Changes to the Electrolyte and Gljcosuric Effects of ACTII p 144)
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cosuna Nesertheless 1t can be seen how an mncreased filtered Joad of
glucose resultng from a greatly enhanced rate of glomerular filtra
tion during ACTH administration could exceed Tmg and thus re
sult 1n glycosurta Impairment of carbohydrate tolerance by ACTH
would further contribute to glycosuna produced by this mechanism
‘Thus probable mechamsm does not deny the possibility of a renal
glycosuria due to an action of hormones on the renal tubule cells
Nevertheless when changes 1n the ratio of filtration rate to Tmg as
great as those 1n subject 6 can occur 1t 1s imperative to measure filtra
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tion rate or to demonstrate ndependence of glycosuna from carbo
hydrate intake 1f true renal glycosuna 1s to be established kendrick
et al * have noted increases 1n filtration rate with little or no change
i Tmg in patients with various diseases treated with ACTH and
cortisone

Retention of water and salt 1s one of the most characteristic effects
of large dose ACTH admnustration The daily sodium excretion in
each of the 3 subjects shown on Figure 3 promptly fell to low levels
when ACTH administration was begun This undoubtedly was a
result of an hormonal effect on the tubule cells for no decrease in glo
merular filtration rate (indicated by the numbers n boxes with ar
Tows) or 1n serum sodium level occurred In addition increased 50
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the only exception The increased filtration fraction together with
the rapidity with which chinges occurred either on ACTH adminis
tratron or withdrawal suggest that the observed alterations 1 filtra
tion rate and renal plasma flow were the result of funcuional rather
than morphological effects Construction of the efferent arterioles of
the glomerult perhaps associated with dilatation of the efferents 1s
the most ready explanation

Berliner® observed increased filtration fractions 1n patients given
40 to 50 mg ACTH daily 1n divided doses for 7 days These patients
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exhubited decreased renal plasma flow but no change 1n filtration
rate Ingbar Relman Burrows Kass Sisson and Burnett” however
observed 1ncreases 1n both glomerular filtration rate and renal plasma
flow when large doses of ACTH (up to 400 mg daily) were grven for
several days

The maximum abihity of the renal tubules to reabsorb glucose
(Tmg) was measured 1n 4 subjects 1llustrated in Iigure 2 No changes
in Tm, were produced by ACTH 1n 2 of the subjects while varable
changes of doubtful sigmficance were noted n the other 2 However
beca:se the filtration rate usually increased duning ACTH admims
tration the ratio of filtration rate to Tmg increased in 3 of the 4 sub

Jects Unfortunately none of these subjects developed sustained gly
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cosura Neverthieless 1t can be seen how an mncreased filtered Joad of
glucose resulung from a greatly enhanced rate of glomerular filtra
ton during AGTH admunistration could exceed Tm, and thus re
sult 1n glycosuria Impatrment of carbohydrate tolerance by ACTH
would further coneribute to glycosuria produced by this mechanism

Thus probible mechamism does not deny the possibility of a renal
glycosuria due to an action of hormones on the renal tubule cells
Nevertheless when changes 1n the ratio of filtration rate to Tm, as
gre:l as those In Sub] ect 6 can occur 1t 1s lmpCTfl[lVE to measure ﬁltra
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tion rate or to demonstrate independence of glycosurra from carbo
hydrate intake 1f true renal glycosurra 1s to be established hendrich
et al ® have noted increases 1n filtration rate with lLittle or no change
m Tmg 1n patients with various diseases treated with ACTH and
cortisone

Retention of water and salt 15 one of the most characterstic effects
of large dose ACTH administration The daily sodim excretion m
each of the 3 subjects shown on Figure 3 promptly fell to low levels
when ACTH admunistration was begun Thus undoubtedly was a
result of an hormonal effect on the tubule cells for no decrease 1n glo
merular filtration rate (indicated by the numbers 1 boves with ar
rows) or mn serum sodium level occurred In addition ncreased so
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dium excretion developed promptly when ACTH was decreased or
stopped (subjects 1and 2) Note however that sodium excretion soon
began to increase 1n spite of continued ACTH admimstration even
when the dose was increased to 200 mg daily (subjects 2 and 3)
Sometime between the 10th and 15th days of ACTH dosage sodmum
excrenen had returned more or less to the control range At this port
the werght gamn ceased Note also that the filtration rate was increased
at about the txme that sodium excretion retumed to 1ts control level
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Simular studies 1n 3 other subjects are shown 1n Figure 4 Sodwm
excretion 1n subject 7 exhbrted no consistent response to AGTH al
though he gatned considerable weight Sodium excrerion however
fell to very low levels 1n subjects 4 and 5 Note the rather dramanc
Increases m sodium excretion that occurred 1n subjects 4 and 5 while
stll recenning ACTH This was accompasued by diuresis and loss of
several pounds in weight The filtration rate 1n subject 4 had 10
creased considerably some days before the diuresis developed and
had increased shightly 1 subject 5 about the time of diurests The
subjects (3 4 5 6) wath the greatest increases in filtranion rate (20
81 81 and 114 ml /min ) exhubrted the smallest weight gamns (3 1bs
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or less) at the time of their maximum filtration rates In contrast sub
jects 1 and 2 with relatssely sl increases in filtration rate (14 and
15 ml /min ) and subject 7 whose rate decreased during ACTH ad
munistration had gained 5 or more pounds at the tume of their maxt
mum changes 1n renal function

In all these studies chloride excretion closely paralleled sodmim
excretion Although the plasma potassium level fell during ACTH

EFFECT OF ACTH ON DAILY SOOIUM EXCRETION
GLOMERULAR FILTRATION RATE m
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dosage 1n each subject daily potasstum excretron did not change in 2
increased only shightly in 2 and increased significantly in 2

SUMDMARY

In y ACTH ad ed 1n daily doses of 75 to 200 mg
to subjects with normal Lidneys resulted i moderately to greatly in
creased glomerular filtrauon rates reduced renal plasma flows and
1ncreased filtration fractions

The maximum ability of the tubules to reabsorb glucose showed
no consistent response to ACTH although the ratio of filtration rate
to Tmg increased it 3 of 4 subjects
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Sodium chlonde and water retention imduced by ACTH may be
largely the result of hormonal action on the renal tubules

The secondary nise 1n sodium excretion during continued ACTH
administration however could in part be due to the increased glo-
merular filtration rate
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DISCUSSION

DR _HANs SELYE From the morphological point of view I could add
to Dr Earle s comments an effect which I think fits 1n very nicely with
his renal function tests

The glomeruli of amimnls treated with large doses of AGTH are
very hyperemic because the glomerular loops are extremely dilated
Thus 1s an extremely strzking change which we noted n the first an1
mals treated with cortisone (Selye STRESS Acta Publ Montreal
1950) 1t 15 to my knowledge not duplicated by any other expert
mental procedure

Just what causes this dilatation we do not know A constriction
of the afferent and dilation of the afferent arterioles could explam
1t but we have no serial sections to actually prove this

prR w b RomiNsON (University Hospital and University of Michigan
Medical School Ann Arbor) In our studies 1t has appeared that 1t
the tme of sodium escape on about the fifth day of continued
ACTH dosage there has been a conaident return of uninary potas-
sium excretion from elevated to approximately base line values I
would hke to ask Dr Earle 1f he has made sumlar observations and
whether such observations fit with the concept that sodium escape
1s due to n ncrease in glomerular filtrition rate

pr you~ TALBOTT (Buffalo General Hospital and Unnersity of Buf
falo School of Mediaine Buffalo) 1d like to inquire regarding the
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ume of administration of ACTH 1n relation to the renal blood flow
and the glomerular filtration studies

This question would 1pply equally to the previous paper

I am aware of Dr Selyes anatomical changes but one wonders
whether or not—if this 1s a chermcal effect—whether 1t 15 the maxt
mum chemical effect or whether some of the differences 1n the flow
studies are related to the ume of admumstration

DR MARVIN F LEVITT (Mount Sinai Hospital New York City) We
have performed simlar experiments and likewise have noted that
the glomerular filtration rate and filtration fraction have progres
snvely increased durning cortisone or ACTH therapy reaching their
peak at about the eighth or nmnth day of treatment

However the patients were all maintained on a salt free rice diet
and despite the augmentation of the filtration rate and the filtered
sodium load there was only a very mild increase in sodium excretion

DR ARTHUR J MERRILL Ishould like to ask if the tubular excretion of
para aminohippurate was studied 1n these renal plasma flow expen
ments?

DR IRVINE MCQUARRIE (Umversity Hospital and Umiversity of Minne
sota Medtcal School Minneapolis) Ishould like to ask whether these
workers or any others here have studied the decrease or increase 1n
unnary antidiuretic substances such as pitresstn during the course
of admnstration of AGTH We see these escapes which suggest that
some antagonistic mechanism may be coming mnto play

DR JOHN LUETSCHER JR (Stanford University School of Medicine
San Francisco) In answer to that specific question there are at least
two factors concerned with the antidiuresis which 15 seen early 1n the
treatment of nephrosis with either ACTH or cortisone

In the patient who 1s treated wath ACTH there s usually an early
water retention which may comecide wath the retention of sodium
However an equal retention of water may be seen 1n patients who
are putting out no sodium 1n the urine before treatment such as the
patient with the nephrotic syndrome In this case the retention of
water can not be secondary to the retention of sodium

Furthermore water retention may occur under treatment with
cortisone just as 1t occurs with ACTH which I believe rules out the
possibility that 1t 15 due only to a posterior prtutary contanmnant of
the admimstered drug

Now 1t 15 possible to demonstrate postenior pituitary activaty—
ot somethung with a comparable antidiuretic action—1n the serum
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of some patients with the nephrotic syndrome during administration
of cortisone or ACTH After the first week of treatment the antidi
retic material may disappear from the serum and diurests may ensue

The demonstration of similar antidiuretic activity m urne 1
posstble but measurement 1s dufficult because of the small quantities
and the errors 1ntroduced by concentration of urie

DR DAVID P EARLE Jr Dr McQuarrie s question has been answered
for me by Dr Luetscher I was going to have to say that I couldnt
answer that question because we had no observations

It 15 pleasing to learn that Dr Selye s anatomical observations fit
1 with the functional data In relation to that I might comment that
another group has measured filtration rate and renal plasma flow m
normal patients treated with much smaller doses of ACTH Berlner
has admunustered 40 to 50 milligrams of AGTH 1n divided doses fora
weeh to 2 number of patients and observed no change in filtration
rate but considerable decreases in renal plasma flow

In relation to the question on sodium escape and 1ts relanon to
potassium we couldn t tell very much from our data because the
changes 1n potasstum excretion were so small

In reply to Dr Mermll we have not measured the extraction
ratio for PAH 1n these patients To tie the matter down that should
be done However we work at very low plasma levels of PAH and
hope that 1t s all right

In reply to the question about the relation between the time of
admumistration of ACTH to the time of measurements of renal
function the patients recerved their mormng dose but allowing
time for equilibration and so on generally three or four hours
elapsed after the last dose of ACTH before the functions were
measured

Berliner using his smaller doses examned this a little bit more
thoroughly and found that the changes 1n sodium and potassium
excretion occurred quite early and before there were any changes
in renal plasma flow He examned some of his patients the day
after stopping dosage and observed return of renal plasma flow to
normal within 24 hours

In relation to the effect of ACTH on early potassium excretion
I think 1 m quoting Dr Berliner correctly when I say that he felt
that occurred wathin 15 or 20 minutes of ACTH admunistration and
was quite transient He further found that pitressin more or less m
the same amount that 1s supposedly present mn ACTH produced

the same effect
1 mght make one additional comment Several of the previous
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speakers and discussors mentioned the effect of loading with sodium
PAH on electrolyte excretion

‘We have studied this in approximately 25 patients with normal
and diseased kidneys and have been impressed by the very variable
effects Sometimes sodium excretion goes up sometimes potassium
excretion goes up 1nd sometimes both increase Sometimes neither
electrolyte changes One thing that seemed to be fairly consistent
was that chloride excretion increased relatively less than did either
sodium or potassium excretion An actual decrease 1n chlonde ex
cretion was not at all uncommon
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Effects of ACTH on the Pathologic Physiology and Chucal
Course of the Nephrotic Syndrome m Children*t

Jack Mefcoff, Weston Kelsey, C Phillips Rance** and Charles A
Janeway
CHILDREN § MEDICAL CENTER AND MARVARD MEDICAL SCHOOL BOSTON

This preliminary report concerns observations on renal
mechamsms ssociated with diurests 1 the edematous nephrotic
child subjected to ACTH therapy It will suggest that altered renal
hemodynamics may be the result rather than the cause of favorable
response

Thirty five of the nmety children with the nephrotic syndrome
studied in our clinic during the past year have received ACTH ther
apy The usual daily dose was 150 to 200 mg persq M surface area
for 10 days Druresis was induced 1n two thirds of the first thirty
patients treated (Fig 1) Diuresis has been observed during con
tinued administration of ACTH bur commonly begms twenty four
hours after 1ts withdrawal Maximal druresis 1s usually attained
within six to nine days Thirteen chuldren who diuresed have ex
hibited sustamned remissions for 1 two to ten months observation
period with a recurrence of edema mn the remaining nine patients

Thirteen of the thirty five treaced cluldren deseloped hypo
toncity (260-270m osmol/L serum H O) dunng therapy Hypo
tonicity 15 occasionally obsersed in untreated nephrotics Serum os
molarity was estimated by addition of values for all electrolytes
(except sulfates organic acids and urea) determned by direct meas
urement An approximation of osmolarity of the extracellular water
compartment may be estimated from the relatonship 2(Na < 104 +
10) Hyponatremia occurred 1s early as the second day after mstitit
tion of therapy Hyponatrerma and hypotomaty appeared to be di

The Armour Laboratories hindly supplicd some of the ACTII used
1 Supported me:m by grants from the National Institutes of Health U S Pubhc
Health Service and Mead Johnson & Co
+ Post Doctorate Research Fellow National Institutes of Health USPHS on
Jeare of absence from The Bowman Cray Medical School Wanston Salem N €

Rellogg Foundatton Felfow s
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NEPHROTIC SYNDROME DAILY ELECTROLYTE BALANCE DURING ACTH
THERAPY NO DIURESIS
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tontcity hyperkalemia and convulstons Hypertension had been
noted intermittently during therapy Post mortem revealed only typ:
cal nephrotic hidneys In another mstance hypertension (140,100}
was present prior to therapy Convulsions coma hypotonicity and
azotemia developed on the sixth day of ACTH without change n
blood pressure Hypotomcity and azotema were promptly reparred
Blood pressure increased sporadically Coma persisted untl death oc
curred approumately six weeks later In the remarming fatal case
hyponatremia was noted and reparred during the persod of ACTH
administration  Aureomyciit Was given in full doses before during
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and after therapy Some vomitung occurred After abortrve diurests
pneumonttis peritomtis and G Coli bacteremia were discovered on
the fourth post ACTH day Death resulted from subsequent comph
cations

Either bronchiohtis pneumomtis peritonitis and/or bacterema
have occurred 1n four cluldren during ACTH admunistration al
though full therapeutic doses of aurcomycin terramycin or pem
alhn and streptomyan were used prophylactically These children
recovered following cessation of ACTH and continued anti:biotic
therapy

Detailed renal function studies 1n six children before therpy
and agam after diurests revetled strihing ancreases 1n filtration frac
tion defined as the ration of glomerular filtration rate (snulin) to
renal plasma flow (PAH) (Tig 3) The increased filtration fractson

ALTERATIONS IN RENAL FUNCTIONS WITH ACTH DIURESIS
NEPHROTIC EDEMA
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usually resulted from an absolute rugmentation of glomerular filtra
tion Improved filtration was associated with a marked decrease
extracellular water (measured as volume of distribution of thiosul
fate) Satishictory measurements of plasm volume using the dye
T 1824 and an acetone etraction techmque® have been obtaned
m five mnstances before and after diurests Plasma volumes were 1n
creased 1 two panents following diurests decreased m two and no
change occurred 1n the remuning patient It seems unhkely there
fore that reciprocal change 1n volume of either mnterstitial or plasma
compartments 1s essential to mitiite rmproved filtration

Hemodynamic factors imtiating alteration n effectnne renal ar
tertolar resistance might be related to the obsersed 1mprosement of
filtration In (Fig 4) spontineous ind ACTH induced diuresis ob-
served m the same patient and expressed as change of body weight
are compared with measured changes m filtration and calculated
changes 1 renal 1rteniolr resistance The absassa indicates the
period over which measurements were made and the arrows m the
mid portion of the chart refer to the specific times at which these
measurements were obtained The deprcted reltionships represent
a typical pattern associated with edema and diuresis

It will be noted that values for glomerular filtrition and filtration
fraction were wnversely related to changes in body weight The im
proved filtration following diuresis conforms with the hypothesis
that depressed renal function during the early phases of the nephrotic
syndrome 1nt children 1s associated with reversible phystologic rather
than irreversible morphologic tmpairment *

Improved filtration indicates increased effective filtraton pres
sure The effectve filtration pressure 15 the result of hydrostatic
pressure exerted on the glomerular membrane and the forces resist
mg filtration The latter include the oncotic pressure of plasma and
the subcapsular and/or renal interstitial pressure The lowermost
portion of the chart 1s designed to show the changes in arteriolar re
sistance relatne to normal  Artenolar resistances which were estt
mated by application of Lamport s formulae * Such calculation un
doubtedly affords a ery crude approvimation of the cffectine
resistances and pressures assoctated with glomerulir filtraton In
this instance augmented filtration seems characterized by relausely
decreased afferent and increased efferent arterzolar resistance A sum
lar pattern characterizes both spontaneous and ACTH induced din
reses
1f diuresis was the resultint of local vasomotor changes perhaps
sumulated by 2 hormonal mechantsm significant changes n effective
renal resistance should precede mmproved filtratron Renal functron
studres before and during ACTH therapy and again at the onset of
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and following diurests m another pauent yielded the observations
detailed 1 Fig 5 Construction of this chart 1s stmilar to that of the
previous one however the abscissa refers to days rather than months

With therapy early reduction of effectnie renal resistance pos
s1bly resultzng from relause dilataton of both afferent and efferent
artertoles was assoaated with a decreased filtration fraction \o
other hemodynamic changes were noted during the remaimng thera
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RENAL HEMODYNAMICS DURING ACTH THERAPY AND
WITH DIURESIS OF NEPHROTIC EDEMA
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peutic period although diuresis began on the ninth day At that
time, 1ncreased afferent and decreased efferent Tesistance were still
present An increased filtration fraction was not obsersed untl di
uresis was completed This augmentation of filtrauon fraction ap
peared to depend upon diminished efferent flow resultng from 2
relatnvely strikang ncrease of efferent artersolar resistance at the end
of the period of diuress

These observations suggest that ACTH diurests may not be the
result of simple hemodynamic adjustments The mechanism of
edema formation and ACTH nduced diwurests in these children
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remans obscure but does not appear to depend upon primary sus
tamned alterations i glomerular dynamics

SUMMARY

ACTH 1s an extremely useful tool for investigating the patho
logic physiology of the nephrotic syndrome 1n children

Encouraging modifications of the disease have been noted m
about two thirds of our treated patients but protracted observation
will be necessary to define the ultimate value of the drug in the treat
ment of this disease

Hypertension hypotonicity and infection are contraindications
to or indreations for cessation of ACTH therapy 1n the nephrotic
child
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(Editor’s Note Since the discussion by Dr John Luetscher Jr
1s more pertinent to the papers by Drs Metcoff Ingbar and Earle re
lating to the physiologic aspects of kidney function 1t 1s inserted here
although part of the discussion 1s equally pertinent to Dr Farns
worth s presentation n Volume I1')

DISCUSSION

DR JOHN LUETSCHER JR The results presented by Dr Farnsworth
and Dr Metcoff fill in a nutnber of gaps m our knowledge concern
g vanous actions of ACTH 1n nephrosis They also emphasize the
complexity of the physiologrcal disturbances in nephrosis and the

We are indebted to Drs Nobuyuki Nakasone and William Bergstrom znd Mrs
Audrey Andrews for valuable assistance in the yenal function studies and to Misses
M Hasson B Goldberg and M Haling for technical assistance We gratefully acknowl

edge the splendid cooperation of the nursing and medical house officer staff 10y the paan
agement of the nephrotic children
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difficulty mn establishing the mechamism of action of the various
treatments

Measurements of total formaldehydogenic corticords and of 17
Letosteroids 1n the urine tell us that the adrenal cortex responds to
ACTH 1n the normal direction but they offer Iitle help 1n interpret
ing the changes 1n sodium excretion since the various steroids which
guve these chemical reactions may erther increase or decrease the
reabsorption of sodium

Dr Q B Demung and I* have measured the sodium retmning
action of the corticoid fraction of urine by bioassty m adrenalecto
muzed rats The activity of these extracts of urine from patients with
nephrosis and edema has been considerably above the normal lesel
Such high activaty 1s reduced after cortisone therapy when a diuresis
follows but remains high when no loss of edema occurs With the
assistance of Dr B B Johnson we have followed the changes in
sodium retaining actrvaty when ACTH 1s admimstered to patients
with nephrosis These results can also be correlated with the changes
1 sodium excretion and edema It seems possible that the adrenal
plays a role mn the production of edema and that this abnormal
actvity 1s reduced after adminstration of cortisone or AGTH No
basss for such abnormal activity of the adrenal has been established
and we may equally well be measuring an abnormality of metabolism
or excretton The abnormality 1s associated with an madequate cr
culation (heart failure or deficiency of circulating protein) and may
be aggravated by an mnfection

Many other physiological factors are concerned n the proten
uria edem1 and other manifestations of nephrosis We have been
nterested to compare some of these with the clinical results of treat
ment with ACTH or cortisone 1 23 patients with nephrosis

In 8 of the 14 cases treated with cortisone in dosage of about
100 mg /day there was complete elimination of edema after treat
ment although 1n 3 of these there was some doubt as to whether
the cortisone was responstble The remaining 6 patients had no
diurests after cortisone but a subsequent course of treatment with
concentrated human serum albumin was followed by diurests 1n
5 of the 6 patients in tius graup

The pattern of a good response to cortisone 1s shown 1n Figure 6
Tius 7 year old boy had an attack of acute glomerulonephntis fol
lowed 2 months later by the appearance of the nephrotic syndrome
During treatment with cortisone there was temporary accentuation
of proteinuria and edema After the end of treatment a diuress and
a reduction 1n proteinura ensued with elmnation of edema and 2

This invesugation was supported by a research grant from the National Heart
Tastitute US Public Health Service
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return of serum protein and albumin levels nearly to normal At
the same time there was a fall n the abnormally ugh level of so
drum retaining actrvity of the urninary corticord fraction The serum
sodium concentration rose to 1 normal level Cholesterol concentra
tion fell slowly from 1140 to 485 mg % The abnormally high eryth
rocyte sedimentation rate was unaffected ‘The clinical remission 1n
duced 1n this patient has lasted for 8 months Other cases have not
been so fortunate A remission may be mterrupted by an acute n
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Fic 6 Remission of Nephrotic Syndrome after Cortisone DOC assay
indicates the equivalent i micrograms of desoxy corticosterone of the
sodium retaiming activity of the unnary corticord fraction

fection or there may be a gradual return of edema for no apparent
reason

In 7 of the 10 cases treated with ACTH 1n dosage of 50 mg /day
edema has been ehminated In one patient the response did not
follow the usual pattern and the diurests was ineffectual Two pa
trents lost no edema during or after ACTH treatment 1n both of
these patients signs of an acute infection became apparent when
ACTH was withdrann Over half of the patients treated with AGTH
have shown a marked reduction m protemnuna during or after treat
ment
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A number of simlarities 1n the effects of ACTH and cortssone
have been observed (Figure 7) Among these are the increases m
creattmne and mulin clearance during treatment the tendency to
retentton of sodium and water during the mitial days of treatment
and to release on Jater days the release of sodium and water on with
drawal of treatment and the dimmution 1n protemurta which com
monly occurs at thus time Neuther drug regularly affects the ab
normal erythrocyte sedimentation rate The serum cholesterol may
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Fic 7 Remusston of Nephrosis after ACTH following Failure of Cotht
sone and Albumin to Induce Diuresis

fall after erther drug especially if a remission occurs but the level
usuilly remamns well above normal

The observed differences between the actions of cortisone and
those of ACTH must be interpreted cautiously because of inevitible
differences 11 small groups of pattents In general AGTH 1s followed
by an earlier and more mpressive ehmmnation of water and some
wmes of sodium durmg the later days of treatment perhaps for this
season a rise 1 serum potassium level has been less often observed
than during cortsone admustration The diuresss at the end of
ACTH admmstration 1s generally more abrupt and profuse than

after cortisone Protetnuria may fall to very low levels during ACTH
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treatment but may recur very rapidly after the end of therapy (Fig
ure 8)

In constdering the mechamsm of diresis during ACTH admin
1stration 1t may be of interest that the sodium retaining actavity of
the urmary corticord fraction may fall during this phase (Figure 8)
Since the stage 15 set for diuresis by the increased glomerular filtra
tion rate and by the reduced loss of protein the rejection of sodium

PR N o
MR 40 ACTH 50mgh OD = soon
NEPHROSIS > "
L = £
oy wt e/._’_\,-
1}

LG (ORLYY T

{

ASSAY
5 72y 07 |08,
. r x-\_r‘—f_]
ce
URINE. wme (1200
YOLUME 3 300

90k 600 4

RmE
sopwm 4% Foo \—

cosmo es] 1
1
cys t3 SeTEIoN 23

Fic 8 Diuresis Reduction of Proternunia and Fall in Assay of Sodium
Retarung Gorticord during ACTH Admimistration

by the renal tubules may provide the last necessary element for
diuresis

There has been so much vanation n the duration of remissions
after treatment with either ACTH or cortisone that no companison
of the two agents on this bass 15 possible Much Jonger observation
will be necessary before an estimate of the effects of treatment on the
renal lesion can be made On the basis of improvement 1n abnormals
ttes of renal functron and of urmary sediment 1t would appear that

a few patients with active and progressive tenal lesions have been
substantially helped
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The Effect of Sodium and Potassium on the Metabolic and
Physiologic Responses to ACTH*}

William Ransohoff, Albert A Brust § Morton F Reiser, I Arthur
Mirsky and Eugene B Ferris

CINCINNATI GENERAL HOSPITAL UNIVERSITY OF CINCINNATI COLLEGE
OF MEDICINE AND THE MAY INSTITUTE FOR MEDICAL RESEARCH OF TME
JEWISH HOSPITAL CINCINNATI

In an effort to throw further light on the nterrelationship
between sodium metabolism and adrenal cortical activity a study
was designed to evaluate the effect of sodium balance on the meta
bolic and physiologic responses to ACTH In the course of the study
1t became apparent that some of the changes noted during variations
1 sodium 1ntahe were assoctated with simultaneous changes in po-
tassium balance so that attention was also directed to potasstum
balance

MATERIAL AND METHODS

Three patents were studied (1) R H a 42 year old colored
woman with uncomplicated essential hypertension (2) G L a 39
year old colored woman with essential hypertenston complicated by
umpaired renal function and congestive heart failure and (3) M T
a 45 year old white woman with normal blood pressure and rheuma
tord arthrius of 18 months duration

The pauents were observed mn each of five periods

Pertod A High normal sodium intake (4 2-5 0 grams sodium/day)
(ligh sodium period)

Period B Restricted sodium 1ntake (0 2-0 3 grams sodium/day)
(low sodium pertod)

work + as supported mn part by grants from the Amenican Foundation for
30 lﬁi‘lﬁ%’msuu s the 1S "Fubl ¢ Health Servtee
o Findebled o Mis Gladys Persutut for her technical assistanee 2nd 10
Dr Alvn 1 Shapiro and Dr William N Chambers for their help
+ Research Fellow Amenan Heart Ass;);:xoauon
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Period C Restricted sodium intahe plus ACTH (100 mg /day)
(ACTH-low sodium perzod)
Period D High normal sodium 1ntake plus ACTH
(ACTH-Iigh sodium period)
Period E High normal sodium 1ntake
(high sodium period)

The sequence of periods and duration varied with each patient
and are summarized 1n Table 1

Table I
DURATION AND SEQUENCE OF PeriODS
Patient (NRH @GL @yMT
Chrucal Uneomp d Hyp Rh d
disgnotss hypettenston Heart farlure arthntts
Renal dama,e MNormal BP
(A) ighsodium  {A) highsodium  (A) high sodum
11 days 30 days 12 days
(B) low sodwim (B) low sodium (D) ACTH-tugh
sodium
17 days 30 days 28 days
(C) ACTH-low (C) ACTH-low (C) ACTH-low
sodium sodium. sodium
9 days 27 days 20 days
(D)ACTH-hgh  (D)ACTH-high (D) ACTH-high
sodum sodium sodium
6 days 7 days 1 day
(E) hugh sodm (E) gh sodium (E) high sodium
12 days 22 days 35 days
Total days ACTH 15 34 49
Tota) days study 55 116 96

It should be noted that 1n the first two patients the period of
ACTH-high sodium followed the period of ACTH-low sodiam In
the third patient the sequence of these pertods was reversed

The patients were hospitalized on the medical wards of the Cin
cinnatt General Hospital At the time of admission each patient
was placed on a 02 gram sodium diet the sodium intake was then
controlled by giving either lactose or sodium chlonde tablets de
pending upon the period In like fashion hypos of physiologic saline
were mterchanged with ACTH depending upon the period The
potasstum mtahe was within normal himits and was not supplemented
except where indicated
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Daily measurements were made of the weight pulse blood pres
sure dietary and fluid intake urine volume and 1ts sodium potas
stum and sugar content At one to five day mntervals the following
studies were made serum sodium and potasstum urinary 17 keto-
sterord excretion complete blood count with hematocrit eosinophl
count ballistocardiogram  electrocardrogram and the response of
the blood pressure to the rapid 1ntravenous admimstration of 400
mg of tetracthylammomum chloride (TEAC) an autonomic block
ing agent and in the third patient electroencephalograms were taken
At least once m each period of study a glucose tolerance test was
done In addition 1n the first patient urine uric acid and creatinine
determinations blood volume and mnsulin tolerance tests were done
In the second patient, periodic venous pressure and crreulation time
stud1es were made

The hematologic studies were done 1n the usual fashion The
eosinophil counts were done according to the method suggested by
Thorn* Serum sod and p dete; 1ons were made
on the flame photometer? The ballistocardiographic studies were
done with the assistance of Dr John Braunstein on an instrument of
hus design ® Twenty four hour specimens of urime were collected with
a few crystals of thymol as preservative and determnations Were run
on aliquots for sodium and potasstum using the flame photometer *
sugar according to Nelson s* adaptatton of the method of Somogy!®
and 17 ketosterords according to the method of McCullaugh ®

RESULTS

In Case 1 control values were obtained 1n the imtial period of
high sodium 1ntake (Fig 1) Sodium restriction alone effected a two
pound weight loss and a shightly negative sodium  balance (A true
sodium balance was not measured however for convenience the
calculated sodium 1ntake minus the measured urinary sodium excre
tion 15 hereafter referred 1o as sodium  balance ) There were nosig
nificant changes 1n urinary excretion of 17 hetosteroids total leu
Locyte or eosinophil count and the urne remamed sugar free The
relationship between the sodium 1ntake and the cardrovascular sys
tern 1s discussed elsewhere *

On the eighteenth day of sodium restricion ACTH was started
(25 mg every siX hours) and sodium restriction continued There
was 2 moderate rise 1n unmary 17 ketosteroid excretzon a prompt
but transient glycosuria an increase m the total leukocyte count
and the eosinophils disappeared from the peripheral blood

After mine days of ACTH-low sodtum the sodium 1ntake was mn
creased from 02 to 4 2 grams per day and ACTH conunued for s1x
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days There was a prompt weight gain 1ndicating water retention
mcreased sodium retention a further rise 1n urnary 17 ketosteroid
excretion and agun there was a prompt and greater but agamn tran
stent glycosuna The total leukocyte count rose to 20 000 per cubic
milhimeter and the eosinophil count remained depressed

When ACTH was discontinued all the values fell promptly to
or below the 1mtal control levels There was a prompt and marked
dresss effecting a 14 pound weight loss 1 six days In this six day
pertod the amount of sodium excreted 1n the urine far exceeded the
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Fi16 1 The effect of sodium 1ntake on the response to ACTH Case 1

sodium mntake and certamn of the cardiovascular responses” were
comparable to those obtained n the period of sodium restriction
The serum sodium remamned within normal lumits throughout the
study

The second patient was followed m sumilar fashion and the re
sponses were comparable to those just described except that this
patient retaned excess water regardless of the sodium ntake and at
no ume developed any glycosuria

In the third patient maximum responses to ACTH were ob
tamed 1n a 28 day period of ACTH-tugh sodum (Fig 2) In order to
see 1f the effect of a high sodium 1ntake on the responses to ACTH
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could be reversed by the restriction of sodium the sodmum intake
was then reduced to 0 2 gram per day and ACTH continued for 21
more days

For the first 12 days of the ACTH-low sodium pertod the urinary

17 ketosteroid excretion glycosuria and leukocytosts continued the

upward progression begun 1n the preceding period of AGTH-high

sodium however there was a shight weight loss and the sodim  bal

ance was shghtly negative during this time On the thrteenth day
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Fic 2 The effect of sodium 1ntake on the response to ACTH Case 3

of the ACTH-low sodium period 1n an effort to expedite sodium de
pletion mercuhydrin was given 1n the ensuing 24 hours the unnary
volume 1ncreased markedly there was a corresponding five pound
weight loss and a marked sodium loss (Fig 2)

Following this accelerated  desalung the uninary 17 hetosteroid
escretion fell from 22 5 to 12 5 mg per day at which level st remamed
for the duration of the ACTH-low sodium period There was 1
transient reduction mn glycosuna winch may be related to the de

lung process since the effects of sodium restriction do not become
S:;);;::n{)lmmedmely when the sodium intake 1s reduced In any
A decreased only temporanly and sodmm restric
case the glycosunt p y %
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tion did not prevent a subsequent rise Changes in fasung blood
sugar were neser commensurate with the glycosursa In this pattent
then the 17 ketosterowd effect of ACTH was nnbited by sodium
vestriction Perhaps also the glycosunc cffect was temporanly in
Iubited The serum sodiam was 1t no tsme below 130 milliequna
lents per hiter

Int every case when ACTH was started there was an ummediate
feehng of well being howeser within 10 to 11 days all the patients
complained of weakness and nervousness Ileus was noted mn tno
cases In Case 1, post ACTH the paucent became more anxious and
for several days had transient paranoid ideition without gross evs
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Fic 3 Changes in fest het and 1 h

b}

the admunistration of ACTH Case 3

durnng

dence of magor psychosis In Case 2 after an mnutial improvement the
patient became progressively depressed and sesen days post ACTH
developed a non specific psychotic state which chinically resembled an
arganic psychosis and was characterized by severe regression with
dranal nfantile behavior and profound foss of cortical mtegranve
and miellectual function

Because of these observations an mndependent psychuatric ob
server Dr Norman Chivers had frequent interviens with the thud
pattent and wmn additton sertal electroencephalograms were taken
and mterpreted by Dr J Park Bichl

This pauent was an anxious easily chsturbed woman with many
neurotic trawts and has been characterized as a  severe neurotic per
sanality (Fig 8) The psychiatric changes noted even hefore AGTH
admumistration consisted prumanily of a generalized emotional ye
gression consistent with the experimental situation and the pattent s
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personality pattern In addition on the forty third day of ACTH
there was superimposed a gross paranoid psychosts

Figure 3 depicts changes in personality phenomena and mamfest
Behavior At first the patient was encouraged and more active how
ever she gradually became more anxious 1nfanule and demanding
This pattern has been characterized as intensified neurotic be
havior and 1s superrmposed on the baseline of the generalized
emotional regression 1n a severe neurotic personality Her anxiety
progressed and finally could not be relieved by constant reassurance
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Fig 4 Changes i personahty phenomena duning ACTH admunistration
Case 3 correlated with physiologic changes related to potassium depletion

she became agitated and on the forty thurd day of ACTH she became
frankly psychotic

In Iigure 4 the changes m personality phenomena are correlated
with physiologic changes consistent with potassium depletion
namely changes 1n serum potasstum  the electroencephalogram and
the electrocardiogram The electroencephalogriphic changes were
1n the form of bursts of slow activity the occurrence of which we have
graded from one to four plus Simultaneous electrocardiographic
changes consistent with potassium depletion we have graded as ;’mc
or two plus The urinary excretion of potassium 1s also charted Slow
activity appeared m the electroencephalogram on the thurty second
day of ACTH_ at which ime the patient was agiated and anxious
On the forty first day mercubydrm was grven for desalung pur
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poses there was a symultaneous 1ncrease N urne potassium excretion
and a further fall in serum potissium In an electroencephalogram
taken 1n the course of the druresis bursts of slow activity occurred
more frequently the next day the T waves of the electrocardiogram
became 150 electric charted as 2 two plus change and within 36
hours the patient was frankly psychotic Four days later she was still
psychotic and electroencephalographic and electrocardiographic
changes were marked St grams of potassium chlonde were given
orally at this ttme Within 12 hours the patient was no longer psy

chotic the electroencephalogram showed only a rare burst of slow
actimty and the electrocardiogram was normal However the next
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Fic 5 Representative electroencephalographic changes n the various pe
r10ds of potassium mbalance Case §

day 1n the course of a glucose tolerance test the patient again became
psychotic the electroencephalogram abnormal There was no change
when ACTH was disconuinued and 1n addition electrocardiographic
abnormalities reappeared Four days post ACTH supplementary
potassium (400 cc of 2% potassium chloride intravenously over a
three hour period) was again given and the disappearance of the
psychosis and the improvement in electroencephalogram and electro

cardiogram were as dramatic as previously (The pH of the blood was
not determimed durmg this study the CO combmng power was
within normal limts throughout the investigation )

In Figure 5 are shown representative samples of the electroen
cephalograms taken during the various pertods of potassium 1mbal
ance all tracings are the left frontal lead In the control pertod the



168 SECOND CLINICAL ACTH CONFERENCE
patient was calm and onented the electroencephalogram normal
On the forty seventh day of AGTH she was psychotic and bursts of
slow activity are present The next day after oral potassium the
psychosis disappeared and the electroencephalogram was essentrally
normal There was then a relapse 1n both chinical behavior and the
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Fic 6 Representative electrocardiographic changes in the various periods
of potassium mbalance Case 3

electroencephalogram and both were again corrected by the adminus
tration of potasstum

Thus the data suggest that there 1s a definite correlation betwecen
the psychotic state electroencephalograpluc changes and potasstum
depletion

In Tigure 6 are shown representative samples of the electro-
cardiograms taken during the vanious periods of potassum mbal
ance The leads are all Lead 1 Most apparent 1re the changes of the
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[ waves upright in the control depressed at the time of potassium
depletion 2nd therr rewppearince disappearince and reappearince
again correlited respectively with the administration depletion and
agamn the 2 ron of § ST segment shifts can alsa be
seent but definute prolongiuon of the Q T intery il was not observed

SUBAMARY AND DISCUSSION

Data have been presented i an effort 1o demonstrate the effect of
sodium intake on the metibolic and physiologic responses to ACTH
In Case 1 1ncrewsing the sodm mtike follow g 1 period of ACTH-
low sodium w1s iccompanied by an increase 1n the unnary excretion
of 17 Letasterowds nd sugar and the white hlood count

Comversely n Case 3 restricuon of sodium followed 1 penod of
ACTH-Ingh sodium minbited the urinarv excretion of 17 hetoster
oids and perhaps temporanly mnhibited the gheosurta  Fhe white
blood count 1n Case % was not maternlly aitered Changes i the

humoral component of the blood pressure and other vascalar re
sponses to AC TH 1ho appear to be greater when the sodium ke
15 not restnicted  These data suggest that the sodinm jon may well
be wctively involied m the response to ACTH 1nd;or the actinty of
the adrenat cortex and that variations m the sodum ke may n
part explun some of the varatons 1 response to ACTH that have
been noted by others

Certamn of the toxic side «ffects of AC ' admimistration have
been observed namely excessne pervousness weakness electracar
diographic changes and ileus These findings are consistent with a
state of potissium depletion In addition the third panent became
franlly psychouc sunultaneous electrocncephalogriphic changes
comparable to those pretviously reported by Hocfer and Glaser® and
electrocardiographic changes consistent with potassium depletion
were obtaned and the psychosis disappeared and the electroenceph
alogram and electrocardiogram returned to normal following the
admimistration of potasstum

The severity of the effects of patassium depletion depended upon
the duriuon of ACTH dminstraton for although serum potas
sium levels tended to fall during the admimistration of ACTH dav
to day vanations did not clearly correlate wieh the climcal severity
of deficient symptoms Tins was particularly apparent when potas
stum chionde was admimstered to the third patient  The psychass
temporarily disappeared and the electraencephatogram and elcctro
cardiogram mmproved The psychosis and the electroencephalogram
then refapsed before the electrocardiogram agun became abnormal
and the serum potasstum did not again become abnormally low unni
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three days after clinical evidence of potasstum defictency had agam
manfested 1tself

These observations might be interpreted as mdicating that the
clinical evidence of potassium depletion 1s dependent upon that 1ons
intracellular concentration and that the serum level does not clearly
reflect the presence or absence of potasstum depletion

CONCLUSIONS

The data presented suggest

(1) that vanations 1 sodium 1ntake influence certain metabolic
and physiologic responses to ACTH and 1n particular the urmnary
excretion of 17 ketosteroids and perhaps the urinary excretion of
sugar

(2) that certain of the toxic side effects of ACTH adminsstra
tion may be actually due to potassium depletion All of the changes
n behavior associated with the administration of ACTH may not
be attributed to potassitum depletion alone However the psychotic
component correlated with changes 1n the electroencephalogram
both of which were corrected by the admmustration of potasstum
seems to reflect potassium depletion and can best be defined as a
toxic psychosis or delinum
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Neuropsychuatric Changes 1 Pauents Treted with Adrenocor
ticotrophic Harmone (AGTH} Proceedings of the Tirst Clim
cal ACTH Conference The Blabiston Company Phdadelphia
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DISCUSSION

DR GILBERT GLASER (College of Physicians and Surgeons Columbia
Unmwversity The Neurologic Institute New York City) This demon
stranon of the effect of potasstum depletion represents a significant
advance 1n our understanding of the mechanism of production of
electroencephalographic and mentt changes appeaning m the hyper
adrenal state

However the effect of potassium depletion on central nervous
system actvity indicates only one phase of a very complex process
For example we have observed one patient with chronie thyrowdios
and myxedema wha developed a severe psychouc reacuon with de
hinoid depressnve and paranoid features towards the end of a conrse
of ACTH therapy becoming exaggerated within 24 hours after the
medication was disconunued This was associated wath the appear
ance of slaw actwviey 10 the EEG Both the EEG changes and the psy
chosis cleared within a very short time on the administtation of
thyroid medication

There seem to be two major groups of severe psychotic reactions
induced by ACTH or cottisone One m which signs of an organic
mental syndrome such as 2 toxic delirium are present and one with
out these manifestations

In both affective and schuzophremform ph occur Mame
psychoses seem 10 be somewhat speaial they develop 1n transion
from euphona and elanon oceurring as chromic or panful disabling
symptoms are relieved and nsually appear without orgame featuves
bemg present

The pattern or content of these reactions 1s 1n most cases related
to the previous personahity structure of the patient However only
m some but not all cases have we been able to demanstrate abnor
mal pre psychotic personality patterns

Also 1t should be noted that severe psychoses can occur 1 the
absence of EEG changes and vice versa

Serum potassum levels certanly are mconsistent and not cor
related nor have we been able to correlate Electrocard{ograph:c




172 SECOND CLINIGCAL AGCTH CONFERENCE

changes which have been suspected to have been due to potasstum de
fictency In other words we have seen patients with marked EEG
changes and no changes 1n the electrocardiogram

In relation to these phenomena we have studied the responses of
six schizophrenic patients to large doses of ACTH 100 milligrams
for 30 days 1n four patients and 200 muilligrams a day for 10 days m
two patients Five patients showed no change whatsoever 1n therr psy
chotic manifestation One patient a 23 year old girl with a mixed
schizophremia  predominantly paranord developed exaggerated cat
atonic features within 24 hours after the ACTH was discontinued

Also we have noted no specific euphorizing effect of the drug
even in patients with depressive tendencies

We are now seeing a relatively large number of these induced psy
chouc states The exact incidence 1s not known We feel that i many
cases these reactions are unpredictable and can occur despite pre
sumably adequate psychological screening

I would like to emphasize one other significant probable effect
of potassium depletion which was alluded to by Dr Ransohoff and
that 1s the appearance of marked muscular asthenta This tends to
occur particularly in patients with muscular and neuromuscular dis
orders such as amyotrophtc lateral sclerosis muscular dystroplues
myastherua gravis and dermatomyositts Agam there 15 no correla
tion with the serum potassium level In some of these cases however
the response to potassium administration even with large dosages
15 minimal and 1t 1s quite possible that 2 more complex mechantsnt 15
mvolved

DR JOHN R MOTE At the time of the first ACTH Conference I be
Lieve that we were all impressed with the mcidence of psychoses in pa
ttents under therapy with ACTH It should be recalled however that
practically all of the early studies with ACTH were on a rather stand
ard dosage of 100 mg per day regardless of the disease syndrome or
the purpose of the experiment Likewise 1t should be recalled that
a hugh proportion of the patients studied were on either complete
or semt complete metibolic balanced studies with a fixed mtake of
salt and potissium

In view of the evidences presented at the T'irst Conference mn
dicating that there 1re marked shifts 1n electrolytes during these Ingh
dosage schedules post conference trends became rapidly evident

First many investiators began using lower doses of ACTH 1n
many disease syndromes and second most 1nvestigators undertooh
some restrictions of sodium chloride intake and began admumistering

ents of porissium salts

supplem
P Tung that has struch me over all 1s the much lower incidence

The tl
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of psychoses reported to us since these two trends have developed
which lends some credence to Dr Ransohoff s observations Iam pn
marily impressed at tlus stage nith the uncommoness of the develop
ment of renl psychasis 1n patients on adequate therapeutic regimens
with attention pud to the electrolyte trends

DR ROBERT A CLFGHOR™N [ believe that this 15 1 very striking com
munication which we have just heard I thmk tume will show that the
findings of the Concinnats group have a key place 1n the understand
1ng of psycluatric and physiological changes assoctated with adrennl
cortical secretion My 1nterest 1n this field concerns psychiatric pa
tients particularly and some report of our work may be appropriate
at this juncture

A Fflect of ACTH on Depression

Eight cases of depression have been treated with ACTH 1n a study
which was made in conjunction with Drs Cameron and Saffran
Table II gives some of the data on these patients They recerved

Table II
Case Sex 4. Duratton (,Tn':"’" lz"v") ""aﬁ §""‘
1 m 42 6% 662 3
2 t 49 7 487 10
3 m 33 7 500 4
4 f 5 8 625 5
5 £ 45 914 737 2
6 t 26 12 862 1
7 t 48 16 § 1350 7 (convutsion
8 f 38 20 1500 15

ACTH evcry four hours for a number of days in a dose of approx1
mately 100 milligrams daily and thereafter i somewhat lesser
amounts A variety of psychological and psychophysiological tests
were carried out The tests yielded relatively little information In
only one case were slow wave changes seen 1n the electroencephalo
gram Blood and urne studies mdicated marked actination of the
adrenal cortex Chmical psychiatric changes were slight inconstant
and temporary Inall patents ECT would have been the usual treat
ment on admisston and 1t was given to seven of the eight patients
with satisfactory results subsequent to the course of ACTH Three
patients 1n whom treatment was continued for twelve to twenty two
days showed no further clinical benefit
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One case developed a serious complication spontaneous contul
sions This woman aged 48 with agitated depression at the meno-
pause was recerving ACTH mn four hourly doses On the seventeenth
day of treatment (toral dose 1350 mg) she complaimned of mtense
headache and a few hours later had a generalized convulsion fol
lowed by ten severe grind ml serzures i the next fifteen hours Most
of the tume between serzures she was comatose Neurological exam
mation showed some abnormal reflexes CSF was under mcreased
pressure but otherwise normal Thurty hours after the first comul
sion she responded somewht and complained of headache Neuro-
logical exammation became normal after a few days The pattent had
no previous history of seizures and no recognuzed cause of comul
sions could be established in thus case independent of the ACTH

Post-convulsine EEG records showed some disorganzation which
returned to normal within five months To date there has been no
further convulsion and no neurologicl evidence of a cerebral lesion
This patient was not grven ECT As a result of discussions with Drs
Ransohoff and Glaser I suspect that these convulsions may hase had
their basis 1n potassium changes

B Acute Depression Following Cortisone

Iwould ike to underscore what Dr Glaser has said about the ab
sence of pre psychotic personality 1n some indisiduals developing
mental changes with hormone treatment as witnessed by the follow
mg experience

A laboratory worker with a chronic skin condition believed by
several consulung dermatologists to be chronic lupus erythematosus
was given 600 mg of cortisone n three doses over a period of one
week She then expertenced a rather abrupt onset of extreme pes
stmism psychomotor retardation nsommia apprehension suicidal
thoughts and rumnations about past trigedies This progressed for
a few days and then regressed while the patent was given dexedrine
sedative and reissurance Recovery seemed complete in about one
week

C Eosmophils in Mamec Depressive Patients

Some obsersatians on daily eosmophil counts i mamc depressive
puents proved to be of interest The eosinophil response to ACTH
was normal 1n eight of ten manic-depressine prtients observed Basal
eostnophil counts increased steadily during a course of TCT A sud
den decrease prcceded clinical evidence of relapse into depression
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DR IRVINE MCQUARRIE In one of the experiments of nature we see
something of sort noted i Dr Cleghorn s lastcase In 1937 Johnson
Ziegler and Ldescribed the first case of Cushung ¢ syndrome 1 which
there was observed a marhed disturbance of the electrolytes almost
dametrically opposite that of Addison s disease except that the chlo-
ride was Jou 1n this c1se 23 1 Addison s disease

The serum potassium was 1n the nerghborhood o£ 20 to 2 5 muils
equialents per laer wstead of the wsual 45105 5

The plasma CO content was wt the neighborhood of 112 to 116
solumes per cent or round 40 to 45 milk equivalents per liter sn
stead of 25 to 28

“The serum chlondes were between 80 and 88 nstead of the nor
mal of 100 to 304 mills equuvadents per hiter

The sodiurn tn that patent was equvalent to the toral base
the average normal mdividual about 155 mull equivalents

This 40 year-old pauent with Cushung s syndrome had been a
most amble and well adjusted person before developng her sllness
All of her relanves were grestly embarrassed by ber amaznng change
m behavior and personality They smid  Why she acts at umes as 1f
she s crazy  She was greatly depressed or disturbed had poox mem
ory and did very odd things Her sister bemoaned the fact that she
had no modesty whatsoeser

We gave her fmrly large amounts of potasssom chionde instead of
extra sodiam chloride that one would give for Addisons The pa
trent s personahity change was one of the most stnihang features of
the response when her serum electrolyte pattern was thereby e
turned to normal temporardy

bR ALBERT porFMAN (Bobs Roberts Memorial Hospital Umversity
of Chicago School of Medicme Chicago) In the course of our studies
of the effects of ACTH on connectine tssue we have had three pa
uents deselop status epepicus while recening ACTH The panents
had deymatornyosstis rheumatic fever and pemarterstis nodosa Al
three pattents showed elevited spinal fluid protemns Two of the pa
tients had complete recovery while one has evidence of severe neuro
logical damage eight months later

DR SHELDON MARGEN Another observation of some interest 13 the re
lation between sodtum antake and hyperglycetma in some mdsviduals
vecerving ACTH Some patents who have excessne fimd retention
and also hyperglycerma will have desappearance of the hypergly
cema when the edemn 1 controlled by restricnion of sodium ntake

This may be referable 1n part at least to hepatic edema with con

sequeny rmparrment of glycogen storage
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DR WILLIAM RANSCHOFT In comment on Dr Glaser s discussion we
certainly agree that all of the emotional changes noted during the
admunistration of ACTH cannot be attributed to potassium deple
tion lone We further feel that possibly the premorbid personality
merely dictates the nature of the emotional reaction which the pa
tient may have

We are i complete agreement with the comment that the serum
potasstum 15 not an adequate measure of potasstum depletion We do
feel that electrocardiographic changes may be used as an indication
of a severe deficiency of this 1on—and 1n the data presented electro-
cardiographic changes consistent with potassium depletion were
demonstrated Further 1t should be noted that the electroencephalo
graphic changes appeared earhier in the course of ACTH admims
tration—and earlier 1n the course of potisstum depletion—than did
the electrocardiogriphic changes and that the electroencephalo
graphic changes were corrected a little less rapidly by the admins
tration of potisstum This suggests that mn this case at lewst the
electroencephalogram was a more sensitive measure of potassium de
pletion than the electrocardiogram

In reference to Dr Cleghorn s comments wve hase observed emo
tional changes 1n three non psychouc patients who were gien
ACTH The frequency of psychiatrie changes reported during the
admimstration of ACTH certainly warrants further inestigation of
the effect of ACTH on psychotic patients and Dr Cleghorn s obseria
tions are noteworthy

Dr McQuarrie s comments about the pattent with Cushing s Syn
drome and hypohalemii are most fascinating and certainly the ob
servations that he presented are in Leeping with ours

Dr Margen s obseryitions on the effect of sodium on the response
to ACTH seem to be somewhat but not completely 1t odds with our
observations We agree that the hyperglycemii caused by ACTH was
not significantly altered by varying the sodium mtike however the
mcrease m glycosuma on increasing the sodium ke wis demon
strated particularly in the first case presented This we belteve was
primanly a renil glycosuria and does not indicate my overall change
1 carbohydrate metabolism iccomplished by the ginung or restricting
of sodim

In regard to the effect of ACTH on carbohydrite mertbolism 1t
1s worthy of comment that m the third case presented the cise with
psychitric and electroencephalographic changes and marked glyco
suria the glucose tolerance curve became markedly abnormal Fur
ther acetone appeared tn the mine in this pattent on the forty cighith
day of ACTH and temporanly exceeded 1 0 gram per dy
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Vascular Responses to ACTH and Alterations v Sodium
Inteke*

Albert A Brust,t Wilham Ransohoff, Morton F Retser and
Eugene 8 Ferris
CINCINNAT) GENERAL HOSPITAL UNIVERSITY OF CINCINNATL COLLEGE

OF MEDICINE AND THE MAY INSTITUTE FOR MEDICAL RESEARCH OF THE
JEWISH HOSPITAL CINCINNATI

Thus fir there has been no clanficavion of the vascular
changes which have been reported as a consequence of ACTH ad
mimstration Hypertension encephalopathy cerebral accident and
cardiac farlure have been obseried® Presumably these comphca
tions have accompanted the water and electrolyte changes induced
by the drug however convinang evidence that sodium retention ar
other speafic metabolic change 15 pnmanly responsible for these
occurrences has been lacking

In a previous study Stead Resser Rapoport and Ferns® demon
strated that the feeding or restriction of sodium 1 essential hyperten
sives with adequate renal function consistently produces a respectine
ncrease or decrease 11 non neurogemc or humoral vascular tone
as mesured by the blood pressure response to tetraethyl
chlonde (TEAC) an autonomic gangliomic bloching agent These
chinges occurred without sigmificant alteration of serum sodinm lev
els However when patients with renal msufficiency nere subjected
to alternate periods of normal and restricied sodinm ntake the phe
nomenon was not obsered although the serum sodium often fell to
very low levels Figures [ and 2 lfustrate these changes 1 a repre
sentative pauent of each group These observations suggested the
actvity of a renal mechanism and perhaps the involvement of adreno
cortical factors in producing these alterations 1n the components of
ascular tone The current study was designed in an effort to further
clanify this phenomenon and also to insestigate the reported Ppressor
and vascular effects of ACTH

0
{This work was supported in part by grants from the Ame: F
thigh Blood Pressure and the U 5 Public Health Seruce) o oundation for

his work was done during the tenuse of a Research Fellowsh,
Hreded s work ellowsfup of the American
m
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EFFECT OF SALT BALANCE ON BLOOD PRESSURE AND TEAG FLOOR
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Fic 1 Ths s a record of the blood pressure ind TEAC floor changes
produced by alternate periods of salting and desalung ‘These data
are representatise of the results obtaned n a group of hypertensties with
adequate renal function The thin vertical ine indicates the control blood
pressure and the wider shaded line the TEAC flcor The enarcled fig
ures mdicate serum sodium values in milliequivalents per liter

EFFECT OF SALT BALANCE ON BLOGD PRESSURE AND TEAC FLOOR

A

L ———— —
13579 UBISTR2ABTD W 3 38T B lklv::
CONSECUTIVE DAYS OF OBSERVATION oﬂs[:u'lﬂﬂ

Fic 2 This record 15 representative of the results of salung and de
salung 1o hypertensive patients with renal msuficiency The legend 18

the same as for Figure 1
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MATERIAL AND METHODS

The acuon of ACTH 1n doses of 100 mg per day was studied
the following patient types

1 Uncomplicated essential hypertension

2 Essenual hypertension moderate tenal impairment and

chronic congestive failure
3 Normotension with rheumatoid arthrtis
4 Normotension two weeks following postpartum recovery from
pre eclampsia

The first three patients were studied during periods of hagh nor
mal (4 2-5 Gms /day) and restricted (0 2 Gms /day) sodrum ntake
‘Techmque of metabolic studies was as described by Ransohoff et al *
m a concurrent nvestigation The fourth pauent received normal
sodium 1ntake during the period of observauon and metabolic stud
1es were not performed 1n this patient

Tetraethylammonium chloride* was adminustered daily or on al
ternate days m doses of 4 cubic centimeters (400 mg ) injected ntra
venously The techmique of TEAC admmuistration and the method
of determining control blood pressure and TEAC floor have been
described 1n detail elsewhere* The sphygmomanometer was used
for blood pressure determnations and all measurements were made
with the patients supine For purposes of presentation the blood pres
suresand TEAC floors 1n certain of the figures represent the mean
of a week s observations and include from three to si1< tests

The hypertensise pauents were begun on ACTH after prolonged
sodtum restriction had resulted in shight fall in the blood pressure
and more pronounced lowering of the TEAC floor In the normo
tensive patients ACTH was started during normal sodium mtake

RESULTS

In all patients the TEAC floor rose above control levels within
24 hours after ACTH was begun and remaned elevated throughout
Following discontinuance of the drug the TEAC floor fell to low
levels concomitant with sodium diuresis and other evidence of re
duced adrenal acuvity Rise in the TEAC floor consistently was
demonstrated to precede the increase 1n urmary excretion of 17 keto
steroids and to precede or parallel depression of circulating eosino
philes Although marked lowering of TEAC floors accompamed
sodium diuresis when AG CH was stopped weight charts did not mn

Etamon chlonde furmished by Parke Davis and Company through th
ofDr E C Vonder Hede 4 pany gh the courtesy
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dicate water retention when TEACG floors rose in response to
ACTH admnistration

In general blood pressure altertions paralleled the TEAC floor
changes but in the hypertensive patients these were of minor mag
nitude On ACTH the normotensive patients promptly developed
moderate hypertension which persisted until the drug was stopped
In addition to the blood pressure and TEAC floor changes meta
bolic studies mndicated that shifting of the sodim balance appears
to exert a specific though quantitatively shight influence on the ad
rentl sumulating effect of ACTH This was especially evident during
the change from restricted to normal sodium and following with
drawal of ACTH

The results 1n 1 pattent with uncomplicated essential hyperten
ston are illustrated 1in Figure 3 After a control period on normal

INFLUENCE OF ACTH ON THE TEAC FLOOR

BLOOD
PRESSURE
mm Hg 150
1204
LEGEND 1104
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Fic 3 The week of study and sodium intake are indzcated at the bot
tom of the figure The thin vertical lines mdicate the control blood pres
sure and the wider shaded lines the TEAC floor Both yvalues here repre-
sent the mean of a week s observations and nclude from three to six tests
with TEAC
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sodmim ntake restriction produced 1 shighe £l s contro) blood pres
sure and more pranouuced fill v TEAC floor  When ACTH was
begun the TEAC Roor rose promptly concomman with 1 shight
nise m unniny 17 hetosterords W hen normat sodiun sntake was re
stored both of these 1alues vose even fugher When ACTH was dhs
continued the. TEAC floor  fell promptly to control levels

Sunitar changes are depicted Pigure £ m the studies of a m
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Fic 4 The week of ssudy and sodium mtake are mdicated 1t the bot
tom of the figure The thsn vernicil hnes ndicrte the control blood pres
sure and the wider shaded lines the  FEAG floor  Both v ttues here rep

tesent the mean of a week, s obserstsons and mclude fram thiee to six tests
wtth TEAC

uent wuh essenual hypertenston moderate impairment of renal
function and persistent congestne fulure 1t bedrest ACTH had to
be discontinued m this pawent 1fier 93 days becawse of progressne
azotema Transient bur definute mmprovement in the heart fulure
was indicated by decrease in dyspnea and decreased cn calition ume
and venous pressure during the first 10 d1ys of AC FH  Thereufter
falure recurred to the same chincal extent as before ACTH When
notmal sodwim intake was added m the nunth wech of study the fail

ure worsened but because of the many vartables st 15 difficult to be
certain that the sodium alone was responstble

Figure 5 rustrates the day to day stucties 1n a normotensive pa
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tient with rheumatoid arthritzs A prompt r1se 1n control blood pres
sure and even greater rise .n - TEAC floor occurred when ACTH
was begun From the 12th to the 25th day of study the TEAC floor

continued to r1se while eosinophiles were only moderately depressed
It was then learned that the ACTH being used was only partially
potent and when a more potent preparation was substituted eosino-
philes disappeared and the blood pressure and TEAG floor rose
hugher At tumes the response of the blood pressure to TEAC became
entirely pressor Further evidence for the sensitivaty of the TEAG
mechanism was noted on the 32nd day of study when the refusal of

INFLUENCE ©OF ACTH ON THE TEAC FLOOR
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Fic 5 Thus figure illustrates the day to day studies i a normotensti e pa
uent The legend 15 the same as for previous figures

two doses of ACTH resulted 1n a fall n TLAG floor and a rise
1n eosinophiles to 85 From the 40th to the 60th day sodium was
restricted during ACTH admimistration and  TEAC floors  feil pro
gressively although the control blood pressure remained elevated
Toward the end of this period the 17 ketosteroids Iikewsse fell mod
erately * When ACTH was discontinued the control blood pressure
promptly reverted to normal and TFAC floors fell to very low
levels
¢ Espccmll) simificant portions of the day to day blood pressure
and TEAC floor changes in two of the pauents are 1llustrated 1n
Tigure 6 Inhypertensive patient R H are depicted the prompt step
likemisen TEACfloor 1n response to the administration of ACTH
T orsahydnin (7 cc) was gen intramuscularly on the 5%rd day of study o hasten
sodtm dsuresis
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and the hkewise immedite {all in floor which oceurred concom
itant with sodium diurests when the drag was stopped The data on
nomotensine pattent M T shouws the nse of TEAC floor with
ACTH and also the progressive fall m the floor value when sodium
was restricted during A\CTH although hypertension was sustuned

INFLUENCE OF AGTH ON THE TEAG FLOOR
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Fic 6 Sigruficant porusons of the day to day blood pressure and
TEAC floor changes as observed in hypertensive patient R H and
normotensive patient M T

In Figure 7 are shown the day to day studies 1n a2 normotensive
panent two weeks following postpartum recovery from severe pre
eclampsia * Mamtamned on normal sodium ntake throughout the
study she developed hypertension with ACTH which persisted for
several days although only 200 mg of the drug were given The re

Ve are mdebted to Dr Nacholas Assal  Department of Obstetrics for assistance
with the studies on this pattent
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INFLUENGE OF ACTH ON THE TEAC FLOOR
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Fic 7 Here illustrated are the day to day studies of normotensne pa
tent M N begun two weeks followang postpartum recovery from severe
preeclampsia Thus patient recetved only 200 mg of ACTH
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sponse to TEAC became entarely pressor and remamed so for several
days despite discontunuance of the drug The sustained nature of the
response despite the stopping of the drug resembles closely some 1€
cent experiences we have had i sunar studies with cortisone ®

Other Vascular Lifects

In addition to the changes just demonstrated other vascular ef
fects were noted in these panents In all ynstances a booming quality
was noted 1n the blood pressure sounds within 24 hours after the
start of ACTH The pulse solume mcreased and puise pressure wid
ened In two of the patients who had ballistocardiographic studies 11
ncrese 1n stroke yolume occurred without signeficant 2lterition of
cardiac output In one of these pauents the blood volume w1s meas
ured repertedly and no chnge was noted Two pauents after three
weeks of ACTH desveloped swollen pink fingertips which persisted
uanul the drug was stopped It 1s presumed that the shin cpillares
of the distal poruons of the drguits were widely dilated and congestedt
for during this penod the mere needle prick for a blood count pro

duced an unusual gush of blood
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SUMMARY AND DISCUSSION

The nse m TFAC floor within 24 hours after the start of
ACTH occurred without evidence of water retention preceded the
increase 1 urmary 17 hetosteroids 1nd preceded or paralleled de
pression ol the eosinoplules In three of the patients following dis
continuance of the drug the TEAC floor fell temporanly to low
lesels paralleling sodium diuresis and other evidence of reduced ad
renal activity Wiale these same patients were recetving AGTH
changing the sodium 1ntake (from normal to restricted or restricted
to normal) produced additional shifts 1n the height of the TEAC
floor sumlar n direction and magnitude to the same maneuver
without ACTH

The mechanisms mvolved 1n these blood pressure and TEAG
floor changes cannot be fully explained These changes probably re
flect an increase 1n arteriolar tone for although stroke volume was
uniformly increased the cardiac output remained unchanged

It seems clear that when the vascular tree 1s freed from autonomic
mfluences that ACTH has a striking and reproducible effect on vas
cular tone as reflected in the TEAC floor

Although these changes 1n blood pressure and TEAC floor with
administration and withdrawal of ACTH are more dramatic they
are suntlar 1n extent and direction to those produced by salting and

desalung  The alterations in control bleod pressure likewise bear
stmilarities to changes reported with sodium and desoxycorticoste
one acetate ® Thus 1t 15 not unlikely that sodium may play a role
m this mechamism however the TEAC floors appear to rise too
promptly i response to ACTH to reflect sigmficant sodium reten
tion Some enhancement of the effects of sodium by ACTH remams
a possibility

Posstble pituitary pressor effects of the ACTH have been consid
ered n an effort to account for the changes demonstrated Such ex
planation now appears untenable since we have been able to produce
simutar phenomena 1n a normotensive and a hypertensive patient
with cortisone ® Thus 1t would seem ¢hat the adrenal gland probably
holds the clue to this mechamsm and certain speculations are then
possible It may be that the administrauion of ACTH causes the ad
renal to elaborate some pressor substance or by adrenocortical stm
ulation causes potentiation of the effects of some pressor agent
already present Tor example Raab’ has recently shown that de
soxycorticosterone acetate potentiates the pressor response to ept
nephrine and nor epinephrine In either event the result might be an
alteration mn the vascular response to autonomtc blockade such as we
have demonstrated
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It might be further mentioned that the mjection of TEAC 15
known to produce some potentiation of the response to epinephrine*
However benzodioxane studies m two of the patients reported here
remained the same during ACTH admunistration as duning control
observations

Finally although an exact explanation of mechanisms cannot yet
be made the results point up anew the possible involvement of ad
renal factors in hypertension

In conclusion the data suggest

1 ACTH admmstration and shifts m sodum ntake signif
cantly alter the blood pressure and TEAC floor These changes
appear to be additive and are reflected mainly in the non neuro
genic or humoral component of vascular tone

2 The TEAC floor appears to be a sensitive mndicator of the
adrenocortical activity produced by ACTH The response precedes
other metabolic effects and either precedes or parallels depression of
the eostnophiles

3 Certan other vascular responses to AGTH have been de
scribed These mclude mcrease 1n stroke volume with concomatant
increase in pulse volume and pulse pressure and swelling and hyper
emua of the fingertips and nailbeds The mfluence of sodium on these
responses was not determined

REFERENCES

Adrenal Cortex Transactions of the First Conference Josiah
Macy Jr Foundation 1949

Stead W W Reiser Morton F Rapoport Samuel and Fernis
Eugene B The Effect of Sodium Chloride Depletion on Blood
Pressure and Tetraethylammonium Chlonide Response 1n Hy
pertension | Chin Invest 1948 27 766

Ransohoff W~ Brust A Reiser M Musky I and Ferns E
The Effect of Sodium and Potassitum on the Metabohe and
Physiologic Responses to ACTH Second Climcal ACTH Con
ference Chucago 1950

Brust A A Assali N S and Ferris E B Evaluation of Neuro
gemc and Humoral Factors mn Blood Pressure Maitenance in
Normal and Toxemic Pregnancy Using Tetraethylammomum
Chloride J Clin Invest 1948 27 717

Brust A A Reser M F and Terns E B Unpublished Data

Perera G A and Blood D W Pressor Actrvaty of Desoxycortt
costerone Acctate in Normotenstve and Hypertensive Subjects
Ann Int. Med 1947 27 401

—

[ o

-~

oo



VASCULAR EFFECTS OF ELECTROLYTES 187

7 Raab W Humphreys R ] and Lepeschiin E Potentiation of
Pressor Effects of Nor epinephrine and Epmephrine in Man by
Desoxycorticosterone Acetite ] Chin Invest 1950 29 1397

8 Moe G K Potentiation of Pressor Action of Epinephrine by
Tetraethylimmonium JAMA 1948 137 1115

DISCUSSION

DR NATHAN sHOCh (Balumore Md) The work I shall report was
carried out m our laboratories by Dr Leroy F Duncan Dr Pavid H
Solomon (metaboltsm studies) and Dr Milton Landowne {cardiovas
cular mewsurements) Dr k. Dobrmer has hindly made the analyses
for 17 ketosteroids and formaldehydogenic steroids 1n the urines of
the patients studied

Our research was designed to study differences in response to
chromic administration of ACTH that might be attributed to age
Four patients have been observed two were 30 years of age and two
were 63 and 65 years of age respectrvely The patients were carefully
screened to ehminate the presence of diseases known to or suspected
of altering the responsnveness to adrenal cortical stimulation or the
end-organ reactions thereto After a 15 day control period each sub
ject recenved 100 mg ACTH per day for 12 days Observations were
continued for 18 additional days All patients were mamntained on a
uniform analyzed diet In addition to balances for mitrogen sodium
p calcium  phosphorus and chloride further observations
were made such as urinary glucose uric acid formaldehydogenic and
17 Ketosteroids blood eosinophile counts sedimentation rate arte
11al and venous pressures cardiac size electrocardiograms and card:
ovascular response to exercise The metabolic responses to chronic
admumistration of ACTH were m accord with previous findings So
dium chloride and water were retamned The ratio of sodium to
chloride retention exceeded the accepted extra cellular ratio of these
1ons Two subjects (one old and one young) showed marked re
sponses one subject (young) showed intermediate responses One
aged subject responded with only a slight mitrogen loss and low
urinary glucose uric aad formaldehydogenic and 17 ketosteroid
excretion although his electrolyte retention was as large as that of
the other subjects In the four subjects tested individual differences
n metabolic responsiveness did not seem to be related to age

Blood pressure (average of 7 consecutive determnations) and
pulse rate (average of 3 one minute counts) were measured daily be
fore the Ppatient arose 1n the morning Average values for the last 9
days of the control ACTH and recovery periods respectively are
presented for six subjects 1n Table I and demonstrate the rise m sys
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tohe pressure and the bridycudia obsersed during AGTH adminis
tration

The cardiovascular response to standard exercise (Masters two
step test) was also determined Electrocardiograms were recorded and
the heart rate was determuned from five consecutive beats The
changes 1n heart rate after exercise are shown in Table II The values
re averages of 1t least two tests During the control period resting
heart rates (not basal) asernge 73 3 beats per minute with an average
1ncrease to 96 5 beats per minute following exercise During the ad
minstration of ACTH resting heart rates dropped to an average of
63 8 per minute with an ncrease to 104 per minute after exercise
Thus during ACTH administration the increment 1n heart rate

Table II

ErrecT oF CHRONIC ADMINISTRATION OF ACTH oN HEART RaTE
Respor se To STANDARDIZED ExERCISE

Dunn, ACTH | Post ACTH
Control Periods |~y 1™ Chateon (2 wecks)
A,e
s | A
At After Aft
R, | 0| Ran, | G0 R, |
BR 2 | 12 | s 6 | 3 | 1 | s
WM P 7 o4 | 54 |18 | 72 | 95
WR 63 3 920 66 94 73 82
HC G | 7 |4 | 1| 12 7| 107
Mean 733 | 95| €38 | 1040 735 915

after exercise was greater 1n all subjects than before or after the hor
mone treatment Resting heart rates as well 1s increments after exer
cise returned to pre treatment levels withim the two neek period after
the administration of ACTH was stopped (average 73 5) The results
of these and other measurements we have made are consistent 1n
dicating the cardiovascular stress which ACTH places upon the nor
mal subject

