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Introduction

‘This volume constitutes the Proceedings of the First ACTH
Conference held in Chicato on October 21 and 22 1949 under the
auspices of Armour nd Comprny

The following, information 15 an outline of the cvents which led to
calhing the Conference which has resulted 1n this volume bemng pub
hshed

In the [l of 1946 The \rmour Laboratories made v ulable 1
preparation of ACTH (Adrenocorucotrophin) to ascertain the prop
erties of this hormone in the human being Dr George W Thorn and
his colleagues were the first to study this preparation nd found thatat
produced certun physiologic and metabolic effects Shortly thercafter
Dr Fuller Albright 1nd his colleagues uscd the preparaton and con
firmed Dr Thorn s observations

During the succeedin,, two vears the effect of simulating the adre
nal cortex with ACTH (Armour) was studied 1n normal humnn betngs
and individuals with obrious endocrine defects by 1 number of inves
tigators among whom may be mentioned J S L Browne and hisasso
clates Sayers and Burns Lawson Wilhinsand Roger A Lewis Jerome
W Conn Randall G Spraguc and Harold L. Mason Allan Kenyon
and Richard Landau Nathin B Talbot J W Jailer and his col
leagues Robert I' Loeb and his associates and Hoagland and Pincus

Practically all of these studies were metabolic balance studies de
signed to obtain a maximum amount of wnformation concerning
adrenal cortical function from the very lumited supply of ACTH which
was available As a consequence a substantial body of information
has been accumulated concermng, the physiologic wind metabolic
effect of sumulating adrenal glands 1n normal human berngs and ind1
viduals with obvious endocrine defects

During this first two year period two disease syndromes 1n which
there may be a metabolic defect were studied namely myasthenia
grawvis and jout the first by Soffer and the second by Conn Hellman
and Wolfson These investigators found that the chimical status of the
patient was materially altered as a result ot adrenal cortical stimula
tion by ACTH (Armour)

During the latter portion of this first two year period a number of
groups were exploring the metabohic function of the adrenal cortex in
what were called at the ume  muscellaneous diseases  but there was
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v INTRODUCTION

no thought at the time that stmulation of the adrenal cortex by
ACTH (Armour) would alter the clinical course of any of the syn
dromes under investigation However defimite improvement was ob
served by several imvestigators wn several diseases under the condi
tions of the acute experiments being done

In December 1948 Dr Edith B Farnsworth requested ACTH
to study the effect of adrenal cortical sumulation 1n nephrosis 1n
which she hypothesized a merabolic defect 1n adrenal cortical func
tion, and found 1n fact that the clinical status of the nephrotic pa
tient was substantially altered as a result of the hormone administra
uon

In the latter part of January 1949, Dr Philip Hench requested
ACTH to studv adrenal cortical function in rheumatoid arthnitis in
line with his hypothesis that there may be an adrenal cortical defect
underlying this disease The results observed are, of course, now
widely known

The obvious extension of Dr Hench s observations was to study
the effect of adrenal cortical stimulation in the so called “collagen
diseases * which was done by several groups among whom may be
mentioned Hench, Thorn Massell Howard Stokes Ragan and
Bauer

However 1t was obvious that something fundamental 1n human
physiology had been encountered 1n view of the fact that the chmcal
status of patients was substantially altercd when the adrenal cortex
was stimulated 1n such widely divergent syndromes as myasthema
gravis gout nephrosis and rheumatoid arthritis

In consequence the decision was taken to keep the studies on a
broad base to ascertain the range of diseases that may be altered by
adrenal cortical sumulation In fact every attempt has been made to
meet the requirements 1nsofar as supplies permit of any group who
has desired to study the effect of adrenal cortical stimulation n any
diseasc which has not been previously studied, provided the group
concerned has had the personnel and facilities available to undertake
metabolic balance studies or other objective control of a comparable
character This was necessary in order that a2 maximum amount of 1n
formation can be accumulated concerming adrenal cortical function in
different disease states This screeming of disease syndromes 1s 1n fact
stll 1n progress

By the Iall of 1949 a large number of groups had observed mn a
preliminary fashion the results of adrenal cortical sumulation 1n 1
wide vaniety of diseases However no one group hnew either the num
ber of groups working or the vanety of discase syndromes under in
vestigation There were i consequence a number of rumors abroad
nsalving both information and mms information concerning the effect



INTRODULCTION viu

of adrenal cortical stimulation 1n various disease syndromes In view
of this situation several investigators suggested that it might be con
structive to hold a Conference between all of the invesugaung groups
1 order that information and data could be exchanged between all of
the groups worhing on the problem to the end that everyone working
m thus field of medical research could have 1 clearer picture of the
overall problem confronting them

‘The Armour Laboratories agreed to call a Conference in Chicago
on October 21 and 22 1949 on behalf of all of the invesugators to
permt this exchange of information

It was obvious to evervone concerned that all the data presented
could be only prelminary and tentauve since nsufficient ame had
elipsed and nadequate supplics of the hormone had been available
to any one group to 1llow 1ny final or valid conclusions to be reached

There were 52 papers presented 1n this two d1y period and the
rules of the Conference were that exch speaker was limited to 10
minutes and e1ch discussor to 3 minutes Discussion was encouraged
1 order to allow a maximum exchange of informauon but points
made by discussors were to be covered by the presentation of factual
datr Infact the major objective of the Conference was to attempt to
arrive at the best possible overall factual picture of adrenal corticat
function 1n normal human beings and patients 1ll with various disease
syndromes

The Conference attendance was hmited to actual investigators and
their associates and was maintained at the most informal level pos
sible 1n order that the greatest exchange of information could be
achieved

The rules of the Conference also stated that a complete transcript
of the Conference would be made and that the manuscripts and discus
stan would be printed and bound for the members of the Conference

After the Conference 41l manuscripts and discussion transcripts
were returned to the contributors for revision 1n the hght of what was
learned at the Conference The onginal plan was to have the manu
scripts and transeripts in the hands of the contributors in three days
and to have the final manuscripts and discussion transcripts ready for
printing within three wechs after the Conference

However the discussion was so extensive that threc weehs were
required to complete its transcniption Furthermore as often happens
at such an mformal conference many contnibutors undertook revision
of thesr manuseripts and discussion transcripts to the end that a con
siderable delay occurred

Since the major value of this volume 15 early availability of the
nformation contained herein the deciston has been taken to publish
the manuscripts and discussion as they were returned to the editor
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without further editing or correction by the author the editor or the
pubhisher

In view of the fact that this volume 1s nothing more than the pro
ceedings of an 1nformal conference we belicve that early availabihty
of the information far outweighs the delay that would occur if the
manuscripts were further edited and corrected by the editor, the au
thor and the publisher We believe that any errors that may be found
m this volume are munor since each contributor has had an oppor
tumity to correct his manuscript and the transcript of his discussion
before printing

It must be reahzed that this Conference 15 nothing more than a
status report of the projects in progress at the time, and 1n no case are
any of the results presented to be considered finally valid or con
clusive In consequence no contributor to this volume may be quoted
without the prior permussion of the contributor

It 15 clear from the data contamned heremn that adrenal cortical
function 1s 1nvolved 1 a large number of disease syndromes and 1t
may be said that the number of disease syndromes concerned has
fact already extended well beyond those Iisted 1n this document

Furthermore, 1t 15 obvious that a tremendous amount of work wall
be required not only to arrive at valid conclusions concerning the effect
of adrenal cortical stimulation 1n various disease syndromes, but, more
mmportant to eluaidate the physiologic and metabolic abnormalites
which may be concerned 1n these various disease states

In summary this document represents the Proceedings of the
First ACTH Conference which was held to clanfy insofar as possible,
the thinking with respect to the role of the adrenal gland 1n health
and disease and to allow a re orrentation of thinking with respect to
this subject No information 1n this volume may be constdered to be
conclusive unul 1t has appeared 1n the various technical publications
1n final form

All of the ACTH used 1n the studies 1n this volume 1s that pro
duced by the Armour Laboratories except where otherwise specified

Joun R Mot
Chicago
Tebruary 1950
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Eosinophil Observations in
Adrenocorticotrophic Hormone (ACTH)
Therapy

Theron G Randolph and John P Rollns
NORTHWESTERN UNIVERSITY MEDICAL SCHOOL CHICAGO

Serin! observations of the circul wung cosmophils have been
made prior to and following rdrenocorticotrophic hormone (ACTH
Armour) 1n 24 cases of rheumatord irthrius bronchial asthmn al
lergic rhimus and other allergic discases

The techmque employed 1n enumernting cosinophils was described
by oncof us (T G R ) m 1943 and 1944 ' ? It consists of a diluting flwd
contaiming methylene blue and phlovine dissolved 1n equal parts
propy lene glyco! and water which permuts the enumeration of cosino
phuls in the same counting chamber speaimen employed m counting
the total leucocytes In this medium the granules of the eosinophil
stain bnlhant red and the imiun, membranes of all white blood cells
remarn 1ntact n contrast to ruptured or ghost cosinophil forms of
the Dunger * techmque or the modificitions thereof * In our expen
ence ®or that of Henneman Wexler and Westenhaver ? the glycol
stain technique 1s the most accurate method of estim iting the number
of eosinophuls per cu mm  of blood

It should be pointed out that the countin, chamber method em
ployed permuts the chamber differentuation of mononucleated ele
ments from poly morphonuclear leucocytes In addinon 1t 1s 1lso pos
stble to differentiate young myelord cells h1ving indented nucler as
observed 1n acute allergic reactions following the experimental in
gestion of allergenic foods or drugs  *

The major steps 1n the ylycol stain techmque are shownin Fig 1

Fig 2:llustrates the variations 1o circulating eostmophils and other
cellular elements occurring in a patent with allergic rlumts head
aches gastro intestinal symptoms and the fatigue syndrome of allergic
origin 1 One should note the mitial leucopenia occurring at one hour
followed by the devclopment of a marked leucocytosis lymphopenia
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and progressive costnoponn The imunl wransient leucopema oc
curning after the admimstranon of ACTH, although observed by
Duugherty and Whate, 15 apt to be msscd of blood counts are not
tihen more frequently than once m 4 hours following the mjcetan
It may be seen that the cosmophils disappeared from the peripheral
blood 3 houss after the intramuscular igecnion of 25 0 mgm ACTH

THE COUNTING CHAMBER DIFFERENTIAYION OF
EOSIROPHILS WITH GLYCOL STAIR DILUTSNG FLUID

STOCK SOLUTIOHS

8 1 PER CENT WETHYLENE BLUE 0 1 PER CENT PHLOXIKE
K PROPYLERE GLYCOL 1N PROPYLENE GLYCOL

WORKING SCLUTIONS

DILUYE ABOVE STOCK SOLUTION DILUTE ABOVE STOCK SOLUTION
NITH AN EQUAL AMOUNY OF WITH AN EQUAL ANDUNT OF
DISTILLED WATER DISTILLED VATER

FIRAL STAIN

HIX AN EQUAL N'MBER OF DROPS OF
THE THO ¥ORKIKG SOLUTIONS PRIOR 70 UoE AS
WHITE BLOOD CELL DILUTING FLUID

Fio 1

The cosinophils reappcared at 6 bours and again disapprared 2 hours
after a sccond 1njection of the same amount It 1s of further interest
that the imncrement inicrease of the total leucocyte count consisted en
urely of myeclowd clements including many younger forms These
bload vaniations following the adnmstration of ACTH to hummn
subjects were first desenbed by Hills Forsham and Dinch 2 and by
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Hellmain ® We have been impressed by the fact that identical sernad
blood changes htve been obscnied to follow the expenimental
gestion of allergenic drugs in specifically seomtized patients®

The disappearance of the costnophuls from the arculrung blood
within the first 24 hours of ACTH therapy s arhiteanly constdered as
an immedinte cosnophil response  this occurred an 12 short courses of
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adrenocomcmrophxc hormone therapy 1n 9 patients as summanized
mmFig 3

An immediate eosinophul response also occurred 1n 9 individuals
Tecenng long term ACTH treatrent s shown i Fig 4 Three of
these patients having an initial eosinophul level of less than 100 cells
Per cu mm developed edema during the first week of therapy al
though two of them receved only a total daily dose of 60 0 mgm and
the thard 100 0 mgm of ACTH In each nstance the clinical evidence
of edema disappeared with a reduction 1n dosage
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When a period longer than 24 hours was required for the disap
pearance of eosinophils from the crculating blood an arbitrary classt
heation of a delaved eostnophil response was made This occurred n >

EOSINOPHILS
PER CU MM
PRE 24 HOURS INITIAL DAY THERAPY TOTAL
TREAT AFIER  DOSE  DOSE ACTH
PATENT  AGE  $EX MENT ACTH [N MGM IN MGM  DAYS N MGM
cr 43 M 1087 4 25 100 2 225
X1 3 M 484 o 50 150 2 350
EO | 50 F 418 0 25 100 2 225
AS 1 76 M 385 ° 25 100 E) 325
EO 1 50 [ 74 0 25 100 2 225
RN 32 F 220 0 25 50 ke 50
As 0 76 M 209 0 25 100 2 225
HD 50 F 209 ° 25 100 2 225
Ms a8 F 55 o 25 100 3 325
IR 32 F 4 ° 33 33 1 13
L 48 M 334 0 16 50 2 125
Ma 38 F 22 o 25 100 1 125

& OVER TREATED AS EVIDENCED BY THE DEVELOPMENT OF EDEMA

Fic 3 The immediate eosmophil response 1n short term ACTH treatment

EOSINOPHILS
PER CU MM
24 AVERAGE
PRE HOURS  INITIAL DALY DALY THERAPY TOTAL
TREAT AFTER DOSE  DOSE  DOSE ACTH

PATIENT AGE  SEX MENT ACTH IN MGM INMGM IN MGM  DAYS  IN MGM
s 56 M 626 ] 10 40 41 15 4766
MN 89 F 308 [J 25 100 s0 43 2580
AU as F 297 ] 25 100 64 3z 2050
MH 64 F 253 o 15 50 40 23 920
HA 32 F 143 o 25 toa 41 46 1870
BL a2 M 99 & o 25 100 57 36 2060
RL 42 M 77 & [} s 40 26 69 1800
CF 53 F 44 ¢ 25 100 56 39 2170
MG 45 F 338 [ 15 60 a8 33 1250

& OVER TREATED AS EVIDENCED BY THE DEVELOPMENT OF EDEMA

Fic 4 The immediate eosiophil response mn long term ACTH treatment

individuals recel ing a short course of ACTH therapy  as illustrated

mFig 5

A smilar delayed eosirophil response also occurred n 2 patients
receving long term therapy as summarized in Fig 6 A patient with
rheumatod arthritis exbibiting a typical cellular response of this ty pe

1s shown in Fig 7
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EOSINOPHILS PER CU MM
48
PRE 24 HOURS HOURS  INITIAL DAMY  THERAPY TOTAL
OSE

TREAT AFTER AFTER DOSE O ACTH
PATEENT AGE SEX  MENT ACTH ACTH 1N MGM IN MGM  DAYS IN MGM

CP O 43 M 13540 55 [} 25 100 2 225
BH as F 1064 286 55 25 100 2 225
RF é M 834 308 88 16 50 3 225
RX k4 M 352 187 22 8 25 3 140
DS 42 F 275 22 4] 25 100 2 225

Fic 5 The delned counophil response m <hort term ACTH treatment

EOSINOPHILS PER CU MM
AVER
4 4 DALY
PRE  HOURS HOURS INITIAL DOSE muur IHERAPV ror
PA TREAT  AFTER AFTER DOSE N DOSE
TIENT AGE SEX MENT  ACTH ACTH JN MOM MGM INMGM DAYS mMGM
E8 30 F 495 319 55 15 60 55 58 3165
RC 50 M 398 209 352 25 100 175 20 3500
& UNDER TREATED AS EVIDENCED BY FAILURE TO RELIEVE SYMPTOMS HE LATER RESPONDED 10
HIGHER DOSAGE

Fia ¢ The delaved costnophil response 1a lon, term ACTH treatment
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SUMMARY AND CONCLUSIONS

1 Anntramuscular dose of ACTH sufficient to affect the level of
cireulating eosinophuls results 1 the greatest degree of eosinopenta
between 3 and 5 hours after the mjection
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2 Eosmophils may disapperr from the circulating blood 1 pa
tients treated with ACTH 1rrespective of the level of the precusting
eosinophil count

3 Patients with low eostnophul counts that 1s less than 100 cells
per cu mm of blood are prone to develop over dosage phenomena
In our experience such patients should not be given a larger mitial
dose than 25 0 mgm and preferably not more than 75 0 mgm during
the first 24 hours of therapy

4 The sustained absence of eostnophuls 1n the peripheral blood
during the first 24 hours of ACTH admimstrition either accompamies
adequate dosage as judged chnically or 1t may be one of the first
warnings of over dosage as the Iatter occurs prior to the development
of edema or other chinical evidence associated with over dosa,e It
recogmzed however that under certain circumstances fluid retention
ta the pant of edemt may not reflect osver dosage

5 The failure of eosinophils to dimimish markedly or to disappear
from the peripheral circulation during the first 24 hours of ACTH
therapy 1s commonly assoctated with a chinically madequate thera
peutic response This finding may be regarded as suggestive evidence
of under dosage or of some tnadequacy of the function of the pituitary
adrenal system

6 In the presence of unmmpaired adrenal function an injection of
ACTH 1s not only followed by an eostnopema but 1s also accompanted
by an mtial transtent leucopema a subsequent leucocytosis assoct
ated with a shift to the left of the constituent myeloid elements and a
lymphopenia

7 Although variations in the eosinophil level may occur in con
tinued ACTH therapy frequent blood eosinophil observations are
helpful m apprasing the adequacy of dosage m sustamned treatment
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DISCUSSION

DR GLORGEW THORN Dr Randolph s paper raises scveral interesting
pomnts I would hesitate to have this group gamn the impression that
one would adjust the dosage of ACTH on the basis of the imual blood
cosinophil count In certain patients such as those with dissermmated
lupus there may be no cosinophils at all and yet one must start often

times with a dose of 100 mgs of ACTH per day I think Dr Ran

dolph s pont about using the eosinophil count as a measure of the
adequacy of therapy 1s very useful 1n most patients We all recognize
that there are Limitations to this indicator system but, 1 general 1t 15
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2 Tosinophils may disappear from the crculrting blood 1 pa
tients treated with ACTH irrespective of the level of the preevistin,
eostnophil count

3 Patients with low eosinaplu! counts that is less than 100 cells
per cu mm of blood are prone to develop over dosage phenomena
In our expertence such pauents should not be given a larger mtial
dose than 25 0 mgm and preferably not more than 75 0 mgm dunng
the first 24 hours of therapy

4 The sustuned absence of eostnophils n the peripheral blood
during the first 24 hours of ACTH admunstration erther accomp imes
adequate dosage as judged chimcally or 1t may be one of the first
warnings of over dosage as the latter occurs prior to the deselopment
of edema or other chinical evidence associated with over dosage Itis
recognized however that under certain circumstances flurd retennion
to the point of edema may not reflect over dosage

5 The fatlure of eosinophuls to dirminish markedly or to disappear
from the peripheral circulation during the first 24 hours of ACTH
therapy 1s commonly associated with a chnically inadequate thera
peutic response This finding may be regarded as suggestive evidence
of under dosage or of some 1nadequacy of the function of the pituitary
adrenal system

6 In the presence of ummpaired adrenal functuon an myection of
ACTH 15 not only followed by an eosinopenta but 1s also accompamed
by an imtial transient leucopenia a subsequent leucocytosts assoct
ated with a shuft to the left of the constituent myeloid elements and 2
lymphopema

7 Although variations in the eosinophil level may occur in con
unued ACTH therapy frequent blood eosmophil observations are
helpful 1n appraising the adequacy of dosage 1n sustained treatment
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worsenmg of the diserse 15 mnifosted by ssmptomatolosy signs and
an elevauon of the SR

W have been 1t Joss to explun this ¢seape phenomenon We
hne considered this phenomenon to have been allergic m ongin
However, the unc aeid creitinine rno determimauons in 3 patients
who hve <hown this phenomenon have not been adequately de
crersed Two showed 1 decrense of 169 1nd 179, respectively while
the third showed 1n 1increase of 18¢% 1n the ratio Ths fict 1s against
an explanauon by allergic mechnimsme
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Fic 9 G S % 56 Rheumatod arthntis severe 13 vears

A second explananon of the failure of cosinophile response 15 the
theory that the adrenals have become exther iatigued blocked or re
fractory to stimulauon to ACTH n 1 dosage which was formerly
effective

Have other workers noted this phenomenon? May the explanation
be that the adrenals after a peniod of adequate response become in
capible of response unless the stmulus 1s increased?

DR PETER # ForsHau We have had a number of similar experiences
which one might call escape from ACTH There are two possibilities
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very helpful climcally as a mensure of the ndequacy of therapy or the
capacity of the adrenal cortex to respond

Dr WALTER BAUER We agree with Dr Thorn

DR CHESTFR H apAMms (Hospital for Special Surgery New York City)
Dr Randolph has shown that there 15 a marked lowering of the num
ber of circulating eosinophules following the myection of ACTH mto
indwviduals with normally functioning adrenals This fact has been
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Fic 8 F 8 f Rheumatoid arthritis severe 5 months

used as a test of adrenal function and to measure sumulation of ad
renals by 1mjected ACTH

In patients with rheumatoid arthritis we have noted the eosin
ophile response described and we have used this as a test of adequate
ACTH dosage and adequate adrenal response In general the chmeal
course of the disease as manifested by symptoms objective findings
and sedimentation rate has closelv followed the eostnophtle response

We have however noted in several cases two of which are 1l
[ustrated by the followtng charts that there 1s a period roughly 20 to
30 days following the 1mtiation of ACTH administration when the
eosinophile response decreases and later even fails even though the
amount of ACTH admimnistered 1s unchanged At this ttme there 15 a
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shake only 30 times, smoothly and never let eosinophuls or the cells
stand in the diluting fluid for any length of ume one will have results
which are entirely tnalogous to those obtained by Dr Randolph's
method and 1ts shight modification by Henneman, et al

What wre the adv intages wnd disadvantages® One 1dy 1ntage of the
acetone cosin method 1s that it 1s rapid One draws the blood inito the
pipette and dilutes tmmediately  shahes 30 umes plates and then
counts In methods using the phloxine propylenc diluent, however
one has the great advntage of bemng, 1ble to lene the blood n the
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F16 11 Carculating cosinophil counts performed at 3 tume intervals after
dilution showsng lack of significant change 1n counts with passage of time
and aging of oxalated blood (Fig 2 Henneman Philip H Wexler Hilda
and Westenhaver Mary M A comparison of cosin acetone and phloxine
propylene glycol diluents 1n eosinophil counts Jour Lab & Clin Med 34
1019 July 1949)

Pipette for any number of hours which means that 1t mahes 1t much
caster for climcal work but when 1t comes to the counting one has to
shake a hittle bat fonger and then wait at feast 15 minutes for the dye
to be taken up

The important thing 1s that by both methods we havc becn able to
8¢t complete chechs We feel that anyone who 1s having a very active
Program might use our method Anyonc who does 1t occasionally and
who Iikes to be able to wat after the blood has been drawn 1nto the
pipette should use Dr Randolph s method or the shght modification
by thneman, et al



10 CLINICAL ACTH CONFEREMNCE

for this refractoriness first, that the adrenal 1s fatigued, as 1t were
which 1s relatively unlihely, second, a certain amount of resistance to
ACTH whether 1t be anti hormone or some other mechanism

Dr Randolph has an excellent staining method which gives vens
reproducible results and allows one to count eosinophils and all the
other cells, too

We adopted the method of an old German by the name of Dunger
using eosin nd aqueous acetone Our method 1 the hands of othess
was not always successful and the reason now has been brought out
by the work of Henneman et al (Henneman Capt PhiipH MC]
Hilda Wexler AB, ind Mary M Westenhaver A comparison of
cosin acetone and phloxme propylene glycol diluents m eosinopht!
counts Jour Lab and Clm Med %4 No 7 1017-1020 July, 1949)
shown in I'gs 10 and 11 When the eosinophils are shaken mn our
method for 2 minutes a rapid decrease 1n the numbes of eosnophils
occurs In other words 1 this acetone mixture when 5% acetone 18
used the eosinophils will disintegrate rapidly if shahen bard In
](aropylcr))e glycol phloxine diluent eosmophils are quite stable
Fig, 11

If one follows our method closely which says that one should
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¥16 10 Circulating eosinophil counts performed at 3 time mtervals show
ing change m counts with passage of time and aging of oxalated bload
(Fig 1, Henpeman Philip H Wexler Hilda and Westenhaver Mary M
A comparison of eosin acetone and phloxine propylene glycol diluents m
eosinophil counts Jour Lab & Clin Med 341019 July 1949)
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thihe only 30 umes smoothly, 1nd never let cosnophuls or the cells
stand in the diluting flwrd for tny length of tme one will have results
which re entirely wn1logous to thove obtuned by Dr Randolph s
method 1nd 1ts shight modification by Henneman, et 1l

What are the 1ds antages 1nd disadyantages® One ads antage of the
ncetone cosin method 1s thatit s raprd One draws the blood nto the
pipette and dilutes 1mmediatels, shabes 30 tmes plates and then
counts In methods using the phlonine propylene diluent however
one has the great advantage of being able to lewve the blood n the
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Te 11 Circulating cosinophil counts performed at 3 time 1ntervals after
dilution showing lack of sigmificant change 1n counts with passage of time
and aging of oxalated blood (Fig 2 Henneman Philip H Wexler Hilda
and Westephaver Mary M A comparison of cosin acetone and phloxine

Propylene gl col diluents in cosmophil counts Jour Lab & Cln Med 34
1019 Juby 1949 )

Pipette for any number of hours which mens that it makes 1t much
casier for chnrcal work  but when 1t comes 10 the counting, one has to
shake a Ligtle bt lon,er and then wait at least 15 mmutes for the dye
to be taken up

The important thing 15 that by both methods we have been able to
8et complete checks We feel that anyone who 1s having 1 very ctive
Pf}l:gram mught usc our method Anyone who does 1t occastonally, and
Who likes to be able to wat after the blood has been drawn into the

Pipeite, should use Dr Randolph’s method or the shght modification
Y Henneman et a)
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DR WILLIAM Q WOLFsoN Dr Cohn and I have been using Dr Ran
dolph’s technique for some time and have found 1t extremely satis
factory If one mixes the phloxine B and methylene blue diluting flurds
and filters the mixture after about 48-72 hours a rather satisfactory
single differential stain 15 obtained Some precipitation contmues
thereafter and we prefer to filter the stamn every day or two Al
though 1t also grows somewhat weaker with tme, 1t 1s quite satis
factory for at least 2 weeks Also because of the high viscosity of the
propylene glycol base clexming diluting pipettes 1s rather more diffi
cult than 1n the case of conventional diluting flrds Hence we hase
preferred to by pass the diluting pipette and to use a macro diluting
techmque

The present procedure 1s as follows 3 8 ml of mixed Randolph
stain are pipetted 1nto a clean Wassermann tube and the pipette per
mitted to drain carefully 02 ml of oxalated blood are blown m and
the pipette carefully rinsed 3 or 4 umes with the stamn The tube 15
corhed with a clean #00 rubber stopper and permitted to stand for at
least 15 rmnutes without agitation A shorter period tends to give less
satisfactory staimng  but longer perods up to several hours result m
improved differentiation  After the tube has stood for the necessary
tume 1t 1s gently and repeatedly 1nverted for 3 minutes The counting
chamber s then immediately filled from - dropper and the cells per
mitted to settle for 10 minutes before counting

The Randolph technique permuts a rough chamber differential
count We have compared a sertes of chamber and side differenuals
n order to see whether the mononuclear count obtaimned from the
chamber differental correlated more closely with the lymphocyte
count alone or with the sum of lymphocytes and monocytes In a
sertes of such studies the chamber mononuclear fracuon was 22%
the smear lymphocyte fraction 229, and the smear lymphocyte plus
monocyte fraction 289, It would appear therefore that the mono
cytes tend to be counted with the granulocy tes

In most counts there 1s a reasonably good correspondence between
the chamber differentials and smear differentials Some difficulty
anises 1n studies 1 which large doses of ACTH are given and large
numbers of tmmature granulocytes are circulating 1n the peripheral
blood Another precaution which must be observed 1n using thts high
viscosity stam 1s to take cell samples for either total white count or for
differentials from both the center and penipheral portions of the count
ing chamber There are farrly marked differences 1n cell distribution
1n this preparation which become apparent when one uses 1t regularh
Finally there 1s some suspicion that the eostnophil counts obtained by
this technique after ACTH do not reflect exactly the same physiologt
cal factors as do the eosin acetone counts The latter from the studies
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of Vaughin apper to be more responsne to fluctuations 1 cell
fragiity than arc counts by the Randolph method 1 wonder 1f Dr
Randolph would care to comment on this [ast point

DR THERGN G Rranpotrst I¢ should be clearly understood that i the
eostn acetone technique as onginally described bv Dunger 1n 1910
and modified shghtly by Dr Thorn and his associates the hmmting
membrane of the cosinophil ruptures within 2 period of 3 munutes
lewing eosinophil granules adjacent to portions of the ruptured cell
membrane As the granules do not stain untl the membrane has
ruptured 1t 1s cssenuial that the counting chamber be charged within 4
pertod of 3 munutes 1n order to keep the cell fragments 1n close
proximty As the cosinophil is one of the most fragile of the blood ele
ments and these changes occur so rapidly I doubt if the eosin 2cetone
hy potomc diluting flmd can be used to appraise cell fragihty
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Administration of ACTH to Normal
Individuals and Patients with Intra or

Extra Sellar Pituitary Tumours

H W Mcintosh H T McAlpime B Singer and M M Hoffman
ROYAL VICTORIA HOSPITAL AND McGILL UNIVERSITY MONTREAL

The data to be presented were obtained in two sets of expert
ments The first was concerned with the adminmstration of large doses
of ACTH to normal individuals the metabolic study being conducted
on a 24 hour basis The second concerned the admimistration of a small

test dose of ACTH to patients with pituitary tumours

Five normal idividuals were studied on the hospital ward They
were followed for a number of days under standardised condittons
The daily output of urmary chloride sodiym potassum nitrogen
uric acid, glucose glucocorticords and 17 Letosteroids was determined
Following this contral period ACTH was given intramuscularly in
divided doses every 4 hours for 24 hours untl a total of 175 mgs
Armour Standard had been admimstered In the 4 normal individuals
studied at this dose level essentially simmlar results were obtained

Typmeal of the responses was that of L. F 2 26 year old male as
shown in Fig 1 It will be seen that there was an oliguria on the day
following ACTH administration This was comncident with a retention
of sodium amounting to 100 milliequivalents The chlorides behaved
m a swailac manner There was a cancomitant increase in urmary
specific gravity There was a diuresis of potasstum on the day ACTH
was given of some 50 mlliequivalents There was a retention of potas
sium the following day with a gradual return to normal during the
subsequent days

In Fig 2, 1t 1s seen that there was a shght but definite increase 1n
the urnary nitrogen on the day ACTH was giien There was a
marhed increase 1n urinary uric acid excretion on that day and on the
following day There was no change i the uninary creatinine Gly
cosurta occurred on the day of ACTH admimstration and became
even more marhed the subsequent day It should be noted that the

14
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tncrease 1n the uninary mitrogen was msufficient to account for the
glycosurin on the basis of gluconeogenesis and furthermore  that the
greatest excretion of glucose occurred at 1 ime when the mtrogen ex
cretion had returned to normal There was a marhed increase i the
uninary glucocorticaids 1nd 17 hetosteraids
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Fic 1 L F 26 year old normal male Effect of 175 mgms of ACTH
(Armour Standard) given intramuscularly q 4 h for 7 doses on unnary
volume specific gravity and electralytes (Iote in this and subsequent figures
thj d)ose of corticotrophin on the chart 1s not given in terms of Armour Stand
art

In Figs 3 and 4 are shown the results obtuned with the fifth sub
Jject H M A who recenved only 50 mgm ACTH (Armour Stand
ard) over a 2 hour period There was no consistent change 1 urnine
volume speaific gravity sodum chlonde or potasstum There 15
however an increase in glucocorticords and 17 ketosteraids, although
no glycosuria occurred



2
Admimistration of ACTH to Normal

Individuals and Patients with Intra or

Extra Sellar Pitustary Tumours

H W Mcintosh H T McAlpme B Singer and M M Hoffman
ROYAL VICTORIA HOSPITAL AND McGHL UNIVERSITY MONTREAL

The data to be presented were obtaned 1n two sets of expert
ments The first was concerned with the administration of large doses
of ACTH to normal indivaduals the metabolic study being conducted
on a 24 hour bass The second concerned the admimstration of a small

test  dose of ACTH to patients with pituntary tumours

Five normal individuals were studied on the hospital ward Thev
were followed for a number of days under standardised conditions
The daily output of urinary chloride sodium potasslum mnitrogen
uric acid glucose glucocorticords and 17 ketosteroids was determned
Following this control period, ACTH was gven intramuscularly m
divided doses every 4 hours for 24 hours unul a total of 175 mgs
Armour Standard had been administered In the 4 normal individuals
studied at this dose level, essentially simlar results were obtained

Typical of the responses was that of L. F, a 26 year old male as
shown 1 Fig 1 It will be seen that there was an ohiguria on the day
following ACTH adminsstration This was coincident with a retenttod
of sodium amounting to 100 mlliequivalents The chlondes behaved
n a sumilar manner There was a concomitant increase in urinary
specific grasity There was a diuresis of potassium on the day ACTH
was given of some 50 mlliequivalents There was a retention of potas
stum the following day with a gradual return to normal dunng the
subsequent days

In Fig 2 1t1sseen that there was a shight but definite increast m
the urnary mtrogen on the day ACTH was given There was a
marked 1ncrease in urinary uric acid excretion on that day and on the
following day There was no change in the urinary creatimne Gly
cosuria occurred on the day of ACTH administration and becarme
cven more marhed the subsequent day It should be noted that the

14
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ncrease 10 the urinary mitrogen was insufficient to account for the
glycosuria on the basis of gluconcogenests, and furthermore that the
greatest excretion of glucose occurred 1t 4 tme when the nitrogen ex
cretion had returned to normal Therce was a marked increase in the
urinary glucocorticords and 17 hetosterowds
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Tic 1 L F 26 year old normal male Effect of 175 mgms of ACTH
(Armour Standard) gren intramuscularly q 4 h for 7 doses on urinary
volume specific gravity and electrolytes (Note in this and subsequent figures

!hg d)osc of corticotrophin on the chart 18 not given 1n terms of Armour Stand
ar

In Figs 3 and 4 are shown the results obtamed with the fifth sub
Ject, H M A who received only 50 mgm ACTH (Armour Stand
ard) over a 2 hour period There was no consistent change n urine
volume specific gravity socdwm chloride or potasssum There 1s

however an increase in glucocorticords and 17 ketosteroids although
no glycosuria occurred
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The mechamsm of the glycosuna was next insestsgated A normal
male subject was studicd under the same conditions 1s previously
On the day prior to AUTH admumstration the artenal blood sugar
level was determined before a standard med and at 15 minute mter

%90,
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prbadeais
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I7-KKT10
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Fic 2 L, ¥ 26 year old normal male Effect of 175 mgms of ACTH
{Avmour dard) guven lach q 4 h for 7 doses on unnaty

nirogen unc acid creatinine, glucose glucacorhcords and 17 ketosterords

vals subsequently The results are shown m Fig 5 the curve obtamed
bens, represented by the dotted Iise The following day, an artenal
blood sugar curve was obtained under sumtlar condinons but the
patient had recerved 3 doses of ACTH by that time It will be noted
that a glycosuna of 24 gm occurred dunmg thuis 3 hour period, al
though the peak reached 1n the curve was only 5 mgm 9 higher than
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on the control dny There w s, addinon, a delay n the return of
the blood sugar to normil On the day subsequent to ACTH ad
mmmistravon (g 6), the Nistng actenal blood sugar was rased to
125 mgm % 2 peak value of 250 mgm %, was obtatned 2nd the
curve was of the ‘diabetic type * A marked glycosuria of 10 4 gm
occurred dunng tins 3 hour period

These results suggest that the glycosuna following ACTH ad

EXCRETION OF I7-XKETOITEROIDS CLXCRITION _OF GLUCOCORTICOIDS
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Tic 3 H McA 33 year old normal male Effect of 50 mgms of ACTH
(Armour Standard) given tr larty 1n 2 doses 4 hours apart on
urtnary ‘volume and electrolvtes

mnistration 18 due at hrst to a lowering of the renal threshold for
glucose and later to a bvperglycema

In summary then following the admimstranon of 175 mgm
ACTH to normal individuals there 1s an oliguria with ncreased
urnary specific gravity retention of sodium and chloride and a potas
sium diuresis there 1s a shght negative nitrogen balance a marked
increase n unnary uric acid glucocorticoids and 17 hetosteroids with
the production of glycosuria due to both lowered renal threshold and
hvperglycerma

The second group of experiments dealt with the admunistration of
a small (21 mgm ) test dose of ACTH The ACTH test of Thorn has
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been modified, and 1 addition to costnophile and unic acid changes
the chloride, potassium 17 hetosterords and neutral reducing hpuds
respon s have been me wsured Unine has been collected for 6 hours
following the dmunistration of ACTH The rates of excretion of these
substances are used as criters and they 4re expressed 15 a percentage

CHLOAINE

POTASSIUN

CORTICOTROPHIN
""'so MG 2 _I/M

foays V2 35 5 67 8.9 1

Fic 4 H McA 33 year old normal male Attention s drawn to the bot
tom two figures anly Effect of 50 mgms of ACTH {Armour Standard) gives
tramuscularly in 2 doses 4 hours apart

change of their rates of excretion during an 8 hour control pertod prior
10 ACTH admunntraton In control studees using this method sig
nific int differences were noted between the behaviour of normal in
dividuals and patients with Addison » diseasc In addition to the fallw
cosinophles and rise 1 urie aod excrenon a marked merease oc-
curred 1m potassiam chlaride 17 ketosterords and corucord excretson
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mn the normal sndisidual followsn, ACTH 1dmumstration while pa
tients with \ddison s disease failed to show these changes

Twelve patents with pitwitary tumours have been studied m this
way None of these could be clrssed as frask cases of hypopitwtanism
but all showed evidence of hypofunction of the ntersor pituttary Jobe
in one or another respeet

In Fig 7 are shown the results in these cases The cross hatched
areas represent the ringe of response in normat individuals Each dot
represents the response 1n onc patient It will be seen that there were

wrRIC ACw POTASSIUM
EOSINOPHILS CREATIVINE RATIQ CREATININE RATIO
150 -
P
+ 75 #1284 Lo oo
+30 *1004" ‘s
é 7
*28 +75 v 7
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*50 .
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~28 *25
[
~25

7 CHANGE FOLLOWING THE ADMINISTRATION OF 21 MGM ACTN
Fre 7 Result of admuustration of 21 mgms of ACTH {(Armour Stand
ard) 1o 12 pauents with pitustars tumours Each dat represents the percent
age change observed in the entterta noted The cross hatched area represents
the range of chanee observed 1n sormal controls

only 4 abnormal eostnophile responses 3 abnormal unc acd re
sponses and 8 abnormal patasstum responses In Fig 8 however itis
seen that 1m all but one patient the 17 ketosteraid responses were ab
normal and all except 2 neutral reducing hpid responses were ab
normal

This suggests that the 17 ketosteroid and neuvwral reducing hpd
sesponses serve as & more sensttve mdex of duminution 1n adrenal
cortical function than the other indices studied It apparently required
a shighter disturbance of adrenal funcuon to result i a lessemng of
adrenal cortical abihty to excrete 17 ketosterawds and neutral reductng
Itpids thans required to affect a change in the other indices especially
eosmophiles and uric aad
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Finally this method of study has furnished 1 means of discovering,
adrenal insufliciency preoperitnely in these eses espeaially in
sufficiency as regards electrolyte funcuon It has thus allowed the
prompt instiation of suitable preaperatne and postoperative theraps
1n an endenour to minimuse comphentions duc to adrenal insufli
clency

17 -XETOSTEROID corTIcom
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®e CHANGE FOLLOWING THE ADMINISTRATION
OF 21 MGM ACTH
Fic 8 Result of administration of 21 mgms of ACTH (Armour Stand
ard) to patients with pitwitary tumours Each dot represents the percentage
change observed in the critena noted The cross hatched area represents the
range of change noted 1n normal controls

DISCUSSION

DR PETER H rorsHAM I would Like to make just one remark If you
give 15 mg of Compound F intravenously you get 1 30% fall (or
thereabouts) of circulatin,, eosinophils In other words 1t1s a sensitive
response If you grne 100 me of Compound E acetate you find less
than 2 mg increase in the 17 hetosteroids i the unne of an Add:
sontan so you can see that 17 Letosteroid excretion 1s much less sens
tive

It 15 our philosophy that the cosinophil response 1s the most sensi
tuve tvpe of response which you can get 1n terms of adrenocortical
actvation However 1n order to differenuiate normals from pan hypo



22 CLINICAL ACTH CONFEREME

tests there 1s absolutely no doubt that the use of 17 ketosterotds and
corticoids are far superior to the eosinophuls as shown 1n this paper,
and we are the first to agree

However I would object to say that the test of 17 ketosteroids 15
more sensitive It really 1sn t It 1s much better for this kind of differ
entiition however

DR JEFOME w CONN I would agree with Dr Forsham From our ex
perience we need to regard the various responses as representing
various thresholds so to speak of adrenocortical activity that 1s one
point

The other pomt I think worth making 1s that even n normal i
dividuals the responses to a given maternal are entirely different one
from another quantitatvely so that differences in quantitative re
sponses, particularly 1 incomplete hypopituitanism  would be diffi
cult to interpret

DR GEORGE W THORN I think our results are in agreement with Dr
McIntosh Iespect he meant bv increased sensitivaty  that the use of
the 17 Letosteroids 1s a better way of piching up hypopituitarism
Actually he has shown that a small amount of hormone would cause
an eosmophil f1ll and the same amount of hormone 1s not reflected
1N urmary excretton

The mmportant thing which hus test shows and which our results
would confirm 1s that 1n the first 4 hours (I assume this was a 4 hour
test) some hypopitwitary cases will respond and some wont In 48
hours you may be able to sumulate a large proportion but we have
had the experience that some cases take even longer than 48 hour
before you can get a good ACTH response Therefore one cannot
predict

It probably has to do with the severity of the deficiency and the
duration of the deficiency In our experience most of them have been
able to respond after continued ACTH therapy We have often used
the 48 hour test as a means of differentiating

One final point Everything Dr McIntosh says about the hypo
pitwitary I expectis true of a patient with hypothyroidism Dr Forsham
will talk about that later However, keep 1n mind that hypothy
roidism  primarily without hypopituitanism  would probably give
you exactly the same curve Whether any failure to respond 1s due to
the thyroid or not 1n these cases we do not know

DR ROGER & LEWIS Qur experience confirms that of Hoffman and
MelIntosh 1n relation to hypopituitary cases Iwould say the eosinophil
test 1s the most sensitive measure of adrenal acuvity but the ketosteroid
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excretion 1s the more tccurate quantitatne measure of adrenal ac
vty

DR WILLIAM @ WOLFsoN It 1s becoming, apparent that complex path

ways lie between the responses of the adrenal cortex to stimulation
and the peripheral changes which we employ as metabolic or hema

tological indices of adrennl cortical response  Actually it secms
probable even now that relinnce solely upon any single index of
adrenocorticnl response will sooner or later result in error Later mn
the Conference, for example we will present observations on a pa

tient who showed an unexpluned rise 1n cosinophiles in response to
ACTH Atthis ume 1t may be of interest to note the unusual distribu

tion of responses 1n a migrunc pauent who was studied n Boston by

Dr John R Graham

The observauons 1re summarnized in Table 1

Table 1
FrrecTs oF 25 et of ACTH 1N A PATIENT Witk SEVERE MicRANE

Chan e in Indices
tdrenal Cortical I dex o —
1/25/49 9 L4149

Blood costnophites —77¢% —70%,
Urine urate/creatimne 19 —26%
Unne potassium/creatinine 1139 14655

The basal values of the various indices were within normal hmts
‘The decrease 1n eostnophuls and 1ncrease 1n unne potasstumy creatimne
ratio was normal 1n both trials while the change in the urine urate/
creatinine ratio was marhedly substandard on both trials

As Dr Forsham and Dr Thorn have pointed out changes in var
1ous indices are not always proportional because of the different
shapes of the dose response curves For example they have found that
4 mg of ACTH will cause a 50%, decrease 1n circulating eosinophiles
as a solitary effect However I do not believe that one can choose a
dose of ACTH which will give a nise 1n urine potassium/creatinine
ratio of over 1009, with little or no change in the urate/creatimne
ratio i the unine One seems to be forced to assume either that these
functions actually are under the control of different steroids or that
the penipheral pathways of response are unusual i this patient The
hiterature contains suggestions that potassium metabolism may not be
entirely normal 1n certain patients with mmgraine The families of sub
Jects with periodic paralysis for example have been found to contain
an unusually high percentage of migraineurs Moreover we have ob
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tests, there 1s absolutely no doubt that the use of 17 Letosterords and
corticords are far supertor to the cosmophils as shown m this paper,
and we are the first to agree

However I would object to say that the test of 17 hetosterods 1s
more sensitive It really 1sn’t It 1s much better for this kind of differ
entiation, however

DR JEROME W CONN [ would agree with Dr Forsham From our ex
pertence we need to regard the various responses as representing
various thresholds, so to speak, of adrenocortical actinty, that 1s one
point

The other pomt I think worth making 15 that even 1n normal 1n
dividuals the responses to a given matenial are entirely different one
from another quantitatively so that differences 1 quantitative re
sponses particularly 1n mncomplete hypoprtuttarism would be diff
cult to interpret

DR GEORGE W THORN I think our results are in agreement with Dr
Melntosh 1 expect he meantby increased sensttivity  that the use of
the 17 ketosteroids 1s a better way of piching up hypopttutarsm
Actually he has shown that a small amount of hormone would cause
an eosinophul fall and the same amount of hormone 1s not reflected
1N urinary excretion

The mportant thing which his test shows and which our results
would confirm 1s that 1n the first 4 hours (I assume this was a 4 hour
test) some hypopituitary cases will respond and some won t In 48
hours you mav be able to stmulate a large proportton but we have
had the experience that some cases take even longer than 48 hours
before you can get a good ACTH response Therefore, one cannot
predict

It probably has to do with the severity of the deficiency and the
duration of the deficiency In our expertence most of them have been
able to respond after continued ACTH therapy We have often used
the 48 hour test as a means of differentiating

One final pont Everythung Dr Mclntosh says about the hypo
prtwtary L expectis true of a p itient with hy pothyroidism Dr Forsham
will talh about that later However keep in mund that hypothy
roidism primaridy without hypopitiutarism would probably give
you exactly the same curve Whether any failure to respond 1s due to
the thyroid or not 1n these cases we do not know

pR ROGER A LEWIs Our experience confitms that of Hoffman and
MclIntosh i relation to hypopituitary cases I would say the eostnophil

test 1s the MoSt sensitive measure of adrenal activity but the ketosterord
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The Effect of ACTH During the

Neonatal Period

Eleanor Venning
ROYAL VICTORIA HOSPITAL AND McGILL UNIVERSITY MONTREAL

These studies were carried out at the McGill University Chinic
in collboration with Dr Charles Reid of the Department of Ped
atrics The purpose of these investgations was to study adrenal re
sponse during the neonatal period

The adrenal gland of the newborn inlant differs from that of the
adult At birth the adrenals are relatively large structures and the cor
tex1s composed of an outer or true cortical part and an inner part the
fetal cortex Thus fetal cortex grows ripidly during the last trimester
of fetal ife and at birth bemins to degenerate

Earher studies on full term ind premature infants showed that
both groups excreted smnil amounts of mologically active corucords
at birth and that within a few weeks of hife an increase 1n the excretion
of these substances could be observed

In these present studies the critert 1 used for measuring response to
ACTH was the excretion of coruicords ind 17 hetosteroids changes in
uric acid creatimne ratios and the fall in eostnophils

A chemical method that of Daughaday et al was used for the
assay of corticoids Thus method enabled us to follow daily changes in
the output of these substances before and after the admimistration of
ACTH Only male full term infants were used 1n these studies

On Fig 11scharted the daily excretion of corticoids 1n a sertes of 8
wfants During the first 3 days the unmary corticoids ranged from
0040 mg to 0115 mg per day the average output being 0 070 mg
In the second week of life the average output over a penod of 4 da\s
(exghth to eleventh day) was 0083 mg A statstical analysis of these
results indicated that the difference was only barely significant Using
the biological assay a definite increase was observed by the fourlh
week

We then tried to determine what was the mimmal effective dose of
ACTH (Armour) that would stimulate the adrenal of these infants

25
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served the onset of migrame 1 a subject who showed an unusualhy
atense response 10 50 mg of ACTH and us prowpt and complete dis
appearance within 30 munutes after admumstration of a good sized
dose of potassium chioride His spontaneous attichs however, did not
respond to KC

In the panent of Table 1 100 mg of ACTH over a pened of 24
hours did not completely rehieve the unusually severe prolonged head
ache As yet our enpenience with mugramne has been so hmuted that
no dehmie tatement regardhing the effects of ACTH appears war
ranted
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The Effect of ACTH During the

Neonatal Period

Eleanor Venning
ROYAL VICTORIA HOSPITAL AND McGILL UNIVERSITY MONTREAL

These studies were carrted out at the McGill University Clinic

n collaboration with Dr Charles Reid of the Department of Pedi
atrics The purpose of these imvestigations was to studs adrenal re
sponse during the neonatal period

‘The adrenal gland of the newborn nfant differs from that of the
adult At birth the adrenals are relatvely large structures and the cor
tex 1s composed of an outer or true cortical part and an tnner part the
fetal cortex Thus fetal cortex grows rapidly during the last trrmester
of fetal Iife and at birth begins to degenerate

Earlier studies on full term and premature nlants showed that
both groups excreted small amounts of biologically active corticords
at birth and that within a few weeks of lifc an increase 1 the excretion
of these substances could be observed

In these present studies the criteria used for measuring response to
ACTH was the excretton of corticords and 17 ketosterards changes in
uric acid creatinine ratios and the fall in costnophuls

A chemical method that of Daughaday et al was used for the
assay of corticoids This method enabled us to follow daily changes in
the output of these substances before and after the admunistration of
ACTH Only male full term infants were used 1n these studies

OnTig 11scharted the daily excretion of corucoids 1n a series of 8
infants Dunng the first 3 days the urinary corticoids ranged from
0040 mg to 0115 mg per day the average output being 0 070 mg
In the second week of life the average output over a pened of 4 days
(eighth to eleventh day) was 0 083 mg A statisuical analysts of these
results indicated that the difference was only barely sigmficant Usin,
the biological assay a defimte increase was observed by the fourth
week