DR RALPH GOLDMAN (Veteran s Administration Center University of
California at Los Angeles California) Our interest i cardiovas
cular responses to AGTH has a different basis than that of Dr Brust
and his associates We are mterested m finding out the relationship of
Ppituitary adrenocortical mechanisms to the formation of edema
congestive heart failure To this end we have balance data on three
patients with arteriosclerotic heart disease and congestive fatlure All
patients were maintained on a balance diet contaimng 500 mg of
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sodmam daily The first patient T M (Tigure 8) showed no increased
sodium retentton after the admimistration of ACTH Chloride bal
ance was also unchanged but there was an 1mitial potassium duress
lasting one day ‘The black bars in the figure nsing above the i
take line represent additional sodtum during sodium thiocyanate and
sodium para aminoluppurate administration Upon discontinuance
of ACTH the patient had a massive sodium diuresis followed one day
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Fic 8 (Pauient T M) Metabolic Balance Data The upper horszontal
line represents the daily dietary intake The diagenally hatched area 1ep
resents fecal excretion The step like horizontal lines represent the summa
tion of fecal and urinaty excretion when they extend above the dietary
mtake they indicate negative metabohic balance and when they fail 10
reach the intake level they represent positive metabolic balance ‘The
fecal sodium and chlonide excretions were too neglgible to be graphed
The smaller black bars lying on the sodium 1ntake line represent sodm
administered as sodium thiocyanate whereas the longer black bars repre
sent the sodium administered as sodium para amimohippurate

later by 1 somewhat smaller chloride diurests It 1s estimated that one
fourth to one third of the available sodium calculated on the basts
of extraceltular space was lost duning this diurests and thae this
greatly exceeded any retention during the preceding 30 days This
apparently represented depletion of body sodium 1s 1 indicated by
the fall 1n serum sodinm concentration At the sime time there was
a marked potassium retention Starting five days after AGCTH with
drawal there was a rebound retention and the sodium excretion
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reached extremely low levels apparently 1n an attempt at repletion
At 40 days the sodum intake w1s increased to approximately 1400
mg daily and the cycle of ACTH administration 1nd withdrawal
was reproduced

Figure 9 represents an attempt to correlate actual weight changes
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Fic 9 (Pauent T M) Companson of weight changes with weight
changes calculated by metabolic data The upper figures represent the ob
served weight changes The solid lines 1n the lower figures represent cal
culated weight gains of tissue and extracellular water The tissue gain 1s
calculated on the basis of grums of nitrogen balance multiplied by 27
while the extracellular water s calcul ited by dividing the sodium balance
by the serum concentration of sodium at the time The dotted lines repre
sent weight gain due to tissue changes apart from edema This 15 calcu
lated on the basis of grams of mtrogen balance multiphed by 32 which
ncludes the extracellular fluid normally contained by the tissue The con
stants are those of Reifenstein Albright and Wells*®

with theoretical weight changes calculated from mitrogen and sodium
balances using the constants of Reifenstern Albright and Wells The
upper figure 1n each pair represents observed weight the dotted line
in the lower figure r¢ presents werght change attributable to nitrogen
balance alone whereas the solid lme 1n this figure Tepresents the
weight change attributable to both nitrogen and sodium balances

In the first patient T M 1t will be noted that the calculated data
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demonstrate that when he was severely depleted of sodium he was
capable of extreme sodium retention greater than that produced by
ACTH

The second patient E H P developed edema even while on his
basal 500 mg sodium diet Increasing his dietary ntake of sodium by
1500 mg per day resulted 1n retention of the entire increment of
sodium nd the actual weight gain paralleled the theoretical ACTH
failed to alter this cycle and there was no other evidence of ACTH
response It will be appreciated that this patient retained almost his
entire sodium intake without the usual evidences of adrenocortical
’1C[1Vl[}

The third patient F B ] was subjected to a simslr regumen As
can be seen from the observed and calculated weight changes there
was no sigmficant sodium retention on the basal diet but mncreasing
the sodium caused sodium retention for six or seven days when the
urinary sodium mcreased and sodium balance was agamn achiesved
When ACTH was admunustered the patient retained sodium on the
basal diet and upon admimstration of additional sodium the excess
was retained and there was no return to equilibrium after ten days
Admimstration of ACTH caused an eosinophil drop and a negatne
mitrogen balance and indicated that further ACTH response was
possible even though the patzent was in congestive failure and sodium
retention could be produced by fluctuations mn the sodium load

SUMMARY

These three patients demonstrated inconstant responses to ACTH
administration which when they did occur were of the expected
type There was no evidence from this data that renal retention of
sodium during congestive fatlure depended upon the sumulation of
the 2drenal cortex by ACTH

DR PETER H FORSHAM What 1s the role of the adrenal 1n hyperten
sion? Dr Brusts presentation touched upon this subject by cutting
out the sympathetic component of the hypertensive response Drs
Thom Mernill and their associates at the Peter Bent Brigham Hos
patal are engaged 1n the study of the effect of bilater1l adrenalectomy
on hypertension 1n man and are thus approaching the problem from
the other extreme

Of three patients subjected to such a procedure so far one died
of coronary nfarction withm one week after surgery and the two
surinvng patents have now gone two and three months postopera
tmvely The blood pressure did show 1 tendency to {1l over a period
of a week following operation on 25 mg of cortisone acetate a day
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guven mtrimuscularly or by mouth 1n divided doses This dose with
adequate food 1mtake prevented hypoglycemin and weakness How
ever with such therapy alone there was 2 continued fall in blood
pressure to levels imcompatible with normal physiological function
The addition of between 1 and 3 mg, of desoxycorticosterone tended
to stabilize the blood pressure Tius hormone appeared to control
blood pressure rather significantly since giang 5 or 10 mg 1 dvy Ied
to defimite te establishment of the preaperattve hypertenston

Such finding ruses the perennial question as to whether the hyper
tensne effect of desovycorticosterone 15 due to sale 1nd wter reten
tion with an ncrense m blood yolume or to 1 direct rection on the
musculature of the arteriolas The findings of Dr Brust suggest that
this direct vascular effect 1s more smportant than that on the blood
volume and wath tlus the findings of Dr Lewss Dexter and s group
of the Peter Bent Brigham Hospital are m complete 1greement He
did some studies on cardiac output and peripheral resistince before
and following over trewtment with ACTH accompanied by the es
tiblishment of 1 hypertension of 180/120 mm Hg It turned out that
while the cardhac ontput was not increased penipheral arteriolar re
sistance increased 1009 duning the peniod of ACTH over treatment
From the work of Selve 1t would appcar most likely that desoxycorta
costerone hike factors are responsible for tlus increrse in peripheral
resistance under excess ACTH We nould thus agree with the early
suggestions by Perrera that the direct effect on the vasculature 15 an

important factor in the hypertensive activity of adrenal cortical hor
Tones

DR JFROME W coNw 1 have one comment in that respect We are
studying a patient at the present time who has Addison s disease and
whose blood pressure has run between 80 and 100 systohe After 10
daysof 25 mithgrms of cortisone per day without any added desoxy
corticosterone the blood pressure has nisen to 170 over 110

There 15 no knowledge of pre exasting hypertension before the
Addison s disease

OR IRVINE ACQUARRIE We found some years ago 1n a 14 year old
diabetic boy who craved salt that whenever he took 80 or 90 grams
of sodium chionde a day to satisfy his taste while on a low potassium
standard diet Ius blood pressure would go to 185 or 190 systolic and
112 or 115 diastolic When mamntamned on an ordinary diet without
extra sodium chloride fus blood pressure was normal We found that
Potassium chioride had an antagonistic effect to the excessive sodium
Mtake One mull equinalent of potasstum was found to antagomze
about three il equialents of sodium
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When the patient was given potassium chloride alone while on
a standard low sodium diet the blood pressure fell even shghtly
below his normal level The same type of response was obtained sub-
sequently 1n other normotensive diabetic children who were not salt
cravers The attention of nearly everybody appears to be on sodum
alone but I think we should always keep 1n mind this relationship
between sodium and potassium

Here 1 these situations where AGTH 1s being given the serum
potassium falls while sodium 15 being retained So small amounts of
sodium can do quite big things if the potassium content of the duet
15 very low Both basic elements should be taken into account

Of course 1t 15 recogmized that the adrenal steroids play an 1
portant associated role as ndicated by the work of Selye Perera and
others

DR FREDERICK G BARTTER I would hke to present an experrment
which supports Dr Brusts contention that vascular responses to
ACTH may not be dependent upon an electrolyte effect

Metbolic studres were carried out over a 200 day period mma pa
tient with carcinoma of the breast ACTH was adminstered for three
periods lasting 30 24 and 21 days the dosage varying from 50 to 100
mg aday There was a rise of blood pressure during all three courses
of ACTH Whereas there was an associated weight gain and sodum
retention during the first two courses the weight gamn and presum
ably sodium retention were prevented during the last course by
sodium restriction (9 mEq/day) ACTH clearly had a hypertensue
effect that was not dependent on 1ts sodium retaiming effect n this
case

DR MARVIN F LEVITT I would just Iike to make one pomnt with refer
ence to these TLCAC floors and the change 1n blood pressure in the
absence of any oby1ous over all sodium balance change

We hate one patient muntained on a rice diet 1n whom there was
a 20 per cent mcrease 1 the 1sotonic extra cellular volume 36 hours
after the first injection of cortisone

Although there may be no obvious changes in overall sodium
balance there may be a shuft very rapidly and I wonder 1f that has
any relation to the blood pressure changes

pr ALBERT A BRUST Many of the discussers remarks do not require
any further comment by myself

With respect to Dr Goldmn s observations we should mention
that we too were unable to correlate blood pressure and the tetra
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ethylammonium chloride floor changes with changes 1n body weight
during ACTH rdmrmistration

With regard to Dr Torsham s comments we 1re all extremely 1n
terested 10 the bilitern] adrenalectomy studies The responses he
mentioned 1e the blood pressure not coming to normal after bt
lateral adrenalectomy I believe are consistent with results that have
been noted by Dr Pages group tn 1 small number of patients 1n
Cleveland

Dr Forsham mentioned that blood volume changes were not ob
served in Dr Dexter s patient 1 e did blood volume studies in one of
our four patients at one week intervals and found no apprecrable
change

Dr Conn s comments about Addison s diseise may be pertinent
to our observations In a patient with adrenal insufficiency who was

desalted the blood pressure response to tetraethylammonium chlo

ride was observed to fall to shock levels and to nise again when diet
sodium was wmncreased The low TEAG floors 1n this Addisonian
patent 1n the desalted state were quite comparable to those we have
demonstrated here after the discontinuance of ACTH

We would certainly agree with Dr McQuarrie 1n terms of the
posstble 1mportance of potassium When we talk about sodium and
potassium we often don t know which 1s which—whether we re meas
urng an excess of one or a deficiency of the other Serum levels obvi
ously do not reflect sigmficant changes m tissue concentrations
There 15 some suggestion from our data that shifts 1n potassium con
tent may be equally as ymportant as shifts 1n sodium content as far
as vascular tone 1s concerned In that connection Dr Leavitt s obser
vations of the shift 1n extracellular space would appear most appro
Pprnate
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The Effects of ACTH on the Electrolyte Content of Various
Body Tissues*

Leonard P Eliel } Leon Hellman,i Olof H Pearson} and B Kaiz

SLOAN KETTERING INSTITUTE MEMORIAL CENTER FOR CANCER AND ALLIED DISEASES
NEW YORK AND CORNELL UNIVERSITY MEDICAL COLLEGE

Adrenocortical hyperfunction whether spontaneous or m
duced may be associated with hypopotassemir hypochloremta and
metabolic alkalosts It might be inferred from Darrow s and his col
leagues work 1n anmmals* that these disturbances n electrolyte and
acid base equilibrium would be associated with a tissue potassium
defictt and 1ncrease i sodium Kepler et al have indeed shown this
to be the case 1n Cushing s syndrome ?* We have attempted by means
of balince studies tissue analyses and dilution techniques to obtain
an ntegrated description of the electrolyte shifts which occur follow
ing administranion of ACTH or cortisone Since the tissue changes
resulting from induced adrenal cortical hyperfunction are of more or
less 1cute nature 1t was also of interest to compare them with tissue
changes 1 Cushing s syndrome which result from a physiologic dis
turbance of long duration

The balance study reported in this paper was done on a 42 year
old male (L. S) with follicular lymphosarcoma who had marked
lymphadenopathy and splenomegnly (figures 3-6 Table I) He re
cenned ACTH 100 mg daily for 18 days during which tume there was
marked shrinkage of the enlarged spleen ind lymph nodes and de
velopment of hypopotissemia hypochloremia and metabolic alkilo
s1s Sheletal muscle and lymphoid tumor biopsies for 1nalyses of Na
Kk Cl Pand N were done before ACTH was started and after 18 d1ys
of ACTH The results of these tissuc analyses and of simtlar analyses
obtained from two patients who received cortisone from 1 patient
TS Thrs swdy was supported by grants from the U § Iulhc Health Servce

C025(C2) jorntly by the Offce of \Naval Rescarch Contract N8onr 67301 anl e

\tormic Energy Commission the Damon Runjon Cancer Rescarch Fund and the Amer
er Societ

= Tiamon Run)?m Sentor Chinical Rescarch Fellow

Ao Energy Commusion Post Doctoral Fellow n the Medical Sciences of the

National Rescarch Council -
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Table I

SuaARY OF TOTAL AND INTRACELLULAR BALANCES
©oF Soprua PoTassiua AND CHLORIDE

AamEq & mEg CimEq
Zeriod Ao
Total | IntraC | Total | ItraC | Tt
CONTROL 1-2 —68 o | -m 0| -5
ACTH 3-8 +274 | 4136 | —696 | —213 | 4127
CONTROL 9-10 —885 | —190 | 4171 | +265 | —543
11 +101 ~28 -2 -2 | +103

with Cushing s syndrome and from s1x normal patients are sum
marized 1n Figure 1

Dilution studies with radioactive sodium (Na*) and bromide to
determine the body content of sodium and chloride were carried out
n two patients who had receved ACTH for 10 and 18 days and who
had demonstrated marked sodium chlonide and water retention
The studies were done just before ACTH was stopped and were 1¢
peated two weeks later after diuresis was complete Sumilar studies
were done 1 a patient with Cushing s syndrome and 1n five normal
adults The results are summarized m Figure 2

The methods and calculations used 1n the balance studies tissue
analyses and dilution techniques have been described in detail else
where *

BODY SODIUM AND CHLORIDE CONTEKTS DETERMINED BY DILUTION
TECHNIQUES  COMPARISON WITH BALANCE DATA AND WITH DATA
FROM NORMAL ADULTS AND A PATIENT WITH CUSHING'S SYRDROME

SODI® CHLORIDE
£ Na a Nazl‘ BALAKCE f{ £C1 4 Br | BALANCE
meq/kg | moeq m eq m-eq/kg | m eq med
K B
ACTH Lo 1 375
POST_ACTH 36 9 290 -398 331 =210 |_-165
F T
ACTH 70 0 64 8
POST-ACTH 5oL -2640 ~1607 k7 -1261 1045
[COSHING'S SYND | M4 1 323
NORMAL MEAN 385 28 9
E OF MEAN 10 3k

£ TOTAL CONTENT
& DIFFERENCE IN TOTAL CORTENT PRE AND POST-DIURESIS

Fic 2 Body Sodium and Chlonde Contents Determned by Dilution
Techmques Comparison with Balance Data and with Data from Normal
Adults and a Pauent with Cushmng, s Syndrome
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EXZPERIMENTAL RESULTS
1 Balance Study and Tissue Analyses m a Pauent Recetvng
ACTH

The balance studses on patent L S demonstrate that during the
ACTH persod there wis 1 luge toss of nurogen and phosphorus
(figure 8) The loss of phosphorus was markedly 1 excess of that ex
pected from the nitrogen 1nd crleram balances (broken lne) af nor
mwal tissue Ind been destroyed Ve bave previonsly shown that
lymphoid tumor has a mgh phosphorus content with respect to mus
cle {Figure 2) and that destrucuon of lymphord tumor accounts for
the dscrepaney ** The tissue nalyses show a shght fall m muscle
phosphorus content after \CTH but this 13 not sufficeent 10 account
for the excess loss Mo mgmficaar change wn tamor phosphorus con
tent was noted Unhiung the rios of nuitrogen ta phosphorus m
muscle and lymphotd wmor 1t can be cakenlated 75 a first approv
mation from the balance data that about 2 hilograms of wmor and
6 5 Lilograms of muscle were destroyed ®

During the pertod when ACTH was grven there was a fall i
serum potasstum to 295 mLqg L {figure 4} The serum carbon di
oxide content and pH rase moderately wndicating metabolic alkalo
s1s. A fall 1 serum chioride (figure 5) was also obsesved

The potasstum balance (figure 4) shows a large loss of potassium
when ACTH was gtven which at fisst was 1 marked excess of the
amount one would huve expected from the mitvo,en (broken line) 1f
normal ussue had been destroyed The ratio of potassiam to mtrogen
mn tumor 1s shghtly hugher than that 1p muscle but wautd not account
for the excess loss of potasstum even sf nothing but tumor ussue had
heen destroyed There was a tota! loss of 213 mulliequivalents of po
tassium i excess of nitrogen during the ACTH pertod (see Table 1
Figure 6) indicating presumable intracelular depletion The tissue
analyses reven} reductions m powsstum content of 65 10% and
13% 1n muscle erythrocytes and hymphoid tumor respectively (fig
ure 1) Bath the muscle intracellular potassium content and concen
tration m mtracellular water were reduced The tissue analyses thus
confirm the changes predicted from the balance

The sodtum and chlonide balances (figure 5) show a marked re
tention of these electrolytes when ACTH wasgiven The tissue analy
ses likewise reveal an merease m muscle sodium chlonde and extra
celular water content The wcrease mn chlonide and extracellular
flnd 35 sufcrent to account for the rise m sodivm The tumor and
erythracyte sodium contents were markedly mcreased

The ntracetlular sodsam balance was computed by assuming that
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Fic 3 The effects of ACT H on the mtrogen phosphorus and eilaum
balances and on the serum phosphorus and calcum concentrations

The balance charts are constructed by plotting the intike downwards
from the zero ine and by plotung upwards from the intake first the fecal

then the urn

the zero ine balance 1s mndicated

inary excretion If the sum of the exerenions comerdes with

if they Tise above the balance 1s nega
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Fic 4 The effecss of ACIH on the potassum balance and on the
SeTum. potassium concention cirbon diovsde contemt wid pH The
broken Line represents the potasium bajlmee that would have been ex
pected from loss or gam of normal ussue based on the W\ rauo
(mEq gm) of 3 in the patient s muscle

chlonde s exclussvely entraceiluiar and subtracan. from the sodsum
balance the chinge m extracelludyr fhnd sodinm content These cal
culations show that during admstration of ACTH there was m
intracetiular retentson of 136 mithequisalents of sodinm (see Table

tive and if thes fall below leaving a clear space the balance 15 posiye
The ordinues of the mitrogen phosphorts md calaum charts are so
chosen that equal hesghts represent the approxamate ratios 2 which these
elements exsst in normal protoplasm 1nd bone that 1s 1o gm of murogen
to 1 g of phospharus (protoplasmy and 2 gm of calerum to 1 gm of phos
phorus (bane) The sum of the mitragen nd evlum balances guves the
theareuical phosphorus balance (broken hine) that s the phosphorus hal
ance that would be predicied from changes 1n protoplasm based on nitro.
gen plus changes 1 bone based on calaum
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Fic 5 The effects of ACTH on the sodium and chloride balance or;
the serum chlonde and sodium concentrations and on the actual nd
theoretical weight curves

and figure 6) Muscle analysts revealed no increase n mtracellula;
sodium but the intracellular tumor sodium presumably mcreasel
rather markedly since the tumor chlonde content remained relatively
unchanged while the total sodwum content increased 1n the snm;
order of magnitude as the decrease in potassum It will be note
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that the chlonde content of the tumors shown 1n Ngure 1 actually
exceeds the sodium content Chloride therefore must exist wathun
the cells of these tumors sn substantial quintity resembling 1 this
respect erythrocytes

After the first 6 d1ys of ACTH the uwninary sodium and chionde
excretion rose graduitly anul dunng the last three days there was
actually 2 loss of 51 wnd 65 nulliequivalents respectsvely (figure 5)
When ACTH was stopped there was 2 prompt ditirests of sodium
chlonide and water The loss of sodium and chlonde however ex
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Fio 6 The effects of \CTH on the intracellular bal of
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P

ceeded by a factor of three to four the preceding retention (Table 1y
suggesting the possibility of adrenal cortical hypofunction during the
mmediate post ACTH periods The last persod shows a sharp reten
tion of sedium and chlonide suggestng that recovery of cortical func
twon was prompt The balance data during the post ACTH periods
also mdicate moyement of potassium bich o the cells while so
dwum mgrared out

The actual and theorencal weight curves (figure 5) further em
phasize the opposite movements of potassium and sodmm demon
strated by balance studies (Table I and figure 6) and sissue analyses
(Figure 1) The weight curse predicted from the mitrogen and chlo-
ride balances most closely approximates the actual werght dunng the
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ACTH pertod The weght curve predicted from nitrogen and po
tassium however falls below the curve predicted from nitrogen loss
alone ndrating mtrecdiular potassium depleuon while the curse
predicted {rom the nitrogen and sodinm balances hes substantally
1bove the mtrogen plus chloride curve showing retention of sodium
bove that which could be accounted for by chloride presumably
due to migriton of sodium into the cells The tissue analyses suggest
that the mererse i intracellulr sodium occurred 1n tissues other
than muscle such s erythrocytes and lymphord tumor

2 Tissue Analyses in Patients Recers ing Cortisone and in Cush
g s Syndrome

A pwent M B with chronic lymphatic lenkema who recerved
co tisone for 18 duys demonstrated tissue changes simmlar to those
described above (Tigure 1) except that the fall in muscle potassium
was somewht less No significant increase in muscle mtracellular so
dium was found This patient did not develop hypopotassemia meta
bolic alkalosis or hypochloremia In contrast to the small changes n
the muscle were 1 309 deciease 1n tumor potassium and a 63% in
crease 1n tumor sc dtum The 1ncreased tumor sodium probably Tep-
resents largely an intracellular mncrement As m the previous patient
the tumor chloride remamed relatively constant and the fall 1n po
tassium w1s of the same order of ma,mtude as the increase n sodium
There was a slight mcrease 1n muscle phosphorus and no significant
change 1n tumor phosphorus

Patent R C on the other hand who received cortisone 1n larger
dosage for 30 days demonstrated a marked lowering of muscle potas
sium compared to the normal mean No increase tm intracellular
sodium was found Her serum potassium fell to 22 mEq/L There
was a mild metabolic alkalosis but no hypochlorem1r There was also
a marked reduction of muscle phosphorus Tissue extracellular water
was also marhedly increased at the expense of mtracellular water
without significant increzse in total tissue water

Patient G R with Cushing s syndrome of 6 years duration had
hypopotassermia hypochloremia and metibolic alkalosts The altera
tions 10 the muscle electrolyte pattern and water disuibution were
similar in every respect to those in the patient just described (R C)
but more pronounced Though kepler s patients with Cushing s syn
drome had muscle phosphorus contents approsimating our norm-l
\alues (Figure 1) they averaged 24% lower than hus stated normal
while the potassium contents 1veraged 22% below hus normal values
The muscle sodium (presumably mtracellulr) was mcreased 1n only

one of three patients®
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% Diluton Studies with Radsosodinm (Na ) and Brommde

The two pattents m whom dilutson studies were done during ad
muustrason of ACTH demonstrated sodium 1nd chlonde contents
expressed m mulbequnalents per Lilogrun of body werght which
were above the values for normal ~dubis and e consistent with the
mereased ussue sodium and chlonde contents shown m Tigure 2
Nuther of the prents developed hypopotissenta or metibolic alka
lomis In both pruems a farge dresss of sodsum chlonde 1nd water
oceurred prowmptly on cessaton of ACTH The determinations of
body sodmmm 1nd chloride content following dinvests shoned de
creased contents which are 1n good 1greement with the losses deter
mned from tl ¢ biance dita considening 1the over i error of the
method (=5%) These resulis hne served to establish the vahdsty of
the sodium and chionde Inlanees by rihog out any apprecaable im
perceptible losses

The radiosodhn and bromide stuthes i the pinent wath Cush
mg s syndrome (C R j demanstrated a sodium and chioride content
above normat s cid the muscle malyses (Figure 1)

CENERAL DISCUSSION

The fatlure to find an elesated intracellular muscle sodium con
tent 1 the presence of potassium deficst and metabolic athalosss in
our panems s not consonant with Darrow s ﬁ“d\“gs 1n potassium
deficzent ansmals * Darrow s obsersations indcate that there 1s a pre
dictable correlation between the mtracellular potassium and sodiam
content of muscle 1nd serum bicarbomte concentration the intra
cellular sodwns content and serum bicarhonate concentsiuon nsing
as the mntracellular potassium content falls

Two possible explaniuions for this discrepancy are 1) The mura
cellular soduun content of tissues other than muscle may merease as
was demonstrated in our pauents erythracyte and camor tssues
2} Three of the patents studied showed falls i muscle phosphorus
content two of themn marked These falls :f calculated n terms of
milliequinalents ot tnorganic phosphate ron at pH 74 evceed the
decreses 1 potasnum content It appears as though depletion of
mtracellular amon phosphate may have ehmned the Tequirement
for replacement of lost catton potasstum by sodium

In tumor tissue on the other hand m which there was no decrease
1n phosphorus content and a large {11l i the potasstum content n
1pparent sncrease of intracetlular sodiem occrrred which was of suns
lar magmtude to the fall m potassum. In muscle there was a deple
tion of both ntracellular anion and caton An interestng conse



206 SLCOND CLINICAL ACTH CONIERENCE

quence of this depletion 1s 1 trnsfer of water from the ntracellular
to the extricellular compartment 1n order to maintam normal 1ntra
cellular osmolar concentrations This 15 demonstrated by the data
onpatients R C and G R m Tigure 1

SUMMARY AND CONCLUSIONS

1 Electrolyte 1nalyses of muscle lymphoid tumor and erythro-
cytes were made 1n a patient who was given ACTH whale on a bal
ance regime and who develaped hypopotassenma hypochloremia and
metabolic alkalosis There 15 good correlation between the changes
predicted from the balince dat: and those actually found in the
tissues

2 The ussue electrolyte changes found were

a Muscle
1 Extracellular sodium ncreased
1 Extracellular chloride increased
1 Extracellular water increased
v Intracellular potassium  decreased
v Intracellular phosphorus decreased
vt Intracellular sodium  not increased
b Erythrocytes
1 Sodium increased
1 Chlortde unchanged
m Potassium  decreased
¢ Lymphoid tumor
1 Sodrum increased
1 Chlonde unchanged
m Porwssium  decreased
v Phosphorus unchanged

3 Similar tssue changes were found m two patients who recetved
cortisone except that they were much more profound 1n one patient
who recerved high doses for 30 days The latter patient demonstrated
1n addition a marked fall 1n muscle phosphorus no elevation of intra
cellular sodium and 1 large transfer of water from the mtracellular
to the extracellular compartment

4 A patient with Cushmng s syndrome exhibted tissue electrolyte
and water alterations essentially the same as those seen m the patient
who recetved high doses of cortisone but more marked 1n degree

5 Dilution studies revealed elevated sodium and chloride con
tents 1n patients recering ACTH and m a patient with Cushing's
syndrome The loss 1 sodtum and chloride following withdrawal of
ACTH has been measured both by balance and dilution studies The
e 111 essential agreement

two methods art
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6 Itissuggested that the failure to find an elesasion of intracel
fular muscle sodiim content 1n the presence of potasnium deficis and
metabolic alkaless m patients recesning ACTIT or cortisone may be
attributed to loss of muscle phosphorus

7 The balance dita also show that farge losses of sodsum chlo
nide and water occurred when ACTH ws stopped These losses ex
ceeded by factors of three to four the amounts retamed dunng ad
sumstrauon of ACTH sugzesung a short persod of adrenal cortical
hypofuncuon after ACTH was discontinwed
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DISCUSSION

DR MARVIN F LEVITT The use of sodium and chlonide as measures of
extracellular volume have been subject to some doubt recently It has
been demonstrated that the space of distrsbution of 1nuhn which has
a molecular weight of 5 000 and which 15 apparently excluded from
the cell ss significandy smaller than the simultaneous sodwum or
chloride space

In Figure 7 are shown the data on a patient maintamed on the
salt free rice diet The extracellular volume was measured with the
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mulin method serially during a course of cortisone treatment Note
that there 1s 1 progressive 1ugmentation of relatively 1sotonic extra
cellulrc volume of about 40% despite the rigid sodium and chloride
restriction This change reached ats peak after eight or nine days of
therapy and then subsided desprte the continuation of treatment
Tlus one patient 1s typreal of four who have been similarly stud
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1ed with cortisone or ACTH In each mstance the changes in the
extracellular compartment are not reflected i simultneous water
chloride or sodium balances Comncidentally plasma volume measure
ments offer only a qualititive hint of the magmitude of the extra
cellulr volume changes At the time of maximal mcreise 1t extracel
lular volume there 1s about a 10% increase in plasma volume
These changes imply that cortisone and ACTH produce a shaft
of sodium chloride and water mnto the measurable extracellular com
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partment further that ths sludt reaches 1ts peak after the exghth or
ranth day of rrewment and then spontancowsly subsides despite the
continuation of treatment

Dpr DAvD RUTSTENN (Hanard Medical School Boston) There are two
points wluch would ment discussion The first concerns the value of
different substances m the measurement of varous kinds of  spaces
w the body There are no ditr which mdiwcate that any particular
substance measures any specific  natomical space  within the body
W hen substances are snjected for the measurement of spice by the
dilntion technique the results obtained depend upon such factors as
diffusilnlity  binding rendencies and 1bslity 1o peneuate celt mem
branes with the further assmmption that the substances are newther
metabalized nor excreted (or that a correetion ¢an be made for these
batter factors)

Thus one measures physwological  rather than  anatomical
space  snce the conditsons under which these charactersstcs may
change are not knoun It s inportant thac reproducible results be
obtamed under the same experimental conditions 1t might be finally
stated parenthetscally that 1 may be even more unportant to smeasure

physiological spaces rather than anatomical spaces

The second point concerns obsenauons made 11 our laborataries
on shafts in water balance occurnng 1 normal mdis iduals who swere
given 200 milhigrams of cortisone per day for a period of approx:
mately five days These subjects were hept on a fixed diet based on
therr usyal sodm and chionde mrake *

It was found that T 1824 space was inereased {vom 109 to 35%
durng cortisone adnunstration that the change 1 extravaseular
thiocyanate space  was smaller than this and also smaller than
that reported for muhin space by the previous discussant There nas
1 addition a small mcrease tn weight of the subjects during the ex
persmental perrod and in the one case in which 1t was measured The
ncrease i total body water  as determined by the deuterium oxade
techmque paralleled the change m weight

DR LYTT GARDNER { Johms Hoplans Hospital and Johns Hophans Um
rersity School of Medicine Balumore) Itinnl Dr Ehel 1s to be com
plimented on getting 1mto the meat of the subject 1n such a direct
manner because 5o few people hare bothered to confirm space datt
by nissue analysis His obsertations on phosphate are of the greatest

We y ish to ackno ledge the cooperation of De George W There Physician i
Chict_and \liss Mary hascht Research Dietinan Peter Bent Besgham Hospital for
thetr assistance 1n provsding 1he daets



210 SECOND CLINICAL ACTH CONFERENCE
mmportance because we are finally getting down nto the energy trans
fer systems of the cell

One of the first expernments done on the effect of msulin on min
cral metibolism showed that potissium and phosphate appeared to
move 1nto the cell I think that Doctor Eliel s observations on the
movements of phosphate and potassium are of interest 1n the hight of
tlus early experiment

T'would like to know 1f you have had any opportumty to fraction
ate ussue phosphate into the lipid the morganic and the orgamic
fractions in order to get 1 more definite 1dea of what 1s moving across
the cell membrane

DR W H FIshMAN (Tufts College Medical School Boston) I would
Iike to mention some of our experiences relting to the significance
of phosphorus 1n the urine of patients treited with ACTH

In the patients which were studied 1n this last paper one 1s deal
ing with two phenomena One the lysis so tospeak of the lympho
sarcoma which will be reflected 1n the urme by the excretion of ex
cess mtrogen and phosphorus and the other phenomenon 1s the cata
bolic effect of the ACTH on non tumor proteins

Our experiences have been Iimited to metabolic studies of four
arthritic patients and one Hodghuns disease patientt recetving AGTH
and 1 these studies we do observe as has everyone else on high doses
of ACTH a negatrve nitrogen balance but the amount of phos
phorus which appears 1 the urine and the feces 1s not what one
would expect on the basts of protemn of the protoplasm being broken
down to yield mtrogen and phosphorus n their accustomed ratios

As a matter of fact a relatrve deficte of phosphorus was observed
1n every one of five separate studies except for Dr Albright whose
group have observed the opposite phenomenon in a case of pan
hypopituitarssm mn which there was a relative retention of both phos
phorus and potasstum durmg AGTH therapy Therr results could be
explamed by the deposition of glycogen which 1s known to require
phosphorus and potasstum 1n very definite proportions for 1ts forma
tion

In view of the results of a reduced phosphorus content of muscle
after ACTH and 1n view of our findings that the phosphorus does
not apparently appear 1 the urine in the amounts that one would
expect from the breakdown of protoplasm I think one has to look
for some tissue other than muscle where apparently an excess of phos
phorus 1s being utilized

DR JOSEPH E WARREN The problem of sodium retention and water
balance during the mztial response to ACTH 1s of extreme chnical
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wmportance m patients with acute rheumatic carditis especially 1f
they already have some congestive failure

We have routinely put such patients on a very low sedium intake
but despite this several pauents have shown a marked increase in
respiratory distress during the first two or three days T'his orthopnea
and tachypnea was out of all proportion to the maximal amount of
flurd retention that could have been covered by the retained soditm

‘We postulated an tncrease in blood volume due to mobilization
of extravascular fluid but did not antictpate such marked shafts across
all membranes as Dr Eliel s data suggest

The practical problem 1n some patients therefore requires esther
a start with 1 lower dosage of ACTH until spontaneous diuresis sets
1n or the additton of mercunal diuretics very early 1n the regimen

DR LEOVARD r ELIEL (New York NY) Dr Lewtts data are ex
tremely interesting and Ive been looking for a nice demonstration
of that sort which suggests that chlonide may actually occupy an 1n
tracellular position

Our data (Figure 1) also indicates that chloride may occupy an
mtracellular posiion This 15 certainly true 1n the case of erythro-
cytes which consuitute a pretty large miss and 1n the lymphoid
tumors 1n the particular patents we stuchied where the chloride con
tent 1n fact exceeded the sodium content 1In this respect the lymph
oid tumors are similar to erythrocytes It remains to be demonstrated
however that chloride exists mntracellularly in muscle in any appre
ciable quantity

Our data also indictes that there are transfers of water from the
mtracellular to the extracellular compartment without very marked
change 1n the total tissue water which would be 1n accordance with
Dr Leutt s findings

‘We have not claimed that the measurement of sodium and chlo
nide content measures extracellular fluid volume We have inter
preted these measurements more n the physiologic sense that Dr
Rutstein discussed

As for Dr Gardner s question we did extract our tissues for neu
tral fat and for phospholiptd and there were no consistent changes 1n
the lipid phosphorus fraction

Dr Fishman commented that ACTH grven to patients without
lymphord tumors results in smaller losses of phosphorus than one
would expect from destruction of normal ussue Dr Bartter and his
colleagues have suggested that this may be due to deposition of phos
phorus with glycogen Our balance studtes whrch reflect a large phos
phorus loss due to tumor destruction do not reflect what happens
ndiyvidual ussues they just show over all changes There could have
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1mportance because we are finally getting down 1nto the energy trans
fer systems of the cell

One of the first expertments done on the effect of insulin on min
cral metabolism showed that potwssium and phosphate appeared to
move mnto the cell 1 think that Doctor Eltel s obsenvations on the
movements of phosphate and potassium are of interest 1n the ight of
thus early ¢xperiment

I would Iike to know 1f you have had any opportunity to fraction
ate tissue phosphate mto the lipid the morgame and the organic
fractions n order to get a more definite 1dea of what 1s moving across
the cell membrane

prR W 1 FIstiMaN (Tufts College Medical School Boston) I would
like to mention some of our experiences relating to the sigmficance
of phosphorus 1n the urine of patients treated with ACTH

In the pauents which were studied 1n this last paper one 1s deal
ing with two phenomena One the lysis so tospeak of the lympho
sarcoma which will be reflected 1n the urine by the excretion of €%
cess nitrogen and phosphorus and the other phenomenon 1s the cata
bolic effect of the ACTH on non tumor proteins

Our cxperiences have been imited to metabolic studies of four
arthritic patients and one Hodglans disease patient recerving AGTH
and 1n these studies we do observe as has everyone else on hugh doses
of ACTH a negative nitrogen balance but the amount of phos
phorus which appears in the urine and the feces 1s not what one
would expect on the basis of protemn of the protoplasm bemng broken
down to yield mitrogen and phosphorus 1n their accustomed rat10s

As a matter of fact a relztive deficit of phosphorus was observed
i every one of five separate studies except for Dr Albright whose
group hive observed the opposite phenomenon 1n a case of pan
hypoprturtarism in which there was a relative retention of both phos
phorus and potassium during ACTH therpy Therr results could be
explained by the deposition of glycogen which 1s known to require
phosphorus and potasstum 1n very defimte proportions for 1ts forma

10n

‘ Int view of the results of 2 reduced phosphorus content of muscle
after ACTH and 1n view of our findings that the phosphorus does
not apparemly appear 1n the urne 1n the amounts that one would
expect from the breakdown of protoplasm I think one has to look
for some tissue other than muscle where apparently an excess of phos
phorus 1s bemng utilized

DR JOSEPH E WARREN The problem of sodium retention nd water
1
balance during the mitial response to ACTH 1s of extreme clinica
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Muscle Biopsy with Reference to Tissue Sodium and Po-

tassium Determunations*t

Petec | Farogo Isidore Rochlin Robert C Schiling Gordon F
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INTRODUCTION

With the introduction of hormenes such 5 ACTH and cortr
sone attention has become fornsed ¢ven more sharply than ever
before on the problem of clecnolvie metibohsm The fiame photom
eter has made 1 relatively simphe to obitass prompt and ceurate de
termimuons of sevum sodiam nd patssivm levels whuch often prove
fo be of great chinical value However the esumation of ussue electra
fytes tnvohes 10 most mstances a comphictted and cumbersome pro
cedure which ss usuatly cenfined o the physielogy laboratory

Previous work hias been done by other msesgigators m an attempt
o simphify the task and apply the results to chimcal usage * The duffi
culty wath earlier methods has been

a2 'The length of tyme imolied tn armang 1 an answer

b The correction for fat whuch i stself 15 1 timeconsumang pro
tedure and does not tead to chinical apphicibiliey and

¢ Differenvaung wtracellulw and extrwellulay fin1d on the basis
of the chlonde spice when mterpreration of the lavter 15 fraughn
with so many theoretten] and pracrucat defficulues

METHOD

At present we are employing 1 method for the determination of
tissue sodsum and potsstum which s rapid and esy The deruls of
the procedure now wn use are as follows

This work 1 as supposted by fands from the U § Public Health Service (Gramt
No H 811 the Otha § A Sprague Memorral Inststute of Chicago and the A D Thos
san Fund of the Presbytenan Hospita
We wish to express our gratitude to Dr John Dorsey and Dr Frank %\ Theis
of the Attend ng S1aff s Surgery ani to Dy Jobn Latenwer of the Resident Statt for
their collabaraton i stan fardring the mhmques for these bropsies
213
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been simultancous glycogen and phosphorus deposition 10 some tis
sues with myor depletions 1n others which could not be detected
under the conditions of the experiment Furthermore a decrease
muscle phosphorus content does not necessarily mean there ave de
creases in other tissues In fact there might possibly be and probably
1re 1ncreascs 1n other ussues



MUSCLE ELEGCTROLYTES 215
standards contain no HNQO, but are otherwise 1dentical with Pro
cedure (a) standards Following routine analysis on the Bechman
flame photometer the sodium and potassium contents are calculated
Duplicates using either procedure agree within 39, The filtrate
may be used for other determinations

REPRODUCIBILITY

Table I illustrates reproducibihty by determinations on samples
taken from a single piece of beef muscle at distances over 3 cms
apart

Table I
Tissue Sonrum anp Porasstos DETERMINATIONS OF Berr Muscre
Sodium £ otassium Sodrum Potassium
Sample* (mEq /Ae of (mEq /Ag of (mEq /Fg of
Jresh tissuz) Jresh tissue) Jresh tissue)
i 35 98 133
II 34 100 133
it 36 99 135
v 37 99 136
AVERAGE 35 99 134
Rance 34-37 98-100 133-136

Faur samples from vanous areas of the same muscle

RESULTS

This method has been apphied to human mauscle The values 1n
Table II are results of human biopsies obtained at tme of operation
from surgtcal patients who were not 1 any obvious electrolyte 1m
balance These patients recerved a general anesthettc They represent
different muscles age groups and sexes A few analyses were done on
post mortem tissues

The values observed have not been corrected for dry weight fat
content or chlonde space They do not represent true intracellular
content However 1t 1s of interest to compare these rapidly achieved
results with those of the more detatled procedures as reported by
different 1nvestigators for frog muscle The results are shown in
Table I11

Patients under Therapy with ACTH and/or Cortisone

It has long been appreciated that the chnical symptomatology
associated with hypopotassemia as seen in Its most extreme forms
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Biopsy Techmque

Procamne 14% 15 injected mntracutaneously A two inch longitud:
nal masion 1s made in the prominent medial surface of the medial
head of esther gastrocnemius muscle Additional procatne 1s mjected
subcutaneously No procune s injected nto the muscle itself The
muscle sheath 1s cleaned and reflected Thus 1s painless Cutting the
muscle 1s painful but may be completed quickly by the use of scissors
One gram of muscle 1s removed

Procedure

The muscle 1s placed within a 47 x 4/ gauze which has been
wetted with tap water and completely wrung out This retards evapo-
raton The muscle 1s bloteed gently and then transferred to another
stmlar £/ x 4 gauze where the blotting 1s repeated Tlus suffices to
remove most of the blood The specimen wrapped 1n the 4 x 4’
gauze 15 then brought to the balance A round cover ship 15 weighed
and the muscle 1s divided by a scalpel blade into two parts one about
100 mgs for dry weight No single piece should exceed 03 gms 1
wesght From 200 to 500 mgs are placed on the cover slip and weighed
ripudly The cover slip and muscle are both placed withn a large
dry test tube calibrated 1t 25 ml The volume of the cover shp 1s small
enough to be ignored We use urea digestion tubes A weighing bottle
1s now weighed and the remaining small piece of muscle 1s placed 1n
it and weighed This 1s now placed 1n a drying oven at 110° G and
dried to constant weight usually 24 hours

Two rapid procedures are avatlable which agree with exch other
and with dry ashing

1 One 1s digestion with HNO, O 5 cc concentrited HNO, 15
added to the test tube which 1s placed 1n a stexm bath for one hour
TThe tube 15 unstoppered At the end of the hour distilled water 15
added up to the 24 cc mark This 1s well mixed and filtered smce
there may be a small amount of residue which could clog the spray
t1p of the flame photometer The standards used contamn sodum and
potassium 1n the same approximate ratio as the unknown and a simt
lar concentration of HNO, (2% by volume)

b The other method employs no chemzcals and 1s a modification
of the method of Stone and Shapiro* About 24 cc of distilled water
are added to the muscle m the test tube Ths 1s placed m the steam
bath for one hour The tube 1s unstoppered Water 1s added to the
95 cc marh and the solution 15 well mixed and filtered The muscle
gm which 1s at least 50% water cannot affect volume by

atmost 05
which 1s neglected In this case the flame photometer

more than 1%
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mately one hnlf gram of sodium 2 d1y and a toral of three and a halt
grams of potassium a day *

‘The fact that on this regimen there 1s no strihing shife in muscle
electrolytes before and after therapy 1s illustrated by Table IV

We have data under further study 1n this laboratory which show
pronounced reciprocal changes 1n ussue sodium and potasstum values

Table I}

Soptus AnD Porassium DETERMINATIONS ON HusaN MuscLe
™ PaTients Lnper ACTH Anp CorTisONE THERAPY

Before Therapy After Trevapy
Patent ! Sodwum Potasstum Sodtum Potassium
(mEq/hg of (mEq/kg of | (mEq/hg of (mEg/Ag of
Jresh tissue)  fresh tussue) | fresh tissue)  fresh tussue)
No 1 41 70 39 102
No 2 30 99 35 101
No 3 55 80 41 9

with this method Some of these values are given 1n Table V' Because
of changes 1n technique these prelimimary results must be viewed
with constderable caution

CONCLUSIONS

The mulutude of factors which enter into the calculation of the
true value of mtracellular fluid are appreciated However what we
are striving for at present 1s as follows

a To see if ussue sodium and potasstum  extravascular  values
fall within the s1me range for an average person

b To detect gross changes 1n tissue sodium and potassium levels

Further studies are m progress 1n this laboratory in an effort to
expand the present data This method may then prove to be a good
clinical tool which could be of value 1n the determination of the
type of electrolyte therapy for patients

REFERENCES

1 Stone D and Shapiro § Tissue Potassium Determinations
Science 108 503 (Nov 5) 1948

* It 15 realized that this experimental regimen 15 not always adequate to handle
potassium balance precisely 1n patients under therapy
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Table 11

Sopiust AND Potassiua DeTERMINATIONS v Hupan Muscre

Sodrum Potasstum Sodiwum -+ Potassum
Mouscle (mEq /Fg of (mLq /Rg of (mEg /h of

Jresh tissue) Sresh tissue) resh tissue)
Rectus 34 84 18
Sternocleidomastord 37 91 128
Rectus 40 90 129
Rectus 37 84 122
Sternoclerdomastord 39 93 132
Rectus 46 94 140
* Psoas 35 93 128
Lumbar group 28 106 134
* Pectoralis 33 102 134
Back muscles 46 81 127
Rectus 40 90 130
Rectus 33 9% 129
Rectus 38 87 124
AvVERAGE 36 92 128
Rance 28-46 81106 118-140

Analyses done on post mortem tissue

n famil11l pertodic paralysis and more recently s encountered clin
1eally 1n instances of prolonged admmustration of ACTH and/or
cortisone 1s not closely correlated with the plasma level Indeed
balnce studies have shown that negative halance of potassium can
occur over considerable pertods without affecting plisma levels
One of the first 1ipplications of the techmque described aboie m
our clinic his been the study of electrolyte levels mn strited muscle
on patients before and after ACTH and cortisone therapy whose
dietary regimen has been ammed at maintaining proper bilance of
sodium and potassium 1e on 2 standard diet contaimng approxt

Table IIf

Soprust AND Potasstos iy FRoG MuscLE

Sodium Potasstum Sodium + Potassum
Ineestigator {(mEq /Kg of (mEq /K¢ of {mEq /Kg of

Sfresh tissue) Sfresh tissue) fresh hssue)
142 730 872
f{:,;’f 235 895 1130
hatz 239 790 1029
Fenn 254 830 1084
AVERAGE 218 811 1029

RANGE 142-254 730-895 872-1130
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tion which 1s being put into the flame photometer interference may
occur with resultint deviations from actual values

I wonder 1f 1n studying tissues of indiniduals having large dif
ferences 1n sodium \s potassium content erther compounded stand
ards or an internal standard photometer was used

DR SIELDON MARGEN I would hike to ask a quesnon In your senes
did you also simultancously perform dry weight analysis on fat
extracted tissues® If you did how much vanation did you get by that
procedure?

I think companing results obtained by different mvestigators and
showing the variations between their results 1sn t quite fair 1t 1s ob
tained by the methods they used because they undoubtedly all used
rather different methods for their determinations

DR DAVID RUTSTEIN The distribution of water and electrolytes wall
be determned n part by the effect of adrenal corticoids on cell mem
brane permeability Experiments were performed n our laboratory
n an attempt to obtam data on the effect of sterods 1ncluding cornn
sone on water exchange across cell membranes using the well estab
lished techmque of measuring changes 1n size of eggs of certain ma
nine amimals particularly Arbacia and Chaetopterus The eggs are
photographed under constant conditions and the area of the great
carxcle of the eggs 1s measured by a plammeter Through this tech
nigue 1t was possible to measure the effects of sterord compounds
mmcluding desoxycorticosterone cortsone estradiol testosterone and
progesterone on the permeability of the cell membrane to water
Although a number of these hormones caused striking changes no
change whatsoeser was noted in those eggs exposed to cortisone The
eggs did remain viable throughout the course of this experiment as
demonstrated by clenage following fertsthzanon with sperm

DR § HOWARD ARMSTRONG JR The most important and at the mo
ment expenmentally insoluble problem in the expression of ana
Iytical data on tissue 1s—Miihgrams and/or mill equivalents per
umt of what? Many expressions have been used for the what all
atbitrary eg per umit of wet tissue weight per unit of dry tissue
weight per umt of dry fat free tissue weight per unit of ussue ash
weight per untt of total tissue protemn hitrogen per unit of total
tissue water Of course the last would be from the standpoint of
thermodynamic equihbrium relations the most useful expression 1f
there were any real way to decide wathout the use of 2 number of



218 SECOND CLINICAL ACTH CONFERENCE
Table V

Sontust AND Porassium ConTENTs oF Doc STERNOCLEIDOMASTOID MUSCLE
AFTER RECEIVING 1V 99 NACL RaPOLY

Sodium Potassium i::i;u::’:u:
Time | CE0/Ee | (mEe/R2 | gy | 10 ot
of fresh of fresh of fresh
tissue) tissue) tue)
DOG No 1 Before infusion 53 123 176 7
19 kilograms
3000 ccin1hr |10 min after
completion 44 109 153 )
7 hours later 57 79 136 K
DOG No 2 Beforenfusion| 38 78 116 (g
16 kilograms
2500 cc 1 1 hr |10 mun after
completion 52 57 109 76
7 hours fater 145 36 181 7
DOG No 3 Beforenfusion| 53 79 132 75
(Rught ventricle
frozen 2 weeks | 10 min after
previously) completion 61 60 121 76
17 kilograms
2500ccinthr |7 hourslater | 114 46 160 7%

2 Mudge G H and Vsslocky K Electrolyte Changes 1 Human
Striated Muscle 1n Acidosis and Alkalosis J Chin Invest 28 482
(May) 1949

DISCUSSION

DR JACK METCOFF I should Iike to make two comments about
Dr Faragos paper—one m relation to the analyses of muscle m
children—that 15 the possibility of having a reversal of sodium and
potasstum content or marked alteration 1n sodium and potassium
content m children similar to that of atrophic muscle Antipyrine
spaces or D,O Spaces mn children indicate a very small quantiy of
fat relative to the normal adunlt muscle Correction of the data for
fat content and quantitation on the basis of fat free nssue mught
bring the results somewhat more 1n line with those of other observers

1t may have been fortuitous that the tissnes we exammed con
tamed relatively similar quantities of sodium and potassium In tlhe
presence of large discrepancies 1n these two ions present in the solu
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Metabolic and Clinical Effects of Corticosterone (Com
pound B} in Man

Jerome W Conn Stefan § Fajans * Lawrence H Lowss and
Betty Johnson

UNIVERSITY HOSPITAL AND UNIVERSITY OF MICHIGAN MEDICAL SCHOOL
ANN ARBOR

The hmited avalability of Compound B has prevented
thorough study of 1ts clinical and metabolic effects 1n man In 1940
85 mg of natural Comp B became nailable to Thorn and 90 mg
to Leob and their respective associites Thorn gave the whole 85 mg
1 one diy to 1 case of Addison s Disease 1nd reported a desoxycorti
costerone like effect upon electrolyte metabolism and 2also defimte
effects upon carbohydrate and protemn metabolism Leobs group
spread 1ts 90 mg over a 5 day period m an Addisoman and reported
no significant effect upon either morganic or organic metabolism
During the ensuing 10 year period no further reports on Comp B
in man have appeared

Through the courtesy of Dr H F Hailman of the Upjohn Com
pany 10 grams of Crystalline Compound B 1n aqueous suspension
was made available for our study Prolonged metabolic balance
studies have been carried out upon 2 normal men and upon 2 cases
of Addison s disease one with a coexisting diabetes mellitus Obser
vations upon 2 more cases of iddison s disease have been made Each
of the latter patients has received 25 mg of Compond B daily for
60 days A very rapid and remarkable return to normal health has
occurred 1n the Addisonians receiving, Compound B

Fig 1 demonstrates the effect of large doses of Compound B on
renal excretton of electrolytes 1n a normal subject It 1s seen that at
2 dosage level of 100 mg per day there ofcurred sharp retention of
sodtum and chloride and that at 200 mg per day a sumilar but more
ntense response occurred It 1s signmificant that escape from sodium
and chloride retention occurred at both dosage levels while the com
Ppound was still being admimstered This same phenomenon occurs

Research Fellow n Medicine of the Amencan College of Physicians 1949-1950
221
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arbitriry assumptions how much tissue water 1 the specimen ana
lyzed 1s inside and how much outside the cell membrane

Assumptions can be circumvented 1n the 1nstance of the red cell
by use of the centnifuge which gives reasonably complete separation
of the cell from 1ts fliud environment and 1n our Iaboratory 1 an
cxtension of the studies for which mtral values are here reported
we are running red cell determinations simultaneously with muscle
determinations

No such ¢1sy method exists for separiting cellular elements and
fluids 1n muscle tissue Thus where1s Schick Hass 1nd Ashley
our Dcpartment of Pathology have developed very beautiful tech
niques for studying 1solated myofibrils both enzymatically and me
chanically separated from muscle and Ashley and coworhers have
prepared for publication superb electron microscopic studies of the
preparations and have shown contractility from adenosine triphos
phate this work 15 useless from the standpomnt of electrolyte studies
becuse the method of separation completely alters the electrolyte
distribution with respect to sodium and potassium (Calcrum and
magnesium have not yet been studied )

Thus we have used millt equivalents per kilogram of fresh tissue
1n expressing our results and 1n serial determinations have i adds
tion simply done dry werght determinations to make sure that the
total amount of water per umt of fresh tissue does not vary signifi
cantly becuse gross changes are what we are looking for

It 1s our impression from data that were not avulzble 1t the
time that this manuscript was prepared that whatever the long term
effect of ACTH and cortisone 15 on sodrum and potassrum balance
the 1mit11] effect does not t1ke place at the level of the cell membrane
i terms of redistribution of electrolytes within the first 24 hours
within the limits of the method we have used

We have also recently picked up 1 certain clmical situations
changes 1n muscle electrolyte distribution as gross 1s those reported
1 the lst table for the muscle of dogs given nfusions of NaCl The
significance of these taken together with simultaneous blood levels
m terms of equiltbrium will need a good deal of trme to work out
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more intense Increased renat exeretion of potassum 15 observed dur
g ad ton of corsc

Fig 4 compares 1n this second normal subject the velatise effects
upon unnary electralites of corticosterone (200 mg /dan) and ACTH
(300 mg ,day) Agun ACTH produces the more mtense effects

Fig 3 ndicates the resulis obtained in both normal subjects with
respect to renal excrenon of erganic elements under the mfluence
of administered Compound B Subject G A showed no signaficant
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mcreases m unnary glucose uric acd or nitrogen Subject R §
however dernonstrated reat sncreases m urmary excretion of glucose
and uric acid but there was no effect WPOn unnAty nitrogen

Fig § compares the effects upon glucose tolerance i Subject
R'S of Compound B Compound Eand ACTH It w] be recalied
that this 15 the subject whose uninary glucose and ursc acid mcreased
on Compound B 1t 1 seen that ACTH produced the greatest un
bairment of glucose tolerance and that the effect of corusone was
Breater sn this respect than of corticosterone

Fig 7 shous that both normal subjects mcreased thegr uUrinary
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n normal people under continued treatment with desoxycorticoste
rone It will be observed that changes tn the hematocrit valuesand
body weight correlate well with the changes m renal excretion of
sodium 1nd chloride In this subject renl excretion of potassium was
not affected significantly The blood pressure rose mildly in the Com
pound B period

EFFECT OF COMPOUND 8 ON RENAL EXCRETION OF ELECTROLYTES
BODY WEIGHT HEMATOCRIT AND BLOOD PRESSURE
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Fig 2 compares m this same normal subject the reltive effects
npon urinary electrolytes of cortisone (Compound E) Corticoste
rone (Compound B) and ACTH It 15 observed that at a dose leve
of 200 mg per diy Compound B causes greater retention of sodxmz
and chloride than does Compound E Simlarly the sodium an
chloride diuresis upon cessation of these compounds 1s greater after
Compound B than after Compound E On the other hand 100 mgl
per day of ACTH produces much more marhked effects on ren}‘
excretion of electrolytes than s observed with either Compound
or Compound B at the dose level of 200 mg per day 1 sub

Fig 3 shous the results obtained upon the second normal s[l,ln
ject They are similar to those seen n the first normal subject bu
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excrettons of formaldegenic steroids while recenvmng large doses of
Compound B Urnary 17 ketosteroids dimtnished mldly in Subject
G A and remamed unchanged in Subject R §
From these obsersations i the normal subjects one can conclude
1 That Compond B has pronounced effects upon electrolyte

EFFECT OF COMPOUND B ON RENAL EXCRETION
OF ELECTROLYTES HEMATOCRIT AND BODY WEIGHT
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metabolism and that these effects are qualitatuvely sumlar to those
produced by desoxycorticosterone
2 That Compound B excretes mild effects upon organic metabo
lism which are qualitatively simlar to those produced by cortisone
83 That upona mlligram basts corticosterone has a more intense
effect upon morganic metabolism and a less intense effect upon or
ganic metabolism than does cortisone
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Because we wished to demonstrate more critically the effects of
Compound B upon organic metabolism a patient with coexisting
Addison s disease and diabetes mellitus was studied next This pa
tient was studied twice corticosterone having been admunstered i
a dose of 100 mg per day Fig 8 shows the effects upon renal excre
tion of electrolytes Retention of sodum and chloride and druresis

EFFECT OF COMPOUND B COMPOUND E AND ACTH
ON GLUCOSE TOLERANCE

(RS 2 38 NORMAL SUBJECT)

240. Pl
BLOOD SUGAR [T LAERN 1 conTROL
MG /100 CC, 220- 1a N 2 AVE%:JM%AJVS OF ComP B
] \\ 3 AFTER 3 DAYS OF COMP €
200 | {1000 MG)
4 AFTER 4 DAYS OF ACTH
i \ (400 MG}
' .
180, 3
i \

éMOURS 3
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of potassium were more intense than 1n the normal subjects even
when the latter received 200 mg per day of Compound B

Fig 9 demonstrates clearly the effects of corticosterone upon or
ganic metabolism 1n this patient Significant 1ncreases were observed
1 urinary excretion of glucose and nitrogen as well as 1n the urc
acid creatimne ratio Inaddition Fig 10 indicates that corticosterone
exerts an antt insulin egect m confirmation of the early amimal ex

s of Jensen and Grattecn

Penlﬁe:lsetoofj experiments upon another case of Addison s Dlseastf:
(Fig 11) we have compared the metabolic effects of 25 mg /day o
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Table I

Cauparanive Puvsiotoaicar Prorzrries or DCY, Comrotnn E avo Cospornnn B

DC4 Cortisone (E) Cortacosterare {B)
Electrory te etabohsm Intense Mild and Gaod
Vanable
Organie Vetabolism Nonr Intense Nald
EEG None Good Cood
Pep Noae Gond Good
1 Absorptson Smalt Good Goad*

* Prehmunarv
1t 15 a property which we have alf observed during admunistratten of

euher ACTH or corusane {tis dufficult 1 assga velanne values with

respect to 1 property as nebulons as this but corticasterone possesses
[

EFFECT OF COMPOUND B
ON INSULIN TOLERANCE

{LW & 48 ADDISONS DISEASE AND

8LooD DIARETES MELLITUS)
SucaRr TEST=01 UNST INSULIN/KILG
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corticosterone with the effects of a misture (aqueous suspension) of
20 mg, day of cortisone plus 2 mg /day of desoxycorticosterone It
1s observed that even with this small dose of Compound B a sharp
desoxycorticosterone like effect 15 obtamed n the Addisoman This
ffect 1s more ntense than that observed with the cortisone desoxy
corticosteronce muxture Fig 12 shows that at this level of dosage
neither Compound B nor the cortssone DCA mixture affected un

EFFECT OF COMPOUND B ON RENAL EXCRETION
OF GLUCOSE URIC ACID/CREATININE AND NITROGEN
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nary excretion of nitrogen In both expeniments honeser the urc
acd creatinine ratio rose to the same degree

Fig 18 mdicates that the fastng hypoglycemma which 1s observed
1n some cases of Addison s disease can be prevented by the 1dminis
trauon of corticosterone

Table I 1s intended to portray a gross comparison of the plysto
logical propertzes of DCA cortisone and corticosterone as they reh‘tc
to ghe untreated Addisonian A remark 1s required regarding n(;?
property which we have labelled as pep Although 1111; Is lnseu
wholly upon chimeal observation it 1s nonetheless definite tcc(»ln;x;e
of an intangible feehng of well being and of zest for activity and v
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metabolism 5s much less mtense than shat of DCA giving the ad
vantage of 2 wider safety range m dosage

2 Compound B also corrects the fasting hypoglycenma which
many of these pauents extubie This effect upon argamic metabohsm
although demonstrable 1 normals s much more evident mn adrenal
snsufficiency

3 In doses as small a3 20 my /day Compound B ymparts to the
Addisonian 1 remarhable feeling of well being of pep and of zest
for ving In thus respect 1t 15 sumlar ro Compound E and both
campounds impros e the abnormal Addisoman electroencephalogram

4 Addisomians recemang cortisone alope are frequently sm
proved when a small amount of DCA 15 added dasdy Compound B

PREVENTION OF FASTING HYPOGLYCEMIA WITH CORTICOSTERONE
tAH @ 38 ADDISONS DISEASE)

{3 BEFDAL COMP B
@ AFTER 3 DAYS OF COWP B (TOTAL 180 MC)

rasTING
swoo ¢

S0EAR IR
MG 00 70

—

3838

20
HOURS OF FASTING
Fre 13

atone appears to produce the physiological and metabohc effects of
this combmation {cortisong + DCA)Y

5 Since DCA 1s poorly absorbed from the gastromtestnal tract
of man Compound B may prove to be the stevoid of choice for ade
quate oral substitution therapy in Addison s disease

6 Fually w appeass that the presence of an oxygen atom on
carbon } mmparts metabolic activittes which are responsible for pro
ducing the feeling of well being This parucular actiaty does not
paridlel any of the metabohe changes which we have been able o
measurs

DISCUSSION

DR W D ROBINSON (Ann Arbor Michigan) We have had the oppar
sty 1o study the ant: theumatic effect of corticosterone {Com
pound B) m one panent
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COMPARATIVE LFFECTS OF COMP B AND OF COMP E 4 DCAIMIXED)
UPON RENAL EXCRETION OF ELECTROLYTES
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COMPARATIVE EFFECTS OF COMP 8 AND OF COMP E 4 DCA (MIXED)
UPON URINARY NITROGEN AND URIC ACID-CREATININE RATIO
(FH J 43 ADDISON S DISEASE)
24 HOUR RENAL
EXCRETION w2 ac
os osteno e

vmie_acio ? n
CREATININE 7

n
NITROGEN
GM ,,

CONCLUSIONS RE GENERAL PROPERTIES
IN NORMALS

1 When administered 1 untreated Addisons disease Com
nd B corrects the disturbance of electrolyte metabolism Milh
g:;m for milhgram the effect of Compound B upon electrolyte
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metaboklism 15 much less sntense than that of DCA giving the ad
vantage of a wider safety range mn dosige

2 Compound B 1lso corrects the fasting hypoglycemia whnch
many of these pritents exlubnt Thus effect upon organic metabolism
although demonstrable 1n normals 1s much more evident m adrenal
msuffictency

3 In doses as small 1s 20 mg /day Compound B smparts 1o the
Addisonsan a remarhable feehing of well bemg of pep and of zest
for Inmg In this respect it 15 simslar to Compound E and both
compounds improse the abnormal Addisonian electroencephalogram

4 Addisonmans recening cortisone alone e frequenty im
proved when a small amount of DCA 15 added dasly Compound B

PREVENTION OF FASTING HYPOGLYCEMIA WITH CORTICOSTERONE

(AH g 38 ADDISON S DISEASD)
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1lone appears to produce the physinfogicai and metabohe effects of
this combmanon (cortisone + DCA)

5 Swince DCA 55 poorly absorbed from the gastrointestinal tract
of man Compeund B may prove to be the stevaid of choice for ade
quate oral substitutson therapy 1o Addison s disease

6 Funally w appears that the presence of an oxygen atom on
carbon 11 imparnts metabolic actsysties which are res ponsible for pro
ducsng the fecting of well baing Thus parucnlar acusity does not
parailel any of the metabohic changes which we have been able 10
measure

DISCUSSION

pr W D ROBMNSON {Ann Arbor Michigan) We have had the oppor
tumty o study the ant theumatic effect of corticosterone (Com
pound B} 1x one patient
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This patient (Fig 11) wath typical theumatoid arthritis wasgnen
mtrimuscularly 200 mg of Compound B a day for a period of ten
days Durmng this time there was shght subjective 1mprovement on
the fourth d1y which was not progressive There was no objective im
provement 1t this dosage level no consistent effect on the sedimenta
tion rite 1nd no relipse when corticosterone was discontinued
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After an mterval of five days 100 mg per day of cortisone w15
guen ntramuscularly for ten days At this dosage level there was 2
defimite subjective effect on the third day progressive subjective and
objectine 1mproement was noted with a definite decrease n the
sedimentation rate relapse occurred after cortisone was discon
nnued ‘The patient subsequently responded very nicely to oral cort1

sone

It appears from this study that corticosterone does not have a lugh
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degree of ant1 theumatic actiity Further studies will be necessary
to determine whether 1t 1s devord of such an effect

DR PETER H FORsHAM These beautiful studies of Dr Conn s remind
one of work done by various groups on what 1s known as Compound
A (dehydrocorticosterone) differing from corticosterone by the fact
that there 1s an O 1nstead of OH on carbon 11

Compound A seemed to show most of the potentiahties of corts
sone 1n Addison s disease but did not have the same effectiveness that
one would generally find with cortisone

Based upon these mvestigations done 1n 1946 some of which were
frankly negative while others showed all that we saw tomight 1t
was decided those who had to make the decision not to mal e any
more Compound A but to try to make a small batch of corusone
Out of that grew the eventual discovery of the use of cortisone 11t
theumatoid arthritis

One other mteresting thing was that although the metabolic
changes were always of the borderline type with dosages from 50 to
100 mgs a day the improvement 1n the health of the thelve patients
with Addison s disease whom we carrted on Compound A for three
months or more was unversally present

We concluded that Compound A was really quite valuable 1n
Addison s disease and would have continued to press for 1ts manu
facture for Addison s disease had it not been for the fact that the
usefulness of cortisone 1 another much more widespread disease
made this a practical agent of choice 1n the treatment of Addison s
disease

The point brought out about the fact that corticosterone actually
leads to retention of quite a bit more sodium than cortisone does 1s
a very important one If we treat patients with Addison s disease with
only 125 to 25 mg of cortisone per day they get back to perfect
health provided one adds on one or two mg of desoxycorticosterone
or else 10 gm of salt daily to preserve sodium balance With corticos
terone that would not seem to be necessary and that makes 1t a pref
erable compound

1 have a brief question What happened to the eosinophils and

the lymphocytes? With Compound A they were not affected with
cortisone depressed

DR JEROME W CONN We observed no significant fall of the eo
sinophils with Compound B We did not study the lymphocytes
‘While the eosinophuls did not fall 1n these experiments 1t 1s possible
that with oral corticosterone they may act differently from what they
do when one gives the compound parenterally
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That brings up a point that I did not mention and one that |
believe may be mmportant Preliminary investigations mdicate that
corticosterone 1s probably well absorbed by mouth If so, then cortt
costerone which combines the activities of cortisone and desoxycor
ticosterone 1n the Addisonian will have a distinct advantage Cortt
sone 1s effecuve by mouth but desoxycorticosterone 1s not well
absorbed by the gastrointestinil tract Thus the single compound
corticosterone m7y make avatlable good complete oral substitution
therapy
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Comparative Effects of ACTH and Stress in Nitrogen Me-
tabolism*

Frank L Engel
DUKE UNIVERSITY DURHAM

For some tme the concept has been widely accepted that the
negative mtrogen balance which follows stress 1n man and animals
15 a direct consequence of the enhanced secrewon of ACTH and
adrenal cortical hormones characteristic of that state Since the origy
nal demonstration by Long hatzin and Fry of a gluconeogenetic ef
fect of certain adrenal sterords* the adrenal cortex has generally been
constdered to have a direct influence on the summulation of protemn
catabolism

Recently there has been increasing scepucasm regarding the
above concept of the relation between the adrenal and stress The
first clearcut evidence agamnst 1t came 1n the report of Ingle et al*
who reported that cortin maimntaned adrenalectornized anmmals re
sponded normally with regard to mitrogen metabokism after leg frac
tures Sumlar observations had been reported earher by Selye and
Dosne® concerming the blood sugar alterations 1n response to trau
matic shock m cortin mamtamned adrenalectomized rats From such
studies Ingle* has proposed the basic concept that the adrenal cortex
1s necessary but not responsible for the change 1n nitrogen metabo
Iism following stress The present communication gves further evi
dence that the effects of stress cannot be simply the result of enhanced
adrenal cortical secretion It will be shown that the ncrease m nitro
gen metabolism following non specific stress occurs more rapidly

Th s study was auded by

a grant from the American Cancer Souet;
Dy the Committee on Growt] ncer Society Admunistered

of the National Research Counat
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ammnls with ntict adrenal glands than 1t does 1n stmilar ammals
1fter even massive doses of ACTH intrasenously

The techmque used was that of the measurement of the rate of
urea formation in the biaterally nephrectomized rat a highly senst
tive method for measuning the time relanonships 1n nrtrogen metab
olism 1n response to various stumult °* In these experiments rates
of urea formation were measured at 3 hour intervals in rats nephrec

EFFECTS OF ACE ACTH AND CORTISONE AGETATE
ON UREA FORMATION IN NEPHRECTOMIZED RATS

Normal Rate
«—05mL ACE /1006ms.
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0 3Hs. (7) <] =ismg acTiip
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=]
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~«——4mg. ACTH over 24 hours

0-3Hrs (2 I
36 Hrs (12) o
6 9Hrs (12) J3

10 20 30 a0
MG, N/100 GMS / HOUR

Fic 1

tomtzed 18 hours before The results are expressed as milligrams of
urea mtrogen formed per 100 grams body weight per hour

Frgure 1 tllustrates the effects of adrenal cortex extract (Upjohn)
ACTH (Armour) and Cortisone Acetate (Merck) on urea formation
Fremg of ACTH when injected intraperitoneally ether as a single
dose (not shown 1n figure) or m dny 1ded doses at 30 minute intervals
or when mfused mtravenously over 40 minutes had no significant
effect on urea formation until 3-6 hours after the beginning of the
myection A sumilar delay occurred after the injection of ACE m

-~
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dicating that the time for the stmulation of the adrenal cortex by
ACTH was not the lmiung factor 1 the metabolic response One
mg of AGTH mjected subcutaneously at 6 hour intenals for 24
hours induced a sustained increase 1 mtrogen metabolism whereas
10 mg of the crystalline suspension of Cottisone Acetate had no
measurable effect 1n 24 hours The same dose 1njected 48 hours be

COMBlNE% EFFECTS OF STRESS]&F}?RMALIN)

__AGE 8 AGTH ON UggTAEFORMAT
i INORMAL RA!
03 Hrs 21 ;l
.

- 1O m 4%, FORMALIN
3-6 Hrs (20

6-9Hrs (21}
03 Hrs 2D Bl == O05mLACE/I00gms
3-6Hs 20 o
€-9 Hrs (2N hd
03 Hex. (9 = O3m ATk
3-6 Hrs (1S} ]
69 Hrs. (15) o

~—— 4mg AGTHm 24 Hrs
0-3 Hrs 02} o]
3-6Hrs (12) oJo
69 Hrs (12) oo

~«—-—4mg ACTH 1n 24 Hrs
0-3Hrs. (2) <.
3-6Hrs (2) — ;< 10ml 4% FORMALIN
6-9Hrs (12) <]

0 20 30 40 50 60
MG N /100 GMS /HOUR

Frc 2

fore however does produce 2 significant increase 1n nitrogen me
tabolism c

In contrast non specific stress (formalm subcataneously epineph
nine and marked insulin hypoglycerma) stimulated an increase n
mtrogen metabolism detectable within the first 3 hours after mjec
uon The magnitude of the response was not modified by doses of
ACTH or ACE which would most certamnly suppress further en
dogenous secretion of ACTH 2nd adrenal steroids (Frgures 2 and



238 SECOND GLINICAL ACTH CONFERENCE
3) The more prompt response to stress than to ACTH mdicates that
enhanced secretion of adrenal hormone cannot be responsible for
the stress reaction while the failure of even massive doses of ACTH
to modify the stress imphes that the level of secretton of adrenal
hormone 1s not predominant 1n determiming the magnitude of the
stress response 1n nitrogen metabolism

The necessity for adrenal hormone to make possible the mtia
tion and the sustaining of the response to stress 1s shown 1n Figure 3
1n the case of epinephrine stress A large dose of epmephrine (0 1 mg

EFFECT OF EPINEPHRINE ON UREA FORMATION OF NEPH-.
RECTOMIZED & ADRENALECTOMIZED-NEPHRECTOMIZED RAT:

BLOOD SUGAR
MG 7

03 Hrs (12) °le 105831 01mg EPINEPHRINE
3-6 Hrs (12) e]e 2770105 se
6 9 Hrs (12) «] e 194s258

8l:74
0-3 Hrs () 72668 0img EPINEPHRINE
3-6 Hrs (6) 1332142 sa

6-9 Hrs (6} 86Lit 4

ADRENALECTOMIZED—5mg CORTISONE ACETATE 24 8
10627 48 Hrs Before

03 Hrs (9) Al 109456 __0!mg EPINEPHRINE]
3 6Hs (9) 3 [e395£532 Q
6-9Hrs. (9) =] 2231534

10 20 30 40 50
MG UREA N/I100 GM / HOUR

Fic 3

subcutaneously) served as a brisk stimulus to urea formation 1n ant
mals with intact adrenals but not in DOCA maintamned adrenalecto
mized rats However when given to adrenalectomized rats main
tamned with Cortisone Acetate for 48 hours a prompt but temporary
increase 1n urea formation occurred confirming the earlier observa
tions of Ingle with regard to fractures * The failure of this response
to be sustained 1n this preparation 1s believed to be due to the fact
that the supply of hormone from the cortisone depot was msumc}:cnht
to mantain the respons? mn contrast to :jhfi normal ammal whic
1ts adrenal secretion as neede:
cou{%lllzrcxr ex:ifder stresses (05 ml formalin small doses of nsulin)



STRESS AND NITROGEN METABOLISM 289

were used no ymmediate mcrease 1n urea formation occurred How
ever 1f the animnls were treated with A CE  cortisone or ACTH an
immediate acceleration of nitrogen metabohism comparable to more
severe stresses took place (Figure 4)

It would thus appear that provided adequate rmounts of adrenal
hormone are available non specific stress by an unknown mecha
msm 1nduces a change 1 nitrogen metabolism the maintenance of
which 1s dependent on a contnwng supply of adrenal hormone

PRIMING EFFECT OF ADRENAL HORMONE
ON UREA RESPONSE TO INSULIN IN NEPHRECTOMIZED RATS

0 3 Hrs (31| *
08 Unnt IN:
2 et o <— 00 Una INSULIN /100 gm
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e rre b0 ~<— 05 Unt INSULIN 7100 gm
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Conversely 1n the presence of excess adrenal hormone muldly stress
ful situations which 1n themselves are not severe enough to produce
measurable changes m nitrogen metabolism now become associated
with such changes This suggests that excess adrenal hormone sen
sitizes the organism to respond more readily to minor changes 1 1ts
mternal or external environment by increasing protein catabolism
As shown elsewhere®”** the protein catabolic response to either
adrenal hormone or stress 1n the fasted animal can be largely or com
pletely abolished by administrauon of carbohydrate or amino acids
The spontancous increase 1n appetite seen 1n patients with Cushing s
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Syndrome or recetving ACTH or cortisone may thus represent a
homeostatic response to protect the organism which 1s hypersensitive
to stress against undue loss of nitrogen

If one accepts the view that the well known metabolic response
to stress in the healthy organism reflects a reaction designed to pro
tect the orgamism from damage then the role of the adrenal cortex
1 sensizing the body to react 1n tins fishton becomes more mean
mgful Extenston of this concept to the other metabolic reactions
generally 1dentified with hyperadrenal corticism and stress and to
the multitude of other types of defense reactions which are linked
with the adrenal cortex would give a basis for the understanding of
the therapeutic significance of 1nd the toxic reactions to ACTH and
cortisone
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DISCUSSION

pr HANs SELYE I would Iike to 1dd just one or two words to Dr
Engel s presentation to underline 1ts importance and scope
Not only as far as nitrogen metabolism 1s concerned but for
instance as far as involution of lymphatic organs 1$ concerned the
same mechanism seems to apply Adrenalectomized amimals matn
camed on salt do not show thymico lymphatic volution upon ex
osure to stress (€8 formaldehyde 1njections) Howesver 1f you
administer 2 sub threshold amount of adrenal cortical extrct the
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subsequent wnjection of formaldehyde will cause a very marked
volution

Apparently here the cortical extract has sensitized the ammal to
the non specific effect of the formaldehyde

1 think one of the most important 1mplications of this sensitiza
uon phenomenon might be n the so-called collagen diseases or what
we like to consider diseases of adaptation You wiil recali that min
eralo-corticords such as desoxycorticosterone acetate failed to cause
any hypertension or visible viscular changes in the absence of dietary
sodwm On a normal sodium intake they do cause such changes On
excess sodium they cause such changes even at very low dosage levels

Perhaps the lack of evidence for any marked increase mn the
urinary excretion of corticords duning chimieal syndromes resembling
those expenimentally caused by DCA may find 1ts explanation in this
phenomenon of sensinzauon Obvicusly even normal amounts of
muneralo-corticords could be conducive to disease »f their effect were
greatly angmented by sensitzing metabolic changes

DR FRAMK L ENGEL [ am glad Dr Selye brought up the pont about
lymphoid nissue because 1 think 1t 1s extremely important I wonder
whether 1t might not be equally true with respect 1o the eosinophil
and whether we are thinking too much in terms of the eosmophul
fall purely as an effect of adrenal hormone action rather than as a
conditioned response

I thunk. the case that Dr Wolfson mentioned this morning of a
patent with a faily steady eosinophil count while en ACTH who
then got renal colic and had the costntaphil count fall promptly may
possibly be an ple of a similar ph
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Some Clinical and Metabolic Responses of Premature In
fants to ACTH Including Its Effect on Aromatic Amine
Acid Metabolism*

S Z levine, Henry L Barnet, C Warren Biermanf and
Helen McNamara

THE NEW YORK HOSPITAL-CORNELL MEDICAL CENTER AND CORNELL UNIVERSITY
MEDICAL COLLEGE NEW YORK

Most premature mnfants recerving ugh protesn ascorbic acid
free diets show a spearfic defect 1n tyrosine and phenylalamine me
tabolism manifested by urinary excretion of the tyrosyl derrvatives
p hydroxyphenylpyruvic acid and 1 p hydroxyphenyllactic acd
Without exception administration of ascorbic acid promptly abol
ishes the defect An interrelationship between ascorbic aad and
adrenocortical function has long been recognized Ascorbic acd
present 1n the adrenal cortex i higher concentration than 1n other
tissues decreses followng ACTH admunistritton or exposure 10
stress The mterrelationships between the pr and adrenl
glands and vitamin C prompted this study of th +AC "
tyrosyluria and coincrdently on body,w e1ght ¢!
crrculating eosinophiles of prematd®

*

MATERIALS

The study group comprised ©
1112 to 2240 grams at birth ™~
diet of 6 grams of protem 120
gram body weight Hormone #
were between 11 and 58 days
grams 1n weight

Figure 1 shows the number
of hormone therapy the range
ment Seventeen infants recer

estigation was auded by a
3 Supparied by a Fellowship from T+
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doses given m divided amounts every 6 hours varted between 125
and 100 mg and the total course between 12 5 and 500 mg over
1 to 10 day peniads Fifteen mfants recened one or more of the six
steroids listed 1n the table as follows eight observations on six n
fants wath cortisone (compound E) two infants desoxycorticosterone
acetate two nfants testosterone propionate three mfants progester
one one mfant each dehydrocorticosterone (compound A ) and
Rechstein s compound L. Casual specimens of urine were ana
lyzed daily for tyrosyl dervatives

PTSO0BS DOSAGE - MG

PER DAY | RPAYS TOTAL
NO RANGE NO RANGE
ACTH[ 17 =24l125-100 | 1-10 [125-500
€t € 81 50-100135-10 | 280~760
DCA|2 2| 2-3 5-6 12 15
TESTOS
2 3-10 7
TERONE 2 T
PROGES| 3 3 zs5-100f 7 -
TERONE '7e-700
A Vo 100 7 700
L 1 ! 100 7 700
Fic 1

OBSERVATIONS ON THE METABOLIC DEFECT

The metabolic aberration was corrected 1n all of 19 observations
on 17 premature wmfants male and female white and colored who
recetved ACTH therapy for three or more days 1n a total dosage
exceeding 60 mg Figure 2 shows the responses 1n 8 infants who re
cewved from 125 to 25 mg of ACTH daily Tyrosyl compounds
consistently disappeared from the urine of all infants as early as the
fifth day of hormone therapy and always by the second day of the
post period This delayed response contrasts with the more rapid
action of ascorbic acid With this vitamin 1n adequate dosage the
response occurs withmn 24 to 48 hours of therapy

Since abolition of the defect with ACTH might reasonably be
assumed to be mediated through stimulation of adrenocortical ster
oids a number of such steroids were investigated Desoxycorticoste
rone dehydrocorticosterone Reichstemn s compound I progester
one and testosterone were meffective in the dosages employed
Results with cortisone remarm nconclusive Correction of the meta
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Some Clinical and Metabolic Responses of Premature In
fants to ACTH Including Its Effect on Aromatic Amino
Acid Metabolism*

S Z levine, Henry L Barnetf, C Warren Biermanf and
Helen McNamara

THE NEW YORK HOSPITAL-CORNELL MEDICAL CENTER AND CORNELL UNIVERSITY
MEDICAL COLLEGE NEW YORK

Most premature infants receiving high protein ascorbic acid
free diets show a speaific defect mn tyrosine and phenylalamine me
tabolism mamifested by urinary excretton of the tyrosyl derwvatives
p hydroxyphenylpyruvic acid and 1 p hydroxyphenyllacuic acd
Without exception administration of ascorbic acid promptly abol
wshes the defect An interrelationship between ascorbic acid and
adrenocortical function has long been recogmzed Ascorbic acid
present 1n the adrenal cortex 1n higher concentratton than mn other
tissues decreases following AGCTH admimstration or exposure 0
stress The mnterrelationships between the piturtary and adrenal
glands and vitamm C prompted thus study of the effect of ACTH on
tyrosyluria and comncidently on body weight clinical behayvior and on
circulating eosinophiles of premature mnfants

MATERIALS AND METHODS

The study group comprised 26 premature infants weighing from
1112 to 2240 grams at birth maintained on a constant vitarmn G free
diet of 6 grams of protein 120 calories and 150 cc of flurd per kilo
gram body weight Hormone therapy was started when the nfants
were between 11 and 58 days of age and between 1320 and 2500
grams in wenght

Figure 1 shows the number of infants and observations the types
of hormone therapy the range of dosage and the duration of treat
ment Seventeen infants received ACTH 1 24 observations Daily

ugation was aded by a grant from the Playtex Park Research Institute

S T e Fellowship From The National Foundation for Infantile Paralysis
242
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day and i all infants by the sixth day of treatment Even more
strihing were the ravenous appetites which became so marked that
by the sixth day of therapy 16 of the 17 infants were continuously
hungry Overactivity and crymng decreased rapidly and appetites re
turned gradually to normal pre treatment levels within the first $
to 6 days of the post pertods

The effect of the adrenal steroids on these clinical features was
neghgble by contrast Corusone therapy produced slight increase
m ictivaty appetite and crying 1n 3 of 6 infants while the other
steroids produced no deviation from pre treatment behavior pat
terns

EFFECT ON EOSINOPHILES

A fall of 50 per cent or more 1n circulating eosinophiles occurred
1n only 3 of 19 observations four hours after an 1nitial dose of 3 125
to 12 5 mg of ACTH A depression of this magnitude was however
present 1n all infants by the end of 24 hours of divided therapy After
48 hours of treatment circulating eosinophiles virtually disappeared
from the peripheral blood Return to pre treatment levels following
discontinnation of therapy was gradual only one half of the infants
reaching or exceeding these values by 48 to 72 hours of the post
penods

GENERAL DISCUSSION AND SUMMARY

ACTH given m adequate dosage over a sufficient period of time
consistently abolished the defect 1n aromatic amino acid metabolism
manifested by premature infants receiving ascorbic acid free high
protein diets The mechamsm of action of ACTH 1s at present ob
scure It differs from that of ascorbic acid 1n that 1t requires more pro
longed administration Since there was no change 1 plasma or white
cell ascorbic acid levels and no increase mn urnary ascorbic acid
excretion mn 2 infants during therapy the correction would not seem
to volve the mabilization of stored ascarbic actd The farlure of
cortisone to correct the defect 1n five of eight observations 1 spite
of high dosage needs further investigation

ACTH has a marked effect on the circulaung eosinophiles cling
cal behavior appetite and body weight of premature infants while
the other sterowds 1n the dosages used have vanable or slight effects
on these functions

DISCUSSION

DR WILLIAM A SILVERMAN In an effort to find a dose of AGTH that
would mhibit the retinal changes in the early stages of retrolental
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bolic defect was accomplished 1n 3 of the 8 observations Total
dosages of at least 350 mg were required for correction and even
these relatively large amounts were ineffective 1n 2 infants

EFFECT ON BODY WEIGHT

The effect of ACTH on the pattern of body weight changes was
identical for all premature mfants in all cbservattons nd at all
levels of dosage The pattern may be described as follows

1 Substantial weight gains averaging 27 grams per day in pre
periods of I to 2 weeks

2 Marked reductions 1n the Tate of weight gan 1 test periods
of one week with an 1verage weight loss of 5 grams per day

3 Markedly accelerated weight gamns averaging 51 grams per day
n post periods of 1 to 2 weeks following cessation of ACTH therapy

The average weight gains for the combined test and post periods
however closely approximated those of the fore pertod

CLINICAL BEHAVIOR

ACTH therapy produced a striking change in the behavior of
infants Hyperactivity and a marked increase 1 volume vigor and
duratton of crying became evident 1n some by the end of the second
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rebound rapid ncrease m werght averaged 2 weels Following
this the pre treatment rate was resumed
Senal measurements of the occipito frontal circumference of the
head before during and after ACTH revealed changes 1n rate of
growth that occurred concomitantly with the weight changes (F1gure
4) Measurements of the length of the fibula were made on 6 nfants
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Fic 4 Effect of ACTH on fund: head growth and weight gain m pre
mature mnfants

Senal roentgenograms of the fibula were made at a constant tube
distance The length of the fibula was expressed as an average of the
diagonals of this rectangular bone The dose of ACTH used had
an inhibiung effect upon the growth in length of the fibula as can
be seen 1n figure 5 A sharp rebound increase in length of the
fibula occurred following cessation of ACTH 1n all but the one 1n
fant who recerved the greatest amount of ACTH (780 mgms 1n 20
days)

One expenience with a smaller dose of ACTH and two expert
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fibroplasia Doctors Richard L Day Frederick C Blod: and 1 have
had an opportunity to observe the effects of AGTH administered to
premature 1nfants at the Babies Hospital

Moon and Lvans Simpson and L1 have described the inhibiting
effect of adrenocorticotrophic extracts upon the growth of immature
rats Becks Simpson Liand Evans and Simpson Asling and Evans
have noted retardation of osteogenesis and chondrogenesis n 1m
mature rats Jackson has shown that when immature rats are refed

INHIBITING EFFECT OF ACTH ON WEIGHT GATN

Birth ne Total  Dur AVERAGE WETGHT CAIN GRAMS/DAY
ne
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Pt Grams Grens Mgme Days Before During At r
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Fic 3 Inhibiting effect of ACTH on weight gain

after a prolonged period of food restriction abnormally rapid 1
crease 1n weight occurs

Twelve prematurely born mfants whose ages at the onset of
therapy ranged from 28 to 84 days were grven 8 to 40 mgms of
ACTH per day for periods of 10 to 20 days (approxumately 5 to 10
mgms per kilo per day) Growth inhibition was noted while re
cewving these doses of ACTH and marked acceleration of growth
occurred after cessation of therapy In Figure 8 1t can be seen that the
average weight gamn per day before the onset of treatment was 28 1
grams per day 10 1 grams per day while recetving AGTH and 395
grams per day following withdrawal of ACTH The duration of the
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Fic 6 Effect of ACTH on growth of premature infants as reflected by
fibular length head size and weight The relauvely high uninary excre-
tion of corticords duning ACTH admimistration should be noted

posterior pituitary hormones knawn to be present m ACTH The
severity of the reactrons appeared to vary with different lots of
ACTH
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ences with tapering doses of ACTH 1n which increased growth be
came evident as the dose was lowered (Figure 6) suggests that maxi
mal adrenocortical stimulation may be necessary to produce growth
retardation

DR JONATHAN T LANMAN (Bellevue Hospital and New York Um
versity College of Medicime New York City) The use of ACTH
the therapy of retrolental fibroplasia 1s being studied Signs suggestive
of the disease were observed n twimns thought to be identical In
one some regression 1n signs was observed following therapy with
ACTH 1n a dose of 20 mgm/day Subsequent exacerbation coinct

CONTROL
FIBULA LENGTH

R s

/“‘\Vf =

20avs

—

Fic 5 Effect of AGTH on bone growth as reflected by fibular length m
premature nfants

dent with lower dosage was observed Durmng a second course of
therapy with higher dosage the disease continued to progress The
spontaneous fluctuations in the course of retrolental fibroplasia make
hazardous the interpretation of the temporary regression observed
1n one twin

The second twin showed continuous progression of the disease
with ACTH administered 1n doses of 20 mgm per day

ACTH therapy was assocrated with an arrest i weight gan 11
rrtability and wncreased activity and an increased urinary formalde
hydogenic steroid output Admunistration of ACTH made from pork
piuuntaries was assoctated with immediate reactions characterized by
locahized blanching and generalized mottling and bluish discolora
tion of the shin and may have resulted from the small amount of

~
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spite the increasing loss of total nitrogen the amino acid nitrogen
excretion stabilized by the third treatment day and began to decline
by the tenth day Following discontinuation of the drug the amino
acid nitrogen quickly fell to pre treatment levels A spontaneous
anabolic phase of mitrogen metabolism resulted which lasted for a
month Durng the catabohic phase approximately 124 gms of
nitrogen were lost and during the spontaneous anabolic phase 120
gms of nitrogen were retamed The course of the amino acid mitro

¥
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Fic 1

gen excretion during the anabolic phase was somewhat irregular
with a tendency to rise near the end of the pertod

This pattern of amino acid mitrogen excretion during ACTH ad
ministration has been observed 1n six subjects

In Fig 2 1s shown the course of the fasting blood ammo acid m
trogen levels n normal subject D k  who was given 100 mgms
ACTH H7911 daily for five days

There was an elevatton of the fasting blood amino acid levels
which persisted at least three days after the drug was stopped and
associated with the imcreased loss 1n the urine of total and amino acid
mitrogen The rapid drop 1n urinary amino acid mitrogen to pre treat

ment levels 1s to be noted in contrast to the slower dechine of the total
nitrogen
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This report 15 concerned with the study of the metabolism
of amuno acids during controlled anabolic and catabolic states This
forms a part of a larger study of the endocrine regulation of growth
Pprocesses 1n man

Holbrook et al * have shown a sharp increase 1 the excretion of
certain ammno acids i man during ACTH admimstration We have
determined the urinary excretion of amino acid nitrogen and fasting
blood ammoacid levels in human subjects on metabolic balance
studies In these subjects we have induced anabolic states of nitrogen
metabolism with testosterone and catabolic states with ACTH (Ar
mour) and an anterior pituitary preparation contaiming thyrotrophin

Subjects were placed on the metabolism ward and given an ade
quate constant diet and permitted their usual normal activity The
urinary alpha amino acid nitrogen was determined by the copper
method described by Albanese and Irby? The blood amino acid
nitrogen was determined by the colortmetric method described by
Russell *

RESULTS AND DISCUSSION

A normal 20 year college student G M was given 70 mgm
ACTH H7911 daily for 17 days The dietary nitrogen was 175
gm /24 hours ‘The general course of reaction to the AGTH 1s seen
mFig 1 There was a sharp rise i uninary nitrogen excretion which
at the peak was 10 grams above pre treatment levels This was ac
companied by an acute rise mn amino acid mitrogen excretion De

& This work was supported in part by z grant from the American Cancer Sogicty on
recommendation by the Committee on Growth (A T kenyon)
We would like to thank Dr John R Mote and the Armour Laboratories for the
ACTH and the pituitary preparation used 1n this study
t Damon Runyon Research Fellow in l\zlcshcmr 1949-50
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pituttary preparation rich in thyrotrophin Thus effect was character
1zed by a sharp catabolic response and an ncrease m amino acid n:
trogen excretton The BMRs rose from —17 to 418 on the seventh
day of treatment and this was followed by a gradual return to nor
mal The amounts of plasma bound radicactive 1odine measured
after admimistration of radioactive 1odine was significantly tncreased
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during therapy * The curve representing the amino acid nitrogen
excretion seems to parallel the total mitrogen excretion This con
trasts somewhat the ACTH experiments In the latter the urinary
amino acid mitrogen rose more quickly to the maximum than total
nitrogen and fell more promptly to the imtial baseline on discon
tinuance of treatment

‘We would like to thank Dr D W Clark and hus colleagues for these determina
tons
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The difference m fasting blood levels of amtno actd mitrogen be
fore and during ACTH administration probably does not reflect the
maximum changes that take place during the day In one further
experiment 1n which the blood and urine ammo acd nitrogen was
followed periodically throughout a control day and throughout a
day during which ACTH was admimstered greater elevations n
blood amino acid nitrogen were observed as compared with the con
trol period following the noon and evening meals than had been ap-
parent 1n the fasung states The fasting amino 1cd mitrogen level at

Fic 2

the end of the 24 hour period was 209% higher duning ACTH admin
wstration This 15 a far greater alteration than can be accomplished
by large changes i the protein of the diet Thus the fact that the
fasting blood levels are elevated during ACTH admimistrationt would
seem to mndicate that 2 defimte 1lteration m the metabolism of the
amino acids has resulted

An alteration 11 the renal threshold may well occur assocrated
with ACTH admimistration and may contribute to the loss of urinary
amuno acid murogen  Elevations 1n the blood levels of amino acid
nutrogen however indicate that more 1s happening than an increase

1n renal excretion
Fig 3 illustrates the effect of the admumstration of an anter:or
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Figure 5 shows the effect of ACTH on a eunuchoid subject On
very low dose levels of ACTH H7911 an intense catabolic response
and enhancement of amino actd mitrogen excretion was observed
Alterations of as little as four mgms 1in ACTH dosage resulted 1n
significant changes 10 mitrogen excretion Following discontinuation
of the drug there resulted a sharp spontaneous anabohc phase that
was associated with a brief retention of urinary amino acid nitrogen
This nitrogen retention was well developed even n the absence of
endogenous androgene A somewhat slower anabolic response of
equal magnitude as shown 1n first portion of Fig 5 was set mto

Fic §

effect by testosterone This was not associated with amino aaid re
tention

Inastudyon ] § Fig 6 an anabolic state was tnduced with tes
tosterone and thus was associated with no sigmficant alterations mn
fasting blood levels or urinary excretion of amino acid nitrogen

‘The mechanisms for the observed alterations i amino acid me
tabolism during mnduced catabolic states 1s not clear A study of pos
sible alterations 1n the re absorptive capacity of the renal tubules 1s
being undertaken

SUMMARY

1 During catabolic states of nitrogen metabolism nduced by
ACTH there 15 a sharp mncrease 1n amno acid mitrogen excretion
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There was no evidence of participation of the adrenal cortex
this catabolic reaction as judged by the stability of the eostnophiles
and of the 17 ketosteroids

The effect of ACTH however, on amine acid nitrogen excretton
1n a case 1 which increased amounts of thyrord hormone cannot con
tribute 1s shown in Fig 4 Subject ] § had myxedema adequately
treated with two grains of thyrord extract daily He had previously
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been given an anterior pituitary preparation rich m thyrotrophint
without sigmificant alteration in nitrogen excretion amino actd ex
cretion or increases in BMR With ACTH H7911 admmustration the
same patterns of response of the fasting blood and urine amno aci

nutrogen excretion as seen in normal subjects was observed When
the dose of AG I'H was lowered to 12 5 mgm daily the eosinophiles
remasned depressed but the amino acid nitrogen excretion gradually
returned to pre treatment levels There were no consistent altera

tions in BMR
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3 Frame E G Russell ] A and Wilhelm A E The Colon
metric Estimation of Amino Nitrogen 1n Blood J Biol Chem
1943 149 255

DISCUSSION

DR F HOMBERGER At a recent ACTH Conference of the American
Cancer Society 1n New York we reported preliminary observations
dicating that the mcreased nitrogen excretion and the mecreased
urine nitrogen/phosphorus ratio caused by ACTH were partially re
versed by the oral admimstration of 5 mg per kg body weight of au
reomycin This antbiotic was given because 1t has  growth promot
g properties 1n chickens and hogs and 1t seemed reasonable to
expect that 1t might counteract the protemn catabolic effects of ACTH
1n the human being

The present paper 1s a report on a further metabolic study mn a
woman of 43 with theumatoid arthritis

Nitrogen phosphorus calcium and sulfur analyses were made on
diet urine and feces The metabolic periods were of 3 days duration
‘Two control periods were followed by two periods during which
ACTH 100 mg per day was admimstered This was continued
through an additional 8 days during which 5 mg per kg body werght
of aureomycm by mouth were gtven simultaneously with ACTH

Fig 7 shows the urinary excretion of nitrogen sulfur and phos
phorus The changes n the fecal content of these elements were of
Little significance Nitrogen excretion 1 d markedly reaching
a maxumum by the third ACTH period (9 days) after which on au
reomycin 1t fell Sulfur excretion showed similar behavior In con
trast the phosphorus excretion imncreased with the first ACTH period
and then decreased during subsequent periods to rise again 1n the
last ACTH plus aureomycin period

Fig 8 shows the urinary mitrogen/sulfur and nitrogen/phos
phorus ratios for the same pertods In this chart the ratios are not
corrected for urinary calaium Such corrections would not alter the
picture

It 15 to be noted that the mtrogen/phosphorus ratio increased first
in the second ACTH period and returned to pre treatment levels 1n
the following ACTH and aureomyan period Duning this expert
ment there was progressive clinical improvement 1n this patient and
the urine 17 ketosteroid excretion in mg per 24 hours was 5 4 1n the
control period 19-27 1n the first two ACTH periods and 35-39 1n
the ACTH plus aureomycin periods In 2 later period (after all ther
apy was discontinued) the 17 ketosteroid level returned to 11 4 mg
per 24 hours
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and elevaton of fasting blood amino acid mitrogen levels The pat
tern of the amino acid nitrogen loss does not strictly parallel the pat
tern of total nitrogen loss

2 The ACTH mduced catabolic reaction may be obtained with
out ncreased participation of the thyrowd

3 Administration of thyrotrophin resulted m a catabolic reaction
with enhancement of amino acid nitrogen excretion and elevation of
fasting blood amino acid nitrogen level

4 A spontaneous anabolic phase of mitrogen metabohism may oc
cur without participation of the testis

5 During testosterone induced anabolic states there 1s no sig
nificant alteration m fasting blood or urmnary amino acid mitrogen
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1 Holbrook W P Hill D Stephens Jr G hent L.J Borden A
Kemmerer A R Wallroff E B and Brodie E The Effect
of ACTH on Amino Acd Metabolism on Rheumatoid Ar
thritis 1 Proceedings of the First Clinical ACTH Conference
(edited by John R Mote) the Blakiston Co Philadelphia Pa
1950 p 386

9 Albanese A A and Irby V Determination of Unnary Amino
Nutrogen by the Copper Method J Biol Chem 1944 153 583
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excretion curves have occurred with remissions of the disease occur
1ing with jaundice and with pregnancy We have been unable to re
produce this curve by high protemn diets testosterone artisone
adrenaline antihistaminics and various other sterords So far the ex
cretion curve has occurred only with remusston of the disease It was
therefore decided to try histidine tolerance tests using injectible his
tidine with and without ACTH administration It was believed that

C.E ARTHRITIS
CONTROL ACTH 00 MG ACTH 100 MG PLUS
PER DAY AUREOMYCIN SMG.
RATID OF N T0 PER KG PER DAY
MINERALS
20 O nee

URINARY RATIOS
Nns

,, (

: /

6 3 3 3 5
CAYS AVERAGED

Fi. 8 Urmary mitrogen/phosphorus and nitrogen /sulfur rano

by mjectng sufficient histidne a typical curve might be obtained and
1t was also hoped that such a tolerance test might reveal information
as to the effect of ACTH on renal clearance

Histdine monohydrochloride equivalent to 500 mg Hhistidme
were given mtramuscularly to one normal woman and one woman
with rheumatoid arthritis Blood samples were obtamed fasting and
at 14 1 2 and 4 hours following the mjection Partitioned urine
specimens were collected for 24 hours On the 3rd day following the
tolerance test the admimstration of ACTH (10 mgs every 6 hours)
was begun and on the 4th day of treatment a second histidme tol
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The pattern of metabolic changes seen 1n this patzent 1s the same
as the findings made 1n three previous cases so studied

It follows that ACTH causes an mncreased urinary mtrogen and
sulfur excretion accompanied by a relatively reduced urmnary ex
cretion of phosphorus This urinary phosphorus deficit 1s not ac
counted for by fecal phosphorus and may perhaps be explatned by
glycogen deposition as has been postulated by Bartter et al

It qlso follows that aureomycin seems to counteract these meta
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0 ’ 800 700
7
7

] 4 700 600
\_mg:]_ /

[ Zi 600 500

6 3 3 3 s

DAYTS AVERAGED

Fic 7 Excrenon of nitrogen sulfur and phosphorus mn urime

bolic effects without impartrment of adrenal function as enidenced by
continued clinical response to ACTH while aureomycin s being
given and by increasing 17 ketosteroid levels in the urine during such

therapy

pr W PAUL HOLBROOK (Tucson) The work I wish to discuss was car
r1ed out by my associates A L Borden E C Brodie E B Wallraff
and A R hemmerer At the first ACTH Conference we reported
the marked rise 1n urinary histidine excretion associated with remis
ns of rheumatord arthritis on the admimstration of AGTH or cor

S0
s on metabolic control were studied Sumlar

usone Sixty patient
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with the lngh urinary excretion of histidine occurring with rems
sion plasma levels remained near the normal level as shown by the
lower dotted line

1t 1s of considerable interest that with 500 mulligrams inyected
hisudine no appreciable increase 1n urmary excretion was detectable

HISTIDINE TOLERANCE  TEST
24Hour  Urinary  Exeretion
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Furthermore even with the large oral doses only 4% and 6% respec
tively could be accounted for 1n urinary excretion

We suill feel that the mcreased hisudine excretion which also 1
volves some of the other amino acids may have some relationship to
the mechanism of remission We have no explanation as to what be
comes of the histidine not accounted for in the urine These tolerance
studies would appear to show that the curve 1s not due to a simple
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erince test wis run A normal diet containing 1 gm protemn per hg
body weight was adhered to throughout the test Microbiological as
says were performed on all specimens at the conclusion of the expen
ment

The results of urmary hisudine excretion are shown in Figure 9
While there were some small variations 1n the partironed samples
1t 15 very clear that no major change occurred mn the 24 hour ex
cretion In spite of the fact that only minimal improvement was
experienced by the patient with rheumatord arthntts there was nes
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ertheless a change in the urinary excretion of histidine as comparcd
with the normal

Because 500 milligrams of histidine failed to produce major urt
nary excretion 1t was decided to give a massive dose orally Accord
mgly 7400 mlhgrams of hisuidine was given m one dose to tho
normal individuals The results are shown in Figure 10 For the first
nime we were able to produce an increased urinary excretron com
parable with the curve seen during remussion This appeared to dis
pose of our theory that the listidine urmary curve might be related
to remission However when plasma levels were estimated (Tipure
11) 1t 15 clearly seen that there 15 an entirely different mechamsm 1n
volved than with remission With the large oral dose plasma les els
were tremendously increased resulting in gh unine levels whereas
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glycine for each 15 lbs of body weight Plasma glycme was deter
mined at 20 80 140 and 200 munutes after the mnjection Four of
the patients were then treated for 21 days with ACTH and three with
cortisone Each of the 7 patients had glycine tolerance tests repeated
after 10 and 21 days of treatment Glycine determinations were done
by the method of Alexander Landwehr and Sehgman as modified by
Chnstensen and Shwachman

‘The normal range of fasting plasma glycine 15 from 147 to 283
mg %
Only two of the pauents showed abnormally low values One was
2 man with very severe rheumatord arthritis and severe malnutrition
Durning treatment his appetite and food 1ntike increased enormously
and there was a gradual rise m his fasting glycane level The other
had a low fasting level in the third test He showed good improve
ment for 10 days then developed abdominal pain nausea vomting
and anorexia during the second half of his period treatment and
lost 14 lbs

The tolerance curves following the abnormally low fasting levels
were slightly flattened but not nearly to the degree observed by
Alexander

From our results 1t appears that there 1s a relation of the fasting
glycine levels to the state of nutrition and food intake of the patient
It should be noted that the fasting levels of the other five patients
tended to decline duning the treatment period

DR p M BERGENSTAL I wonder if we will be able to say anything
regarding specific mechamsms for these observed effects until we have
careful renal clearance technmiques to determme whether the renal
threshold 1s lowered
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lowered kidney threshold for histidine Further tolerance studies on
patients with theumatord arthritis are 1n progress

DR J SYDNEY STILLMAN (Boston Massachusetts) I should like to add
the data we accumulated 1n the study of one ammo acid glycme to
that presented by Dr Bergenstal which concerned amino acid metab-
olism as 2 whole

The concentration of glycine m the blood plasma and erythro
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cytes was determined 1 a varety of pathological conditions by de
Vries and Alexander mn 1948 They also observed the effect of intra
venously admusustered glycine in these patients Two of the six p2
tients with rheumatoid arthnitis studied showed abnormally low
fasting levels and one of these had remarkably abnormal glycine tol
erance curves Not only were they flat but they returned practically
to the pre mjection levels We attempted to confirm their results
and also to observe the effect of ACTH and cortisone on the fasting
vels and tolerance curves
glyc;‘r;:t:;g plasma glycine levels were done on 2 normal subjects ax::l
on 7 patents suffering from rheumatoid arthnitis Then a sterile 10%
aqueous glycine solution was adminsstered ntravenously 1 gram of
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of ACTH for periods of eight to twenty four days The graph records
the base line period the first four days of treatment the last four
days of treatment and four days following treatment It will be ob
served that the excretnion of amino nitrogen rises sharply i the first
24 to 48 hours of therapy and maintains a high level unul the treat
ment 1s discontinued when 1t Teturns sharply to the onginal level
The lowest line (Mr Wa) 15 the record of a patient recerving only
40 mgms of ACTH daily The others were given at least 100 mgms
daily

The amino nitrogen/creatimne ratio has been followed 1n 2 num
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Studies on the Behaviour of Uninary Amuno Nitrogen,
Serum Alkaline Phosphatase and Pseudo Cholinester
ase Activity During ACTH Therapy*

C J Bardawill,t A G Gornall M Nishikawara and
K J R Wightman

Y OF

—

Urinary Ammo Acids

The urinary amino acids m patients suffering from vanous
diseases while under therapy with AGTH and cortisone have beent
studied as a part of a program to mvestigate total mitrogen metab
olism as completely as possible The method used 15 that of Albanese
and Irby?! which has given quantitative recoveries (+5%) of the
amino acids commonly present mn urme 1n our hands The results
1n normal subjects are comparable with those obtained by the Van
Slyke manometric method These patients have been marntained on
a constant diet (P80 F90 CHO 275) with a salt content of either
2 or 5 grams and a constant purne level

The results have been expressed either as grams of amino nitro
gen per 24 hours corrected by an appropnate amount 1f the creatt
nine excreted on that day varied significantly from the average or
as an amino nitrogen/creatinine ratto Creatimine excretion T
mamned reasonably constant i all patients but one who excreted
smaller amounts whenever he was given a large dose of ACTH Re
sults are reported 1 ten patients suffering from a variety of diseases
and also an acute experiment 1n which six normal subjects were given
25 mgms of ACTH The amino nitrogen/creatinine ratios 1n urne
secreted 1n four hours before and after the injection are compared
Eosmophile counts are recorded

In figure 1 are Mustrated the values obtained (grams of amino
nitrogen per 24 hours) mn six patients who recerved a constant dosage

—_—
s This investigation asusted by the Ontario Cancer Treatment and Research Founda

nonT National Cancer Society Research Fello v
264
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an effect on the equilibrium between this pool and the tissue pro
terns Further work bering on this point 15 1 progress

2 Serum Alkaline Phosphatase

Serum alkahine phosphatase activity has been studied in sixteen
pattents eleven of these receaved ACTH and five recewving cortisone
therapy Ten of the abave panents suffered from leulaemia or lym
phoma

The method was a modification of the Bodansky and kay Jenner
pracedure using a sodimm g glycerophosphate substrate at pH 9 2 and
a three hour mcubation period In addition studies were carned out
1 ten pattents using the above substrate contatming 001 molar so
diim cyamide  The results are expressed as hay Jenmer units

The changes which have been observed in serum phosphatase ac
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Fic 2 Serum alkafine phosphatase activity in pattents showing chinscat
umpravement on ACTH therapy (hay Jenner unts) Note that there 15 no
alteration 1n cases where the allahine phosphatase activity 1s s the normal
range 1 the pretreatment pertod
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ber of patients treated for long periods with varymg doses of ACTH
or cortisone It was noted that sharp mmitial 1ncreases 1n the ratio oc
curred but wide fluctuations occurred as therapy was continued and
as the dosage was altered In two instances the prolongation of effect
by a depot of cortisone was observed

Table 1 shows the response of s1x normal individuals to a single
myection of 25 mgms of ACTH The amino nitrogen/creatinine 12
tio increases 1n all cases a change which seems more sigmificant when
1t 15 noted that most subjects excreted a lower ratio after an mjection

Table I

Errrer or 25 mum ACTH on EosINOPHILES AND AMING NITROGEN/CREATININE
Rario

Normal Subjects

4msno Mitrogen/Creatinne Ratio

Lossnophale Count CLmne)

Before 4 Hours After Bfore 4 Hous Aftr
HG 610 170 18 28
BM 126 55 26 30
NH 137 16 25 32
MT 115 24 17 21
Jc 559 126 12 15
AN 66 33 17 20

Control Serses—7 ¢c Salne

HG 407 363 13 17
BM 93 115 28 18
NH 165 82 30 20
MT 77 49 21 15
Jc 181 154 16 13
AM 66 33 19 17

of saline mnstead of ACTH The experiment w1s carried out on two
successtve days giving one half of the group ACTH and the other
sahine and reversing the procedure the next day Further study on
the behaviour of normal subjects seems to be indicated

Duscusston

The excretion of amino nitrogen which has been 1llustrated here
15 only a small part of the total nitrogen excretion—usually less than
10% In general 1t appears to parallel the total mitrogen excretion
Smce we have not yet undertaken the study of amino nitrogen
plasma interpretaton of the results 1s not possible but 1t 1s felt zI;:!
they probably indicate fooding of the metabolic nitrogen pool by
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zcute leukaemics who had a full haematological remission as a result
of therapy showed a slower rate of disappearance of radioactive phos
plorus as treatment progressed

The third patient who had hemolytic anaemia did not show et
ther physiological or therapeutic response to ACTH The occurrence
of abnormal alkaline phosphatase enzymes which are resistant to
physiological growth inhibiting hormones 1s suggested by the above
data The effect of cortisone on serum phosphatase activity 1s shown
m figure 4
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Fic 4 Serum alkaline phosphatase changes during cortisone therapy

The behaviour of the fraction of phosphatase which 1s not inhib
1ted by cyanide was also followed and not found to be nfluenced by
therapy

Dascusston

Phosphatase 15 particularly plentiful m cells cngaged 1 protemn
synthesis ?* In embryonic tissues the phosphatase reaction 15 weak
during the early stages of embryonic development but becomes 1n
tense at the beginning of differentiation when synthesis of new pro
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tivaty have been somewhat variable but in the majority of instances
there has been a tendency to suppression of the enzyme actiyaty fol
lowing ACTH or cortisone admnistration although an il 1ise
n serum phosphatase activity was noted in some 1nstances when the
Iatter hormone was grven

As seen 1 figure 2 the patients with a2 normal enzyme activity
did not change appreciably [wo patients one with chrome myelowd
leukaemia and one with Hodghimn s disease had high levels which fell
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Fic 3 Serum alkaline phosphatase in patients who did not improve on
ACTH therapy

markedly as a result of treatment One of these rose again when treat
ment was stopped and fell once more on a second course of therapy
Contrasted with these are the patients shown in figure 3 who
showed a rise Two of these are acute leukaemics who showed no clin
1cal response to therapy whatever This 1s of mterest since they are
the only two pauents who failed to improve at least subjectively This
change was found to be assoctated n one patient with a marked m
crease 1 the rate of disappearance of a tracer dose of radxoact;te
phosphorus from the plasma late m therapy as compared to a su;‘ulaer
test at the begmning The same procedure carried out on one of L
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acute leukaemics who had a full haematological remission as a result
of therapy showed a slower rate of disappearance of radioactive phos
phorus as treatment progressed

The third pauent who had hemolytic anacmia did not show ex
ther phystological or therapeutic response to ACTH The occurrence
of abnormal alkaline phosphatase enzymes which are resistant to
phystological growth wmhibiting hormones 15 suggested by the above
data The effect of cortisone on serum phosphatase activity 1s shown
n figure 4
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Fic 4 Serum alkaline phosphatase changes duning cortisone therapy

‘The behaviour of the fraction of phosphatase which 1s not inhib
ited by cyamde was also followed and not found to be inBluenced by
therapy

Duscusston

Phosphatase 1s particularly plentiful 1 cells engaged m protein
synthests ** In embryonic tissues the phosphatase reaction 1s weal
duning the early stages of embryonic development but becomes m
tense at the beginning of differentiation when synthesis of new pro
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tivaty have been somewhat sariable but 1n the majority of nstances
there has been a tendency to suppression of the enzyme actity fol
lowing ACTH or corisone admimstration although an mial nse
n serum phosphatase activity was noted 1n some instances when the
Intter hormone was given

As seen 1n figure 2 the patients with a normal enzyme activity
did not change appreciably Two patsents one with chrome myelad
leukaemrt ind one with Hodghin s disease had high levels which fell
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Fic 3 Serum alkaline phosphatase i patents who did not improve on
ACTH therapy

markedly as a result of treatment One of these rose again when treat
ment was stopped and fell once more on 2 second course of therapy
Contrasted with these are the pauents shown m figure 3 who
showed a rise Two of these are acute leuhaemics who showed no clin
1cal response to therapy whatever ‘This 1s of interest since they are
the only two patients who failed to improve at lest subjectively This
change was found to be associated 1n one patient with a marked m
crease 1n the rate of disappearance of a tracer dose of radicactive
hosphorus from the plasma latc 1n therapy as comparcd to a ssmilar
test at the begmning The same procedure carried otit on one of the
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MICROLITRES
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GO ACTIVITY DURING _ACTH THERAPY
9oy

g

nod

‘Mce
B0y
JAUNDICE
v

o] M

400,

8043

oo

IV oNE
b (5 D 10 20 30 4© S50 &0 710 BC 8O
DAYS DAYS AFTER
BEFORE THERAPY THERAPY

Fic 5 Plasma pseudo cholinesterase activity during ACTH therapy
nitrogen balance Studies of the effect of simultaneously admimstered
androgen are 11 progress
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temn at the expense of the yolk 15 active * The finding of Ls halman
Evans and Simpson that AGTH decreases the phosphatase activity of
rat plasma* and that this decrease can be checked by the simultaneous
adminstration of growth hormone® suggest that ACTH may nter
fere with these reactions

The anomalous behaviour of the serum phosphatase actwvity
the pattents not unproved by therapy seemed worthy of note

3 Serum Pesudo Cholinesterase Activity

The enzyme activity was measured manometrically by Annons
adaptation of Warburgs procedure at pH 74 and 375 C usmg
0025 M sodium bicarbonate saturated with 5% carbon dioxide m
nitrogen The final concentrations of the substrate for true and
pseudo-cholinesterase activity were 003 M mecholyl and 0006 M
benzoyl choline respectively ‘The results were expressed in terms of
mucroliters of CO_ evolved by one mullilitre of plasma after 20 min
utes incubation at 37 5 C The enzyme activity was determined before
therapy was begun and followed at approximately weekly tntervals
durning therapy

"The results are shown 1n figure 5 A fall m activity occurs m all
cases Two of the pauents became jaundiced during therapy with a
fall occurring at or before the period of maximum jaundice and 2
rise as the jaundice recovered The patient ] V 15 one of these and
1n a second course of therapy also recorded m the graph he follows
the more usual course

Discussion

The range of pseudo-cholinesterase acuvity i normals 1s sad to
range from 360 to 920 but an individual tends to hold a constant
level The nature of the 1llness these patients had has prevented us
from dotng prolonged base line studies and little 1s known about the
fluctuations of plasma cholinesterase actvity 1n hematological disor
ders Attempts have been made to correlate changes mn plasma cho
linesterase activity with certan pathological conditions but outside
of thyotoxicosis_hepatic damage and diseases assoctated with general
1zed wasting and 1nanition there 15 no defimte evidence for any such
relationship ®

Sawyer and Everett” have presented evidence that the Jevel of
pseudo cholinesterase in the plasma of rats parallels the estrogen level
of these animals and 1t 13 possible that findings of falling pseudo-cho
linesterase values during ACTH therapy reflect alterations in the
estrogen androgen ratio of the blood and /or the degree of negative
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An Inquiry into the Specifialy of the Unc Aad Creatinine
Ratio as a Measure of Adrenal Cortical Responsive-
ness*

Hertha H Taussky Roy C Swon ond Ephraim Shorr

THE NEW YORK HOSPITAL THE RUSSELL SAGE INSYITUTE OF PATHOLOGY AND
CORNELL UNIVERSITY MEDICAL COLEGE NEW YORK

This report 15 concerned with the specsficny of the unc acid

creatinine ratio as a measure of adrenal responsiveness

The optimal use of hormonal preparations suchas ACIH sde
pendent 1n large measure on the avalability of speaific ndices by
which therr effects can be quantutatively evaluated Among the cnt
tema proposed for assessing ACTH activitv ss that introduced by
Forsham Thorn and their assoctates * which utthizes changes in the
urmary uric acd-creatimine rano as a measure of adrenal responsise
ness These worlcrs report for normal subjects an increase m uric
acid creaumine rauaos following 25 mg ACTH which range from 62
to 1309 average -+9196 For Addisonians the average mse wis
+16% with a range from —14 10 +08% The ncreased uric acd
excretion following ACTH was regarded as due exther to increased
production mcreased clearance or both It was suggested that the re
hability of this test imght be reduced in the presence of certan path
ological conditzons such as gout leuhemia hepanc cirrhosts renat
msufficency or hypothyrordism conditions which exther effect renal
excretion of unc acid or 1ts endogenous metabolism

Qur mterest in this test asa of adrena! resp ness was
sumulated by unpredictable and significant vananions encountered
1 normal subjects following ACTH ad ton In an 1
of the factors which might be responsible for this rartability control
observations were made 1 the fasting state alone conditions under
wiuch this test 25 carried out omutting however, the adminstration
of ACTH

v
hus sy s Sriams o e e e Jobm B vite of she A LA el n

B wish to acknowledge the techmcal assstance of Connie Sonn Lucille Davis and Olge
Rochovansky N
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day 25 mg of ACTH were admmmstered with a 90% increase in the
ratio and a 57% drop 1n eosinophils It was evident that the fasung
procedure utilized mn this test produced per se an clevation 1n the
uric acid-creatimne ratio 1n this normal subject of the same order of
magnitude as that following ACTH administration

‘The next two fasting experiments which were carrzed out 10 days
later showed a much higher basal uric acid-creatinine ratio and
hardly any rise in the 9 am to 12 noon specimen Inspection of the
data suggested the possibility that the variations mn the ratios might
be related to the level of uric acid excretion dunng the control pe
nied We therefore modified the basal level of the uric acid excretion
by varying the purine intake of this subject

In the last experiment the control subject took 2 hgh purine
meals consisting of about 200 grams of sweetbread for lunch and sar
dines for supper on the day preceding the test This resulted 1 a
high basal excretion of uric acid and a total absence of any rise 1n
the ratio following ACTH despite the fact eostnophils fell to the
same extent as i the previous ACTH test

Figure 2 shows similar observations in other normal controls The

Uric Acid/Creatimne Rauo in Normal Controls
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12 A ® fast
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e e Acm . 0 J%TH Acm * e ACTH
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Fic 2



214 SECOND CLINIGCAL ACTH CONFERENCE

In all about 70 tests were carried out mn the fasting state alone
and folfowing ACTH 1n 7 normals 4 Addisonians and 5 patents
with miscellaneous discases Representattve data are presented which
bear on the problem of the variability of the uric 2aid creatimne ra
t10s observed

In Figure 1 are shown the uric acid creatinine ratios and the eo
sinophil counts 1n one normal control under various condittons The
open columns represent the ratio 1n the 6 to 8 am spectmen the

ILY Age22 @ Normel Control
® Fast High purine diet
L,
08,
06
04
02
00
L] . Acfn-x L3 . AchH
fococd ,p0% +B0%  +90%  +23%  + 2%+ 2%
Eosinos - 13% - 4% -3T% -31% +25% -51%

Fic 1 Unc aad creatiine ratios 1n one normal control

solid blocks the ratto i the 9 am to 12 noon specimen The first
row of figures shows the percent increase in the ratio below which
1s gaven the percent drop 1 eosinophils ‘The circles represent tests
carried out with fasung alone In the first experiment no ACTH was
gven the control specrmen was collected from 6 to 8am and blood
then drawn for eosinophil count Another specimen was collected
from92m to 12 noon followed by a second eosinophil count There
was 2 240% increase 1n the uric acid-creatine ratio but only a small
drop1n eostnophils The next experiment was carried out on another
day under the same conditions there was an 80% increase in the
ratio and agan only a small change n eosinophils The following
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ease In 3 of these patients ACTH as well as fasting 1lone failed
to elevate the unc aad-creatinine ritio sigmficantly However 1n one
patient 1n the lower nght corner fasung resulted i 1 105% rise 1n
the ratio nd the adminustration of ACTH 1 a 52% nise There was
no appreciable drop in eosinophuls in any case

Another observation was that 1n a very lugh percentage of normal
controls as well 15 Add the ad ration of ACTH as well
as fasting alone was followed by an ncrease 1n uninary pH (Fig 4)

Urinary pH aftec ACTH or fasting

60’-

5

70~

N
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A /1
sol- Raa
e "
55 © ACTH
® Fasting
5055 500 ACTH 900 oo
Control period Period of fast or ACTH

Fic 4

1t has been shown that the urnary excretion of ctric acid 1s a func
tion of the urninary pH ncreasing as the pH rises and dimimishing
with a fall in urinary pH **

These findings prompted a study of the citric acid creatimine ratio
following fasting with or without ACT'H with results that are shown
n Figures 5and 6

Figure 5 gives data on the same 4 normal controls It 1s apparent
that 1n addition to the effect of fasting and ACGTH on the uric acid
creatinine ratos these conditions also cause a rise 1n the ctric acd
creaumme ratio Furthermore just as with the uric acid creatinne
ratio the basal level of catric acid excretion determines the extent of
the r1se both to fasting and to ACTH Thus 1 patient M F an
ACTH response of 4-87% was reduced to +33% and a fasting re
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relationship 15 evident between the level of the basal excretion of
uric 1c1d and the subsequent rise n the ratio following ether fasting
or ACTH Thus with patient M F an ACGTH response of 85% 1
the ratto w1s reduced to 4-35% when the basal urc acid excretion
w1s elevated by a high purine diet as in the tests marked with the
solid triangle A --45% 1increase mn the uric acd ratio on fasting
alone with 1 low basal uric acid output was converted to a depres
s1on of 129, when the basal uric output was elevated Similar findings
were obtuned 1n the other cases shown 1n this shide both wath respect
to the response to fasting alone 1s well as to ACTH

It 15 apparent that the basal uric acid creatimine ratio which s
fluenced chiefly 1f not entrely by the uric acid excretson nasmuch
as urinary creatinine 15 quite constant from pertod to period 15 2n
important determinant of the response not only to fasung but to
ACTH as well Secondly the response to fasting per se may constiute
a considerable portion of the response made to the administration of
ACTH and thirdly the influence of the basal uric acid excretion
may be sufficient to reduce the ACTH response 1n normal subjects
to the range regarded as indicative of adrenal unresponsiieness

In Figure 3 are shown the data in 4 pauents with Addison's dis

Uric Acid /Creatinmine Ratio in Addisomans
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shows the nfluence of the basal excretion Jevel on the subsequent
response Thus with ascorbic acid the rise in the ascorbic acidcreat
mne ratio seen during the first test on fasting alone failed to occur
on the second test when the basal ascorbic acid excretion Ievel had
nisen from 0023 to 0040 On the other hand a greater rise 1n the
creatine-creatinine ratio was seen i the second test carrzed out when
the basal ratio had fallen from 006 to 0 04

Citrie Acid /Creatinine Ratio in Addisomans

KR Age 170 PA Age 50 & ® Fast
08
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08y
. |:| [I l:l
00"
ACTH  ATTH 0 0 ACTH
49/  <Hhk  +1/ 61/ +384
Fic 6
SUMMARY

These results which relate only to the test procedure and time
1ntervals as described by Forsham Thorn and their associates may
be summanzed as follows

1 Fasting per se causes a rise of considerable magmitude 1n the
uric acid-creatinine ratio 1 normal subjects The extent of the rise
1s generally not as great as after the admimistration of ACTH but a
variable yet appreciable portion of the rise in the ratio following
ACTH can be attributed to the fasting conditions per se under which
the test 15 carried out

2 Inaddition to the unic acid other urmary constituents are ele
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sponse of --87% was reduced to +9% by higher basal citric acid ex
cretion It should also be pointed out that deviations 1n the ciric
acid creatinine ratio will occur not only on the basis of the basal atnic
acid excretion but 1n proportion to the 1ise 1n the urmary pH m the
course of the test This could be readily demonstrated 1n experiments
not shown here by the admmmstration of sodium bicarbonate at
8 1m 1 procedure which greatly enhanced the rise m citnc acd
creatinine ratio

Citpic Acid /Creatinine Ratio in Normal Controls
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Figure 6 shows the urmary citric acid-creatinine ratio 1n the 4 Ad
disommans studied As with the uric acid creatmine ratsos the 1n
creases n the citric acid creatimne ratios were of mimnor magmitude
with the exception of subject P R who also showed a greater 1
crease 1n uric acid-creatinine ratios than s considered typical of Ad
dison s disease

Figure 7 mncludes data 1n one normal control not only with re
spect to urc acid and ctric acd but also ascorbic acid and creatine
which we have also found will change 1n their ratios to creatinine fol
Jowing fasting and ACTH A iery considerable portion of the nise
1n the ratios of these latter urinary constrtuents after ACTH can also
be attributed to fasting per se Inspection of the fasting data likewise



URIC AGID CREATININE RATIO 281

6 These observations are pertinent to the interpretation of the
uric acid-creatinine ratio as 3 measure of adrenal responsiveness
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DISCUSSION

DR GREGORY PINGUS | would like to comment on the reverse exper1
ment which has been done with rats in our laboratory by Dr Ro
manoff He studied allantoin excretion 1n adrenalectomized rats and
what he found was a reduced excretion of allantoin 1n adrenalecto
muzed amimals but when an allantoin tolerance test was undertaken
the rate of excretion of allanton was not sigmificantly different from
that of normal ammals

In other words there was no renal threshold effect and therefore
Iwonder 1f what Dr Taussky 1s talking about 1n the case of the fasted
individuals 1s essentially a secretion of adrenal steroid which caused
the uric acid effect observed

DR yack METCOFF I would like to congratulate Dr Taussky Dr
Swan and Dr Shorr on what scems to me to be a most mteresting
paper 1n terms of mechanisms
I have only two questions no cases to present The questions are
these
Furst was Dr Taussky measuring total chromogens in terms of
creatinine as the Taussky method does and second did she happen
to do simultaneous endogenous creatinine clearances?

DR HERTHA H TAUssKY I only want to re emphasize the fact that 1f
a normal subject raises his basal uric acid excretion by two high
purine meals the preceding day 1t 1s easily possible for the test to
give results which would conventionally be interpreted as mdicating
adrenal unresponsiveness This potenual error should be borne u‘:
mnd when using the uric acid creatinine ratio as a diagnostic index
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vated by AGTH and by fasung alone These include citric acd as
corbic acid and creatine There 15 uniformly as well a considerable
r1se 1 urnary pH

3 In Addsson s disease the response on the part of these urinary
constituents to fasung and to ACTH 1s reduced Whenever ACTH
fatled to elevate the uric acid creatinme ratto significantly fastng
also failed to do so

4 The extent of the increase 1n the uric 1cxd creatmine ratio fol
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lowing fasting or ACTH appears to be dependent upon the level of
uric acid excretion during the control pertod When this 15 low the
elevation of the ratio with both fasting alone and ACTH 1s accen
tuated When this 1s ugh the ratio 1s elevated to a lesser degree or
not at all This phenomenon may provide an explanation for the
variability 1n the response of the uric acid creatinine ratto from ume
10 me 1n the same patient following ACTH and fasting

5 The concurrent changes in aitric acid ascorbic acid and cr:;
tine excretron which accompany the rise 1n uric acid after ACTl

est a renal mechamsm for the effect not only of ACTH but also
51Eg{gstm in the direction of an inhibrtion of tubular resorption of
?mca amdgand the other urinary constituents studred
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after mjection of 25 mg of ACTH Armour standard) correspond to
the conditions of Thorn s test of the eosinopenic response to ACTH *

Two cc of atrated plasma were dialysed for 48 hours aganst 500
cc of a veronal citrate buffer of pH 8 6 10mic strength p =01 The
dialysed plasma was then diluted with 0 55 cc of distalled water and
made up to 70 cc with the above mentioned buffer The electro
phoresis was done 1n 1n electric field of 8 80 Volt/cm at 0° C for 80
minutes The 1ddition of distilled water to the diluted and dialysed
plasma reduced the usual salt 1nomalies to such an extent that the
ascending boundartes which are known to give a better resolution
can be used for the analyss of the protein patterns Indeed under
the cond1tions described above (simular to those of Longsworth® and
Wiedemann®) the relatnve amounts of the protemns as well as therr
mobilities are identical n the ascending and descendmg boundarzes
The Longsworth screening method with two scanning knife edges
(Perhin Elmer apparatus) was used and the patterns were evaluated
according to the method of Tiselius and habat ¢

RESULTS

In the plasma of 7 out of the 45 patients more or less strrking
changes mn the gglobulin content occurred These observations
which are 1llustrated m Figs 1-5 may be classified 1nto two different
phenomena These occurred 1n succession 1n one and the same pa
tient

1 The g globulin decreased during ACTH therapy m 6 of these
pattents(C B GB HC D B R $ andE R) I'hus was the most
stnihing 1n a case of cancer of the sigmoid (C B Fig 1) and also
marked 1n a case of sarcoma of the kidney (D B) The latter observa
tron 15 1llustrated by the electrophoreuc patterns shown in Fig 2 In
both nstances these decreases occurred during the four hours follow
g the mjection of 25 mg of ACTH Armour

2 A marked increase 1n the g globulin content occurred after ces
sation of ACTH therapy n 5 pauents(R S ER J M H C and
D B) with the following diagnoses rheumatoid arthritis (Still s dis
ease) m a boy of 7 years (R § Fig 8) Marie Strumpell s disease 1n a
young woman of 30 (E R Fig 4) multiple myeloma 1 a man of 48
(J M) and diabetes and cerebrovascular acaident 1 a man of 57
(H C) In the fifth case 2 man of 50 with sarcoma of the lidney
(D B) 1t was not established whether the increase occurred actually
after cessation of ACTH therapy

‘Whale the fall 1n the 8 globulin content occurring during ACTH
therapy was rapid 1€ within four hours after 2 single dose of 25 mg
the r1se of g globulin developed more slowly n one case during ta
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Peter Bernfeld Charles D Bonner and F Homburger

CANCER RESEARCH AND CANCER CONTROL UNIT AND JEWISH MEMORIAL
HOSPITAL TUFTS COLLEGE MEDICAL SCHOOL, BOSTON

In the course of electrophoretic studies on the distribution of
plasma proteins 1n patients recetving ACTH we have observed sig
nificant changes mn the g globulin content These observations are of
mterest because 1t 1s generally beheved that ACTH has the effect
of altering especially the y globulin

METHODS AND PATIENTS

Electrophoretic analyses of plasma were done at varymg ume 1n
tervals before during and after admimstration of AGTH (Armour
Searle and Wilson)

Some 300 experiments were done on repeated samples taken from
45 patients These patients suffered from the following diseases can
cer (17) mncluding synovioma multiple myeloma and lymphoblas
toma rheumatoid diseases (14) including one case of Marre Strum
pells disease and one of Still s disease asthma (1) diabetes (1) and
sk diseases (3), namely pemphigus exfoliative and seborrheic der
matitis There were 5 cases of cerebrovascular acadent one myas
thenia gravis complicated by rheumatoid arthritis and acquired he
molytc jaundice one fractured hp and one case of infectious
mononucleosis and unspecific carditis

These pauents 24 women and 21 men ranged 1n age from 7 to 94
years The dosage of ACTH ranged for a single dose of 25 mg to 2
total amount of 20 Gm of ACTH given durng one year

Whenever possible the blood specimens were taken 1 the fasting
state ‘The specimens for the short tests (taken before and four hours

. tudy was aded by the grants from the Amenan Cancer Soaety Inc.
New '{2:; Szndylh: Damon Runyon Memonal Fund for Cancer Researe

+The 'ACTH used 1n_this work was provided by the Armour Laboratories and 1n
rchased wih funds vecerved from the United States Public Health Service ha
Cancer Institute Bethesda Maryland Some ACTH was obtained through the
the Wailson Laboratories Chicago Ilhnois
282
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In 4 of these 7 patients both phenomena (g globufin increase and
Bglobulin decrease) occurred successively In all these instances the
decrease took place duning therapy the sncrease following therapy
Inonesingle case (H C) the a-globulin content increased during
ACTH therapy followed by a return to normal after therapy

—— — o~ - —— ey

£y

Hy |am
\

‘. PM

Fic 2 D B Neurogenic sarcoma of hidney man aged 50 Ascending
boundaries before and four hours after test dose of 2o mg ACTH Ar
mour From left to nght the peaks represent albumin o, e, q
Bglobulin fibrinogen and y-globulin

whereas the distribution of the other proteins did not vary in these
7 patients

In the remaining 38 patients no major changes 1n the plasma pro-
temn content were encountered with the exception of one single case
(pemphugus) * where the yglobulin decreased during ACTH therapy
and then increased to pre therapy level when AGTH admimistration
was interrupted This effect however was less marked than the
changes of gglobulin reported A lack of a change 1n the y globulin
content 15 particularly conspicuous in the case of muluple myeloma
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RELATIVE AMOUNTS
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Fic 1 C B Cancer of sigmoid man aged 60 Proteins expressed 1n relative
amounts One test dose of 25 mg ACTH Armour

pening off the dosage of ACTH (J M) orin general after ccssau:n
of therapy In one case the peal of B globulin was reached on the
75th day after therapy was discontinued (R S) In two cases “hfre
the study was contintted long enough the abnormally high g globu Isn
levels returned to normal without chnical changes or therapy (R s
and E R) The successive electrophoretic patterns obtamned in R

are shownm Fig 5
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ests 15 particularly attractive because 1t has been shown that serum
Bglobulin mn the rabbit may ncrease with cholesterol feeding *
Whle the effects of ACTH on the distribution of plasma proteins
are usually quoted as concerning the y globulins such a change was
observed 1 only one single case i 45 patients Even in the patients
with as much as 209, of yglobuhn this high content was not de
pressed by ACTH therapy We can not explan the absence of changes

raorem
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Fic 4 E R Mane Strumpell s disease woman aged 30 Proteins ex
pressed sn mg per ml plasma Furst course 200 mg ACTH Searle Second
course 160 mg ACTH Armour per day for 16 days Lot No H 7811

m the y globulin content of the plasma of most of our pauents nor
do we know why the changes 1n g globulin content occurred wn only
15% of the cases

SUMMAPY

L Marked decreases of plasma gglobulin occurred wn patients
dunng admimstration of ACTH

2 Marled ncreases of plasma g globulin occurred after cessation
of ACTH therapy
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(J M) where noticeable increase of g globulin 15 not accompanted
by any definite change in the y globulin boundary as well as m other
patients with high y globulin content

GENERAL DISCUSSION

The data show that there are actual increases and decreases in the
amount of airculating g globulin associrted with the admmnstration

— "
.
[T—
]

e

Fic 3 R S Sulls disease boy of 7 years Protems expressed in mg
per ml plasma Recerved 60 mg ACTH Armour per day for 14 days Lot

Ne H 7511

and discontinuance of ACTH There was no evidence indicating any
relationship of these changes to a disease state Furthermore they do
not parallel any chinical phenomena occurring in these pzmen;s
There 15 also no appirent relationship of such changes to the bran
e of ACTH gtven

tot ?: ?soz:(‘nicenable xha% the decrease of g-globulin under ACTH
therapy and 1ts slow 1ncrease thereafter may be in some way con

ted with lipid metabolism since 1t 1s known that a high propor
:llf)cn of lipoprotemns is present 11 the g globulin group This hypoth
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6 Fishberg A M L Friedfeld | Hoffman E R Stollerand E H
Fishberg Proc Soc Exper Biol & Med 75 301 1950

DISCUSSION

DR S HOWARD ARMSTRONG JR The diagrams in the paper under dis
cussion are techmcally excellent and I have no question about the
actnal changes shown I do have some question it mind as to ther
significance i terms of the hpid and protemn components which
move 1 electrophoretic diagrams with the mobilities of alpha and
beta globulins

‘The mnterpretation of electrophoretic diagrams with respect to
these globulins 15 a very difficult matter Thus we know that 1n cer
tain sera of the nephrotic syndrome which ean be shown to have
large quantities of materials which have particle size charactenistic
of g lipoproteins by osmotic pressure and ultracentrifugal measure
ments there 15 a great increase 1n the « peak With mmprovement of
the nephrotic syndrome as the amount of 8 hpoproteins appears to
decrease by methods other than electrophorests a relative increase
can occastonally be shown by electrophoresis

On the basis of experience of this kind 1n putting together electro
phoretic data with data from other methods n protein characteriza
tion Iam puzzled as to the meaning of the changes shown

In this connection 1t may be of interest that with some of the very
first ACTH which we had in Dr Thorn s clinic three years ago we
did acute experiments on the effect of ACTH on the electrophoretic
schhieren diagram without noting any significant changes and for
thus reason did not publish our work Of course the work of the paper
Just presented represents much longer term observations

DR PETER BERNFELD The vanations of g globulin content were the
same whether measured in the ascending or in the descending bound
anies and were independent of the usual plasma g globulin anomaly
of the descending boundary The changes in the g globulin content
observed by electrophoresis are 1 by corresponding alter
ations 1n the total plasma nitrogen (I\]eldahl) ‘The changes obsened
must therefore be considered to be real ones We did not carry out
any salt fractionations on these plasma samples
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Fi6 5 R 5 Refer to Fig 3 Electrophoretic patterns ascending boundaries
on dates indicated Note ACTH medication from 12 5 49 to 12 16 49

3 Only 159 of the patients show these changes which sometzmes
occur successtvely 1n one and the same patient

4 No relationship 15 evident between the changes n the plasma
protein distribution and the panent s disease
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the average daily renal excretion of purines in the five dogs during
the control period The excretion of total purine mitrogen (sum of
allanton mitrogen and uric acid mitrogen) per hilogram of body
weight was approximately the same for all dogs regardless of breed or
weight The excretion of uric acid per kilogram was nme times
greater 1n the Dalmatian than m the mongrel dogs On the other
hand the allanton excretion per hilogram was three times greater
1n the mongrels

345 mg of ACTH per day were administered to all dogs for pe
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Fic 1 Effect of ACTH on plasma allantoin and on renal excretion of
total purine nitrogen uric aad and allantoin

r1ods of 4-6 days Figure 1 shows the effect of ACTH on the renal
excretion of purines in Dalmatian 1 There was a sigmificant increase
n excretion of uric acid during the period of administration of
ACTH The greatest increase 1n excretion of allantoin occurred dur
ng the recovery period There was an appreciable increase 1n total
purine nitrogen excretion

Similar data were obtamed for the second Dalmatian In this dog
the quantitative response to AGTH 1n renal excretion of purines was
less intense During the first day of ACTH there was a marked fall in
the concentration of plasma uric acid The increased renal excretion
of uric acid on that day may therefore be ttributed to mcreased renal
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ACTH-Induced Changes in Purine and Carbohydrate Me
tabolism 1n Dalmatian and Mongrel Dogs

Stefan S Fajans,* Jerome W Conn, Doris V Johnson and
A A Chnsiman
UNIVERSITY OF MICHIGAN MEDICAL SCHOOL ANN ARBOR

A relationship between ACTH 1nduced diabetes in man and
the assocrated changes in purme metabolism has been postulated Ti
has been reported by others that carbohydrate metabolism m mon
grel dogs 1s not affected by large doses of AGTH Because of the rec
ogmized differences in purine metabolism between pure bred Dalma
tian and mongrel dogs a comparative study was made of the effects
of ACTH upon both purme and carbohydrate metabolism 1n the two
strains

Two Dalmattan and three mongrel dogs were used Table I shows

Table I

ReNAL EXCRETION OF ALLANTOIN AND URric Acip anD oF ToTAL
PYRINE NITROGEN PER RILOGRAM OF Bopy WEIGHT
(Averages for Control Periods)

Total Purine
Wesght Allantosn Unic Aad Nitrogen®
Dog ke mg/day/kg mg/day/kg mg/day/kg
Dalmatizn
No 1 191 159 330 165
No 2 198 182 362 188
Average 174 346 177
Mongrel e
5 16 562 41 2
N3 113 542 24 202
No 7 203 470 52 185
Average 525 39 200

« Sum of allantoin mtrogen and unc acid mitrogen

—emarch Fellow in Medicane of the Amenican College of Physicians 1949-1950
200
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the average daily renal excretion of purines in the five dogs during
the control period The excretion of total purine nitrogen (sum of
allantoin mitrogen and uric acid mitrogen) per lilogram of body
weight was approximately the same for all dogs regardless of breed or
wesght The excretion of uric acid per hilogram was nine times
greater 1n the Dalmatian than 1n the mongrel dogs On the other
hand the allantoin excretion per hilogram was three times greater
i the mongrels

345 mg of ACTH per day were adminsstered to all dogs for pe
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Fic 1 Effect of ACTH on plasma allantoin and on renal excretion of
total purine nitrogen uric aad and allantomn

riods of 4-6 days Figure I shows the effect of ACTH on the renal
excretion of purines m Dalmatian 1 ‘There was a sigmficant increase
m excretion of uric acid during the period of admnistration of
ACTH The greatest increase 1n excretion of allantoin occurred dur
ing the recovery pertod There was an appreciable increase in total
purine nitrogen excretion

Similar data were obtained for the second Dalmatian In this dog
the quantitative response to ACTH 1n renal excretion of purines was
less intense During the first day of ACTH there was a marked fall in
the concentration of plasma uric acid The mcreased renal excretron
of uric acid on that day may therefore be attributed to increased renal
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clearance On the following days there was a r1se 1n the concentration
of plasma unicacid particularly during the last day of ACTH admin
tstration. Since renal excretion of uric acid and total punne mtrogen
remamned elevated an increase in uric acid production must have
t1ken place An increase mn allantoin excretion did not occur until
the recovery period

Tgure 2 demonstrates the results obtained with mongrel dog 5
It can be seen that the r1se in excretion of total purine mtrogen was

20
PLASMA ALLANTOIN 18 [’

M06./100cc
10
1000
000
unmu‘t‘kummom 800
700
600
URINARY URIC ACID oo
MG /DAY ’: """
400
URINARY
TOTAL PURINE 300 7
B el 77 T
REE NN ot 1 i =
DAYS 112(3

Alslsfi1]2
ACTH MG |_CONTROL paspathaspahashy § RECOVERY

» FOOD INTAKE INCOMPLETE

Fic 2 Effect of ACTH on plasma allantomn and on renal excretion of
total punine nitrogen uric aaid and 2llantoin

principally due to the rise 1n allantoin excretion With ACTH ad
mmistration the plasma allantom level first decreased then rose st
multaneously with the wcrease 1n excretion of allantomn Both re
mained elevated during part of the recovery pertod It can be as
sumed that increased production of allantoin must have been present
dunng both the AGTH and recovery pertods The 1ncrease i unc
acid excretion was not great and was present only during ACTH ad
tration
mmllrsn mongre! dog 3 the plasma concentration of allantomn did not
exceed control levels until the recovery pertod It reached a maxi
mum on the fourth recovery day the day of maxtmal renal excretron
of allantomn This 15 evidence for increased production of allantomn
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during the recovery pertod The elevated plasma concentration and
urmary excretion of allantoin persisted through the fifteenth recov
ery day The concentrition of uric acid 1n the plasma remamned un
changed

The results obtained with mongrel dog 7 during and following
ACTH administration were sumilar to those mn mongrel 3 In mon
grel 7 the increased production of allanton during the recovery pe
niod persisted for at least nine days

‘There was a decrease 1n the uricolyuc mdex of all dogs during
ACTH admimistration  This suggests that ACTH either depressed
the uricase enzyme system or altered the manner :n which the kidney
regulates excretion of etther or both of the purine end products

Table 11

Ruse IN ReNAL EXCRETION OF ALLANTOIN AND URIC ACID AND oF ToTaL Purivg
Nrrrocen Durmvg ApsmastRaTion oF ACTH (345 10/pay) Errecr o
ACTH on Grucose TOLERANCE

Risen
Risen Risein  Total Punne  Effect on
ACTH  Allantan  Unc And  Mulrogen® Glucose

Dog m. kg mg/day/k, mg/day/kg mg/day/k, Tolerance
Dalmatian

No 1 181 16 165 63 +4+++

No 2 176 ~18 17 32 +4++
Mongrels

No 5 300 160 35 70 [

No 3 305 90 70 56 +44

No 7 170 60 82 50 +

Sum of allantomn mtrogen and unc acid mtrogen

Following AC I'H adminustration glucose tolcrance tests were per
formed 1n all dogs Table II shows a rough correlation between the
mcrease i uric acid excretion produced by AGTH and changes in
carbohydrate metabolism ‘The greatest loss of glucose tolerance oc
curred 1n Dalmatian 1 (Figure 3) which also had the greatest increase
m excretion of uric acid per kilogram of body weight Dalmatian 2
which had a rise 1n purine mitroen hittle more than half that of the
other dogs had the second highest increase 1n excretion of uri acid
Per kilogram A moderately severe loss of glucose tolerance was seen
n this dog No change in carbohydrate tolerance was seen 1n mon
grel 5 (Figure 4) which had the smallest rise in the excretion of uric
acid per kilogram of all dogs although 1t had the greatest increase 1n
excretion of total purine rutrogen In mongrels 3 and 7 1n which the
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Fic 3 Effect of ACTH upon glucose tolerance Dalmattan 1
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Fic 4 Effect of ACTH upon glucose tolerance Mongrel Dog 5

increases 1 uric acid excretion were twice that of mongrel 5 a moder
ately severe plateau type of curve was seen m one and a very nuld 1m
parrment of glucose tolerance in the other Although the number of
animals used does not allow a defimite conclusion there appears to be
a relation between the diabetic response and the mncrease of urinary
uric acid excretion per kilogram of body weight

Negative nitrogen balance and ncreased renal excretion of 11
oxysteroids and 17 ketosteroids occurred during AGTH admunistr2
tion 1n both breeds There was no correlation between the percentage
nse of 11 oxysterord  excretion of the dogs and the data previously
discussed

A lowenng of blood glutathione was observed only mn Dalma

tian 1
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SUMDMARY

Two Dalmatian and three mongrel dogs were given 345 mg of
AGTH per day for periods of four to six days The more sigmficant
observations were as follows

1 The excreuon of total purine mitrogen was increased by an
average of 25% n both stramns Urnic acid constituted the major 1n
crement 1n the Dalmatians while 1t was predominantly allantoin
which increased 1n the mongrels Elevated allantomn excretion per
sisted 1n the recovery periods for as long as 15 days

2 Increased production as well as increased clearance accounted
for the mcrement 1n renal excretion of puries

3 Both groups exhibited negative nitrogen balance and increased
excreton of 11 oxysteroids and 17 ketosteroids

4 Typical diabetic glucose tolerance curves were obtamned with
both Dalmatians and one mongrel dog A second mongrel exhibited
a very mild decrease 1n carbohydrate tolerance while a third showed
no change

5 There appears to be a relationship between the diabetic re
sponse and the increase of urinary uric acid excretion per kilogram of
bodv weight

These observations suggest that the differences 1n susceptibility
of dogs to the diabetogenic effects of ACTH are related to individual
varations n the response of punine metabelism to ACTH

DISCUSSION

DR joserR j sunin (Bellevue Hospital and New York Unversity
College of Medicine New York) Dr Bien and Dr Troll working
with our group at the New York University College of Medicine ob
served that a grven amount of uric acid wall reduce arsenophospho
tungstic acid 1n the presence of glucose to a greater extent than 1n the
absence of glucose Ths introduces a considerable error when solu
tions analyzed for uric acid contain glucose This error increases as
the amount of glucose increases 5o that a urine specimen contaiming
for example 4 59 of glucose will introduce an error as great at 50%
1 the unc acid value as determined by the Folin method

Dr Milton I evy observed many years ago that if a borate buffer
1s mtroduced 1t will bind the glucose and prevent the reduction of
arsenophosphotungstic acid In the uricase method a borate buffer 15
used but 15 routinely omuitted from the blank If this precaution
should not be followed an error would result even when the uricase
method 1s used
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This observation was made while studying a case of rheumatord
arthritis 1 a child of ten 1n whom diabetes was mduced by cortisone
The data which are pertinent to the subject of ACTH Induced
Changes 1 Carbohydrate Metabolism will be presented

This child had a normal glucose tolerance test before the admin
istration of cortisone There 1s no history of diabetes in the family
After recerving 100 mg of cortisone daily for four days she developed
severe glycosuria and mild hyperglycermia The glucose tolerance test
done on the sixteenth day of cortisone therapy 1s shown m Figure 5

1st Course 2nd Course .
of Cortisgne Therapy of Cortisone Theropy

0 ———
o % i 2 3 4 [4 1 3 4
Hours Hours
@~ 16th_day on Cortisone (total 49th doy on Cortisone ({fofal

of 1275 mgm. administered ) ®of 2090 mgm. cdminstered)
® 22nd day after Corhisone (B)-29th day after Cortisone
wos discontinued wos discontinued.