We then tried to determine what was the mmmal effective dose of
ACTH (Armour) that would sumulate the adrenal of these infants

25
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and we used an increased excrenon of corticoids as a measure of re
sponse The dose 1s expressed 1n terms of mg of the Armour Standard
LA 1 A Beginming with 0 3 mg we gradually increased the dose to
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20 mg In one infint 5 mg ACTH appeared to give 1 definite re
sponse However 14 mg 1nd 20 m,, (in divided doses) caused 1 sig
nificant increase n corticoids These amounts of ACTH were all
admimstered 1n the second week of hfe
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There 1s a higher mortality rate in infants during the first few days
of life and 1t has been suggested that the adrenal might not be capable
of responding adequately to stress at this time We therefore attempted
to determine 1f there was a difference 1n response to ACTH 1n the first
and second wech of hfe In the first expenment 14 mg ACTH were
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administered (1n 2 divyded doses of 7 mg ) to an wnfant on the second
dy of hfe and agam on the minth day The excretion of corticods 1
shown in Iig 3 At 2 days there was 1 smnll increase n urinary cor
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ticowds irom 0 030 t0 0 130 mg At 9 days the increase was from 0 091
10 0 468 4 much more marked response

The eounophils were followed durin, the first 6 hours after the
first dose of ACTH 1¢ 7 mg There was a fall in eosinophuls 1n both
nstances but there appeared to be a lag in response at 2 days of hfe
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This caperiment was repeited on another infant The dosage of
ACTH wasmncreised to 20 mg (5myg q 6h X 4) and the results arc
shown n Fig 4 The difference 1 response w1s not so marhed with
the ngher dosige The cosinophuls show 1 slower response on the
second d1y than on the ninth dny

In this expeniment (Tiy, 5) ACTH was given to i infant every
second dav during the first 10 dws of hie begmming with a dosage of
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18 mg and gradually reducing 1t to 3 0 mg which 15 below the min
1mum effective dose

At 2 days of age following the adminstration of 18 mg ACTH
there was no respanse 1 the output of corticauds ar ot 17 ketosterouds
On the fourth day of kfe with half the amount of ACTH (9mg ) a
sigruficant increase in corticoids and 17 ketosteroids was observed As
the dosage was reduced to 6 mg on the sixth day of bfe there was less
of a respanse Two days later after 5 mg ACTH a significant re
sponse was agamn obtamned With 3 mg on the tenth day no response
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1n steroid excretion was observed although there was a fall 1n eostno
phils These results might be interpreted on the basis of an increased
sensitivity of the adrenal to ACTH stimulation with advancing age of
the nfant or possibly that repeated admimstrations of ACTH m
fluence the response of the adrenal

The daily output of 17 ketosterords was somewhat higher during
the first 3 days of life 1nd 1 spite of repeated njections of ACTH
gradually fell to lower levels

It1s difficult to evaluate the response of the eosinophils to ACTH n
this infant At all dose levels of ACTH there was A fall in eostnophils
and there did not appear to be any quantitative relationship between
dosage nd rate of fall

URIC ACID AND CREATININE RATIOS

In all these experiments uric acid creatinine ratios were measured
but the results were so varable 1n these infants that no sigmificance
could be attached to them

In conclusion, ACTH (Armour) when admimstered to infants
will cause an increase in the excretion of corticords and 17 ketosteroids
and a fall in eosinophuls The minimum effective dosage 1s 1n the order
of 5 to 7 mg Prehmunary studies indicate that the adrenal of the 2 day
old tnfant 1s less responstve to ACTH than that of the 9 day old infant

DISCUSSION

DR ROBER1 KRLEIN We have done work that confirms Dr Venmngs
findings However we use much smaller doses of ACTH which en
ables us to get a hittle sharper break

Using 1 mg as the imual dose up to roughly the first 4 or 5 days
of Itfe we rarely found a significant fall in eosinopmls However using
the same small dose at 7 days or thercabouts, i the same patients we
found a very adequate fall of eosinophils at the end of 4 hours

Using 1 mg 4 umes a day 1n a few cases we have found the same
increases 1n the responsieness of the ketosteroids and the neutral re
ducing hipids but from this very small series there 1s evidence that the
salt retention effect does not take place oris not as responsible as soon
s the other adrenal hormones

A number of infants were tested only after a weeh These reacted as
well as did the mfants who had already been tested 1n the first two
days when they were tested after a week ‘This would seem to rule out
the possibility that the first dose of AGTH acted s a primung dose for

the second test
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voice I should hike to sk whether either of the last two spenhers
would care to comment 1f the posstinhty of the changes seenin the
second week over the first week were due to a priming effect on the
part of ACTH given during the first week

DR ELEANOR VEANING [t 1s possible that thns muisht be partly due 10 1
priming effect but our results do show, particularly 1n the last ex

peniment that there 1s 4 fulure of response on the second day of life

DR H W scnTos Our findings were simufar
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Observations on Adrenal Cortical “Sugar-Fat-
Nitrogen™ Hormone (*11-17-0CS") und
*17-Ketosteroid Precursor” Production by
Normal and Abnermal Individuals of Various
Ages with Comments on the Fact that
(a) There May Be Two ACTH's and (b) The
Normal Adrenal Cortex May Not Produce
True Androgens*

Nathan B Talbot, A S Zygmuntowicz M Woad, and E Christo
MASSACHUSETTS GENERAL HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON

Without introductory comment comparative observations on
the adren il cortical status of infants children and older persons will
be presented

Iig 1 sets forth measurcments of the unnary 11-17 ovycortt
costeroid  output of normal healthy individuals of various ages Note
that the results are expressed 1n terms of mg  per square meter of bods
surface (m?) per day It seen that with the possible exception of
young nfants the values found are within the same range for persons
of all ages In very young infants the values may be shightly lower
Tig 2 extends these observations to patients with various conditions
Note here that different symbols are used to represent children and
older persons Note also that the scale along the Ieft hand ordinate 1s
loganithmic The diagnoses are indicated for each vertical hne The
ponts on or near each line represent indisidual measurements the
short cross bars give average values for each conditon The figures
shown along the vertical linc representing the normal range are per
centile distibution values It 1s scen that the v ilues found 1n certain
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Fic 1 Lrwnan output of 17 ketosternds and of 1117 oxcorticosierords by normal
inditiduals of various ages Note that the scale for 17 hetosterods 1s m mully
grams while that for corticosteroids 1s 1n tenths of milligraros per square meter
of bods, surface area per 24 hours The 17 hetosteroid values correspond to
those reported by Talbot Butler et al m 4m J Dus Child 65 364 1943
The corticosteroid values were obtained by the copper reduction method
reported by Talbot Saltzmanetal i 7 Bl Chem 160 535 1945 These
data were published by Talbot in Pediatrics 3 515 1949
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¥ic 2 Unnary 11-17 oxycorticosterord output by normal sndividuals and by
pa? erts with various conditions Note that the ordinate scale 15 loganithme and
‘that all the results are expressed as nuiligrams per square meter per 24 hours
Note further that normal percentile distnbution values are indicated along
the verncal line which 15 located approximately in the middle of the left
hand portion of the diagram Onc hundred 9 of the normal values fall be
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conditions deviate from the normal and that children occupy post
tions simlar to those obtuned for adults These data coupled with
those of Fig 1, suggest that mnsofrr as 11-17 OCS producuon 1s con
cerned children are quite stmilar to adults

By contrast, I'ig 1 also shows that the 17 KS output of children 1
very low up to 1bout 8 years even when the values are expressed on 1
per m basis After 8 years there 1s 2 marked risc 1n 17 K8 output to
adult levels This observation suggests that an important alteration
adrenal cortical function occurs at 1bout the eighth year In fact the
term ‘adrenarche  has been suggested by Dr Fuller Albright s an
approprate designation for the time of onset of this change The oc
currence of this change raises interesung questions concerming its
causition Since we have esidence that preadolescent children are as
capable as adults of excreting 17 RS in thetr urine when given ap-
propriate hormonnl substances (such as testostcrone propionate} st
scems quite unhhely that the spontaneous change m uninary 17 kS
output during adolescence 1s due to an alteration 1n 1ntermedrary
metabolism of adrenal steroids Two othgr possible explanauons for
this phenomenon come 1o mind One 1s that the responsiencss of the
adrenal cortex to ACTH may change at the tme of the adrenarche
This again scems unlikely since preliminary studies have shown that
Armour ACTH prompts 17 hetosterorduria n preadolescent children
as 1t does 1n adolescents and adults This suggests that normal pre
adolescent children would be excreting appreciable amounts of
17 RS f therr pitustaries were producing stmilar adrenocorticotroph
ins There remains the interesting possibihty that the human pitwitary
produces two types of ACTH one concerned with adrenal corucal
11-17 OCS production the other with 17 RS production If this
thesis 1s correct 1t must be assumed that the former 1s produced
throughout hfe and that secretion of the latter 15 held 1n abeyance
until the time of the adrenarche

To return to the urnary 17 kS 1t has been held extensively that
those adrenal cortical substances which give rise to urinary 17 kS
have an androgemic mitrogen anabole action This thesis invates cer
tain comments First the only chmcal changes seen 1n association
with 17 ketosteroiduria in normal adolescent and adult females and
In castrate males (who have no extra adrenal source of androgens)

low the top of this line none of the values fall below the bottom of the Ime
The normal range 15 considered to he approximately between 90 and 10
percentile levels Each point on the other vertical Iines shown 1n the chart
represents an idnvidual determination The symbol used indicates the ap-
provimate age of the subject The short horizontal line intersecting each
vertical ne rep each a d the average value for
Patients with that condition
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are pubic and axillary hair growth and 1cne Thatis these types of
wmdividunl ordinarily fail to show any such signs of truc androgeme
action 1s chitoral rypertrophy pentle growth deepening of the voice
et even though their urinary 17 'S output be at high normal levels
Such observations do not appear to be 1n keeping with the contention
that normal urinary 17 K8 precursors ire andro,ens

Contranwise 1t 15 hnown that children and other patients with
adrenal cortical virthsm do show gross evidences of adienal cortical
androgenic hormone action As shown in Table 1 the uninwry 17 hS

Table 1
Quantirative RELaTions Betwsey Torar Lrivary 17 hevostsrom OutetT oF
Cunoxen wiru LarLy ConceNntTal ADRENAL CORTICAL VIRIISM (DUE T0 ADRFNAL
CormicAL Hyprrprasia) anp Maxwtum Norsmar OUTPUT OF NORMAL ApuLT

Women*
i I | { Raio Obsrr ed
| | Lrin 1y 17 kS Ouput
! " Surface 78 to 1dult Normal *
Fatient g, A B e [
o CCOT S f’""’ bt mm | mm
I i pr miper | basts | perm
1 | day l aay I basis
o e e »—\o—-—’*
TLM 25 6 B )1 06 14
¥ = e
2 | 1o | 14 1 140 10 } 16
i
3 ) j 25 075 | 9 | W2 b oo } 13
1 I
4 F ‘ 5 I 10 i 8 [ g | o6 ! 09
_ . AR
5 M 9 1 113 E 8 [ 6 06 ? 07
I | | e
Average 1 | ‘ | ! | 07 | 12

* The maximum 17 kS output for normal adult wornen 1 taken ta be 14 mgm_per
day Assurmng the a\crage surface area of adult women to be 1 6 m? the maumum normal
valuc on a surface arca bansis 14 + 1 6 = J mgm per m? per day

values found for such patients e not necessanly higher than those of
non masculinized normal adult females This is trus both when the
values are considered 1n absolute terms (mg per day) and 1n relamne
terms (mg per m? per day—see 11,bt hand columns) Ths finding
suggests that the vinlism shown by these patients 1s not necessaniv
explained by a simple quantitauve abnormality in adrenal corucat
17 h§ precursor production On the contrary 1t suggests that the
vrthism may be due to the production of qualitatively abnormal
adrenal corical unnary 17 S precursors
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A number of investigators including 2 number present at thus
mecting have demonstrated by means of extensive chromatographic
sepiration 1nd 1solation stuches that the uninary 17 KS “pattarn”’ of
adrenal cortical virtlism patients differs considerably from the normal
Using 1 micro chromatographic technique recently evohved 1n our
laboratones, we have found the stme thin, This 1s shown m Iy 3
Here the numbers alon,, the bseiss1 wre clunte fraction numbers The
percent of the total material recovered in exch fraction 1s indicated
by the scnle along the left hand ordinate The shaded area mdicates
the range found for normal males plus females The individual curves
are for individual patients with adrenal cortierl vinlism 1t 1s clearly
evident that these patients give abnormal cunves

Such evidence su.gests strongly that there are quilitative differ
ences between the adrenal cortical uninary 17 RS precursors produced
by normal indivtduals on the onc hand and by patents with adrenal
cortical vinhiem on the other Those produced by the former appear
to hnve dermatotropic  properties in the sense that they induce
pubic and axllary hair growth and acne  but not to be androgenic
Onh patients with adrenal cortical virilism produce adrennl cortical
hormones which act like testosterdne to prompt mascuhmzauon and
nitrogen anabolism

DISCUSSION

DR LAURANCE W KINSE11 One comment in terms of secretion of
hnawn steroxd compounds both of which are strong androgens

Testosterone propionate and frec testosterone are excreted from
the urine as 17 hetosterords Methyl testosterone 1s not excreted at all
as a 17 ketosteroid

As Dr Talbot has brought out the urmary 17 Letosteroids are
certamnly only to be interpreted at the present ume as indices of the
production of something not indices of the productton of some material
with a specific physiologic activity

DR J w jaILER (College of Physicians and Surgeons Columbia Um
versity New York) I guess this discussion should have been brou ht
up after Dr Venning s paper We have been interested i pitwitary
adrenal relationship o infancy but 1n another species namely the rat
We have used as a stress the injection of epinephrine and as our
wndex of adrenal response  the fall in adrenal ascorbic acid (see Tig 4)
We have found that 1f epinephrine 1s given to rats at 2 4 and 6 days of
age there 15 no fall 1n the adrenal ascorbic acid At the eighth day of
age we first find this fall and at 10 days we find the same The last
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Fic 3 Microckromatographic fractionation studies of the urinary 17 ketosterords
excreted by normal persons (shaded area) and by patients with adrenal cortical vertlism
due to bilateral adrenal cortical hyperplasia (indirdual curces) The eluate fraction
number 1s indicated along the abscissa The composition of the eluant 1s
indicated 1n the adjacent lower area The scale along the ordinate indicates
the per cent of the total 17 ketosteroid material recovered 1n each of the 40
fractions eluted Thus the sum of the individual pomnts described by each
curve equals 100% Ths fractionation was carned out with the aid of a pro-
cedure to be published by A N Zygmuntowicz and N B Talbot
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column shows what T ong 1nd Sayers have shown m the adult male
rats

If we change the stress and refnserate the animnls for 234 hours
1t 5° C (Fig 5), we find somewhnt similar results namely, that there
15 no fall m adrenal ascorbic 2cid until the sixteenth day of hfe With
this stress the fall 1s only 219, This would indicate that under the
conditions of our expenment the effect of cold 1s less of a stress than
epinephnine admmnistration

‘This could be explained by the fact that exther the pitwitary 1s not
excreting ACTH 1s a result of this stress or the adrenal 1s not respon
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stve to ACTH (Fig 6) If ACTH 1s admunistered to rats at 4 days or
6 days of age a 409, fall in adrenal ascorbic acid results In other
words 1t would appear that in the mfant rat up untl the eighth day
of age ACTH will not be elaborated 1n response to stress

We have carnied this a little farther and we now have prelimiary
evidence to show physiologically using Levin s method of deposition
of fat 1n the liver, that at 4 and 7 days of age exposure to cold causes
no increase 1n liver fat while at 22 days of age there 1s an increase in
liver fat We have to work out the time relationship there

Also, as many as 3 4 day old pitustaries when jected nto a
4 day old rat, do not cause a fall in the adrenal ascorbic acid Ths 1s
very prehmnary but 1t looks as if there 1s no ACTH as can be dem
onstrated by our method n a 4 day old rat I must stress that this
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1s 1n the rat which 1s much more of a fetus than the human newborn
Its eyes are closed and its ears are closed, 1t cannot regulate 1ts own
temperature and has no fur

DR JEROME W CONN May I ask you what the relative absolute values
of ascorbic acid are on the first day relative to the fifth or sixth?

DR ] w JamER Inthe rat the adrenal ascorbic acid 1s below 300 mgs
% 1n_the newborn, and at the twenty second day of life 1t 1s 300
mgs % Then 1t starts to increase to 400 at 40 days or so
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DR GEORGE W THORN Dr Talbot s studies are extremelv tmportant
to our understanding of the nature of the response of the pitutary and
adrenal cortex Two pomnts may well be kept tn mind 1n future dis
cussions of this problem

1 A patient may show a mimmal response to epinephnn sug
gesung adrenal cortical exhaustion but respond normally to ACTH
thus suggesting either interference with the normal pornt of epineph
rin stmulation presumably the hypothalamus or depletion of ACTH

2 The capacity of the wdrenal to respond to a standard dose of
ACTH does not necessanily give any indication of 1ts actual function

g level
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DR GREGORY PINCUS T would like to return to Dr Dobriner s question
about ACTH and the steroid situntion

1 thin\ there 1re 1 number of data which show 1 dissociation be
tween 17 hetosterowd excretion and corticord We have shown that
there 1s a dinrnal rhythm of excretion of exch but that the two are not
correlated with each other

1 would like to ¢all your ttention to some data recorded by Dr
Hechter of our 11boratories He perfused 1drenal glands and measured
the amount of formaldehydogenic steroid and secondly the glycogenic

, oF EFFECY OF AGCTH ON ADRENAL ASCOROIC ACID
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actaty From some of his perfused glands he obtaned formalde
hydogemec steroid which corresponded roughly with the glycogenic
activity but from other glands he obtained no glycogenic activity
but considerable formaldehydogentic steroid

Therefore 1say to Dr Talbot that 1t looks as though there 15 some
System n the adrenal gland 1tself which 1s concerned with this daffer
ental steroid production rather than the piturtary

DR ELEANOR VENNING I would hike to add one observation to Dr
Jatler s remarks on the newborn nfant
Apparently 1if the stress 1s great enough the newborn nfant 1y



42 CIINICAT ACTH CONFEREMNCE

capdablc of elborating ACTH and 1nereasing 1ts excretion of coru
cotds

We studied the excretion of glucocorticaids (btoassav) m a prema
ture infant born of a diabetic mother (Fig 7) Wathin a few hours after
birth severe atelectasis developed with complete collapse of one lung
and partial collapse of the other The first specimen was collected
durning the period of stress and again after the lungs had cleared at the
seventh and twelflth days The normal healthy nfant excretes an av
erage of 11 gamma glucocorticowds per day Duning the period of
severe ifiness tins mfant excreted 54 gamma glucocorticonds per day
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As the baby improved the excretion of glucocorticords fell to normal
levels
R HENRY WILSON (Wesley Memorial Hospital Chicago) Dr Taibot

DI
15 there any information on the hetosteroid response n children grsen
ACTH after the neonatal period and before they begin to excrete
hetosteroids”

DR NATHAN R TALROT We have some prehiminary information which
suggests that preadolescent chuldren and infants show proportionatels
as great 2 Tse 1w urmary 17 Fetosterond and 11~17 oxycorticosterord
utput following ACTH admimstration as do adolescents and adults
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DR ALBFRT DORFMAN (Unnersity of Chicago Clucago) We have data
on 3 children ages 5, 8 and 11, 11l of whom show 1 marked response
to ACTH, with increased 17 ketosteroids going up to valuesof 3 to 5
times the control levels

DR J w JuLFR May [ add another word to this? We have just given
ACTH to 1 3 year-old boy who hnd drenal hyperplasia whose inital
17 ketosterords was 17 mys or so per d1y He also was excreting 70
gamma per day of estrogens He was given 25 mgs ACTH a day for 4
days Duning that ume he got the typical nise in 17 ketosteroids excre
tion, thatxs they arose about 1009 and nothing hppened at all to
the estrogens They remuned 1t 7 steady level
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Studies of Adrenal Cortical and Anterior

Pituitary Function in Elderly Men

David H Solomon and Nathan W Shock

NATIONAL HEART INSTITUTE NATIONAL INSTITUTES OF HEALTH BETHESDA MD AND
THE GERONTOLOGY SECTION BALTIMORE CITY HOSPITALS BALTIMORE

The degenerauve phenomena of aging have frequently been
linked 1n hypothesis to alterations in function of the anterior prtuitary
and the adrenal cortex However 1t 1s a sobering paradox that both
hypofunction and hyperfunction of the prtuttary adrenal system may
be indicted with approximately equal theoretical justifications, and
indeed both extremes have been cited 1n the literature! ? as explana
tions for the syndrome of aging In the investigations to be presented
certain aspects of these hypotheses have been tested

In the first phase of the study adrenal cortical responsiveness 1
elderly males was evaluated by means of the ACTH test of Thorn et
al ® using 18 mulligrams instead of 25 milhigrams of ACTH as the single
mtramuscular dose This reduction in dosage was accidentally made
for us by the properties of a particular lot of ACTH but 1t proved
fortunate 1n that 1t served to widen the distribution of normal re
sponses a highly desirable factor 1n a physiological study This 1s of
course the exact opposite of what one seeks to do 1n using the Thorn
test for the diagnosis of true adrenal insufficiency where a narrow
distribution of normal responses 1s 1deal The 1ndices of adrenal cor
tical response which we studted were chamber eosinophile counts
absolute neutrophile and lymphocyte counts and urmary uric acid/
creatinine and potassium/creatinine ratios The subects were 1ll
normal males, except that 1n the aged group many patients were ac
cepted with diagnoses of bemgn prostatic hypertrophy generahzed
arteriosclerosts and coronary artery disease No persons with diastolic
hypertension or congestive heart farllure were ncluded

Fig 1 shows the average curves of eosinophile decline 1n the 11
young men and the 14 elderly men 1n whom counts were done hourly
after ACTH admunustration It should be noted that the imual eo

44
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sinoptule counts, the rates of fall and the eventul minima were es
<cntinfly wdentical 1n the two 1ge groups

Fiz 2 describes the average responses to ACTH of the full groups
of 27 young men (1ged 20 through 44} and 26 clderly men (aged 61
through 89) The average 4 hour percentage dechine mn eosinophiles
was 55% i both age groups We should mention that actually the
entire frequency distributions of the cosinaphile responses of the young
and the old were superimposable so that if any arbitrary standard
were selected essentinlly the <ame number 1n each 2ge group would
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Fic 1 Mean curves of eosinophile changes after ACTH admmistration in
young and aged men

lte below 1t Fig 2 also shows that the fail in lymphocytes was shghtly
greater in the old than in the young but not significantly so

On the other hand significantly poorer responses on the part of
the elderly men were found 1n their blood neutrophile and urtnary
excretion responses The relesant evidence cannot all he presented
at this tme  but 1t 15 felt by the authors that these last age differences
represent end organ failures and that they are not inconsistent with
the conclusion denived from the eosinophile data that the ability of
the adrenal cortex to secrete 8 hormone under stimulation 1s un
altered by age

In the second phase of the study 0 4 of 2 milligram of epinephrine
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was admumstered intravenously 1n saline to 15 young men and 13
clderly men The object was to evaluate the capacity of the aged an
terior pituitary to secrete ACTH under stimulation an evaluation
made possible by prior knowledge of the responses to be expected
from a known dose of ACTH

The results after epiephrine are 1n striking contrast to those after
ACTH Although the curves of percentage eosmophile dechine shown
i Fig 3, are parallel 1n the two age groups the maximum fall in the

PERCENT CHANGE

"5>‘ s09 503 <005 <00 <005

EOSINOPHILES LYMPHOCYTES NEUTROPHLES ~ URIC_ACID POTASSIUM
CREATININE  CREATININE

Fic 2 Average responses of 27 young and 26 aged men to ACTH ad
munstration P values are gnen for the difference between the age groups
for each index of response

elderly was much less than that 1n the young When one examnes the
mean maximum percentage fall in eostnophiles there 1s a marhed age
difference (Fig 4) In the young group eosinophules fell an average of
639, while 1n the old men the average fall was 46%—a difference
which would occur by chance less than 1% of the ume If onc ar

bitrarily defines a fall of 50%, as the mummum normal response
level, only 2 of the 15 young men responded less than this whereas 7
out of the 13 old men had subnormal responses The remamng
data of Fig 4 show that although small mean differences do exst

there 15 no sigmficant separation between the old and the young
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groups on the basis of their lymphocyte neutrophile, or uric acid
responses

Among the experimentil groups already mentioned, there were
12 young nd 13 old men who receved epinephrine and ACTH on
consecutive days These afforded a controlled companison of prtuitary
responsneness against 1 bascline of the cosinopema produced i the
same mndnvidunl after 2 known dose of ACTH  Analyss of these datn
confirmed the previous results Two thirds of the voung subjects
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showed a greater response after 0 4 of a milligram of epinephrine than
they did after 18 milligrams of ACTH whereas two thirds of the aged
men showed the reverse Defining the individual s response as hus
maximum percentage eosinophile decline and subtracting this re

sponse figure for ACTH from that for epmephrine an average differ

ence of +9 response units was obtained for the young and —5 units
for the aged Expressing this difference as a percent of the average
ACTH response the young group showed a 179, greater response to
epinephrine than to ACTH, while the aged group averaged 9%,
dower for epinephrine than for ACTH Because of the consistency of
these findings this difference between the two age groups m their
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was admimistered mtravenously in saline to 15 young men and 13
elderly men The object was to evaluate the capacity of the aged an
terior prtuitary to secrete ACTH under stimulation, an evaluation
made posstble by prior knowledge of the responses to be expected
from a known dose of ACTH

The results after epmephrine are in striking contrast to those after
ACTH Although the curves of percentage eosinophule decline shown
i Ing 3, are parallel in the two age groups, the maximum fall in the

PERCENT CHANGE,

EOSNO MLES LYMPHOCYTES NEUTROPHILES — URIC_ACID POTASSIUM

CREATININE  CREATININE

Fic 2 Average responses of 27 young and 26 aged men to ACTH ad
mumstration P values are given for the difference between the age groups
for each index of response

elderly was much less than that in the young When one examines the
mean maximum percentage fall in eosmophiles, there 15 a marhed age
difference (Fig 4) In the young group eosinophules fell an average of
63% while 1n the old men the average fall was 48%—a difference
which would occur by chance less than 19, of the ime If one ar
bitrarily defines a fall of 50% as the mummum normal respons;
level, only 2 of the 15 youny, men responded less than this whereas
out of the 13 old men had “subnormal  responses ‘The remaimng
data of Fig 4 show that although small mean differences do exst
there 18 no siynificant separation between the old and the young
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3 Thorn,G W,Torsham, P H,Prunty I I' C,and Hills A G
A test for ndrenal cortieal nsufficiency 7 Amer Med  Ass,
137 1005 July 17 1948

DISCUSSION

DR FRANR H TVLFR (Salt Lake General Hospiial and University of
Utah Medical School, Sait Lake City) One point which I think
should be made 1s that there are other things which affect the co
sinophuls, lymphacvtes and polys beside adrenal cortical steroids One
has been pomnted out here
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Frc 4 Average responses of 15 young and 13 aged men to epirephrine
infusion P values are gnven for the difference between the age groups for
each index of response

comparative responses to ACTH and to epinephrine was statistically
significant

Conclusions

The results suggest a decreased ACTH output by the agmg an
terior pituitary n respense to epinephrine sumulation At the same
time the finding of equal responses to exogenous ACTH by old and
young certainly implies that the long term output of ACTH by the
anterior pituitary 1s unimpaired with age At least 1t 1s sufficient in the
aged to maimntain the functional mtegnity of the adrenal cortex
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different dosage levels of ACTH which confirm the dissociaton be
tween the uric acd indices and the cosnopht fall These two groups
of diserses I should like to have Dr Bonner comment on with a shde

DR CRIGORY PInCUS In view of the fict thrt we have published some
papers on the excretion of 17 hetosterowds and reducing hipids in per
sons of virious ages [ should like to pownt out that there 1s a decrease
1 17 hetosterowd excretion 1n elderly people but we have found no
sigmficant chin.e in men up to 98 years of 1ge n the reducing ipd
output

Turthermore we have been doing, 25 m., ACTH ( Armour) studies
m aged persons and I must s1y our results are quite opposite to those
Justreported Maybe 25 mgs represent some sort of threshold We got
a much greater responsis eness in elderly people than in the youn, peo
ple

In every index measured including uric acid potassium sodium
17 Letosteroid and reducing liprd output and cosinophile and lym
phocyte decline the elderly men tn our series werce as responsive as
vounger men This 1s of course only a 4 hour test and 1t may be that
the responsivity of the aged men would flag over a longer period of
stmulation

Finally as a possible commentary on our sample we used as our
clderly healthy men retired policemen retired firemen and retred
farmers 1t may be that 1n this group we have a soctological bass for
adrenal differences

DR JEROME W ©ONN I)r Pincus did you compare the adrenahin re
sponse with the ACTH response?

DR GREGORY PINcUs No We used not only ACTH but the series of
stress tests that we have described previously namely, the glucose
tolerance test, the operation of a pursuit meter and the psychological
frustrauon test In every one of these tests we obtained youthful
responses in the elderly men
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By doing the first counts at 1 hour the peak of the imtial response
which comes 1n about 15 minutes has been mussed Dr A J Samuels
of the University of Utah has demonstrated that cosinophiles as well
as lymphocytes and polys increase by 50 to 3009} during that pertod
after the adminstration of epinephrine (Figs 5 and 6) Sumilarly,

thyroid hormone and other substances may have independent effects
upon cell counts which are not related to the adrenal mechanism as

such

DR F HOMBURGER We have some data on the genatric population
with chromc debilitating disease, and also patients with cancer at
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At the 80 mg dosage level there was a tendency towards a fallin blood
uric acid levels 1n 15 out of 19 patents with and without cancer
The blood sugar level inereased 1n 37 tests of pitients with and
without cancer and decrensed 1n 2 cases with hypernephroma and
1 case each of lymphosarcomt Paget s diseasc of the bone generalised
arteniosclerosts and progressine muscular atrophy  Twe dibetics with

oCHANGE ~ CANCER NON CANCER
% 4 £OSINOPHILES
.8 . ® U A /CREATINING
AW AWS WA AR AN
0
so| * . .
“t a0} * .
20 .
20 . .
80! IS 4. ;
a
100 - . a
SHORT LoNG SHORT Lons

Fic 1 Changes of circulating eosinophils and of urmary unic acid /creatinine
ratios following ACTH

cancer showed maximal responses whereas 2 diabetics without cancer
responded ke non diabetics The glucuromdase activity of the blood
serum varied considerably 1n both directions in the cancer patients
while 1t remained nearer constant levels in the patients without cancer

The non protein mtrogen and total protemn studies revealed no
changes 1n etther group after short or prolonged stimulation

The sedimentation rate varied 1n all groups 1n all directions with
out any specific pattern of behavior

It may be concluded that the adrenal respansiveness of pauents
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Adrenal Cortical Responsiveness in Patients
with Cancer and Patients with Chronic
Non-neoplastic Disease Application of the
Eosinophile Uric Acid-Creatintne Response
Test (ACTH) to Gertatric Patients with

Chrontic Diseases*

Charles D Bonner W H Fishman and F Homburger

CLINICAL RESEARCH LABORATORY OF THE JEWISH MEMORIAL HOSPITAL ROXBURY
AFFILIATED WITH TUFTS COLLEGE MEDICAL SCHOOL BOSTOM

Observanons were made on the blood eosinophile count uri
nary uric acid creatinine excretion ratto blood glucuronidase activity
blood sugar sedimentation rate blood uric acid sodum potasstum
and bload protens in 14 patients with various malignant tumors and
1 12 pauents of sumular ages with chronic non malgnant disease
These tests were done prior to and followng the injection of 25 mg
of adrenocorticotrophic piturtary hormone (ACTH Armour H4007
and H5409) These tests were repeated on 20 patients before and after
the iygection of 10 mg of ACTH every 6 hours for 48 hours (a total of
80mg)

The fall of circulating eosinophiles 1n response to 25 mg of ACTH
was within the normal range in 12 of 14 cancer panents, and 1n 6 of
12 patients without cancer The eosinophile response to 80 mg of
ACTH was normal 1n 10 of 11 patients with cancer, and m 1 out of 9
without cancer Only 1 patient without cancer failed to show any
change 1 the number of circulating eosinophiles (Tig 1)

The uric acid creanne ratio increased by approximately 1009 1n
3 patients with cancer at both dosage levels and i 3 patients without
cancer at the lower dosage level The range of the uric acid creatimne
chahges in the remarning patients was from zero to 809, 1n all groups

s study was aided by an Inst tutional Grant of the A C S by grants from the
National Insututes of Health Nat onal Cancer Institute and by the Damon Runyon

Cancer Rescarch Fun
5
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The Levels of Circulating Eosinophils and
Their Response to ACTH 1n Surgery
Their Use as an Index of Adrenal

Cortical Function*

M Roche A G Hills and George W Thorn
PETER BENT BRIGHAM HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON

Adrenal steroids of the 11-17 oxy  type have been shown to
produce a marked fall in the level of circulating eosinophils as mens
ured by a direct counting technique A stmlar fall takes place after
the injection of ACTH following the release of 11-17 oxy steroids
by the individual s own adrenals The administration of epinephrine
also leads 1o an eosinopenia which 1s thought to be due to sumulation
of the pitustary adrenal mechamsm

Simple climcal tests of pituitary and adrenal reserve have been
devised on the bass of the above findings Inthe ACTH test 25 mg
of ACTH are mjected intramuscularly and the eosinopluls are counted
before and 4 hours after the injection The narmal eosinophi! levels
vary widely between 80 and 500 eosinophils per cu mm of blood
In the presence of normal adrenal cortical reserve the eosinophil level
falls from 50 to 80% 1n 4 hours They fail to do so when adrenal cor
tical nsufficiency 1s present In the Epimephrine Test 03 mg of
epephrme (0 3 cc of 1/1 000 solution) are injected subcutaneously
and the eosinophils are counted as for the ACTH test A fall 1n the
eosinophil levels of more than 509, 1s believed to indicate normal
pitwitary adrenal reserve

In major surgery the adrenal hormones of the 11-17 oxy type
are of vital importance in the reaction of the organism against stress
Hence the importance of any chnical indicator rev ealing the presence
;)f these hormones m adequate amounts The present study deals with

e change 1n eostnophil levels during and after major operations and

»

&, %Part of thus work was carried out with the aid of a grant from the Umted S
Hé}\lﬂ;. Service wh ch s gratefully acknowledged - © © United States Public
N
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with cancer as measured by the response to ACTH (Armour) de
scribed heremn 1s not different from that of patients with other chromic
diseases and that an increase 1n the stimulating dose of ACTH does
not change the findings obtained with 25 mg There s tn both groups
an eosinophile response like that observed in normal healthy subjects
and an increase of the uric acid creatinine ratio which 1s often less
than 1n the normal subject

The only changes observed wiich may be ascribed to the presence
of cancer were a more marhed elevation of the blood sugar in can
cerous diabetics than 1n non cancerous diabetics, and a greater labil
1ty of blood glucuronidase levels in the patient having various types of
cancer

DISCUSSION

Covered by preceding paper
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of the first ssgnificant post operative costnophtl nise Tig 4 1Hustrates a
characteristic response to ACTH In this case, there was 1 marhed
nisen the eosinophils on the third post operatve day, and at this ume
a near normal response to ACTH was obtuned In 7 series of 12 pr

tents tested at a stmilar period  the cosinophuls fell normally without
exception This suggests that the adrenal had returned to a state of
normal functionil reserve  With epinephrine however not all the
patients respond normally at the time of the post operative cosino
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Fie 2 Levels of airculating eosinophuls before and after major surgical pro
cedures (pentothal ether anesthesa)

philia Five of the 13 pauents tested showed a subnormal response An
ACTH test done on these patients on the same or the following day
was normal These findings suggest that there 1s 1n these patients ade

quate cortical reserve in the presence of a depleted or refractory an

terior pitmitary ACTH mechanism

PRACTICAL APPLICATIONS

From these studies one might draw several pracucal conclusions,
cach of which will be 1llustrated briefly by a clinical case
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with the clinical evaluation of these observations when combined with
the ACTH and Epinephrine tests

CHANGES IN CIRCULATING EOSINOPHILS IN
MAJOR SURGERY

Eosinophil Levels During Operation

Fig 1 1llustrates a typical response of the eosinophil levels during
operation There 1s an early nise followed by a fall which 1s maximal
4 to 5 hours after the onset of operation
Eosinophil Levels Immediately After Operation

In all patients studied (50), the eosinophil levels 5 to 8 hours after
the onset of operition was extremely low (less than 20 per cu mm)

o =]

~ v 7 v o 3
Fic 1 G T —sub total gastrectomy

In all the cases 1n which a pre operative value was obtamed the per
centage fall was found to be profound varying from 86 to 100%,
(Fig 2)
Eosinophil Levels During the Post operatisve Pertod

Fig 1 illustrates the further course of the cosinophil levels in one
patient and Fig 3 shows the post operative eosinophil curves n 18
patients who underwent major surgery The marked post operative
cosinopema continues for 1 or 2 days Between the second to fourth
day after surgery, there 1s usually a sharp rise in the eosinophi! levels

lue

the latter attaming or exceeding the pre operatrve val

In order to mterpret this “thurd day eosinophiha ACTH and
epinephrine tests were performed 1n a number of patients at the time
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1 The finding of 1 very low cosnophl level (less than 20 per cu
mm ) 1n the period following 1 major operation (4 to 24 hours) sug,
gests 1 normal pramtary adrenal response and rules out hypoadreno
corticism as 1 ¢ause of 1y post operative complications such as shock

This was llustrated by the chnical course of O L, a 29 year old
woman with 148 hour history of severe flank pain and the radiologic
finding of a renal calculus She underwent uretero hithotomy shortly
after admussion The blood pressure fluctuated 1round 100/50 mm
Hg 1nd the patient appeared increastn v weih An eosinoplul count
of zera reassured us as to the activity of the adrenal cortex and the
patient recovered entircly although her blood pressure remained low

2 Comversely during the immediate post operauve period the
finding of a normal or lugh eosinophil count points toward the diag
nosts of adrenal insufficiency

Tlus was clearly demonstrated by F T a 55 year old man who
underwent resection of 1 locahzed carcinoma of the sigmoid and de
veloped shoch during the operation The cosinophil level 16 hours
after operition was found to be 460 per cu mm as compnred to close
to zero 1n 12 normnl patients counted 1t approsimately the stme time
after their opcrinon The pauent died on the second post operative
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T1c 3 Changes in cireulating cosinophils following major surgery
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Fig 4 Pre and post operatise response to ACTH
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AL B was 1 47 yeur old woman with 1 3 vear history of umenor
rher and hevdaches wath the netual ehiuenl 1o of Itemparst hem
1anopst wnd with the rocntyenolo e fadiag of 1 much (nbwged <ella
e Pre operinely shie Galed to respond to etther epmephnne or
ACTH An qtempt ws made to reciin i the adeenaks by overmgly
admuustratan of ACTI (25 my every 3 bours) The cosunopluly
fuled o respond  In spue of this operrtion w s ittempted and « ther
anesthesiy was adminsstered  follosed shortly by shoch (Fig 6 Jeft

NE t4T

W0 DAYS BEFORE
OPERATIN

9 08 AFTER
OPERATION

14 DAYS AFTER
OPERATION

30 DAYS AFTER
OPERATION

L

T 7 Changes in visual fiefd fallon g cramotoms

hand side) from which the patient recovered following the admimstra
von of adrenal extract and ephednine Operation was postponed and
the patient was treated with 25 my, of ACTH every 6 hours with a
resulting T1se 1 17 heto sterod excretson from 09 R 4 mg per 24
hours One week Jater anesthesia was admimstered agam This tune
the bload pressure remaived steady (Fig 6 nght hand side) and o
cramotomy followed by aspirauon of a ¢ystic chromaphobe adenoma
was performed without madent The patient recovered full vision
and health over a 1 month persed (Tvg 7)

5 In the post operative pertod. f the eosiaophul les efs are high a
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day and at autopsy bilateral adrenal tuberculosts was found—which
evidently left sufficient tissue for every day existence, but not enough
for the stress of operation (Fig 5)

3 A normal ACTH test pre operatively indicates that adrenal re
serve 1s adequate and that the patient 1s likely to withstand ordinary
operative stress, provided of course, that the pituttary 15 capable of
sumulating the adrenal An 1dea of prtwitary responsiyeness may be
obtamed by the use of the epinephrine test

L S 1llustrates the above points She was 1 37 year old woman

€l 0 on OBE DENOMA

Mg ¢ a7 SECO DAY WYPO D EN LISH.
OFcEmatR 6 DECEMBER 3
ETHER ANESTHESIA ETHER ANESTHESIA
m CRANKY

TOMY
PITUITARY CYST ASPRATION AND BIOPSY

BLOOD PRESSWRE "0

E | HIHIIHH . f[m h

sne & crmTN
HOURS. 4] 2 3 0 1 2 3 4 5
1
EOSINOPHILS cu M4 100 | 294 54
17 KETOSTEROIDS 09 85
w6724 4.
ESCHATIN 00cC v ESCHATIN ©
& Tvom_ aTH TTDTAL ACTH 585 WG (QVER 7 04YS)
175 NG_OVERNIGKT) BLOOD 1000 ¢C

Tic 6 Effect of ACTH on aperative course

with typical Cushing s syndromce which had been treated successfully
10 months previously with 4 500 Roentgen units to the pitwitary Be
cause of the presence of symptomatic leiomyomata a hysterectomy
was advised The question of possible prtuitary and adrenal insuffi
ciencies were raised Normal responses of the eosinophils to ACTH
and epwephrine pointed to a normal pituitary adrenal mechanmsm
and the patient went through hysterectomy successfully

4 A poor pre operative response of the eosinophils to ACTH 1n
dicates reduced adrenal function and 1s an indication for therapy with
either ACTH 1if the adrenal 1s capable of responding to 1t after pro
longed stumulation, or with adrenal extract in the presence of primary
adrenal nsuffictency



SURGERY 63

4 Reeant, L Hume D M, Forsham, P H, and Thorn G W
Studies on the effect of epincphrine on the piturtary adrenocor
ucal system J Cln Endocrinol In press

5 Roche, M, Hills A G, and Thorn G W The level of circulnt
in,, cosmophuls and therr response 10 ACTH 1n surgery  therr
use as 1 index of adrenl corticnl function New Frng 7 Med
1949 In press

6 Thorn G W, Forsham P H Prunty Garnet T T and Hills
A G A test for adrennl cortical insufficiency J 1 W A 137
1005 1948

DISCUSSION

DR FRANCIS D MOORE (Peter Bent Brigham Hospital Boston) [
should Tihe to say that the way Dr Thorn s showing us <ome of the
important surgical aspects of this problem 1s very exaiung  wish there
were more of our urgical colleagues At this meeting to hear of the
work

1 would like to show one shide and then make two or three add
tional points

Fig 815 a balance study of 1n elderly surgical patient undergoing
esophagectomy showin, balances of mitrogen and potassium and
sodium together with caloric intake Up at the top the numbers are
the eostnophil counts 1ninally showing a response to epinephrine and
then a response after surgery dropping down to 5 and then coming
back on the following days

You can see the loss of nitrogen and the differentially large loss
of potassium and 2 shight tendency to load sodium which 1s not as
dramatic 1n this patient as 1n most patients The black squares are
negative balances—the cross patched areas positive The uppermost
line indicates the intake

In other words surgical operation (in most patients) produces a
massive ACTH like response and in thinhing of treating surgrcal
patients with ACTH we have to bear this in mind and bring 1t sharply
mnto focus In a normally reactive patient a dose of ACTH at or near
the time of operation constitutes only an infimtestmal addition 1o his
own endogenous products of the hy pothalamic prtuitary adrenal axis
ACTH given several days before surgery or in convalescence 1s quite
another matter It must be studied objectively with particular regard
to metabolic effects and the details of wound healing We are at
present studying these problems

I would like also to pomnt out that many depleted surgical patients
who look chmically very il (Iike the patient P J that Dr Thorn
showed) in remarhable states of wound sepsis chrome depletion and
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normal fall in these levels following 25 mg of ACTH mdicates normal
adrenal cortical reserve, whereas a poor fall indicates adrenal cortical
msufficiency The results with the epinephrine test in the post opera
tive period are governed by the state of the antenior pitwtary ACTH
mechamsm but the results obtaed appear to bear no relationship to
the speed of the patient s recovery

SUMMARY AND CONCLUSIONS

Changes 1n the circulating level of eounophils following major
surgical operition have been presented and the possible relation of
these changes to altered adrenal cortical function has been discussed

1 In the presence of normal adrenal cortical activity, there 138 an
almost complete disappearance of circulating eosinophils during the
first 24-48 hours after a major operation

2 There 15 usually a sharp rise of the eosmophul levels on the sec
ond and fourth post operative day associated with clinical improve
ment This third day eostnophilia 1s associated with return of nor
mal adrenal cortical reserve

3 The finding of an eosinopema duning the first 2448 hours after
a major operation 1s 1n ttself evidence of increased adrenal cortical
actvity

4 Conversely the finding of a normal or high eosmnophil level
during the first 24-48 hours after an operation suggests adrenal cor
tical insufficiency 1n the absence of allergy

5 The mensurement of eosmophil fall after the myection of 25
mg of ACTH before operation 1s a good mndex of the capacity of the
adrenal cortex to excrete 11 oxysteroids and furmshes a good means
of pre operative prognosis

6 The response of the eosinopluls to ACTH duning the post
operative pertod provides a rapid and useful means of assaying adrenal
cortical reserve whereas the epinephrin response may give equivocal
results

BIELIOGRAPHY

1 Dalton A J,and Selye H The blood picture during the ~larm
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pr E h wirsnarL (Johns Hophins Hospital, Balumore) He didn e
come to post?

DR GEORGE W THORN No he recovered and the diabetes insiprdus
disappeared

pr Jawes J st Following up Dr Thorn s observation about the
necessity of priming patients with whole adrenal cortex extract to
yet an ACTH response we have found that winle many alcohohics in
acute alcohohsm or delirum tremens will respond well to ACTH
certain numbers of them w1l not respond, but will respond to 1queous
cxtract

DR JEROME W covN I would like to make one comment, that absence
of an eosinophilic response to adrenalin immediately after withdrawal
of ACTH would suggest a refrictoriness in the hypothalamus rather
than in the prituitary gland

DR ALLAN REnyon {Unnersity of Chicago Chicago) I would like to
comment on Dr Moore s shdes especially with regard to nitrogen
loss

T ask those who have been more closely concerned with the adrenal
cortex than I whether they feel it at all possible that as far as we know
now these large nitrogen losses which have been described here, and
also which have been seen under other circumstances especially after
fractures can possibly be due to adrenal cortex hyperactvity at that
time

Whether we do not require the bnnging 1n of some other agent if
you hike some other factor simply illustrates the point that we must
consider whether a great many of these reactions may not be much
more complex than adrenal cortex reaction as a consequence 1s lower

DR 0 H pEARsON [ would like to point out that the potassium de
ficiency syndrome developing post operatively has been observed
quite regularlv after major surgery and we have fairly good evidence
that 1t 15 an adrenocortical response In other words 1t 1s due to over
activity of the adrenal cortex

I think 1t would be very hazardous to add ACTH and thus more
stimulation to the adrenal cortex post operatively unless we have some
evidence other than nsing eosinophul counts that the patient needs
more function of the adrenal cortex at this time

DR CEORGE W THORN Our own experience n the use of Compound E
(Cortisone) has been of course confined to studies on patients with
Addison s disease At a 100 mg dose level of Compound E 1n Ad
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nutritional madequacy, stil will show Jow eostnophils, suggesting that
at feast to some entent thewr own adrenl cortices are active

One of the questions we would Iike to raise 15 whether or not fur-
ther strmulatton ot these patients with ACTH may produce an end
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argan effect that 1s somehow or other more benehicral than that which
their own adrenal cortices are domng for them

¢ © & marsuart Iwould like to ask Dr Thorn what was the nature
of the hy pothalamc mpury Could 1t be localized®

ox crorce W THORN The patient had diabetes nsipidus
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mechimsms than the adrenal cortex being responsible for the nega
tive nitrogen balance that follows operation or injury

If one cantrols ealoric intake prior to operation, and then performs
erther herma or gall biadder repur, with the same constant level of
caloric intahe ndministered through the operative day and therenfter
as was gnen 1n the control pertod one doces not find a sigmficant 1n
crease i negitive nitrogen balance resulting from the surgical pro
cedure

DR FRANCIS D MOORE How 1ibout potissum Dr Werner?

DR SIDNFY WERNER The potassium figures were in line with what you
said

DR FRancis D woorRr There 1s 1 httle differential between the two
then®

DR SIDNEY WERNER That 1s nght but not enough 1n our studres to
<ay that the discrepancy 1s necessanly significant 1f distinguished
from the K losses resulting from failure to provide potassium 1n ade
quate amounts during parenteril feeding

DR J s L BROWNE I think there are very marked differences in dif
ferent patients with regard to the degree of mtrogen loss I fully agree
with Dr Moore that if you put a patient through starvation regimes,
as shown years ago you will get 7 or 8 grams negative mtrogen bal
ance Inseveral cases however the nse after trauma runs so high that
y0u can get negative balances of 25 30 and even 40 grams per day
To raise the caloric intake under these circumstances does not seem
to control 1t

I would agree with Dr henyon and again [ don t want to antic
1pate what I am gong to say later that there are distinctly other fac
tors than the adrenal cortex factor in patients after trauma or 1n acute
and chrome illness

DR J R ELRINTON I would like to point out that 1n some of the pa
tients to whom we gave ACTH wth so called collagen diseases who
were on adequate intakes of potassium we found mn 7 out of 8 patients
that they went mto a positive potasstum balance 1f they had an ade
quate intake

If thev had an 1nadequate intake they might go into a negatne
potassium balance

DR WALTER BAUER What do you mean by adequate ?
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disonmans one usually observes only 1 to 2 grams of negative mtrogen
balance

The more we study this problem the more I feel that the adrenal
hormone response to ACTH 1s often tremendously in excess of 100 to
200 mgs

In answer to Dr Kenyon s question, 1t 1s quite probable that the
larger losses of nitrogen following large doses of ACTH are due to the
action of quantities of 11~17 oxysteraids greatly wn excess of 100-200
mgs of E

DR FRANCIS D MOORE We thought these were large nitrogen losses
that we were seeing after surgery

Most patients lose about 7 grams a day negative balance with
excretion rates in the 78-15 gram ranges A year ago we thought those
were big negauve nitrogen losses However when we studied patients
without trauma who were purely starved and lowered the caloric
mtake (which 1s so charactenistic after surgery), and compared them
with Benedict s starving man we found much to our surprise that
those absolute rates of nitrogen flux are not much more than one
would predict on the basis of short term starvation

However that 1s not true of the potasssum There 15 2 definttely
differential loss of k, and the K N ratio after trauma 1s much higher
than 1t 15 after starvation

We should also point out that a small group of surgrcal patients
(less than 15%, of post operative situations) show negativ e balances up
to 18-21 grams a day with proportionally high excretion rates Thisis
an enurely different category of responsc than that usually observed
and should be studied further as an abnormal adapuve response 0
mjury

DR JEROME W CONN It 15 not necessary to evohe the following chain of
events (adrenalin liberation — hypothalamic stimulation — ACTH
liberation from anterior pituitary — adrenal cortical steroid release)
to account for the increased mtrogen loss which follows trauma Ingle
has shown that an increased nitrogen loss after trauma occurs in force

fed bilaterally adrenalectomized rats mamtamed on a constant dose
of cortical steroids In other words the extra loss of nitrogen following
an alarming stmulus will occur m the absence of mcreased cortical
steroid secretion and 1t 1s not necessary to implicate the pituitary

adrenal cortical system to account for all the phenomena observed

after trauma

DR SIDNEY WERNER (College of Physictans and Surgeons New Yorh)
I should like to agree with Dr Moore and Dr Kenvon about other
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levelis markedly reduced, and when the drug 1s stopped levels higher
than those noted before the onsct of therpy are observed

Tht the secondary high levels of cosinoplhules are thus presumably
duc to the cessation of corticotd seerction by the adrenal rather than
the increased exeretion of nitrogen retuning sterowds (Browne et 1l )
1s further borne out by the inabihty of parenterally admimistered tes
tosterone to ffect the circulnting cosinaphiles

DR JCROME W cONN [t 1s difficult to reconcile our present concept of
the alarm reaction wath the facts that have been pointed out and with
the fact that 1 pauent with Addison s disease fauls to go into negatinve
nitrogen balance with ACTH 1n large doses
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DR | R ELRINTON If they were getting 50 or more mulliequivalents
per day

DR FRANCISD MOORE Is that a single dose of ACTH or what?