*0ne course of ACTH wos glven between Ist and 2nd course of Cortisone

Fic 5 Effect of cortisone on glucose tolerance

(left) It will be seen that 2 peak of 365 mgs % was reached At that
time she was excreting about 90 grams of glucose a day on 4 G 250
diet Three weeks after cortisone was discontmued the glucose toler
ance curve returned to normal However when the patient was given
the second course of cortisone (Figure 5 night) abnormal glucose tol
erance again developed This time normal tolerance was not recov
ered until four weeks after cortisone was discontmued

(Figure 6) To date this child has been given cortisone over a pe
110d of sixteen months By reducing dosage marked clinical improve

ment was sustained without sertous imparment in carbohydrate me

tabolism
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DOCA was adminustered to determine whether 1t would antage
wize the duabetogemc effect of cortisone It did not Later insulin was
admimistered and 1t was observed that the child was not resistant to
msulin since the urine was free of sugar when 50 unuts of crystalline
insulin 10 three divided doses were given during the day

Another point of mtevest 1s that during the night from 8 pm to
8am she excreted about 40% of the sugar excreted n the entire 24
hour period The blank portion of the columns after April 13th ind1
cates sugar excreted during the might and the sohid area shows the
day urine The fasting blood sugar in the morming was about 80
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Fic 6 Rheumatoud arthritis

mgs % which Jeads us to suspect that there may have been a tendency
toward renal glycosuna as well as diabetes mellitus Renal diabetes
induced by ACTH has been reported by hass Ingbar and T'imland

After our patient had been treated with cortisone for twelve
months a four hour test of 25 mgs of ACTH produced a satisfactory
eosinopema of 75%

DR wiLLIAM @ woLFson Figure 7 15 concerned with the effect of
ACTH upon the rate of urate production n man Recent ssotope
studies have shown urate t0 be a true end product of nucleoprotein
metabolism mn man Apart from the [0% to 20% whuch has long been
known to be lost 1nto the Lut as an entero hepatic component of urate
excretion all of the urate formed 15 excreted into the unne {These
figures apply only 1f renal function 1s normal with impaired renal
function the entero hepatic component 15 much larger ) In the study
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Fic 7 The scale for urne urate 1s given ncorrectly values should be
multiphed by 100

shown 1 Figure 1 daily urate excretion ncreased from an average

of about 550 to about 800 mg /day during the administration of
ACTH although plasma urate level did not change appreciably Since
even diversion of the entire entero hepatic component of urate €x
cretion to the renal pathway could not have produced such an mn
crease 1t 1s apparent that AGTH increased the rate of urate produc
tion here as . Dr Fajan s dogs From these results recent studies
suggesting that AGTH acts selely by increasing urate clearance 1mn
man appear to give an incomplete picture

With mcreasing evidence that an mcreased rate of urate pmduli1
tion 1s characteristic of gout one may ask why gout attachs shou
wield dramatically to an agent which 1ncreases urate production
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There are several possible wnswers to this question of winch the most
plaustble ss the old 1dea that the symptoms of gout are due not to
mereased urate production but to fulure to dispose of some urate
precursor sufficsently tapidly Acute gonty arthritts 1o our knowl
edge has never been precipitated by injectsng urate but has on a few
accastons foljowed adminsstration of ademne or adenosme In last
years Conference we attempted to mndicate that ACTH even m
farge doses modifies the disturbed punmne metabolism m gout but
does not mduce normat purine metabolism

Figure 8 1s 1 preliminary attempt to explore the renal mechanism
by winch the mcreased urate excretion of the Dalmatian 1s accom
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plistied Tor thus purpose Drs Fajans Conn and Johnson hase hindly
permtted recalculation of data obtained during therr study on Dal
matian 1T Using allantoin clearance to estimate glomerular filtration
rate these data confirm the reported tubular secretion of urate by the
Dalmatian hidney

ACTH 1nduced a marked mcrease 1n both the glomerular and
tubular clearances of urate An apparent sudden nterruption of
bular urate secretion which occurred on the final day of ACTH ad
munistraton and the first post ACTH day may be a laboratory artt
fact dependent on a single high plasma urate value which could not
be cheched because of a small sample or 1t may indicate tubular 1
jury due to excesstve amounts of corticord

When ACTH was withdrawn there was a marked time differ
entral between glomerular and tubular components 1n their returt
to baseline values Glomerular urate clearance decreased rather
promptly while tubular urate clearance continued to be elevated by
some days after ACTH was withdrawn Although Further studues are
necessry to clarify the details of these changes these suggest that
ACTH profoundly modifies the tubular transfer of urate in the Dal
matian dogs

In view of Dr Bumm s comment I should add that the amounts
of glucose excreted in the studies summarized 1n Figures 7 and 8 wer¢
unmmportant so far as any possible effect on urate values 1s concerned

DR STEFAN § FAJANs In reference to Dr Bumim s remarks I would
like to mention that we have employed the modification of Bien and
Troll 1n our determinations of urinary uric acid
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CARBOHYDRATE AND FAT METABOLISM

30
The Effect of ACTH on Glucose and Ketone Production in
Phlondzinized Rats*+

Albert Segaloff and Anne S Many

TULANE UNIVERSITY SCHOOL OF MEDICINE AND ENDOCRINE RESEARCH LABORATORIES
OF THE ALTON OCHSNER MEDICAL FOUNDATION NEW ORLEANS

‘The glucoside phloridan has long been recogmized as an
agent which will lower the renal threshold for glucose Therefore
within limuts glucose and nitrogen excretion m animals given phlo
ndzin can be employed as an index of the capacity of such ammals
for gluconeogenesis Accordingly studies were undertahen for the
standardization of the response of rats to phlondzin with a view to
using this as a tool for the study of the effect of ACTH and adrenal
sterords on gluconeogenesis

MATERIAL AND METHODS

The amimals employed 1n this study were all young mature male
Tats of the inbred Fischer strain bred in our own laboratories After
ntact animals had fasted for 24 hours they were mjected with an
aqueous suspension of ACTH (6 amimals for each dose) 1 cc of
sesame o11 and 50 mg phlonidzin suspended 1t 1 cc of olive o1l (In

This study + as made possible by grants from Ayerst Mchenna and Harmson Ltd
the \ational Cancer Insutute of the Nauonal Institutes of Health the Damon Runyon
Mernorial Fund and the American Cancer Society

+We vould Tke to thank Dr E E Hays of Armour and Company for ACTH
Dr F C Reifenstein Jr of Ayerst Mchenna and Hamson Ltd for phlondzn and
Dr H I Mason of the \iayo Foundation Dr W ] Ha nes of The Upjohn Company
Dr E O of Ciba Products Inc Dr G P ncus of the
Worcester Foundation for Experimental Biology Dr P L Juhan of The Glidden Com
Pany and Dr J M Carl sle of Merck and Company Inc for supplies of steroids
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the adrenilectomized amimals the sesame o1l was the vehicle for the
steroids ) The animals were then placed n ndividual metabolic
cages and urine was collected under mineral ol with sodium fluoride
as a preservative Six hours later the animals were given the second
mjection of ACTH Fasting and urine collection were continued
until 24 hours after the mal njection A group of 12 control ant
mals recerved 1dentical treatment except for ACTH mjections

Another group of animals was rdrenalectomized three days later
after fasting for 24 hours myjections with various sterords mn 1 ¢C of
sesame o1l (at least 6 animals for each dose) and 50 mg of phloridun
n I cc of olwve o1l were given Fasting was contmued and urme col
lected as mn the previous group

Glucose concentration was deterrmined by Benedict s quantitative
method * mitrogen by semr micro hjeldahl analysis and acetone by
the colorimetric modification of the Van Slyke method described by
Crandall * All values for excretton of glucose nmitrogen and Letone
were calculated as mg per 100 Gm rat

RESULTS

The 12 mtact rats which were given no ACTH excreted an aver
age of 668 mg glucose 215 mg of nitrogen and 314 mg of Ketone
per 100 Gm rat

Tigure 1 compares the effects of varying amounts of ACTH ot the
phloridzimzed rats The results are represented as per cent change
from the values obtamned n the intact controls Smnll amounts of
ACTH (1 and 2 mg equvalent of Armonr standard La 1 A) pro
duced a decrease n the amount of nitrogen and glucose excreted As
the dosage of ACTH was increased the amount of nitrogen excreted
remuned small while a substntial increase 1n glycosuria was noted
The increase 1n glycosuria was accompanted by an even greater i1
crease 1n ketonuria

In a search for an explanation of these results the effect of ad
renalectomy was first studied Adrenalectomy low ered the urinary ex
cretion of ketones to such an extent that 1 none of 13 ammals was
any ketone found by our method of analysis The glucose concentra
tion dropped to 50 mg and the nitrogen to 16 6 mg per 100 Gm rat

The effects of various adrenal steroids were then studied 1 ad
renalectormzed anymals Compound A acetate Compound F and
Compound B (corucosterone) all produced simlar results Increasing
¢he amount of sterord used produced a sharp rise 1n urinary c‘(cretl‘ol;
of glucose Fven the largest doses used m this study however f::il El
to mcrease the excreton much higher than half the level attuned by
jntact untreated ammals The excretion of nitrogen rose part passu



PHLORIDZIN AND I'AT METABOLISM 303

METABOLIG STUDIES in the
PHLORIDZINIZED RAT with ACTH
300
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Fic 1

with that of glucose Of particular interest 1s the fact that with these
three compounds 1t was possible ta equal or exceed slightly the ke
tone excretion attained even by intact ammals A whole hog adrenal
extract was also studied and the excretion of glucose and nitrogen
was found to be similar to that obtained with the three previously
mentioned pure steroids hetone excretion however reached a maxa
mum at the dose equivalent to 1 mg of cortisone and decreased with
larger doses even though glucose excretion continued to rise
Cortisone acetate and desoxycorticosterone acetate gave results
which were not as good as those attained with the previously men
tioned steroids The rise 1 glucose excretion was not as steep and
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plateaned off at a level about one half that attained wath the other
steroids Only with extremely hugh doses was shight hetonursa ob
tamned

Many other steroxds were studied including Compound $ acetate
progesterone testosterone A 5 pregnenolone acetate and 21 acetosy

COMPARATIVE EFFECT of THREE STEROIDS on
ADRENALECTOMIZED PHLORIDZINIZED RATS
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pregngnolone Compound § acetate was the most effective of thus lat
ter group although none of these produced more than a slight altera
tron 1 any of the excretions studred

Tigure 2 compares the effects of three steronds corticosterone cof
tisone acetate and Compound 5 acetate each selected as representd
uve of one of the three groups mentioned above The curves for cor

ticosterone show a restoration of glucose and nitrogen excretion to
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about one balf that of mtact ansmals and a complete restoration of
ketonura Curves for Compound I Compound A acetate and hog
adrenal extract would follow a sinular pattern Cortisone acetate 3
Justrates the group of less active compounds which also mcludes de
soxycorticosterone acetvte Compound § acetate howeser was se
lected not as typical of the least actve group buz as the only com
pound m that group which produced any appreciable mcrease in the
excretion values studied It should be noted that of the entire group
of anamals treated with the compounds of this last group only one
anmimal (given 1 mg of Compaund § acetate) excreted any ketones

GENERAL DISCUSSION

From the data presented 1t appears that ACTH 1s capable of sub
stantially increasing the glycosuna m phloridzimzed mntact ras and
that thus mcrease m ghicose 15 accompamed by an imerease not m un
nary nitrogen but 1n urmary hetones Since 2 24 hour fast will deplete
the liver glycogen 1t 1s doubdful that this non nutrogenous source
could be the ongn of the carbohydrate Thus 1t seems that body fat
1s the probable source of the increased glucose The accompanying
great mcrease m urnary ketones would support this theory

The studies with Compounds A B and F further substantiate
this view since with these there also was an wmcrease 1n excretion of
glucose and nitrogen accompanied at higher dosages of steroid by a
disproporuionately great ancrense i Letones These observations
would argue n favor of a role for the adrenal steroids m the break
down of fat

The msnor differences between some of the steraid effects re
poried 1n thns paper and those obtamned by Wells and hendall*?* are
probably due to expersmental design and ammal materal

In an evatuarion of the effects of ACTH it should be realized that
the fasted intact animal grven phioridzin ss probably m an acute con
dition of stress and producing carbolydrate from nutrogenous
sources posstbly at a maximal rate Administration of small amounts
of ACTH to such an animal apparently changes the secretion pattern
of the adrenal cortex disadvantageously and produces the observed
decrease 1n glucose and nitrogen producnon Honever since the ster
oids produced under this new patiern are m 2if hhelihood those
found to have a substantsal effect on ketonuria the Letones were
creased during this same stage With further inereases m the dose of
AGTH the excretion of glicose then became greater than that ob
served i the mact amimal and was accompanted by a further increase
1 Letonuna
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SUMMARY

ACTH was given to mntact rats which were also treated wath phlo-
ridzin This led to greatly increased glycosuria unaccompanted by an
increase In urinary mtrogen but accompanied by an increase i un
nary ketones

Sirmilar studies in adrenalectomized ammals employing the van
ous active sterords from the adrenal cortex showed that with certan
of these steroids there 15 an increase 1n excretion of glucose and nitro
gen with an associated ncrease 1n ketonura

These facts are mterpreted as indicating that under the influence
of adrenal steroids erther directly or through therr mncreased produc
tion as broughte forth by ACTH the rat 1s capable of making ghicose
for energy requirements from fat as well as from protein
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DISCUSSION

DR LAURANCE W KINSELL Just a brief comment We will show n lh;
next two papers that in the human subject the admumstration 0
ACTH actually decreases the level of blood ketones

We think that whatever other comments one mught make 1t 1;
well to recall that there are multiple differences between rodents an
humans Nonetheless we will agree with Dr Segaloff 1n that we be
heve that the ewdence 1n both humans and rats 1s strongly m faor
c:feneoglucogenesxs from fat 1n response to ACTH admnistration
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DR GEORGE W THORN There has been no mention made of renal
threshold I should pomnt out that the older studies of Drs Drury
Mchay and others suggest that in the adrenalectomized amimal the
renal threshold for ketone bodies may be altered Thus one possible
mterpretation of these studies may mvolve a change wn the renal
threshold of ketone bodies

DR JEROME W CONN Ishould like to make one short comment in sup
portof Dr hansell s remark namely that there appears to be a differ
ence between man and amimals with respect to the ketogenic action
of these steroids

Many of you recall Dr Sprague s experiments with cortisone n
the Addisomian who also has diabetes He observed a prompt increase
in ketonemia and ketonuria

Our experiments with Compound B however 1n 2 similar prepa
ration Addison s disease plus diabetes fail to show any increase in
ketones while these experiments of Dr Segaloff i the rat show a
sharp mncrease 1n ketosis with Compound B

DR PETER H FORSHAM We have used patients with Addison s disease
as experimental subjects Dr L Bennett of the University of Cali
forma showed I think without much doubt that there was an 1n
crease 1n ketone bodres when such patients were given cortisone after
an mmtial fast However this mcreased hetonemra did not persist for
more than three to four days In other words at first the results agreed
with those of Dr Segaloff and ended up 1n the other camp

Our explanation was that 1f you give relatively little hormone
which Dr Segaloff did also when he started out you will imtially be
able to show an mncreased ketone body production as the liver glyco
gen 15 low but as the glycogenic effect of these adrenal agents i
creases this ketogemic effect will be blotted out

DR ALBERT SEGALOFF With reference to Dr Forshams remarks I
mught pomt out that a phlortdzinized animal 1s without a renal
threshold for glucose and cannot produce glycogen so you would ex
Ppect 1t would go along as hus patient who had no glycogen stores
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SUMMARY

ACTH was grven to ntact rats which were also treated with phlo
ridzin Thas Jed to greatly increased glycosura uniccompanted by an
increase in urinary nitrogen but iccompanied by 1n increase i un
nary ketones

Stmular studies 11 adrenalectomized Amimals employing the van
ous actve steroids from the adrenal cortex showed that with certain
of these steroids there 15 an mcrease 1n excretion of glucose and mtro-
gen with an associated increase i ketonuri

These facts are interpreted as ndicating chat under che mfluence
of adrenal steroids erther directly or through thetr creased produc
t1on as brought forth by ACTH the rat 15 capable of makng glucose
for energy requirements from fat as well as from protein
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DISCUSSION

DR LAURANCE W KINSELL Just a brief comment We will show in th;:
next two papers that 1n the human subject the admumistration o
ACTH actually decreases the level of bload Letones
We think that whatever other comments one might make 1t :15

well to recall that there are multiple differences between rodents nlr:
humans Nonetheless we will agree with Dr Segaloff 11 that we be

that the essdence 1 both humans and rass 1s strongly m favor
QI)Xfc ;n:oalucogencsxs from fat in response to ACTH admaustration
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uon of ACTH 1n a dosage of 100 mgm daily It will be noted that the
average elevation of total blood ketones 1n this group of pattents by
the end of the third day of the control fast reached a level of 27
mgm % as compared to a prefast level of Jess than 2 mgm % The
same individuals when treated with ACTH during the course of the
fast had average blood ketone levels at the end of the third day of
the fast of less than 7 mgm /100 cc of blood

TOTAL BLOGD KETOMES O TOTAL BLOGD KETONES DUNING FaST
EIGHT PLTIENTS DURING 73 AVERAGE VALUE OF THE
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Fi6 1 Individual and average blood ketong values obtained in twenty
fasting studies 1n eight representative mduviduals The broken lines rep
resent the values obtained during the control fasts the solid lines repre
sent blood ketones during fast plus ACTH administration

EFTECT OF ACTH AND OF CORTISONE UFON
TASTING INDUCED HYIERKETONEMIA
IN NON DIABETICS

In Figure 2 1s shown a senzes of five fasts 1 2 young male arthritic
pauent The findings 1n this man are characterstic of more than 909
of all patients so far studied The pertinent findings appear to be as
follows

1 During the mmnial fast there 15 a progressive rise 1n blood ke
tones (as well as i urimary hetones) a progressive fall in blood sugar
and a tendency to fall m total eosinophuls

2 In the course of the second fast during which time the patzent
recetves ACTH there 1s 2 much lesser rise 1n blood and urinary ke
tones a rise rather than a fall of blood sugar essentially complete dis
appearance of arculaung eosmophils and a shightly greater output
of urinary mitrogen
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Hormonal Regulation of Fat Metabolism | Effects of ACTH
and of Certain Steroid Hormones upon Fasting Induced
Hyperketonemia

Lourance W Kinsell, Sheldon Margen, George D Michaels and
John Pariridge

w th the technical ass stance of Gerald Liebert Carl T Anderson ond Jud th Lange

INSTITUTE FOR METABOUC RESEARCH OF THE HIGHLAND ALAMEDA COUNTY HOSPITAL
OAKLAND CALIFORNIA

Preliminary reports from thus laboratory have ndicated that
certain sterord hormones including testosterone exert a sigmficant
effect upon fat metabolism *

To further evaluate the effects of various hormonal agents upon
fat metabolism a standard fasting procedure was devised During the
period of fast (three and one half days) the individual recerves only
distilled water and any spectfic medication which 1s under evaluation
Prior to during and following the fast a large number of blood and
urinary constituents are measured at frequent wntervals For the pur
pose of this presentation emphasis will be placed only upon blood
and urinary hetones blood and urinary sugar urinary nitrogen Cir
culatng eosinophils and n some 1nstances urinary 17 Letosterords
Each individual acts as his own control that 1s to say durmng the con
trol fast the patient recerves no treatment of any sort subsequent fasts
are carried out n an 1denucal fashion excepting only that the patent
recenves a specific hormonal agent

More than fifty individuals so far have been studied mn this fash
1on In some of them as many as nine fasts have been carred out
with suitrble mtervals mtervening between fasts to enable the ind:
vidual to return to hus basal state Included among the 1ndiiduals s0
studied have been relatively normal adults patients with rheumatord
arthrius leukemia  diabetes and a considerable variety of other

normalities
mel;:al{':;,re 1 are shown the results of twenty such fasung studses
it representatine mndividuals prior to the admunis

ed out n €ig
f;xrtrllon of any therapy and then subsequently during the adminustra
308
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EFFECT OrF ACTH UPON FASTING INDUCED
HYPERRETONEMIA IN A PATIENT WITH
MILD DIABETES MELLITUS

It was anticipated that fasting would induce a greater degree of
hyperhetonema 1 a diabetic than 1n a normal individual The 1m
tial evaluation of thus hypothesis was camed out in a middle aged
male diabetic whose diabetes was not well controlled and who at the
ume of the study was receiving no msuhn The findings 1n this pa
tient are shown in Figure 3 The {ollowing dath were obtaned

1 Testosterone propionate did not sigmificantly modify the
fasting induced hyperketonemia It appeared however to sigmfi
cantly diminish the pre fasung level of blood Letones which had been
hyper normal 1n this patient

2 The admimstration of AGTH resulted in a sigmificant dimimu
tion 1 the fasung induced hvperhetonemua at the same time that
some elevation of blood sugar and some 1ncrease in urinary nitrogen
occurred

8 A fast carned out during the post testosterone rebound pe
nod resulted 1n complete suppression of hyperketonemia

EFFECT OF ACTH UPON FASTING INDUCED
HYPERKETONEMIA IN A PATIENT WITH
SEVERF DIABFTES MELLITUS

Figure 4 presents the effect of fasting and of fasting plus ACTH
upon the blood and uriary sugar and Letones 1n an individual with
moderately severe diabetes The patient 1s a young girl of 20 whose
msuhn requirement 1s approximately 80 umts per day It will be
noted that during the controf fast a major elevation of blood ketones
occurred on the third day comadent with a progressive rise 1n blood
sugar The second fast during swhich the patient received ACTH
had to be terminated on the second day because of progressive dehy
dration and acidosis The mnterpretaton of these findings will be con
sidered below

ETFECT OF ACTH UPON FASTING INDUCED
HYPERKETONEMIA IN A PATIENT WITH
INSULIN RESISTANT DIABETES

Figure 5 shows the effect of fasting and of fasting plus ACTH
upon the blood ketones of a young woman with an extremely insulin
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3 In the course of the third fast which occurs after the patient has
been on ACTH for a much longer period of ime there 1s only mm
mal elevation of blood 1nd urinry ketones 1n the course of the fast
and a shghtly greater output of urinary nitrogen In other respects
the findings 1re 1dentical with fast number two
4 Tast number four begins two days after admnustration of

PATIENT FRO DX RHEUMATOID ARTHRITIS
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Fic 2 Senal fasting studies 1n arthritic pattent Fro It will be noted
that ACTH and 11 dehydro 17 hydroxy corticosterone orally admns
tered produce 1dentical effects upon blood ketones (In a patient with
acromegaly incresed elevation of blood ketones was noted during com
pound E admimstration whereas ACTH produced 1ts usual effect}

ACTH has been stopped The findings are almost 1dentical with con
trol fast number one

5 Fast number five 15 carried out during the administration of
300 mg of cortisone daily *dministered orally The effect upon blood
Letones 15 1dentical with that noted for ACTH and the same state
ment applies to most of the other findings with the exception of blood
sugar which falls slightly instead of nising during the course of the

cortisone admimstration
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EFFECT OF ACTH UPON T'ASTING INDUCED
HYPERKRETONEMIA IN A PATIENT WITH
MILD DIABETES MELLITUS

It was anticipated that fasting would 1nduce a greater degree of
hyperketonermia 1n a diabetic than 1n a normal indnvidual The 1m
tal evaluation of this hypothesis was carned out 1n a middle aged
male diabetic whose diabetes was not well controlled and who at the
time of the study was recerning no msuhn The findings 1 this pa
tient are shown m T'igure 3 The following data were obtained

1 Testosterone propronate did not sigmficantly modify the
fasng induced hyperketonerma It appeared however to signifi
cantly duminish the pre fastng level of blood ketones which had been
hyper normal m this patient

2 The admimstration of ACTH resulted 1n a significant dinnu
tion n the fasting induced hyperketonemia at the same ume that
some elevation of blood sugar and some mcrease 1n urinary nitrogen
occurred

3 A fast carried out during the post testosterone rebound pe
miod resulted 1n complete suppression of hyperketonemia

EFFECT OF ACTH UPON FASTING INDUCED
HYPERKETONEMIA IN A PATIENT WITH
SEVERE DIABETES MELLITUS

Figure 4 presents the effect of fasting and of fasung plus ACTH
upon the blood and urinary sugar and ketones n an individual with
moderately severe diabetes The patient 1s a young girl of 20 whose
msulin requirement 1s approxmmately 80 umts per day It will be
noted that during the control fast a major elevation of blood ketones
occurred on the thurd day comncident with a progressive 11se 1 blood
sugar The second fast durnng which the patient recetved ACTH
had to be terminated on the second day because of progressive dehy
dratyon and acidosis The nterpretation of these findings will be con
sidered below

EFFECT OF ACTH UPON FASTING INDUCED
HYPERKRETONEMIA IN A PATIENT WITH
INSULIN RESISTANT DIABETES

Figure 5 shows the effect of fasting and of fasting plus ACTH
upon the blood ketones of a young woman with an extremely insulin
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resistant form of diabetes associated with hirsutism and other evi
dences of endocrine dysfunction * Thus patient on one occasion had
receved 1 excess of 20 000 wmts of snsulin in a single day without
evrdence of any effect upon her blood sugar Another 1nteresting find
mg n this girl was the observation that despite the loss of a great
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Fic 4 Effects of ACTH upon carbohydrate and ketone metabolism
asevere diabetic The hyperketonemia which occurred during AGTH ad
Mistration may be referable to vastly mcreased fat combustion as the
Tesult of inability to oxidi.c newly formed carbohydrate

amount of sugar daily i her urine and the occurrence of a fasting
blood sugar well 1n excess of 300 mgm/100 cc ketones had never
been found 1n her urine

It will be noted that during the control fast only mimmal eleva
tion of blood and urinary ketones occurred In the course of fast num
ber two during which the pauent recerved ACTH the blood and
—_—

We are indebted to Dr Myron Armck for the opportunity of studying this patient
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Fic 5 Fasting studies in a pauent with extreme nsulin resistance s
sociated with other evidence of endocrine dysfuncuon It will be noted
that relatively shght elevation of blood ketones occurred during the con
trol fast.

urinary ketones 1f anything were higher than had been the case dur
1ng the course of the mital fast The urinary mtrogen excretion was
moderately higher during the second fast and the blood sugar levels
were also slightly higher

EFFECT OF ACTH UPON FASTING INDUCED
HYPERKRETONEMIA IN AN ACTH
RESISTANT ARTHRITIC

In Figure 6 are shown the findings 1n a young male arthritic pa
tient This man failed to make an adequate clinical response to large
dosage of ACTH and after an 1l brief fall of eosinophals fatled
to mamfest any eosinopema There was however a very sigmificant
increase m adrenocortical activity in terms of a major elevation 1
unnary 17 Letosteroids It will be noted that this patient failed to
have any suppression of his fasting induced hyperketonemia durlLﬂg
ACTH admnistratton  m fact the levels of blood and urmary ke
tones durmg fast number two and number three (on ACTH) were
hgher than those noted during the control fast
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Fic 6 Lack of suppression of fastnginduced hyperketonemma by
ACTH 1n an arthntic patient who also failed to make an adequate chm
<al response to ACTH It will be noted that major elevation of urinary
17 ketosterords occurred

GENERAL DISCUSSION

The administration of ACTH and of cortisone to a majority of
Normal and abnormal individuals results m dimmnution or oblitera
t1on of fasting induced hyperketonerma and ketonuria Certain pos
sible interpretations present th Tves 1n terms of mech

1 That some adrenal steroid or steroids greatly increase the rate
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of utihizauion of ketones that 1s to say they stmulate the rate of ke
tolysts

2 That certain adrenal steroid hormones change the catabolic
pathway of fatty acids mn such a way as to decrease or elimnate the
formation of ketones as intermediary metabolites

3 That some adrenal steroids decrease the total energy require
ment 1 the fasting individual and hence dimunish the demand for fat
combustion Brief respiratory quotient studies which have been car
ried out n some of these patzents show no evidence of decrease n
oxygen requirement so this hypothesis appears untenable

4 That certain adrenal sterord hormones increase the total oxida
tve catabolism of amino acids to a degree sufficient to exert a major
fat sparing action This hypothests also appears to be untenable in
view of the relatnvely shght mncrease m nitrogen excretion which o¢
curs 1n the course of fast during ACTH admimistration 1s compared
to the control fast

It appears then that the dimmution 1 fasting mduced hyperheto-
nemia 1n response to ACTH admunistration 1s referable to accelera
tion of ketolysis and/or to major modificatron of the catabohic path
way of fat If the latter mechanism 1s responsible the possibility of
neoglucogenesis from fat could be considered The marked mcrease
n blood and urinary sugar completely out of proportion to any it
crease 1 urinary nitrogen n diabetic patient Har (Tigure 4) dunng
ACTH admmustration (fast number two) would support such 1 con
cept Further studies in this and other diabetic patients mcluding
simultaneous respiratory quotient determinations will be reported
elsewhere

The findings 10 the msulin resistant diabetic (Figure 5) desene
some comment This patient (whose general endocrine picture Was
compitible with some type of hyperadrenocorticism) apparently pro
duced one or more endogenous sterotds which produced mucl the
same effect upon fat catabolism as that which one observes in response
to ACTH admmstration

Pauent Lew (Figure 6) presents findings which are capable of at
Jeast tentatrve interpretation He farled to make an adequate response
to ACTH n terms of chinical improyement fall 1n eosinophiles or
suppression of fasung induced hyperketonemma Nevertheless he
manzfested a major response m terms of mcrease m urnry 17 Leto-
s One might therefore assume that this man made an tbror
e adrenal cortical response to ACTH
per which follows Dr Margen will present the results of
aceto acetic actd and octonoic aad which may
hanism of ACTH and cortisone effect upon fat

sterord:
mal qualttat
In the pa]
nfusion studies usmng
help to clanfy the med
metabolism
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SUMMARY

The adnunistration of ACTH and of cortisone to individuals on
a standard three and one half day fast results in major diminution or
suppression of the fasting induced hyperketonenma The possible
mechanisms of action are discussed
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Discusston follows next paper
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Hormonal Regulation of Fat Metabolism Il Effects of ACTH
and Certeun Sterord Hormones upon the Unlization of
Infused Aceto Acetate and Octonoic Acd

Sheldon Margen George D Michaels Lenore A Boling and

Laurance W Kinsell
with the technical assistanee of Ge ald Lebert Judith Lange and Carl T Anderion

INSTITUTE FOR METABOLIC RESEARCH HIGHLAND ALAMEDA COUNTY HOSPITAL
OAKLAND CALIFORNIA

It has been shown 1n the previous paper that ACTH and cot
usone when administered 1n adequate dosage decrease or eliminate
fasting induced hyperketonema The mechamsm of tns effect ap
pears to be acceleration of the rate of peripheral ketolysis and/or
change of the catabolic pathway of fatty acids i such a fashion s 10
decrease or ehnunate the formation of ketone bodies

Two techniques have been devised to further evaluate the above
mechantsms The first conststs of the mfuston of 200 mgm of sodim
acetoacetate per hilogram of body weight (as a 45 solution expresscd
15 1cetone) over a thirty minute pertod Blood and urine hetones and
blood sugar are quantitated at smtable intervals preceding during
and following the infusion The second consists of the mfusion of 200
mgm of octonoic actd per kilogram of body weight (admunistered as
a solution of sodium octonoate equivalent to 2% octonoic acid) over
60 mnute period Blood and unine octonoate ketones and sugar are
determined at smtable mntervals preceding during and following the
nfusion As mn the case of the standard fasting procedures each indi
widual acts as his own control te control mfusions are carned out
followed by nfustons during treatment with the specific hormonal

agents
RESULTS

Acetoacetate Infusion
In Figure 1 are shown the resulis of two control mfusions in 2
ble curves can
ng adult male Itisapparent that reproduct
normal young P2
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Fic | Control sodium acetoacetate infusions 1 a normal adalt male

be obtained at least in a grven individual Tins statement applies to
total Letones and also to pattiion between acetoacetic and g
hydroxybutyric acd

In Figure £ are shown the results of an mfusion 1 an indiiduat
during the period of ACTH administration and a subsequent
fusion during cortisone ad) ration The rate of 4 e of
total hetones ou the second day of ACTH admmlszran;n differed
only shghtly from the control studies On the third day of ACTH ad
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eastly repeated with comparable findings on a number of occastons
Similar studies carried out 1n 2 middle aged diabetic patient fazled
to reveal any evidence of acceleration of ketolysis although the dia
betogenic effect of the material 1s apparent (Figures § 4 and 5)
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Octonoate Infusion

During the first several months of experimentation with this tech
mque a thirty mimute infuston pertod was used It was found that
the amount of octonoate which could be admimstered over such a
period was not sufficient to permat of the demonstration of significant
effects of therapy (The toxicity of octonoic acid 1s such as to limit
the amount which can be admimstered mn a gien penod of time)
Consequently only a limited amount of data are s yet avatlable
using the 60 minute infuston procedure Figure 6 shows the blood
octonoate and Letone levels obtamed 1n a young male patzent suffer
mg From rheumatoid arthritis The control values and those ob
tuned during ACTH therapy each represent the average of two 1t
fusions It appears that ACTH decreases the maximal elevation of
blood octonoate and also of blood ketones formed from octonoate

No octonoate was found 1n the urine at any time

GENERAL DISCUSSION

The purpose of the studies described 1n this paper 1s to determine
whether ACTH and steroids resulting from ACTH admimstration
ncrease the rate of peripheral ketolysis or change the metabolic
pathway of fatty acids It seemed reasonable to believe that 1f the
former were the case nfused acetoacetate would disapper more rap
1dly from the blood during ACTH admustration If the ACTH ¢f
fect were one of alteration of the metabolic pathway of fatty acids
infused fatty acid should disappear more rapidly and hetone forma
tion from such infused material should be dimmnished

From the data so far available one may tentatively conclude that
both effects occur There appears to be no questron that mn pauent
FRO (Igure 6) increased metabolism of fatty acid without ncreased
Letone formation occurs In patient KON (Figures 1 and 2) the data
suggest increased utihization of infused hetones The rewson for the
lack of such an effect i diabetic patient KLE (Figures 3 4 and 5)
during ACTH admunstration s not immediately apparent

Further studies of this sort are at present 1n progress mcluding
prolonged fatty acid infustons m association with contsnuous 1€
spiratory quotient determunations

SUMMARY

have been devised to further evaluate the mech

techmques
Two ) £ ACTH and adrenal steroids upon fat metabo

anism of the effect ©

L ~
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Fic 6 Comparative blood octonoate and ketone values in patient FRO
(control mfusions and nfusions during ACTH administration)

Iism The first consssts of the infusion of acetoacetate and the second
of the mfusion of octonoate under standard conditions “
From the data so far obtained 1t appears that adrenal sterord:
sulung from ACTH admumstration may both accelerate the ra(s ref
Letolysis and also modify the catabolic pathway of fatty actds €°
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DISCUSSION

DR STEFAN s FAJANs Figure 7 presents observations made on 2 28
year old female with severe Juvenile diabetes mellitus This patient
recenved a total of 2 825 mg of AGTH 1n the course of 22 days mthe
hope of influencing a recently developed subicute myelogenous len
Lemia

The patient was fed a constant diet A total of 72-76 unuts of 11
sulin was given daily throughout the study with exceptions as noted
on the shide

During the baseline period glycosuria varied between 26 and 91
grams per day Insulin sensitivity was observed in the control perod
inasmuch as there was a precipitous drop mn the blood sugar between
8am and 12 noon on the third and fourth day

Durmng ACTH administrition there was a considerable mcrease
1 glucose excretion which exceeded the dietary intake of carbohy
drate on several days Thus 1 addition to the dietary carbohydrate
a considerable amount of the glucose derrved from gluconeogeness
was lost 1n the urine An insulin tolerance test was perfonned the
mornung after cessation of ACTH admimistration wnd showed almost
comp]ele resistance to msulin

Although 1t 15 not shown 1n this figure the patient was also 1
remendous negative mitrogen balance during the latter part of the
study On the last day of AC TH administration the urinary mitrogen
excretion was 38 grams

Yetonuria was absent or manmmal throughout the period of study
The shide shows that although mild hetonema existed bascline val
ceeded during ACTH admunustration

ues were never ex
‘The absence of significant ketosts during ACTH therapy was e
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markable 1n view of the met1bolic state of severe uncontrolled dia
betes mamifested by glucose excretion i excess of dietary intake of
carbohydrate tremendous negative nitrogen balance and msulin re
sistance

DR Jon~ E HOwARD (Johns Hopkins Hospital and Johns Hophins

Umwversity School of Medicine Baltimore) Relevant to Dr hansell s
remarks are perhaps cert1n recent expertences at the Johns Hophins
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Fic 7 Effect of ACTH on fasting blood sugar glycosurta and blood
Letones
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Hospital on the effects of ACTH 1n a patient with insulin resistance
A 63 year old man who had suffered with chronic lymphatic leu
kemia for four years restrained the lymphocyte count to the neigh
borhood of 50 000 with courses of splemc  ray

Diabetes was discovered 1n 1944 and had been readily controlled
by diet alone until August 1949 when nsulin therapy was begun In
January 1950 weight loss and glycosura occurred despite steadily
increasing insulin dosage For 12 days 1n hosptal 250-500 units of
msulin per day did not completely combat the diabetes but gradu
ally there was sp e of the state and the
patient was discharged regulated with 60 units per day
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In June he was readmitted to the hospital for recurrent insulin
resistance which had developed gradually over a three week penod
On one occasion msulin was tried intravenously (200 umits m 400 cc
saline) After 100 cc of this solution had run 1n slowly the patient
suddenly collapsed became pulseless and unconscious With suppor
trve measures he reganed conscrousness and blood pressure became
obtamable 1n about 15 minutes but he was weak and lethargic for
several days thereafter before regainng his previous status The re
action was mterpreted as anaphyllactoid shock On seyveral occasions
(by no means all) during subsequent days ndurated areas sur
rounded by urucarial wheals and erythema were noted at the sites
of mnsulin 1njection A shin test was performed 1n which the pauent
reacted with vigorous wheal and flare to crystalline zinc msulin and
with moderate wheal and flare to protamine zinc msulm A control
patient gave no reaction to simlar intradermal 1njections of these
substances

Despite daily doses of nsulin between 500 and 1000 unuts the pa
tient developed severe acidosts from which he was (literally) rescued
by intravenously administered sodium bicarbonate The pattent Was
carried along only by the use of 3000 to 6000 units daily until during
August for 28 days he received 50 mg ACTH per day in drvaded
doses On the fifth day of ACTH hypoglycemic attacks caused sharp
lowering of msulin dosage and for the subsequent three weeks fus
blood sugar followed a hectic curve between hyper and hypoglycemi2
but with 1n general greatly reduced mnsulin ration varying between
none and 500 units Evaluation of his status during this pertod 15
difficult partly because of poorly recorded observations but there 18
Irttle doubt that improvement 1n diabetic manageability and general
well being of the patient occurred while AGTH was grven

‘Within a few days of stopping ACTH nsulin requirement agaim
rose and he was given daily doses varying between 1000 and 3000
untts Despite such doses hyperglycemia of 350 to 600 and glucosurta
50-100 grams persisted the difference 1n blood sugar levels and glu
cosuria seemngly but Iittle altered whether 1000 or 3000 umits were
admunustered Despite thus the patient maintained his weight did not
vomitand though weak did not suffer serious complaints There w$
no acidosis

1t was decided to try ACTH again but n order to control the €X
periment the patient was given a fixed diet and the msulin rationt ws
reduced to a constant dose of 600 units per day On this regimen (see
Figure 8) prior to ACTH 1n five days glycosuria and hyperglycem11
increased and the patient lost 8 Ibs but no ketonura or acidosis 2p
peared On September 23rd ACTH was begun the 1bove regimen
bemg conttnued Weight loss promptly ceased and the pauent ymme
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dhately began to feel better On the fifth dy of 160 mg ACTH his
blood sugar began to fall and glycosuna to lessen By the exghth day
wmsulin was reduced to 100 units because of normoglycemia and on
the 11th day insulin was withdrawn altogether AGTH was continued
at 100 mg per day for 10 more days until Qctober [3th when 1t was
abruptly stopped Dunng thus period with AGTH but no msulin
hyperglycemia and glycosuria returned i moderate degree {average
300 mg and 60 gms per day Tespectively) but the patient continued
to feel well and weight loss was mimmal

INSULIN RESIS DIABETES
CH LYMPHOID LEUKEMIA
e 832100

<.
S1000 - GFs ~ L -
a50 ~ (3 -
o Fzs © - —
a 100 = —
15 ! -
s0 —|¥ QUA_URINE. —
; ,: R FUGAR 0=+ 4 URINE SUGAR -
o 0 —|%400 ~ 3 _ -
VRIS 3o — s S 3 .8 -
g - -
2t @ ogg 8L00D SUGAR
€25 — 5 o z
®
124~ 123 . R
shes s EN
UMITS INS, l” £y s Ty s -
120+ 3000 — 0
H It ]
=
©1164 2000~ W
H
naz 1000 VY voez - C
4 ot
20 o Do) MRS - -
oard *am

Fic 8

On withdrawal of ACTH fasting blood sugar promptly fell to
levels ranging between 125 and 80 mg  daily glycosuna did not ex
ceed 5 grams and the body weight rose promptly On September 24th
10 days after ACTH was stopped the patient was discharged from the
hosputal in this situation without msuhn and on the same diet Fig
ure 8 depicts the course described above

At home he has done well spilling small amounts of sugar only
when breaking tus diet and peniodic determinations of fasting blood
sugar have all been withim normal range

On November 12th a test peniod of five days with 100 mg ACT13
per day (given i three doses intramuscularly at 8 hour intervals) was
begun On the fourth day fasting blood sugar had risen ta 200 mg
and on the third fourth and fifth days glycosuria amounted to 11
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In June he was readmutted to the hospital for recurrent nsuin
resistance which had developed gradually over a three week period
On one occaston 1nsulin was tried intravenously (200 units i 400 c¢
saline) After 100 cc of this solutron had run in slowly the patient
suddenly collapsed became pulseless and unconscious With suppor
trve measures he reganed consciousness and blood pressure became
obtarnable 1n about 15 minutes but he was weak and lethargic for
several days thereafter before regaining his previous status The re
action was interpreted as anaphyllactoid shock On several occasions
(by no means all) during subsequent days indurated areas suf
rounded by urticarial wheals and erythema were noted at the sites
of tnsulin mjectton A skin test was performed 1n which the patient
reacted with vigorous wheal and flare to crystalline zinc msulin and
with moderate wheal and flare to protamine zinc msulin A control
patient gave no reaction to similar intradermal mjections of these
substances

Despite daily doses of insulin between 500 and 1000 unuts the p3
trent developed severe acidosis from which he was (literally) rescued
by intravenously administered sodium brcarbonate The pauent was
carried along only by the use of 3000 to 6000 umts daly until during
August for 28 days he recerved 50 mg ACTH per day mn divided
doses On the fifth day of ACTH hypoglycemic attacks caused sharp
lowening of msulin dosage and for the subsequent three weeks hs
blood sugar followed a hectic curve between hyper and hypoglycemi
but with 1n general greatly reduced insulin ration varying between
none and 500 nnits Evaluation of his status during this period 1
difficult partly because of poorly recorded observations but there 18
Little doubt that improvement 1n diabetic manageability and general
well being of the patient occurred while AGTH was given

Within 1 few days of stopping ACTH msulin requirement again
rose and he was gven daily doses varying between 1000 and 3000
umuts Despite such doses hyperglycerma of 350 to 600 and glucosuna
50-100 grams persisted the difference 1n blood sugar levels and gl
cosuna seemungly but little altered whether 1000 or 3000 unats were
admistered Despite this the patient maintaned his weight did pot
vomitand though weak did not suffer serious complaints There nas
no acidosis

Tt was decided to try AGTH agun_but 1n order to control the ex
periment the patient was given 2 fixed diet and the msulin ration was
reduced to a constant dose of 600 untts per day On tlus regimen (see
Figure 8) prior to ACGTH 1n five days glycosurn and hyperglycem:a
increased and the patient lost 8 Ibs but no hetonura or acrdosts ap

eared On September 28rd ACTH was begun the above regrmen

hewng continued Weight Joss promptly ceased and the patient mme
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As to the former action ether circulating antibody to tnsulin was
suppressed (which seems unlikely i view of Mirick s observations
quoted above) or desptte maintenance of such arculating antibodies
to insulin the adrenal steroid had either prevented antibody antigen
combmation or even after combmation had effecied some mechamsm
whereby 1nsulin could gain access to the cells and carry on 1ts normal
function On the basis of present information the latter possibility
seems more likely and may offer another clue 1n the complex prob
lem of how adrenal steroids block hypersensitive phenomena

Studies are now being carried out by Drs G $ Mirick E G
Brownand ] § Murphy on sera obtamned from this patient at various
stages of the 1llness described above It 15 hoped that such studies may
shed light on some of the hypotheses of the mechanism of action of
ACTH 1n the clinical improvement noted

DR RULON W RAwsoY Recently we have seen a similar problem to
that described by Dr Howard A patient with a mild diabetes requir
1ng 50 umits a day of msulin while receiving cortisone n treatment
of a renal carcinoma developed an insulin resistance and required
between 700 and 800 unuts of insulin a day to control his diabetes
After several weeks during which he required thus large dose of
msulin HN  was admunistered 1n an attempt to alter the growth of
s tumor ‘Within 48 hours after adminsstering the mtrogen mustard
the msulin requirement fell to the previous level of 50 unuts per day

DR GEORGE W THORN Did you make any studies of changes 1n respir
atory quotient m your patients in conjunction with the ketone stud
1657

DR LAURANCE W KINSELL In reply to Dr Thorn s question we have
some sporadic respiratory quottent determinations which are at least
compatible with the concept of neoglucogenests from fat On the 1m

mediate agenda are long term respiratory quotient determinations
dunng fat feeding and fatty acid infusion procedures

DR SHELDON MARGEN In further answer to Dr Thorns question—
respiratory quotient data enable one to draw conclusions concerning
the formation of carbohydrate from fatty acids only if the newly
formed carbohydrate 1s stored or excreted Otherwise one notes only
an R Q which 1s characterstic of fat combustion
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grams for each day and weight remained stationary Within two days
after cessation of ACTH the fasting sugar was again normal where
1t has remained to date and there has been no subsequent glycosuria

Comment

Previous experience with adminustration of ACTH and cortisone
to diabetic patients had shown that hyperglycemia and glucosuria are
increased (our own experience and that reported by Lukens) but
Kansell? has noted that ketonuria and ketonemia are suppressed by
ACTH m normals during fasting and 1n diabetic patients durmngin
sulin withdrawal A beneficial effect 1n our patients carbohydrate
utilization could thus hardly be expected from the usual effects of
AGTH 1 the diabetic Our only hope was that ACTH nught bene
ficially affect the state of msulin resistance by alteration of the hyper
sensitwity to tnsulin which seemed clearly to exst as judged by the
anaphyllactoid reaction to mtravenous njection the shin tests and
local responses at certain nsulin injection sttes There has been a3
yet no hight thrown on the mechanism whereby ACTH and cortisone
reduce and allay certain manifestations of antigen antibody hypersen
stivity Mirick? reviewed the expermmental hiterature and together
with his own clincal observations concluded that there 1s no evidence
that ACTH and cortisone reduce antibody formation when there 18
persisting antigemic sttmulus He did suggest however that there was
evidence that ACTH reduces circulating antibody titre when such
persisting anuigenic stunulus 1s not present (as in case of patients pre
viously immunized with typhoid vaccine)

Our patient had been recerving nsulin 1n doses up to 3000 umts
per day which would be viewed as a persisting antigenic stimulus to
antibody formation aganst insulin One would think that even the
600 unts of mnsulin per day grven during the first part of the ACTH
course would also act i a similar manner Yetn both the first ACTH
course with 50 mg q d and 1n the second course with 100 mg q d
1t seems clear that the patient s carbohydrate metabolism benefited
greatly Clearly the original severe msulin resistance was overcome
but 1t 1s also of great interest that when msulin was withdrawn but
ACTH continued the patient reacted with hyperglycerma and glu
cosuria 1n just about the same degree one would expect from other
mild diabetics to whom we have given ACTH It1s difficult to escape
the concluston that the adrenal steroids secreted under the stimulus
of ACTH were exhibiting two distinct effects one 1n overcoming al‘
hypersensittvity to mjected msulin the other m effecting the ufSlxl;
diabetogenic action antagomstic to the pharmacologic acton o

sulin
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As to the former action either arculating antibody to 1nsulin was
suppressed (which seems unltkely m view of Mirick s observauons
quoted above) or desprte mantenance of such circulating ntibodies
to nsulin the adrenal steroid had either prevented ant:body antigen
combination or even after combination had effected some mechanism
whereby mnsulin could gain access to the cells and carry on 1ts normal
funcuon On the basis of present mformation the latter possibility
seems more likely and may offer another clue 1n the complex prob
lem of how adrenal steroids block hypersensitive phenomena

Studies are now being carrted out by Drs G S Minck E C
Brownand ] S Murphy on sera obtained from this patient at various
stages of the 1llness described above It 1s hoped that such studies may
shed light on some of the hypotheses of the mechanism of action of
ACTH 1n the clinical 1mprovement noted

DR RULON w RAwsON Recently we have seen a sumilar problem to
that descibed by Dr Howard A patient with a mild diabetes requir
ng 50 unuts a day of 1nsulin while receiving cortisone 1n treatment
of a renal carcinoma developed an insulin resistance and required
between 700 and 800 umits of insulin a day to control hus diabetes
After several weeks during which he required this large dose ot
msulin HN  was administered 1n an attempt to alter the growth of
huis tumor Within 48 hours after adminustering the mtrogen mustard
the mnsuln requirement fell to the previous level of 50 unuts per day

DR GEORGE W THORN Did you make any studies of changes in respir

atory quotient in your pattents in conjunction with the ketone stud
1657

DR LAURANCE W KINSELL In reply to Dr Thorn s question we have
some sporadic respiratory quotient determinations which are at least
compatible with the concept of neoglucogeness from far On the 1m
mediate agenda are Jong term respiratory quotient determinations
during fat feeding and fatty acid mfusion procedures

DR SHELDON MARGEN In further answer to Dr Thorns question—
respiratory quotient data enable one to draw conclusions concerning
the formation of carbohydrate from fatty acids only :f the newly
formed carbohydrate 1s stored or excreted Otherwise one notes only
an R Q which 1s charactenistic of fat combustion
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Serum Lipid Analysis in the Nephrotic Syndrome under

ACTH Admimistration*

J W Soshea and Edith B Farnsworth
NORTHWESTERN UNIVERSITY MEDICAL SCHOOL CHICAGO

We have found a marked decrease 1n serum cholesterol 1n pa
nients with the nephrotic syndrome under treatment with adrenocor
ticotropin (AGCTH Armour) Reports on the effect of ACTH n
normal individuals with respect to serum lipids have indicated vana
ble and on the whole moderate changes *** The present analysis of
lip1d fractions was therefore set up with the following purposes (1) to
obtain data relative to the sources of hyperliperia 1 the nephrotic
syndrome (2) to employ the nephrotic hyperlipema to obtamn 1
formation on the effect of ACTH on fat metabolism

TECHNICAL METHODS

In general the method of differential lipid assay was that em
ployed by Popjal * The sera were extracted by the technic of Bloor °
the phospholipids present in the redissolved residue were precipt
tated with acetone and magnesium chloride and analyzed by a modt
fication of the method of Fiske and SubbaRow * In the supernatant
total and free cholesterol are determined by a mod:fication of the
Schoenheimer Sperry procedure as proposed by Clarke and Marney
The same phospholiptd free supernatant 1s used for triglyceride and
cholesterol ester assay after converston to the chromogemc hydrox
amic acid dernvatives of the fatty acids ® Thus free and total choles
terol phospholiptds and non phospholipid fatty acids are deter
muned directly Total serum lipids cholesterol ester fatty acids and
triglycendes are calculated from these data

This method of aggregate cholorimetric analysis favors the admis
sion of any error into the systematic class an argument ongmally pro
posed by Boyd 1n relation to his aggregate dichromate oxidation

method *
—Ttus study was aided by a grant tmmJ J:;.e U § Public Health Service
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CLINIGCAL MATERIAL AND RESULTS

Six¢ pattents ranging 1n age from 3 yrs to 58 yrs  who typify the
nephrotic syndrome constituted the series All subjects were placed
on a diet contaiming 700 mgs of sodium Case #1 T K 3 year old
male (Table I) whose disease was of 2 years duration showed the
most profound changes mn serum lipids Control determinations
showed 1n mg% free cholesterol 421 total cholesterol 1291 choles
terol ester fatty actds 626 phospholipids as lecithin 702 non phos
pholipid fatty acids 4920 triglycerides 4510 and total serum lipids
7129 In 3 weeks the triglycerides dropped to 347 mg% Phospho

Table I

T k. sare 3 vrs

Chal seral Plos
Date & phal p d ﬁrz‘f:ﬁ Tngy | T
Fo | Tw | B4 (,hl:)“ EfA | mos | Lpd
Control an |11 | &6 | 700 | 490 | 4sto | 7120
Oct. 30 ACTH 12 mg
31—
Nov 3 50 mg
4 25 mg
5 218 | 956 | 488 | 60 | 3960 | 3640 | s7as
10-12 AGTH 50 mg
13 20 | 832 | 433 | 648 | 250 | 1910 | a3
1419 50 mg
20 Somg | 193 | 804 | 440 | s4s | 473 37| 1827
21-2 50 mg
2325 25 mg
2 12mg

lipids and cholesterol decreased concomitantly The marked 1m
provement 1n serum lipids was accompanied by a complete diuresis
with a nise 1 serum protems and clinical evidences of well being
The result was classified as a partial remission

Case #2 M L M 10 year old female (Table II) who had been
well unul 1944 showed a similar course mn respect to the general
trend of lipids although cholesterol and lecithin showed less effect
As 1n the preceding case trglycerides and total Iipids dechned mark
edly In this case as in T K duresss occurred during the expert
mental period unlike the first case however no significant change
was found in the serum protemns Protemnuria continued undimin
1shed

Case #3 D H 13 year old male was taken 1ll in December 1949
The lipid disturbance as reflected by serum findings was of lesser de
gree the first control specimen having showed a cholesterol of 435
mgs% Table III shows data collected from the second course of
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Serum Liptd Analysis i the Nephrotic Syndrome under
ACTH Administration*

J W Soshea and Edith B Farnsworth
NORTHWESTERN UNIVERSITY MEDICAL SCHOOL CHICAGO

We have found a marked decrease 1n serum cholesterol 1n pa
tients with the nephrotic syndrome under treatment with adrenocor
ticotropin (ACTH Armour) Reports on the effect of ACTH n
normal individuals with respect to serum liprds have indicated varsa
ble and on the whole moderate changes *** The present analysts of
hipid frictions was therefore set up with the following purposes (1} to
obtain data relatwve to the sources of hyperliperma 1n the nephrotic
syndrome (2) to employ the nephrotic hyperbipemia to obtan in
formation on the effect of ACTH on fat metabolism

TECHNICAL METHODS

In general the method of differential lipid assay was that em
ployed by Popjak * The sera were extracted by the technic of Bloor
the phospholipids present in the redissolved restdue were precipt
tated with acetone and magnestum chloride and analyzed by a mod
fication of the method of Fiske and SubbaRow ® In the supernatant
total and free cholesterol are determmed by a modification of the
Schoenhemmer Sperry procedure as proposed by Clarke and Marney '
The same phospholipid {ree supernatant 15 used for tnglycende and
cholesterol ester assay after conversion to the chromogenic hydrox
amic acid derivatives of the fatty acids ® Thus free and total choles
terol phospholipids and non phospholipid fatty acids are deter
mined directly Total serum lipids cholesterol ester fatty acids and
traglycenides are calculated from these data

“This method of aggregate cholorimetric analysis f1vors the admis
sion of any error mto the systematic class an argument originally pro
posed by Boyd 1n relation to his aggregate dichromate oxidation

method *
Tealth Service
TS This study was aded by a grant fmmJ;rzle U S Public Heal
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Table IV

A G remate 42 yrs

3%

Chal sterol Pho pho-
bpd | e g | Tt
Du R (sl PEFQ mdes | Lpd
R Tar| G
Control s | 756 | 419 | 354 676 210 | 1799
Ot 59 |ACTH 50m
10 Somg| 252 | 760 | 366 | as2 65 300 | 1708
11-12 50 mg
16 50 mg
17 100mg]| 208 | 752 | 32 | 304 602 21 | 1759
“ 1823 100 mg
2¢ Womg | 190 | 772 | 419 | 33 828 429 | 2003
25-.6 “ 100 mg
Table V
R B MALE 48 vms
Chlert Phospha
> ‘7 wd |5 {;’;j; Taghe | Twt
w R Fre | g | B |l | P00 | mde | L
e o FA )
Contro} 145 648 367 404 588 237 1650
Oct 13 ACTH 75 mg
1416 mg
17 “ 100mg| 13 | 520 | 205 | 33t 500 218 | 1362
1821 100 mg
“ 22 50 mg
2 17 | 56 | 300 | 3m 588 23 | 529
Nov 7 106 | sz | 3 | 3s0 506 185 | 1457
Table VI
L B, FEMALE 58 Yrs
Chalesterol Pho pho-
su | m | o |l | T | T
(as’ o 1
Fe | oa | B ke | Tapy
Control 113 408 212 312 671 48. 1414
Aug 23 ACTH 50 mg
2431 100 mg
spt 1 50 mg
5 105 | 440 | 262 | 350 688 469 | 1501
6-14 100 mg
15 Somg| 132 | 450 | 29 | om0 737 53¢ | 150z
Nov 13 107 | 412 | 20 | 3 792 60 | 1603

(Table V) showed a decline in trglycendes following therapy a find
g which was correlated with a substantial rise m serum protemns
This panzent had no evidences of edema upon admission and changes
m body weight were neghgible throughout the course L B (Ta
ble VI) demonstrated a brief dechine 1n triglycerides wath a final Tise
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Table IT
M L M, remate 10 yrs

Cholzsteral Phos
No phos Tl
Date 2 pholpud| (0 | Trghe | To
Egter | (as Loty erdes | Lipd
Free | Tl | Tpr |G| EFA
Control 235 | 202 | 480 | 462 | 1225 | 78> | 266
Sept. 20 ACTH 25 mg
21-24 75 mg
25 75mg | 214 | 770 | 401 | 467 | 1100 [ 734 | 2372
628 75 mg
29 50 mg
Oct 2 197 822 | 450 | 395 947 | 522 | 289
Table 1T
D H maLe 13 vrs
Chalesterol P:;,‘;An- Nonphos
Date R pholipid
Estr | (sLea
Fe | Total | 7 s EF4
Control 9 | 215 86 222 264
Oct. 26 ACTH 50 mg
27-29 100 mg
30 100mg | 65 | 302 | 171 218 228
31—
Nov 3 100 mg
5 50 mg
6 50mg | 60 | 225 | 119 218 250
7 50 mg
13 57 | 261 | 147 228 264

treatment The control values at this time reflected approximately
normal values the triglyceride figure of 187 bemng the only compo
nent significantly above normal quotations The first determnation
of triglycerides following commencement of the ACTH regume
showed a dramatic drop remimuscent of T K but this was not main
tamed on a decreased dose There was more actual fluctuation 1n the
ndividual lipid fractions than the total lipids wiich totals fell
sithin 5% of the mean of all Notwithstanding the less conspicuous
Lipid disturbance and the transient result from ACTH therapy the
clinical course of this subject was characterized by complete diures:s
with a moderate decrease mn protemnuria and a shght increase 1n ¢
ns
rumcg:::e;r“l 586 A G RB andL B ages 42 48 and 58 1¢
spectvely have been grouped together because of the common fac
’ of duratton of illness and age group A G (Table IV) showed 2
o serum hipids while on therapy This was correlated with failure
nfsedlxrllxrens and unaltered protemnuna and hypoproteinem:a R B
of
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absorption of ntestinal liprds Furthermore Huller et al*® concluded
that absorption of fat from the small intestine 1 nephrosis 1s unal
tered

Studies on the adrenal cortex 1n relation to fat absorption fail
to demonstrate an appreciable influence Changes of the magnitude
shownm M L M and T k could thus hardly be accounted for by
a varation of absorption

Lvidence 1s lacking wiich would lead us to suspect a defect of
carbohydrate metabolism 11 the nephrotic syndrome capable of ac
counting for the lipemia Nor do the effects of ACTH on carbohy
drate metabohism allow an explanation of the phenomena here de
scribed The constderable volume of work on the relation of
protemnuria or hypoproteinemia to hipemia has never resulted mn a
cause and effect relationship In addition the effects which we have
shown to occur n these patients and others after ACTH have m
volved the Iipids more promptly and more commonly than the pro
teins

A decrease 1 fat oxadatton has been ruled out by Hiller et al
They have confirmed fat oxidation 1n post absorption determinations
on fat fed nephrotics by showing an R Q depression as 1 therr nor
mals

For these reasons 1t seems more plaustble to consider the possi
bilitres of (1) a decrease i deposition or (2) an increase 1n mobiliza
uon as a source of the lipids which we find pooled in the transport
system The second possibility has recetved considerable support
from clinicians who cite the cachexia of the nephrotic patient Such
a paucty of subcutaneous fat could however be explamned as well
by one hypothesis as the other In either mechanism of deprivation of
the fat stores the serum triglycenide fraction would be the most sig
mficant

Several investigators have reported a notable decrease or complete
loss of ability to produce fatty livers mn adrenalectomized animals by
various experimental methods 4% % Goldzieher* concludes that ad
renal extract causes fixation of blood fat in tissues hendall has re
ported increase in carcass fat in rats treated with three pure adrenal
sterords ** Hyperplasia of the cortex as well as Cushing s syndrome
15 a precursor of obesity of a particular type It would be 1n accord
with these findings that a decrease 1n triglycerides should follow the
actwvation of the adrenal cortex by ACTH

CONCLUSIONS

1 Partitron of lipids 1n nephrosis during and after administration of
ACTH 1ndicates that the triglyceride fraction decreases substan
tially under activation of the adrenal cortex
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1n all components The clinical course was correspondingly unevent
ful These three subjects were chosen not as representative of ne
phrosis patients i general but of the age group over 40 years

SUMMARY OF RESULTS

Three out of six patients showed a significant decrease 1n sefum
cholesterol findings roughly paralleled by the phospholipids The
fatty acid esters of cholesterol and the non phospholipid fatty acds
concurrently decreased The serum triglycendes on the other hand
and with them the total lipids showed a drop n five of s1x pauents
a subsequent rise occurred 1n one subject A G

GENERAL DISCUSSION

It will be noted that our control findings agree with those of other
mestigators ** Although the majority of our patients have been
shown to demonstrate a notable drop i serum cholesterol under
treatment with ACTH we have included 1n this group three subjects
m whom a decrease did not appear It s thus evadent that tnglycende
changes were more closely associated than cholesterol with ACTH
1induced cortical activity In correlatng triglyceride changes with the
age of the patient and the severity of the disease we find that the
youngest (Table I) reflects the most marhed restoration of Iipid con
centratson towards normal On the control determmation choles
terol values of 1201 and triglycenides of 4510 were found to indicate
the most profound lipid disturbance Phospholipids of 702 and total
lipid of 7129 are also extreme elevations In this pitient diuresis and
clinical improvement were associated with a decrease 1t cholesterol
to 804 but a more striking decrease 1n triglycenides to 35 mg%

On the other hand L' B 2 woman of 58 years of age who had
shown herself to be quite mert to treatment had no decrease 1n cho
festerol and on the other hand demonstrated a definite mncrease mn
triglycersdes The other patients showed 1ntermediary effects with
the serum triglycerides showing the most mmmediate response

Frazer* presents evidence that transportation of liprd tn the blood
stream 1s cffected mainly as longchamn trigly cerrde 1n assoctation with
ns On this basis the triglyceride values can be employt‘d

hipoproter
as a quanttative index of fats n transit which values 1n the ne
phrotic state indzcates a large excess

Frve possibilities could be considered to account for triglycende

yalues mn fasting blood greatly exceeding the mmimal levels normaily

sent as lipid 1n transport (1) variation of absorption (2) decreasc
pre datton (3) mcreased synthesis from carbohydrate or protemtt
el 1n deposition or (5) mncrease in mobilization We can dis
(42;:51::;&««1 absorption because of the normal nearly complete
e
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During and for several days following five days of ACTH therapy
alone at a dosage of 125 miihgrams per day there were striking
changes 1 both the gross appearance (see Fig 1) and chemzcal analy
s1s of the serum Marked cleartng of the serum was apparent by the

Fic 1 14 hour postabsorptive sera from the paunient with panhypopitw
tarism The tube on the nght 1s pretreatment the center and left tubes

are 2 and 5 days respectively after completion of 5 days ACTH admims
tration
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2 The triglycentde fraction appears to be the most sensitive of the
lipid fractions to stimulation of the adrenal cortex

8 Since the tniglycerides are primanly concerned with the fat trans
port system 1t 1s likely that the hyperlipemra of nephrosis stems
from a failure to deposit fats or a proclvity towards mobthzation
It would seem that the action of the stimulated adrenal cortex 15
ultimately focussed upon the fat depots whether by mobihzation
or deposttion
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DISCUSSION

PR RICHMOND W SMITH JR Inrecent observations on a 41 year old
male with panhypopituitarism of five years duratton without treat
ment the serum total lpids were 1560 m:lligrams per cent the total
esterified cholesteral were 266 and 187 mulligrams per cent 1¢
and no color reaction took place 1n the phospholipid phos
lysis even though fiol:‘ tx;lxles the usual mlll;mle of seru;!c!
T) Was use t this time serum and p. [asma wel
;f;ﬁ;‘gﬁ;f;;g::? ’;‘l)le diet throughout was weighed constant and

contawned 135 grams of fat per day

and
specuvely
phorus ana



PART V

VITAMIN METABOLISM

34

Factors Which Influence the Concentration of Serum Vita-
min A*{

Calvin T Klopp C W Tabor } and A Damsh
THE GEORGE WASHINGTON UNIVERSITY MEDICAL SCHOOL WASHINGTON D¢

Our mutal mterest 1n vitamin A was aroused by an obsenva
tion made a number of years ago by ] C Abels et al * namely chat
86% of the patients with gastromtestinal cancer had plasma vita
min A levels below normal We confirmed these findings but we
noted certain vanations 1n results which could not be explained by
the present concept that variations 1n the concentration of vitamin A
n serum reflect pnmanly dietary mfluences The following studies
were undertaken to define some of the factors which nfluence the
concentration of vitamin A 1n the blood stream The determinations
of vitamm A were done on serum by the method of Sobel and Snow

SHORT TERM CLINICAL STUDIES?®

As a control the concentration of serum vitamun A 1n fasting 1n
dividuals was determined at hourly intervals for six hours
The vartations from hour to hour were within the range of plus

or minus 50 International Units per 100 c¢ (International Units/100
ml) (See Fig 1)

Auded by grants from the National Cancer Insutute U S Public Health Service
and The Amertcan Cancer Society

 Testosterane for this study 1 as supplied by Schering Corporation Cortisone Acetate
was supphed by Merck and Company aqueous emulsion of vitamm A was sapphied
by Endo Products Company as Acon vitasmn A dissolved in oil was supplied by Lally
and Company as Alphalin’ ACTH was supplied by The Armour Laboratories

1 Tramee of Amenican Cancer Society
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fourth treatment day, and this persisted for several days after ACTH
nas discontmued Two days following completnion of AGTH admin
wtration the total Iipids were 1025 total cholesterol 278 and phos
phohipid phosphorus 13 7 milligrims per cent respectively

This would suggest that the adrenal sterowds n thus particular m
stance exerted a definite 1nfluence on the utiization and serum dis
tribution of lipids such that the neutral fats the triglycendes were
either oxadized or stored and conerted i part to phosphohipids The
clearmg of the milky hyperlipemia 15 most interesting and seems to
sndicate that the phospholipids were important 1n determining the
physical properties of the crrculating ipids Later studies tm this pa
tient however suggested that the level of neutral fats was probably
equally inportant m ths effect

These remarhs although concerning another disease entity seem
apropos 1n view of the 2bove report of Drs Soshea and Farnsworth
on the liprd changes in ACTH treated nephrotics
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'hours 2 3 4 s .
TESTOSTERONE PROPIONATE 100 mg

EFFECT OF A SINGLE INTRAMUSCULAR
INJECTION OF TESTOSTERONE PROPIONATE
{mn o1]) ON SERUM VITAMIN A CONCENTRA-
TION (1U /100 ml)

Fic 2

patients and bloods for amalysis obtained each hour for four to six
hours thereafter The results are shown mn Fig 6

In each mdividual a b1 phasic type of response was obtamed
namely an 1mtial 1ncrease in the first hour followed by a rapid de
crease 1n the next with a subsequent return toward the normal levels

A few long term studies were made of the effects of repeated m
Jections of testosterone It was found that the serum vitamin A con
centration could be increased and maintained at that higher level in
most cases during the period of ad ration of the one
(F1g 7) As a result of these studies 1t was postulated that the concen
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A sngle njection of testosterone (50 to 150 mgm) was given to
each of 29 indtviduals and bloods for analysis obtained at hourly m
tervals for s1x hours In 26 individuals an increase n concentration
of from 50 to 310 Internatronal Unuts/100 ml occurred maximum
in six hours A typical response n one wmndividual s dllustrated n
Fig 2

A single subcutaneous mnjection of 03 mg of epmephrine was
given to each of 19 patients studied An increase of from 50 to 290
International Units/100 ml was obtained 1n 16 cases being maximal

o
oS
g
p o

VITAMIN A 1 & per 1
¢
H

-0,
-an]
30

-190.
FOUAT O

VARIATIONS IN SERUM VITAMIN 4 CONCENTRATIONS IN
FASTING NORMAL ADULT INDIVIDUALS
Fic 1

n two hours A typical response 1n one mdividual 15 tllustrated 1n
Fig 3
A single mjection of desoxycorticosterone (25 to 75 mgm) was
guven to each of the four individuals There occurred within tho
hours a decrease of from 60 to 225 International Units/100 ml in the
concentration of serum vitamin A followed by a return toward nor
1values (Fig 4
™ A smglea:n%mn?mscular jection of Cortisone Acetate (25 to 100
mgm) was gven to each of four individuals An increase of from 60
to 240 International Units/100 ml in serum vitamin A concentration
occurred 1 three of the four cases (T1g 5) The fourth wndividual was
a patient with terminal carcinoma of the cenix who was found to
have evidence of mitrogen Tetention on the day the test was con
ducted

‘A single mjection (26 mgm) of ACTH was given to each of four
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summanized 1n Fig 8 For this experiment a total of 120 amumals of
the Sprague Dawley stramn drvided 1nto two groups of 60 each were
used Each amimal 1 one group was pair fed with a corresponding
animal 1n the second group and given equnalent amounts of dnnk
ng water and 0 1% saline soluuon Each animal in both groups re

sossee sca
a0} P8 ap————O— #x I8 & £ Fowoe of PARGTIA

Se ———e—k 30 3 oume 53 @ osewns, wreRTTRIE
400 Se ok trsewr a0 cwoud 07 TR EE im X PECTERA
380} 23 a1 —e3 € 0AK CIOVCTI  LWONNOOS.
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EFFECT OF A SINGLE INTRAMUSCULAR INJECTION OF
DESOXYCORTICOSTERONE ACETATE ON SERUM VITAMIN 4
CONCENTRATIONS IN FASTING INDIVIDUALS

Fic 4

cerved 500 units of an aqueous emulsion of vitamm A subcutane
ously danly

The s1<ty ammals 1n Group I were subjected to a sham adrenalec
tomy and the sixty in Group II to a bilateral adrenalectomy Six
anumals 1n each group were sacrificed daily Bloods for analysts were
obtaned by cardiac puncture at the time of sacrifice The sham 0,
erated amimals mawntained 2 normal or perhaps shghtly elevated vita
min A concentration while in the adrenalectomized animals the
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SERUM VITAMIN A
H

1004
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03 m EPINEPHRIN

EFFECT OF A SINGLE SUBCUTANEQUS
INJECTION OF O 3 mg OF EPINEPHRINE
{1/000) ON SERUM VITAMIN 4 cON-
CENTRATION (71U /Zi00ml)

Fic 3

tratzon of vitamn A 1n blood reflected 1 many instances hormonat
factors rather than dret.