DR ] R FLMINTON That was in doses from 4 to 8 days of 25 to 200
mgs per day

DR GEORGE W THORN Dr Conn in considering changes n potassium
balance three ponts should be hept in mmnd First when a patient1s
stimulated via endogenous or exogenous epinephrin, he may have m

creased potassium excretion 1s potassium becomes immediately avail

able following glycogenalysis With Compound E he will have an
mitial transient loss of potassium 1n the urine, which 1s a renal phe

nomenon Later on continued Compound E therapy as the glycogen
reserves are built up in the bodv he may revert to a positive potassium
balance

DR HENRY WILSON Dr Engel showed that rats adrenalectomized
maintained on a constant daily dose of adrenocortical extract, and
injured had a perfectly normal increased output of urinary nitrogen
with a concomitant increase 1n potassium The adrenal cortex 1s not
necessary for this response

If one has a patient being subjected to chromc mjury such as
lupus erythematosus and 1f that inflammatory process 1s immedhately
stopped when ACTH or Compound E 1s given of course the patient
will tend to go 1nto posttive nitrogen and positive potasstum balance,
which may or may not outwergh the negative nitrogen and potassium
balance which 1s a direct metabolic effect of the hormone

Whether or not we get a positive or negative will depend on
whether the mflammatory process m the beginning would impair the
metaholic effects of the stearates

DR J L GABRILOVE (Mount Sinat Hospital New York) We have
studied the level of the airculatng eosmophiles following simple
trauma as exemplified by surgery and coronary occlusion Following
a simple surgical procedure the eosinophile level falls markedly within
4 hours The marked reduction in circulating eosmophiles remains for
2-3 days postoperatively and then 1s followed by levels above those
noted preoperatively (4-11 days) The eosinophile count then returns
to the preoperative Ievel Infection results in prolonged reduction of
the eostnophile count

Sumlar findings have been noted following coronary occlusion

When ACTH s admimstered for long persods the eosinophile
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100 mg of the pepude mixture duly 1n doses of 25 m,, every 4 hours
admimstered intramuscularly

After 5 dys of peptide admumstraton  all medication was dis
continued for 1 period of 16 days The patient then recerved 100 mg
of whole adrenocorticotrophic hormone (This material was prepared
by Dr Li also) Both Li preparauons (after being dissolved) were
placed 1n 1 bothing water bath for 10 minutes
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Fic 1 17 hetosterord excretion 1n response to the admumstration of different
adrenocorticatrophins

After a lapse of more than a month he recenved whole adreno
corticotrophic hormone (Armour Lot #H 3806) The metabolic ef
fect of these vanous materials 1s shown n the figures which appear on
the following pages

In Fig 1 are shown the 17 ketosteroid values It 1s apparent that
this man had a baseline 17 Letosteroid excretion which av eraged
approximately 2 mg /24 hours During the period of peptide adminus
tration, there was a very striking increase 1n the 17 hetosteroid excre
t1on up to a maximal figure of 36 mg /24 hours Return to the base



8

Metabolic Effects of a Peptide Mixture
Derived from ACTH (Li) in Companson with
Those Resulting from Whole ACTH

Administration in a Human Subject*

Laurance W Kinsell C H L1 Sheldon Margen  George D
Michaels and Robert N Hedges}
with the tech cal a stonce of Lia € § ter Corl T A drson o d Me e E Hthn

METABOUIC RESEARCH UNIT UNIVERSITY OF CALIFORNIA-U S NAVAL HOSPITAL
OAKLAND AND THE DIVISION OF MEDICINE UNIVERSITY OF CALIFORNIA MEDICAL
SCHOOL SAN FRANCISCO

In 1948 Lt reported that a peptide mixture prepared by by
drolyzing whole adrenocorticotrophic hormone retamned 1ts ability to
stimulate the adrenal cortices n hypophysectormzed rats ! In March
1949  he further reported some of the physical charactertsucs of this
peptide mixture Prior to his departure for Europe m August 1949 he
placed 1n our hands 500 mg of this peptide muxture All proiem
material had been removed by precipitation with 10%, trichloraceuc
acid and the average size of the peptides present n the residual ma
terial was estimated to be 7 to 8 amino acids

Patient HAL a 60 year old male with classical rheumatord ar
thritis was selected to recerve this material ** He was placed upon a
chemcally constant food intake for a period of many days prior to
the admuinistration of the peptide When his mitrogen excretion had
been relatively constant for a period of more than 6 davs he recen ed

“This work 15 supported by grants from the Research Duvis on of the Bureau of Med:
cine and Surgery U S Na -y (BuMed 4007046) from the Office of Naval Rescarch under
a contract between the latter and the University of Cal fornia

} Schering Research Fellow in Endocrinology 1948-39 and Damon Runyon Re
search Fellow 1949-50
{Lieut (3g) MC USNR

Drs Ephratm Engleman and Mare Rrupp of the Veterans Hospital San ranc sco
«ave helpful ¢l meal advice in the course of this study Tkey will be co authors of a paper
describing the entire study (wh ch 1t stll proceeding at this ime}

10
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had 17 ketosterord excretion values of constderably greater magm
tude althoush 1t no time did he reach the levels noted on the prepn
ritions previously reported This may relate to some change of
responsiyeness of the patient umsell or may relate to significant quah
tatne differences 1n the adrenocorticotrophin preparations

InTig 215 shown the method used for charting of balance studies,
1n the figures which will follow It will be noted thnt intake 15 charted
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Fic 3 Sodwm potasstum calcium and magnes um balance data

from the heavy superior ine downward Output 1s charted from the
lower most hne upward It 1s 1pparent that if the hatched area falls
below the upper heavy lne the indiidual 1s m positive balance
whereas 1f the hatched area goes above the heavy line the patient 15 m
negative balance

In Fig 31t will be noted that there was a very marked sodium
retenton and a very marked decrease in urine excretion duning the
administration of the peptude The whole ACTH (Lt) caused fluid
retention of approximately the same magnitude but a very much lesser
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hne level was not achieved until approximately 1 week after the
cessation of peptide admimistration During the administration of the
Li preparation of whole adrenocorticotrophic hormone, a very striking
mcrease 1n urmary 17 ketosteroids occurred, up to a maximal level of
more than 60 mg /24 hours Again the baseline level was not reached
until approximately a week after the discontinuance of hormonal ad
mimstration

It was found necessary to temporarnly discontinue the chemically
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Fi6 2 Schema for interpretation of balance study charts

constant diet 1n thts patient for an interval of 26 days On 1ts resump
tion 1t was found that the 17 ketosteroid excretion was httle changed
from his origmal baseline level Admimstration of ACTH (Armour
Lot H 3806) 1n a dosage of 100 mg daly resulted 1n a maximal 17
Letosteroid excretion of 6-7 mg /24 hours Unfortunately this lot of
ACTH had not been used previously in any patient In other patients
1t has since been found to be of considerably weaher potency than one
would expect on the basis of the standardization figures This has been
confirmed for us by the Armour laboratories This same individual
when at a later date he received other Armour ACTH preparations,
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resulted i response to all 3 adrenocorticotrophins As in the case of
calaum, 1 major part of the negatne phosphorus balance during
peptide admunnstration w1s referable to increased fecal excretion of
phosphorus
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Fic 5 Nitrogen and phosphorus balance data

In Fig 5 are shown the changes 1n nitrogen balance and in unt
nary creatine and creatimne Significant increase in urinary nitrogen
excretion occurred 1n response to the peptide mixture and to the Lt
preparation of adrenocorucotrophin Only shight increase 1n urinary
nitrogen occurred 1n response to the Armour ACTH Significant
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degree of sodum retention The Armour ACTH caused sigmificant
sodium and water retention in a fairly proportional degree Weight
gamn was 1n each 1nstance proportional to fluid retention

The effects upon urinary potasstum are difficult to interpret They
may be due to quahtative differences 1n the adrenocorticotrophic
preparations used, or they may be due to different states of responsive
ness in the patient at different time mntersals

Increases 1n calctum and magnesium excretion were most marhed
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Fic 4 Cazlaum and phosphorus halance data

1n response to the peptide admunistration It 1s of interest that a con
siderable portion of the calcium loss was 1n the feces This same obser-
vation has been noted by other members of the Conference

In Fig 4 are shown the findings n regard to calctum and phos
phorus balances and m serum norganic phosphorus during the ad
ministration of the various hormonil entities As noted above 1t 1s
apparent that the peptide produced a sigmificantly negative calcium
balance and 1t also appears that a very markedly negative phosphorus
balance resulted from the admimstration of all 3 adrenocorticotrophin

preparations A significant fall mn the serum morganc phosphorus
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Tevel fell practically to 7ero mn response to 1l 3 adrenocorticotrophin
preprrations Itis also of interest that this individual had 1 rather low
eostnophile count prior to the «dmuinmistrition of any theripeutic agent
and that 2 very striking mise 1n arculating costnophiles occurred
following the cessation of adrenocorticotrophin Iittle change was
observed 1 hematoenit duning therapy  but following the first 2
treatment periods 1t appearcd that 1 sigmficant tendency toward
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Fi6 7 Body werght circulating eosmophiles and lymphocytes hematocrit
and sedimentation rate values

hemoconcentration occurred This coincided with considerable diu
Tews m each nstance

The changes 1n sedimentation rate were erratic during and follow
ing peptide admimstration  but a sigruficant fall appeared to occur
during and immedsately following the L1 adrenocorticotrophin and
the same also appeared to occur following the Armour adrenocorti
cotrophun  The magmtude of these changes was not however of suf
ficient degree to deserve emphasis Very significant chimcal mprove
ment 1 terms of decreased jomnt pain and swelling and increased
Jomnt mobility occurred during the administration of all 3 adrenocor-
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diminution m creatine excretion occurred during and following the
admimstration of the peptide mixture

In Fig 6 are shown the changes in the fastting blood sugars and
hetones, and 1n the fasting serum phosphorus serum sodwum and
serum potasstum It 15 apparent that all of the adrenocorticotrophic
preparations produced a rise in the fasting blood sugar levels but
that a very strihing mncrease occurred n response to the Li adrenocor
ticotrophic hormone and only a shightly lesser response to the peptide
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Fic 6 Blood sugar and ketone and serum phospharus sodmm and potas
sium values

mxture The changes 1n serum phosphorus may very well relate to
increased phosphorylation of carbohydrate The greatest effect upon
fasting blood ketones was observed when the L1 whole adrenocorti
cotrophin was admimstered Such hetone elevation was transient 1€,
1t did not continue throughout the period of admmstration of ACTH
The changes mn serum sodium and potassium are difficult to interpret
and are included only for the sake of completeness "
In Fig 7 are shown the changes in cosinophiles packed lcc]
olumes, and sedimentanon rates It 1s of mterest that the eosinophile
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§ Inbeled methwnine admimistered 1intravenously The admimstra
tien of adrenocorticotrophin resulted 1n 1 very constderable increase
1n labeled inorgamc sulfte, but no increase in labeled orgame sulfur
This 15 1n contrast to the findings previously reported wath testosterone®
1 which, 4t 1 time when a net retention of total sulfur occurred a
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F16 9 Orgamc sulfur partition (partial) in urine 1 response to ACTH
peptide and whole ACTH



78 CIINICHI ICTH CONFFRENCE
ucotrophins, and the shght temperture elevaton which had been
present also disppearced

In Ig 8 are shown the chinges n total urinary sulfur duning the
first 2 studies on tlus patient 1t 15 1pprent that 1 sigmficant increase
m totrl urmary sulfate and n uninary orgame sulfur oceurred during
the admimistr iton of both adrenocorticotrophins and that a decrease
mn excretion of both of the sulfur componcats to v 2lues less than those
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Fic 8 Urnary orgnic and iorganic sulfur excieton n response to ACTH
ptptide and whole ACTH

noted prior to therapy occurred following the cessation of the hormone
admumstration

In g 9 1s shown the organic sulfur partitton during these same
metabolic periods It 1s apparent that significant mncreases in urinary
cystime and 1 urinary methionine occurred, but 1t 1s equally apparent
that these two amno acids account for only about 50% of the total
increase in urinary orgamic sulfur The nature of the remuning organic
sulfur matenal 1s as yet unknown The method used for cystine also
determmes glutathione cystine Hence this tripeptide does not ac
count for any of the as yet umdentified organic sulfur

Studies were also carried out on this patient using tracer doses of
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S labeled methonine admnistered intravenously The administra
tion of adrenocorticotrophin resulted 10 1 very constderable increase
n labeled 1norgame sulfate, but no increase sn labeled orgamc sulfur
This 15 1n contrast to the findings previously reported with testosterone®
1 which At 1 time when a net retention of total sulfur occurred, a
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sigmificant increase of labeled urinary orgamic sulfur was observed 4
portion of these data re shown in g 10
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Fic 10 Response of $% labeled urinary organic and worganic sulfur and of
S* 1n plasma protein n response to ACTH peptide

PISCUSSION

Regardless of how efficient the production of adrenocorticotrophin
from natural sources may become a supply which depends enurely
upon such sources would be grossly 1nadequate i view of the 1n



POLYPEPTIDF 1CTH 81

creasing demand for this matenal We have therefore been pleased
to find that a mixture of relativeh small pepudes his great abihty
to stmulate the drennl corten and 1n so doing to produce 1 met
bolic pattern comparable with that observed in the same indisidunl
1n response to whole 1drenocorticotrophin preparations obtaned from
natural sources It 1s not yet known whether one or more than one
peptide 15 responsible for the entire metabolic cffect of this pepude
mnture Also, the exact size of the peptide or peptides concerned 1s not
Anown It appears probable however that the size of the 1ctve pep
tide s 1n 1 range which mahes sy nthesis not only posstble but probable
Whether such synthests will require 6 months or many years 1t the
present time no one can sty In view of the impressive therapeutic
responses to adrenocorticotrophin which b nve been reported here and
ehewhere, 1t 1s apprent that 1 program designed to produce such a
synthetic matenal should be pursued with considerable vigor

Many of the metabolic changes above reported are essentially 1den
tical with those noted by other members of this Conference The
labeled and unlabeled organic and norganic sulfur data menit some
comment In brief 1t appears that in an individual who had received
tracer dosage of S* labeled methionine 2 weeks before recening
ACTH, the following urmnary pattern emerged during ACTH ad
ministration

Increased total sulfate

Increased labeled sulfate

Increased organic sulfur (unlabeled)
No labeled orginic sulfur

R

On the basis of previous observations one may assume that all
8% has been incorporated 1n protoplasm well before 2 weeks after 1ts
admimstration Hence the increase in labeled sulfate indicates that
ncreased tissue catabolism occurs in response to ACTH

The interpretation of the absence of any labeled organc sulfur
despite the impressive mcrease in unlabeled organic sulfur 1s not so
simple It 1s probable that some inhibinon of renal tubular reabsorp
tion of orgamcally bound sulfur 15 a necessary assumption The lach
of labeled materral probably means that almost all of this orgamic
material 1s derived from recent dietary sources rather than from proto
plasm The opposite picture 1s obsersed when testosterone 15 admimns
tered 2

It 1s also worthy of note that the mnitial excretion of phosphorus
was considerably greater than could be accounted for on the basis
of combined calcium and nttrogen excretion (that s n terms of aver
age calcum and phosphorus composinon of bone and of nrtrogen
phosphorus ratios m average protemn tissues) Dissolution of a large
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amount of ussuc with 1 high rato of nucleus to cytoplasm cg lym
phord tissuc, would produce such 4 prcture

SUMMARY

A protemn free peptide mixture prepared from whole adrenocorty
cotrophin by Dr Li has been found to have 1 hugh degree of adreno
corticotrophic 1etivity when admimistered to a patient suffering from
rheumatowd arthritis The metabolic changes were comparable with
those resulting from the administrition of whole ACTH to the same
individual
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DISCUSSION

DR JEROME W CONN I would lihe to make two comments Tust we
have data which confirm Dr Kunsell s with respect to total sulfur
balances 1n that ACTH causes an increased urinary excretion of both
morganic and organic sulfur which cannot be accounted for on the
baus of protemn catabolism alone

The other comment 1s that as we look over these data we are re
minded agam of the possibiity of the existence of more than one
ACTH Some of the differences in responses to the different matertals
may be on the bass of total ACTH present or on the basis of actual
quahitinve differences in the compounds

pr Jonn R MOTE I beheve that everyone here has learned from ex
perience that our labelled potency does not always correlate with
chnical results particularly since the investigators have been working
with disease syndromes It has occurred on more than one occasion
that our bioassay was 1 errar since patients who were under full con
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trol with one preparition escaped when switched to another prepara
tion 1t must be realized that the Sayers and Sayers bionssy techmque
depends upon the measurement of only one thing and there 1s 1n in
herent error 1n this techmque to the end that 4 statisucl varition of
less than plus or nunus 209, 1s considered good

On the other hand n the human patient not only do vou have
the ability of observin,, objective changes but the imvestigator 1s able
to mesure 1 number of varbles both chnical nd laboratory wise
in the sume individual Itas 1 behieve for these resons that it has
been posaible for the investigator to tcdl us on occasion rather cate
garically that our labelled potency was 1 cror

1 behieve that 1t 1s entirely possible tht the lot of ACTH which
Doctor Kinsell used was in fact not s potent as the 1mmal bioassay
indicated and on the basis of the data presented by hum I would be
mchined ta say that hie w 1s adaurusterning closer to 75 mas 1day rather
than the 1pparent 100 mgs a day Turthermore the posstbility must
be considered that 1n the case of the small molecule there may hwe
been a more ripid absorption with 1 maxamal sumuliung effect which
might be well 1n excess of thit observed 1n 1 preparation consisting
of both large ind small molecules In other words I am not convinced
that any data has been presented to indicate that there 1s 1n fact any
real difference between the several preparations used

DR PETER H FORsHAM Whole ACTH nppeared to give you an mitial
Letosis shown on the chart apparently not given by the polypepude
Bennett showed that ACTH does give rise to hetosts in ammals and
when with us last year he was able to show the same thing with Com
pound E acetate 1n man

One wonders whether the absence of this hetosis with a poly pep
tide means that the adrenal cortex was stimulated to deposit so much
glycogen m such a hurry that ketosss was effectively stopped or
whether there 1s perbaps admixed with the larger molecule a keto

gemie hormone of pituitary onmn such as has been proposed on oc
casion®

DR LAURANCE W RKINSELL Actually the increase 1n fasting ketones
with the pepude was as great as Dr Bennett obtained with Compound
E The scale 1s a httle deceptive There was a nise of something more
than 1009, (which may or may not be sigmificant) but the increase
in crreulating ketones 1n response to the  whole ACTH was very
marked

DR SIDNEY WERNER I just want to mention the possible importance
of differences 1n rates of absorption with purer or with different ty pes
of ACTH preparations 1n influencing biological acuvity
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amount of issuc with a Ingh ravo of nucleus to cytoplasm eg,hym
phaid tissue, would produce such a prcture

SUMMARY

A protem free pepude mixture prepired from whole adrenocorty
cotrophin by Dr Li has been found to hae a fugh degree of adreno
corticotrophic activity when administered to a patient sulfering from
rheumatoid arthrius The metabolic changes were comparable with
those resulung from the administration of whole ACTH to the same
ndnidual
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DISCUSSION

DR JEROME W CONN I would like to make two comments Fust we
have data which confirm Dr Kinsell s with respect to total sulfur
balances 1n that ACTH causes an mcreased urinary excretton of both
morgame and orgamic sulfur which cannot be accounted for on the
basis of protem catabolism alone

The other comment 1s that as we look over these data we are re
minded agam of the possibility of the existence of more than one
ACTH Some of the differences 1n responses to the different materials
may be on the basis of total ACTH present, or on the basis of actual
qualitative differences 1n the compounds

DR JOHN R MOTE I beheve that everyone here has learned from ex
perience that our labelled potency does not always correlate with
chmeal results particularly since the investigators have been working
with disease syndromes It has occurred on more than one occasion
that our bioassay was m error since patients who were under full con
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weight rises despite a fll m “theoretical * weight—an sndication thae
there 1s 1 small amount of putressin 10 thus ACTH (Armour lot 37
KI) (2) this effcct 1s not seen 1n days 21 thru 24 or 1n days 31 thru
37 (3) thus cffect 1s qgain seen during d1y 48 when ACTH Li was
being given This confirms Dr Ransell s statement that this ACTH
Ls, although clectrophoreticnally pure apparently contains some
pitressin



84 CIINICAL ACTH COMFEREMNCE

DR GEORGE W THORN This might be an appropriate tume to discuss
the postertor prtuttary activity in ACTH preparations 1n regard to
balance studies

Charactenstically the posterior prtuitary hormone has a very short
period of actinaty as you know and therefore when one admmisters
ACTH giving one or possibly two injecuons per day you would not
observe much effect on water balance However since most of us are
using round the cloch 1njections of ACTH and stnce i most of these
metabolic studies we have a patient on a constant water intahe, who
1s not able to reduce hus water mntake as his body becomes better
hvdrated, one often observes excessive accumulation of water, which
may be difficult to differentiate from the water retention secondary to
sodium retention (the action of the adrenal steroids)

If you admimster to a patient with dibetes insipidus with a 24
hour urine output of 8 000 ml , 0 1 unit of postertor pituitary hormone
everv 4 hours, you will bring his urine volume down to 4 000 ml If
you give him 5 mgs of ACTH every 4 hours you can mamntain the
same urine solume as you do on one tenth unit of posterior pituitary
antidwrenc principle Regardless of what the animal assay shows you
do get a good antidiuretic effect 1n most of these preparations Is this
all due to contaminatory posterior pituitary hormone 1n the ACTH
preparation or 1s there an inherent anudwretic effect of ACTH?

Again while Dr Kunsell s figures showed hemo dilution 1t 1s dffi
cult tonterpret the mechanism of the dilution because of stmultaneous
salt retention 1n that parucular espeniment If one could give a small
dose of ACTH polypeptide to a patient with diabetes msipidus and
show one did not obtain an antidwretic effect we would have made
a great step forward 1n the solution of this problem

DR FREDERIC C BARTTER I would like to say a little about a method
of distinguishing the weight gatn due to salt retention from that which
15 due to water retention without salt This 1s done by companng the
actual weight curve during an experiment with a ¢ theoretical wesght
curve based on mitrogen plus potassium plus sodium (or chlonde) ac
cording to the method described by Reifenstein Albright, and Wells
(7 C Endocin 5 367 1945) When water 1s retaned with salt these
two curves run parallel to each other when 1t 1s retamned without salt
(pitressin effect) they diverge Thus s illustrated 1n Fig Four from our
paper Article 19 A Companson of the Effects of ACTH mn Panhy

poprtuitansm  Ovanan Agenesis and Acromegaly showng the ef

fect of 3 courses of ACTH and one of desoxy corticosterone glucoside
on the actual and theoretical weights If you compare the actual
weight (sohd line) with the ¢ theoretical weight based on N k. and
Na (dotted line) you see that (1) during days 19 and 20 the actual



POLYPLPTIDI 1CTH 85

weight rises despite 2 fallin ‘theoretical  weight—~an indication that
there 15 a small amount of pitressin mn this ACTH (Armour lot 37
RI), (2) thus cffect 1s not scen 1n dnys 21 thru 24 or mn days 31 thru
37 (3) this cffect 1s agamn scen during d1y 48 when ACTH Li was
being given This confirms Dr Kainsell s statement that this ACTH

Li although clectrophorctically pure  apparently contains some
putressin
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Effects of ACTH on Carbohydrate Metabolism

in Normal Human Beings

Jerome W Conn
UNIVERSITY HOSPITAL UNIVERSITY OF MICHIGAN ANN ARBOR

I want to make a few pomis first and then show quite a num
ber of shdes which I will go through rapidlyv
In 1 senies of 10 prolonged balance studies upon normal young
men and women given 50 to 100 mg per dvy of Armour Standard
ACTH we have observed the following
1 Glycosuria n all varyving from 2 grams to 50 grams per day
2 The mmal glveosuria 1s due to decrensed renal reabsorption
of glucose
3 Hyperglycemia and dinbetic glucose tolerance curves begm to
appear after 24 hours of ACTH except 1n one subject in whom normal
tolerance for carbohydrate persisted
4 The amount of glycosuria bears little relationship to the degree
of negative nitrogen balance or to the time of appearance of the latter
5 A close temporal carrclation exists between glycosuri and 1
creased urinary excretion of urte acid
6 The diabetes produced 1s relatively insulin resistant
7 Fasting blood glutathione decreases as carbohy drate tolerance
15 lost and returns to normal upon cessation of ACTH with a more
gradual return of normal carbohvdrate tolerance
8 Admnistration of reduced glutathione during a course of
ACTH 1nduced drabetes produces temporary cessation of glycosuria
and a fall of blood sugar
9 In chnical Cushing s Syndrome associated with diabetes and
low levels of blood glutathione idmintstration of reduced glutathione
converts a diabetic glucose tolerance curve to a normal one
10 In a typical case of Cushing Syndrome exhibiting normal
carbohydrate tolerance blood glutathione was found to be higher
than 1n any normal subject so far studied
I would like to run through these shdes and pomnt out just a few

things on each slide
86
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Fig 1 shows 1 normal female given ACTH i this period 50 mgs
per day There 1s negatine mitrogen balinee the peth at 7 gm nega
tse mtrogen balinee per dav The white bars represent glycosunia
Thus 1s the blood sugar and this 1s the uric acid exeretion

I'g 215 on the same mdmidual showing the concomitant meta
bolic datr The upper griph represents sweat sodium and chlonde
under “ACTH

There 1s 1n 1mitial sodium and chlonde retention and 1 potassium
duresis with ACTH By the fourth AC TH day these values have re-

(AM D 24 NORMAL SUBJECT}
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Fic 1 Effect of ACTH upon fasung bloed sugar and upon urinarsy glucose
nitrogen and uric acud

bounded to baseline values On cessation of ACTH a great duress of
sodium and chloride and a potassium retention occurs Thrs shows
the costnophils getting down to zero bounding back on the second
day getting back to zero and staving there with some rebound when
the ACTH 1s stopped
Fig 3 15 on the same normal individual and shows the glucose
tolerances 7 days after ACTH as compared with the control and the
post ACTH tolerance
Fig 415 on a norm 1l individual of the same age given the same
ACTH (another normal female) and given it on the same days as the
other normal female with all of the chenustry done simultaneously
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EFFECT OF ACTH UPON SWEAT Na AND C! IN RELATION TO
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Fic 5 (From Conn Jerome W Lows Lawrence H and Wheeler
Clayton E Production of temporary diabetes mellitu in man with pituitary
adrenocorticotropic hormone  relation to uric acid metabolsm  Four Lab
and Chn Med 33 651 June 1948 )
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In this normal gurl with the same dose 1nd the same batch, esery
thing else the same, there 1s no negative nitroen balance Glycosunia
occurs The re bound of glvcosurny occurs on the fourth day after
ACTH 1s stopped, associated with 1nancressed urnic acid such s you
saw in the first girl and there 1 1 relitionship between the urie acid
columns and the glycosurit columns

Tig 5 shows the associated metabolic data showing essentially
the same responses (but less quanutatnvely) that we saw i the first

EFFECT OF ACTH UPON FASTING BLOGD SUGAR AND UPON
URNARY GLUCOSE MITROGEN AND URIC ACID
Iew p 24 40 waL SobX )
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¢ 4 (From Conn J W Lows L H and Johnston M W Studies
upon mechanisms involved mn the mduction with adrenocorticotropic hor
mone of temporary diabetes mellitus in man 8 3 Proc Am Diab Asso,
1948 )

subject The eosmnophuls increased when ACTH was stopped m ths
ndividual

Fig 6 shows the one subject who failed to give us a diabetic Jlucose
tolerance curve although as compared with the base line flat curve
this shows somewhat less tolerance but would not be regarded as ab
normal carbohydrate tolerance

Fig 7 shows a very responsive man who has negative mitrogen
balance 1n the ACTH period which amounts to as much as 9 grams
per day of negative mitrogen balance He responds with a higher nise
of the fasting blood sugar up to 140 and with a sustamed increase 1n
uric acid excretion

Fig 8 shows that his responses 1n everything are very ,reat, and
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EFFECT OF ACTH UPON BLOOD SUGAR AND GLUTATHIONE AND UPON
URINARY SUGAR NITROGEN AND URIC ACID
(RS & 37 NORMAL SUBJECT!
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Fig 111s1nteresting In the normal man whose data you just saw,
the glucose tolerance test was done on the ststh ACTH day 330 units
of insulin had been given over the 5 day period prior to this glucose
tolernce test and 1t fuled to prevent 1 diabetic glucose tolerance
curve Four dys after ACTH there 15 sull 1 delay and then 1t 1
norml after 10 days

Fig 12 shows data from an experiment on nother normal young

EFFECT OF ACTH UPON BLOOD SUGAR AND GLUTATHIONE
AND UPON URINARY SUGAR NITROGEN AND U iC ACO
TRS d 37 NORMAL ABJECT !
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¥i¢ 10 (From Conn Jerome W Lows Lawrence H and Johnston
Margaret W Metabolism of uric acid glutathione and mitrogen and cx
cretion of 11-oxysteroids and 17 ketosteroids during 1nduction of diabetes
' man with puustary adrenocorticotropic hormone Four Lab and Clin
AMed 34 255 February 1949)

man You will notice that the glutathone 1n the last 2 days of ACTH
fell rapidly and was associated with a sharp increase of glycosuria

You all know what reduced glutatlnone 15 This 1s the matenal
we have injected ntravenously The SH group 1s what we think 1s
mportant here (Fig 13)

Fig 14 shows blood sugars done hourly throughout the enure
ACTH period (8 AM to 4 PM) Note that the fasting blood sugar 1s
nsing with each day of ACTH Where you see the astenshs 1t means
glutathione was g1ven intravenously 1 hour before Y ou will note that
the blood sugar 1s rising at each of the hours during the ACTH period
but that there 15 a reversal of this trend wherever the glutathione was
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you will notice the very tremendous retention of sodium and chlonde
—the tremendous duresis of sodium 1nd chlortde when ACTH 1s
stopped His clectrolyte metbolism 1s thus markedly affected Glu
cose 36 gms per day 1s the largest amount 1t this tme The eosino
phuls stayed at zero

Incidentally hts imual sweat sodium and chloride values are vers
low We find such pcople to give the greatest responses to ACTH

Fig 9 shows hs glucose tolerance curves After one day of ACTH

EFFECT OF ACTH ON CARBOHYDRATE TOLERANCE
(RS 3 37 NORMAL SUBECT)

o DURING ACTH PERID
M fioo & AFTER | DAY 150 MGM ACTH
300 AFTER 8DAYS 200 MGH KT
" AFTER CESSATION OF ACTH
20
20

HOURS AFTER GLUCOSE (75 G4/ LO OR LLY)

Fic 9 (From Conn Jerome W Lows Lawrence H and Wheeler
Clayton E  Production of temporary diabetes mellitus 1n man with pituatary
adrenocorticotropic hormone relation to uric acid metabolism  Four Lab
and Clin Med 33 651 June 1948 )

he showed this diabetic curve which at the end of 2 hours was 150
After 8 days he had a very prolonged diabetic curve, the blood sugar
level being 175 at the end of 4 hours

Fig 10 1s a hittle comphcated, and I can t take tme to explun
all the details but I put this shde 1n to show the relative insulin re
sistance ‘This 1s the same 1ndividual you Just saw Glyco uria persists
1 spite of 35, 35, 60 100 100 and 100 umts of mnsuhn a day On the
fifth and stxth days of ACTH the fasting blood sugar 1s coming up
again despite 100 units of P Z T per day
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Subject D T (Normal)

Pod | Dus| cri | kS 1 Cortin (‘[)mmnai N o, ‘ Lre fad
I [ thiore
mg /dyy | my day [mg day ‘ gm ‘day [mg 100 cc myg /day
1 [ 129 — 1o 70 | —
Controt 2 0 126 09 0 | 312 490
3 0 134 ' 06 0 — 525
4 0 100 07 0 343 538
5 0 12¢ 07 0o 300 50>
1] 2 1123 18 0 305 703
2 26x 140 16 o 1 321 650
3 2%6x 192 13, 0 | 27> 690
ACTH 4 52« 01 14 41 280 710
5 s2x 23 | 14 1 27 — 728
6 52¢ 271 20 | 45 321 730
7 2% 275 16 126 220 885
8 s2v | 275 85 84 07 740
e —— _—_— e~ ——— R
1 o | s 510 0 225 510
2 0 04 59 0 314 504
3 0 106 13 o | 372 392
Recoyery | 4 0 100 13 o, — >08
5 o ' 130 1 o9 0 | s 640
6 o 189 | 17 1 0 322 435
7 0 189 51 o — 450
mg (Armour Standard) Lot—37 k G—More d abetogenic
x mg (Armour Standard) Lot G 59703-—Less diabetogenic
Fasting blood glutathione at enf of cach -4 hour penod
Fic 12 Subject D E (normal)
REDUCED GLUTATHIONE
( GLUTAMYL - CYSTEINYL - GLYGINE )
(CoHi7 O N3y S)
o CH,—~ SH
W |
HaN = CH ~ CH,— CH,= G — NH — CH
1 |
COOH 0 = € - NH — CH,— COOH

GSH

Fio 13
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given It apparently had very hittle dfTect when given on the seven
teenth post ACTH dny

Fig 15 shows that the urtnary glucose from 8 AM to 4 PM during,
the ACTH period was 1 gram 5 14, and then 1t dropped to 4 duning
the glutathione dvy and then 16 and 24 Herc 1s the average blood
susar that day as compared with the others The glutathione was

oum ST
"3

acr
NG
st s a2
wm w2
w0 2
am 0 w2
52
s (=

s
e % 2
™ 0 2
o 30 2

8 00D SUGAR MG /100 CC

B 3 7
o e G cose (226Ms 0 A )
EFFECT OF ACTH UPON CARBOHYDRATE TOLERANCE
(Rs €37 NORMAL SUBJECT)
oxe oF wEd
OF MGG

Tic 11 (From Conn Jerome W Lows Lawrence H and Johnston,
Margaret W Metabolism of uric acid glutathione and nitrogen and ex
cretion of 11 oxysteroids and 17 ketosteroids during induction of drabetes
m man with pitwtary adrenocorticotropic hormone Jour Lab and Chn
Med 34 255 February 1949 )

given after the fasung blood sugar had been drawn on the fourth
ACTH day

Iig 16 shows the unnary glucose n relation to ijections of
glutathione You will recall that there were only 4 grams of glucose
ehmnated 1n the 8 hour period on the day of G S H The stippled
periods represent the hours during which the mjected G 8 H was
effective Quahitatively there 1s no sugar 1n the urine at any of those
hours The cffect however 1s evanescent It disappears 1 an hour or

O AFTER 5 DAYS ACTH P21 DALY

© 4 DAYS AFTER CESSATION OF
ACTH

@ 10DAYS AFTER CESSATION OF

72

s
3
38

.azvgsis
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GSH*

D4y of ACTH 1 o 3 4) 5 6

Fasting blood sugar

{mg/100 cc) T 73 108 124 134 148
Blood sugar—average

of9am 2pm 3

p m (mg/100 cc) 115 163 184 157 204 1931

Urine sugar—8a m -4
p m (gms) 10 51 147 40 162 243

* GSH administered at 8a m 1p m and 2p m on
day No 4
4 Values for this average are 198 at 9 a m, 201 at 2
P m ond 179 at 3 p m GSH administered once on this
day at2p m
T 15

Effect of Intravenous GSH Upon Urine Glucose* During Al Diadbe

Urinary Glucose in Grams

lnm BAM 910 11 12 IPM 3 Lsmm‘mﬂnjmd
ACTH €37 3398 1 673 5 070 1% 7 g9 f2e
Dey #%}L 8) (3'8) (e (5 3)
0 o 8] Ir
ACTE |0 154 3 487
Day #2 [ o 80j0 1200017 40 201 |21
(GSE)
QE‘H’
y #5]5 009 3 544 2 899 789
[C 3'8) 31) 5 0) 16 2 268 |40
#Done By Somogyl procedure as madifled by Nelson (B C 153
375 1941(§
Plgures in ) are values by the Benedict Quant Procedure
Tic 16

two Quantitativelv there arc only a few mlligrims of glurose 1 the
urine in these periods and the volume of unne 1n each of these hours
was at least as large as the volume 1n each other hour

Fig 17 shows a pauent with Cushings syndrome The No 1
mtravenous glucose tolerance curve was done before a subtotal
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w13 127 dnys after operation and we obtuned 1 normal curve Note
the spontancous nise of blood glutathnone that had occurred 1n this
mterval also that 5 davs of ACTH sumulauoen of the cortical rem
nant faled to alter maternally cither the fasung blood glutathione or
the glucose tolerince cune

In Figs 19 and 20 I show pctures of wnother case of Cushing s
Syndrome These are stmply to convince you that we wre dealing with
Cushing s Syndrome

DISAPPEARANCE OF DIABETES AND INCREASE OF BLOOD
GLUTATHIONE (GSH) FOLLOWING SUBTOTAL

ADRENALECTOMY IN CUSHINGS SYNDROME
(TEST 25 GM GLUCOSE 1V )

— =i 8 DAYS POST—OP
—2 127 DAYS POST-
-=3 134 DAVS PO/ST O)P {AFTER 5 DAYS ACTH-~

a
5

— —4 139 DAVS POST-OP (5 DAYS AFTER ACTH)

l l
—_ﬁL# FASTING BLOOD GSH ON DAY OF TEST
L |

—-—1} 237 MG /100¢cc

——2 475 MG /100cc
3 427 MG /100cc
— —4 423 MG /100cc
tol—~ >
7 .
K
88 - af \\ =
i e
3

3 4

3

o
o>

ry
o

0
o

BLOOD SUGAR MG/100cc
I
>

©!

o

2
HOQURS
Fic 18

In Fig 20 the pomt 1s that this patient waith Cushing s Syndrome
gave no evidence of diabetes We were particularly interested to know
why she had escaped the diabetic aspect of Cushing s Syndrome

Fig 21 15 the last shide I drew it up the might before I left Ann
Arbor That 15 why 1t 15 n my own handwnung Note that the glucose
tolerances are perfectly normal one done on 8/18 and another test
on 10/3 This 1s the curve for daily fasting blood sugar It varnes be
tween 60 and 70 The blood glutathione values which we have ob
tamned in this pauent are higher than n any of our normal subjects
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adrenalectomy This patient subsequently has been cured by a 90 plus
% subtotal adrenalectomy Her hypertension has disippeared the
diabetes has disappeared  all metabolic evidence of Cushings syn
drome has disappered

The No 1 curve 1s before operation with 25 grams of glucose The

EFFECT OF INTRAVENOUS REDUGED GLUTATHIONE (GSH)
UPON GARBOHYDRATE TOLERANCE IN CUSHINGS SYNDROME

260

245 fit
230{—Jf\\
1/ \ 1 PRE-OP (3 11-49) 25 GM GLUCOSE IV
215 1A\ [---2 PRE-OP (3 19 49) 25 GM GLUCOSE +2GM
/ \\ A GSH IV
©200 [= =3 POST 0P {3-27-49) 25 GM GLUCOSE 1V

@
>
i e SN

3
N T '
2170 J FASTING BLOOD GSH AT ONSET
y OF TEST
S 155 1 282 MG /I00cc
g // -~ -2 287 MG /100cc
“ 140 7 ——3 237 MG /I00¢cc
2 .l \ ]\
Q128 -
~
a ] \(2 \ \
o \
e \ \
95
’ \x\ ) I -]
o o N o |
S 1/

€5
F 2

HOURS

Fie 17

#2 curve 15 also pre operative We gave the same amount of glucose
plus 2 grams of glutathione ntravenously and got 2 normal curve
Then 8 days after operation when drabetes had not yet disappeared
we obtained the same curve we had obtamed before operation Note
that fasting blood glutathione 1s too low at the onset of all 3 curves

In Fig 18 the #1 curve 15 that obtained 8 days after operation
1t 15 still diabetic 1n type and the blood glutathione 1s sl low No 2
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sulin hormones They ruse 1 number of questions that I would like
to hne Dr Conn answer for us

What for example, 15 the st nific ince of the blood glutathione
Ievels masmuch s the glutathione secms to be conhined largely, 1f not
almost enurely, to the red blood cclls® In other words are the red
blood cell glutathione levels of themselves significant or are they

significant s 1 reflection of whAat 18 going on 1n the other ssues of the
body?

c..l._.?; Syndrrmss anld Rormol Conbelypbiali Jelinsmers amede
/r,,t( Blowd
o f o

z
wo as

T 21

Secondly I should like to ash about the methud for nnalyzing
glutathione I wonder whether vou used the method involving gly
oxalase which I understand 1s the only spearfic glutathione method
other analytical procedures only determiming SH groups and assum
ing that they come from glutathione

Thirdly how long docs reduced glutathione remain 1n that form
mn the blood stream and are metabolic effects achieved by the ox
dized form as well?

DR JEROME W Conn I think the questions by Dr Sharr are very im
portant and of course we have considered them very seriously
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fic 20

In the past they have been between 55 and 57 now they are Tunning
1n the range of 46 to 50

DISCUSSION

pr EPHRAIM storr With respect to glutathsone these findsngs are
extraordinarnly mnteresting in that they promuse to give us wformation
on a basic Jevel about the mode of action of insulin and the counter
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tion 1n the hiver thin dinumshied tissue uthizaton of glucose Tater
with more prolonged therapy we have observed a fmlure of inorganic
phosphorus to fail in conjuncuion with lugh glucose curves this, we
believe represents a more truly dinbeuc state I feel that some word
of caution should be emploved 1n termimg all desated glucose tol

erance cunves 1s being - dinbetic wathout more carcful study of serum
worganic changes or resprritory quotient

voice  If what you s1y about deposition of glycogen in the liver 1s
correct then why don t yvou have 1 more defintte type of sugar tol
erance cutve with the falling slower?

DR GEORGE W THOR~N I believe most body tissues ire able to utihize
glucose 1t normal or even incresed rate hence the return to normal
of the glucose Yev el within the normal period and hence my caution in
terming this curve  ciabetic  wrth 1ts usual impheation

voice The pownt would have to be examined with some care because
ordinanly you would exvpect some delay if vou go back to the ob
servations of some years ago

DR GEORGE W THORN Yes I agree

We have one final experiment which may be of interest If one
wished to examine the glycogen content of the Iner of a human sub
Ject one would be faced with the difficulty that 1n undergomng the
operation for Iver bropsy one mught set in motion the endogenous
ACTH adrenal mechamism and hence have a high level of glycogen
1 the control The thing to do 1s to select a pauent with no antenor
prtuttary function

If you do a careful Liver glycogen study under controlled circum
stances and again following ACTH 1n a patient who cannot respond
and you can show that his eosiophls during the control oper iion
do not fall and that there 1s no evidence of any adrenal actrvation
then you can demonstrate that AC7H administration markedly 1n
creases the glycogen content of his liver

DR JEROME w conN Dr Thorn don t you think 1t 1s a question of
really spliting hairs® If this situation eventually leads to the diabetic
state as we recogmze 1t then what comes before 1s sumply a very
early evidence of what happens and what we don t see 1n the usual
diabetic panent By the time he comes to us with fully developed and
persistent diabetes we should not expect to find any changes that we
find on the first week of ACTH
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In the first place, we don t regard the blood glutathione as mean
ing nything but a possible reflecction of what 1s gong on intracel
lulrly 1n other tissucs We also hnow that glutathione tras erses mem
branes very slowly so 1t 1s possible for a sharp fall 1n glutathione to
occur 1n certain other tissues without 1ts being immediately reflected
1n the blood

We are quite aware that we are measuring the intracellular con
tent of glutathione of the red blood cells We have determined the
serum and 1t contains essentially no glutathione

Secondly methods avulable for determination of SH groups or
glutrthione are not very satsfactory We are not using the glyoxalase
method because 1t 1s much too difficult for us to do for the large num
ber of deterrmnanons needed m our work The glyosaltse method 1s
the most specific of course

We also realize that when we measure blood glutathione by the
method that we are using which 1s Van Potter s modification of
the Bencdict and Gottshalk method we are not measuring glutathione
alone but we think a very large proportion of what we are measuring
ts glutnthione

The electrometnic ttration of Benesh for SH groups 1s probably
the most reliable method for determining sulfhydryl groups We are
now 1n the process of setting up to use this method m our work

DR GEORGE w THORN There are several consideratons which I
should like to discuss regarding the type of diabetes produced by Dr
Conn with ACTH administration 1n normal subjects In the begin
ning, we were concernied about diabetes mellitus as a possible major
complication of ACTH or Corusone therapy Practically this rarely
occurs although 1t 15 obviously a danger m potential diabetics and
ndeed we had no difficulty several years ago in producing diabetes 1t
patients who had experienced partial pancreatectomy

Secondly 1t 1s of interest that apparently most patients with
Cushing s disease and a rather florid diabetes lose the diabetes com
pletely with cure of the adrenal overactivity

Thirdly the Cushing s type of diabetes 15 known to be relatively
resistant to msulin Thus, 1n producing diabetes with ACTH one
should be on the lookout for unusual changes m carbohydrate me
tabolism

In studying this problem we have observed an interesting seres of
changes First the glucose curve is elevated as Dr Conn pomnts out
However 1f one chechs the fall in serum inorganic phosphorus during
the glucose admimstration 1t appears to be normal and not di
mmmshed as one sees 1n true diabeties Thus T feel that this minal
hyperglycemic curve is a reflection more of increased glycogen depost
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DR GFORCE W THORM [ dont want to leave any confusion in your
minds We 1gree completely with Dr Conn I do think our differences
m Stage—nd I would Like to get an cxpression gencerally

In our experience drabetes 1s not something we have had to worry
1bout with ACTH administration over a prolon.ed period 1 a wide
vanety of disenses, 1nd 1t would come back very normal Whereas of
you talk with people who h1nv¢ hnad no experience with ACTH  there
are a great many other things we are much more worried about —
about prolon,ed use of ACTH 1n diabetes nd that fact might well be
brought up 1t this ume although 1t 1n no wav invalidates the studies
thit have been reported

bR F L eNert (Duke Unneraty Durham) [ would like to make a
comment about some recent observations of ours which may hwe a
bearing on the mechanism of the diabetes after ACTH namely the
studics on lipogenests from carbohydrate

We have been interested 1n the techmque of Wertheimer, of
studying the rate of glycogen accumulation 1n idipose tissue There
1s some fairly good evidence that this mny quite well reflect the con
version of carbohydrate to fat

In acute experiments as you know nsulin has a very striking
effect 1n mcreasing the glycogen content of idipose tssue With
neither adrenocorticotrophic hormone lipo-adrenal cortex aqueous
extract or Cortisone have we been able to demonstrate any effect on
Iipogenesis from carbohydratr On the other hand and I think this
bas a bearing on the insuhin resistance in this syndrome we h1ve been
able to show that cortical hormone (Lipo-adrenal cortex or cortisone)
will completely 1nhibit the increase 1n adipose tissue glycogen that
occurs after insulin

DR LAURANCE W RInsCLL I would like to show one shde Dr Conn
which I think may have some bearing on your data and which I
should Iike to have you comment on 1f you will

In the course of evaluating the peptide and the * whole corn
cotrophins we have quantitated total orsanic sulfur methtonine as
such and cysune as such 1n the urine (See Fig 22 ) I might add that
methiomne and cysune are done by microbiological pracedures The
Cystine method determmnes cystine 1n glutathione so the figure prob
ably represents total urinary cystine

As you will note on the slide there 1s a very sigmficant merease tn
total organic sulfur 1n methiomne sulfur and in cystine sulfur
response to the adrenocorucotrophic materals One other very
Interesting, thing 1s that the combined amounts of cysune sulfur and
methonine sulfur account for only about half of the total ncrease 1n
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DR GLORGE W THOPN I agree Dr Conn except that I suspect
mitially we have an increased insulin production following ACTH or
Cortisone therapy and I hesitate to charactenze 1s diabetic a patient
who appears to be able to utilize glucose 1t 1 normal rate, although I
SUPPOSC in essence we 1ire saying normal rate of glucose utilization
with increased msulin sceretion equnls early diabetes Later with im
purment mn glucose utilizanon we all agree on the diagnosis Most of
us have not had experience 1n the human of sceing increased glycogen
deposition 1s the carliest stige of diabetes and this may mtroduce a
acw concept to some though 1 behieve 1t 1s 1 ikely occurrence

of PETEP 1 rorsHaM Therc 1s 2lso one thing to add thatit1s notin
frequent that in these so called Cushing s diabetics (3s n your case)
you can wipe out the diabctes by curing the Cushing s syndrome 1
think that happens 1 good deal more often than one sées sponianeous
recovery from the other 1y pe of diabetes

DR JEROME W CONN I think therc 15 a good argument n answer to
that Dr Forsham If onc produces diabetes with ACTH in a normal
persan or 1f one has a case of Cushing s syndrome with diabetes and
finds that the chabetes disappears upon cessation of ACTH or upon
adrenalectomy the situation 1s not at all comparable to spontaneous
chabetes We realize of course that were we to gine ACTH i large
amounts to an mdividuil who was born with the hereditary anlage of
diabetes mellitus we might have an entirely different answer When
one has a situation of ACTH diabetes 1n a normal person and gets 2
return to normal carbohydrate metabolism when the excessi e cortical
function stops it suggests that the resistance of the beta cells to de
gencration 18 greater 1n that indruadual than i the indwidual who
carries the hereditary trait of drabetes

DR PETER H FORsHAM We agree completely on that Have you ever
grven msulin as an msulin tolerance test with and without 1educed
glutathione thereby msinuating that perhaps the glutathione some
how protects tsulin from destruction®

DR JEROME W CONN  Protects msulin®
DR PETER H FORSHAM Yes
DR JEROME W CONN Glutathione nactivates nsulin, of course

2utro and I don t know of any evidence that might su,gest protection
of the 1nsulin molccule by glutathione—no I haven t done that ex

pertment
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DR prHrany snork Wouldn t that be expected from the fact that
most proteins contain evstine and 1f you have an increased breakdown
you re bound to get speaific ameno acids 1f you look for them?