ANIMAL STUDIES®

In an attempt to define some of the hormonal factors mvohed
further studies were undertaken i1 the rat and the dog
The unportant results obtained from the rat experiments are
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400 VASCOAR DISEASE

SERUM VITAMIN A 1U /100 ce

2 hours ¥ T ¥ D) ) '
25 mp ActH

EFFECT OF A SINGLE INTRAMUSCULAR INJECTION
OF ACTH ON SERUM VITAMIN A CONCENTRATIONS
IN FASTING INDIVIOUALS

Fic 6

In the ammals whose right adrenal had been removed the serum
values did not return to the preoperative level but were maineztned
at a lower level for the 1nterval before the second operation Dunng
this mterval the ammals recewved no therapy except for normal saline
which was substituted for drinking water

At the end of two weeks the remaining adrenal was removed and
the vitarmin A concentration decreased to neghgible values The any
mals survived about 24 hours and during that time no vitamm A
could be found 1n the blood (Fig 9)

ACTH was then adrunistered 1n 5 mgm doses to 1o normal dogs
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EFFECT OF A SINGLE INTRAMUSCULAR INJECTION OF
CORTISONE ACETATE ON CONCENTRATION OF SERUM
VITAMIN A IN FASTING INDIVIDUALS

Fic 5

serum vitamun concentration decreased within ten days to msigmf
cant levels

Therefore the presence of a normal adrenal gland was necessary
to maintain normal concentration of vitamin A 1n the blood of the
= Daily determinations of the concentration of vitarmn A 1n d:ie
serum of the dog were made 1n animals subjected to 2 bilateral ah
renalectomy 1n stages The right adrenal was removed first alnd t :
left adrenal approximately two weeks later As controls animals werf
used which had been subjected to a thoracotomy In both groups l;
animals there occurred at the time of operation a sharp dro]p ll]l ses
Tum vitammn A concentration which returned to the normal valu
1n the control amimals within a few days
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EFFECT OF INJECTIONS OF TESTOSTERONE PROPIONATE ON SERUM
VITAMIN A CONCENTRATION IN PATIENT WITH COLON CANCER

SERUM
VITAMIN &
10 r100

Davs o 1 s l “ :1
0OSAGE SCHEDULE OF

Esrosteaone 30mgm Im. ¢ 6 hown in e
PROP ONATE 30 mgm ke § Ity
Fic 7
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SERUM VITAMIN A U 7100 ot

B + } : + } } ;
H H
OPERATION DAYS
Fic 8

urs for ten days and bloods for analysis obtained daily
ever’1}:hlc2 a}::]lmals were fed a relattvely constant diet Following the :Kzl
munustration of AGTH the serum vitamun A concentration decrease!
bout half the onginal value and was mamtamed at that level dur
::;(he period of therapy as demonstrated 1n Fig 10
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To evaluate these observations 18 adrenalectomized rats divided
1nto three groups of six were studied In the first group no addional
therapy was gnen One ammal m each of the other two groups (B
and C) was parr fed with a corresponding ammal in group A In add:
tion each animal 1 group B recerved 500 unuts of vitamin A daily
and each animal in group C 05 cc of salme The adrenalectormized
ammals recetving vitamin A lived 9 days longer and were 1n much
better condition throughout the experiment than those which had
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erour A crour B eroup C
ADRENALECTOMY ADRENALECTOMY ADRENALECTOMY
No Medication 500 u vit A/gay 05cc Satme /day
Sab @ Sub Q
Fic 12

not recewved 1t {Fig 12) The probability that the increased survaval
time was due to chance was less than 1 0% All amimals were caged

1n the s2me room but 1n individual cages and were tended by the
same technician

SUMMARY

As a result of these studies we feel that while we do not know
the mechanisms mvolved at least one fat soluble vitamin must be
considered 1n the evaluation of endocrine studies especally those m
volving the prtutary adrenal system
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Realizing that the rat and the dog were unable to mamtain ita
mmn A 1 the blood when the adrenals had been removed 1t was m
portant to determine 1f the concentration of vitamin A m hver was
affected 'Three groups each consisting of six adrenalectomized rats
were studied for 6 days Two of these groups recerved subcutaneously
500 unuts of vitarmun A daily as an aqueous emulsion 1 one and dis
solved 1n o1l 1n the other The third group recetved no therapy Each
ammal 1n each of the groups recerving vitamin A was parr fed with
a corresponding amimal 1n the group which had received no wita
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Food d 1b
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mmn A One of each group was sacrificed darly for this experiment and
Inver tissue obtamed for analysis Within six days the vitamm A con
tent of the Irver expressed i unuts per gram had decreased to ap
proxxmately 20% of the normal value (Fig 11)

In the course of these experiments we noted that 1n most nstances
the adrenalectormzed rats which had been given vitamin A Irved sev
eral days longer under the conditions 1n our laboratory than did those
adrenalectomized rats which had not recerved vitamn A Inaddition
the adrenalectormized rats Tecervng vitamn A were more alert had
better wound healing and less evidence of wound m

glossier coats
those not receving vitamin A

fection than
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The Effect of Adrenocorticotrophic Hormone and Cortisone
Acetate on the Metabolism of Ascorbic Aad*}

J C Beck J S L Browne and K R Mackenzie
ROYAL VICTORIA HOSPITAL AND MCGILL UNIVERSITY MONTREAL

Andreae and Browne' of this Clinic reported that mn trau
matized previously healthy ndividuals there was a fall 1n the blood
and unnary ascorbic acid accompanied by a marked Tise 1n the un
nary corticords They also noted that large quantrties of ascorbic acid
were required to mncrease the uninary excretion of this substance mn
these subjects

The concentration of ascorbic acid 1n the adrenal has been shown
to be higher than in any other tissue ® Sayers Long and their collab
orators* ® have shown that following ACTH n the rat and the gumnea
p1g there 15 a depletion of the adrenal ascorbic 2aid to two thirds 1ts
control level 1n 20 minutes and that a gradual restoration of the as
corbic actd occurs over the following 24 hours They also note that
the rate at which restoration occurs 1s less i the gumea pig and feel
that this 1s assoctated with s incapability of synthesizing ascorbic
acid A vanety of stresses causes a similar reduction 1 the adrenal
ascorbic acid content *7

The umpression that one gets from these varied observations 1s
that ascorbic acid 15 important to the adrenal cortex Thus on the
basts of these observations and 1n conjunction with 1nvestigation of
the general metabolic effects of ACTH and cortisone 1t was felt de
sirable to observe the changes 1n ascorbic acid metabolism assoctated
with the adminustration of these hormones

Daily urinary and regular blood ascorbic acid levels were ob
served 1n patients with a variety of chromc disease states (Table I)
to which ACTH and cortisone were admuinistered using the tech
mque of Roe and Kuether® based on the estimation of the 2 4 dim
trophenylhydrazine derivative of dehydroascorbic acid

Thus work was supported by  grant from the National Research Counail (Canada)

+This work was supported by generous allotments of ACTH fro; Arm
Laboratories The authors are also indebted to Hoffman-La Roche Tmﬁ:d nd 1o

Dr R L Welte for the generous supply of ascorbic acd used 1n this scudy
355
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see ittle Addison s disease We have had one Addison s case m this
sertes on whom we did run an adrenalin test At the time of our last
tabulation that case represented the only instance m which we did
not get any increase in vitamin A concentration in two hours We
have had cases 1n which the amount of the increase was not sigmifi
cant
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The Effect of Adrenocorticotrophic Hormone and Cortisone
Acetate on the Metabolism of Ascorbic Acid*§

J € Beck J S L Browne and K R Mackenzie
ROYAL VICTORIA HOSPITAL AND MCGHL UNIVERSITY MONTREAL

Andreae and Browne' of this Chinic reported that in trau
matized previously healthy individuals there was a fall 1n the blood
and urinary ascorbic acid accompanied by a marked r1se in the un
nary corticords They also noted that large quantities of ascorbic acid
were required to increase the urinary excretion of this substance
these subjects

The concentration of ascorbic acid 1n the adrenal has been shown
to be higher than in any other tissue * Sayers Long and their collab
orators*® have shown that following ACTH 1n the rat and the gumea
pig there 15 a depletion of the adrenal ascorbic acid to two-thirds 1ts
control level 1n 20 minutes and that a gradual restoration of the as
corbic acid occurs over the following 24 hours They also note that
the rate at which restoration occurs 1s less 1n the guinea pig and feel
that this 1s associated with 1ts incapabihity of synthesizing ascorbic
acid A varety of stresses causes a similar reduction 1n the adrenal
ascorbic acid content *7

The 1mpression that one gets from these varied observatons 1s
that ascorbic acid 15 1mportant to the adrenal cortex Thus on the
basis of these observations and 1n conjunction with mvestigation of
the general metabolic effects of ACTH and cortisone 1t was felt de
sirable to observe the changes 1 ascorbic acid metabohism associated
with the admimistration of these hormones

Daily urinary and regular blood ascorbic acid levels were ob
served 1n patients with a variety of chronic disease states (Table I)
to which ACTH and cortisone were admimistered using the tech
mque of Roe and huether® based on the estimation of the 2 4 dimy
trophenylhydrazine derivative of dehydroascorbic acad

$Thi ok s Sibporctd 'y Sentsos shocments of BOpCySounel (Canads)

Laboratories The authors are also indebted to Hoffman-La Roche I
Dr R.1, Welle for the generous supply of ascorbic aad used an. thys sudy - *0 '
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Table I

TyPEs oF CHRONIC DISEASE

Processes Investigated MNumber of Cases
1 Rheumatoid Arthrinis 4
2 Rheumatoid Arthris and
Psonasis 1
3 Rheumatoid Arthntss and
Bronchtal Asthma 1
4 Bronchial Asthma 8
5 Rheumatoid Arthnitis and
Multiple Myeloma 1
6 Chromc Beryllionis 2
7 Silicosis 1
8 Hodgkins lymphoma and
Amylordosis 1
9 Penartenitis Nodosa 1
10 Malignant Exophthalmos 1
11 Ulceratne Colitis 1
12 Lupus Erythematosis 2
13 Pernicious Anemia 1
14 Sympathetic Ophthalmia 1
15 Atopic Dermatitis heeratoconus 1
16 Addison s Disease 1

Twenty mine patients were placed on one of three levels of as
corbic acid mntake Nineteen patients recerved an intake of appro¥t
mately 250 mg per 24 hr two recerved approximately 1000 mg /24
hr and 1n 8 no supplement was given and the ascorbic acid content
of the diet was kept as low as was feasible taking into consideration
the other metabolic studies which were being carried out ACTH
dosage varzed between 20 and 200 mg /day 1n four equally dwvided
mjections Cortisone acetate as a microcrystalline suspension 1n salme
was given meramuscularly m 50 to 500 mg doses per 24 hours

The findings are best discussed by grouping the patients accord
g to their ascorbic acid 1ntake and according to whether they re
ceved a course of ACTH or cortisone

1 Fifteen patients on an ascorbic acid intake of 250 mg /24 hr
recerned ACTH Tuelve of these showed a sharp and in 3 €ases
maintamned ncrease 1n the urinary excretion of ascorbic acid during
the first 24 to 48 hours of ACTH admnstration (Fig 1 2 3) o
showed a questionable increase and 1n one no effect upon the urinary
excretson of ascorbic acid was noted On reduction of ACTH dosﬂgde
below approumately 50 mg /24 hr or upon cessation of ACTH a
mimstration 14 pauents showed 1 marked dimmution n the unsarz’
ascorbic acid output lasting 1 to 3 days In one panent during 4 day!
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Fic 1 Increased urinary ascorbic aad excretion after ACTH with a dum
nution 1n excretion upan of ACTH ad on

of ACITH admumstranion there was an ascorbic and excretion of
800 mg above the average control level Eleven of these subjects were
n negative ascorbic acid balance during the il peniod of ACTH
admmustration

2 Four patients on an ascorbic aod intake of 250 mg /24 hr re
cetved cortssone acetate In 2 of these there was a questionable 1n
crease in the unimary ascorbic acid excretion and 1n 2 no effect on the
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urmary output could be demonstrated No alteration in the ascorbic
acid excretion occurred on cessation of the cortisone administration
1n any of these cases One of these pauents with well established Ad
dison s Disease was given 100 mg ACTH/24 hr for 2 days with no
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effect on the urinary excretion of ascorbic acid Although no conclu
sions can be drawn from one case 1t suggests that ACTH has no d1
rect effect on ascorbic acid excreton not mediated through the
adrenal

3 Seven patients on an unsupplemented ascorbic acid intake av
eraging between 15 and 90 mg /24 hr 1n respective studies recerved
ACTH (Fig 4) Four of these showed an increased urinary output of
ascorbic acid upon ACTH 1njection one showed a questionable 1in
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Fi 4 A typical response after ACTH adminustration 1n a patient on
an unsupplemented ascorbic and 1ntake with a failure of an inerease in
urinary ascorbic acid excretion after cortisone

crease and 1n 2 no response to the administration of ACTH was dis
cermible Three of the 4 subjects who showed increased ascorbic acid
output showed a subsequent decrease on reduction or cessation of
ACTH admimstration as did the one case with a questionably 1n
creased output Those showing no effect on ACTH admimstration
showed no effect on withdrawal of the hormone

4 One pauent (Fig 5) on no ascorbic acid supplement and who
previously had shown a charactenistic response to ACTH administra
tion recesved 2 courses of cortisone mjections and showed a step wise
mncrease 10 urinary ascorbic acid on both occasions No alteration
excretion occurred on cessation of corisone admnistration Three
patients on this intake level received cortisone subsequent to a course
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urtnary output could be demonstrated No alteration 1n the ascorbic
xcretion occurred on cessation of the cortisone admimistration
of these cases One of these patients with well established Ad
en 100 mg ACTH/24 hr for 2 days with no

aad €
n any
dison s Disease was g1v



4SCORBIC ACID METABOLISM 361

A 9 month old mfant* with chmeal and X ray evidence of ad
vanced scurvy was placed on a Vitamin C free diet and receved
30 mg ACTH for 24 hours (Fig 6) Urtnary ascorbic acid excretion
mnally below 0 5 mg /24 hr increised to 23 mg /24 hr comcident

SCURVY~- FE L
—_—

URINARY

VITAMIN €

MG

CORTICOIDS

MG

ACTH— MG

DAY OF STUDY

Fic 6 Unnary ascorbic acd and urimary cortscords i an infant with
scurvy receiving ACTH

with a nise 1r the chemucally determined corticords The blood as
corbic acid remained zero during the peniod of study Following this
short course of ACTH mjections there occurred definite chinical 1m
provement corroborated by calaification 1n the femoral sub periosteal
hematomata (Fig 7 8)

Thas data further substantiates the impression that ascorbic aad

This patient was studied in collaboration with Dr G Motris and throuh the
courtesy of Dr A Goldbloom of the Childrens Memorial Hospatal
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of ACTH and in none was any effect on ascorbic acid excretton dis
cermible (Tig 4)

5 One patient on an ascorbic acid intake of 1000 mg /24 hr re
cewving ACTH showed an increased excretion of ascorbic acid n 1e
sponse to the ACTH but no fall was noted upon cessation of the
njectrons
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Fi1c 5 A demonstration of a uriary ascorbic acid response after cortisone

6 One patient on an ascorbic acid intahe of 1000 mg /24 hr and
recenving cortisone showed no alteration in ascorbic acid excretton
either uporn 1N1L12t10N OT cessation of the injections

Regular blood ascorbic acid levels were determined and the 1m
pression conveyed suggests that these levels increase when the uninary
ascorbic 1c1d excretion 1s mncreased and that they remam low or con
stant when the urinry ascorbic acrd excretion 1s low or unchanged
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cretion occurred In only a few patients was this increase marntained
during the remamming period of AGTH 1njection In general those
pauents showing a peak 1n ascorbic acid excretion disply 2 definite
diminution of vanable magnitude 1 the urmary ascorbic aad ex
cretion upon reduction or cessation of ACTH dosage The dosage
level of ACTH at which this occurs appears to be approximately
50 mg per 24 hr In the low ascorbic acid 1ntake group there was a
suggestion that if the ACTH dosage was hugh enough the peak n the
urnary ascorbic acd exeretion would occur
Nine patients recenved cortisone of these 1 showed a definite
crease 1n the excretion of ascorbic acid 2 showed questionable 1n
creases and 1n 6 no effect on the unnary ascorbic acid output was
noted In the one response the increased excretion was of a step-like
nature suggesting that the effective cortisone level to produce this
phenomenon was reached slowly This s in agreement with Browne s
opinion that the micro-crystals of cortisone acetate are only slowly
absorbed and that the actual dose over a given peniod of time 1s far
removed from the njected dose Thus a series of injectrons has a
potentiating effect so that a physiologically effectis e dosage 1s reached
The fatlure of cortisone to produce this peak effect 1n a larger
number of cases may be merely a question of mnadequate dosage due
to two factors the first of which has just been discussed The second
factor 1s associated with evidence now beginning to accumulate that
ACTH 15 four to five times as effective 1n releasing endogenous cor
tisone or cortisone like substances than an equal amount of injected
cortisane acetate Ths dufficulty could be answered 1n part by the ad
mrnustration of soluble cortisone
That this response 15 mediated through the adrenal and 1s not a
direct effect of ACTH 1s suggested by the failure of ACTH to cause
an alteration 1n ascorbic acid excretion when administered to a pa
uent with Addison s disease although no conclusions can be drawn
from one case
The source of the increased urinary ascorbic acid following
ACTH 1n the scorbutic infant and the reason for the clinical and
X ray evidence of improvement may be associated with the release of
ascorbic acid from the adrenal cortex mn response to ACTH stimula
tion Harms® has shown that in scurvy the adrenal 1s not completely
depleted of ascorbic acd
The cause of this peak 1n urinary ascorbic actd excretion can only
be hypothecated at present but sexeral possibalities exist
(1) That 1t 15 due to an increased renal clearance of ascorbic acid
associated with a lowening of the threshold after ACTH Ascorbic or
hexuronic aad 15 a 6 c atomed compound closely allied to glucose
McAlpime Hoffman et al * demonstrated that part of the glycosuna
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Fic 7 X1y film of scorbutic infant before Fic 8 Xray film 14 days
ACTH administration after adminstration of 30
mg ACTH and 6 days after
a single njection of 15 mg
ACTH

1s important 1n adrenal cortical physiology the role 1t plays can stil
only be hypothecated

The results of this investigation are summanzed 1n Table II but
may be briefly mentioned Of the 23 pauents recetving ACTH 17
showed a sharp increase 1n the urinary excretion of ascorbic acid dur
1ng the first 24 to 48 hours of ACTH admunistration 3 showed a ques
tionable 1ncrease and 1n 3 no alteration 1n urinary ascorbic acid ex

Table II

Patients recessng ACTH (23) Patients receving cortesone {9)

Ascorbic Aard Questionable  No Questionable  ho
Response®  Response  Response | Response®  Response  Response

Intake with no
supplement 14 1 2 1 - 3
250 mg Intake 12 2 1 - 2 2
1000 mg Intake 1 - - - - 1
17 3 3 1 2 3

» Response indicates 20 1ncrease in unnary ascorbic acid excretion upon admimstra
tion of ACTH or cortisone.
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‘The failure of a larger number of responses with cortisone tend
to rule out a peripheral cellular effect as a source of ascorbic acid
rather than an adrenal corucal although the apparently defime
response obtamed 1n one case tends to throw some doubt on this
prmlSC

An attempt to understand the decrease 1n unnary ascorbic aud
upon reduction 1n or cessation of ACTH adminustration can only be
made by comparing it to the blood sugar overswing which 1s seen
continuous carbohydrate admimstration It seems that one metabohic
pathway once established has precedence over another

Further mvestigations along hines of obtarming adrenal blood after
the admimstration of these hormones would certamnly promote the
understanding of this problem

This discussion 1s largely speculation and perhaps no one hypoth
ests offers the answer to the problem but a combinauon of factors may
be at work No final conclusions can be reached on the basis of the
available data
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occurring during ACTH administration was due to a lowering of
the renal threshold This observation tends to support the hypothesis
but 1f this 15 true 1t seems difficult to understand that the increased
ascorbic 1c1d excretion does not continue for the duration of ACTH
admunstration There 15 also a r1se 1n the blood ascorbic aad dunng
the period of ACTH adminstration which would not occur were
thus mncreased excretion due to a lowered renal threshold Finally one
would expect a higher number of urmary ascorbic actd peaks than 1s
demonstrated with cortsone because the dosage given 1s adequate to
result in glycosuria Renal clearance studies would be of great value
m solving this phase of the problem

(2) That the peak be due to rapid and continued release of as
corbic acid by the adrenal The work of Sayers and co workers™ 1s
excellent evidence 1n favour of this They observed a fall 1n ascorbic
acid and cholesterol content of the adrenals of rats after ACTH m
jection The fall was maximal at one hour rematned there for two
to three hours returned to 1ts oniginal level after mine hours and
finally after 24 hours reached a greater level than 1n controls Thts
suggests that the adrenal cholesterol and ascorbrc acid 1s essential to
the synthesis of the cortical hormone Lowenstein™ reported 1solation
of a biologically active adrenal sterord 1n which the side chain was
conjugated with ascorbic acid conferring water solubtlity to the com
pound Giroud™ has suggested that the synthesis of the cortical hor
mone or hormones 1s dependent upon the presence of ascorbc acid
1 the adrenals 1t playing an important role n the oxidaton re
duction process 1 this organ It 1s possible that the ascorbic acid
facilitates certain types of chemical reactions withimn the cells of the
adrenal cortex or possibly within all cells upon which the adrenal
hormone exerts 1ts action

It has been suggested that the large quantities of ascorbic actd
which appeared 1 this investigation could not possibly have the
adrenal as 1ts only source and that other tissues also release ascorbic
acd 1n response to ACTH administration A stmular statement
might be made with regard to the urinary corticords after ACTH ad
mumstration  but 1t 1s postulated that these are synthesized m the
adrenal cortex Could 1t not also be posstble either for ascorbic aad
to be withdrawn from other ussues and transported to the adrenal
for a more v1tal function or for synthesis of 1t to occur n the adreml?
Only further tvestigation along these lines can elucidate this prob

lem
(3) That the source of the increased urmary ascorbic acid be a
Jease of 1scorbic acid from some other organ or tissue or

neral re
& bination of these factors play a role 1n production of this

that a com
peak
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guinea pig there 1s ample evidence of the secretion of adrenal sterords
after the administration of ACTH

Then there was the work of Voight who showed that in the ad
renal vein there 1s no increase 1 ascorbic acid content at the time
there was an 1ncrease n the steroid content

In our own work with the chick we have shown that both stress
and ACTH would cause no decline 1n adrenal ascorbic acid while
there was a dechine 1 the adrenal cholesterol

EFFECT OF CORTISONE AND ACTH ON BODY WEIGHT
AND SURVIVAL OF SCORBUTIC GUINEA PIGS
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DR M ¢ ROSENTHAL (New England Medical Center and Tufts College
Medical School Boston) Our interest 1n the effect of ACTH on as
corbic actd metabolism began after the development of a hemor
rhagic syndrome 1n a patent being treated with this drug for Iym
phosarcomatosts

Following 115 days of continuous ACTH therapy this patient
displayed numerous petechiae and ecchymoses not associated with
trauma The platelet count at that time was 400 000 and mvestigation
of the vartous coagulation factors and their possible antagonists
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DISCUSSION

DR CHARLES RAGAN Following the work of Schofenberg ct al Proc.
Soc Biol & Med 74 358 in 1950 1n which they reported that cortt
sone ameliorated the symptoms of scurvy 1n the guinea pig we 1€
peated their work with both cortisone and ACTH and found that
ACTH as well ameliorated the symptoms 1n the gumea pig in the
sense that the lesions of scurvy were less marked and the animals sur
vaved for a longer period of time In Figure 9 1t 1s shown that the
survival ume of the ACTH and cortisone treated animals was consid
erably longer than that seen in the untreated controls It was of some
interest to note that the adrenals of all the controls contruned no de
tectable amount of ascorbic acid This applied as well to the adrenals
of the ACTH treated ammals In two of the cortisone treated ant
mals there was a mimimal amount of ascorbic acid

Fig 10 shows the ratto of adrenal weight to body weight m the
normal the untreated scorbutic in which there 1s a large increase 1
the adrenal size 1n the cortisone treated scorbutic 1n which the ad
renal size approaches the normal and the ACTH treated where the
adrenal 1s mximal

The implications we have drawn from this are two fold First
1n order to have a release of corticords from the adrenals following
ACTH stimulation no or very small amounts of ascorbic acid may
be necessary Second durning the hyperadrenal state less ascorbic

acd 1s necessary

w jaier To get back to the problem of whether as
15 necessary for the synthesis or release of the adrenal
re several pieces of evidence to show that 1t 1s not

he work of Long who showed that in the scorbutic

DR JOSEPH
corbic 101d
sterords therea

The first 15 t
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ascorbic acid metabolism encountered by other workers It 1s our
feeling that 1 pauents with a potential hemorrhagic tendency due to
1 deficiency of one or other factors in the hemostatic mechamism
treatment with ACTH 1n certain instances may precipitate an actual
hemorrhagic diathesis We attnibute thus to ascorbic acid depletion
with 1ts attendant effect upon capillary integnity

DR ROBERT haRk Durnng the past war Dr Robert Johnson and my
self studymg soldiers under stress such as a three month march
through the Arctic found a marked retention of ascorbic acid at low
levels of intake

In attempting to repeat thus work recently on healthy indrviduals
medical students and patients with hernias we have found the fol
lowing to hold

If we saturated our patients with large doses of ascorbic 1ad be
fore giving them the ACTH we had results which were exactly com
parable to those shown by Dr J S L Brownes group that 1s a
large exairetion of ascorbic acid

If these men were not saturated sometimes we would get a large
excretion but very often a low excretion

We feel that when the subjects are saturated with ascorbic acid
ACTH produces an ascorbic acid diuresis on the basis of a lowering
of the renal threshold

DR S HOWARD ARMSTRONG JR In view of the fact that a good many
of the diseases eg lupus erythematosus and acute rheumatic fever
which are affected clinically by ACTH have been reported to show
low blood ascorbic acid levels 1n the last year Dr R Gordon Brown
of our chinic has run a group of loading tests on a small number of
pauents with collagen disease Some of these patients were on good
dietary ascorbic intake and some on a low though not completely
deficient  dietary intake The scatter of the results of the loading
tests (using 250 mgs ) mn these patrents did not deviate very much
from the scatter obtained from normals nor was there any consist
ently lower mmtal blood level observed No more sigmificant results
were obtamned by using a very high load namely 2 grams imntra
venously

‘We thus came to the conclusion that at least from the clinical
pownt of view the problem of interaction of ascorbic and ACTH
could not be evaluated without pre and post treatment tissue analy
ses If our biochemical team 1s not decimated by the current war we
plan to get at this problem this year
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conducted by Dr Mano Stefamm revealed a shightly decreased pro
thrombin activity as well as 2 shghtly imcreased fibrinolytic activity
These findings however did not adequately explan the severe
hemorrhagic manifestatsons displayed by the patient It nas suggested
that 1 possible scorbutic ike state existed and the ascorbic acd
levels 1n the urine and plasma were then taken The average plasma
ascorbic acid level for four consecutive days was 024 mgs per cent
The normnl for the method being used was 0 7 to 1 0 mg per cent
Urinary excretion of ascorbie 1cid for this patient over a 24 hour

EFFECT OF CORTISONE AND ACTH ON ADRENAL S1ZE&
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period was 099 mgs the normal being 20 to 30 mg> A witamun C
tolerance test showed marked unsaturation of the tissue Administra
tion of vitamin C to this patient completely elrmmated the hemor
rhagic diathesis

Soon afterward another patient with rheumatoid arthritis pre
sented himself with a similar picture of low ascorbic acid levels m
plasma and urine as well as a hemorrhagic diathests Investigation of
other pauents treated with ACTH over an extended pertod revealed
that ascorbic acid depletion 1s not always 1 constant finding and that
furthermore when ascorbic acid depletion does exist hemorrhagic

are not a cOmMmon accompaniment

phe'l;'(l)lr:;e;zssxbly explamns discrepancies 1n the effect of ACTH on



PART VI
ADRENAL GLAND AND HEMOPOIETIC SYSTEM

36
The Use of ACTH in Acute Viral Hepatitis*

James W Colbert, Jr 1 James F Holland Capt (MC) US A
Ivan Hesssler and Marjorie Knowlton
US ARMY MEDICAL CORPS

The reports of the effecuveness of ACTH against many dis
eases resistant to all previous therapeutic measures'® suggested a
trnial of ACTH 1n the management of acute viral hepatitis The fol
lowing 1s a report of the mvestigation of the use of ACTH 1n treat
ment of viral hepatits at the Hepantis Center 98th General Hos
pital US Zone of Occupation Germany
At this center over 4000 mlitary patients with viral hepatitis
have been treated for this disease during the past 3 years 1947-50
The accumulated experience of these three years has been rather
carefully reviewed and several reports have been published*

MATERIALS AND METHODS
Subjects

The patients studied 1n this mvestigation were 5 male enhsted
personnel of the United States Army of Occupation m Germany
who were admutted to the hepatitis wards of the 98th General Hos
pital within the first eight days of the onset of viral hepatitis It 1s
possible that some of these cases were examples of homologous serum

From the 98th General Hospital (Hepatitis Research Team) European Command
US Army of Occupation 1n Germany Representing work done under the auspices of
the Commussion on Virus and Rickettsial Diseases Armed Forces Epidemiological Board
Office of The Surgeon General US Army Washingon DC and under the auspices
of the Section of Preventive Mediane Yale Umiversity School of Medicine
+Now with the Department of Internal Medicine Yale University Schoal of Medi
ane
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though jwndice receded during treatment no definite change 1n
hiver size or tenderness was noted

There was a clear effect upon the level of the serum bilirubin
In all cases serum bilirubm levels showed a prompt fall and upon
cessation of ACTH therapy 2 patients exiubited a sigmficant nise
in serum bihrubin concentration (Tig 1 % 2) The cephalin floccula
tion and thymol turbiduty tests did not follow as clear a trend How
ever there was a suggestion of an effect of ACTH 1in returning these
tests to normal Gamma globulin levels® appeared to be depressed
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Fic 1 Effect of ACTH on the course of viral hepatitis 1n pattent

shghtly by the action of ACTH but again this effect was not con
clusively demonstrated Bromsulfalein retention (5 mgm/km of body
weight) which was determined after the one miute serum bilirubin
had fallen to 04 mgm% was abnormal at first examination 1 ail
cases

Two pattents (R T and A E ) expertenced clinical relapse upon
withdrawing ACTH (Fig 1 & 2) In both wnstinces the relapse was
more seiere than the imtial episode Anorexia nausea and abdom
1nal cramps were accompanted by rise 1 total and one minute serum
bilirubin return to abnormal reaction of the cephalin floceulation
and thymol turbidity tests One of these patients (R T ) was given
ACTH agamn and within 6 hours nausea and abdominal discomfort
vamished his appetite became better and he generally improved By
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hepatitis but 1n view of the fact that there are no means at present
for differentiating mfectious hepatitis from serum hepanns chin
1cally the cases have all been classified as viral hepatitis The diag
nosis was made on the basis of characteristic symptoms and signs
accompanted by consistent deflection of appropriate tests of hepatic
function The five patients studied were jaundiced at the ume of
admussion and the subsequent course of disease was mild or mod
erately severe All patients were under 25 years of age

Management of Patients

The patients were examuned daily and observations concerning
pertinent symptoms and signs of disease were made Laboratory
tests of liver function were determned on admusston and twice 2
week throughont the period of hospitalization Before ACTH was
started a regtmen of low salt diet daily charting of weight blood
pressure intake and output and eosinophil count® was 1nstituted
Complete blood count urmnalysis and glucose tolerance tests Were
done before treatment and weekly thereafter The urme was €
amined daily for glucose

ACTH was admimstered intramuscularly 25 mgms every 6
hours and was discontinued abruptly The total dose per pauent
varied between 825 mgm and 1925 mgm of ACTH

Except for the admumstration of ACTH the patients followed 2
standird management routine The diet contamned 4200 calories
and consisted of 190 grams of protein 607 grams of carbohydrate and
114 grams of fat supplemented with vitamins and brewers yeast
but restricted 1n salt intake All patients were kept n bed with the
privilege of going to the bathroom untl all symptoms and signs of
hepatitis had disappeared and the retention of bromsulfalemn in the
blood measured 6 09 or less They were then allowed to be ambula
tory for one weeh and 1if there was no evidence of relapse either
clinically or as determuned by tests of hepatic function they were
discharged from the hospital erther to duty or to a convalescent

center

RESULTS

Appropriate Tesponse of the eosmophils to ACTH admnistra
tion was seen 1n each nstance .
The most striking result was the prompt return of 1ppetite an

Anorexia diminished rapidly and was replaced by a voracious
pivaf The patients felt so well that 1t became difficult to mamntain
;gdetrlc!:t Pruritus when present disappeared during therapy Al
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to require narcotic medication This patient expertenced remission
within 48 hours after ACTH administration was remnstituted

Because the number of pauents reported 1s small detailed case
records are given below

Case 1

P A a 19 year old white 1nfantry soldier was admitted to the Hepattis
Center on 11 May 1950 because he was noted to have scleral icterus He was well
until 4 days before admssion when fatigue dark urine post prandial nausea
and anorexia appeared For three days prior to entry intermuttent frontal head
ache and dull epigastric pam were noted and on the day of admisston jaundice
was noticed

He drank 5-6 bottles of beer weekly he had never entered the tropics nor
had he been exposed to hepatotoxic chemicals There had been no prior jaundice
and he had had no needle punctures in the past 6 months The rest of the per
sonal past and family hustories were essentially negative

On admussion the temperature was 982 F pulse 64 respiration 20 and BP
188/84 Icterus of the skin and sclerae was present The heart and lungs were
normal The abdomen was flat and muscular the Iner extended only to the
costal margin and was shghtly tender the spleen was not palpable The remain
der of the physical examination was within normal lumts

Hgb was 153 gm  WBC 10750 with N 59 (0-10-49) L 25 M 11 E I Except
for bilirubmura the admission urinalysis was within normal Lumtts A chest
X ray was normal A cardiolipin test was negative Liver function tests revealed
a total serum biltrubm of 63 mgm/100 cc +++ cephalin flocculation 14
thymol turbidity units and 16 5 gamma globuhin turbidity umits

On the 7th day of disease the patient was started on ACTH 25 mg 4 x daly
by mtramuscular injection Serum bilirubmuria declined to a concentration of
126 mgm 5 m 12 days and appetite became enormous The appeatance of a
rounded full plethoric moon facies on the 11th day of ACTH admunstration
was stnking After 1675 mg of ACTH admimstered 1n 18 days the drug was
discontinued because of the appearance of sacral edema significant diastohe
hypertension and an acneform eruption over the upper anterior chest and back
beginning on the 18th day of treatment From the 13th to 18th day of treatment
asates was noted

Starting approximately 16 hours after cessation of ACTH the patient ex
pertenced bilateral aching pamns 1n both knees which interfered with sleep but
which spontaneously disappeared in 48 hours No objective signs of bone or jomnt
dsease were appreciated on examination The sacral edema cleared rapidly as
did the rounded faces but acne of the chest persisted for 8 weeks after the ces
sation of medication Diastolic hypertension which appeared during ACTH per
sisted for one month after stopping the drug On about the 15th day of ACTH
therapy and agam 10 days after cessation he had brief epistaxes from the lefe
nares

Serial electrocardiograms before durmg and after the drug faled to show
significant changes

Case 2

J L a 23 year old Army clerk was admtted to the Hepatius Center on 17
May 1950 because of ictenic sclerac Three days before admission he observed
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the 72nd hour he was energetic and cheerful and his total serum
bilirubin had fallen markedly Upon discontunumg ACTH for the
second time this patent again exhibited a rise 1 serum hilirubin
but of mmor degree (Fig 1) The other patient was treated routinely
without ACTH and remitted spontaneously but without dramatic
suddenness (Fig 2)

Untoward effects were noted m all 5 patients Ascites sacral
edema moon face and acne developed 1n 4 patients Ascites moon
face and sacral edema disappeared with the diurests that accompanted
hormone withdrawal

Rise 1n systolic blood pressure to a level of over 140 mmHg de

1L
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Fic 2 Eifect of ACTH on the course of viral hepatitis in patient

veloped 1n all patients and 1 drastolic blood pressure 90 mmHg or
more was noted 1n 4 patients One pattent (P A) exhibited sigmifi
cant hypertension 1 month after withdrawing the drug but was
normotensive 2 months after cessation of treatment The pretreat
ment blood pressure of this patient was 138/84 All 5 pauents dem
onstrated glycosuria at some ume during therapy but glucose tol
erance curses (25 Gm Glucose V) did not show abnormal Jevels
at 2 hours after mnjection of glucose Glycosursa cesed promptly
ywith cessation of ACTH admimistration

A strihing symptom upon withdrawal of ACTH was the occur
nt pains 1n 4 of the 5 patients The hnees nere most
volved and 1 one mstance an effusion tnto the knee
firmed by x 2y There was no redness or heat bt the
The pain was severe enough in one patient g B)

rence of Jo!
commonly i1t
jomnt was con
joints were tender



ACUTE VIPAL HEPATITIS 877

woodwork with white lead paint following thus he developed a rash on his hands
which lasted for 3 d1ys but there were no gastro intestinal symptoms nor Jaundice
at that ttme There was no ather T to possible hep:
The patent did not drink alcohol The remander of his personal and past
lustories was negative

On admission he presented mild jaundice and a few widely scattered acne
form lesions of the face and back His temperature was 99 F pulse 60 respira
tion 16 and blood pressure 108/64 The heart was not enlarged Regular sinus
thythm was present and the sounds were of good quality A grade I systolic
murmur was heard in the spical and the aortic regions The lungs were clear to
percussion and tuscultation The liver did not extend below the costal margm
but was slightly tender The spleen was not palpable

Hemoglobm was 122 gm WBC 4000 N 45 (04-11) L4 B2 M7 L 42
The urinalysis was normal The cardiolipin test was negatine Admission photo
fluorogram of the chest was entirely normal

\n 1nitial battery of chemical tests of Iiver function was obtained (Figure 2)
and on the 9th day of disease the patient was started on ACTH He expenenced
only moderate well being while on the medication but his bilirubimemia de
clined On the 9th day of drug hus heart seemed shghtly enlarged and his mur
murs had creased 1 ntensity At this tume his blood pressure was 185/90 and
the neck veins were distended Because of this evidence of cardrac embarrassment
medication was stopped He recenved 825 mg of ACTH in 10 days Dunng the
course of treatment this patent mamtaned a constant weight which proved
subsequently to be due to loss of tissue while storing fltud Three days after
cessation of ACTH he had druresed 3 0 kilograms  After a 21 hour latent period
the panent expenenced mild aching n his knees without abnormal physical
findings which lasted less than a day

Four days after the end of the treatment course he began to note mtermrttent
symptoms of mild nature sumilar to those at the onset of his disease anorexia
epigastric cramps and later bilirubmuria and acholic stools Frve days after
stopping ACTH there was an appreciable mcrease in his serum btlirubin By
the end of the second week after stopping ACTH all his tests were more ab
normal and bilirubinemta exceeded that on admusion At the peak of jaundice
hus symptoms abated and he then gradually recosered

Sermal electrocardiographic tracings fatled to disclose sigmificant changes and
cardrac fluoroscopy was normal

Case 4 (Figure 1)

R T a 19 year old mihitary policeman was admutted to the Hepatitss Center
23 May 1950 because of jaundice Seven days earhier he had noted epigastric
fullness which was rapidly followed by persistent anorexiz nausea headache
pruritus and dark urine Two days before admission he noticed scleral icterus

Four months prior to entry he was treated for seropositive primary syphuls
with 6000000 umts of procanc penicilin He had had needle punctures 109
and 87 days before the onset of symptoms He had been a heavy beer and
whisky drinker for 2 years There was no history of prior Jaundice and he had
not been exposed to hepatotoxic chemicals

On adnussion temperature was 986 F pulse 54 respiration 18 and blood
pressure 190/80 There was icterus of skin and sclerae and 2 munmal chronic
acneform eruption overlymng the sternum The skin was otherwise clear without
telangiectasia The heart and lungs were normal The Iver was percussed one
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his urine was darl and the next day icterus of the sclerae appeared He had
expenienced no other symptoms and felt entirely well on admission

The past history included acne and infected sebaceous cysts over a period
of 5 years for which pemallin injections had been given 58 and approvimately
80 days before the onset of his present illness There were no actnve lesions at
the time of adnussion to ths hospital

He had been in North Africa and the South Pacific from 1944 to 1916 but
he had hid no tropical diseases There had been no exposure to hepatoxic chemt
cals He had never previously been jiundiced He rarely drank alcohol The re
munder of the past personal and family histortes was not remarkable

On admussion the temperature was 99 F pulse 80 respiration 18 and BP
120,80 The shin and sclerae were shghtly jaundiced Mild facial and cervical
pitting from acne and scattered scars from wnastons of cysts were noted There
was no telangiectasia Heart and lungs were norm! The liver was palpable one
fingerbreadth below the costal margin and was shghtly tender but the spleen was
not palpable The rest of the physical examination was within normal limits

Hgb was 14 8 gms  WBC 3850 with N 52 (0-1-51) L 40 M 3 E 5 Urnmnalysis
was within normal limits and a cardiohipin test was negatne Lner funcuon
tests demonstrated a total serum bilirubm of 22 mgm/100 cc 4+ cephalin
flocculation 8 thymol turbidity units and 10 gamma globulin turbidity unts

The pauent started on ACTH 25 mg q1d intramuscularly on the 8th day
of hus disease On this regimen his appetite and ntake were greater than ever
before in hus Iife and serum bilirubin concentration fell to normal withun 4 days
He expenenced exceptional well bemng On the 7th day fullness of the face first
appeared and thus progressed On the 11th day he began to cough small amounts
of frothy white sputum without dyspnea orthopnea or pulmonary rales On the
12th dvy sigmficant diastolic hypertension developed On the 15th day after
1225 mg of ACTH the drug was stopped when asates and sacral edema appeared
This transiently mcreased and then disappeared after ten days

The patient had no joint bone or muscle aches m the post therapy period
In spite of durests lus wesght did not return to the pre treatment lesel and his
face remained full and rounded It was clintcally apparent that he had become
fatter ly expl d by the ¢ excellence of his appeute after
ACTH  Senial electrocardiograms during the peniod of hospitalization showed
no sigmificant changes He was discharged to duty on the 39th hospital day

A recheck examination on the 61st day after the onset of the discase revealed
normal findings except for persistent hepatic enlargement with slight tenderness

Case 3 (Figure 2)

A B a 20 year old radio operator was transferred to the Hepantis Center
on 22 May witha diagnosis of viral hepatitis Seven days earlier nausea anorexta
dark unne Light colored stools chilliness and feser appeared during the course
of three days Four days before wransfer icterus was noted and he was admutted
to the 15th Evacuation Hospital There jaundice and epigastne tenderness with

: hepatomegaly were noted and his total serum bilirubin was 413 mg 5 On
ggmlss?on to the Hepatiss Center only muld anorexi bilirubinmuna and acholic

ted

510011{5 Plt::ilsh:nd scarlet feser at the age of 7 without remembered sequelae There

y history of acute theumatic feser Nunety days before the onset of the

e l; cs‘;yhc had had acute tonsillius for which repeated aqueous pensallin

Pr:;:::(‘nlls ?\erc gen Three weeks prior to the onset of hepanitis he had painted
1
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no findings of signuficance other than smus bradycardia during the second ACTH
pertod

Case 5

J B a 22 year old tank drver entered the Hepatius Center on 23 May
1920 because 3 days before friends had noted he had icteric sclerae For the two
days prior to entry he had noted dark unne and Light stools but had had no other
symptoms and felt enurely well

The past history wndicated no relevant illnesses He drank 20-25 bottles of
beer weekly he had never been in the tropics there had been no exposure to
hepatotoxic chemicals he had had no needle punctures n the preceding 6
months Personal and famly histories were negative

On exarmnation there was jaundice of skan and sclerae Temperature was
98 F pulse 68 respiration 18 blood pressure 112/68 The heart and lungs
were normal The abdomen was flat and muscular The liver could be percussed
2 finger breadihs below the rght costal margin  but could not be felt The rest
of the physical examination was withmn normal limits

Hgb was 132 gm <, and WBC 4 350 N 57 (0-14-43) L 2¢ M 7 Bl Fos 11
Urinalysis was within normal himits as was a chest X ray Laboratory tests of hiver
function revealed a total serum bilrubin concentration of 49 mgm/100 cc
negative cephalin flocculation 375 thymol turbidity units and 620 gamma
globulin turbiduty untts

On the fifth day of disease ACTH was begun The patient receved a total
of 975 mg 1n 11 days during which ume he felt extremely well His appette
was enormous and he ate far more than ever before m his Iife Serum bilirubin
concentration fell rapidly and was normal within 9 days of treatment. Hyper
tension a plethortc rounded factes and sacral edema were assoaated with drug
admimistration Engorged neck veins and a soft blowing pulmonic systohc mur
mur were first noted after the tenth day of drug Asates appeared on the eleventh
day of ACTH and the medication was stopped

Approumately 16 hours after Ius last dose the patient suffered excruciatng
pamns m his legs which started at the dorsa of his feet and radiated to his knees
24 hours later an unequivocal small effusion was detected n the left knee joint
which was confirmed by X ray exammmation The nght knee was shghtly less
tender but no definite signs of effusion existed there Neither extremity demon
strated local heat or redness and pain was not greatly increased by motton In
the first 24 hours of pam a total of 21 gm aspin and 0 18 gm codene were m
effecive and the patient required two parenteral 100 mgm doeses of demerol
for relief

A mummal acneform eruption hmited to the anterior central thoracic region
first appeared on the day following cessation of ACTH

To eluadate further the relation of joint pains to the ACTH treatment m
this pattene the drug was remnstituted 1n the same dosage schedule 58 hours
after cessation of the first course Four and one half hours later when his eosino
Plule count was reduced by 465 his patn had not remitted For 24 hours after
the drug was restarted his pain was still severe but thereafter 1t improved the
effusion disappeared and by the 49th hour he had agam become asymptomatic
with no evidence of joint disease on examination On the second day after re
mstitution of therapy his appetite returned to that level which prevailed during
the first course us face became more plethoric and fatter than 1t was in the
short time off the drug asates began to increase and he again expenenced
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fingerbreadth below the right costal margin but an edge was not felt The spleen
was not felt The rest of the physical examination was within normal limits

Hgb was 148 gms WBC 4150 with N 50 (0-6-44) L 37 M8 E4 B1
Urninalysis was within normal ltmits and a cardrolipin test was negative

Two sets of liver function tests were obtained before starting ACTH on the
4th hospital day Four days later anorexia had disappeared and hus intake was
enormous Pruritus ceased on the Gth day of drug Intermittent nudabdominal
paimns and hepatic tenderness contnued The f4ll 1n s bilirubin during this
pertod 1s shown 1n Figure 1 Duning the latter days of ACTH administration 2
pulimontc systolic murmur younded full facies and sacral edema appeared

On the 12th day of ACTH because of the development of asaites medication
was stopped Within 14 hours arthralgia appeared 1n his wrists elbows ankles
and knees wrthout effusion or other local finding except tenderness Tuenty
four hours later the pain encompassed the whole of his Jower extremitres and
the left shoulder girdle with tenderness of muscle bone and joint The pain it
these regions was not changed during movement but was considerably mcreased
1n the post actnity period After a total of 80 hours these extremity pams dis
appeared

The second day after the patient was off ACTH a smal] night sided epistaxis
occurred

Approximately 48 hours after cessation of ACTH the patient began to X
penience his original symptoms again Pruritus anorexia nausea vomng leth
argy and epigastric cramps became promunent and a striking erease 1n his total
serum bilirubin from 202 to 1670 mg ¢4 occurred n seven days Durmng this
period a marked diuresis occurred (73 kg weight loss) and the rounded face
reverted to normal His indolent anterior thoracic acne became actrve the day
after withdrawing ACTH and a florid acneform eruption appeared and steadily
worsened during the days off the drug On the 7th day off medication he appeared
acutely 11l He was deeply jaundiced and suffered severe pruntus Innumersble
petechial hemorrhages appeared n the areas where he had scratched A tourmt
quet test was negatise after 3 minutes Bleeding ttme was 2 mmunutes venous
clotung time 5 minutes (Lee White method) and platelet count was 127 680

On the serenth day after cessation of ACTH therapy because of his severe
relapse ACTH was restarted 1n the same dosage as before Within 6 hours
nausea and abdomnal discomfort vamshed his appetite became better and he
felt generally improved By the 72nd hour he was energenc and cheerful his
appetite was enormous and hus total serum bilirubin had fallen to 1040 mg %o
a drop of 630 mg % Dunng therapy pruntus slowly disappeared and his acne
healed Mild purpura :n scratched areas continued to appear for seven days and
small nght epistaxes occurred on the 8th and 9th days of the second course of
treatment Moderate tenderness of the lower thirds of both ubiae was present
from the 7th day of therapy until cessation of ACTH Varable sinus bradycardia
to 2 recorded low of 38 appeared m the latter half of the therapenuc tnial without
other physical or electrocard phuc ab Rapidly acc ascites
and mild somnolence on the 9th and 10th days prompted discontinuation of the
drug On the tenth day his total serum bilirubin had fallen to 168 mg %

diately after of a simlar but mulder relapse ensued

undice (maimum serum bilrubin 804 mg %) agamn occurred
binerma slowly dechined over a 16 day period His subsequent
f slow comvalescence with elevated bromsulphalem retenuon

Pruntus and Ja
The hyperbihrul
course was ofe O

values " N 4
Senal elec! graphic tracngs g the hosp reveale
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by the inaiting agent 1tself (ACTH) but then appearing with drug
withdrawal

SUMMARY

5 patients with acute viral hepatitis recerved 100 mgm of ACTH
daily m 4 divided doses for periods ranging between 9 and 21
days Marked symptomauc improvement occurred promptly and
was associated n all instances wath a falling serum bilirubin con
centration

Upon withdrawal of ACTH arthralgia developed 1n 4 patients
one of whom demonstrated joint effusion

Other untoward effects seen nere glycosuria hypertension edema
ascites moon face and acne
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DISCUSSION

DR v M szoRov (Army Medical School Washington) One year ago
at the first AGTH Conference brief mention was made of the treat
ment of two cases of acute viral hepatitis with ACTH by the Hepatic
and Metabolic study group of the Army Since that tme this exper1
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exceptional well being The chest eruption increased greatly during the second
course A small unilateral epistaxis occutred on the 4th day of treatment

After 675 mg given 1n 8 days the drug was again stopped since at that tune
there was no clinical or laboratory evidence of hepautis 24 hours later a defimte
small effusion was present mn the right knee with mild pain but his other bones
and joints were entirely symptom free The effuston was no longer detectable at
24 hours but mild pain persisted gradually mvolving the left knee unul the
4th post treatment day when severe pamn agamn appeared n the nght knee
without effuston This lasted 22 hours more and then disappeared completely

The anteror thoracic acne which had become marked during the second
course of treatment progressively nvoluted after stopping medtcation On the
second post treatment day a mild folliculiis appeared at the hair line which
persisted for two days The plethoric full facies gradually regressed after ces
sation of ACTH

Hepatic function tests showed a progressive return to normal without evt
dence of relapse

Serial electrocardiograms dunng the period of hospitalization showed no
sigmficant changes

COMMENT

‘The apparently beneficial result produced by AGTH 1n the treat
ment of acute viral hepatitis in this study 1s 1n agreement with the
finding of Thorn et al ? 1n the treatment of a case of homologous
serum hepatitis However the present report 1s at variance with that
of Bluemle et al ® in which no improvement attributable to ACTH
was noted 1n two cases of acute viral hepatitis In our mvestigation
good results were seen 1n all five cases It 1s not our intention to
assign the recovery of some of these patients to ACTH admnistra
tion but the course of disease 1n the patient R T where remission
was associated with ACTH admimsstration and relapse withdrawal
on two occastons points to a benefical effect of ACTH therapy
acute viral hepatitis

The occurrence of migrating arthralgia 1n 4 of the patients con
comitant with hormone withdrawal requires comment The abrupt
discontinuance of ACTH was most probably followed by a perzod of
adrenal nsufficiency and during this period the jomnt and muscle
pain developed The duwrests occurring dunng a time of relatnve
adrenocortical hypofunction may have produced a sodium loss which
resulted m muscle cramps but the presence of jomt effusion 1n pa
trent ] B suggested that more than electrolyte imbalance was needed
to explamn the symptoms One of the patients (A B ) probably hid
a pre existing rheumatic diathesis but the other 3 patients who pre
sented symptoms of arthralgia exhibited no evidence from lustory

or physical examination of rheumatic fever or rheumatord arthnitis
Serum sickness should be mentioned as a possible cause of;hj
arthralga The development of symptoms could have been mashe
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course (F1ig 4) The other liver function tests showed a parallel drop

to normal at a faster rate than did the controls (Fig 5)

Liver biopsies were taken 1n mmne of these treated cases on the
day therapy was begun and on the day following the completion of
therapy A comparison of these biopsies showed a marked diminu
tion with a localization of the cellular exudate following the course
of ACTH (Figs 6nd 7) Since biopsies were not taken at correspond

1 IZ‘ e -

TOTAL SERUM BILIRUBIN (mg %}
=
h

0 s 10 L] 20 25 30
DAY OF JAUNDICE
Fi¢ 8 Treatment with ACTH started on second day of jaundice
Sharp drop of serum bilirubin followed by 2 leveling off of curve of fall
Normal value reached 22 days after onset of jaundice

ng mtervals 1n the control cases 1t 15 not known whether this dim
nution of inflammation 1s related to therapy alone

It 15 the general impression of our attending staff that the results
obtained 1n the two cases treated with a slow infusion of ACTH intra
venously are better than those with the single dose subcutaneous
method This was true despite the fact that with the latter course a
much smaller total dosage was used It appeared that the appetite
general well being and liver function tests returned to normal at a
significantly faster rate than did those 1n the first group treated The
eosmophul drop likewise was more complete mn the cases treated with
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ence has grown and now ucludes fourteen treated cases Treatment
m all of these cases was begun 1n the first week of jaundice After
diagnosis the patients were followed at frequent ntervals by physical
examnition and a panel of liver function tests This panel included
serum bilirubm one minute and total cephaln-cholesterol floc
culation thymol turbidity prothrombin time serum cholinesterase
kunkel gamma globulin unine bilirubin and urtne urobilinogen
Bromsulfthalemn (BSP) retention was measured following the return
to normal of the serum bilirubin

In the first group consisting of twelve cases ACTH was admums
tered 1n a single dose datly A total of 520 milligrams was admnis
tered over a nune dy pertod Eighty milligrams were mjected sub
cutaneously for the first two days Sixty mulligrams were guven the
third day followed by fifty milligrams daily for six days

In two cases a total of 300 milligrams was admimstered mtra
venously over a ten day period This was divided 1nto forty milli
grams daily for the first five days followed by twenty milligrams daily
for the last five days The hormone was diluted n 1000 cc of five
percent glucose and dripped intravenously very slowly over a ten
to twelve hour period In 11l cases response was measured by a drop
1n eosmophils

In addition to the ACTH all pauents were treated unformly
with bed rest until the total serum brlirubin returned to one mullt
gram or less A high protemn high caloric diet was offered and the
patients were encouraged to eat second helpings

A group of exghteen controls was selected and followed 1n a simt
lar manner With the exception of the ACTH these patients receiv
treatment 1dentical with that 1n the first group It should be em
phasized however that these two groups may not be strictly com
parable since they all represented sporadic cases The patients 11
both groups undoubtedly included both virus IH and virus SH types

By all standards of comparison used in the treated and control
cases the treated cases generally showed a more favorable response
Shortly following the beginning of therapy there was noted a sharp
drop 1n the serum bLilirubin 1 the majonity of cases This was fol
lowed by a more gentle drop in the curve of fll which ultimately
reached norm1l 1 an average of twenty seven plus* days (11 cases)
(Fig 3) This compared to an average duration of jaundice m the
control cases of fifty days A few of our cases demonstrated 1 con
tnued rise 10 the level of serum bilirubin for a few days preceding
the charactenstic sharp drop This was apparently rclated to the fact
that these cases were started on therapy exceptionally early n their

uded 1n this ascrage whose total serum bilirubm was not yet

S Tour cases wese ncl
Four scs the total serum biliruben was less than 2 mgms

normal In all of these &2
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Fi¢ 6 Case C S Lner biopsy
prior to therapy Section shows 1n
creased cellular infittrate character
stc of acute viral hepatitis
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DR POINTS (Minnesota) I would hike to know whether bilirubin ex
cretion was studied 1n any of these paunents? It seems an excellent
place to find out how much bile pigment 1s stored and how raprdly

DR A E EISENSTEIN (Barnes Hospital and Washington University
School of Medicine St Lous) Iwould hike to ask a question Would
he care to comment on the liver function tests other than the serum
bilirubin?