DR JEROME W CONN Dr Shorr the amount of sulfur in the urine can
not be accounted for by protein breakdown mn the usunl proportions
of mitrogen to sulfur It1s much 1n excess of that

DR LAURANCE W RINSELL I othink it can be accounted for by the
amino reids Those datr did not include 1ny mmorgame sulfate at all
1t was all organie sulfate

VOICE You can point out that the sulfate ¢xcreuon did not go up as
much s the morganic sulfur If you plot this data in ns ratio you
will find that the n's ritio under some ACTH therapy actually goes
down, wherens the other 1s cut down terrifically Most of the changes
are accounted for on the b s of inorganic sulfur too

DR EDGAR CORDON (University of WWisconsin Medical School, Mad:
son) In regard to Dr Coun s interest in the clectrometric ttration
method for blood SH groups we have been using this method for
about 8 months and have found 1t to be very satisfactory It 1s the
techmque described by Benesh and gives absolute values very much
lower than those obtained by Dr Conn using the techmque of Dr
Van Potter We have 1l observed similar changes of SH titer varying
with adrenal cornical acuvity These changes are in the same direc
tion but of smaller magnitude than those reported here 1n response to
ACTH stimulation
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organic sulfur We are puzzled as to what that other half represents

DR JEROME W CONN I am not prepared to answer that question, Dr
hunsell except to say that we are not using the microbiological
method, but are using the Sullivan procedure for urinary cystne
With ACTH m normals we have obtained similar data to yours
a pouring out of cystine 1n the urme In addition, another

namely,
ystine sulfur 1s excreted m excess

increment of non ¢
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DR rPitkant stof R Wouldn t that be expected from the fact that
most protans contun cvstine, ind 1f you hwe an increased breakdown
you 1re bound to get spuarfic amimo acids if you look for them?®

DR JEROME W conN Dr Shorr the 1mount of sulfur n the unne e1n
not be accounted for by protein breahdown n the usunl proportions
of mtrogen to sulfur It 1s much i excess of that

DR IAULRANCE W ranstLL [ think it can be accounted for by the
amino 1cids Those drta did not include any morganee sulfate at ll
1t was 1l orgame sulfite

\OICE You can point out tht the sulfate ¢xcretion did not go up s
much s the inorgamic sulfur I you plot this datain ns rato you
will find that the n's ratio under some ACTH therapy actually goes
down, whereas the other 1s cut down ternifically Most of the changes
are nccounted for on the basis of inorganic sulfur too

DR EDCAR GORDON (Unnersity of Wisconsin Medical School Madi
son) In regard to Dr Conn's interest 1n the clectrometric titratian
method for blood SH groups we hiwve been wing thus method for
about 8 months and have found 1t to be very sausfactory It 1s the
techmque described by Benesh and gives absolute values very much
lower than those obtained by Dr Conn using the technique of Dr
Van Potter We have aba observed similar changes of SH niter varying
with adrenal corucal actinity These changes are in the same direc
tion but of smaller magmtude than those reported here in response to
ACTH stimulation
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organic sulfur We are puszled as to what that other half represents

pr JEROME W CONN I am not prepared to answer that question Dr
hunsell cxcept to say that we are not using the microbiological
method but are using the Sullivan procedure for urinary cystine
With ACTH m normals we have obtamned simmlar data to yours
namely, a pouring out of cystine n the urine In addition another
inerement of non cystine sulfur 1s excreted 1n excess
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You will note that the gluco corticoid exerction falls then rises again
and remams high for 1bout 25 dws

The urmry mitrogen cxeretion 15 you sec 1s high imually and
then decreases steadtly on 1 constant nitrogen mtahe and more or less
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Parallels 1n this mstance the dechne n the gluco corticoid excretion
In Fig 3 are the data relitive to another fracture cise In this
Instance the urnnary excretion values range from 200 to 300 glycogenic
units per day and you will note that the increased excretion continues
or approumately 20 days
In Fig 4 are the data concerning a case of a laparotomy and
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Protern Metabolism 1n Acute and Chronic
Disease and the Relation of Protewn
Metabolism to the Excretion of
Gluco-Corticoids

Dr, J 5 L Browne louis G Johnson Victor Schenker and Elea
norH Venning
ROYAL VICTORIA HOSPITAL AND M GIL UNIVERSITY MONTREAL

There are a variety of methods of measursng adrenocorncoid
funcuon There was a penod during whach the nse of mtrogen ex
cretion post operatvely and post traumatically was directly assoct
ated with the excretion of corucards We hnow from Dr Thorn s and
Dr Connsdata as well s those of other snvestigators that there 152
rse of mtrogen excretion when you iyeet ACTH into normal 1nds
viduals but the rise 15 less than many of the extremely tugh values we
find after trauma or after a severc burn

InFig 1 a case of burns the values for urinary gluca corticoids
rise to about 400 glycogenic unsts per day and stay at an abnormally
high level for approximately a month The mtriguing problem 18 the
vanabthty in the length of tume that the adrenal cortex continues s
increased sceresson after iyury or stress This1s well tHustrated 1n the
data which Dr Thorn presented, namely the nsng eosmophile
count and the duration of the adrenal response post operatvely,
which will probably vary over a wide range In the above anstance
e adrenal on the basis of inereased gluco corticord excretton (and
this 15 only one type of evidence) continues to over function for 3
pertod of a month It would be of mterest to compare the Jevel of
cosmnophiles with the level of gluco and chemucal corticords after
operaton 1o sce whether the nang philes would always be ac
companied by a falhng gluco corucoid excretion

In Fig 2 are the data of a case of a fracture and in this wnstance
the values nise to 200 glycogemic units per day which 15 comparable
to the level seen after about 120 mg ACTH m normal human bengs

108
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In Fig 6 the usual urinary exerction pattern after severe trauma
in a previously well noursshed healthy person 1s shown There 15 a
rise tn unnary mtrogen I would hke to say that 1 prefer the level of

Ve I colr
. {I ah oy -t .l S
: 2+ oo tn e L
+ -
g\;g% % PO $ > : 2000
Y /
NN L e L
R .
§§§ s 8/ VAt \/\"‘i" = L
\’$$ o‘; £ ;' = 2
i 10
R
]
N l
N !
& £]
]
<
Y |
N
83 !
SN ]
Sy
§¢ !
£ '
=
NS

FooY 779,

Fie 3 Case No 157 (G Wil) Male 44 fracture (femur tibia)
nsulin 24 days



1 CLINICAL {C1I CONPFRENCE
gstrectomy  {t mny be seen that the urinary exere tton values nse to
about 300 ghy cogeme umts per day and 1t may be noted th it the yalues

tay up at about the 200 glycogenic units per day lescl for a penod of
about ten dvs
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The data in ki, 5 relate 10 a case of carcinoma with aperauon m
which the corticosd excretion values stay up for only 2 days We have
scen other operations such as herma and <o on, 1n which the values
remain up for anly a verv short peniod of time In this case the unnary
nrtrogen excretion does nat rise very much



PROTFIN MFTABOIISM IN DISFIASF STATFS 111

In Fig 6 the usual urinary excretion pattern after severe trauma
in a previously well nourished  healthy person 1s shown There 1s a
rise n unnary mtrogen I would like to sy that I prefer the level of
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mtrozen mtahe and output 0 be expressed rather than a statement
sumply of mtrogen balance An indsadual can be in positive balance
on 48 grams of mtrosen intahe 6= on 10 or 6 g raws of nitrogen intahe
The balance alone does not adequately refleet the state of the proten
metabolsm

In T, 7 are the data of an mdnvadual 3 months after a fractured

z 10 e
€ 2001 A, FAN
P N *
99 N By ....['\‘ S
= e g Syt ook ok
98 o - ™
& g $1 A A PP P Y 4
2 96
> T L1 T T
w HARREY © s dp 20 25 0 35
8 5 3
g
Y
3 o
z 5 3 wommmDIARRHEA,
g N
10
£ 1
= T
T
; 5 30 )

CORTICOWDS
GLYCOGEMIC UNITS / 24 HRS

1 S 0 15 oF 20 25 30

Fic 4 Case No 114 (Sh ) Male 48 operation = Op

jaw and fractured femmur with wound nfecuon and a temperature
of 101° F The unnary corticords are within what we call normal
timuts That raises 2 pomnt When we sy the urinary corticoids are
normal we may be mn error because while they may be at the same
tes el as they are 1o a normal person they may reflect an adrenal secre
non madequate for the metabolic status of tns indsvsdual who 18

hromcally 1l
€ O\ou \\)ﬂl observe that i thys tnstance, on an mtake of only 800
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cafories 1nd 6 grams of mtrogen with 1 temperture of (G1°T this
indnidual 15 1 2 grams po e mitrogen bilince and shen her in
take was rused to 17 grams of mitrogen she v 1n something ke 10
grams positive nitro,en bilince which conunues over a very long
period of ume Thus there 1s 1 difference in the status of the nitrogen
metibolism in thas chromie il i person and were <he opernted upon
there would mast likels be no nise after the operation
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Tt 5 Case No 127 (Dol } Male 45 ulcers gastric carcinoma

InFig 8 are the data relaung to an individual who s chronically
Wl dying 1n fact of gastric carcinoma and wha 1s cachectic Here you
sce terminaliy a marked nise 1n the uninary corticonds to 200 Jlycogenic
umits per day a marked nse i keto steroids and a marked rise in
unnary mtrogen excretion This s the sort of evidence upon which the
conclusion was based that the corticoids and unnary nitrogen run
more or [ess parallel

The datain Tig 9 on the other hand, are those of an indiidual
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with chronie tuberculosis, in whom, as we usually find, the urmary
carticord evcretion 1s comparable 10 those of a normal mdraduaf (1
will not say adequate for the person but within normal hmts) He
had 4 first stage thoracoplasty an day 35 There 1 1 fall 1 mtrogen
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intahe which leads to a negatve nmstrogen balince but absolutel no
rise of urinary nitrogen, i spite of the level of 300 glveoenic umts
of urman. corticord excretion ben,, attamed post operatively
Inother words here 18 & v nation from the usual pattern i that
the adrenal cortex respanded with no effect on mtrogen excretion
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If you had gven this indinidual ACTH he might has e responded 1n 1
simular way, but m this case there 1s a dissocintion between the re
sponse of the 1drenal and the response of the urinary mitrogen ex
cretion The two do not run parallel i il cases and they are not
necessinly correlated In other words not only 1s the amount of
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Tic 9 Case No 283 (Mar ) Pulmonary tuberculosis

adrenal hormone produced important but also the total metabolic
status of the person which may involve 2 great many different factors
and the individual may not respond either to mnjection of ACTH or to
spontancous hberation of cortical hormones 1n this instance 1 the
same way as does a normal person

In Fig 10 are the data of a case of rheumatord arthritis Ordinarily
we think of the nitrogen balance being related to weight gan 1n terms
of nitrogen times about 27 with no water storage from the exterior
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accompanying the protein depositton In this case the weight gain i
i accordance with the ritio N times 6 25
The data in Ing 11 concern 1 case recovering from fever of un
known ongin where the actual weight gun s parallel to N umes 27
Inather words one does not ‘thways get the same response to stress
What the reason s for these dafferent responses of people who are
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chromeallv all 1n thar weight gan relative to therr mitrogen balance
I do not know
Trom the above and some other papers presented at the Con

ference 1t 15 apparent that the effect of stress upon an ndimvidual may
be quite varied The stress may fail to fire the adrenal at all because of
a failure at the hypothalamic Ievel at the pitwitary level at theadrenal
level itself or the amount of adrenal hormone liberated may be greater
or less to a given environmental agent depending upon the state of
these various organs Once the adrenil hormones have been hiberated
their effect upon metabolism and upon the body in general will be
dependent upon the general and metabolic status of the body at the
tume the adrenal secretes 1ts hormones
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Fic 11 Case No 176 (Ross)

DISCUSSION

DR L ¢ JounsoN We have performed nitrogen balance studies and
measured the urinary corticords 1n some cases of theumnatoid arthritis

The first case (F1g 12) 1s that of a 38 year old male who had an
acute attack of rheumatoid arthritis with psoriasis While on a caloric
intake of 2700 to 3000 calories and a protein ntake of 150 gms or
25 gms of mtrogen per day the nitrogen excretion was approximately
18 gms Relauvely large quanties of nitrogen were therefore being
stored even in the presence of an acute or subacute nflammatory
process

During this period the umnary corticoids were above normal
rangmng from 125 to 160 glycogen umnits per day At the start of the
tudies the patient was bed nidden There was gradual chnical 1m
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provement and 1t the end of the studies he was able to get up for 3
hours 1 d1v By this ume the cortcoid had fillen to 1 normnl level
but there was little change in the rite of mitrogen cxcretion

The second patent (Fig, 13) 1 37 year old male with rheumatod
arthnitts w1s 10 a posttive nmitrogen balanee of more than 5 gms per
day Urmary corticords were 1hove 100 glyco,en units for two brief
periods Startin, on the fiftcenth d iy be was given 40 mgs of methyl
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testosterone daily with eventunl depression of the 17 hS to about half
the pre treatment level Corticords were also lowered at the same
time which may or may not have been due to the effect of methyl
testosterone  This patient showed no climcal improvement throughout
the period of study

A 59 year old male (Fig 14) with severe rheumatod arthrins of
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many yews durition wis studied This patient was 1n nttrogen
equihbrium on an intake of 10 gms of mtrogen and 2000 crlones
There was however no rise 1n the mitrogen excretion when the intake
was raised to 15 gms per day 1 posttive balince being thus estab
hished Uninary corticoids were less than 10 glycogen units 1t the start
of the study and never rose 1bove 50 The 17 kS ranged from 5 o
10 mgs per 24 hours

Alengthy metabolic study was performed on a 51 year old male
(Fig 15) with rheumatoid arthnus of 5 years duration Inspitc of a
high nitrogen intake the rate of mtrogen excretton remauned low
throughout and large quantities of nitrogen were stored This phe
nomenon apparently continued unabated even though the patient
had regaimned weight and was heavier than he had ever been durning his
Wfe The corticords and 17 KRS were within the so called normal range
Thesc determinitions were repeated 3 years later and found to be be
low normal There was no marhed clinical changes during this mter
val

The final casc 1s that of a 24 year old male (I'g 16) with rheu
matord arthritis of 5 months durition When the metabolic study was
started, both knecs were very swollen with marked hmitauen of
movement On an intake of 2700 clories and 16 gms of nitrogen the
patient was 1n nitrogen equilibrium 1n spite of a fever of 100 to 101
degrees He was grven 1 mg of adrenalin intravenously on each of 4
davs There was immediate and marhed improsvement 1n his condi
non both subjectively and objectively This was accompanied by a fall
1 the mitrogen excretion with a resultant positsve balance of 3 to 4
gms per day 17 RS showed no rise but rather a shght fall An at
tempt was made to measure the corticoids but unfortunately the ex
tracts were toxic to mice

In summary metabolic studies on 5 cases of rheumatoid arthritis
have been presented all of whom with the exception of the last case
shawed a decided tendency to store nitrogen In 2 cases the corticords
were higher than the usual normal range and 1n 2 cases they were low
or at the lower himits of normal There was no correlation between
these findings and climeal 1improvement

DR wILLIAM PARSON (Umwversity of Virgima Hospital Charlottes
ville) Some studies were done as part of a collaboratne effort at
Tulane University with respect to alterations 1 mtrogen metabolism
m Cushing s Syndrome and following the admimstration of ACTH
to a normal male

Thus work venified the type of excretion curve seen following the
admnistration of 1sotopie stable mtrogen N 15 1ncorporated into
ghveme 1n the diet of normal mdniduals (Fig 17)
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You see 3 uminterrupted line curves the bottom ane Jow protein
diet then normal then high protem The per cent of the fed N 15
which 15 excreted 15 shown here These studies were done on a meta
bolic regime wherein the normal individuals were 1n nitrogen equ
hbrium while on the various dicts

The excretion of the tagged mitrogen 1s high on a hugh protein,
as seen there We administered ACTH 1n doses of 25 mgs every 3
hours for 6 doses The first doses were given starting 6 hours before the
tag glycine was given This individual had 1 classical response to
ACTH with a negative mtrogen balance of 6 grams 1n two days hav
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1ng been 1 mitrogen equiltbrium prior to admimstration of ACTH

Fig 18 shows the curve seen 1n a patient with Cushing s Syndrome
who was 1n mitrogen equilibrium at the tume, on a normal diet This
curve 1s simlar to that of the normal 1ndividual on a normal diet who
has recetved ACTH When the patient with Cushings Syndrome
achieved a positive nitrogen balance on testosterone propionate the
curve became simlar to that of the normal individual on 2 normal
diet

I think that 15 of considerable interest 1n view of the fact that Dr
PBrowne has commented on nitrogen equilibrium 1n his patient as an
1ndex perhaps of normal nitrogen metabolism followmn,, myury

It 1s clear that profound alterations in mtrogen metabollsmimay
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occur without reflection 1n the overall classical mtrogen balance
studtes

I might say that we are very hesitant to draw too many conclu-
stons from this type of work Mathematical analysis of the data has
been made I think tentatively we rmght say that these observations
would fit 1n with the concept that following the admimstration of
ACTH and n Cushing s Syndrome there 1s decreased anabolism of
protein
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POST CONFERENCE DISCUSSION BY
DR J 8 L. BROWNE, MONTREAL, CANADA

The following written after the Conference 1s an attempt at an
explanation of the above findings and to fit together some of the facts
learned at the Conference with the previous work at the University
Chme

What 1 propose to put forward now 1s a hypothesis 1t s 1n fact a
speculation and 1s valid only insofar as 1t leads to future work First of
all one or two more facts It was found by Dr Ragan and his group
that 1f a biopsy 1s done 1n the case of rheumatord arthrius treated with
ACTH the biopsy wound heals only slowly Further when Dr Selye
tnjects formalin 1nto the foot of the rat ordmanly he gets necrosss a
marked edema cellular reaction around the site of the necrosis and a
tendency toward arthritis m the joints adjacent If Cortisone or ACTH
1s adminstered 3 or 4 hours before or if the adrenal 1s fired with exer-
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You see 3 uninterrupted hne curves, the bottom one low protem
diet then normal then hgh protemn The per cent of the fed N 15
which 15 excreted 15 shown here These studies were done on a meta
bolic regime wherein the normal individuals were in nitrogen equi
Iibrium while on the various diets

The excretion of the tagged mitrogen 1s high on a lugh protemn
as seen there We administered ACTH 1n doses of 25 mgs every 3
hours for 6 doses The first doses were given starting 6 hours before the
tag glyane was given This individual had a classical response to
ACTH with a negative nitrogen balance of 6 grams 1n two days, hav
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g been 1n mtrogen equilibrium prior to admmustratron of ACTH

Fig 18 shows the curve seen 1n a patient with Cushing s Sy ndrome
who was 1n mtrogen equilibrium at the time, on a normal diet This
curve 15 sumlar to that of the normal individual on a normal diet who
has recetved ACTH When the patient with Cushing’s Syndrome
achieved a postive nitrogen balance on testosterone propionate the
curve became similar to that of the normal individual on a normal
diet

1 thunk that 1s of constderable 1nterest 1n view of the fact that Dr
Browne has commented on mtrogen equbibrium n his patient as an
index perhaps of normal mitrogen metabolism following tyury

It 15 clear that profound alterations in mitrogen metabollsm/mzﬂ
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the case of an indisiduil who 1s not healthy, for example chromic
bronchtectass or other chronic 1llness an operation may not lead to
the rise 1 urinary mitrogen excretion Furthermore s studied by Dr
Schenher, Johnson 1nd Hackney n various disenses including rheu
matoild arthnus tuberculosis chrome bronchiecthsts or chronic
Friedlander s pneumonin and so on there mav be a marked tendency
1o continuous storage of protein in the fice of fever and of inadequate
caloric intake As an example and referred to 1bove (Tig 7) 1s the
casc of 1 woman who had 1 fractured j1w 1nd a fractured femur 3
months before the studvy She lost a great del of weight her fractured
femur had become nfected with pscudomonas and L colt before the
days of streptomycin and her temperature was 100° to 101° F She
was 3 months later on 800 calories with a nitrogen intake of 6 frams
which 1s 36 grams of protein daily Her urinary mtrogen excretion
was 4 grams so she w1s in shghtly posiive balince on this extremely
low intake 1 the face of (ever and when her intahe was rused o 17
grams of nitrogen dul she was in 12 grams of positive mitrogen
balance The urinary mitrogen excretion did not nse and the N PN
did not rise so 1t was not a matter of hidney retention 1t was a matter
of the body holding on to all the protein it could get with an mtense
mechanism for storing and holding and restoring the protein so that
the body does not use 1ny of 1t for energy purposes
Another cxample 15 a man who 26 days after bilateral fracture of
the femur was 1in equalibrium at 16 grams of nitrogen intake and 2700
calories Now 1t will be sud that since he was in equilibrium on this
mtake he was a normal person because that 1s the status of a normal
person However when his intake was raised to 32 grams of nitrogen
and 3700 calories agam his urinary mtrogen excretion rose only
slightly and he went 1nto marked positive balance After he gained
considerable weight he was put on his previous diet and then agaimn his
nitrogen intahe was raised in the same way exactly to the same level
but 1n this 1nstance the urmary nitrogen excretton now rose In other
words 1n this particular case as the protein of the body was restored
this homeostatic mechanism for the retention of protein by the body
diminished
However Dr Johnson and Dr Hachney find that 1n more chroni

cally 1ll people the tendency to store nitrogen may go on for long
periods of ime—in the woman 1n Tig 7 it was still going on a year
later Furthermore as mentioned Dr Johnson finds another pe
culiarity in chronically 1l persons The ordmnary classical relaton
ships of storage of mtrojen to gamn m body weight 1s that for each
gram of mtrogen there 15 27 grams of bedy weight gained which has
always been taken as standard and as mtrogen balance becomes post
tive weig hit should go up along this N times 27 line On the other hand
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cise or any other method 3 or 4 hours before the necrosis occurs of
course, from the fixauon but there 15 only mimmal edema and cel
lular reaction In other words the local reaction of the body to damage
15 2ffected 1s well as the general reaction
T'urthermorce certain studies were brought forward 1n discussion
by Parsons with regard to the metabolism of N 15 glycine wlich are
pertinent If one measures the per cent of the N 15 (adminmstered as
glycine by mouth) which appears in the urine as urea in 24 hoursn a
normal person on a modcrate protemn intahe about 28%, 1s excreted
1n 24 hours (See Fig 17 ) In an individual on 1 hugh protemn diet 60%
1s excreted 1 24 hours This 15 easy to understand because there are
more total amuno acid molecules and more total protein molecules so
cach of them has less chince of being held in the body
In Cushing s syndrome on a moderate protein intake and n
overall nitrogen equilibrium the value 15 60% (See Fig 18) In other
words 1n Cushing s syndrome although the individual may be mn
mtrogen equilibrium each molecule has less chance of being included
i the body These observations fit well with the view produced by
Albright and ourselves concerning the S hormone Dr Albright be
lieved that this hormone 15 antianabolic whereas we considered 1t to
be catabolic or 1n other words tended to increase breahdown of the
protein of the bodv or lessen 1ts chances of being rebult
The above illustrates an extremely important pomnt namely, that
an individual may be in mitrogen equilibrium and yet the status of
the protemn metabolism may not be normal Thus, if testosterone
propronate 1s admimstered 1o a case of Cushing s syndrome N 15
excretion value returns to 28% (see Fig, 18) whereas 1f ACTH 1s ad
mnistered to a normal individual the N 15 excretion value shifts to
the Cushing level and yet both of these individuals may be 1n nitrogen
equibibrium
‘When the studies of nitrogen metabolism were being performed 1n
the Unwersity Chnic at the beginning of the war 1t was found that a
marked ncrease 1 urmary mirogen occurred 1n previously healthy
people acutely traumatized and Dr Victor Schenler called this the
catabohe state This occurred whether the indiyidual had an opera
tion fracture or burn although the degree might vary according to
the 1ntensity of the trauma and according to the response of the per
son Over a period of ime—1 2 ta 3 wceh period—the level of the
mtrogen fell again and the anabolic state occurred
My mund 1 sull condiioned by the high urmary nitrogen ex
cretion that occurred although we now hnow that 1t would be posstble
for catabolism or antianabolism to occur without a rise m urmnary
nitrogen €XCretion 1n view of the N 15 data presented by Dr Parson
On the other hand Dr Schenher and Dr Johnson found thatn
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son, 1s not very great, in the presence of a ngh “S * hormone secretion,
the wound m1y ful te heal as has been demonstrated 1n the case of
theumatoid arthritis Now s this condition passes off the wound be
comes am1bolic relative to the rest of the boady, and becomes capable
of collecting protein before the rest of the body swings over into the
other state which I shall deseribe tn a moment, consequently amino
acids are transferred 1nto 1t and the wound heals