DR JaurFs w coLserT JR The influence of ACTH upon the reac
tion of the cephalin flocculation and thymol turbidity tests mn our
cases was not clear In the absence of clearcut results the small num
ber of pattents did not permit any comparison with the four thousand
patents who had been hospitalized at the Hepatitis Center Again
24 hour urine assays of urobilinogen did not reveal consistent re

sults

Whether or not jaundice adversely affects ACTH therapy I am
not prepared to sty However 1t should be stated that since this
study with ACTH 1 the treatment of viral hepatitis we have had the
opportunity to treat two patients who were profoundly 1l at the
beginning of ACTH administration Both of these patients con
tinued a downhill course and 1n spite of the admimistration of what
appeared to be adequate amounts of hormone both patients died
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ntravenous ACTH Although a few side reacttons were noted 1t 18
our belief that 1n no instance did the ACTH adversely affect the
course of hepatitis

DR EVANUEL B sCHOENBACH We treated a group of patients with
Hodghm s disease with ACTH and cortisone and noted that there
were four patients who did not show any respouse to cortisone or
ACTH The patients were jaundiced secondary to Hodgkins xrll
Eltration of the iver I nas just wondering how that correlates with

your obserations 1 hepatius
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adequately studied 1n this regard Thymol turbidity was reduced
significantly 1n 4 cases as was hunkel gamma globulin A temporary
Increase 1n urmary coproporphyrin excretion of from 5 to 14% of
the pre treatment values occurred 1n each of the 2 patients in which
this was studied A reduction n bromsulphthalein retention of from
5 to 6% of the amount of dye 1njected occurred 1n each of the © na
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The Treatment of Chronic Inflammatory Liver Disease with
ACTH and Corhisone

Paul Gyorgy and L W Bluemle, Jr

HOSPITAL OF THE UNIVERSITY OF PENNSYLVANIA UNIVERSITY OF PENNSYLVANIA
MEDICAL SCHOOL PHILADELPHIA AND VALLEY FORGE GENERAL HOSPITAL PHOENIX
VILLE PENNSYLVANIA

Five patients with chronic liver disease with at least six
months duration were treated with cortisone and one with ACTH
The c1se treated with ACTH was reported preliminarily at the Frrst
ACTH Conference when we noted immediate 1mprovement as It
flected by increased appetite amelioratton of symptoms and a pré
ciptous decline 1n serum bilirubin Fig 1 During the second week
of therapy however she developed rapidly increasing ascites and
edema which necessitated discontinuation of ACTH Unfortunately
she had not been mamtained on a low sodium diet which may have
mimmzed fimid retention Following withdrawal of ACTH a prompt
diuresis ensued and 12 days later a second course of ACTH was giverl
By this ime there was little evidence of improvement One month
Jater the patient s condition became gradually worse and she died
1n hepatic coma shortly after the onset of a 3 day course of ACTH
It 1s mteresung to note that her first signs of mental improvement
occurred after the second 20 mg dose of ACTH

OF the 5 patients with chronic hepatitis treated with cortisone
2 were thought to have been of viral onigin 1 of possible amebic
onigin and 2 resembling the cholangiolytic type of chronic hepatitis
described by Watson and Hoffbauer Dosage ranged from 600 mgs
over 6 dzys to 2800 mgs 1n 3 courses over 6 months as shown 10
Fig 2 d
Symptoms were ameliorated m 2 shightly worsened m 1 an
unchanged 1 2 who were relatively asymptomatic prior to therapy
An increase of from 2 to 3 cm 1 hiver size was observed m 2 Serum
biltrubin decreased from 03 to 3 1 mgs /100 ml 1n all 5 cases the
greater reduction occurnng 1n those cases with elevated serum bl:)
jrubm Increases mn urinary urobilinogen excretion valrlyu;g lfmm Ses
10 500% of the pre treatment values were found mn 1l of the cas
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adequately studied n this regard Thymol turbidity was reduced
sigmuficantly 1n 4 cases as was hunkel gamma globulin A temporary
IMCrease 1n urinary coproporphyrin excretion of from 5 to 149, of
the pre trcatment values occurred 1n each of the 2 Patients in which
this was studied A reduction in bromsulphthalen retention of from
510 6% of the amount of dye injected occurred 1n each of the 2 pa
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tients m whom thus test was performed during therapy Post treat
ment liver bropstes 1n 4 cases revealed liver glycogen content 1 2
associated with less inflammatory cell infiltration but increased fibro-
sisin one There were no significant changes in the other 2 cases
Numerous other biochemical data were obtamned durng this
study most of which are excluded from this presentation because of
the relatively msignificant or mconsistent variitions that were noted
durning the administration of ACTH or cortisone In this category
are included cephalin cholesterol flocculation alkaline phosphatase
prothrombin time serum cholinesterase nd serum globulin Seral

EFFECTS OF ACTH AND CORTISONE IN CHRONIC HEPATITIS

ACTH (1) CORTISONE (5)
SYMPTOMS vamagLe ekt
PHYSICAL FINDINGS NO CHANGE INCREASED LVER SZE 2}
S BILIRUBIN PRECIPITOUS DECREASE SLIGHT DECREASE (5}
U UROBILINOGEN NO CHANGE INCREASE ()
THYMOL TURBIDITY SLIGHT DECREASE SLIGHT DECREASE [4)
S ALBUMIN NO CHANGE VARIASLE
K GAMMA GLOBULIN SLIGHT OECREASE SLIGHT DECREASE (4)
S CHOLESTEROL SUIGHT INGREASE VARIABLE
S CHOLESTEROL ESTERS SLIGHT INCREASE VARI&BLE
BSP RETENTION _— DECREASE (2)
U COPORPHYRIN — TEMPORARY INCREASE 2]
Fic 2

oral glucose tolerance tests indicated temporanly decreased glucose
tolerance 1n 4 cases recerving cortisone

Uninary excretion of 17 ketosteroids was reduced from 12 to
285 below pre treatment levels 1n 4 cases during cortisone 1dmims
tration while no consistent effect was noted on excretion of urmry
corticoids Serum gamma globulin as determimed electrophoretically
was shghtly reduced 1 2 out of 3 cases recerving cortisone which
this protein was determined -

Regarding possible mechanisms of these apparent effects of AC
and corusone 1n chrome Iiver disease we know reltnely little l’t;s
sibly the subjective rmproyement noted 1n some c1ses my be :nltm 1!
uted 1n part at least to nonspecific effects rather than to a direc
effect on the lnver disease alone
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What influence ACTH and cortisone exert on the function of a
diseased Irver as determined by changes in results of biochemical
tests must also be assessed cautiously It 1s concervable that many of
the changes observed 1n this study could have been mediated through
mechamisms not entirely dependent on hepatic function Hemodilu
tion consequent to fluid retention may have been partally responst
ble for the observed temporary reduction in concentration of certain
serum constituents such as bibrubin although a corresponding fall
1 hematocnit level does not bear this out The temporary elevation
of uriary urobilinogen associated with a decrease of serum bilirubin
In 5 cases suggests some 1IMprovement 10 pigment metabolism Re
duction of bromsulphthalein retention 1n all cases tested would also
suggest this Unfortunately we have no data on fecal urobilinogen
changes

SUMMARY

In summary we can conclude from this very imited experience
that ACTH and cortisone appear to be of at least temporary value
n certain cases as therapeutic adjuncts in the management of chronmic
Iner disease They have proven partcularly useful i relieving
anorexia and thus allowing better nutrition e have not determined
by what other critena beneficial results may be predicted Nor have
we learned as yet the optimum dosage schedule We believe that 1t
may be preferable to give short courses of either ACTH or cortisone
at intervals of one or two months along with of course other thera
Peutic measures We would welcome any suggestions you might have
1n this regard or n the direction of future efforts to appraise the
uesfulness of these drugs in chronic liver disease

DISCUSSION

See discusston on following paper
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Observations During the Administration of ACTH to
Patients with Chronic Liver Disease

Alfred M Bongrovanni* and Wilham J Eisenmenger
HOSPITAL OF THE ROCKEFELLER INSTITUTE NEW YORK

Adrenocorticotrophic hormone was admimistered to a group
of patients with chronic hepatic disease most of whom had far ad
vanced cirrhosts These were of three types (1) so-called Laennecs
carrhosis (2) biliary crrrhosis of the xanthomatous type (8) currhosis
of undetermined etiology confined to young females The latter
group consists of a number of patients with a syndrome not pre
viously defimtively delineated restricted to young females under 35
years of age wath jaunduce of insidious onset and a progressive course
toward advanced cirrhosis and hepatic msufficiency I'he character
1stic signs which were associated with the earliest mamfestations of
Iiver disease included hirsutism pigmented abdominal striae obes
1ty acne amenorrhea and moon facies These did not appear to
occur secondary to chronic hepatic dysfunction and 1n our expenence
have not been observed 1n such combination 1n late cirrhoss of de
fined etiology Finally the patients in this category have been found
to excrete large quanuties of glycogenic corticoids n therr urine
This group demonstrated nteresting changes with the admnistra
tion of adrenocorticotrophin to be described The clinical features of
the last category have been detailed elsewhere *2

All patients were treated with 100 mg adrenocorticotrophin daily
for periods of 6-12 days Six pauents so treated were carefully fol
lowed by multiple serial laboratory studies Particular attention 15
focused on a presentation of the latter belonging to cach of the three
types of cirrhosis indicated

The urinary excretion of 17 ketosteroids was initially depressed
to a great degree 1n five of the six patients (Table I) With the Wdmm
istration of ACTH the urmnary levels of 17 ketosteroids rose quickly
having mcreased by 100 per cent or more within 18 hours Tlus w1s

o Naw at The Children's Hospital of Philadelphia  University of Pennsyhama
Philadelphia 300
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Table I
17 hetosterow Excrerion ¥ Cirryosss

P Sex Range Mg Mormal arye
Age mg per 24 hrs Jor age sex
vV Meo4 31-69 50 90
MS Fte 70-(15 922 20
DM F19 39-70 53 102
LB F50 38-42 40 86
MH Fé6 3>-94 70 93
LG F50 51 51 86

mamtained throughout the pertod of admimstration falling to the
munally low levels {or lower) within 48 hours of termmation The
excretion of reducing corticoids deterrmned by the method of Heard
and Sobel rose 1n most cases exceeding 100 per cent of the mnutal
values on the fourth or fifth day of admmustration of ACTH These
phenomena are 1llustrated m two representative cases mn Figure 1
It may therefore be concluded that there 1s httle 1f any hmitation
the response of adrenal steroid productron as measured by the ur
nary excretton to adrenocorticotrophin 1n these patients with chronic
hepatic disease even of advanced degree This observation contra
dicts Conn s suggestion® that such might not occur 1 liver disease
with low serum cholesterol esters Figure 1 also illustrates 2 rise m

17 keto "ACTH Reducing
3teroids v 200.mg /day copticoids
mg/2toes 20+ {10 mg/24hes

45
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the uric acid /creatinine ratio of 50 per cent or more with the ad
minstration of the hormone

The total number of eosinophiles n the cirenlaung blood of pa
tients with cirrhosis 1s somew hat depressed This m1y be explamed
tn terms of the ncreased level of reducing corucords reported* in the
urine of these patients Following the adnunistration of 2 mg
ACTH the number dropped to zero 1n every mstance tested (Figure
2) This 1s i accord with the above data indicatng an adequate
response of the adrenal cortex to ACTH m patients with currhosis
The response w1s less marked with epmephrine

Sepiration of the unnary 17 ketosterords mto alpha and beta

885
Eosinophils 20
cirrhosts E
300 o 150 o Premedication
t Ahrs post
% Adpenalin
200| n 100~ *ACTH
No/ £
cmm & g
] Kl
100 5 o |,
5] e e
o e
[ LS RS
Adren ACTH
alm
0m 2%5mg
Fic 2

fractions indicated that the mmtial depression n urinary excretion
occurred mostly m the alpha stereoisomer (Table II)  After admin
istering ACTH  the mise m the uninary 17 Ketosteroids occurred
almost entirely 1n the alpha fraction in a single patient so studied
By use of the enzyme glucuromdase prepared from brctenal
sources 1t was found that 50 per cent of urinary 17 hetosterouds were
excreted as glucurondates m normal induwiduals (Table I11) How
ever only 20 per cent or usually much less was conjugated 1s glu
curomdates 1 the urines of patients with cirrhosts and low lesels of
excretion In the hight of the role of the Irver i glucuromde synthe
sis ® 1t appears that such a low proportion of these steroids occurring
1n the urine as glucuromdates may be attributed to hepatic d1m}gc
This proportion was often zero It 1s therefore belicved that the ou‘
excretion of these sterowds mn chromie Iner disease may be due a
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Table 11

17 kerosterom FracTIONS (MG /24 BRs )

Non | Alpha | Beaa .
Poo See | Tl | g | Ketome | Reome | oA | G0 Bta
AL M 98 062 67 25 730 270
RM M 55 018 40 13 680 257
AS M 51 075 44 0 850
MS F
(after ACTH) 19 3 260 167 [¢] 865
Table 1
17 ke RELEASED As GL ES
Hydrolysrs
Patient Glucuromdase
Aodm s None
mgs o
ND 45 09 200 0
MR 43 05 120 0
(conv ) 62 19 3to 0
73 02 30 0
(conv ) 120 67 560 0
DM 39 o 0 0
(ACTH 1st day) 95 21 220 01
(2nd day) 128 35 270 01
CG 48 09 190 0
LB 16 02 125 0
3 Normals 45-55

least 1n part to an mabulity to convert them nto water soluble hence
urine disposable compounds and not entwrely to adrenal hypofunc
tion Following the adminstrauon of ACTH serial determiations
m patient D M (Table III) indicate a nise 1n total nentral 17 keto
steroids and a remarkable tncrease 1n the percentage of steroids ex
creted as glucuronidates Such a rise 1n the percentage of conjugated
steroids 15 also apparent in A L during convalescence several
months after the mmtial observations This suggests that ACTH in
some way increases the ability of the liver to conjugate these com
pounds This may be related to the glycogenic function of certain
of the adrenal corticords produced n greater quantity m response
to adrenocortcotrophin This effect was sustained only so long as
ACTH was administered
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Fasting blood glucose levels were determined daily m seven pa
uents throughout the experiment (Figure 8) Significant nses (above
150 mg per cent) from previously normal levels were seen 1 three
pattents This resulted during short term therapy and n fact always
occurred before the third day This 1s a higher proportion of such
responses of fasting blood glucose levels than has been seen during
the use of ACTH 1n many other conditions Alterations 1n glucose

[Pre ACTHACTH t=ACTH
discontinued
300
» 3 marked
5 ' pises
3] } 5G
o o ' VY
g i\ LB
g’ 200~ °
1
)]
S 150~
5
ES ., °
-8 100 T T,
o -4
=
& 501~
L1 T T R N T N U N B J__A_JJ

Days
Fic 3

tolerance and glycosuria have been more frequently encountered
but the present observattons in relation to fasting levels i this group
of far advanced currhotics appear significant In none was lhdere
reason to suspect a pre diabettc state It may be that a severely dis
eased hiver 13 not able to accommodate the large quantities of car
bohydrate produced by the glycogemc hormones of the 1drcr;a| rlc
sulting 1n elevation of the blood glucose All levels fell imme l?tt; y
upon cessation of therapy Alternately 1t may be a reflection of the
osstble mability of the Iner to metabolize glycocorticords L
The stardard liver function tests fatled to reveal substantial 1
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provement or sigmificant changes 1n ten of the more clearly defined
arrhotic patients studied However 1n the group of patients with
cirrhosis of undetermined etiology the young females in the category
defined above notable changes occurred which were accompanied
by chimical amelioration Two of this group are of the present series
and two others (not heremn described) indicated the following re
sponses 'This newly defined syndrome was generally characterized
by a low level of albumin n the serum but a high total protein
often above 10 0 gms per cent due to elevations of the gamma glob
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ulin Following only six days treatment with ACTH 100 mg daily
there occurred 1n these patients 2 rapid drop m the level of total
protemn accompanied by a nise 1n sernm albumrn thus restoring the
blood protein pattern to normal (Figure 4) In addition the serum
bilirubin which was characteristically elevated dimmnished con
siderably 1n concentration The alterations mn protein were demon
strated by four techniques including electrophoretic analysis These
changes persisted well after discontinuation of therapy but were not
Permanent since the protein pattern reverted several weeks later
However a repetition of the course of ACTH again brought about
the described changes 1n protemn pattern There was subjective
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climcal improvement 1 each instance Long term therapy of this
single group of patients 1s presently being undertaken 1n an attempt
to alter the course of an otherwise progressive disease

Certain changes of interest occurred 1n the blood clotting mecha
nism which have not yet been elucidated In six patients with bleed
ing gums which had persisted mn spite of classical forms of treatment
there was complete relief of this complaint within 24 hours of imtiat
g ACTH therapy Three patients suffered from acute abdominal
pamn 1ncreasing ascites or the occurrence of ascites for the first time
and 1intra abdominal hemorrhage on the third to the sixth day This
was believed to be due to portal thrombosis and 1n fact was confirmed
1n cne patient who died shortly after such an episode In an add:
tional patient peritonitss supervened 1n the face of these symptoms

Table IV

Erreets oF ACTH oN Serun Lipins oF PATIENTS witn Low INrTaL
Varuves anp Cirritosts o UNpeTERMINED ETroLocy

Total Total Total

Patient MS Date Cholesterol | Phospholypid Lipid

g % me % m %
Pre treatment 12-9-49 112 181 487

ACTH (100 mg

daily) 12-19-49 134 213 608
12-22-49 150 290 690
After treatment 1-4-50 17 345 800
1-7-50 156 280 695

To date insignificant and shight changes have been noted m pro
thrombin time and antithrombrn titers which could favor coagula
tion However we believe that an uninvestigated factor 1s responsible
for these apparent changes in blood clotting These changes super
1mposed upon a relative portal stasis may be responsible for portal
thrombosis In our experience this has been a hmiung factor 1n the
use of ACTH 1n chronic Iiver disease of advanced degree

During the use of ACTH there was no nise m the urmnary ex
cretion of creatine with one exception The sodium concentrations
sn urine salna 1ind sweat wlich were already Iow 1n arrhoss fell
farther The plasma volumes as determined with the dye T 1824
rose 10-20 per cent The latter did not detract from the protein
changes described 1 the group with cirrhosts of undetermined etzol
ogy (Figure 4) since these persisted and the rise 1n 1lbumin became
more apparent after the plasma volume returned to normal

The effects of ACTH on the serum lipids of a single patient with
arrhosts of undetermmed etiology and Jow smtial values are 1llus
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trated 1n Table IV A mise 1n all components studied 1s noted stmlar
to that reported following the use of ACTH in other conditions *
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DISCUSSION

DR PETER H FORsHAM The syndrome of these young women looks
very much like an aborted form of Cushing s syndrome One wonders
which comes first the Cushing s syndrome or the liver disease One
might assume that 1f the liver disease came first the destruction of
corticoids would be diminished and that such a state might end up
with Cushing s syndrome Do these pattents respond better to ACTH
and show a moon face more quickly than did the other cirrhotics?

One wonders what 15 there about these young women that would
predispose them to Cushings syndrome for 2 given level of cort:
couds?

DR LAURANCE W KINSELL Just one observation i regard to Dr Bon
grovanm s thought about the role of the ability of the liver to store
glycogen 1n relanon to the hyperglycemia which can be produced
duning ACTH ratton In one mdividual with a major he
patic congestion on the basis of primary cardiac failure the 1itzal
adminustration of ACTH caused a very great elevation of blood sugar
The subsequent control of the hepatic congestion by the use of an
essentially zero sodium intake and a hugh protein intake (with the use
of a desalted mul\. preparation) resulted m an essentially complete
disappearance of the hyperglycerua and in association with this the
complete d of the h egaly The tnability of the

liver to store é]fycogen therefore can probably be a very real predis
positioning factor n the production of hyperglycemia



308 SCCOND CLINICAL ACTH CONFERENCE

DR HAROLD sROWN (Salt Lake General Hospital and University of
Utah School of Medicine Salt Lake City) We have some pertinent
data on four alcoholics who were treated with ACTH for therr cirrho-
(Sjls of the hver tn doses of 70 to 200 mg per day for periods of 10 to 15
ays
We might say first of all that the most striking effect was on the
appetite All of these patients had a marked increase 1n appetite

M4A cirrhosis of Liver

CALCULATED RED CELL CALCULATED RED CELL
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Fic 5 Effect of ACTH on erythropoiesis 1n a case of cirrhosis of the

liver The red cell volume was calculated from the plasma volume and
hematocrit values

a 1

which was noted on the first day of therapy and which tended to per
sist even after the cessatton of therapy

The drug also seemed to have some effect on the anemia wluch
these four patients had toa moderate degree During the course of our
studies about one liter of blood was drawn from each patient over the
course of about 2 month and 1t 1s interesting that the hematocrit was
as hugh or hugher at the end of the month than 1t had been before In
two patients there was 1 significant rise mn hemoglobin and 1n one
(figure 5) the hemoglobin and hematocrit rise was associated with a
reticulocytosis at the zme the ACTH therapy was given Thus was not
due to flmd shufts because we calculated the plasma volumes mn these
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pattents and from that calculated the total red cell volumes which
rose 1n the patient described from 1430 ml to 1840 ml

We were also interested in whether ACTH did have a deleterious
effect on the liver because there 1s a farr amount of iterature ind
caung that ACTH or cortisone mught cause fatty mnfiltration of the
Tiver
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Fic 6 Histological appearance of liver before and after ACTH ther
apy Upper Left Section of Irver biopsy of patent M A taken on 5 June
after 10 days of a hugh protemn diet Upper Right Section of liver of pa
ttent M A on 15 June after patient had received 70 mgms of ACTH daily
for 7 days Lower Left Section of liver biopsy of patient R D taken on
23 October after 14 days of a high protein diet Lower Right Section of
liver taken on 13 November after the patient R D had received 150 to
200 mgms of ACTH daily for 14 days In both these patients ACTH treat

ment was assocrated with a clearing of the fat and inRammatory reaction
m the hiver

One patient with cirrhosis and a fatty Iiver showed marked clear
ing of fat during the pertod ACTH was given and he was recetv
ing 150-200 milligrams a day In figure 6 are shown liver biopsies
before and after ACTH therapy 1n two patients The pattent I have
mentioned 15 m the lower portion of the shde Another patient who
had cirrhosis as well as fatty and cellular infiltration had been on a
Iugh protein diet for 10 days at the time the first biopsy was taken and
then had been on ACTH for seven days at the time the second biopsy
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DR HAROLD BROWN (Salt Lake General Hospital and Umiversity of
Utah School of Medicine Salt Lake City) We have some pertinent
data on four alcoholics who were treated with ACTH for thewr artho
le of the liver 1n doses of 70 to 200 mg per day for periods of 100 15
1ys
We mught say first of all that the most striking effect was on the
appetite All of these patients had a marked increase 1n appetite

MA Ccirrhosis of Liver

CALCULATED RED CELL CALCULATED RED CELL
’é | vorums - 14301 VOLUME — +164oml
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Fic 5 Effect of ACTH on erythropotesis 1n a case of cirrhosis of the

liver The red cell volume was calculated from the plasma volume and
hematocrit values

which was noted on the first day of therapy and which tended to per
sist even after the cessatton of therapy

The drug also seemed to have some effect on the anemia winch
these four patients had 10 a moderate degree During the course of our
studies about one liter of blood was drawn from each patient over the
course of about a month and 1t 15 interesting that the hematocrit was
as hugh or lugher at the end of the month than 1t had been before In
two patients there was a sigmificant rise 1n hemoglobin and n one
{figure 5) the hemoglobin and hematocrit rise was assoctated with a
reuculocytosis at the ime the ACTH therapy was given Thus was not
due to flud shifts because we calcnlated the plasma volumes 1n these
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sulphthalein retention of from 6 to 7% of the dye administered mn
all cases recerving cortisone

Post treatment liver biopsies in the ACTH liver treated group
when compared with pre treatment biopsies showed less peniporial
fibrosis and less fatty vacuolization in the one patient whose liver was
markedly reduced 1n stze and no apparent change mn the other two
In the cortisone treated group post treatment hiver biopsies revealed
decreased fat content mn 1 increased glycogen content 1 2 and no
apparent change i 1 No apparent advantage was gained by combin
g ACTH therapy and cortisone therapy mn the 1 case so treated

EFFECTS OF AGTH AND CORTISONE N LAENNECS CIRRHOSIS

AGTH (3 CORTISONE (3)
SYMPTOMS VARIASLE NO  CHANGE (3
PHYSICAL FINDINGS | " ierich Soveim 512t i1y | wonessen ives size o)
S BILIRUBIN SLIGHT DECREASE (2) SLIGHT DECREASE (3
U UROBIINOGEN VARIABLE VARWMBLE
THYMOL TURBIDITY VARIBELE VARIABLE
S ALBUMIN VARIABLE VARIABLE
K GAMMA GLOBULIN DECREASE (2} VARIABLE
S CHOLESTEROL VARIABLE INGREASE (31
MLESTERDL ESTERS INCRERSE (2} SLIGHT DECREASE (3)
BSP RETENTION TEMPORARY DECREASE (2) DECREASE {3)
\LCUPROPORPHYRIN INGREASE (3)
Fic 7

DR xpmunp FLINE (Umwverstty Hospital Minneapolis) We have
treated 9 cases of hepatic cirrhosis and 1 case of Hodghin s disease
with prunitus with ACTH for pertods varying from 6 to 12 days
Three of these patients had cholangiolitic arrhosis with pruritus of
months or years duration One had biliary cirrhosts and the re
mainder were Laennec s cirrhosis

In the first 4 patients noted above who had elevated blood bile
acids and pruritus there was a decrease of varying degree m the blood
bile acids (Fig 8) and a decrease or a disappearance of pruritus dur
Ing ACTH admumustration The pauent with Hodghins disease

(L' Fig 8) bad some decrease 1 bile actd but no change n the pru
ntus
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was taken The second biopsy shows clearing of fat and inflammation
cells

It 18 well realized that one may select proper sections for photo
graphic purposes ind give about any impression that he desires but
these are fairly representative sections of the liver biopsies

In two other patients with fibrosis of the liver in whom biopsies
were taken no change could be demonstrated after ACTH treatment

ACTH has been recommended by some for the treatment of de
hrium tremens and we have had one patient who had been 1n delir
um tremens on several occasions—so that we were familiar with his
pattern—and he had a typical attack on the tenth day of ACTH treat
ment This episode has caused some doubt m our mmnd as to the
efficacy of ACTH 1n the treatment of delirtum tremens

DR PAUL GYORGY At the first Clinical ACTH Conference we re
ported 3 cases of chronic liver disease treated with ACTH Since that
tiune we have studied 5 patients with Laennecs currhosss two with
ACTH alone two with cortisone and one with a course of ACTH
followed 1n ten days by a course of cortisone

The average dose of ACTH varzed from 500 to 1 000 mgs overa
period ranging from nine to ten days The total dosage of cortisone
varied from 800 to 1 000 mgs over a period ranging from six to ten
days

Fig 7 1s a summary of our observations in thus group of cirrhosis
of the liver cases The symptomatic response to ACTH was variable
One patient experienced dramatic subjective 1mprovement mant
fested by an increased appetite permanent weight gain and mcretsed
exercise tolerance The other two patients who were relatively asymp
tomatic prior to therapy noted Inttle 1f any change A sigmificant de
crease m heg galy and sp} galy occurred m one case whle
a decre1se m splenomegaly alone occurred 1n another case recening
ACTH

Of the cortisone treated group the only noteworthy effect was
amelioration of anorexia 1n one patient On the other hand an
crease 1n liver size of approximately 2 cm was observed m another
case following cortisone

Slight reductton of total serum bilirubin was observed mn 5 cases
1n both the groups The sigmficance of this reduction 1s questionable
howeves since 1 none of the cases was total serem bilirubnn elev ated
above 2 mgs /100 ml instaally OF the remainder of the observations
ps the most CONSISLENE Was an increase 1n serum cholesterol an
iate increase n urinary coproporphyrin excretion of from 1 to
lues and an immediate decrease tn bromo

perha
1mme
179 of the pretreatment 1al
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DR ROBERT KARK We have noted high levels of uninary adrenal corta
cal hormones and very low levels of 17 ketosteroids 1n urine from pa
tients who were very 11l with cirrhosis of the liver (Table V) This
adrenal disassociation disturbed us for we find 1n our patients at least
no evidence of hypertension ncrease in body weight and change m
structure of Cushing s syndrome type The only Gushing like lesions
we find are occasionally acne wath of course marked sodim reten
tion

Our attempts to show 1n our laboratory that the mcreases 1n  cor
un were due speaifically to salt retairing hormone have been most
disappointing We have been completely dissatisfied with the meth
ods that have been available for clinical measurement of 11 desoxy

Table V.

24 Hour 17 KETOSTEROIDS AND CORTIN EXCRETION I THE URINE FROM
6 PaTrenTs Wrrth CirRHOSIS OF LIvER

Unnay
Unnary* ”

Blood 17 Retoster | Eostnaplales

Vo | Patint | Age | Sex | pir, pga;.;"h:;:n adsm, | per MAS
per 28 hours

1 LF | 58 | M | 116/68 45 16 100
2 | Tw | 58 | M | 118/62 38 075 140
3 | KR | 54 | M | 1272 33 18 343
4 AM | 32 | M 98/56 15 12
s | pw |52 | M | 108762 57 22
¢ | BF |0 | M| 12870 38 14

Normal Range 0 5-2 0 mg /24 hours

corticosterone We tried to test our hypothesis that ascites edema and
sodium retention were the result of excess adrenal actsvity by salt
loading tests

In six patients with cirthosis of the liver on a low sodium diet to
whom we gave salt two showed 1ncreases of cortmn at the time of salt
loading but the other four showed no increases

‘We then did rather prolonged metabolic studies on four patients
with cirrhosis of the liver First using ACTH therapy and salt load
ng as a test method The only strihang findings were differences be
tween sodium chloride loading when there 15 a gain 1n weight with
no sharp water dresis following cessation of salt Whereas with
ACTH and salt there 15 a sharp gamn 1n weight and then a rapid re
bound with diuresis Other than this there 1s no clear evidence to
help us tn our concept that by sumulating the adrenal gland we mught
depress the salt retaiming hormones with a Teciprocal increase in
other cortical hormones
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The other patients with hepatic cirthosis were not benefited 1n
any substantial way by ACTH In 1 patient with a pre treatment
thrombocytopenia the platelets returned to normal during therapy
but the thrombocytopenia returned promptly after stopping ACTH
There was no sigmficant change in the liver function tests 1 any of
the cases studied on the other hand there was a decrease in the serum
gamma globulin concentration of the order of 04 gm per 100 cc
serum 1n all but 1 patient The total globulin decreased a correspond
g amount

Six of the arrhotic patients were unusually fatigued beginning
about the seventh day of therapy and 1 patient became psychotic on
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the sixth day but recovered 1n 4 days Ascites developed n 2 patients
but not 1n the others One patient was comatose and moribund when
therapy was started She lived for six days thereafter butit1s doubt
ful that ACTH altered the course m any way

In conclusion it 15 our impression that no sustamned or permanent
benefit was derived 1n any pauent On the other hand 1t1s doubtful
that ACTH was harmful 1n any of the eases The striking correlation
between pruritus and the bile acd level may be significant and sug
gestive of the importance of bile 1cids 1n the production of pruritus

1n jaundice patients
Y d Harvard
MOUR J GRAY (Peter Bent Brigham Hospital an:
I;’;e;lgl School Boston) We have noticed a decrease mn alkafmne

hosphotase after ACTH admumistration 1n some patients with cir
P] (‘:ﬂls’ and we wondered 1f you have made a simular observation
Th!
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The Role of the Adrenal Cortex in the Regulation of the
Plasma Iron Level and the Functional State of the Re-
ticulo Endothehial System*®

G E Cartwright C J Gubler L D Hamiton N M Fellows and
M M Winirobe

UNIVERSITY OF UTAH COLLEGE OF MEDICINE SALT LAKE CITY

It was teported from this laboratory 1n 1946* that following
the mtramuscular mnjection of turpentine mto dogs marked hypo
ferremia appears withm 24 hours and reaches a maximum 1 24 to
48 hours It was subsequently demonstrated that the mtravenous n
Jection of colloxdal thorium dioxide 1n dogs 1s associated with pro
nounced hyperferremia and that following the mjection of thorium
the hypoferremma producing effect of turpentine does not develop *
Since both 1ron and colloidal thorium are 1n large part removed from
the circulation by the macrophagtc tissues one possible explanation
of the above observations 1s that the njection of turpentine n some
way enhances the functuional state of the reticulo endothelal system
so that 1ron 1s rapidly removed from the plasma while the repeated
admimistration of collordal thorium results 1 a temporary functional
depression of the reticulo endothelral system at least 1n so far as 1ron
metabolism 1s concerned *

The purpose of the experiments reported here 1s to elucidate fur
ther the mechanism by which hypoferremia 1s produced 1n the dog
as well as 1n the rat For these studies approximately 200 mongrel
dogs and 500 male Sprague Dawley rats were used The details of the
experiments will be published elsewhere 45

In order to determine whether stresses other than turpentine
are accompamed by hypoferremia the effects of a vanety of agents
and procedures including histamine epinephrine formaldehyde ana
phylactic shock fracture of the femur and the stress of taking blood
samples were studied The results are presented in Table I Hista
mune epmephrine formaldehyde and anaphylactic shock all produce

This study was supparted by grants from the United States Publ
and p Upjoh¥1 Coopany 'ublic Health Service
405
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We then studied the same patients on cortisone for a peniod of
18 days hoping we would depress the 11 desoxy compounds and cause
adiuresis The patients went into negative sodium balance at the end
of cortisone therapy This became more marked when cortisone was
withdrawn and at the ime the adrenal gland 1s depressed which may
be a cortisone depot effect In any case there 1s no clear evidence m
our data to suggest that sodium retention in cirrhosts 1s due to
11 desoxy corticosterone excess We still hope to show that ascites n
cirrhosis 1s related to overproduction of 11 desoxycorticosterone

As far as the clhinical side 1s concerned none of these patients
showed any improvement In fact three of them became much more
11l during the time they were on cortisone therapy Therr livers en
larged rather rapidly One developed dementia with a very marked
depression and two of them had attacks of high fever dunng the
course of the injections

DR MARCEL ROCHE {Cascarita Hospital Caracas Venezuela) With the
collaboration of Dr Otto Lima Gomez at the Hospital Vargas 1n
Caracas Venezuela we have given ACTH 80 mg per day to a case
of Sclustosomiasts manson: with 2 Banti ke syndrome with cir
rthosis of the hiver and a very large spleen

Chimcally there was practically no effect and no change mn the
size of the spleen could be observed On the laboratory side there was
a definite tendency for the globulin pattern to revert to normal The
original eosinophul level was low 59 per cu mm of blood to be ex
act On the other hand leukopenia was also present and I am won
dering whether this 1s not an important factor 1n the production of
eosmnopema rather than the mncreased gluco corticord production as
Dr Bongiovann: has postulated?

DR ALFRED M BONGIOVANNI (Philadelphia Pa) In relation to Dr
Roche s remarks I am not sure why the imtial eosinophil count 1s
low only 1n some In all cases of carrhosis we have found somewhat
elevated corticoids As regards the patients with Cushing s syndrome
and currhosts we don t know which came first since the patients were
referred to us because of liver diseases On the basis of history from
the mothers of some of these patients and the pattents themselves
their first indicatton of 1llness was jrundice Sometimes they did re
member that they had striae and had been shaving for some tume be
fore the Jaundice but that the Iiver disease did not exist first we can

m
nOlg;;:er:ung low sodium that s our treatment for cirrhosts and
the convalescent patient 1 showed you with the nise mn the glucuront
dated ketosteroids had been treated with a low sodium diet
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crease 1n the plasma 1ron was not significantly different from the
changes observed 1n 1ntact animals 1njected with turpentine

Additional evidence of an association between the adrenal cortex
and the level of plasma 1ron was afforded by experiments on the rate
of disappearance from the plasma of intravenously admimistered sac
charated oxide of 1ron This substance was removed most rapidly
from the plasma of ntact dogs given ACTH and most slowly from
the plasma of adrenalectomized dogs the rate of disappearance in
ntact untreated animals falling between these two The rate of dis
appearance i dogs given thorum dioxade was approximately equal
to that 1n adrenalectormzed dogs

It 15 noteworthy that a sigmficant degree of eosinopenta and of
lymphocytopenia accompanted the hypoferremia which followed the
adminstration of turpentine epmnephrine and ACTH (Table II)

Table IT
MaxneaL CHANGES 1N THE Lever oF Eostnopims anp Lvuprocyres

FoLLOWING THE INJECTION OF A VARIETY OF AGENTS IN INTACT
AND ADRENALECTOMIZED Docs

Substance Adreral | N of | Eosimephals | Lymphacytes
Tayected Dose Glands Doos per cent per cent
yecte o Change Chan,e

Turpentine 05ml Intact 10 ~81 —42
Removed 4 -3 415
Epmnephrine 2 mg | Intact 5 80 —62
Removed 6 +19 +33
ACTH 25 mg Intact 10 —84 —30
Remaved 6 +50 421
Saline 5 ml Intact 10 —30 —21
Removed 6 +30 +36

Following the 1njection of saline 2 sigmfi fall 1n the ec hils

T
and lymphocytes only took place m those dogs which developed hypo
ferremia In adrenalectomized anymals turpentine was the only suh
stance which produced a significant decrease mn the number of circu
lating cosmophils However thus decrease was less marked than 1n
ntact animals given turpentine In the absence of the adrenal cortex
epmephrine produced hypoferremia which was significantly less pro
nounced than that observed n the mtact dog This was furthermore

not associated with a significant decrease 1n eosinophils Here then

1s further evidence that the full hypoferrema producing effect of
epmephrine can only be elicited 1n the presence of the adrenal cortex

It 15 also clear however that epinephrine acts in part through an

other mechamism
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a marked lowering of the plasma wron Maximal hypoferremia ap
peared 8 hours after the injection Fracture of a femur also was fol
lowed by hypoferremia Here however just as occurs following the
injection of turpentine maximal hypoferremia appeared 24 hours
later The injection of saline and the stress of taking blood spect
mens resulted i a modest hypoferremia 1n 8 hours

In view of these findings the effects of the admimustration of ad
renocorticotrophic hormone and of Iipo adrenal extract were studied

Table I

Tse HYPOFERREMIA PRODUCING EFFECT OF A VARIETY OF AGENTS
IN INTACT AND IN ADRENALECTOMIZED Docs

T Maximal Time of
Substances Injected Mean De | Maximal
or Expenmental Dose (g{”‘al Mo of aeasein | Decrease an
Procedure ands Dgs | Plasma Jyon) Plasma Jron
per cent hours
Turpentine 1ml Intact 7 82 24
Histamine 25 mg Intact 7 61 8
Epimnephrine 2 mg Intact 18 53 8
2mg Removed 9 26 8
Sahne 5ml Intact 8 24 8
5 ml Removed 11 5 8
ACTH 25 mg Intact 7 47 8
25 mg Removed 6 10 8
Lipo-adrenal
cortical extract 30 ml Intact 5 50 8
Formaldehyde 5 ml Intact 1 46 8
Fracture Intact 2 60 24
Anaphylactic shauk* Intact 1 80 8
. shock was d by the wyection of 10 ml. of horse

serum 1oto a dog previously sensitized with horse serum

The results are presented 1 Table 1 The mjection of both ACTH
and of cortical extract was followed by a decrease in plasma 1ron
which was masimal 1n 8 hours Sinular results were observed aiter the
njection of 30 ml of lipo adrenal extract

In adrenalectomized antmals nexther ACTH administration nor
the taking of blood specimens was associated with hypoferremia The
mra producing effect of epnephrine was sigmificantly less 1n
adrenalectomized dogs than 1 mtact antmals but epncphrine still
produced a significant fall plasma tron 1n the absence of the ad
renal cortex Adrenalectormzed dogs gven histamine or turpenléng
failed to survive 24 hours but five adrenalectomized dogs survwcd
hours after the injection of turpentine At this ume the per cent de

hypoferrei
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traton of 0 5 mg/rat/day of desoxycorticosterone acetate did not pre
vent the development of the post adrenalectomy hypoferremia

One possible explanation of the acute hypoferrem:a observed
1n our experiments 1s that the cortical hormones sumulate the re
ticulo endothelial system to take up 1ron from the plasma In support
of this explanation 1s the observation of Gordon and hatsh® that 1n
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Fic 2 The level of plasma :ron 1n pormal sham operated and adrenal
ectormized rats and in adrenalectomized rats supported with Iipo-adrenal
cortical extract cortisone (Compound E) and desoxycorticosterone acetate

rats adrenalectomy results 1n a sigmficant decrease 1n the uptake of
thorium by the spleen while the adminustration of whole adrenal
cortical extract sigmficantly increases the accumulation of thorium
1 the spleens of adrenalectorized ammals

This explanation 15 admttedly entirely speculative Contradict
ing 1t 1s the fact that in the rat we have been unable to produce hyper
ferremia by the injection of colloidal thotium dioxide Furthermore
studses to date in human subjects with AGTH and cortisone have not
confirmed the findings 1n rats and dogs

It 15 possible that ACTH and cortisone produce hypoferremia
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In the rat as in the dog the admmistration of turpentine (02
ml) histamine (150 mg) ACTH (5-10 mg) lipo cortical extract
(2 0 ml) or cortisone (4-8 mg ) was followed by hypoferrema (Figure
1) Epinephrine however failed to produce hypoferremia m this spe
ctes Adrenalectomy completely abolished the hypoferremia produc
ing effect of ACTH but not that of histamine turpentine or cortical
extract

Quute unexpectedly however 1t was found that in the rats ad
renalectomy per se resulted 1n a significant decrease 1n the plasma

Adrenalectomized
o CE Py DCA
°\zun | Control i atml 015mg omd

sham

L,

B
=

a

Fi¢ 1 The hypoferremia producing effect of turpentine and ACTH 1n
ntact and 1n adrenalectomized rats and of ltpo cortrcal extract and cortt
sone (Compound E) mn intact rats
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1ron level Sham operations had little or no effect on the plasma 1ron
level (Figure 2) In the dogs 1t was noted that the mzrtial plasma 1ron
levels were all lower 1n the adrenalectomized groups than 1n the cor
responding mntact groups but in only one adrenalectomized group
was the mmtial 1ron level suffictently lower than 1n the control group
to be statistically sigmficant The dogs 1n this group had been mamn
tained largely on desoxycorticosterone acetate 1n contrast to the other
adrenalectorized dogs which had been supported with small doses of
adrenal cortical extract

Because of these observations rats were adrenalectomized and
maintained on small supportive doses (0 25 mg/rat, /day) of cortisone
for three days Under these conditions the post adrenalectomy hypo
ferremia did not develop (Figure 2) On the other hand the admims
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DISCUSSION

DR _EDWARD FISCHEL (Presbytertin Hospital and Columbia University
College of Physiczans and Surgeons New York City) In a patient
with anemia associated with thenmatic fever the iron binding pro
tein was low When rheumatic activity was controlled by ACTH the
ron binding protein rose and the anemia was subsequently cor
tected In this case at least the admumstration of ACTH caused a
change 1n the direction opposite to that which occurred in Dr Cart
wright s dogs

While ACTH may cause a drop 1n 1ron binding protem of the
normal mdividual 1t appears that 1t will result 1n a rise of this sub
stance to normal by suppressing the mflammatory process previously
responsible for a low 1ron binding protemn level

‘The studies presented by Dr Cartwright and hus coworkers are
of extreme 1mportance However 1would take issue with the hypoth
esis that the reticulo endothelial system 15 necessarily concerned with
the mechanism suggested It 1s well known that ACTH results 1n
atrophy and destruction of lymphoid ussue including the reticulo
endothelial cells It may be antrcipated therefore that thorium might
not be stored as readily during hormone admrmistration

o RVING scHuLMAN (New York Hospital and Cormell University
Medical College New York City) We have studied the serum 1ron
and iron binding capacity mn four children with Mediterranean Ane
mia treated with ACTH The serum 1ron 1n these children has been
found to average 269 gamma percent as compared to 155 gamma per
cent found m normal children The latent xron binding capacity
severe Mediterranean Anemua 1s zero as compared to 200 gamma per
cent 1n the normal

Upon ACTH admumistratton each of the four children demon
strated a decrease 1n serum 1ron level at five to nine days from the
anset of therapy The decrease averaged 30% of the original values
However during the second week the serum 1rons rose again to pre
treatment levels It 1s important to pomnt out that constant hemolysis
probably occurs and 1s an important factor influencing the serum
1ron levels

Possibly of greater sigmficance was the observatton of a return of
alatent ron binding capacity mn two cases These values were 100 and
150 gamma percent from a previous zero and occurred on the nmnth
and fourth day respectively The return of a latent capacity was not
dependent upon a lowermg of the serum 1ron for the total capacity
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through an entirely different mechamsm than does turpentine In
deed 1t has been shown 1n the present study that epmephrine and
turpentine can produce some degree of hypoferremza even 1n adrenal
ectomized dogs Whether or not this 1s by direct stmulation of the
reticulo endothelial system or through some intermediary channel
other than the pituitary adrenal axis are possibilittes which are re
cewving farther study

The apparent paradox that 1n the rat both adrenalectomy and
the admumstration of a very large amount of cortisone produce a
decrease 1n the plasma iron level may mean that the adrenal hor
mones exert a regulatory effect on the level of 1ron circulating 1n the
plasma Further studies are necessary The present mvestigations
merely mdicate that there 15 a relationship between this endocrine
gland and 1ron metabolism
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The Effect of Adrenocorhicotrophic Hormone (ACTH) and
Corhisone on the Total Coproporphyrin Excretion

Humans*

Henry J Koch Jr Timothy R Talbot Catherme Ehas
Leon Hellman and Rulon W Rawson

MEMORIAL CENTER FOR CANCER AND ALLIED DISEASES AND CORNELL UNIVERSITY
MEDICAL COLLEGE AND SLOAN KETTERING INSTITUTE NEW YORK

In an mvesugation of the effect of 1sotopic (I**) radation and

X radiation on the coproporphyrin excretion in humans we have ob
served an 1ncrease 1n the excretion of coproporphynin m the urne
and feces m six patients who had been subjected to therapeutic
amounts of romzng wrradration* A seventh patient who recened
X radiation to the adrenal regions has been the only patient 1n whom
we did not observe an increase m coproporphyrin excretion Figure 1
graphically represents the urninary excretion of coproporphyrm m
one of the studies done 1n the course of this imestigation It 1s i
cluded here for comparison with the observations to be reported 1n
this paper During the course of this study Lawrence® reported that
the 17 Letosteroid levels in the urine of dogs exposed to mimimal
lethal doses of x radiation increased 1n all 1rradiated anmmals five to
twelve days after exposure Later Edelmann® protected the adrenals
of male rats from x rays by means of lead shields and noted a sigmfi
cant increase 1 survival madence n the animals so protected Con
versely he observed that x radiaton shortens the survival time of
adrenalectomized rats from an average of eight days to four days
Cronkute and Chapman reported similar observations 1n a study on
mice

With these various observations i mind we have been following
the coproporphyrin excretion 1 a group of patients receiving ACTH
It 1s the purpose of this paper to present the results of this study and
to compare them with the data obtained from patients treated wrth
lomzing irradiation
—_

authors ase indebted to Mrs James Crawford and Mr Milton Greenberg

The
for thewr a1d and Aassistance
413



412 SECOND GLINICAL ACTH CONFERENCE

was greater than the pre treatment values These observations may
indicate an effect of ACTH on the 1ron binding protemn

DR STUART FINCH (Peter Bent Brigham Hospital and Harvard Medi
cal School Boston) I should like to ash Dr Cartwnight 1f 1ron bind
ng capacity was altered by the admimistration of ACTH?

DR 6 E CARTWRIGHT I would Iike to warn agamnst the direct applica
tion of these studies 1n dogs to human subjects To date we have not
observed the same results in human subjects that we have 1n the am
mals In the human subjects more variables are present than mn the
ammals

As suggested by our studies with rats I am not surprised that in
an infectious process plasma 1ron rose as the infectious process sub
sided The rat studies would suggest that the adrenal cortex plays a
regulatory role rather than one that 1s erther causing hypo or hyper
ferremia

‘We are delighted to have someone criticize the hypothesis We
would indeed be surprised if 1t stood the test of ime We have not
measured the 1ron binding capacity i the dogs and rats of this study
We can say that dogs given turpentine have a decrease n the total
ron binding capacity but this decrease does not seem to be great
enough to account for the hypoferremia
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uons There was no change 1n the diets recenved by these patients dur
ng the penod of study

‘The procedures for the extracuon of coproporphyrin from the
urme and feces are based on the methods of Schwartz and Watsen®
and on those of Dobniner * They have been presented 1n detail n a
previous report *

CLINICAL COURSE AND LABORATORY FINDINGS
Case I

‘The first study was done on a 59year old male (' h M H
#93994) who was admutted to Memonal Hospial wath a provisional
diagnos:s of gastric carcinoma No evidence of malignancy was found
Beginning on August 3 1949 he was given 100 mg of Armour s ad
Tenocorticotrophic hormone (ACTH) daily for ten days

The data obtained 1n this study are summarized i Figure 2
Goproporphyrin Lxcretion Only the urinary coproporphyrin excre
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Fic 2 Urninary coproporphyrin excretion and peripheral blood studies
onF h M H #93994 (Gase 1) The solid black blocks represent the ur;
nary coproporphytin content per 24 hours The pertod of treatment with
ACTH 15 delineated by arrows



414 SECOND CLINICAL ACTH CONFERENCE

[t
DK Q 13 243 l'mr.ut:um\‘:s !
2400
2000 —_——— N
1500 N
N0y 3 N
1000 T~
=

o NUEPEL

LYMPHOCYTES _ i

M micaocrANS
URINARY €OPRO
200
PORPHYRIN 54 une.

z 3 4 3 &
DECENBER 1943

F1c 1 Unmary coproporphyrin excretion and peripheral blood studtes
onD Kk M H #89431 a 13 year old girl with carcinoma of the thyroid
with metastases to the lungs She was treated with 24 9 millrcuries of I'*
as indicated by the diagram The solid black blocks represent the urinary
coproporphyrin content per 21 hours

MATERIALS AND METHODS

The five patients included in this study have all been under treat
ment at the Memonal Hospital Three patients recened ACTH
alone One of them was under observation for possible carcinoma of
the stomach A second received ACTH m the treatment of osteitis
pubis The third had Graves disease A patient with diopathic
thrombocytopenic purpura recerved ACTH during the first part of
the study and was later treated with cortisone (Compound E) The
treatment period 1 the fifth patient was divided 1nto three stages
In the first and last he received ACTH alone During the middle pe
110d he recerved cortisone 1n addition to ACTH He was under treat
ment for lymphosarcoma No medication except as indicated :n the
chinical report was administered during the course of these obseria
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Fi6 § Total coproporphynn excretion peripheral blood studies and
17 ketosteroid excretion on S P A H #100501 (Case 2) The solid black
blocks represent the urinary coproporphyrin excretion per 24 hours the
stippled blocks represent the fecal content per 24 hours The arrows de
hineate the period of treatment and the bars represent dosage

was an abrupt rise 1n both fecal and urinary coproporphyrin excre
uon to well above pretreatment levels

Hematologic Findings There was a gradual increase 1n the numbers
of circulating reticulocytes during the period of therapy On the
mnth day of continuous treatment with ACTH they were shightly
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tion was followed in this case The pretreatment coproporphyrin lev
els were within normal limts * There was a decrease 1n copropor
phyrin excretion on the first d1y of ACTH admnstration It con
tinued for eight days On the following day the level mereased to
three times that observed during the control period and continued at
well above pretreatment values throughout the rematning mne days
of the study

Hematologic Findings A decrease mn the number of crculatmg
lymphocytes occurred on the second day and continued until the final
day of treatment with ACTH Concomutantly the white count
creased and remained high throughout the period of observation
Eosinophils disappeared from the peripheral circulation on the sec
ond day There was a gradual decrease in the hemoglobin level and
hematocrit duning the period of study A reticulocytosis occurred on
the same day that the coproporphyrin excretion was observed to 1n
crease [here was no change noted 1n the platelet count

Case 11

A sixty one year old male (S P M H #100551) was admutted to
Memorial Hospital on May 18 1950 with a diagnosis of osteatts pubis
After a three day control pertod 100 mg of ACTH was admnstered
daily May 23rd to May 25th inclusive Following this stenle saline
mjections every 6 hours were admimstered for two days On May 27
1950 100 mg of ACTH per day was again resumed and contmued
until June 6 1950 when 200 mg per day was given AGTH was grad
ually decreased to zero beginming June 9 and ending June 12 1950
The patient received codeine and aspirm on May 26 1950 and again
on June 3 1950 Aurcomycin 20 gm daily was given for a urinary
tract infection from June § 1950 to June 13 1950 the day on which
he was discharged from the hospital

The coproporphyrin excretion hematologic data and results of
17 ketosteroid assay are summarized 1n Figure 3
Coproporphyrin Excretion During the control perzod of observauon
the total coproporphyrin excretion was noted to be within the nor
mal limuts The greater fraction was contamned 1n the fecal compo
nent There was no significant change in exther the uninary or the
fecal copxoporphyrm excretion until the eighth day of the treatment
pertod the fourth day of continuous treatment with ACTH At that
t1me the fecal coproporphyrin levels decreased to about half those ob
served during the control period They remained at this lower level
during the next nne days On the twelfth day of continuous treat

ment with AGTH three days after the dose had been doubled there
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Fic 4 Total coproporphynn excretion peripheral blood studies and
17 ketosterord excretion on B A M H #101034 (Gase 3) The solid black
blocks represent the urinary coproporphyrin excretion per 24 hours the
stippled blocks represent the fecal content per 24 hours The arrows de
limeate the peniod of treatment and the bars represent dosage

tion continued for a total of thirteen days remmning high unul four
days after the last red blood cell transfusion There w1s no nise 1n the
coproporphyrin excretion during the period of therapy with corti
sone Indeed st appears that cortisone caused a fall from the levels
observed at the end of treatment with ACTH However this decrease
Was not below the pretreatment levels

Hemalulogu: Findings The reticulocytes which were markedly in
creased at the onset of the study fluctuated well above normal lesels
until four days after hemoglobmn had been restored to normal by
transfusions They remained within normal limats during the period
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more than 2% at which level they remained throughout the final
days of the study There was a concomtant gradual nise tn hemo
globin content There was no significant change 1n the total number
of circulating lymphocytes though a tendency towards a decrease m
their numbers was noted on the fourth day of continuous ACTH
The white cell count gradually mcreased to a maximum of 17 000 en
the twelfth day of continuous treatment It 1s nteresting to note that
the eosinophils did not disappear from the penipheral blood until the
fifth d1y of continuous ACTH

17 Retosteroid Lxcretion As was noted m the eosinophil count the
17 Letosteroid excretion did not change until the fifth day of continu
ous therapy with ACTH At that tume a step—wade increase 1n the
urnary sterords—occurred It reached a peak on the ninth day fol
lowing which levels above those noted in the control pertod were
maintained throughout the remainder of the study

Case I11

The third study was done on a forty three year old housewife
(B A M H #101 084) who was admutted to Memorzal Hospatal on
June 25 1950 with a diagnosis of thrombocytopenic purpur of ene
year s known duration On July 17 1950 a control pertod was begun
and on July 19 1950 the first dose of ACTH was given As ndicated
n Figure 4 ACTH was admmistered daily in varying dosage through
August 7 1950 From August 7 until August 16 1950 the patient re
cerved no further hormonal treatment Two transfusions of 500 cc
of whole blood and two transfusions of 500 cc of packed red blood
cells were given during this interim period On August 16 1950 and
continuing throughout the remainder of the study she recewved cor
tisone 1n the doses indicated 1n Figure 4

The coproporphyrin excretion hematologic data and 17 hetoster
o1d excretion are summarized in Figure 4
Coproporphyrin Excretion During the brief control period which
preceded ACTH admimstration the total coproporphyrin excretion
was wathin normal limuts It decreased to below normal on the second
day of treatment remamed low for four days then rose to shightly
above control levels for three days A second decrease in total copro
porphyrm excretion was observed to occur on the exghth day of treat
ment It continued for three days following which a gradual increase
to above pretreatment levels was noted Two days before treatment
with ACTH was discontinued there was an abrupt increase in the
fecal coproporphynin excretion with no change 1n the urinary copro-
porphyrin excretion Above normal levels of coproporphyrin cxcre
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Fi6 5 Total copraporphyrin excretion periphieral blood studies and
17 ketosterod excrenion on M J M H £100000 (Case ) The solid black
blocks represent the urinary coproporphyrin excretion per 24 hours the
stippled blocks represent the fecal content per 24 hours The arrons de
lmeate the penod of treatment and the bars represent dosage
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of cortisone during which same pertod the hemoglobin mamntained
uself at normal levels No significant change 1n the total number of
circulating Iymphocytes was noted nor did the total whte cell count
vary throughout the pertod of observation The total number of cir
culating eosinophls increased to two times the pretreatment level on
the third day of treatment with ACTH They remamed above the
levels observed duning the control period until the sixteenth day of
treatment with ACTH and did not disappear from the airculating
blood unul the sixth day of treatment with corusone The platelets
were first noted n the peripheral blood on the ninth day of cortisone
therapy

17 Ketosteroid Excretion Only five determinations of the uninary ex
cretion of 17 Ketosterotds were done during the period of study All
were within normal limts

Case IV

The fourth patient studied was a 45 year old male (M ] M H
#100600) who was admitted to Memonal Hosprtal on May 23 1950
with a diagnos:s of lymphosarcoma of three and one half years known
duration On May 25 1950 a metabolic balance study* was begun
and from June 1 to June 25th nclusive the patient recerved 100 mg
of ACTH daily Beginning on June 10 1950 and continuing for stx
days he recerved 200 mg of cortisone daily mn addition to ACTH He
recerved Nembutal 0 1 gms daily throughout the pertod of study

The coproporphyrin excretion hematologic data and results of
17 Letosteroid assays are summarized 1n Figure 5
Coproporphyrin Lxcretion During the pretreatment pertod of study
the total coproporphyrin excretion was almost twice the normal lev
els During the first twenty four hours of treatment with ACTH there
was a shight decrease mn the fecal and unnary excretion of copropor
phyrin This decrease m fecal coproporphyrmn excretion continued
untl the 4th day of treatment with cortisone when 1 second decrease
1n total coproporphyrin excretion was observed On the mineteenth
day of treatment 3 days after treatment with ACTH alone was re
sumed there was a sharp rise m the fecal coproporphyrin excretion
to well 2bove control levels It continued until the twenty fifth day
of treatment following which 1t gradually returned to the levels noted
during the pretreatment phase on the thirty sixth day of the study
eleven days after the adminustration of ACTH was discontinued On
the sixth day of treatment the urmary coproporphyrin excretron be

one of several patents who have been followed 1 a metabohc
.Th“r_ga:;eg:nl\‘g conducted by Drs Olof H Pearson and Leonard I Fliel 1n the

i;cl;;yrx::‘m of Clinical Investigation at the Sloan hettering Institute
4
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¥ic 6 Total coproporphynin excretion peripheral blood studies and
17 ketosterond excretion on L G M H #8716 (Case 5) ‘The sold black
blocks vepresent the urinary coproporphynn excretion per 24 hours the
stippled blocks represent the fecal content per 24 hours The arrows de
fineate the period of treatment and the bars represent dasage

during the period of therapy An mcrease to 3% of the toul arcy
lating red cells occursed on the third day of the POSt treatment pe
nod Tt continued upward to a peak of 4% reucuiocytes on the fifth
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gan to rise It continued at or above the levels noted during the con
trol pertod unul five days after ACTH had been discontinued
Hematologic Findings A gradual increase 1n the total number of ar
culating reticulocytes was noted during the period of therapy A 3%
reticulocytosts was noted on the 11th day of AGTH It gradually n
creased to a peak of 4% on the twenty third day of treatment There
was a gradual decrease 1n hemoglobin throughout the entire period
of observation An mmtial increase 1n the lymphocyte count was fol
lowed by an abrupt decrease to below control Ievels during the period
of combimed ACTH and cortisone therapy No sigmficant change was
noted 1n the total white cell count nor n the platelet count The
cosmophul count dropped to zero on the fifth day of treatment

17 Ketosterord Excretion The 17 ketosteroid assay showed a step
wise increase which began on the first day of therapv and reached 2
peak on the sixteenth day of treatment with ACTH one day after
combined treatment with ACTH and cortisone was discontinued
During the post trearment phase the 17 Letosteroids abruptly fell to
below control levels

Case V

The fifth pauent a 24 year old married negress (. G M H
#97546) was admitted to Memorial Hospital on October 17 1949
with a diagnosis of Graves disease On October 18 1949 treatment
with phenobarbital 06 gm four times daily was started On Octo-
ber 24 1949, 50 mg of ACTH daily was begun and on October 26
1919 phenobarbital was discontinued The daily dose of ACTH was
ncreased to 100 mg on November 2 1949 and to 200 mg on No
vember 15 1949 Admimistration of AGTH was discontinued on No
vember 18 1949 and the following day treatment with potassium
1odide 06 gm was started

The coproporphyrm excretion hematologic findings and 17 keto
steroid excretion are summarized n Figure 6
Coproparphyrin Excretion The total coproporphyrin excretion dor
g the control period was at the upper limit of normal At the onset
of treatment and continuing throughout the period of treatment with
ACTH the total coproporphyrin gradually decreased The average
excretion during the control period was 287 micrograms per 24 hours
and during the treatment period 232 micrograms per 24 hours Dur
ng the post treatment period the average excretron was 269 micro
grams per 24 hours A relative increase in the urmnary excretion r;f
coproporphyrin occurred during the pertod of teatment and persister

t the study
tI}{l;(::agtk;?:g:c findings The reticulocytes were within normal himuts
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The theoretical mechanisms by which the increased coproporphy
in excretion may be brought about have been the subject of discus
ston 1n a presous report’ and will not be included here

SUMMARY AND CONMNCLUSIONS

1 The excretion of coproporphyrin in the urine and feces has
been studied 1n five pattents recenning ACTH Two of these pauents
recenved cortisone 1n addition to ACTH

2 A sixth patient who recenved radioactive 1odine (') in the
treatment of carcinoma of the thyrowd 1s included for comparison

3 The observauons of the coproporphynin excretion have been
correlated with studies of the peripheral blood

4 The four patients in whom an increase 1 coproporphynn ex
cretion was noted exhibited an ncrease 1n reticulocytes and a de
crease mn arculating lymphocytes and eosmophils These changes
were not noted 1n the patient who did not reveal an increased excre
won of coproporphyrin

5 The changes obsered 1n pattents treated with ACTH are sim
tlar to those observed 1n patients treated w1th 10mzing rwrradiation
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DISCUSSION
DR RORERT hARK You did not differentiate total coproporphyrin mnto
1somers one or three?

PR HENRY J ROCH JR We were measuring total coproporphyrm A
study 15 1n process now to measure the 1somers
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post treatment day There was no change 1 the hemoglobin concen
tration until nine days after AGTH was stopped At that time a
hemoglobin of 16 9 gm % was recorded The total number of cr
culating lymphocytes and the total white cell count were not sigmf
1cantly changed during the period of AGTH adminustration Eosino
phils were present i the perspheral blood throughout the course of
the studv

17 Ketosteroad Excretton There was an immediate decrease m 17
ketosteroid excretion when ACTH was discontinued

GENERAL DISCUSSION

The coproporphyrin excretion was within normal lumits durng
the control period 1n four of the patients studied A fifth pauent
(Case 4) with lymphosarcoma was observed to have an increase n the
total coproporphyrin excretion per 24 hours during the pretreatment
pertod It was approximately twice the reported normal levels’ and
was noted 1 both the fecil and urinary fractions

An 1ncrease 1n total coproporphyrin excretion was observed 1n
four of the five pauents treated with ACTH, The fifth pauent
(Case 5) exhibited a shift 1n coproporphyrin from fecal to urinary ex
cretion but the total excretion was decreased during the period of
treatment with AGTH In addition no change 1n reticulocytes lym
phocytes or eostnophuls was noted during the period of therapy

No definite time relationship could be found between the onset
of ACTH administrition 1nd the increase i coproporphynn excre
uon In gcneral the period of mcreased coproporphyrin excretion
comeided with the period of reticulocytosis and occurred eght to ten
days after the inttial decrease 1n airculating lymphocytes and eosino
phils Inall four patients who exhibited an ncreased coproporphyrn
excretion an imtial decrease 1n total coproporphyrin was obsersed
Only two of the patients were observed for an extended period after
the admimistration of ACTH was discontinued In these the total
copmporphynn excretion remained above control levels unul twelve
and thirteen days after cessation of treatment

In the two patients who receved cortisone as well as ACTH no
increase 1n the coproporphyrin excretion was noted during the pe
riod of cortisone admimstration Contraniwise the patient (Case 4)
who recerved ACTH and cortisone simultaneously revealed a tend
ency tovard a decreased total coproporphyrin excretion during the
peniod of combined therapy followed by an abrupt increase after ces
sation of corusone The other (Case 3) showed a marked fall 1 cop

mporphyl’m excretion on the fourth day of cortisone :xdmmlstxluuonl
However such observations can only be considered comcidental unt:

further studies can be carried out
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CASE REPORTS
Crse ]

Mis F G age 5% was admutted to the RV H January 7 1950
The history of her present 1llness was that of moderate pallor for
many months dyspnoea after slight exertion tiredness and severe
pallor for one month nausea and vonuting after meals tingling and
numbness of the toes for 10 days and shight vagmal bleeding 2 days
During the several months before admussion she had lost some 16
pounds Personal and family histories were irrelevant Physical ex
aminauon showed dyspnoea on slight exertion marked pallor sub
icteric sclerae small haemorrhages in the left fundus ocult The liver
was palpable 3 fingerbreadths below right costal margin The neuro
logical findings were absent vibration sense over the left ankle and
diminished over the right hyperactive knee jerks and ankle jerks
bilateral Babinskis sign At times she was disonented confused and
hallucinated speech was thack

General laboratory findings were Gastric analysis Jan 9 before
ACTH and Jan 26 after ACTH no free HCI after histammne Un
nalysis was repeatedly negatrve Direct bilirubin 08 mgs % total
20 mgs % on Jan 17 Barium meal Feb 6 normal except for a seg
mented pattern of bartum i the proximal jejunum suggesting motor
dysfunction Urinary 17 ketosteroids Jan 10 4 3 mgs in 24 hours
Jan 13 290 mgs m 24 hours Several stool specimens were negative
for fresh and occult blood

Initial hematological findings on Jan 7 RBC 1350000 Hgb
52gms MCV 122 cu microns MCH 38 yy MCHC 31 % hemato
cnit 16 39 reticulocytes 4-59% Leucocyte count was 7 600 with 76%
neutrophiles 19 eosinophiles 219 lymphocytes and 2¢% mono
cytes Platelet count was 140 000 The serum was shightly icteric
Sternal marrow aspiration on Jan 9 showed megaloblastic hyperpla
sta and many macrogranulocytes

From Jan 7th to the llth there was mental deterioratton 1n
creasing dyspnoea and tachycardia accompanying the grave anemia
The red cell count fell to 970 000 Consequently she was given a
transfusion of 500 cc of packed red cells which brought the red
count to 2 620 000 and hemoglobin to 7 6 gms

ACTH was given 1n doses of 25 mg every 6 hours by intramus
cular injection beginning Jan 11 A total of 875 mgs was given up to
Jan 20 During this period mental symptoms became more marked
and there was no mmprovement 1n the neurological signs Large pur
puric areas developed over the face trunk and lower extremities
and there was increasing edema



41
The Effect of Adrenocorticotrophic Hormone on the Blood
and Bone Marrow of Pernicious Anemia

Lowis Lowensten Lorne Shopiro and J S L Browne
QUEEN MARY VETERANS HOSPITAL AND MCGILL UNIVERSITY MONTREAL

In January and February of 1950 two patrents suffertag from
pernicious anemia both previously untreated were administered sin
gle short courses of AGTH and subsequently Vitarmn B 12 The case
histories of these two patients and the hematological effects of ACTH
upon them are reported m detl

Simnce the complete trial of ACTH upon these two patients Win
trobe has reported that ACTH produced no chinical or hematolog!
cal improvement in patients with pernictous anemra In May of 1920
Thorn 2nd others® reported Gardeners case of pernicious anemta
who was given 480 mg of ACTH over 8 days A reticulocytosis en
sued which reched a peak of 7 5% on the ninth day lthough there
was no ncrease 1n the totil count Bone marrow aspiration shote
a temporary tncrease m the maturation level of nucleated red cells
ACTH produced a more profound effect 1n our two patients and 11
patient No 2 a more lasting effect

Hematological studies included red blood cell hematocrit hemo
globin reticulocyte leuhocyte blood platelet and differential esti
mations performed 1t frequent mnterals Serial studies of the bone
marrow were obtained by puncture Total nucleated cell counts were
obtamed and differential smears were made by the cosver shp method
without the aid of anticoagulant and were stamned with Jenner
Giemsa Lach differentsal count was contrnued unal 1 total of 400
nucleated red cells were counted In these counts the classtfication of
Jones® Lertner* Wintrobe ® ete  was used with shight modification
Some authors especially Dacte and White ° hive noted the presence
of nucleated red cells which are mtermediate between the megalo
blastic and normoblasic series Following Dacie thus series of cells
e grouped under the heading of intermediate megaloblasts b

Rlood volume studies on the second pitent were performed by

the method of Gibson and Exelyn® 1s modified by Tysoe and Lowen

8
stein 426
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The hematologic response 1s shown 1n Figure 1 There developed
a gradual reticulocytosis which reached a peak of 14 6% on the mnth
day of ACTH therapy Tius 1s equnalent to the expected rise** if
the red cell count after the transfusion 1s taken as the mitial lesel
The slight increase of packed cell yolume ved cell count and hemo-
globin m1y or may not be significant They could be attributed to
shifts i plasma volume after ACTH

Because of the patient s poor conditton 90 micrograms of Vita

PERNICIOUS ANEMIA EFFECT OF ACTH
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mn B 12 concentrate were given intramuscularly 10 days after be
gmning ACTH therapy A prompt reticulocytosis developed with a
peak of 25% srxty hours later ACTH was continued for 6 days after
the admimistration of B 12 to a total of 1250 mgs 1n 15 days

ACTH produced the leukocytosts neutrophilia and eosmnopeniz
characterstically found after tlie admuustration of ¢hus substance

The findings of five senial bone marrow aspirations are depicted
in Figure 1 and Table I Primitive cells include the pro and ba

tuhic forms and mature cells the po])chror?::!ophllxc :‘md u::)‘m
:?\!r]omauc forms Befare any therapy pr ] an
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megaloblasts constituted over half of the total nucleated red cells and
more mature megaloblasts another 30% Only 6 5% of the total nu
cleated red cells belonged to the normoblastic series The bulk of the
remainder consisted of intermediate forms Many macrogrinulocytes
were 1lso present

Under ACTH theripy the megaloblastic series showed partial
maturation and there was a partial reversion toward normoblastic
erythropotesis This revision was never complete Although dumin
ished 1n numbers many megaloblasts remamed some of them pro
megaloblasts tnd basophilic megaloblasts A demonstrable mcrease
n intermedi ite megaloblasts was observed consisting of both young
and mature forms The numbers of normoblasts 1ncreased progres
sively On the fourth day of ACTH the normoblasts had increased
from 6 5 to 149 and by the 11th day to 4195

After B 12 was admmistered a rapid change to normoblastic
erythropotesis occurred This was evident within 36 hours and com
plete on the seventh day

Case 2%

G T a?72year old man was admitted to Queen Mary Veterans
Hospital on January 6 [950 with the following complaints which
bad begun the previous summer Loss of appetite taste and 25
pounds weight right upper abdomunal pain after meals fatigue and
shortness of breath He had had no soreness of the tongue diarrhoea
or neurological symptoms

He had been admitted to another hospital m 1941 for suprapubic
prostatectomy for carcinoma of prostate on readmussion in 1944 he
was free of metastases In 1947 catrract extraction was performed at
Queen Mary Veterans Hospital The family history was srrelevant

On phystcal examination there was pallor and faint icterus the
tongue showed no atrophy the liver and spleen were not palpable
There were no abnormal neurological signs There was no cimeal
or \ ray evidence of metastases

The hematological values on February 13 were RBG 2200 000
hemoglobmn 9 0gms hematocrit 319 MCV 141 cu m reticulocytes
309% WBC 5700 platelets 132 000 The sternal marrow was megilo
blastic
The general Ixboratory results follow Gastric analysis histimine
fast achlorhydra Gastro 1ntestinal radiography no lesion of the oe
sophagus stomach and duodenum Serum bilirubin (indirect) 29

he chimcal
©nowledgement 1+ made to Dr L Guravich for us ! clp in t

Grateful o R EQumamsille for her techmcal assstince and to Dr C Fic
'(::'ﬁxgeﬂ;errarmmc of blood volume in patient No 2
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mgs % Serum protemn 646 gms % albumimn 307 globulin 339
Cephalin cholesterol flocculation negative Bromsulphalen test nor
mal excretion Alkaline phosphatase 3 7 Shinowara Units acid phos
phatase 0 1 Shinowara Units and glucose tolerance curve normal To
tal fecal fat normal with slight increase i combined fatty acids
normal free fatty acids and shght decrease 1n neutral fat Chest X ray
normal Electrocardiogram normal
During the first month of hospitalization the usual hospial dret
was served to this pauent this diet 1s relatively high 1n protein sup
plying approximately 90 gms of protein and 2 700 calories daily One
month after admission and fourteen days before the first injection
of ACTH he was placed on a daily 1ntake of 2 700 calories containing
100 gms of protem The datly consumption of protein was measured
and usually varied from 85 to 100 gms ACTH administration was
begun on February 13 at the rate of 100 mgs per d1y for 3 days fol
lowed by 80 mgs for 2 days and finally 50 mgs for 3 days The total
dosage was 600 mgs 1n 8 days The drug was given intramuscularly at
6 hour 1ntervals
The pattent s appetite had improved shghtly dunng the control
pertod and markedly during therapy The characteristic retention of
flurds occurred witha 191b weight increase from February 10 to Feb
ruary 21 which was accompanied by swelling of the face edema of the
legs basal rales in the right lung hepatomegaly splenomegaly and
radiological enlargement of the heart shadow Consequently ACTH
was discontinued on February 21 and with mercuhydrin a strihing
diuresis ensned
The hematological effects are shown in Figure 2 The reticulo
cytes reached a peak of 11 7% on February 22 9 days after starting
treatment 16% being the anticipated peak °
During the following weeks the red cells hemoglobin and hem
atocrit gradually mcresed and reached a plateau early in March
which was maintaned unul June There was the customary neutro
philic leukocytosis a brief lymphocytopenia and eosinopenta The
prothrombin time and serum bilirubin were not affected by ACTH
The total plasma protemns decreased from 7 17 gms % before treat
ment to 5 38 gms % dunng treatment and subsequently returned to
the pre treatment range There was no sigmficant alteration of the
AG ratio The patient was in positive nitrogen balance before and
after admimistratton of ACTH and 1n negatnve balance during
ACTH therapy
Gastric analysts was performed four times before once during and
once after ACTH and on all occasions showed a histamune fast achlor
hydna
By the beginming of June 4 months after ACTH the blood level
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had clearly stabilized and while the remisston was mcomplete there
was no defintte indication of relapse Nor was there any evidence of
gastrowntestinal neurological or other clinical relapse Accordingly
on June 9 he was given a single dose of B 12 120 micrograms by
mtramuscular injection A reticulocyte peak of 7 09 occurred 6 days
later which exceeded the expected peak ™ There was a further nise

PERNICIOUS ANEMIA EFFEGT OF AGTH terd 72 vRs )
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of the ted cell count to 4 23 million the hematocrit to 44% and he
moglobin to 13 # gms on June 28th

During ACTH the total red cell volume mcreased from the pre
treatment average of 1185 ml to 1482 m! and subsequently rose to
1861 ml without further therapy (Figure 2) Durng this pertod the
total hemoglobtn mass rose from 377 gms to 580 gms Com[nmble
values were obtuned 7 and 18 days after the admimistration ol B 1‘_

“The bone marrow (Figure 2 Table I1) which was predominantly

loblastic belore therapy show ed 1 prtial change towards nor
:Z%aitsr ACTH 1e there was 1 mirked dimmution in the number
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of megaloblasts from 919 before theripy to 15% immediately after
completion of ACTH therapy and to 5 1%, three months later Inter
mediate megaloblasts increased from 1 7% before therapy to 18 9%
immediately after ACTH and to 29 7¢ three months later Normo
blasts increased from 4 2% before ACTH to 65 9% immediately after
ACTH and were still 659% three months later S1x days after the m
jection of B 12 megaloblasts had disappeared from the marrow and
99 4%, of the nucleated red cells were normoblastic

GLNERAL DISCUSSION

In two patents with pernicious anema previously untreated
short courses of ACTH 1induced a partial hematological remission

Because these studies were part of a larger metabolic study
which the subjects recerved 1 Ingh protein diet a control low protem
diet was not provided for erther patient Patient No 2 received a
tugh protein diet for 6 weeks before the admmistratton of AGTH
the absence of hematological response during this period would in
drcate that this panent did not have nutritional macrocytic anemi2
Steatorrhea was excluded by the normal fat content of the stools and
the normal oral glucose tolerance

That the hematological response to ACTH was incomplete 15 at
tested by the following the reticulocytosis was less than that expected
after liner extract or Vitamun B 12 a second reticulocytosis occurred
after B 12 which exceeded the expected response m the second pa
tient there wis a gradual and prolonged mcrease of erythrocyte
count hemoglobin concentration red cell volume and total circulat
g hemoglobin after ACTH these values further mcreased after 2d
mnustrition of Vitamm B 12

The changes 1 the bone marrow are of predomunant tnterest
After ACTH there was a partial reversion toward normal erythropot
ests This was mamfest by a significant increase of normoblasts 1
marked decrease of megaloblasts and the presence of a considerable
number of intermediate megaloblasts In patient No 2 after discont
unuation of ACTH and unul Vitamun B 12 was giien the mter
mediate megaloblasts constituted 20-30% of all nucleated red cells
Vitarmin B 12 rapidly restored normal erythropores:s

The cause of the partial hematological remusston produced by
ACTH remains speculative Spontineous remission may be excluded
ACTH 15 said to contain no Viammn B 12 Can the same be sud for

ammal protetn factor ?

Recently evidence has accumulated to indicate that megaloblastic

anemia may be pmduccd by a quantitative but not necessanily an ab
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solute defictency of enzymatic factors involved n a chemical chain
reaction which 1s necessary for the synthesis of nucleoprotemn from
amumo nitrogen ' That the deficiency need not be absolute would
seem supported by the course of Addisontan Pernicious Anerma
treated with Folic Acad ™' 11 ywhich produces hematological
remussion hypothetically by mass action effect unul the tissues are
completely depleted of Vitamin B 12 The failure of response of meg
aloblastic anemia of pregnancy and the puerperium to refined liver
extract and Vitamin B 12! ® * 1n some nstances and the partial
response to B 12 in other instances according to this hypothesis
would be dependent upon the degree of deficzency of some substance
required 1n the cham reaction other than Vitamim B 12 Simularly
m our two cases of pernictous anemia ACTH may have mobilized
small amounts of Vitamin B 12 theoretically sull present in the us
sues and posstbly also larger amounts of other factors which were not
deficient and which by mass action may have enhanced the effect
of the small amounts of available B 12

In view of the studies of Sptro et al * upon gastric pepsin and urt
nary uropepsin 1t seems unlikely that adminstration of ACTH 1s
followed by increased production ot intrinsic factor 1n pernicious
anemia although no direct tests were made upon the gastric juice
of our two patients

SUMMARY

1250 mgms and 600 mgms of ACTH were given to two patients
with pernicious anemia m relapse over a 13 and 8 day period respec
tively Subsequently Vitamin B 12 was admimistered The hemato
logtcal changes observed 1n the two patients were similar and showed
the following (a) Reticulocytosis which was not optimal when com
pared with the expected response after liver extract or B 12 therapy
Subsequent treatment with Vitamin B 12 m both patients produced
a second retculocyte response which exceeded the anticipated maxa
mum rise (b) An mcrease of the circulating red cell volume and total
hemoglobin and an increase 1n the concentration of erythrocytes and
hemoglobin 1 pattent No 2 In patient No 1 the nise could not be
fully observed because of the need for spectfic therapy However n
the second patient there was a prolonged and gradual improvement
which levelled short of the values later attamned with B 12 In patient
No 2a macrocytosis persisted after ACTH but diminished after B 12
admimnistration (c) A striking but not complete reversion of the meg
aloblastic marrow towards normal after ACTH Completely normo
blastic marrow appeared only after Vitamimn B 12
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CONCLUSION

Short term AGTH therapy produced 2 partial hematological re

mussion of the blood and bone marrow of two patients with untreated
pernicious anemia Subsequent treatment with B 12 resulted tn com
plete remission
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EFFECT OF ACTH ON BODY WEIGHT OF
NORMAL RATS */
CONTROL %, /7
ol
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. ACTH ~ MGM PER DAY
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DAY OF EXPERIMENT
Fic 1 Rate of weight gam af rats treated with ACTH (Grams)

was 2 strihing nise i neutrophals m every animal recervng ACTH

as shouwn in Fxgure ¢4 This neatrophilia was ¢

g
rapidly when ACTH was discontinued and occasionally while Lhe
arumals were sulf on treatment 1o levels equal to or lower than be

fore ACTH was giten

Two pgs recetved cortssone 1 doses of 100 mg per day No sig
nrficant change was noted In ope animal an snfection was produced
by mjecting 2 culture of virulent staphylococcus Another was treated
wath folic acid In both mnstances lenkoey tosis and nenttoptiha oc
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The Effects of ACTH and Cortisone on the Blood of
Experimental Animals*

J G Palmer,f G E Cartwright and M M Wintrobe
COLLEGE OF MEDICINE UNIVERSITY OF UTAH SALT LAKE CITY

Tlus report descrtbes the results of a study of the effects of
ACTH and cortisone on the blood of norml 1mimals and of ammals
with vartous induced hematologic disorders

Male 2lbino ruts (Sprague Dawley) werghing, 1pproximately 100
grims were used A few observations were made on swine All hema
tologic studies were made on freely flowing tul vemn blood ACTH
was administered subcutaneously every six hours but 1l doses are re
corded as the total daily dose expressed n terms of Armour standard
I alA The total daily dose of cortisone was adminsstered intramus
cularly in two divided doses every 12 hours

RESULTS

The effects of ACTH admunustration to normal rats are shown m
Tigures 1 2 and 8 each curve representing the mean of 1 group of 3
rts On 1 dose of 2 mg per rat shght impurment of growth and
transient eosinopentt occurred (T'tgure 2) These chinges became
more pronounced as the dose was increased but defimte neutrophifiz
and lymphocytopenia were not seen until a dose of 8 mg w1s reached
When the drug was discontnued there was ripid weight gan and
1 nise 1n eosinopluls and lymphocytes above control levels while the
neutrophils decreased to control values At no time was ny signfi
cant change 1n hemoglobin or retictlocytes noted (Figure 3)

ACTH was administered 1n amounts of 50-100 mg per day to
several Chester White swine which were anemic and leukopenic as 2
1t of a deficiency mn pteroylglutamic acid the deficiency having
wced by feeding 2 purified diet contumng succinylsulfa
d a folic acid antagonst as descrtbed elsewhere * There

resu
been prodt
thiazole an

This study was supported bv a grant from the Dimon Runyon Afemortil Fund

4 Fellow Americon Cancer Society’
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EFFECT OF ACTH IN NORMAL RATS
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Fic 3 The effect of \CTH on hemoglobin and reticulocytes mn rats

1n the treated amumals than 1 those receneng ammopterin alone No
sigmificant difference 1n the degree of leukopenia was noted aithough
the ACTH treated group tended to have lower leukocyte counts than
the others These results are shown in Table I

‘The course of the leukocyte counts of the rats made chromcatly

Table I

Erreer or ACTH arn Cortisong on Levrzatia
DICE 70 AMINOPTERIR

WBC X 1000/ mm
SO

Inttial Final
Amunopterin 214 63
Aminopterin & ACTH (8 mg/day) 232 21
Amsnoptenn & Cortisone (5 mg/day) 208 83
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curred Dut the degree of change was not s great as that seen after
ACTII admimistrition No change 1n the red cells sas noted other
than shight rencuolocytosss 1n the ACTH treated anmals AN of the
ACTH treated anmmls appeared more 11! afterwards than belore
ACTH was given

In order to study further the effect of AGTH and cortisone in de

A EFFECT OF ACTH IN NORMAL RATS
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M f
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'v/ Vo ,\// N
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WBC X 1000/ mm

5 &

NEUTROPHILS
o

X1000/¢ mm

o

ACTH

10 20 30 50 &0
DAY OF EXPERIMENT

Fic 2 The effect of AGTH on leukacytes in rats

fictent ammals acute and chronic PGA deficiencies were produced 10
vats the acute deficsency by giving aminopterin and the chrone de
ficiency by dietary methods simuiar to those used 1 the swine

1n studying the wnfluence of an acute deficiency of folic aad the
sstration of AGTH or cortisone was begun 24 hours prior to
the gwng of aminopterin and the latter was continued for 3 to
5 days Neither AGTH nor cortisone prevented the diarrhea weight
Joss or leukopema which develop when folic aad defictency 1s pro
duced actually symptoms of toxicity appeared 12 to 24 hours sooner

admin;



ACTH AMND ENPERIMENTAL ANEMIAS 443

of deficiency progiessed much more rapudly and all of the animals
died withun (wo days

The remamder of the anumals were observed unul the 60th day
at which ume the deficiency had become well established They were
then dinided imto four groups of ten animals each One group was
treated with ACTH 8 mg, day a rapid fall i the number of feuko
cytes occurted with progression of the signs of defictency One group
w1s treated by remos mng the succiny lsulfathinzole and pteroslghutamic

FGA
0wl Twme Effect of ACTH and Cortzsone on
the leukocyle Count inPGA deficrent
5 Raty
§
S 28]
o ¥ca deficrent
I3
Rt Fea defscrent
+ ACTH
g cortisone
'E b o No'treatment
g
1 ?
ACTH
Acty discontinued,

a ACTH restarted
8 16 74 32 40 48 56 (13 7

pays of Fxperiment

Fic 5 The effect of ACTH cortisone and folie acud on leuhocytes sa folic
aad deficient rats

wd (PGA) antagonsst from the diet and adding PGA 75 mg/hlo
gram of diet raprd recovery occurred with dhie leuhocyte count rap
1dly rising to very hugh levels One group treated with cortisone
5 mgyday showed no change as did the group recennmg no treat
ment

Slight anemtz developed 1 these anumals by the 60th day with
hemoglobins ranging from 10 5-32 5 grams/100 m} the normal range
m this Jaboratory bemng 14 5 to 16 5 grams /100 m} No change was
nated sn the seven days during which they were weated

The effects of ACTH and cortisone 1n experimentally produced
hemaolytsc anema ate shown 1 Figtre 6 An anu rat red cell rablnt
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EFFECT OF VARIOUS AGENTS ON THE
LEUKOPENIA OF PGA DEFIGIENT PIGS J
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Fic 4 The effect of cortisone 1nfection folic actd and ACTH on leulo
cytes m folic aaid deficient swine

11l 1s presented dingrammauically 1n Figure 5 Fifty rats were placed
on a purified diet containing succinylsulfathiazole and a PGA antag
omst (crude methyl folic acid) One group of ten rats was treated
with ACTH 8 mgyday from the time the diet was started and 1t
may be seen that leuhopenia developed more rapidly in these ammals
than 1n the untreated group they also lost weight nd appeared i
sooner ACTH was discontinued after 21 days 2nd although no 1m

rovement was noted progression of the deficiency was fess rapyd
When ACTH was restarted on the 38th day leuhopenia and signs
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appeared to prevent the development of anemia The difference 1l
fustrated in the figure was found to be statisucally sigmficant The
most pronounced effect however was on the leukocytes In the case
of the xmmals grven the Jarger dose of ant serum the ACTH treated
anmals developed less leulocytons than the control ammals With
the smalles dose smce no anemia deseloped i the treated anumals
leukocytosts would not necessanly have been expected It may be
seen that none occurred except on one day m the ACTH wreated
group

The number of nucleated red cells and retsculocy tes n the blood
was shightly lugher m the ACTH treated group recesving the larger
dose of wntr servm than m the controls but the difference was not sig
sficant

In Table 11 are shona the means of the lenkocyte counts m rats

Table 11

Errror of ACTH anp CORTISONE oM LEUROCYTONS Assocaaten
WiTH INFLABIATION DLE 7 TurprNTISE

Ao of Rats #BC X 10007 mm

Turpentwe 12 368k 12
Turpentine & ACTH 10 204::08*
Turpentine & Cortisone & 164104

Mean & Standard Ervor of Mean

which were gnen repeated wiections of turpenune with the abject
of producing a severe inflymmatory reactson It was found that am
mals recenning ACTH and corusone did not develop the degree of
leukocytosis seen n those vecewving turpentine alone No anemra de
veloped in any of the animals

Because these observanons suggested that under a vanety of ex
perimentat condations the puncipal effects of ACTH and cortisone
on the blood of rats and swine were on the leukocytes and because 1t
seemed as if the effects of ACTH and corttsone nught nat be identn
cal addstional experrments were casried out

ACTH and coritsone were admmnstered to intact and to adrenal
ectommzed rats thyee to fne days postoperatmely The resules are it
lustrated i Figure 7

Sixty mntact rats weve used ACTH was given 1n a single wyection
of § mg 1o 35 rats cortisone 1n 1 single injection of § mg to 25 rats
Leukocyte counts were made st hours alter the injection In the fig
ure the means are shown It willt be seen that the administration of
ACTH resuited 1n an wmerease i the total lewlocyte count due to an
erease in neutrophils whereas corusone had the opposite effect
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Fic 6 The effect of ACTH and cortisone on hemolyttc anenua in rats due
to ant1 rat red cell rabbit serum

-

serum was prepared by repeatedly injecting washed rat cells mto
rabbits The serum was removed and injected 1nto rats ntrapernito
neally The regular mjection of ACTH 8 mg/day or of cortisone
10 mg/day was begun prior to the adminmistration of the ant1 serum

It may be seen from Tigure 6 that when a relatniely large quantity
of antt serum was given AGTH did not prevent the devclopment of
the anemia 1With a smaller dose however both ACTH and cortisone
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bility exasts that adrenal rests might be present on which ACTH may
be acting Such rests have been found around the testicles therefore
combined adrenalectomy and orchidectomy were performed in a
group of ten rats and they were placed on cortisone 5 mg/day
ACTH admunistered to these ammals produced effects identical with
the amimals which were simply adrenalectormized

Since ACTH 1sa protemn 1t was also decided to see 1f neutrophilia
m adrenalectomized corttsone mamntained amimals would be pro
duced by other proteins Consequently several bovine plasma frac
uons and a suspension of purified casein were mnjected nto such
ammals No significant change 1n the leukocytes was noted

GENERAL DISCUSSION

Considerable work has been done by others on the effect of
ACTH and cortisone on the blood cells but principal attention has
been focused on the lymphocytes °7 and eostnophils*** Neutro
philia has been known to occur and has been reported to be present
1n adrenalectormized mice gnen ACTH and 1n patients with Addi
sons disease® It has been reported that ACTH produces polycy
themia with extramedullary blood formation in mice ® No effects on
platelets have been noted ® In this study lymphocytopema eosino
penia and neutrophilia were observed m normal animals following
the admumstration of ACTH but no changes in red cells were nated
Platelets were not studied

In PGA defictency Dougherty and Dougherty® found that the
effects of ammoptenin on lymphatc tissues and lymphocytes 1in mice
were decreased by adrenalectomy They concluded that the effects
of pterin on lymphatic tissues are mediated 1n part through the
adrenals Our own observations are of interest 1n that adrenal cortical
stimulation apparently increases the toxicity of PGA defictency sug
gesting thereby that the ctivity of PGA antagonists 1s modified 1n
the tissues by cortical hormone These results are not i disagreement
with those of Dougherty and Dougherty since they found that the
effect of aminopterin on myelopoiesis took place mn adrenalectomized
ammals and since no detailed observations were made on lympho
cytes 1n our study

It has been reported” that improvement may take place follow
mg admimstration of ACTH m patients with acquired hemolytic
anemia presumably due to antired cell antibodies The hemolytic
anerma produced tn this study which may be comparable to the hu
man disorder was also favorably influenced when the Pprocess was
mld The most striking effect however both i the instances of
hemolytic anemia and 1n the experimentally produced sterile inflam




446 SECOND CIINICAI ACTH CONTERFACE

The adrenalectomized group consisted of 14 rats These were
maintained on 1 per cent NaCl given in the plice of dninking water
from the trme of operition Twenty scven ammnls recenved ACTH
17 cortisone Doses and tiume intervals were the sume as in the mtact
group Adrenxlectomy wis assocated with an increase i the number
of both reutrophtls and lymphocytes It will be seen that the admin
1stration of cortisone reversed these changes ACTH on the other
hand produced 1 further rise in neutrophuls

These results suggested that with respect to the neutrophils

sl The Efrect of ACTH and Cortrsone on Leakocyles
ﬂ In the Rat

= »
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Fic 7 The effect of ACTH and cortisone on leukocytes in intrct ad
renalectomized saline maintamed and adrenalectomized cortisone main
tained rats

ACTH and cortisone act differently and that thus effect of ACTH 1s
not mediated by the adrenal gland To eluaidate this further ACTH
was admmstered to adrenalectomized ammals while they were re
cenving cortisone Seventy rats were adrenalectomized and were grnen
cortisone 5 mg/day Three to five days after operation ACTH was
given and a strihing rise 1n nentrophuls occurred Cortisone had the
appostite effect as 1t did 1n the adrenalectomized saline mmmamcg
ammals On prolonged administration 1t was found that the m;urlxef
neutrophilia which follows ACTH was not maintained under any ol

these conditrons It could however be produced twice 1n the same

nimals by repeating single injections at 5 day intervals

? Although these results suggest that the neutrophilia producing
effect of AGTH was not mediated through the adrenals the posst
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bility exasts that adrenal rests rmight be present on which ACTH may
be acting Such rests have been found around the testicles therefore
combined adrenalectomy and orchidectomy were performed n a
group of ten rats and they were placed on cortisone 5 mg/day
ACTH admimistered to these ammals produced effects 1dentical with
the amimals which were simply adrenalectormized

Since ACTH 1sa pratein 1t was also decided 1o see 1f neutrophilia
m adrenalectomized cortisone maintained amimals would be pro
duced by other proteins Consequently several bovine plasma frac
tions and a suspension of purified casemn were mnjected mto such
animals No signtficant change 1n the leukocytes was noted

GENERAL DISCUSSION

Considerable work has been done by others on the effect of
AGTH and cortisone on the blood cells but principal attention has
been focused on the lymphocytes’ °' and eostnophils**** Neutro
philia has been known to occur and has been reported to be present
m adrenalectomized mice given ACTH and in patients with Add:
sons disease ® It has been reported that ACTH produces polycy
themia with extramedullary blood formation 1 mice * No effects on
platelets have been noted ® In this study lymphocytopema eosino
pemia and neutrophilia were observed 1n normal animals following
the adminmistration of ACTH but no changes 1n red cells were noted
Platelets were not studred

In PGA deficiency Dougherty and Dougherty® found that the
eftects of aminopterin on lymphatc tissues and lymphocytes 1 mice
were decreased by adrenalectomy They concluded that the effects
of aminopterin on lymphatic tissues are mediated n part through the
adrenals Our own observations are of 1nterest 1n that adrenal cortical
stmulation apparently increases the toxicity of PGA deficiency sug
gesting thereby that the activity of PGA antagomists 1s modified in
the tissues by cortical hormone These results are not in disagreement
with those of Dougherty and Dougherty since they found that the
effect of aminopterin on myelopozesis took place n adrenalectomized
amimals and since no detailed observations were made on lympho
Cytes tn our study

Tt has been reported ! that 1mprovement may take place follow
ing adminstration of ACTH 1n patients with acquired hemolytic
anemia presumably due to anti red cell anubodies The hemolytic
anemia produced 1 this study which may be comparable to the hu
man disorder was also favorably influenced when the process was
mild ‘The most striking effect however both in the instances of
hemolytic anermia and 1n the expennmentally produced sterile mnflam
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mation due to turpentine tnjection ws suppresston of leukocytosis
The mechanism of this actzon h1s not been clinified by our studies

Neutrophilin following the administritton of AGTH occurred 1n
mtict ammals 1n pteroylglutamic acid deficient swine and 1n adre
mlectomized ammals This was true in the adrenalectomized animals
even though they were recenving cortsone n greater than maimte
nance doses Several possible explanations may be offered for this

1 ACTH stimulates adrenal rests which have not been com
Ppletely removed If small remnants of adrenal tissue were still present
1n these animals 1t would seem likely that they were sumulated max
umlly If they were not the adrenal hormone secreted would have
had to have 1n effect not shared by cortisone since under all the con
ditions 1t was used 1n our studies cortisone did not produce a sig
mficant neutrophilia Neutrophtha has also been produced by
ACTI 1n 1mmals muntained on cortisone and adrenalectomized
and orchidectomized 1t order to ehiminate any rests which may be
present around the testicles Neutrophiha did not result from the ad
munistration of cortical extract to adrenalectomized cortisone main
tained animals

2 The neutroplulit may be 1 non specific effect produced by
foreign protemns 1n the preparation The other protems used had no
mfluence on the leukocytes This of course does not rule out the
possibility that the neutrophtlia is the result of the action of a foreign
protern It would appetr however that the actton must be a spe
afic one produced by certain substances and not by others

3 The reiction may be an extra adrenal effect of erther ACTH
or some other substince present n the preparations Neutrophila i
adrenalectormzed cortisone maintamed vmmals has been produced
by five different lots of ACTH (all that have been tried) ranging m
potency from 25 per cent of standard to 22 times standard Undoubt
edly 1n all of these preparations most of the materral was nert as far
as adrenocorticotrophic activity 1s concerned It 1s of interest that the
1njection of a preparation of melanophore hormone was followed
by a defintte neutrophilia under these condrtions It would seem then
that the most likely explanation for the neutrophtha would be that
1t 15 produced by some substance not necessanly having ACTH ac
tiaty found in preparations from the pimtary gland Admittedly
however this hypothesis 1s not proven by these studies

SUMMARY

1 In intact rats the admmustrauon of ACTH resulted in 1m
parred growth transient neutroplnha lymphocytopemia and eosin
opemia The admimistration of cortisone was followed by lymphocy
topenia and eosinopenta but not by neutrophilia
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2 The admimistration of ACTH to PGA deficient swine resulted
in marked transtent neutropmhic leukocytosis whereas corusone did
not have this effect In PGA deficient rats ACTH apparently accel
erated the production of the deficiency

3 In rats ACTH and cortisone prevented the development of a
mild hemolytic anerma produced by the mjection of small doses of
an anti rat red cell rabbit serum but did not prevent anemia when
the dose wis larger Both hormones suppressed the leukocytosis ac
companying the hemolytic reaction as well as the leukocytosis of n
flammation

4 Neutrophiha produced by ACTH occurred m the absence of
the adrenals even though the animals were mamtained on adequate
doses of cortisone It 1s suggested that the neutrophilia may have been
produced by a substance or substances m the pituitary preparations
which does not act through the adrenals
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DISCUSSION

DR ROBERT 5 SPEIRS I wasvery interested in Dr Palmer s comments
on the comprison of tail 1nd heart blood symples and I would like
to put tn 1 word far the use of tail blood In our laboratories we have
used this method of taking blood for three years and find 1t to be a
repeatable and accurate procedure However a number of very tm
portant precutions should be taken If the ammals are not adre
nalectomized some struns of mice will following a very slight dis
turbance show tremendous chinges m the number of blood cells
In the C;; Brown mice for example the movements of an ammal
caretaker near the cage 1s suffictent to produce an eosmopenia In
order to standardize their environment we designed a closed cabinet
1n which the cages are placed This cabinet enables us to heep the
mice in the dark 1t a constant temperature of 80° F might in the
laboratory where we perform the blood counts {See F1g 8)

When the equipment and solutions are ready the mice are taken
out of the cabinet and placed 1n a jar under a 100 watt lamp Witlun
a few minutes they become active and a blood count 1s taken m
mediately Less than 15 mimutes 1s involved from the time the mice
are first disturbed until a sample of blood 15 taken Only free flowing
blood 1s used as milling of the tail can lead to very maccurate counts
The standard error of the procedure 1s determined by taling 4
pipettes of blood from the same mouse within a period of two min
utes and calculating the number of cells A difference n the count
of cells from each pipette will include not only the mechanical error
and error of counting but also the error due to variations in the
number of cells n different drops of blood In our laboratory the
standard error \\asdfound to be 1 2 umes the square root of the num

unte
berlotfsi\elklflobe strongly emphasized that there are tremendous dif

ferences between strains of mice In our report yesterday we indicated
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Fic 8

that 1n the special hybrid mice we were using as lieele as 6 mircro-
grams of cortisone would produce an 80 percent decrease 1n the num
ber of arculaung eosinophuls of adrenalectomized mice In another
strain the Jax 129 mice as much as 96 micrograms of cortisone were
necessary to produce the same results This difference in sensitivity
undoubtedly applies to ACTH and other hormones also I think
that 1t 1s important 1n experiments of this nature to use inbred strains
of mice or therr hybrids Coming from a genetics laboratory you
would expect me to s1y that
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As far 1s sex dufferences are concerned most of our worh has been
performed on males The females will respond but for some reason
there seems to be 1 great detl more vanation We are undertaling a
study 1t the present tune to see whether 1t can be 1lleviated by tes
tosterone

DR FDWARD Il hass We hive had simular experiences to those of
Dr Palmer and his associates 1n our studies of the effect of ACTH
on the leukocytes of white mice Several difficulties arose during our
attempts to determine n adequate dose of ACTH to use 1n exper
ments with mice The first 1s that repeated bleeding of the same
mouse 1s 1 form of severe stress 1s has been shown by Spers and
Meyer Inasmuch as the mouse has 1 total blood solume of 15-20
ml 1t 1s understandable that loss of even a few drops of blood induces
severe tnemia It 1s therefore essential that each ammal be bled but
once and that large numbers of mice be treated under standardized
condttions to obtain useful data

Secondly as Speirs and Meyer have shown handling mce 18
sufficient siumulus to mduce eosnopenta for several hours We have
been able to show that the injection of saline gelatin or gamma
globulin intrapertoneally 1nto mice may lead to eosmopenta which
may Inst for as long as six hours Thirdly 1f venous blood from the
end of the tail 15 used the leukocyte 1nd eosinophile counts may be
as much as three times as great as n artenial blood This difficulty may
be 1voided erther by heiting the enttre ammal or 1ts tail (and we
have felt thus procedure constituted a stress of considerable degree)
or by domng ventricular punctures or by lightly anesthetizing the
mice and cutting off the tail very close to the body so that artersal
and free flowing venous blood are collected If the latter procedure
15 done rapidly no effect on eosinophules or leukocytes 1s observable

Using these precantions we found that 125-25 mg of ACTH
were required to maimntamn eosmnopenua for a pertod longer than the
6-8 hours of cosinopenia which may be induced by nonspectfic pro
tewns When a dose of 25 mg of ACTH 1n a volume of 0 5 ml was
given intraperitoneally every 12 hours eosmopema and leukopema
were mamntamed for about 6 days after which the values returned
to normal levels despate the repeated administration of this very large
dose of hormone The latter obsersatton indicates that the dose used
although equrvalent to about 8 grams per day on a weight basis
the human adult 1s not toxic to mice The Tumblebrook Farm strain
has been used m all of these studes

Fosinopenia 1n the mouse 1s frequently accompanied by leu
a and the latter 1n turn 1s due n large part to the lympho

N1
hope hich 1s induced by ACTH The mouse normally has 60—

pema wi
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80% lympliocytes so that the transient polymorphonuclear leuko
cytosts which 1s induced by ACTH 1s overcome by the more marked
lymphopema which occurs after mjection of the hormone

We feel that these observations are of mnterest because 1f one ex
amunes the hiterature mn which mice have been used in experiments
dealing with ACTH there are very few 1nstances 1n which doses of
the hormone have been used which exert effects greater than those
induced by nonspecific sumuli

DR EMANUEL B SCHOENBACH 1 was quite interested 1n this discussion
and I would like to speak about Dr kass remarks We do hundreds
of white blood cell counts on mice from the tail vein and get quute
reproducible results It 1s part of the study we have been conduct
1ng with vanous drugs n neoplasta We use the tail veins and al
though the counts may be higher than those from heart blood we
find that the latter procedure also introduces variables when one
anesthetizes the mouse to get the heart blood etc

I agree with Dr hass that the amount of ACTH one may gne
a mouse without any observable changes 1s really tremendous We
have employed a dosage of 80 milligram equnvalents daily 1n mice
and see very little change 1n the thymus the nodes or the spleen This
15 10 contrast to our experience with cortisone with which we ob
serve dimmution of the size of the spleen and the thymus with reg
ularity

Now the relationship of aminopterin to cortical hormones or
hormones that stimulate the adrenal cortex 1s really quite interest
ing We found several years ago that there was a difference 1n toler
ance between female and male mice to aminopterin Females tolerate
approximately twice as much as males We have conducted exper
ments with various hormones orchiectomy and oophorectomy but
could not alter the sex difference untl we performed a bilateral
adrenalectomy

The effect of ACTH and aminopterin was mvestigated n mrce
and as has been reported at this Conference we could find no bene
firal effect from the admmstration of ACTH or cortisone together
with the amnopterin as measured by reduction n toxicity or pro
longation of hife in mice bearing a transplantable leukemia

DR J 6 pALnER I would Iike to say o all our studies we used tail
vein blood We have not been able to find any sigmificant difference
between tail vein blood and heart blood 1n amimals which have been
anesthetized with nembutal or with ether






PART VII

FUNDAMENTAL ACUTE INFLAMMATORY RE-
ACTION INFECTION, IMMUNOLOGY
AND HYPERSENSITIVITY

43

The Action of ACTH and Cortisone on Experimental Ocular

Inflammation*

Alan C Woods and Ronald M Wood
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JOHNS HOPKINS UNIVERSITY MEDICAL SCHOOL BALTIMORE

In other communications expenences with ACTH and cor
tisone 1n the treatment of various eye diseases were outhined It was
found that when these agents were injected parenterally they had a
profound effect 1n controlling the inflammatory and exudative phases
of such eye diseases as non granulomatous iritis sympathetic ophthal
mia and tuberculous uveitss It was also reported that the local or
topical use of cortisone 1n the eye produced a therapeutic effect quite
comparable to that noted after the systemic injection of ACTH or
cortisone

At the time the clinical nvestgation was begun sarious expert
ments were performed 1n rabbits These expertments were designed
to determune the action of these agents on various forms of ocular
mflammation The eye has certain distinct advantages as an organ in
which to study the course and progress of inflammation permitting
an exact evaluation of the degree of cihary congestion edema and
inflammation of the mis exudation in the anterior chamber and the
secondary changes of edema 1nfiltration and vascularization of the
cornea

The ACTH used 10 tfese experiments was supplied by The Armour Laboratories

The cortisone used was purchased by a grant from the Public Health Service National
Instetutes of Heald
455
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Two untreted ribbits sensitized to horse serum showed marked
ophthalmic 1nd cutaneous reictions to the antertor chamber and
mtracutaneous mjection of horse serum Two simlar rabbits were
treated with AGTH 48 hours before and 48 hours after inoculation
One of these rabbits showed complete blocking of both the ophthal
mic and the cutineous reactions The sccond an extremely sensitive
rabbit with 2 titer of 1 12 800 showed 1 partial blocking of the oph
thalmic reaction but no blocking of the cutancous reaction Two
other hypersensitive rabbits were treated with cortisone acetate for
96 hours prior to moculation 1nd 48 hours after moculation Both of
these rbbits showed complete bloching of the ophthalmic reaction
but only partial blocking of the cutaneous reaction

In a quantrtative evaluation of cortisone 1t was observed that all
eyes of four untreated sensitized rabbuts reacted with a violent mtis
of eight days duration to the anterior chamber injection of 01 cc
undiluted horse serum In four rabbuts recetving 10 mgms cortisone
for four days prior to anterior chamber njection and seven days
after such injecton this influnmatory reaction was completely
blocked 1n three animals and almost completely blocked in a fourth
In stmilar anmimals recenning 5 mgms of cortisone the reaction nas
partially blocked and of short duration In ammals recetsing 25
mgms cortisone there was deadedly less bloching reaction the ma
jorty of the eyes showing moderate reactions but of comparatiely
short duration

It 1s quite evident 1 daily dose of 10 mgs has 1n almost complete
blocking effect on the nflammatory phase of the ophthalmic protemn
reaction and that smaller amounts of the hormone haie a com
paratively lesser action

The cutneous reaction in ribbits sensitized to Alpha streptococct
was delayed by ACTH adminmistered 48 hours both before and after
moculation but was not blocked Cortisone acetate dmmstered
96 hours prior to moculation 1nd 48 hours after inoculation almost
pletely blocked the reaction 1n two rabbats so treated
Control untreated rabbits sensitized to hilled beta streptococcs
showed well marked ophthalmic and cutineous reactions to the an
terior chamber and mtra cutineous mjection of the specific strepto
coceus antigen In sumlar sensitized and mnjected rabbits treated
with corusone prior and subsequent to the test injecuons the oph
thalmic and cutaneous reactions were completely or partially
blocked The degree of blocking appeared somewhat proportionate

e of pretreatment sensitivit:
© lI"I(‘ErS:grneem wllath ACTH and Corusol);c 1 mmmune allergic ribbits
© to a shocking dose of tuberculin almost completely blocked the
on 1n eyes with a secondary tuberculosts

co

PrlO
nflammatory focal reactt
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In both ACTH and cortisone treated amimals this blocking effect
completely disappeared about two weeks after cessation of treatment
In rabbits 1n whom corusone was continued for three weeks the
treatment appeared to block the iflammatory phase of the tuber
culous process completely but had no effect on the actual progress
of the tuberculous lesions

These four experiments clearly indicate that 1n the experimental
rabbit both ACTH and cortisone have the ability to block the n
flammatory phase of the allergic reaction The question immediately
arises whether this ability to block ocular inflammaton 1s confined
to inflammation secondary to the hypersensitive reaction or whether
1t 1s ssmlarly mamifested in inflammation not related to allergy This
pont was mvestigated by deterrmming the ability of corusone to
block inflammation secondary to wrmitants

‘The njection of 10 mgms cortsone a day four days prior to
antertor chamber injection and five days after such injectron com
pletely blocked the inflammatory reaction due to the introduction
of glycerin 1n the anterior chamber Likewise the systemic mjection
of 10 mgms of cortisone daily for four days prior to the anterior
chamber 1njection of jequrrity infusions completely blocked the in
flammatory reaction shown by the controls When cortisone was dis
conunued the previously treated rabbits showed a mild inflamma
tory reaction of several days duration

Since both ACTH which acts through the stimulation of the
adrenal cortex to produce endogenous adrenal cortex hormones and

g cortisone ad ed parenterally have a simlar effect
mn blockmg the inflammatory phase of the hypersensitive reaction
1t seemns a Jogical conclusion that cortisone per se 1s at least one 1f not
the most important of the adrenal cortex hormones responsible for
this effect The question therefore immediately arises as to whether
this action of cortisone 1s a direct one on the tissue cells oris an 1
direct one through some mntermediary agent

In experiments to determine whether cortisone topically applied
had any effect on control of the inflammatory reaction 1t was ob
served that the anterior chamber myection of 0 25 mgms of cortisone
synchronously with an intoxicating injection of 0 1 cc horse serum
tesulted n a partial blocking of the inflammatory phase of the ana
phylacuc proten reaction 1n sensitized rabbits The njection of
125 mgms cortisone synchronously with the horse serum resulted
1n a shightly greater blocking effect in similarly sensitized rabbits

The anterior chamber injection of 125 mgms of cortisone com
pletely blocked for two days the inflammation which normally fol
Iows the injection of 0 1 c ¢ of a 1 4000 dilution of Jequunty infusion
It 2lmost completely blocked for a period of twenty four hours the




458 SECOND GLINICAL ACTH CONFERENCE

reaction which follows the injection of a stmilar amount of a 1 2000
dilution Thereafter the blocking effect of the anterior chamber
mjection of cortisonc disappeared and ten of the twelve eyes de
veloped a delayed nflimmatory reaction Cortisone injected 1n the
anterior chamber three days before the mjection of jequintty infu
stons had no effect whatsoever on blocking the inflammatory reaction

COMMENT

The experiments here reported confirm the climcal observations
reported elsewhere—that ACTH 1nd cortisone have a profound
effect on certun ocular mnflimmatory and exudative reactions It
seems quute clear that both ACTH and cortisone admmustered par
enterally can block the inflammatory and exudative phase of the
anaphylactic protein reaction 1n the eye 1s well as that of the allergic
reaction due to bacterial hypersensitivity and of the focal reaction
produced 1n tuberculous eyes by the systemic 1njection of tubercultn
this Intter being another example of bacterial allergy The first and
most natural assumption 1s that 1 some way these agents tnhibit
or influence the antigen antibody reaction The experiment here re
ported showing that ACTH and cortisone block the mflammatory
1eaction due to wrritants equally as well as they block the nflamma
tton secondary to the hypersensitase reaction 1s evidence that their
action 1n blocking mnf ton 1s ndependent of any effect on the
antigen anubody reaction

SUMMARY
1

1 Cortisone and ACTH 1njected par ally have 2 p
effect on the inflammatory phase of the hypersensitrve reaction block
ing the nflammation and exudation which occurs m the ocular
protemn anaphylactic reaction the ophthalmc reaction secondary to
bacterial allergy and the focal reaction 1n tuberculous eyes

2 Cortisone and ACTH block effectively the inflimmatory reac
tion 1 the eye produced by irnitants such as glycerin or jequirity in
fusion
3 Corusone injected locally 1n the anterior chamber has an
immediate but temporary effect 1n blocking the mflammatory phase
of the protein anaphylactic reaction 1n the eye 1nd the inflammatory

reaction secondary to the anterior chamber mjection of glycerin and

uirit;
]eq4 Tyhc accumulated clinical and experimental evidence of the

effect of cortisone on ocular mnflammation suggests that its effect may

be due to a direct action on the local mesenchymal tissue
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DISCUSSION

DR HANS SELYE In confirmation of what Dr Harvey has said about
the anti nflammatory action of these compounds I would hlke to
add that we have njected a dilute solution of formaldehyde nto the
joint regions of rats and have found that this causes a very marked
fibroblastic reaction

I think many of those who commented on this particular reaction
had a feeling that 1t 15 an abscess formation We studied a number
of wrntants before we arnved at formaldehyde because 1t does not
tend to cause real abscess formation It produces a very cellular fi
broblastic granuloma which seems to be closer to the rheumatord
type of reacuon

For those nterested 1n experiments alon,, these lines I may add
as a techmcal pomnt that our co worker Dr Coutu by comcidence
has found that if you give U S mustard powder 1t 1s even more ef
fective 1n producing the destred reaction—that 1s to say—one which
15 not assoctated with much suppuration Perhaps the granular nature
of the irmtating matenial in mustard powder (which can be given as
2 109 suspension) 1s responstble for this particular type of cellular
response

All the gluco corticords which we have so far assayed ncluding
cortisone dehydrocorticosterone and corticosterone have an in
hibitory reaction upon this reaction to the local irritation of the joint
The mhibition can be so pronournced that you see such an irntating
substance as mustard powder under the shin where you mnject 1t with
no edema surrounding 1t while of course unprotected antmals de
velop a marked reaction

The counterpart to this 1s obtained with desoxycorticosterone
which greatly augments the mflammatory response to the same type
of imitant Here again of course there 1s no 1mmmunologic or allergic
reaction at stake



44

ACTH and Leukocytic Performance in Windows in Man*

John W Rebuck, Richmond W Smuth, Jr and R R Marguhs
THE HENRY FORD HQSPITAL DETROIT

Exudative cells 1n acute inflammation mn man were studied
in sernl preparations obtained 1n chronological sequence from 1n
dividual lesions 1n the manner of our previously described! ?* human
windows The preparations were stamned like blood smears Antigens
both non pyogenic and non reproducing (d:phtheria toxoid  €gf
white and old tuberculin) were utilized In healthy volunteers con
trol Jesions were charicterized by an early mild histiocytic and pro
nounced neutroptulic response for 8 hours which gave way m the
next 4 hours to a pe1k lymphocytic response (Fig 1A) This lympho
cytic response was followed by lymphocyuc hypertrophy at 12 to
14 hours and culminated 1n an almost purely histrocytic picture at
16 to 24 hours (Ing 1B) Ths cytologic picture of the inflammatory
cycle 1s stmzlar to that oniginally described mn experimental animals
by Metschmloft* and later fully confirmed by Maximow Downey
holouch and Dougherty

“Ths successton of (a) local histiocy tic response possibly remforced
by monocytes followed 1n turn by (b) neutrophils (c) lymphocytes
(d) hypertrophying lymphocytes and the subsequent pronounced
(e) histiocytic picture we have termed a  complete or major cel
lular response In a study of the response to the trauma of the technic
alone the cellular exudate merely consisted of the first two cell types
local histiocytes and neutrophils following which the leston healed
This type of response we have designed as incomplete or munor
1s to exudative cell type It should be remarked however that at
umes this type of cellnlar def ter mn an Iy suc
cessful outcome for the patient healing The danger of mterpretation
lies 1n the fact that this 1s also the type of cellular exudate that can
be seen 1n response to a virulent agent capable of overcommng local
defenses and leading to septicemia

4

R
* The pituitary hormone Toyed in these studies was made

available through the cooperation of The Armour Laboratories
e are mndebted to Dr E L Whlmez and hus assocrates in the Division of Ophthal
toay [ erous help proffered 1n this study

mology V" 460
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Forty tho idindual lesions were so studied 1n twelve patents
both prior 1nd subsequent to the administration of ACTH and 1n
controls A variety of chinical syndromes was present in these patients
and ncluded acute 1nd chronic ocular inflammatory disease malig
nant ocular disease degeneratine ocular disease Boeck s sarcoid
rheumatord arthritis penarteritis nodosa congemital syphihs and
aplastic anerma The ophthalmological studies and general clinical
aspects of this group of patients have been reported 1 detal else
where by Olson 1nd his assocrates **

Fic 1A Normal contral 12 hrs Fic 1B Normal contral 20 hrs
inflammation 1 man after diphthe  nflammation 1n same lesion as 1A
na toxord Lymphocytes and de  Note predominance of histiocytes
generating neutrophls x 1800 x 1800

The nflammatory response to the experimental lesions 1n pa
tients studied prior to ACTH 1t must be emphasized did not often
correspond to the inflammatory response found 1n healthy volunteer
control (Figs 1A B) Thus in affected patients a sumulus normally
non pyogenic elicited a pyogenic response as depicted 1 Fig 2 or
gon\ ersely a non pyogenic stmulus could elicat an abnormally pre

hustrocytuc resp prior to ad ration of the hormone
which 1n some mstances could be correlated with the chimcal disease
already present This deviation from the normal of the pre treatment
Tesponse m general determined the nature of the cellular reaction
which oceurred durning the perod of hormonal admmstration For
example Fig 3 illustrates the histiocytic conversion of the mflam
matory exudate at 12 hours of mfAammation after therapy mn the
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same patient who oniginally responded with the pyogenic picture
presented 1n Dig 2

In pattents with n essentially normal mesenchyme there was
often no apparent change in the qualitatse cellular reacton during
the period of treatment Occasionally (one window) howeser there
was 1 depression of lymphocytic participation at the customary 8
to 12 hour period As will be discussed below this latter finding 1s of
the greatest sigmficance and s 1llustrated in Fig 1 which should be
compired with Figs 1\ and 7 Occasionally (two windows) there wis

2 A

Fic 2 Case of chronic uveinss Fic 3 Same case as Fig 2 after
with bullous kerattis Pretreat  treatment 12 hrs of inflammation
ment 12 hrs of inflammation Pyo-  Consersion of response to a largely
genic response to a non pyogemic histtocyuc content Two neutro-
antigen Note lymphocytic hiatus  pluls are near center of field x
only a single lymphocyte present 2000
n this representatine field x 2000

an nhibition of neutrophlic phagocytosis of India ik (Fig 5)
contrast to pre treatment controls In addition there was much less
over all phagocytosss in the local area of mflammation because of the
marked dimmution mn the lymphocytes hypertrophying lymphocytes
and their resultant lustiocytes all of which were cell types with
marked phagocytic ability mn the pretreatment controls

The most frequent response with therapy of the group with
chronic diffuse inflammatory lesions with grinulomatous lestons and
with diffuse hypersensttivity - disease was characterized by 2 drop
ping out of the lymphocytes at the 8 to 12 hour period (Fig 4) am2i
consequently of the hypertrophymg lymphocytes as well at the 1
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to 14 hour period The most frequent response with the
group then was one which we have designated above as 1
or munor As a result of this near lymphocytic hiatus
was dommated by neutropiuls and histiocytes the latter
dimimished numbers The important exception was the
Boeck s sarcaid (F1g G which conusted almost exclusivel
of histiocytes at an unprecedented 53/ hour stage

Four windows applied to a patient with degenerat

-

Tic 4 Case of reumus pigmen Fic 5 Case of squ
tosa Typical lymphocync hiatus  carcinoma of lrmbus
after ACTH Lymphocytes and hy  inflammanon Sparse 1
pertrophying  lymphocytes  have phagocytoss of India
dropped out leaying scattered neu  ACTIHL See text for c
trophils and hisuiocytes to form the  Iymphocytic hiatus hey
bulk of the cellular content at 12 cytic lymphocyte 15 alt
hrs inflammauon Compare with  x 2000
Fig 1A and Fig 7 % 2000

bilateral chorioreimtis lacking clinical response 1 th
ACTH revealed far reaching alterations 1n verdoperoxac
nisms  Previously we have described” 1in the normal th
ment of verdoperoxidase 1n migrated neutrophils 1n the fi
mflammation followed by the assumpuion of peroxida
cytoplasm by the lymphocytes and hypertrophying, lym)
well as the histiocytes A partial explanation for thus find
phocytes may be found 1n their phagocytons of shed bats
philic cvtoplasm  In the pretreatment wimndows the 1.
Iymphocytes and hypertrophying lymphocytes {T1ig 7)
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abundant verdoperonidase In the two windows studied subsequent
to therapy 1n the patient under discussion all the manifestations of
serdoperoxidise were significantly inhibited (g 8)

Not only w1s verdoperoxidase depressed n neutrophils but its
transfer to the lymphocytic ustiocytic system of cells was 1mpaired
and assumption of the positive peroxidase reaction in lymphocytes
and hypertrophying lymphocytes m the important 8 to 12 hour stages
was either sparse or lacking The finding that this cellular respiratory
system so obviously handicapped was matched by absence of clinical

Fic 7 Case of degeneratne bt
lateral chorioretimus 10 hrs of m

Fic 6 Case of Boecks sarcoid
Peculiar massed histiocytic response

after ACTH 534 hour inflamma
tion In the normal control neu
trophils predominate at this stage
x 2000

response warrants further study
two windows under discussion

flammation Pre treatment exudate
stamed for verdoperoxidase Al
most all cells including lympho-
cytes are strongly positive x 2000

Interestingly enough 1n the same
Iymphocytes and hypertrophying

lymphocytes participated 1n near normal numbers (Fig 8) In four
additional windows 1n another patient lacking clinical response with
respect to chorioretimitis although the verdoperoxidase mechanisms
remamed apparently intact lymphocytes and hypertrophymng lym

phocytes again rematned m the post treatment windows

By contrast 1n four windows studied 1n 1 case of bilateral s
with complete ACTH mduced remission the verdoperoxidase mech

anisms were qualuamely normal but there was in addition the
extinction of lymphocytes and hypertrophying lymphocytes as usu

ally observed during ACTH therapy
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In those windows (Fig 9) in which the pretreatment response was
characterized by a marked eosmophihic migration {perarteritis no
dos1) the windows runmng concurrently with treatment showed
diminution of eosinopluls 1n areas of local experimental inflamma
tion

Tic 8 Same case as Fug 7 10

brs  of inflammation Exudate
stained for verdoperoxidase after
ACTH Note diminuuon n enzy
matic content Observe also failure

Fic 9 Case of penarterius na
dosa Pre treatment 7 hrs of mn
flammation Exudate nich in eouin
ophuls Note lymphocytes Follow
g ACTH eosinophific compaonent

of lymphocytie depletion x 2000 largely disappeared (see text) x
2000

GENFRAL DISCUSSION

The changes observed 1n the local area of inflammation may well
represent the summauon of effects produced by the hormone not
only at the local level but 1n addition at the levels of the peripheral
blood the hematopoietic organs and the reticulo endothehal system
of macrophages The conditions 1n the local area of inflammation
n other words are subject to modifications dependent upon the con
ditions existiny at the sources of supply of the cellular and humoral
elements which ultimately mgrate 1nto the local area of inflamma
tion

Although discussion of previously described changes in the de
fensive mechamisms at the levels of (a) peripheral blood (b) hemato
potetic organs and (¢ retrculo endothelal system of macrophages
13 beyond the scope of this present report 1t must be emphasized that
changes 1n the local area of nflammation following hormonal treat
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ment may reflect but need not necessarily correspond 1 all respects
to changes at other listed levels of the defensive mechanisms
Fnally 1t should be observed that in the evaluation of the cyto
logic response to hormonal therapy 1n patients two distinct sets of
controls became necessary te healthy volunteers and the pattents
before treatment Otherwise changes during treatment which can be
rightly ascribed to defensive mechanism handicapped by pre exist
g disease might have been ascribed to the treatment itself while
changes actually due to the treatment became apparent as such
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DISCUSSION

pr JouN M MGLEAN (New York Hosputal and Cornell Unnversity
Medical College New York City) I would like to add one observa
tion that 1s somewhat similar to these but by a shghtly different
method

1£ one anjects @ suspension of uveal pigment mtradermally i the
normal mdividual or n the individual with nonspecific ocular 1n
flammation one gets a simple foreign body reactron upon biopsy

done about two weeks later
1If one 1njects the same uveal pigment suspenston intradermally
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n a panent with active sympathetic ophthalmia one gets a violent
epithelioid cell reaction in the skin with complete or nearly com
plete phagocytosis of pigment

Recently we have observed that if we mject such a suspension
of uveal pigment ntradermally in the panent with sympathetic
ophthalmia under ACTH therapy there 1s practically a complete
suspension of cellular reacuon and a complete absence of uveal
prgment phagocytosis
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ment may reflect but need not necessarily correspond m all respects
to changes at other listed levels of the defensive mechanisms
Tinally 1t should be observed that 1n the evaluation of the cyto
logtc response to hormonal therapy in pattents two distinct sets of
controls became necessiry 1e healthy volunteers and the pattents
before treatment Otherwise changes durmg treatment which can be
nghtly ascribed to defensive mechamsm handicapped by pre exst
g disease might have been 1scribed to the treatment itself while
changes actually due to the treatment became apparent as such
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pr Joun M MCLEAN (New York Hospital and Cornell Umversity
Medrcal College New York City) I would Iike to add one observa
tion that 15 somewhat simlar to these but by a shightly different
method

If one mnjects a suspension of uveal pigment intradermally i the
normal individual or 1n the mndwidual with nonspecific ocular 1n
mation one gets 2 simple foreign body reaction npon bropsy
eks later
he same uveal pigment suspension intradermally

flam
done about two we
If one njects U
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Before moculation the animals were examined and their cond:
tion found to be healthy X rays and electrocardiograms were taken
for comparative purposes

One cubic mlliliter of a fecal suspension containing metacychic
forms of schizotrypanum was njected mto the peritoneum of both
pupples on the same day

Circulating blood was tested daily to prove the presence of try

Fic 1 Electrocardiographic tracings of dog No 3 The first one was taken
before moculation the following after 14 20 and 31 days

panosoma It was positive on the seventh day in dog No 2 and on
the ninth day 1 dog No 3

Electrocardiographic and radiologic studies were dome daily
which showed evident changes on the thirteenth day in dog No 3
(Fig 1) and on the tenth day 1n dog No 2 (Fig 2) These changes
were second grade A V block 1n dog No 2 and a probably first degree
AV block and a sinus arrest in dog No 3 (Fig 2) Heart enlargement
was seen in dog No 3 (I'igs 3 and 4)

Dog No 2 was chosen for AGTH therapy since he first showed
evidence of the disease He was injected with ACTH on the four
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Action of Adrenocorticotrophic Hormone in Chagas’

Disease An Experimental Study

Javier Robles Gil, M Perrin and J Boleazar
;}éilllédoAYolcsv DEPARTMENT OF THE NATIONAL INSTITUTE OF CARDIOLOGY

There are numerous mvestigations proving the frorable
action of AGTH on nflammatory processes of different types and
demonstriing that exudatnve and even prolhferative tissue lesions
of pauents with rl nd arthritis b 1c fever and other
diseases of colligenous tissue improve markedly with AGTH ** Fin
land? has observed stmilar effects on mflammatory lesions of the fung
resulting from both bactersal 1nd viral agents

In consequence we decided to study Chagas disease 1 which two
types of alteration are notable in the herrt On the one hand the
acute :nflammatory phenomena and on the other the severe fibro
blastic reaction following the former Furthermore there 13 a certun
degree of pathologic similarity between Chagas disease and rheu
matic fever These facts together with the fact that ACTH inhbits
to a certamn extent proliferation of mesenchymatous tissue led us
to experiment with 1ts actson 1n dogs previously noculated with
schizotrypanum

This mvestigation may be of interest not only because 1t 15 2
means of combating this disease which as yet lacks an adequate
therapeutic approach but also because 1t may contribute to the
better understanding of the mode of action of corticosteroids 1 a
number of diseases of varied nature

Although final conclusions are far from berng reiched this pre
himinary note s published with the purpose of presenting the seem
ngly favorable results obtamned so far and of simulating other n
vestigators to study the problem directly in patients with Chagas
e which 15 uncommon 1n Mexico

diseas
MATERIAL AND METHOD
one and a half months old litter mate puppies were chosen

Thwo s They were labeled Dogs No 2 and 3

weighing from 3 to 35 Lilo:
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Fic 3 Chest \ ray of dog Mo 3 before 1noculation Cardio-thoracic ra
uo © 50

Fic 4 Chest X ray of dog No 3 three days before he died Cardio-thoracie
ratio 0 6
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teenth diy after moculation wath a subcutaneous dose of 10 mg
drvided nto four doses of 25 mgs every six hours for three days
After this t mgs a day were admimistered 1n divided doses for an
additional two weeks

The progress of both dogs was carefully followed from the clinical

Eﬁﬁ%{%ﬁgﬁ,ﬂ ul E ’?;E:gzy Avwwlégﬂ%@%%@
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Fic 2 Electrocardiographic tracings from dog No 2 The first one was
taken before moculation the second and third after and the last one two
days after ACTH treatment was begun

standpomnt and also radologically and electrocardiographically
ree or four days

eveq,‘l:}el course of the):ilsease was quite different 1n the two dogs In

dog No 3 the one not treated with ACTH the disease progressed

rapidly and besides the symptoms mentioned there appeared diar
hea vomiting occastonal convulsions generalized adenopathy
e cites myocardlal myolvement and poor general condition

edema 2% come 33 days after inoculanon

fatal out
m%‘r;?l:ogu:—(s):of myocar dial lesions Judged by X ray and electro



Fic & Chest X ray of dog No 2 betore moculanon Cardso-thoratic ra
tio 048

Fic 7 Chet Xray of dog No 2 after moculation and treaument with
ACTH CGardio-thoracic ratio 049
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cardtographic examinations was as follows On the fourteenth day
after 1oculation lengthening of the PR mterval to 012 or 013
probable first degree A V block and also sinus arrest i dog No 3
(I'g 1) Three days later second degree AV blocks appeared in
Dog No 2and Dog No 3 together with blocked P waves all of which
remained unchinged unul the twentieth day Nine days later the
second degree AV block disappeared but marhed arrhythmia ap
peared (80-150) The next day the A V block reappeared persisting
to the twenty minth day after moculation Two davs before his death
the last electrocardiogram (Fig 1) showed a total decrease i the
voltage of QRS T and P and AV block of second degree due to

Fic 5 Electrocardiographic tracings from dog No 2 while treatment with
ACTH was continued

probable Wenckebach Luctant periods with 011 to 013 PR nter
vals Fagure 3 shows the heart before infection and Figure 4 taken
two days before death shows heart enlargement especially to the
night with signs of ascites

Dog No 2 treated with ACTH 1mproved considerably Prostra
tion anorexia and fever disappeared as well as lack of balance A
certam degree of loss of weight and some ascites remained AV block
observed on the tenth day after moculation (Fig 2) disappeared on
the second day of treatment the PR interval was reduced to 0 115
and eventually reached 0095 whereas the rate mcreased to 158 or
180 Blocks did not reappear and the tracmgs were normal up to the
ume when the dog was Lilled for autopsy (Figs 2 and 5) The heart
did not enlarge as 1s shown 1 Figs 6and 7 4

When dog No 3 died dog No 2 was Lilled for comparative study
of the lesions pmduced by Chagas disease 1n both cases In dog No
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mania

Fic 10 Hstopathological study of the heart from dog No 2 It s5 almost
a normal myowardism with shight congestive lesions

2 faal bronchopulmonary 1nfection and at autopsy the visceral
lesions attnibutable to Chagas disease comparable to the control
dogs were not present even thouyh sotramyocardal Leshmania
nests were present
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3 histopathologic studies showed severe acute myocardiis conges
tion oedem and mfiltration of monocytes and macrophages as well
as plasmocytes lymphocytes and polymorphonuclear leucocytes (Fig
8) These infiltrations were diffuse mterfascicular and of nodular
granulomatoid disposttion Pycnosts was usually accompanied by a
homogeneous striited protoplasm and swelling and vacuolization
of nucler and protoplism were also seen with wide periuclear spaces
1n the hisian fascicular elements Intracellular nests are well shown
1 Figure 9 of Lesshmana

Adrenal glands were congested showing profuse hemorrhagic
Iestons 1n the medullary zone with destruction

Fic 8 Myocardial lesions of dog No 3 due to Chagas disease Dense 11
flammatory mfiltration with granulomatoid nodules

In dog No 2 some edema was present (Fig 10) 1n the myocardium
with interfascicular capillary stasts and swelling of endothelial ele
ments There was some diffuse mono lymphocytic infiltration but for
granular nfiltrations of hemosidert and some degeneration the
myocardial cells were much less badly damaged than 1n the untreated
dog Nonetheless small intracellular nests of Leishmania were pres
ent Adrenal glands showed no hypertrophy or structurally important
changes

Trom the histologic examination 1t was evident that the lesions
were much less marked in dog No 2

n another expermment a dog treated with AGTH from the day
of moculation did not develop any of the signs or symptoms of
Chagas disease and X ray and electrocardiograms did not disclose any
cardiac lestons 1n spite of the repeated presence of trypanosoma 1n
the bload Two untreated dogs inoculated at the same time devei1
oped the typrcal disease Unfortunately the treated dog developel
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mania

Y. w

Fie 10 Histopathologtcal study of the heart from dog No 2 It 1s almost
2 normal myocardium with shight congestive lesions

a fatal bronch

opulmonary infecuon and at autopsy the visceral
}iesmns attnibutable to Chagas disease comparable to the control

0gs were not present even though intramyocardial Lershmania
nests were present
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GENLRAL DISCUSSION

Since this 1s a prelimmary note brief non interpretative men
tion will be made of the ontstanding features

Since the dog treated with ACTH showed such a favorable course
this hormone apparently participated 1n some way 1n nhibiting the
inflammatory process produced by schizotrypanum even though its
presence 1n blood cultures 1nd 1n tnjured tissues shows the absent
sorticords do not act directly on the parasite The electrocardio
graphic radiologic and histopathologic changes are so evident that
benefic1nl action of the hormone 1n Chagas disease in human beings
scems beyond question Nevertheless confirmation should be ob
tuned through further experiments 1n the treatment of human cases

It 15 yet to be wscertained 1f ACTH can prevent the fibroblastic
rexction of connective ussuc of the Chagas disease heart or dimintsh
tlus renction once 1t 1s present as in chronic myocardits

It would also be useful to combine the action of ACTH with one
of the known ant1 schizotrypanum drugs with the purpose of obtamn
ng a radical cure

SUMMARY

The therapeutic effect of adrenocorticotrophin on experymental
Chags disease m dogs was studied A comparison has been made of
the course of the disease with and without ACTH trewtment

The results obtained are as follows

1 The clinical picture of Chagas disease 1 dogs treated nith
ACTH shows a strikig improyement and the dogs remain alive

2 The climenl picture of the control ammals with Chagas dis
ease and without trewment becomes very severe wnd the dogs die

3 The myocarditis of the dogs under treatment improves con
siderably as compared to the control ammals from a clinical electro
cardiographic and radiologic standpoint

4 The histopathologic studies of the heart show more intense
changes 1 the untreated dogs though in both cases there are foa of
Leishmania 1n the heart
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DISCUSSION

DR MARCEL ROCHE [ think Dr Robles Gil ought to be congratulated
on his very mce work He has shown beautifully the effect that
ACTH can have on the host parasite relationship 1 a tropical dis
case and thereby opens up a new field for this drug

1 daresay that this 1s one of the rare times when ACTH has been
used m an ¢xpertmental disease before being used climically It wall
be nteresting to try thus drug 1n clmical cases and particularly mn
Chagas Myocarditis which 1s fairly prevalent in Venezuela

DR JAVIER ROBLES GIL Thank you very much Dr Roche for your
comments

Concerning the question of what happened to the parasites m the
blood they continued to remun 1 the blood In the dogs treated
with ACTH 1 found nests of Leishmanias 1n the myocardium so
AGTH really has no effect on the parasite only on the mflammation
and ussue changes which normally result from the presence of the
organisms

Chagas disease 15 a very sertous illness in experimental dogs We
have had 80 or 909 deaths The other 10% of the dogs go into a
chronic form of the disease with fibrosss of the myocardium and
heart failure We have not done work mn the chronic stage as yet but
L thunl 1t would be less helpful than m the acute siage
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Further Observations on the Effects of ACTH in Acute In
fections*}

Maxwell Finland Edward H Kass and Sidney H Ingbar
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EFFECTS OF ACTH IN PNEUMONIA

In the first of these conferences dita were presented wihich
showed that ACTH adminustered to one patent with pneumococcil
pneumonia 1d another with primary atypical pneumonia nduced
defervescence nd renussion of symptoms The latter patent with
viral prneumonia suffered wn exacerbation of symptoms when the
hormone w1s discontinued Two additional patients with pneumo
coccal pneumoma and another with primary atypical pneumontt
have since been treated with ACTH and obsenations on the two
previously reported patients have been completed The findings have
just been published i detail* and only the lughlights of these cases
will be summarized here

The first pitzent who ws presented last year showed the follow
ng outstanding features 1) rapid defervescence following the nstt
tutton of therapy with ACTH 2) prompt relief of symptoms with
the drop 1n temperature 3) disappeirance of ev 1dence of toxemia at
that ime 4) bacterema demonstrated first 2fter AGTH was started
that 15 at the time that crisis was induced and persisting while the
patient was afebrile and free of symptoms 5) pneumococcl persisung
1n the sputum and throat culture for at least 28 days after the patient
had become afebrile 6) appearance of antibodies at the expected
ame and 7) failure of the leston 1n the lung to extend and 1ts rapid
resolution during treatment The cnisis 1n this case occurred while
the patient was recening 200 mg of ACTH daly and there was no
relapse of pneumonic Symptoms or signs when the dose was decreased
or when the hormone was discontinued

—
Aded by a grant fro
+The ACTH was suppl

m the Untted States Public Health Service
¢d by The Armour Laboratories
478



ACTH AND EXPERIMENTAL INFECTIONS 479

The second patient a 41 yesr old min entered wath type 2 Jobar
preumonia mvolving the right muddle and lower fobe The pneu
maoma progressed dunng the control peniod of observatson For the
first 12 hours after ACTH was started the patient s condition became
progressively worse but this was lollowed by a sharp drop in tempera
ture and the pitients symptoms then cleared rapidly The note
worthy features of thus case are 1) the inducuon of 2 ensis followmng
the adnumstration of ACTH m 2 pauent with bacteremua and con
solidation of two lobes of the nght lung 2 the persistence of rusty
sputum for several days after the crisis 3) the persistence of pneumo
cocct 1 the throat for at least one month after the crists 4) absence
of evidence of increased phagocytoss of pneumococa: or bactericidal
actwity i the sputtm after the chinical mmprovement 5) the appear
ance of anusbodies relacvely erly but not unusunlly so for such an
mfection when not treited with ACTH 6) the resolution of the
preumonia which 1ppeared to be nenher accelerated por delayed
and finally 7 the failure of ACTH to affect the sedsmentation rate
significantly despite the rapid and favorable clinieal response In tius
patient the major clinical mmproyvement occusred while the patsent
was yeceiving 100 mg of ACTH daly there was no relapse of symp
toms and resolutron procgeded after the ACTH was stopped

The thurd case of lobar pneumonii was i a 48 year old man It
was due to type | preumococcus and mvolved the right upper lobe
In dns patient as m the others there was an wminal early deferves
cence wd rehef from symptoms within 18 hours after the admmstra
tion of ACTH was begun Unlike the previous cases honever the
fever m thus pauent recurred and symptoms reappeared while the
patient was still recesning the same dose of the hormone mamely 200
mg per day but a second drop mn temperature occurred when the
dose of ACTH was increased to 300 mg a day The fever returned
agamn when the hormone was finally withdrawn The preumocace:

i this case persisted m the sputura throughaut the period of ACTH
s

therapy and for at least one week thereafter The se 1om rate
d elevated througt the period of admimstration of
ACTH Thus pauent subseq; y developed empy Speaific anu

bodses developed quute early m the course of this sllness but at a
tume when they may be expected 1o appear m a case of type I pneu
mococeal pneumonta Eosmnophales which were umformly absent i
all three cases of pneumonia at the ume the pitients were first ob
served vemamed absent from this patient s blood for three days after
the ACTH was disconunued In the other cases cosinophiles re
turned promptly when ACTH was decreased Itas of mterest that thus
pauent developed mgoneurouc edema due to hypersensivity 1o
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intravenously injected 1ureomycin several dys after the ACTH ther
apy was discontunued

The findings 1n the first case of primary atypical pneumomia were
sttll incomplete when presented at last year s conference In this pa
tient 1 26 year old housewife there was prompt defervescence and
remission of all symptoms except for cough on a daily dose of 100 mg
of ACTH There was thenan escape from the AGTH =s indicated
by diuresis exacerbanion of symptoms mnd return of eosinophales in
the blood but the fever 1gain subsided when the dose of ACTH was
mcrersed to 200 mg a day This pattent had viral pneumonia of un
usual severity 1nd there was slow resolution of the pulmonary lesion
during the course of treatment with ACTH Cold agglutmns and
streptococcus MG qgglutinins appeared 1t the usual time and the
ACTH did not affect the erythrocytic sedimentation rate OF addt
tional interest 1n this pitient was the fact that herpes labialis ap
peared wiule ACFH was being admimistered

The second case of primary atypical pneumoma was 1 a 15 year
old girl and was characterized by prompt delervescence and remission
of symptoms while the patient was recenving 100 mg of ACTH daily
In thns case there was slow but progressive resolution of the pneu
monitis and there was no relapse of symptoms or extenston of the
pulmonary lesion when the adminstration of ACTH was stopped
Cold agglutnins and streptococcus MG agglutinins appeared at the
usual ime Thus patient incidentally had severe wneiform lesions
which did not appear to be accentuated by ACTH dunng the time
that the hormone was \dmumstered

It would ppear from these cases that ACTH nltered the clmical
course of pneumococcal and viral pneumonias The cellular mecha
nisms by which these alterations are produced requure detailed exper
imental studies From the findings in these five cases we can conclude
Irttle 1n terms of the possible mechanisms by which the changes were
produced The amount and time of appearance of antbody 1n each
case was not unusual when <ompared with cases in which ACTH was
not used

On the basis of the results observed ACTH 15 obviously not bac
teriadal It would therefore appear that ACTH so stimulated the
host defensive activity or so altered the physiological responses that
the usual mamfestations of infection were obscured Some of the bio
chemucal changes were studied 1n these patients and the findings were
quah:auvely stmlar to those which follow administration of ACTH
1n other conditions or in healthy individuals

The patient with empyema and the first case of viral pneumonia
demonstrate that ACTH alone 15 not to be considered an effective
therapy for pneumonia comparable to the antibrotics
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EFFECT OF ACTH ON ACUTE INFECTIONS
IN ANIMALS

Experiments have been carried out to determme the effect of
ACTH on some infections 1n small Jaboratory animals In the case of
pneumococcal mfection of mice lirge doses of ACTH (2 5 mg every
12 hours ) given before and after mtrapentoneal infection with small
numbers of virulent pneumococct faled to bring about survival of
any of the mice Some of the ammals receiving ACTH however
tended to live a few hours longer than untreated control mice Sim
lar findings have recently been reported by Glaser and his co workers
with respect to streptococcal infections of mice and type I pneumo
coccal infections 1n rats *

Additional groups of mice were all given a dose of specific ant
pneumococcal serum sufficient to protect them agamst 3800 MLD
(mimimum lethal dose) of type 11 pneumococer Subsequently these
muce were challenged with varying doses of pneumococct and half
of them were treated with ACTH before and after this challenge
The mortality rates and survisal times of the ACTH treated mice
were the same as 1n the animals recerving the same infective dose and
the same amount of antibody but not treated with ACTH

Smmlarly 1n the case of infection of mice with the PR8 stram of
mfluenza virus the admimistration of ACTH failed to produce any
sigmificant alteration 1n the mortality rate

It was also of interest to determune whether ACTH would help
ammals to overcome the acute tovic effects of certam nfectious
agents Mice and rats were given doses of influenza virus which cause
acute toxic deaths 1n these animals In neither case was there evidence
that pre treatment with ACTH m any way ncreased the capacity of
the mice or of the rats to withstand the toxic effect of large doses of
the virus Animals recerving ACTH died after about the same inter
val following injection of the tovic agent as did control animals which
recenved saline instead of ACTH

EFFECT OF ACTH ON FEVER

One of the implications of the clintcal observations 1s that AC TH
has some antipyretic effect This was clearly demonstrated to be the
case Two patients were given increasing doses of typhoid vaccine
either alone with aspiin or during ACTH adminustration In each
of these patients 1t was shown on more than one occasion that ACTH
diminished the intensity and duration of fever as measured by the
area under the temperature response chart Smmilar findings were
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also observed mn rabbuts challenged with cither typhordal or influenz
virl vaccine as pyrogens

SUMBMARY

In summary the effects which followed the admimstration of
ACTH 1o patients with pneumococcal and viral pneumonia are dra
mtic but as yet unexplained

Obvious mechanisms of tmmumity namely antibody formaton or
release general resistaince to infection and resistance to toudty
seemed not to be greatly affected by admimstrition of ACTH ®

Untl more data are avatlable dealing with the therapeutic useful
ness of adrenal hormones m acute mfections the possibility that they
will mask important symptoms and signs of 1llness 1s so great and evt
dence of ther value 15 1s yet 50 shght that the hormones are not at
this time to be recommended as useful therapeutic agents in mfec
tious diseases
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DISCUSSION

DR JOSEPH J BUNIM In regard to the clinical effect of AC’II}I) on
pneumococcus infections I should like to report a rather disturbing
experience we have had at Bellevue Hospatal had typical ad
This patient was a 52 year old white male who had typ: E
nced theumatoid arthritis He was treated with cortisone for four
va
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weeks and showed the usul sausfactory response Duning the fourth
week of cortisone theripy he becume much sicher and 1t was appar
ent that another disese had supery ened

To clanfy the nature of tlus second disense we discontinued cortt
sone We are still uncertun of the diagnosis but 1t 1s suspected thae
he probably had lupus erythematosus

Without any hormonnl therapy the patient becime progressively
worse until he reached a critical pertod nd 1t appeared he would die
ACTH thernpy (120 mg duly) was then mnsututed and agun there
was 1 very satis[actory responst Duning the fourth week of ACTH
ther1py he suddenly developed overmight a temperature of 106° I
became very toxic stuporous 1nd died We did not know the cuse
of denth

The autopsy findings consisted of 1) Changes 1n articular struc
tures typical of rheumatord arthntis 2) Marked hyperplasin of the
adrenal cortex (the combined weighe of the right and left adrenal
glands was 29 grims) and confluent lobular pneumococens pneu
momia mvolving all five lobes Microscopically the 1lveol contamned
fibrin numerous erythrocytes occasionl mononucler cells 1nd nu
merous pneumococct Polymorphonuclear lencocytes were conspicu
ously scant The pneumonia lind not advinced to hepitization md
hence signs of consolidation were 1bsent when the chest was exam
tned one hour before the patent died

Dr Colin Macl eod 1dentified pnenmocecct type I\ from forma
Lin fixed post mortem specimens of the lung and spleen

It 15 our mmpression that thes patient died of n overwhelming
pneumococcus nfection during the fourth week of ACTH therpy
and that the usual signs ind symptoms of pneumonin were masked by
the effects of the hormone

DR LAURANCE W KINSELL Dr Tinlinds observations last year im
pressed me as throwing a ray of light 1n 1 very obscure field i that
for the first time one observed changes induced by ACTH 1n 1 dis
case of known etiology

His findings could be interpreted as mdicating that the admims
tration of ACTH or adrenil sterords exther was cipable of removing
a variety of ctrculating towns from the circulation or prev enting the
entry of toxins mnto cells or of doing something 1nside the cell to pre
vent the effect of the toxin upon specific enzyme systems

The following observition may throw some further hght upon
the site of action of these 1gents We have had the opportunity of ob
serving one patient with tetanus who cime an with ‘the fully devel
oped disease—-1 man who had already recenved huge doses of tetanus
antitoxin He was having a generalized convulsive seizure at the ttme
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we first saw him The first dose of ACTH was given about an hour
later Within two hours there was definite evidence of general relaxa
uon In five to srx hours he was able to st up and to take food by
mouth

Over the next 24 hours he remained status quo but duning the
next 24 hours he lost ground While we were 1 the process of debat
ing whether this represented a failure of adrenal response he had a
fatal glottal spasm

Atautopsy hus adrenals were small 1e they had apparently ceased
to respond to ACTH for unknown reasons

It 15 generally accepted that tetanus toxin becomes fixed within
body cells hence the failure to respond to tetanus anutoxin once
the disease 1s developed If this concept 1s correct 1t wonld seem that
n view of the preceding observations at least one part of the ant
toxic mechamism  of adrenal steroids must take place within the cell

DR FRAML L ENGEL We have confirmed Dr Finland s observation of
the 1nhibitron of pyrogensc effect of typhord vacane by ACTH and
have made certain observations that present another tool for getting
at this problem

We have found that typhoid saccmne when mjected 1ntrave
nously will producea very prompt fall in the plasmt amno neeragen
beginning 1n about two hours and becoming maximal 1n about st
hours Ths fall occurs even 1f the fever 1s blocked by giving ammo
pyrine
In pauents who are pre treated with ACTH and then given pyro
gen and 1n whom fever 1s prevented the fall in amo nutrogen ts
much less ACTH 1self does not alter the plasma amino mtrogen
levels 1n acute expeniments but prolonged ACTH therapy 1s asso
aated with sigaficant 1ncreases in plasma amino nitrogen Intrave
nous typhoid vaccine of course lowers the eostnophil count quite as
effectively as ACTH We do not know the mechanisms of ether the
fall 1n plasma amno mitrogen after pyrogen or 1ts inhibittons by

ACTH

DR EDWARD FISCHEL We have not been as successful 1 inhibrtng the
pyrogenic reaction of humans to typhoid vacane with ACTH or
cortisone partly due to the well known varability of the febrle re
sponse However 1 rabbits whose reactions were well standardized
by Ott s method and 1n another series of carefully documented am
mals Drs L Recant W Ott and myself could produce a moderate
but statistically very significant mnhibition of the febnle reaction to
pseudomonas pyrogen and to pneumococcus vaccine
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DR M JAMES WHITELAW (Good Samaritan Hospital Phoenix) In our
observations on basil body temperature in women while under
ACTH we have noticed that 1f one does not induce an amenorrhea
the typical bb t 1s not altered We have done this on five cases

Another phenomenon we have observed which may have some
bearing on the problem of the influence of ACTH on hyperpyrexia
has been 1n our treatment of anermas Although there has been no
apparent change 1n the haematological picture there has been a defi
nite visual change 1n the peripheral vascular bed at the time diapho
Tes1s was noted

These two 1solated observations suggest that the action of ACTH
may be peripheral instead of central in reducing hyperpyrexia This
peripheral action might very well explain in part the results that
one sees 1n the treatment of dermatological conditions as well as the
phenomena noted 1n the tissue of a burned patient

DR MAXWELL FINLAND I have no comments but I would like to raise
two questions that I am not able to answer deusively from what 1
have heard so far

First will ACTH or cortisone 1f given to a patient recewving anty
biotics offer any additional help in overcoming the infection or 1n
relieving the symptoms by masking or inhibiing the inflammatory
response?

Second 1s 1t possible that 1n certamn infections where there already
18 necrosis of ussue ACTH or cortisone may actually aggravate the
underlying infection 1rrespective of whether or not anubiotcs are
used?



47

Effect of ACTH on the Antistreptolysin O and Gamma
Globulin Response to Hemolyhc Streptococeal Infec
tion (Scarlet Fever) and on the Development of Post-

Streptococcal Sequelae*
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Previous observations at the House of the Good Samaritan®
revealed that the suppression of active rheumatic fever by ACTH 1s
accompanied by a relatively rapid decrease 1n the concentration of
gamma globulin and the uter of antstreptolystn O 1n the serums of
patients i whom the gamma globulin concentration and the antt
streptolysm O uter 1s at a high level at the ume therapy 1s begun
More recent observitions suggest that rapid spontaneous recovery
from severe rheumatic fever 1s accompanied by a relatively rapid de
crease 1n antistreptolysin O titer whereas slow recosery 1s accom
panied by a much more gradual dechne 1n the level of this antibody
The rate of decrease of the anustreptolysin O titer 1n the patients
treated with ACTH 15 comparable to that observed i patients who
recoy ered rapidly without specific therapy *

‘These observations do not indicate whether the decrease 1n strep
ococeal antibodies 1 ACTH treated patients 1s secondary (or ¢o
1ncident) to the suppression of the rheumatic process or whether the
hormone therapy has a direct effect which 1n turn brings about 1m
provement 1n the theumatic process Therefore the present study
was undertaken to elucidate this problem 1n mechanism The partic
ular objective of the study was to determme whether ACTH therapy
begun at the ume of hemolytic streptococcal infection has any influ
ence on the development of streptococcal antibodies and change m
gamma globulin followng such infection
rted by rescarch grants from the Nauonal Heart Insticute

Service) and the Helen Hay Whitney Foundation
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CLINICAL MATERIAL AND PROCEDURE

‘The clintcal material consisted of 20 patients with scarlet fever
admutted consecutively last spring to the Contagious Disease Division
of the Boston City Hospital Alternate cases were treated with
ACTH The remaming cases were given only symptomatic treatment
and served as controls Except for the admmmstration of pemiaillin to
3 patients for short periods after their second week 1 the hospital
chemotherapy and /or antibrotic treatment was not used 1n this series
of 20 cases of scarlet fever

‘The ages of the ACTH treated pauents varied from 5 years to 10
years and averaged 6 5 years The ages of the controls varied from 2
years to 10 years and averaged 6 6 years

In the 10 ACTH treated pauents hormone therapy was begun
very shortly after admussion to the hospital and was continued in
doses of 10 mg I M every 8 hours for a total of 14 days All of the
patients (treated and controls) were observed 1n the hospital and for
1n the clinic for 5 weeks or longer durmg which time serum was col
lected at frequent mtenvals throat cultures were taken for the de
termination of the presence of hemolytc streptococcr and clinical
and general laboratory examinattons were made for the purpose of
detecting any post streptococcal sequelae Group A hemolytic strepto
coccr were 1solated from the throats of all patients except 1n the case
of one of the ACTH treated patients whose throat cultures remaned
consistently negative for hemolytic streptococcr The group A strains
were found to belong to type 3 1 6 of the ACTH treated cases and in
5 of the controls One of the throat infections 1 the treated group was
due to type 14 and one 1 the control group was due to type 4 The
remarmng 6 strains (4 from control group 2 from ACTH treated
group) could not be typed with the available serums Gamma globu
lin determinations were done on the sera drawn for antistreptolysin
studies on ten of the ACTH cases and on seven of the controls The
Looney modification® of the hunkel* method was used

RESULTS
Antistreptolysin O Response

‘The imtral and peak anustreptolysin O titers (presented 1n terms
of loganithm of the titer) for each of the 10 ACTH treated patients
and each of the 10 controls are shown by the scatter diagrams in Fig
ure 1 The nise 1n titer above the mitial nter for various mtervals up
to 5 weeks 1s indicated by the scatter diagrams 1n Figure 2 The aver
age rise n titer for the ACTH group and the control group 1s graph1
cally presented 1n Figure 3
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The rate of decrease of the antistreptolysin O titer 1n the patients
treated with ACTH 15 comparable to that observed in patents who
recovered rapidly without specific therapy *

T hese observations do not indicate whether the decrease 1n strep
tococcal antibodies mn AGTH treated patients 1s secondary (or ¢o
1ncident) to the suppression of the rheumatic process or whether the
hormone therapy has a direct effect which 1n turn brings about 1m
provement in the rheumatic process Therefore the present study
was undertaken to elucidate this problem n mechanism The partic
ular objective of the study was to determine whether ACTH therapy
begun at the time of hemolytic streptococcal mfection has any influ
ence on the development of streptococcal antibodies and change 1n
gamma globulin following such infection
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Figure 3 shows tht the average rise 1n uter for the controls was
greater than for the ACTH treated pattents but the difference 1s
slight and statistically insignificant Furthermore from Figure 2 1t
1s evdent that there 15 considerable overlapping of the ndividual
responses of the patients 1n the two groups A sigmificant rise in ant1
streptolysin O titer (2 tubes or more) was observed withm 5 weeks in
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Fic 1 Distribution of mnitial and peak anustreptolysin O uters in 10 scar
let fever patients treated with ACTH and 1n 10 untreated controls

8 of the 10 ACTH treated patients and m 7 of the 10 control pauentﬁs
During the 2 weehs i which ACTH was being admimstered a signt
cant nise 1n antistreptolysin O occurred 1n 6 of 10 pauents rccelvmtlg
this therapy the rise amounting to 2 tubes mn 3 cases 3 tubes (xin

12 tubes n 1 case and 16 tubes 1n 1 case ‘The degree of nse dur
case 1 eriod was comparable to that which had occurred at the
::E‘I :J;ltsh}; second week 1n the control group (see Figure 2)
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Post Streptococcal Sequelae

Two of the ACTH treated patients and one of the control pa
trents developed acute (post scarlatinal) glomerulonephritis The pre
ceding throat infections 1n 11l 3 mnstances were due to group A strains
of streptococet which could not be typed with available serums In
addition one of the ACTH treated patients developed a fulmimating
attack of group A type 3 hemolyuc streptococcal pharyngitis and
pneumonia from which he died 48 hours after onset Ths fatal epr
sode occurred 6 weeks after his 1mtial attack of scarlet fever and 4
weeks after ACTH therapy had been completed The mmitial attack
of scarlet fever seemed mild and was followed by a definite antistrep-
tolysm O response Furthermore at a follow up visit 10 days prior to
the fatal episode the patient appeared clinically to be quite well
Re nfection of course cannot be ruled out

No mstances of rheumatic fever were encountered 1n this small
Series

CONCLUSIONS

ACTH therapy 1n doses of 30 mg daily for 2 weeks does not seem
to nfluence the usual antstreptolysin O and gamma globuhin re
sponse to streptococeal mfection This finding 1n turn suggests that
the mechanism by which ACTH suppresses the theumatic fever proc
ess does not involve a reduction 1n streptococcal antibodies

ACTH 1 the doses used does not prevent the development of
Ppost streptococcal glomerunionephrins

The possibility that larger doses of ACTH or more prolonged
hormone therapy may have effects other than those observed 1n this
study cannot be excluded
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Gamma Globulin Response

The results show only relative changes in gamma globulin rather
than absolute quintiies since the turbidimetric readings have not
been converted 1nto grams All cases showed a r1se tn gamma globulin
except two of the controls The three cases which developed nephritis
showed the greatest and most prolonged rises A comparison of the
average of the gamma globulin determinations 1n the two groups (ex
cluding the three nephritis cases) showed no significant vanatton
(Figure 4)
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Fic 4 Average rise in gamma globulin 1n 14 scarlet fever patients 8
ACTH treated 6 untreated Three cases with complicating nephnitis have
been excluded

In this small series of cases a correlation of changes in gamma
globulin and changes of antistreptolysin titer could not be demon

strated

Effect on Throat Flora
Bacteriological studies revealed that ACTH therapy had no ap
arent effect on the presence of hemolytic streptococet 1n the throat
gora These orgamisms persisted 1 the upper respiratory tract of the
ACTH treated patients to a degree comparable to that observed n

the controls
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Figures 5 and 6 1llustrate the dimimshed anubody content of AGCTH
and cortisone treated ammals when compared with simultaneously
1mmunized control groups It 1s of mterest that great variation exists
1n both the hormone treated and control groups but 1n toto a sigmfi
cant difference 1s present which 1s less however in the animals grven
only 25 mgm corusone daily

When the cortisone 1s ad ed after 10n 15 well

The Effect of Cortssone on the Concentration of Cr culs! g A tibody 5 hen she Hormone ¢
Adm siered{ m the Omsed of Fmmum .atom wrsh Pxeumococcs
Mg anubody mitrogen pe ml. of serum

10me cortimn duly 75 me cortumse daty
Rabb ¢ Oth day 14 b day Rabbt 14th day
g ANV il g AN/ g APV al
B2 vos 046 E 049
B6 006 048 E3 062
B2 009 29 067
B9 010 048 E2 070
Bl o E28 080
BT 018 077 E26 085
B on E23 0ss
ES 08s
E27 106
E7 119
Mea 012 055 LY
Mean <SE of groups
without cortuso ¢ 02 + 02 | 147 £ 13 117t £ 06

27 1nd 147 are the aversge AbN/m) on the Sth 38 14ih days espectively of 27 rab-
bty of Groups A 3 d € ymm ruzed simulta cously with th B gro p ammals T dwd af
Uiters of these controls on th 9th  d Mth daysaeas{ low 013 049 028 054 019
060 021 061 007 069 031 075 022 099 032 112 021 115 019 120 016
126 035 133 028 1.34 027 1.5 040 154 022 157 037 161 012 163 035
168 022 195 017 216 016 223 027 2.31 057 240 043 252 031 305 047
(9th day only)

311715 thea erag a tibody mitsogen level per ml on the 1th day of 11 treated con
tol anmats of G o p F mmunized sm ltanously with th E group  mals These con
11015 had the following titers 041 052 071 085 104 111 119 1.34 146 204 218

Fic 6 (Courtesy Byprneboe Fischel and Stoerk Jour Exp Med 93 87
191)

established (Fig 7) a fall in concentration of anubody mitrogen 1s
apparent 1n 6 of 10 amimals withm two or three days This expent
ment was repeated with stmilar results We are indebted to the Jour
nal of Expertmental Medicine for permission to reproduce the allus
trattons Thas work will appear 1n greater detail in the January 1951
1ssue of that Journal

Human antibody determinations usually are made with double
dilution methods which may not detect changes of 50 to 100% An
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4 hunkel Henry G Esumation of alterations of serum gamma
globulin by a turbidimetric technique Proc Soc Exper Brol
and Med , 66 217-224 1947

DISCUSSION

DR EDWARD FISCHEL There tre several factors to consider in the ap-
praisal of the effect of 1ny agent on the concentration of circulating
antibody Of primary importance 1s the method of measuring ant:

The Effect of ACTH on the Concentration of Csrculating Antibody When the Hormone 13
Admnsstered from the Onset of Immuny atson with Preumococes
Mg antbody mutrogen per m! of serum at 14 and at 28 day s after beginming ymmunza
tion with preumococet

After 14 days After 28 days
ACTH Group P Control Group K ACTH Group P Control Group K
mg ABN/mt me ABY Imt me ABY/ml me ADY/mI

050 098 0 67 14
054 147 101 1%
062 149 122 230

G 8l 202 167 -
234 222 33 531
230 472

250 623

Mean 096 185 ] 1358 365

Fic 5 Five New Zealand red rabbuts treated with ACTH approu
mately 05 (0 10 mg Armour standard every 8 hours for the entire pe
riod 7 control ribbuts of same stran (Courtesy Bjdrneboe Fischel and
Stoerk, Jour Exp Med 93 87 19:1)

body and the wide variation 1n ndividual antibody production with
a constant amount of antigen Lven more vanability exists with actnne
nfection which involves different amounts of many antigens Our
experience with anuistreptolysn O titers 1n patients treated with
ACTH or cortisane s stmilar to that of Dr Massell and others
However an expenimental approach to the effect of these hor
ones on antibody has been made with Drs M Bjorneboe ind H C

l;.oerk using quantitative immunachemical methods Groups of rib

ats smmunized with polyvalent pneumococci were treated with hor
mone during the imuial pertod of immumzation and also after immu

n was well establshed Antibody was measured by the quantz
m:a‘t;oauglutma""" techmque of Heidelberger and Kabat (1934)
fative ag
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response 1 elaborating diphtheria antutoxin showed great quant:
tative variations but qualitatively was characterized by an increase
1 antibody detectable by the third to fifth day reaching a max1
mum between the tenth and twenty first days and decliming there
after ACTH was admimstered 1n different dosages and at variable
times during the post moculation period

Group 1

Four patients who were treated for mine to fifteen days (80-100
mg AGTH /day in 4 divided doses) beginning within one hour after
mnoculation with toxord (Table 1) had qualitative patterns of re
sponse to the toxoid which did not differ from those expected of pa
tients not recerning ACTH although two of them developed consid
erably less than the usually expected amount of antitoxan  Another
patient was treated with ACTH 1 amount of 20 mg every six hours
for twenty days beginming on the seventh day after inoculation with
diphtheria toxoild The amount of circulating anutoxin rose to a
peak on the ninth day after moculation with toxord and then de
chined steadily during the next two weeks to a low level

Group IT

Three patients recetved ACTH in amount of 20 mg every six
hours for three or four days beginning fourteen days after mocula
tion with diphthera toxord (See Table 1) Blood was obtamed just
before the first dose of ACTH and at frequent ntervals thereafter for
one or two weeks Two of these patients had a mild ncrease 1n cr
culating diphtheria antitoxin forty erght hours after ACTH was
started but this diminshed somewhat during the next two days and
dechined constderably during the ¢ ten days The thard pauent
had a gradual steady decline m amount of circulating antibody be
ginning forty eight hours after the first dose of ACTH

Group 111

Three patients received a single 40 mg mnjection of ACTH four
teen days after mnoculation wath diphtheria toxoid (Table II) Deter
mmations of the amount of circulating antutoxin four hours after the
admimistration of ACTH revealed no change 1n two patients as com
pared with the level of antitoxain found yust before ACTH was given
In the third patient there was a moderate reduction m amount of
antutoxin after ACTH

Group IV

Eight patients were given 50 mg ACTH daily 1n a single dose for
three days beginning twenty five or thirty days after moculation with
toxoid (Table II) Blood was obtained before and eight hours after
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other possible cruse of discrepancy with human studies 15 that our
animals are hyperimmunized so that a relatively large proportion of
circulating protein 1s intibody protein This may perhaps partale of
the catabolic processes tnitiated by ACTH or cortisone more readsly
than do minute amounts of antibody globulin A striking decrease m
the tagged protemn molecules eg specific antibody globulm may
occur within six hours (Fischel LeMay and habat ] Immunol

61 89 1949) to three dys (Fig 7) and therefore may be attributable
to the catabolic effect of adrenal hormones However we are cur

rently studying the effect of cortisone on the disappearance rates of

LFPLCT OF COMTISONE
T o cracutati o
ANTY PNEUMOCOCCAL
Mp ANT BODY NITROGEN
PER M. SERUM
Camnrmy

Fic 7 Effect of cortisone on crculaung anti pneumococcal antibody
mtrogen per ml serum (AB N/NL) (Courtesy Fischel LeMay and habat
J Immunology 61 89 1919)

passively 1dministered antipneumococcal antibody There appeirs
1o be no difference 1n the disappearance rates of antibody globulin
administered to normal or to cortisone treated animals

In the actively immumzed animals an inhibition of protern syn
thesis or antibody globulin formation 1s suggested by the strihing
morphologic changes that Dr Stoerk has observed m the reticulo
endotheltal and lymphoid tissues of these rabbats

PR w PAUL HAVENS JR (Jefferson Medical College of I’hﬂadelphr:
Philadelplua) During imestigations of the capacity of patients with
chronic hepatic disease to produce antibody an oppor[uml}’ was ;;r(i
sented to determine the effect of AGTH on the amounts of circulal

diphtheria antitoxtt which appeared as an anamnestiC Tesponse
N k negalive patients at various intersals after the intramuscu
;n scrlll(;zu‘atin of 50 Lf punfied diphthena toxord The pattern of

ar 1
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The Influence of ACTH on the Reactmity of the Bronchial
Tree, Skin, and Secretary Glands to Speaific Antigens,
Histamine and Mecholyl i Bronchial Asthma*

David Grob, Edyth H Schoenrich Walter C Winkenwerder and
A McGehee Harvey

JOHNS HOPKINS HOSPITAL AND JOBNS HOPKING UNIYERSITY SCHOOL OF MEDICINE
BALIIVORE

In an effort to obtasn seme information concermng the mech
amsm of action of ACTH m allergic disease the effect of ACTH
admimistration on the reactunity of varons tssues to a number of
sumuh has been studied The tssues studied mcluded one directly
invalved by an allergic disease the bronchial tree of pauients with
asthma and several that were not dwrectly imohed including the
shin blood vemels of the shin and sweat salnary and gastric secre
tary glands {Table I) Three types of sumulating substances were ad

Fable I
Tissues Studed Effect of ACTH on Reautssnty of Tissurs
10 Fallona, Stimuls Studied
Thase Inoked  Those Not Involeed
¥ an by Sprarfi antigens {poliens spores,
Alleryae Dy ease Allergs Dusease dust feathers)
Histamine
Bronchual tree  Skin and blood vessels Hustanune bhe substance refeased
{immediate reactnaty) by contact with d tubowuranne

Sweat salnary and gag Mecholyl
tree secretory glands t

minustered (1) specific antigens extracts of pollens or spores (2) lus
tamane and d tubocuranme whih has the property of releasing a
fustamine Ishe substance from the tisues and (3) the choltnergic
agent mecholyl

1 2 pleasure to 2 knonledge the valuable techmral assistance of Misg Grace
Saluzer and Muss Barhara Ziegler m these stnliey We a1 also wndebted io Dr John R
Mote of Armour and Company for providiag the ACTH that + 25 employed

450
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the first dose of ACTH and eight wnd seventy two hours after the
lst dose The amount of circulating antitonin was shghtly reduced
mn three patents eight hours after the first dose of ACTH and 1n four
pauients 1t was reduced eight hours after the third dose When tested
three days after the last dose of ACTII seven out of eight patients
had a mild to moderate reduction 1n amount of crrculating antitoxin
It 1s evident that patents recenning ACTH for as long as fifteen
d1ys beginning within the first hour after the adminstratton of a
booster dose of diphtheria toxoid were able to make large amounts
of mtitoxin The amounts of airculating anubody found at various
times after the admintstrition of ACTH suggest that the adminstra
tion of this material early (first to fifteenth d1y) 1n the period of de
velopment of antibody when the titer of antitoxin was ncreasing
and later (twenty fifth to thuirtieth day) at 1 ume when the titer of
arculaung antitoxin was declining did not alter the pattern of re
sponse qualitatively as compared with the control subjects A quants
tative difference 1n ntensity of response could not be determined
from these data
With one exception (Case 2 Table II) the reductions 1n amount
of arculating antitoxin which occurred mn four out of ten persons
four or eight hours after a single dose of ACTH (40-50 mgm ) were
too slhight to warrant the assumption that ACTH rmght have pro
duced them although the possibility that 2 bloching  or catabolic
action was operative yequres further investigation
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The stsmuli used sn studying the reactnaty of the bronchial tree

were mhaled e‘(tmcls of pollen or spores inhated and intramuscular
and m lar mecholyl As Curry has shown' these

substances are capable of preducing m asthmatic pattents an asthma
hike astack with reduction 1n vital capacity and maximal breathing
capacity Graded concentritions of these substances were admunis
tered 1 order to ascertamn the amount that would mduce an asthma
Iheattackh These concentrations were then myected intramuscularly
or mhaled deeply from a nebutizer under constant pressure of oxy
gen with eight deep breaths being taken 1n succession cach held for
10 seconds The decrewse mn vital capraty and maxsmal breathing ca
pacsty which followed the admsnsstration of each agent was deter
muned at frequent mtenals The reactivaty of the bronchial tree was
expressed 1 texms of the greatest fall 1n these measurements of pul
monary function that occurred m each xnstance

1t s readily apparent thit many sariables 1n addition to bronchial
reactivity are capable of influencing the measured decrease in pul
monary function mncluding depth of mhalauon of nebulized solu
tions vate of absorption of ¢ larly adu d ¢
and the patient s respiratory effort during the measurement oi pul
monary function Furthermore the reactuity of the bronchial tree
to sumuli may be expressed in terms of the duration a5 well as the
magniude of decrease of pulmonary funcuon These varnables make
difficult the assessment of munor changes 1n bronchil reactiaty and
necessuate caution 1n the mierpretanon of even mzjor recorded
changes especially with regard te measurement of sual capacaty
which 15 a less accurace index of broncheconstriction and pulmonary
funcuon than s the maximum breathmg capacity In three of the pa
trents attacks of asthma could be mnduced at will by the mhalation
of a specific anugen {exiracss of Tagweed or spores) winle 1 the
other two patsents no reduction mn pulmonary function could be
demonstrated after the snhalation of any of a number of anugens
including vanous pollens spores dusts and feathers In all fise pr
uents the inhalation of suttable concentrations of histamme and the
mtramuscular mjection of hustamine or mecholyl resulted in dimin
sshed pulmonary funchon and subjectn ¢ and objective mandesta
tans of asthma

‘The admumsstrition of ACTH was promptly followed by a defi
mite dummution 1n the reactnaty of the bronchial tree to imnhalation
of the speasfic antigens The duration of this dummushed reactiviry
and the refation o the daly dose of ACTH 1aned n the three
pauents In one pattent (G R Tig 2) there was a progressive dime
nution m the response of the bronchnal tree to each of two concentra
tions of inhaled spores during the entire period of ACTH admums
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The reactivity of the bronchial tree to these stimult was studied
in five patients with seasonal bronchial asthma before durmng and
after the admimstration of ACTH On admusston to the hospital
these patients 11l had moderately severe asthma In order to alleviate
thetr symptoms nd to improve and stabilize themr pulmonary func
tion they were khept 1n an air conditioned environment throughout
the period of study In three patients the basal pulmonary function
as measured by the vital capacity and maximal breathing capacity
(maximal minute ventilation) was nearly the same during each of the
three periods m wliuch the reactivity of the bronchial tree was stud
1ed while in the other two patients 1t was appreciably greater dunng
the last two periods of study (Tig 1)

AVERAGE DAILY BASAL PULMONARY FUNCTION

VITAUCAPACITY &) MAX BREATHING CAPACITY fL/MIN)
N o " & 2 &
o 3 8 & & o 3 8§88 8 5 5 38
i g R A S U R S O
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==
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e
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BEFORE AIR COND
7| AFTER 4 R COND & BEFORE ACTH
DUR HG ACTH

B arre acrw

s
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Fic 1 The mnfluence of air conditioned environment and of ACTH
istration on the wital capacity and maximal breathing capacity of

n
adm th seasonal broncinal asthma

five patients Wi
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This patient had a return of rmld symptoms of asthma wsthm seven
days after ACTH was discontinued The correlation between dose of
ACTH and dimmished reactivity to antigen observed 1n the last two
patients suggests that the :dmunsstravion of larger doses of ACTH
or of smaller doses of antigen mmght have produced more sustained
suppression of reactivity

The influence of ACTH admimistration on the reactivity of the
bronchial tree to inhaled histamime was not as consistent as in the
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Fic 3 The effect of ACTH adminsstraton on the bronchral reactsvaty
of patient k. D to mhaled extract of ragweed (004 mg protein N/cc)

case of mnhaled specific antigen (Fig 5) Two different concentrations
of histamine were adminustered to each pauent sarying from 005
to 0 50 mg /cc In the first patient (G R ) there was a shght decrease
1 bronchial reactivity during the period of ACTH administratson
In the second pauent (kD ) there was a moderate decrease 1n reactis
ity duning each period of ACTH admimstration particularly to the
higher concentration of nhaled histamine and a tendency for the
teactivity to return mn the mtervals between In the third patient
{J O) there was an increase 1n reactrvity during ACTH admunistra
tion In the two patients 1n whom asthma was not mnduced by the in
halation of antigens but was induced by the inhalation of histamine
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tration even though the daily dose of AGTH was gradually lowered
from 100 to 20 mg Following cessation of ACTH therapy and dis
charge from the hospatal the patient continued to have markedly de
creased responsiveness to the inhaled antigen At the same time she
remained entirely free of asthma at a time of the year when she had
tmvanably experienced severe asthma in the past In the second pa
uent (h D Fig 3) there was likewise a dimmnution 1n the response
to nhaled antigen during ACTH admumstration However there
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Fic 2 The eflect of ACTH dmimstration on the bronchial reactisity
of patient G R to two concentrations of inhaled extracts of mixed spores
{0009 2nd 0035 mg protein N/cc)

was a tendency for the responsiveness to return on one occasion
while the patient was recenning ACTH and on three occastons after
ACTH admimstration was interrupted or stopped This patient mn
contrast to the first had a return of the symptoms of asthma within
three and five days after ACTH was discontinned on two separate
occasions In the third patient (J O Fig 4) the response to inhaled
antigen was reduced when 100 mg of ACTH was admimstered daily
but returned raprdly whenever the dose of ACTH was lonered Res
soration of the daly dose of ACTH to 100 mg was immediately fol
towed by dimuushed reactivaty of the bronchial tree to the antigen
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two pauents (J] O and M G) with the decrease being transtent m
one of these (M C} wlule in the other two patients (h D and S M)
the reactivaty increased (Fig 8)

While 1t may not be entirely vahid to summate the results ob
tamned 1n different patients 1t 1s of interest that when this 1s done the
average figures parllel to a considerable degree the overall impres
sion obtained from consideration of the mdividual pattents Thus
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Fic 5 The effect of ACTH admumstration on bronchial reacuvity to
1nhaled histamine Patents G R and J O inhaled 017 mg /cc (below)
and 05 mg /cc (above) of histamine hydrochlonide and pauent h D
005 and 0 15 mg /cc The concentration of histanmne 1s expressed 1n terms
of the base
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averaging the data obtained 1n all five patients (Fig 9) appears to
show that the admimstranton of ACTH was n general accompanted
by (1) a moderate decrease in the reactivity of the bronchial tree to
the specific antigens (2) a shight decrease mn the reactivity to inhaled
hustamune (3) no appreciable effect on the reactivity to intramuscular
histamine as reflected by measurement of maximal breathing capac

1y though a shight decrease as reflected by measurement of vital ca

pacity and (4) a shght crease 1n the reactivity to tramuscular
mecholyl Since the reduction of mramal breathing capacity 1s a
more reliable measure of broncho constriction and decreased pul
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there was a shight diminution 1n bronchial reactivity to the latter dur
ing ACTH admimstration (Tig 6) One of these patients (S M)
showed decreased reactivity as measured by vital capacity determina
tion but not 1s measured by maximl breathing capacity, which 1sa
better index of pulmonary function The overall effect of ACTH on
reactivity to inhaled histamine would appear to be a tendency to de
creased Teactivity, though not as marked as n the case of inhaled ex
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Fic 4 The effect of ACTH administration on the bronchial reactivity of
patient ] O to inhaled extract of mixed spores (0 1 mg protein N/cc)

tracts of pollen or spores and usually beginning after a Ionger period
of admimstration of ACTH
‘The admumstration of ACTH did not appear to have any signifi
cant effect on the reactivity of the bronchial tree to mtramuscular
histamine (Fig 7) Two different doses of histamine were adminis
tered to each patient rarying from 01 to 03 mg In one pauent
) there was a shight decrease in bronciial reactivity durmg
ACTH admimstration but 1n the other four patients there was
either no appreaable change or a shight increase 1n reactivity particu
larly as reflected by the measurement of maximal breathing capacity
: ‘{T llowing the admnistration of ACTH the rerctivity of the
bronghxal tree to mtramuscular mecholyl (5 to 9 mg ) decreased 1n
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ten patients with hay fever and in eight other patients with asthma
rheumatoid arthnitis lupus erythematosus nasal polyps or chorto
retinstis The non allergic tissues that were studied mcluded the skin
blood vessels of the extremuttes and the sweat salnary and gastric
secretory glands The reactivity of the skin to the specific antigens
concerned with extrinsic asthma and hay fever (pollens spores dusts
feathers) and to histamine and d tubocurarne was determned by
measuring the size and mn some 1nstances the duration of the wheal
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F1¢ 7 The effect of ACTH adminstration on bronchial reactsvity to
sntramuscular histamine Pauent G R recetved 022 and 030 mg of hus
tamine hydrochloride patient k D 010 and 017 mg pauents ] O and
$ M 010 mg and patent M G 010 and 020 mg

and flare that immediately followed the intracutaneous injection of
graded doses of these substances * The reactivity of the skin and vascu
lar tree of the extremities to d tubocurarine was determuned by 1n

jecting this compound intra arterially measuring the resulting rise
1 the skin temperature of the injected extremuty and of the other
extremtties and observing the degree of local redness edema and
wheal formation Systemic mamifestations such as flush warmth and
ancreased secretion of gastric aaid were also studted The reactis 1ty of
the sweat and salivary glands and of the skin arteroles to imtramuscu



506 SECOAND CLINICAL ACTH CONFERENCE
monary function thin 1s the reduction in sital capacity greater em
phasis should probably be placed on the results reflected by the
former measurement

The finding that the administration of ACTH for 10 to 17 days
1n doses sufficzent to produce a remission of climcal asthma did not
block the action of intramuscularly administered histamme or mech
olyl on the bronchial tree supplements the report of Curry® that a
single mnjection of ACTH which did not ameliorate the symptoms
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Fic 6 Continuation of Fig 5 Pattent § M inhaled 0 25 and 0.50 mg /fcc.
of histamine and panent M G 0 1> mg /cc.

of asthma did not protect against the action of intramuscular hista
mme or mecholyl The studies that were made do not reveal the
mechamsm by which AGTH rapidly reduces the reactivity of the
bronchial tree to specific antigens but they do 1llustrate one method
ching this problem and show some iteresting relationships

oAl
of app the dose of ACTH and bronchal reactivity to inhaled

between

1gens
ancs fiuence of ACTH on the reactnity to these sumulz of tis

The 1 1y imolved by any allergic or hypersensiuve disease

t drect
sues;:dled 10 the fise asthmatic patients who hwve been discussed 1n
was
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ten patients with hy fever and 1n eight other patients with asthm
rheumatoid trthntis lupus erythematosus nasal polyps or chorio-
retnttss The non nllergic tissties that were studied included the shin
blood vessels of the extrenttes and the sneat salnary 2nd gastie
secretory glands The reacuvity of the shin to the speaific antigens
concerned with extrinsic asthma nd hay Tever {pollens spores dusts
feathers) and to histimine 1nd d tubocurarine w1s determined by
measuring the size nd 1n some instances the duration of the wheal
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Fic 7 The effect of ACTH admunistration on bronchsal reactnty to
mtramuscular histapune Pattent G R recenved 025 and 030 mg of his
tamine hydrochlonnde patient K D 010 and 017 mg pauents | O and
S5 M 010mg and patient M G 010 and 020 mg

and flare that immediately folloned the mntracutaneous injection of
graded doses of these substances * The reactivity of the skin and vascu
lar tree of the extrerties to d tubocurarine was determuned by 1n
Jecting this compound 1ntra arterially measunng the resulting rise
sn the shin temperature of the njected extremity and of the other
extremities and observing the degree of local redness edema and
wheal formation Systemic mamifestations such as flush warmeh and
nereased secretion of gastric acid were also studted The reactn 1ty of
the sweat and salivary glands and of the skin arteroles to mtramuscuy
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larly myected histamine and mecholyl was estimated by observation
of the degree of sweating salivation flush warmth transient fall in
blood pressure and i some instances the headaclhe or bradycardia

produced by these compounds

The administration of ACTH 1n doses up to 100 mg a day for
days or weehs had no appreciable effect on the rexctivity of these non
llergic tissues to the specific anugens studied or to histamne
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Fic 8 The effect of ACTH admumstration on bronchial reactrvity
to wntramuscalar mechalyl (acetyl beta methylcholine chloride) Patient
K D recenved 6 mg mecholyl patient ] O 5 mg pattent S M 9 mg

and pattent M C 8 mg

d tubocurarine or mecholyl as determined by the methods described
(Table I1) The lack of influence of AC TH on the immediate mntra
dermal reaction to the specific antigens studied 1s 1n contrast to Its
Lnown inhibitory effect on the late mtradermal reaction to tuber
culoprotein and other bacterial antigens The lack of influence of
ACTH on the local and systemuc effects of imntra artertally njected
d tubocurarine 1s of particular interest since there 15 evidence that

this comp
yather as the resu
the tissues *

ound does not produce 1ts vascular effecl
It of the iberation of histamine like substances from

ts directly but
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In summary {Table III) preliminary observations on the effect of
ACTH on the reactivity of allergic (bronchial) and non allergic us
sues to a number of stimuly have shown that the administration of
ACTH promptly decreases the reactivty of the allergic tissue that
was studied to specific antigens ACTH does not appear to reduce the
reactivity of this tissue to mecholyl or to intramuscular histamine
but does have a somewhat delayed effect 1n reducing reactivity to
mhaled histamine
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Fig 9 Summary and average of the data obtained 1n 5 patients (Figs
2-8) on the effect of ACTH admunistration on bronchial reactsity to
whaled antigen (extracts of pollens or spores) inhaled and intramuseular
histammne and intramuscular mecholyl

On the other ACTH did not alter the reactivity of non allergic
tissues to any of the simuli studied

Winle these observations leave unanswered the very mmportant
question of how ACTH diminishes the responsiveness of allergic
tissues to specific antigens they do indicate that 1n patients with
bronchial asthma this action of ACTH 15 not mediated through alter
ation 1n reactivity to a chol 1¢ sul e and bably not di
rectly mediated through alteration mn reactivity to histamine or in
the release of hustamtne from the tissues although the latter possibul
ties are still 1n need of further exploration '
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larly mjected Iustamine and mecholyl was esumated by obsenation
of the degree of sweating salivation flush warmth transient fall in
blood pressure and mn some nstances the headache or bradycardia
produced by these compounds

The administration of ACTH 1n doses up to 100 mg a day for
days or weeks had no appreciable effect on the reactvity of these non
allergic ussues to the specific anugens studied or to histamme
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Fic 8 The effect of ACTH admnmstration on bronchial reactivity
to mtramuscular mecholyl (acety! beta methylcholine chloride) Patient
K D received 6 mg mecholyl pattent ] O 5 mg patient § M 9 mg
and patient M G 8 mg

d tubocurarine or mecholyl as determined by the methods described
(Table 1T} The lack of influence of ACTH on the immediate 1ntra
dermal reaction to the specific antigens studied 15 1n contrast to its
known mnhibtory effect on the late mtradermal reaction to tulx:rf
culoprotein and other bacterial anugens The lack of influence t:i
AGCTH on the local and systemmc effects of ntra arterally mjecte
d tubocurarine 1s of particular 1nterest since there 15 evidence that

compound does not produce 1ts vascular effects directly but
lh:lsxer as the result of the hiberation of histamne like substances from
al

the tissues®
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maximum breathing capacities without mnducing some degree of
bronchoconstniction and discomfort 1 the sick asthmatic subject
Thus test cannot be performed repetitiously (6 to 20 determinations
m several hours necessary) 1n contrast to vital capacities m doing
protection studies wherein one 1s trying to determine the improve
ment which the therapeutic agent affords agamnst the broncho con
strictor effects of histamine methacholine or allergens

We have observed ventilometric and respiratory function before
and after treatment 1n a number of asthmatic subjects It would ap
pear that the greatest improvement noted 1s in the maximum breath
g capacity rather than in changes i the index of intrapulmonary
mixing residual air or residual air to total lung volume ratio We
have noted similar changes following successful physiologically di
rected therapy Here agamn the improvement i pulmonary function
and the improvement 1 histamine and methacholine sensitivity ap
pear to be non specific

DR BRAM ROSE I would like to compliment Dr Schoenrich on her
presentation of these findings which are of considerable interest In
view of the fact that the response of the lungs to such agents as his
tamine mecholyl and various antigens appears to be produced by
different mechanisms the response of the young extrinsic asthmatic
to such agents may differ from that of an older so called intrinsic
asthmatic Perhaps experiments of this type may provide part of the
answer as to the different characteristics of these two groups of asth
matic patients

DR SAMUEL FEINBERG (Northwestern University Medical School Chy
cago) The work that we did which touches upon the essayist s report
concerns quantitative studies with histamine and antigens 1n allergic
patients by quantitive intradermal nasal and ophthalmic tests The
flare reactions on the skin from dafferent concentrations of histamine
n quantitating the reaction to histamine do not alter on repeated
tests during ACTH therapy In our series of cases none showed any
effect of ACTH on the histamme skin reaction

The antigens used to titrate the effect on the immunological re
actron were ragweed alternaria fungus house dust and horse dander
In only one patient 1n the series was there any suggestion that ACTH
may have dimimished the skin reaction to antigens

In those asthma patients who had assocrated nasal and conjunc
tval symptoms nasal and conjunctival tests were made with varying
concentrattons of ragweed mold and histamme With the exception
of one patient there was no indication that there was any influence
of ACTH on the responsiveness of these tissues The patient who did
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DISCUSSION

DR MAURICE § SEGAL (Boston City Hospital and Tufts College Meds
cal School, Boston) The dyspnea and bronchoconstriction observed
mn sensitive subjects with histamine and methacholine are more strik
ng and consistent when these agents are administered mtravenously
We did not employ the aerosol route with these agents in our ACTH
studies The improvement i histamme and methacholme sensttivity
observed 1n the course of treitment with ACTH 1s probably non
specific inasmuch as we have observed sumilar improvement with 2
variety of other protective agents  One strihing change observed
1n one of our pauents seems worthy of comment This gir] was very
sensitive to the effects of intravenous histamine and methacholine
and aerosols of dog dander During the course of therapy with
ACTH she demonstrated no protection against the effects of intra
venous histamine and methcholine but extraordinary protection
against the effects of dog dander aerosols
We have not observed any consistent changes 1n sk tests of the
direct type and we have not been able to block successful passive
transfer
The explanation for this vanabihty mn blocking by ACTH of the
effects of a vartety of stressors (histamine methacholine and aller
gens) at different target sites —skin and respiratory tract —is not
apparent
The vital capacity test was routinely performed during the course
of therapy 1n our patients because of 1ts ssimplicity and our behef that
1t offers an adequate comparative guide to the patients chm}fal
course We are aware of its imztations n studying pulmonary patl (:1
phystology Most of our patients were too 11l for complfetc C?un;an !
and Baldwin studies T'urthermore 1t 1s difficult to perform frequen
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pollen Each patient was grien 20 mgs of ACTH mtramuscularly
every six hours for eight doses and the tests were then repeated It
was of inadental interest to observe that the active discomfort of hay
fever present in four of these subjects at the time of observation dis
appeared within a matter of hours alter ACTH but recurred at vary
ng intervals following the study

Figures 10 and 1 show the shin tests and the passive transfer
tests performed before and fter the ACTH therapy 1n these ten pa
tients As may be seen there 15 hittle 1f any change in the immediate
type skin sensttivaty or airculating antibody titres observed 1 these
patients on the dosages used 1n this 48 hour duration experzment

We have more recently observed 2 very severe asthmauc who re
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show an effect was the same one whose skin test was modified Reagin
titers studied 1n several patients were not affected by ACTH therapy

Therefore within the imitations of the investigation we fail to
find any effect of ACTH on the skin or shock organ 1n spite of the
obvious clinical mmprovement 1 the patient This seemingly para
doxical situation needs Further mvestigation and experiments are
under way to help resolve this disparity
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DR WALTER S BURRAGE {Massachusetts General Hosprtal and Harvan}
Medical School Boston) I wish to speak briefly in confirmation ol
the observations of Dr Schoenrich and of the previous dxscussel{'
berg indicaung that the immediate type of skin test 15 no!

Dr Fen! i
affected by AG .

s of typical seasonal hay fever showing large
We selected ef O e fer tests to the clinically offending

positive skin tests and passtve trans|
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1n control and treated groups when the latent period after passne
sensitization was one half hour or 48 hours

Tuberculin Reaction

Twelve humans with carefully recorded PP D tuberculin reac
tions were ginven cortisone or ACTH for from two weeks to three
months In instances of theumatord arthritis or theumatic fever the
dosage was sufficient to control the mamfestations of these diseases
and produce mild signs by hyperadrenalism Other patents were
treated with larger doses for expertmental purposes (viz 100 mgm
ACTH daily for 1 month 1n three mstances) Tuberculin reactions
with PP D were repeated There was no change 1n the size or sever
1ty of the reaction during hormone treatment except 1n two of twelve
wistances In these two marked diminution or obliteration of the re
action occurred However these individuals mamifested marked hy
peradrenalism wath striking changes n skin texture It seems more
hikely that non specific factors affecting the tissues were induced by
the hormones than an actual inhibition of the allergic reaction per se

In guinea pigs immunized with dead tubercle bacill: the reaction
to 0005 mgm PPD tuberculn was the same 1n non hormone
treated animals as 1n amimals given 5 mgm of cortsone daily for
5 weeks

Streptococcus Nucleoprotein

The CI8k fraction of Heidelberger and khendall (1936) was 1n
Jected before and duning ACTH or cortisone treatment m eght px
uents No change was discernible 1n the appearance of the lestons
durning the pertod of hormone adminustration

‘These findings are tn accord with those reported by Dr Rose and
his associates at the first Armour Conference last year when 1t nas
observed that patients with asthma or hay fever may respond admira
bly to ACTH However the shin reaction to the offending antigen 1s
ot inhibited by such doses of hormone as are climcally effective

DR EDYTH H SCHOEARICH We all seem to be 1in agreement concern
g the mnfiuence of ACTH on the reactivity of non allergic ussues
such as the skin The dafferences which exist in the various findings
veperted today concern the studies of the reactivity of the bronchal
tree mn patients with asthma

Again I want to advise caution 1n the evaluation and nterpreta
tion of measurements of the reactivity of the bronchial tree It 1s ex
tremely difficult to perform accurately these measurements of pul
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cenved 1200 mgs of ACTH m nine days At the end of this course of
therapy his scratch tests were as strongly positive as they were before
recening ACTH

DR EDWARD FISCHEL ACTH and cortisone 1 large dosage may mn
hibit certain reactions of tissues to the 1dverse sumulus of anugen
antibody union It does not seem likely howeser that antigen ants
body umon 1tself 15 affected It has previously been reported that
several allergic reactions studied 1n humans and 1n ammals are not
affected by ACTH or cortisone Since that time our preliminary
observations have been confirmed by further experments In sum

mary

Arthus Reaction

Arthus reactions were induced with known amounts of a single
protein anugen (crystaline egg albumm) and known amounts of
ant1 egg albumn Twenty two tests m guinea pags and forty in rabbits
given ACTH or cortisone were the same as an equal number of tests
n simultaneously studied control ammals This 1s true when
amounts of antibody are used which resulted 1n severe as well as mild
reactions In the guinea pigs doses of ACTH varied from as hittle as
1 mgm per day for five days to 2 mgm every 6 hours for two days
preceding the induction of the reaction Several rabbits recerved
6 mgm ACTH in one dose 6 hours before inducing the reaction oth
ers 5 mgm every 6 hours for two days and i one experiment 4 rab
bits recerved 05 to 10 mgm ACTH every 6 hours for 14 days
enough to cause a significant decrease 1n spleen weight and m ar
culatng anupneumococcus antibody The passively induced Arthus
reaction to egg albumun remained the same as m non hormone
treated control ammmals The active Arthus was not investigated since
1t involves two possible vanables antigen antibody union and antt
body concentration and the latter has been found to be depressed
by cortisone or ACTH

Anaphylaxis

In agreement with the work of Leger Leith and Rose 1 which
non-quantitative methods were employed the induction of anaphy
Jaxis 1 twenty eight guinea pigs by a threshold amount of antibody
and antigen by the method of habat and Landow (1942) or Benacer
raf and kabat (1949) was not nhibited by ACTH (2 mgm every &
s} or cortisone (25 mgm daily for 2 days preceding

d
hours for 7 <45 f antigen) Anaphylaxis occurred with equal severity

the shock dose ©f
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Observations on the Metabolic Changes Resulting from
the Administration of ACTH to Patients with Asthma
and Allied Conditions*

Bram Rose, J A P Pare K K Pump R L Stanford K R Mac
kenzie and Eleanor H Venming
ROYAL VICTORIA HOSPITAL AND WMCGILL UNIVERSITY MONTREAL

Duning the past year studies on the effect of ACTH on sart
ous forms of hypersensitivity were carried out on a group of 82 pa
tients Fifty one were treated while 1n hospital and of these 18 were
observed on the metabolic ward where balance studies were carried
out The studies included unnary creaunme nitrogen vitammn C
uricaad histamine histidine 17 Retosteroid gluco-corticord chem
cal corticoid sodium chloride and potassium excretion In addition
to blood studies which included hemograms and bone marrow bt
opsy where indicated biochermcal determinatons and respiritory
function studies including vital capacity maximum breathing ca
pacity and residual air were carried out

Electrolyte balance studies were inconsistent there being reten
tion of sodium and chloride as a general rule with associated in
creased potassium excretion in some but this did not occur 1n others
Generally the patents were mn moderate positive mitrogen balance
during the control period Following ACTH a negatuve balance oc
curred 1n a few (Figs 1and 2) but again this was vanable The vita
min G excretion was characterized by an mital peak of increased
output on the first day of ACTH followed by a moderate decrease
o1 Tetumn to control levels during the remamder of treatment (Fig 1
and 2) as described by Beck et al?

All cases had a moderate to marked excretion of urine histamine
durning the control period (Fig 1and 2) Following ACTH this was
usually increased 1n some subjects quite markedly although this was
not imvariable There was a general decrease 1n the output as therapy

The ACTH was kindly supplied from The Armour Laboratories Chicage The
later supples of ACTH and cortisone were made available ty a grant from the

Canad an National Research Counal ‘These studies were aded by a grant from the
Canadian Nauonal Research Counal
519
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monary function n patients with asthma Our own results are cer
tainly not conclusive and 1n carrymng out our studies we came to
recognize how many and varted the sources of error can be For ex
ample you will recall that in our pre ACTH values we found a wide
range of reactivity to 1dentical doses of the sumulating agents in any
one patient
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rather regularly that the older asthmatic shows a low excretion of
gluco-corticords and 17 ketosterowds (F1g 3) The administration of
ACTH to this group of asthmatucs resulted 1n an nerease of the ster
od excretion to within normal limits and occasionally shghtly
hugher (Fig 8) In distinction to this group the younger group of
extrinsic asthmatics where shan tests are positive and where the symp
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toms are due primarily to environmental factors showed a normal
excretion of corticords 1n the urine durning the control pertod and a
moderate to marked nise following the administration of ACTH It
1s difficult to say at this juncture whether these findmgs are vahid
because of the small number of patients studied but nvestigation
along these lines 1s berng continued

In considering the above findings with reference to other dis
ease states which have been studied there appears to be only one
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was contunued and tn the majonty of cases the post treatment penod
was characterized by a reduction 1n the output of hntarmune 2s com
pared to pre treatment levels

Following the admimistration of ACTH the unmarv husudine
data demonstrated a consistent mcrease to levels comparable to thow
which are observed duning pregnancy (Fig 2) On withdrawal of
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ACTH the hisndinuna decreased to within normal levels. Gener
allv an increase 1 the unc aad ;ulput occurred following the ad
f ACTH (Fig 1and 2)

mm—;:shn:tg‘l’:;n of stcm(xI; ;\creuon has been discussed by Venmnz
Roee and Johnson 1n another communication 1n this \o_lume. A dl;
ference between the pattemn of glucocorticoid and the 17 kczos(:m:d
n was apparent 1o the older intrmsic asthmauc, as compar

zcﬁ:’;—ouﬂgﬂ so-called extrmsic asthmaucs. It has been obkxened
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It 15 of interest that one patient with vasomator thitis mild
asthma and diabetes melittus was treated with ACTH on five differ
ent occasions during the past ten months A moderate mncrease m the
impairment of the ghicose tolerance over and above the mmual dia
betic level was observed but this was considered to be i keeping
with the otherwise expected progress of diabetes in this patient

An example of these studies on a male patient aged 40 with ex
trnic asthma will be found on the accompanymng charts In Fig 4
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the blood pressure pulse sputum output symptoms and ACTH ad
Tuustration are shown It will be seen that there was hule change
m the blood pressure a moderate reduction in the pulse rate a vir
tual disappearance of the sputum output which was never great to
begin with and a reduction in the symptomatology of the disease
Fig 5 shows the respiratory rate which varied moderately and the
tidal air which did not alter to any marked extent The restdual asr
which was markedly increased durimg the control peniod bemg aj
most 809 of the total jung volume was reduced to 50 and finally
approxumated 42 by the end of the treatment "This 1s compatble
with a state of emphvsema which was present 1n this pauent. The
maximun breathing capacity which was markedly mpaired before
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factor 1n the metabolic pattern observed which distinguishes the pa
tients with asthma or other forms of hypersensitivity from other
groups of patients and this concerns the excretion of histamne In
2 group of 5 control subjects 1 whom the listamine output of the
urine was measured moderate 1mounts 1 the neighborhood of 50
mucrograms per 24 hours were excreted In one of these subjects who

BRONCHIAL ASTHMA o
EMPHYSEMA noes
11
CORTICOIDS — MG
CHEMICAL METHOD so
.
¥
300, 30
BioLosIcAL 200] 20.
METHOD ¥ 100- 10
o1 —0}
v 7
' !
40 ]
1
1
30 )
17 K5 —MG 20 :
1
© ¥
0
i T
20 000 { [
L
wec 10 000 '
I ‘—l
7
600 1
1
wf Ve
B
acth Mo 100 9 »
T8 iz e 20 24 28

Fic 3

had developed a cold an micrease to 1000 micrograms per 24 hours
was noted but this rapidly disappeared as the patient recovered from
fus cold In contrast to these results amounts equal to 250 000 micro
ms {or 250 mgm ) of histamine have been observed to be excretcc}
%Jmasthmanc patients during a 24 hour period The significance ol
y normous amounts of histamine 15 not clear at this ume Tt 1s
thef;e:t that further studies will be necessary before any fixed pattern
Z‘f”metabohc change may be clearly defined
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Figure 3 are shown urinary excreuon studies of the chemical and
bological corticords s well as the 17 ketosteronds white count and
eosinopliles In this patient who had 1 normal excretion of chemucal
and brologcal corticords during the control period the marked m
crease in the corticoids following the admimustrinon of ACTH 1s ob
vious the chemtcal corticoids rising from 0 5 to 5 5 by the fourth day
of ACTH admmmstrauon and the biological corticoids ristng from
an average value of 50 to 1s high 1s 300 glycogenic units datly The
17 ketosteroids  wliuch were 1n the neighborhood of 10 duning the
control period rose to 1 lugh of 35 duning treytment The usual 1n
crease n the white blood count 2nd rapid decrease of the eosinophiles
following ACTH 1s :llustrated

In Figure 2 are the results of a stmlar metabolic study on a female
patient aged 16 with asthma who was given ACTH for 12 days and
n whom a prompt remission of symptoms occurred The upper por
tion of the chart shows the marked 1ncrease 1n the output of urinary
lusudine which rose from an average of 150 mgm per 24 hours be
fore ACTH to 500 mgm per 24 hours during the administration of
ACTH

‘These findings point to a deviation 1n the metabolism of hista
mune 1n these hypersensitive patients as compared to non allergic sub
Jects and are 1n keeping with previous studies on the experimental
ammal 1n which an increase of histamine 1n the tissues was found
following adrenalectomy *

‘There appears to be some justification for the concept that asthma
of the intrinsic variety 15 1n part due to a hypo function of the adrenal
cortex On the other hand the evidence for this 1n the younger m
trmsic group of asthmatics 15 not as apparent
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DISCUSSION

DR T G RANDOLPH (Northwestern University Medical School Chi
cago) It would seem that many of the beneficial chinical effects ob
tamed from ACTH therapy occur m known allergic diseases n
which the allergic factor 1s known to be present
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treatment being only about 40% of the predicted value rose to
about 60% by the end of the treatment as did the vital capacity
Iig 1 shows some of the metabolic findings on this patient From
1bove down will be seen the urine histamine uric acad vitamm C
nitrogen balance weight and creaunmne excretion It will be ob
served that there was a decrease 1 the histamine output 1n the urine
which was in the neighborhood of 500 mtcrogrims per 24 hours be
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fore treatment and fell to approximately 50 micrograms per 24 hours
by the end of the course of ACTH There was a shight ncrease mn the
urme uric actd The mitial peak 1n vitamin C output wall be seen
smmediately following the admimstration of ACTH followed by a
reduction n the output of this substance The next Iine shows the
nutrogen balance winch demonstrates an increase m unne mzmglcn
following the adminstration of ACTH It will be noted thaé;_l}l;
ent gawned 11 weight 1s did most patients recenving either A
paty ¢ The changes n the output of urinary creaunne aré not
orczt::::; for since the urine collections swere ngidly controlled In
ac
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dicating that ACTH physiologically tends to reverse the character
1stic phenomena of allergy 1s postulated 1n the 2c1d anoxta endocrine
theory of allergy

Anoxia and edema may be the factors primarnly responsible for
the allergic physical fatigue syndrome and the allergic mental fatigue
syndrome mantfest to some degree 1n most allergic patents

Anoxia resulting from edema and sluding 1s believed by me to
be the chief cause of pain and other ciseases affected by ACTH such
as myosttis fibrosius and rheumatord arthritis
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Dr L Ebels presentation this forenoon indicating that ACTH
therpy 1s associated with an 1ncrease of extracellular fluids 1s of par

ticular nterest m considering the acid anoxia endocrine hypothesis
of allergy

DR WALTER S BURRAGE We have studied the 17 Letosteroid excretion
m_asthmatic patients before and durng the admumistration of
ACTH and as may be seen 1n Figure 6 the 17 ketosteroid excretion
prior to ACTH 1was somewhat low 1n all of the patients

Of even more interest 15 the fact that the 17 ketosteroid excretion
Tose m only 6 of the cases and then to only 2 moderate degree al
though the clinical response was good 1 all of the patients
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Dr Harry G Clark and I have recently developed an acid anoxia
endocrime working hypothesis as the basic mechanism of allergy 1
would like to explun this briefly and to theorize on the mode of ac
tron of ACTH m tlus connection As I see 1t (and I realize that much
of the subject matter to follow may be controversial and difficult to
substantiate or refutc) since our hnowledge of physiology at the cel
lular level 15 sull meager Nonetheless I should like to present this
hypothes:s to this group to stimulate work at the fundamental level

The final stages of digestion occur intracellularly i man as n
unicellular orgamsms This 1n our view may result in the produc
tion of predomunately acid ntracellular end products such as ammo
acids from proteins pyruvic and lactic acids from carbohydrates fatty
acids and ketones from the breakdown of fats and carbon dioxide
from all of these sources The presence of these mtracellular acd
products should attract extracellular fluid mnto the cell as 2t 1s known
that protens and other colloids absorb water when they are acidified
This should produce an mtracellular edema

In the presence of this edema oxygen exchange of a cell may be
diminished and the resulting anovia may further increase the acdt
ficatzion of the cell Of imnterest 1n this connection 1s the fact that pH
of the mterstitial flurd and arterial plasma 1s 7 4 but venous plasma
15 7 35 the blood having picked up acid end products at the cellular
level The anoxia 1s further aggravated by the occurrence of sluding
or the intravascular red blood cell agglutination phenomenon com
monly found tn acute allergic reactions These processes may produce
a vicious circle providing they occur beyond a critical rate of speed

In the presence of a spectfic allergic reaction these ntracellular
mechanisms may occur at a greater rate of speed than can be buffered
by the available electrolytes and perhaps by the alkaline granules
of the eosinophils for 1t 1s known that the eosmophl cell 1s the first
to be attracted to the site of the allergic reaction

This response should stimulate the pituitary adrenal system to
greater activity bat if the oxygenation of the endocrine organs 1s 3m
parred by the existing allergic attack they may not respond maximally
by elaborating mineralocorticords Thus the patient s response may
depend upon the degree of specific sensitization the dose of the 1l
lergen and the functional mtegnity of the endocrine glands with par
ticular reference to the pitutary adrenal system

The tissues of 1 person 1n a chronic phase of allergy appear to be
onstant edema and anoxta which may be produced by
1t of an inhaled contacted or ingested allergen

The retention of sodium the mobihization of potassium the ex
cretion of amno acids and the improv t;fmcm of prc(;’ll?;;sly e;idtlrf:g
sluding are observed 1n many d|;eases a ecte: by Ah ™ :x[:zi u lmg
chronuc allergtc manifestations I interpret these phe:

1n a state of ¢
the constant mnst
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dicating that ACTH physiologically tends to reverse the character
1stic phenomena of allergy as postulated 1n the acid anoxra endocrine
theory of allergy

Anovia and edema may be the factors pnimanly responsible for
the allergic physical fatigue syndrome and the allergic mental fatigue
syndrome manifest to some degree 1n most allergic patients

Anova resulting from edema and sluding 1s believed by me to
be the chief cause of pain and other diseases affected by ACTH such
as myositis fibrosius and rheumatord arthnius

Urinary 17 KeTosTeRDIDS

Day
40 1 2 3 4 5
o
30
a0
D
o
X xx |°0 o o
10 [xx % o, |98
Xy §§ ] o?
¥xx 8
o
x-BeFOREACTH
a-ArTERACTH
Fic 6

Dr L Elel s presentation this forenocon indicatmg that ACTH
therapy 1s associated with an increase of extracellnlar finids 15 of par
ticular nterest 1n considering the aaid anoxia-endocrine hypothesis
of allergy

DR WAITER § RURRAGE We have studied the 17 hetosteroid excretion
mn asthmauic pattents before and during the admimistration of
ACTH and as may be seen 1n Figure 6 the 17 ketosteroid excretion
prior to ACTH was somew hat low m all of the patients

Of even more 1nterest 15 the fact that the 17 ketosteroid excretion
rose 10 only 6 of the cases and then to only a moderate degree al
though the clinical response was good 11 all of the patients
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Dr Harry C Clark and [ have recently developed an acid anoxia
endocrine working hypothesis as the basic mechanism of allergy 1
would like to explam this briefly and to theorize on the mode of ac
tron of ACTH 1n this connection As I see 1t (and I realize that much
of the subject matter to follow may be controversial and difficult to
substantiate or refute) since our knowledge of physiology at the cel
lular level 15 sull meager Nonetheless I should like to present this
hypothesis to this group to stimulate work at the fundamental level

The final stages of digestion occur intracellularly mn man as
unicellular organisms This 1n our view may result 1n the produc
tion of predominately acid intracellular end products such as amino
acids from protemns pyruvic and lactic acids from carbohydrates fatty
acids and Aetones from the breahdown of fats and carbon diovide
from all of these sources The presence of these ntracellular acd
products should attract extracellular fluid mto the cell as 1t 1s known
that protens and other colloids absorb water when they are acidified
Thns should produce an ntracellular edema

In the presence of this edema oxygen exchange of a cell may be
diminished and the resulting anoxia may further increase the acidt
fication of the cell OF mterest 1n this connection 1s the fact that pH
of the mterstitial fliid and arterial plasma 1s 7 4 but venous plasma
15 7 35 the blood having picked up acid end products at the cellular
level The anoxia 1s further aggravated by the occurrence of sluding
or the mntravascular red blood cell agglutination phenomenon com
monly found 1n acute allergic reactions These processes may produce
a victous circle providing they occur beyond a critical rate of speed

In the presence of a specific allergic reaction these mtracellular
mechanisms may occur at a greater rate of speed than can be buffered
by the available electrolytes and perhaps by the alkaline granules
of the eosinophils for 1t 1s known that the ¢osinophil cell 1s the first
to be attracted to the site of the allergic reaction

This response should stimulate the pitmtary adrenal system to
greater activity but 1f the oxygenation of the endocrine organs 15 1m
patred by the existing allergtc attack they may not respond maximally
by elaboratmng rmneralocorticoids Thus the patient s response may
depend upon the degree of specific sensitization the dose of the al
lergen and the functional integnity of the endocrine glands with par
ucular reference to the pituitary adrenal system

The tissues of 2 person n a chronc phase of allergy appear to be
nstant edema and anoxia which may be produced by
ult of an 1nhaled contacted or 1ngested allergen
f sodium the mobilization of potassium  the ex

acids and the 1mprovement of previously existing
cre:iwn l;i: ?li:e(:'wd 1n many dlseal:es affected b)pACTH mncluding
Zl:n;:xgc allergic mamifestations 1 interpret these phenomena as 1n

1n a state of co
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also presented relating to kidney function 1n nephrosis and sugges
tive data are put forward concerning a possible phystologic defect 1n
nephrosis In addition results are presented which suggest that elec
trolytes and electrolyte shifts have other physiologic effects quite
apart from their role in the regulation of homeostasis of the body
fluid compartments and the implication 1s raised that electrolytes
may play 2 role 1n precipitating some psychoses Data are also pre
sented concerming purely vascular effects of electrolytes as these are
altered by adrenal cortical sumulation with particular reference to
hypertension and congestive heart farlure Furthermore datrare pre
sented showing changes 1n the tissue content of electrolytes under
adrenal cortical sttmulation thus further clanfying the mterrelation
ship of sodium and potasstum m the fluid compartments of the body
Finally data are presented suggesting that corticosterone may be the
major physiologically active corticord 1n mamntaimng electrolyte and
flurd homeostasis 1n the body In conclusion 1t 1s fair to say that con
siderable progress has been made toward a clearer understanding of
the metabolism of electrolytes and the role of the adrenal gland and
the hidney 1n maintaiming homeostasis

Likewsse further progress has been made 1n studying nitrogen or
protein metabolism 1n more detail Thus data are presented to sug
gest that there 1s a2 difference between stress and ACTH n their effect
on nitrogen metabolism and 1t has been shown that ACTH will cor
rect the tyrosine metabolic defect 1n premature infants although
there may be a concurrent decrease 1n the growth curve of such 1
fants It 15 also reported that amno acid metabolism or turnover may
be altered by adrenal cortical simulation and that certain of the
plasma protemns may be altered n some individuals by the same
means In addition 1t 1s reported that the urinary excretion ratio of
urnc acid and creatinine may be substantially altered by dietary in
take thereby clarifying some of the conflicting results observed in the
adrenal cortical response test using ACTH

Of further interest are the results suggesung that adrenal cortical
stumulation may alter the metabolic pathway of fats and fatty acids
1 both normal and diabetic patients to the end that sustamned ke
tonemia may be circumsented The data also suggest that fats may be
a substannial source of energy under adrenal cortical sumulation

Reports are also presented which suggest that adrenal cortical
stumulation may alter vitamin A metabolism and ascorbic acid metab
olism thus extending the role of the adrenal cortex to vitamn metab
olism 1n general This 15 under further investigation

Another large area of importance at the fundamental level 15 the
effect of adrenal cortical stimulation m liver disease and on the
hemopoietic system 1n general Thus the course of acute hepatitis



Summary

A review of the results presented m tlus volume reseal that
substantral progress has been made during the past year over 2 wide
area of physiology and metabolism m both health and disease

Early 1n this volume results are presented suggesting that ACTH
has a specific sumulating effect on the adrenal cortex only and that
the so<called small molecule high potency ACTH has the same gen
eral physiologic adrenal cortex sumulating effects as has the so-called

large molecule ACTH which 1s secreted by the pituitary gland

The data presented also reveal considerable progress 1n methods
for studying adrenal cortical sterond secretory products and urnary
sterod excretory products Thus 1t appears that the major biologm
cally acttve corticords secreted by the adrenal cortex are Compound

F or hydrovycortisone and corticosterone Data also are presented
suggesung that there may be different metabolic pathways of adrenal
corticords and that patients with different diseases may excrete cer
tamn steroid degradation products that are not excreted by most nor
mal individuals The latter data suggest exther the secretion of ab
normal corticords by the adrenal cortex or an abnormal metabolism
of cortzcoids by the patient 1n question

Results are presented suggesting that 1n the expenimental animal
there 15 a hormonal mterrelationship between ACTH and the growth
hormone and that the latter may be an important component in cer
tain experimental animal diseases

An area of substantial progress during the past year was the study
of the effects of adrenal cortical sumulation on the mtracellular and
extracellular fluid compartments and their electrolyte contents as
well as the nmgration of electrolytes between the two compartments
and the excretion of electrolytes under different physiologic condt
tons
Results are presented which suggest that the electrolyte effect
of adrenal cortical stimulation 1n pregnancy appears to be substan
trally the same as 1 the normal person whereas i the newborn
electrolyte excretton does mot appear to be maternally altered by
adrenal cortical sumulation Other data are reported which further
clanfy hdney glomerular and tubular function with particular refer
ence to flud and electrolytes and which suggest zha;) lhetet 1sn:\:a:
may be called an adrenal renal xsr;;crrelanonshxp Observations ari
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plement and extend beyond those reported 1n this volume This 15
particularly true of the physiologic phenomena associated with dis
ease However the major cmphasis in the second volume relates to
the therapeutic utihty of ACTH 1 dealing with different abnormal
metabohic and physiologic states and n treating specific disease en
tties

Extending beyond the physiologic results presented n this vol
ume and even n the second volume 1t may be added that many if
not most of the symptoms and signs of 1llness 1n general may be 1n
huibited or ablated 1f the adrenal gland 1s sumulated to this end by
excessive doses of ACTH This must be Lept in mind 1n treating
patients since the occurrence of intercurrent disease may be com
pletely masked 1f the patient 15 overdosed

Insummary the past year has resulted 1n the widespread explora
tion of the role of the adrenal gland 1n physiology and metabolism
and 1n health and disease It 1s fair to say that the scope of adrenal
cortical function has extended far beyond that visualized only re
cently but evenso the problem s far from defined

Phenomenal progress has been made but there 1s still a tremen
dous amount of work ahead first to define more clearly the role of
the adrenal gland 1n health and disease 1n general then to rationalize
what may be called a medical revolution and finally to resolve what
may be the basic difference in mechanisms between health and 1llness
1 general and what may be the specific mechanisms operating 1n dif
ferent specific disease states

When these ends are achieved 1 rational approach to this new era
ot medicine should be possible and specific means for treating these
many apparently unrelated diseases should evolve
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may be materially altered by ACTH and there are suggestions that
adrenal cortical sumulation may allow the differentiation of some
types of chronic hiver disease Evidence 1s also presented which sug
gests that won 1nd porphyrin metabolism may be definuely altered by
adrenal cortical sumulation and that pernicious anemia some of the
experimental anemis of ammals and some of the refractory anemias
1n man may be altered by drenal cortical sumulauon In the hght of
the results in ths field to date 1¢1s fair to say that the adrenal corti
coids probably play a vital role 1n hver function and 1n adequate
function of the lremoporetic system as 1 whole Further studies are in
dicated and are n progress mn thus field

Studying these reports 1t 1s evident that the adrenal cortex plays
a wide and important role 1n many aspects of metabohsm and much
more work 1s indicated to define more clearly the function of the
adrenal cortex 1n nutrition and metabolism 1n general and m all of
their aspects

In addition to the broad and profound role of the 1drenal gland
1 metabolism ACTH and the adrenal corticords have many more
purely physiological effects some of which are presented n this 1ol
ume and many more are reported i Volume 11 Therapeutics
although ll of the effects observed are not specifically emphasized

In this volume 1t 15 reported that under the mfluence of adrenal
cortical simulation or adrenal corticoids the acute inflammatory re
action 1n the eye may be inhibited not only to the msullation or 1n
jection of known antigens and bacteria but also to simple 1rritating
chemucals such as glycerin

Other results are presented suggesting that the tissue response to
other types of injury may be altered by the administratton of ACTH
or adrenal corticords and that the chimical symptoms and signs of
expenimental Chagas disease 1n amimals may be ablated by adrenal
cortical stimulation although the causative orgamism rematns n the
tissues On the other hand other studies reported suggest that the
course of experimental bacterial infections 1n anumals 1s not altered
by adrenal cortical stimulauon Much more work will be requlrcd to
clarify the role of the adrenal gland 1n infections m general mn both
anunals and human beings

Data are also presented concerning the cffect of ACTH on the de
\elopment of antibodies The majorty of the results reported reveal
that under the conditions of the expertment and i the doses used
ACTH had no substantral effect on the development of antibodies
Finally results are presented relating to dufferent hypersensitivity
mena some of which are altered whereas others are not
by adrenal cortical stimulation with ACTH
results in Volume II' Therapentics  1n many instances sup-

pheno!
changed
‘The
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plement and extend beyond those reported 1n this volume Ths 15
particularly true of the physiologic phenomena associated with dis
ease However the major emphasis in the second volume relates to
the therapeutic utility of ACTH m dealing with different abnormal
metabolic and physiologic states and n treating speaific disease en
tittes

Extending beyond the physiologic results presented n this vol
ume and even 1n the second volume 1t may be added that many 1if
not most of the symptoms and signs of 1llness 1n general may be 1n
hibted or ablated if the adrenal gland 1s sumulated to this end by
excessive doses of ACTH This must be kept in mind in treating
patients since the occurrence of intercurrent disease may be com
pletely masked 1f the patient 1s overdosed

Insummary the past year has resulted 1n the widesprexd explora
tron of the role of the adrenal gland n physiology and metabolism
and 1n health and disease It s fair to say that the scope of adrenal
cortical function has extended far beyond that visualized only re
cently but evenso the problem 1s far from defined

Phenomenal progress has been made but there 15 still a tremen
dous amount of work ahead first to define more clearly the role of
the adrenal gland 1n health and disease in general then to rationalize
what may be called a medical revolution and finally to resolve what
may be the basic difference in mechanisms between health and 1llness
m general and what may be the specific mechanisms operating in dif
ferent specific disease states

When these ends are achieved = rattonal approach to this new era
of medicine should be posstble and spectfic means for treating these
Mmany apparently unrelated diseases should evolve
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may be materally altered by ACTH and there are suggestions that
adrenal cortical stmulation may allow the differentiation of some
types of chromic liver disewse Evidence 1s also presented which sug
gests that 1ron and porphyrin metabolism may be definitely altered by
adrenal cortical sumulation and that pernicious mnemia some of the
experimental anemins of animals and some of the refractory anemias
1 man may be altered by adrenal cortical stimultion In the ight of
the results m thus field to date 1t1s fair to say that the adrenal cortt
coids probably play a vital role mn liver functton and mn adequate
tunction of the hemopoietic system as a whole Further studies are n
dicated and are m progress 1 this field

Studying, these reports 1t 1s evident that the adrenal cortex plays
a wide and 1mportant role 1n many aspects of metabolism and much
more work 15 mdicated to define more clearly the function of the
adrenal cortex 1 nutrition and metabolism 1n general and 1n all of
their aspects

In addition to the broad and profound role of the 1drenal gland
i metabohsm ACTH and the adrenal corticords have many more
purely physiological effects some of which are presented 1n this vol
ume and many more are reported in Volume II  Therpeutics
although all of the effects observed are not specifically emphastzed

In this volume 1t 1s reported that under the influence of 1drenal
cortical simulation or adrenal corticoids the acute inflammatory re
action 1n the eye may be inhibited not only to the mstllztion or 1n
jection of known antigens and bacterra but also to simple 1rrtiting
chemicals such as glycermn

Other results are presented suggesting that the tissue response to
other types of m)jury may be altered by the administration of ACTH
or adrenal corticords and that the clinical symptoms and signs of
experimental Chagas disease m anmimals may be ablated by adrenal
cortical stimulation although the causative organism remains in the
tissues On the other hand other studies reported suggest that the
course of experimental bacteral mfections in ammals 1s not altered
by adrenal cortical stimulation Much more work will be required to
clanfy the role of the adrenal gland 1n infections 1n general both
animals and human beings

Data are also presented concermng the effect of ACTH on the de
selopment of antibodies The majonty of the results reported reveal
that under the conditions of the experrment and 1n the doses used
AGTH had no substantial effect on the development of antibodies
Finally results are presented relating to different hypersensitivity
phenomena some of which are altered wheres others are not
changed by adrenal cortical sumulation with ACTH

The resulits m Volume I1  Therapeutics 1n many instances sup
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plement and extend heyond thoe reported i this volume This 15
prticnlarly true of the pliyualogic phenament asociated with dis-
caw However the majar emphius n the weond solume relates tn
the therapeutie ntidity of ACTH 15 dealin,, with different abaormat
metabotie and physiologse states and i treating, sperific duease en
titses

Fxtendin, beyond the phyualogie resln presented or thrs vol
ume and even n the second valume 1 may be added that many sf
nnr moe of the symptoms and si,08 of ness 1n general mav be g
hilnted or alifared sf the adrenal (fand 1 sumulated 0 dus end by
excewnse doses of ACTH This must be kept sn mind 1 treaung
pients unce the occurrence of interrurrent diease may he com
pletely musked of the patsent o merdoged

fnsummary the past year has revulted in the widewpread explara
tios of the tole of the adrenat gland i phvatnlozy and menabolim
amid i heatth and dueaswe fr i fair to vy that the scape of ardrenal
corral funcuon has extended far bevond that vsualized only re
tently Lt even v the problem s far from defined

Phennmenal progress his been made bue there 55 sull a tremen
dous amount of work ahead first o define more clearly the wle of
the adrenal gland 1 bealth and disease in general then to nuonalize
whit myy be ealied 2 medical revolure o and finatly 1o rewhve whae
my be the basie difference in mechanums between health and iiness
ngencal and what may be the specihe mechanums operatmg wn dif
ferent apenfic duease natey

When these ends are aclueverd 1 raunmf appronch o this new era
of medicine shoald he poswble and speaific means for treaung these
many apirently unrelared discrses should evolve