If the wound fails to heal because of infection or for any reason
until such time as the nitrogen metabolism has swung over to what 1s
called the anabolic state or more parucularly into what we have
described as the debilitated state (as illustrated i g 7) then the
body says, all nght you ve had your chance now I ve got to have 1t
bach again and all the tissues begin to grab, why I dont know
Consequently there 1s much less to go around and cach part of the
body gets less particularly 1if the individual 1s on a low intake The
amount of amino 1cids coming to the wound 1s tnadequate conse
quently 1t does not heal

Now you will recall that there was a therapy 1n the old days of
tramuscular blood and milk for chronic wounds which did not heal
I submit that the mechamsm of this was to refire the adrenal and to
remobilize or mahe mobilizable the body protein but you say when
you thus fire the adrenal in chronic illness there 1s no rtse in urinary
nitrogen—why 1s that? I would remind you that 1n pregnancy there 1s
no negative nitrogen balance no rise in urinary nitrogen yet corticoids
are extrernely high 1 pregnancy as Dr Venmng has demonstrated
‘The reason I think 15 because there 1s a marhed and strong anabohe
focus within the body the fetus and the uterus are growing conse
quently they grab all the ammno acids as they go around and they are
not deanmnized to appear in the urine so then the rise of urinary mitro-
gen 1s a reflection of the differential between the transfers of protein
within the body

You are aware that Whipple s group 1n Rochester demonstrated
that if one performs plasmaphorests in a dog 58%, of a good biological
value protein administered 1n the food appears as plasma protein
Now 1f one does not plasmaphorese 58%, doesn t appear as plasma
It1s only when you are removing a tissue as you can do in the case of
plasma that you deviate the body s homeostatic mechanisms into the
formation of more of that particular tissue Similarly 1n the case of
phlorhizin 589, of the fed amino acids 1s deviated 1nto glucose but
that 15 only when the glucose 15 being drawn out

Most of the attention 1n this regard has been fived on the external
sources of protein in the food 1 submut that the internal body sources
in terms of Whipple s own theory are extremely important becausce he
regarded them as freely interchangeable with the plasma protemns



130 CLINICAL ACTH CONFERENCE

Dr Johnson has found that 1n many of these chromically 1ll people
the weight gain 15 at the rate of times 6 25 and not N ¥ 27 indicating
that either water 1s being obtained by internal transfer within the
body or that the protein 15 being deposited esther extracellularly or
wntracellularly 1n increasing concentration 1n the cell or 1n the extra
cellular space

‘We know furthermore that various tissues have various capacities
for holding proten We know that 1n starvation the heart and the
brain tend to retain ther protern much longer than the other tissues
in the body, the liver yielding 1t very readily, the muscles perhaps less
readily but the relative capacities 1o hold protem between these not
being very clearly known

The speculation formed from all this 1s as follows that the tele
ological reason for this sudden breaking down of protemn (which, 1
my opinion and 1n Dr Albright s opinion, was conditioned and
brought about by the rnse 1n the secretion of the S hormones which has
been demonstrated 1n the urmary excretion by Dr Venning) was 2
shaking loose and rendering more easily mobilizable the protens of
the body and I expected the uriary nitrogen to nse Thus occurred
and 1 the first studies we found that there was a distinct parallehsm
between the rise m urinary mitrogen as I pointed out and the rise and
fall of the urinary corticoids and that was satisfactory

As time went on however we found that corticords could be very
high and the urinary mitrogen be low relative to the intahe with the
mdividual still in positive nitrogen balance One of these conditions 13
pregnancy Furthermore, as mentioned, Dt Hachney has recently
demonstrated that n a case of chrome tuberculosss (Fig 9) after first
state thorocoplasty the corticoids rose to 300 glycogenic urts per day
whereas the urmary nitrogen excretion remamed completely un
altered So with these studies and others the theory of Albright and
ourselves on the direct correlation between the S hormone as 1t was
called then, and mtrogen metabohsm has not been mantamed Dr
Mackenzie has demonstrated that the adrenal 1s necessary for this rise
1n the rat which was first demonstrated by Cuthbertson but in man
there was some doubt about 1t

To return then to the teleological function the body breaks down
or shakes loose protem for the purpose of supplying protein building
blocks to the wounded area The body does not disungwish whether
the wound be from a pneumococcus or from a cut or a burn 1t says 1it
effect go ahead you need to be rebuilt take the building blocks, so
ussues begin to break down or if they do not break down the proter
1s ‘loosened  That s a phrase which I coined the best phrase I could
think of m those earlv days The wound takes part in this also and if
the total mntahe or body supply of protemn asm a chronically il per
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fibrosis one 1nto tuberculous granuloma, and so forth depending upon
the environmental aggnt and the special reactions of the body to that
agent but the capacity for these tissues to build up depends essentially
upon their capacity to capture protein

I consider that the general aspect which tends to favor the formn
tion of these 1bnormal tissues 1s the anbolic tendency which we have
seen 1n the vanety of chronic disese states as illustrated by the con
tinued retention of nitrogen ACTH or Cortisone remobilizes the
protein, facihtates protemn transfer away from the abnormal ussue
either with or without rise of urinary mtrogen These abnormal tssues
are relativels weakhly anabolic One should remember that most of
these people have lost weight so that the normnal tissue 15 all ready to
grab 1f anything 1s shahen loose

Now this 1s perhaps further tllustrated by the finding by Ishmael
Hellbaum, et al that testosterone propsonate m high doses of 300
milhgrams plus A® pre; 1 or even one alone affects
rheumatoid irthrius Dr Palmer Howard has treated one patient and
after 6 days the patient who couldn t walk for 6 vears got up and
walked much the same as in the treatment with Cortisone but the
effect 1s slower Dr Venmng demonstrated on the other hand that
testosterone propionate depresses the production of the 8’ hormone
and Parsons has just shown that 1t tends to cause the N 15 to move to
wards normal How can one account for this effect on the basis of this
speculation® I consider that what may have happened here 1s that the
testosterone causes the muscles shall we say for the sake of argumem
to be relatively more anabolic than the abnormal tissue and conse
quently to capture the protein from it Again an internal transfer of
protein I again state that this 1s a pure speculation I think then that
one can fit together perhaps the whole picture along those lines to
lead of course to further investi,ation Internal transfers of sodium
water potasstum etc mav also occur and account for the variety of
overall balances negative or positive found after ACTH and Cor
tisone admimstration under different conditions
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Hawlans, et al , found that when 1 turpentine abscess was made 1n a
dog much more plasma protein appeared from a given food, that 15
n my opinon because the turpenune fired the adrenal mobilized
the body protein and some of that 1s well as the food protemn appeared
as plasma In other words the body protem was more casily deviated

In the case of pregnancy then the anabolic focus s great and the
body protein loosened under the mnfluence of the adrenal cortex The
maternal protein ts transferred into the fetus If the mother has anm
adequate protein intake or caloric intake the fetus stll grows and the
mother drains her protein mto the fetus One can see now why there
need not be a rise 1n urinary nitrogen

If there 15 a relatiely small anabolic area 1n the body as i the
case of a perfectly healthy person who has no need to rebuild his
tissues and he 1s acutely traumatzed, the protemns are loosened and
the body just sweeps awayv the excess which 1sn t taken up by de
amimzing ammo 1cids and excreting the mitrogen as urea but if
there 1s any place where these amino acids are being grabbed off then
1nternal transfers occur and in the overall mtrogen balance this 1s not
detected

One recalls seeing rats with rapidly growig tumors These can be
1 overall positive balance and yet one can watch the bodv protens of
the ammals betng drained 1nto the tumor 1n spite of the fact that the
overall creature s 1n positive mtrogen balance I consider then that
the capacity to capture protein the relative anabolic cipacity of
tissues 15 extremely mportant m terms of thewr growth I consider
that under high S hormone secretion the body s protemns are more
readily mobihized Where they will be transferred and the relative
transfers which will occur will depend upon the metabolic status—
the total status of the body and the level of the S hormone

It has always seemed to me that this looseming of protein was it
lustrated by Selye s and others findings of gastro mtestinal erosions
m acute states Here you have a  looseming  of a body ussue That
particular tissue 1s 1n contact with proteolytic enzymes so it dissolves
What I mean by loosenng I cannot tell you—1I don t know except that
1t connotes less capacity to build 1 protemn as demonstrated by the
N 15 tissue studies because . Cushing s syndrome wounds do not heal
well either

Further, I consider that the granulomas and fibrosis of tubercu
Josis the fibrosis of cirrhosis the collagen deposition of varous dis
eases as super or malignant healing They are the result of the
capacities of these tissues to seize protein for long periods of time
The special aspect of these discases of these processes I should s1v
1s determined to my mund by a variety of factors which makes one 1nto

periartertis nodosa, one tato theumatord arthritis one wnto currhotic



HYPOFHALAMUS—~ {DRFESOCORTIC L FUNCTION 135
(¢) Cells m the median emmence mfluenced by this trct are
postutated to produce 7 sceretion which 1s then carned to the adeno
hypophysis by the hypopliysial portal system of veans which druns
from the medhan enunence down into the pars tuberahs

2 The autonomic nersous system (1) Sympitheuc serves from
the cervieat chan pass to the caratid plexus the arcle of Withs and
hence down the stalk 10 the printry  Siace the hy pothatunas exerts
a control over the sympathetc nervous system 1t was felt dhat st might

DIAGRAM OF SAGITTAL SECTION OF HYPOTHALAMUS AND HYPOPHYSS
OF THE DOG
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Fi6 1 The outhines of the paraventricutar and supraoptic nucles have been
projected onta the midline

snfluence the adenohypophysis in thas way (b) Parasy mapathetie fibers
Jon the carotsd plesus from the greater superficial petrosal nerve and
may reach the adenohypophysic These fibers apparently have hutle
effect on prtusrary function however

3 Scharrer® bas desenbed the celhs of the paraventmeular and
supraoptic nucler as betng secretory cells with granales which can be
secn w different phases of & secretory cvele These cells are surrounded
by a rich vascular networl  and are perforated by endoceliular caps!
lanes so thay anatomucally st would scem that they mught secrete a
harmanal sabstance diregsly spto the blood stream GQur worh, seems
mast 15 accord with this last theory
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The Relationship of the Hypothalamus to
Pituitary-Adrenocortical Function*

Dovid M Hume and George J Wiltenstein

SURGICAL SERVICE OF THE PETER BENT BRIGHAM HOSPITAL AND THE SUPGICAL
LABDRATORY OF THE HARVARD MEDICAL SCHOOL BOSTON

The factors responsible for the release of ACTH from the
terior pituitary following stress hwve been studied 1 dogs Although
this work 1s still m progress ind certain wspects of 1t are incomplete
and mconclusive as yet we belicve we have shown (1) that the intict
hypothalimus 1s essenty al for the normal release of ACTH and adrenal
corticoids 1n response to stress (2) that lestons 1 the hy pothalamus
abolish or marhedly decreise this response even in the presence of an
mtact prtuttary nd adrenal cortex and (3} that thus effect 1s medrated
by means of a hormonal mechantsm !

As 1 measurement of mcreased sccretion of ACTH and adren3l
corticords the fall of circulatng eosinopluls has becn emplosed
Lpinephrine nsubn and operatne trauma under ether or nembutal
ancsthesia have been used as stressing agents

Many mvestigators have studied the problem of neural especatly
hypothtlamic, control of antertor pitwtary functions wsually using
lactation growth gonadal or thyroid actvity as a measure of thiscon
trol This entire problem has recently been the subject of an excellent
review by Harnis® Several views are held as to possible rautes by
which the hypothalamus can exert control over the antenior prtmitars

1 The hypothalamico hypophystal tract which 15 composed
mamly of fibers from the supraoptic and pariventricular nucles
descends nto the neural lobe (Iig 1) Thus tract has been postulated
to wnfluence the anterior prautary 1w one of the fallowing 3 ways
(a) Mbers have been deseribed which pass from this tract into the prs
tuberahs and other portions of the adenohypophyss and which ate
thought to have a direct secreto motor funcuon These fibers are not
present mn all spectes studied however (b) Secretions of the ncurO)
hypophysis, whieh are controlied by the hypothalamico hypophy ¢1
tract are sad to affect the secretory cells of the 1denohy pophysis
~Supported by a grantn i’ for r:s:a‘r;i) from the Commomwealth Fund
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VI Extracts were made of beef hypothalamus cerebral cortes and
cerebellum, and these extracts were then injected nto dogs with
hypothalamic lesions who had shown absent or sub normal re
sponses to two or morc of the various stressing 1,¢nts tested

RESULTS

1 Sevening the stalk had no effect on the normal eosinopenic
response to stress ([ig 2} The hypophystt! portal system of veins was
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Fic 2 Epinephrine test i stalk section dogs m which a piece of polyeth
vlene film has been placed between the prtitary and the hypothalamus
Note the normal eosinopenic response to ths stress

iterrupted and the pars tuberahs was completely stripped from the
median emnence The rostral half of the median eminence was 1n
tact however

2 Removing the postertor lobe had no effect (Fig 3)

3 The ammals continued to respond 1n a normal fashion even
with all the posterior and over half the anterior lobes gone When al
most all the pituitary was removed the response was decreased 509
but was still present

4 Complete hvpophysectomy completely abohshed the response
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Several series of operations were done on the preuttary after st
had been exposed erther by the transtemporal or transbuccal ap
proaches usually the former
The stalh was severed through the median eminence, and a
piece of polyethylene film was placed between the pituitary
and the hypothalamus to prevent regrowth of nervous and
vascular connections between the two
The posterior lobe was removed leaving the antenior intact
Varyin,, portions of the anterior and posterior lobes were re
moved up to a sub total hypophysectomy leaving only 1
small portion of adenohypophy is including the pars tuberalts
4 Complete hypophysectomy w1s done
Llectrolytic Jesions were made 1n the hy pothalamus and adjacent
structures either at open operation after exposure by the trans
buccal or transtemporal routes or later, by a special stercotaxic
instrument made for use in the dog
Bilateral lesions were made 1n the supraoptic nucler produc
g diabetes insipidus
2 Paramedian lesions were m1de 1n the anterior hypothalamus
and at the junction of the muiddle and posterior hypothalamus
3 Bilateral lesions were made 1n the lateral hypothalamus
The cervical cord was severed at C7 and the ammal was allowed
to recover An operation was then done below the level of section
to determine the response of the prtuitary to this sumulus
Small coils were encased 1n lucite shells one end of the winding
being connected to a platimum wire nsulated except at the up
with a glass capillary ind the other to a stainless steel mdifferent
electrode These unuts were then mmplanted m the head with the
stereotaxic mstrument 1n such a manner that the up of the needle
lay in the hy pothalamus and the coil plugged tightly into a stain
less bushing which was screwed through the shull The shin was
clased over the coll This techmque was modified after that used
by Harns in rabbits  The dog s hypothalamus could then be
stimulated at any time with the dog fully conscious by bringing 2
large primary conl close to the dog s head and mduemg a 60
cycle current 1n the implanted coil This procedure was carried
out
1 In normal dogs
2 In completely sympathectomized dogs
Identical abdomimal operations were dome 2s stresstng Pro
cedures m different anumals and in the same animal at different
fimes, under ether anesthesta i one case and nembutal anes

thesta 1n the other

N
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ANTERIOR HYPOTHALAMIC LESION

DOG NO 28 49
+0%
“«
Oo
x| B
[Tt ox
s
10
™ 6% 2%
° —
EPNEPHRINE INSULIN OPERATION  EPWEPHARE NSULIN
€ST TOLERANCE TesT TOLERENCE
%o TEST
o3 08 se
23 [ :
PAEOPERATIVE POSTOPERATIVE
Fic 4 The per cent fall of I hil to epmeph

i
nine and msulin before and after a paramedian antenior hypmhahmxc lesion
Note the increase 1n the zero hour eosinophil count following the lesion

7 Lateral or unilateral median hypothalamc lesions had no ef
fect on the normal response to stress

8 After sectioning the cervical cord and allowing the ammal 1o
recover an epinephrine test was done to determune the reactivity of
the pituitary adrenocortical system When thas system was found to be
reactive an operative procedure was carried out below the level of the
section {Fig 7) Thas operation produces an eosinophul fall of 80-90%
n normal dogs In the cord section dog no eosinophil fall occurred

9 When remote control stimulation of the hvpothalamus was
carried out 1 normal dogs (Figs 8 9 10) a marked eostnophil fall
occurred together with a concormtant leucocytosis (Fig 11) Thas was
more marked on stimulation of the anterior hypothalamus than of the
posterior The possibihity remained that thes fall might be due to re
leased epinephrine although this seemed unlikely because there was
no change 1 the blood sugar during the period of the test However
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EPINEPHRINE TEST
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i 3 The per cent change i arculanng eosmophils 4 hours ifter the
y) of 11000 epmephrine sc Dogs 1-3 paramediin hypothalamic
lesions Dogs 4~6 varying amounts of antenor and posteriar lobes removed
hut no hypaothalamic lessons Dog 7—normal dog  DJog 8~posterior tabe
only removed Dog 9—ilateral hypathalamue lesions involving supraophic
nucle and producing marked diabetes innipidus The shaded 7reas show the
approsmate extent of the lesion or excised area

5 Lesions 1n the supraoptic nucler did not alter the response

6 Paramedian testons 1n the antenior hypothalamus and at the
juncture of the muddle and postenor hvpothalamus abolished the
usual responsc to epinephrine and msulin and decreased the response
to operative trauma A typical anumal 1s shown in Fig 4, and 4 sum
mary of results following these lesions 15 shown in Fig 5 In onen
stance the response 1o operative trauma as well was completely
abohshed The ¢ ammals differed from hypophysectomized amimals
n the following ways

a ‘There was no gross atrophy of puituitary target organs

b There was shght o1 no insulin senstivty

¢ They continued to react to test doses of ACTH whereas the
Ty pophy sectomized animals rapudly des eloped atrophv of the adrenal
corten, and no fonger reacted 1o 2 single mjection of ACTH (18 6)
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Fic ¢ After hyvpophysectomy the adrenal cortes atrophies so that 1t 1s no
longer responsive to a single 1njection of ACTH This may take place 1n 7
days if the hypophysectomy has been plete After a hypothal lesion
which abolishes the response to stress the amimal continues to react to a single
mjection of ACTH indicating that the adrenal cortex has not undergone
marhed atrophy but that the amimal 15 incapable of producing an increased
secretion of ACTH 1n response to stress

factor 1n the release of ACTH from the prtwitary This 1s further sup
ported by the fact that nembutal decreases the eostnopenic response
following trauma 1n the normal amimal The barbiturates have been
shown to have a selective inhit y effect on hypothal nucle:
Dogs with hypothalarmc lesions show no gross adrenal cortical atro
phy and continue to respond to ACTH Thus suggests that the anterior
Pptuitary contmnues to put out maintenance doses of ACTH (although
at a lower than normal level as shown by the increase 1n zero hour
eosinophil count), but 1s incapable of increased secretion 1n response
to stress Sectiomng the nervous and vascular connections between the
intact hypothalamus and pituitary does not abolish the eosinopenic
response to stress so that the hypothalamic control of prtuitary re
Jease of ACTH must be mediated by a humoral mechanism employ
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to rule this out, cotls were unplinted 1n antmals which had previously
had total sympathectomies Fuactly the syme results followed stimu
lation of the hypothalamus 1 these dogs

10 Abdominal operations done under nembutal anesthesia are
followed by u markedly decreased eosinopenic response as contrasted
to 1dentical operations under cther anesthesia

11 Preliminary work with hypothalamic extracts tends to show
that these extracts are capable of producing release of ACTH from
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Fic 5 The per cent change 1n circulaung eosinophuls 4 hours after the
mjection of 1 ce 1 1000 epinephrime sc before and after the production of
paramedian hypothalamic lesions Two ammals had no pre operative s

the pituitaries of amimals whose hy pothalamic lesions prevent or mod
ify the normal release following non specific stress This work 15 1ot
completely conclusive 15 yet however

DISCUSSION

The normal cosinopenic response to non specific stressing stumult
1« mediated by secretions of the adrenal cortex which are under the
control of ACTH released by the anterior prtwitary Since this re
sponse 1S abolished or markedly modified by making small electroly NC!
lestons 1n the hypothalamus  the hy pothalamus must be an mportan
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Fic 9 \ ray of dog #226 with the secondary ums implanted The tip of the
mnsulated platinum wire hes 1 the hypothalamus

Fic 10 Dog #226 3 months after the implantation of the coil
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Fic 7 Scction of the cord at C-7 Tollowing section of the cervical cord
the amimal no longer shows the normal costnopenic response to operative
trauma 1n the hind hmb

Fic 8 The coils used for remote control sumulation On the left the primary
and on the night the sccondary which 1s implanted
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Fi¢ 12 Diagrammauc representation of the pathways mvolied 1
nereased secretion of ACTH by the anterior piturtary follow tng trauma
datted lines represent as yet umnvestigated pathways The route wvo
the splanchnics leads 0 release of epinephrine which can then act dir
on the hy pothalamic center This 1s of secondary importance and 15 nc
sential to the normal e0stnopenic response to trauma or stress

with extracts o} beef hypothalamus seems to indicate that some
aific substance 1s formed m the hypothalamus for this purpose

CONCLUSIONS

1 An mtact hypo\ha\amus 1s necessary for the increased rel
of ACTH from the pitwitary following stress

2 This hypothalamic control of the pitwitary seems to be on a
maonal basis

3 Followtng operatve trauma the release by the pitutary ¢
increased amount of AUTH 1s dependent upon an intact nen.ous
nection between the myured area and the brain

REFERENCES

1 Hume D M Role of the hypothalamus in pitwitary ad:
cortical response to stress, 7 Clin Intestigation 28 790 194¢

2 Recant I. Huyme D M Forsham P H and Thom G
Studies on effect of epinephnne on prtwitary adrenocor
system § Chin Endocrinol (In press)
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ing the general circulation for transport In the intact animal martked
eostnopenic response follows operative trauma, but this response is
completely abolished by scctioning the cervical cord Hence afferent
nervous mmpulses from the njured area to the bran are essential for
the release of ACTH from the piturtary following trauma General
cther anesthesta does not alter this response, so 1t 15 apparently ona
sub cortical level Nembutal does alter 1t as previously stated, prob

DOG NO I73-COIL IMPLANT
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Fic 11 Anterior hypothalamsc sumulation The changes in the leuco
cytes eosmophils blood sugar and hematocrit following 4 three minute
stimulations over the course of 1 hour in the conscious dog are charted Note
the marked eosinopemc response

ably at a hypothalamc level Complete sympathectomy does not alter
the response, so that neither epinephrine nor sympathetic fibers to the
pituitary are essential to pituttary release of ACTH following stress
Remote control sumulation of the ntact hypothalamus produces 2
marhed release of ACTH from the pituitary {even m a sympathec
tomized ammal) It seems reasonable to postulate, therefore that
nervous mmpulses from the mnjured area end hypothalamic stmula

Ilowed by release of a humoral substance from the hy pothala

uon fo g 12) Preliminary work

mus which in turn stunulates the prturtary (Fs;
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DR PETLR It FORSHAM Since Dr Hume 1s 1 surgeon, may Iash ifina
given operation the mortality 1s higher with spinal than with general
ancsthesia?

DR Davip Mt HUME I am surc [ don t know the nswer to that ques
tion Most people who are given spinal anesthesia are also given
cither epiephrine or ephedrine at the sime ttme Prabably 1t1s not a
good thing mn patients with shock unless some precautions of that
type are taken

DR FRANCI D MOORE When the spinal anesthesia wears off the af
ferent pathways of course are actinited and the whole mechamsm
1s put nto action

DR ROy HERTZ (U S Public Health Service Nanonal Institutes of
Health, Bethesda Md ) I might pomt out that this phenomenon of
actvaung the pituitary through a1 peripheral scnsory stimulus has
been well recogmzed 1 relation to the production of gonadotrophic
hormone substances particularly i the induction of pseudo preg
nancy by stmulation of the cervix and 1n the case of ovulation 1n such
forms as the rabbit which ovulates only after copulauon This ex
cellent study then represents an extenston of that prior knowledge of
the nervous control of the prtuitary to the adrenotrophic phenomenon

DR Davip M HUME That s very true I meant to mention that this
method of remote control stimulation has been taken directly from
Harns work on the rabbit 1n which he showed us that

DR R A CLEGHORN I don tsee how Dr Hume has ruled out the pas
sage of an alleged secretion from the nuclet through the hypophysial
portal system

DR DAVID M HUME Because in the stalk section dogs the hypophysial
portal system s cut and a piece of polyethvlene film 1s put between
the hypothalamus and the prtitary to prevent regrowth of this system
These amimals confinue to show the normal eosinopenic response to
stress i spite of the absence of the hy pophysial portal system
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3 Harns, G W Neurdl control of the pitwriary gland, Plysiol Rer,
28 139 1948

4 Schurer Foand Scharrer B Secretory cells withen the hypo-
thalamus, Res Publ Ass Nert Ment Dir, 20 170, 1940

5 Harns, G W The nenvation and acuons of the neurohy
pophysis an investigation using the method of remote controt
sumulation Phdos Trans B 232 385, 1947

6 Mnsserman ] H  The effects of sodium amytal and other drugs
on the reacuity of the hypothalamus of the cat drck Neurdd
Psyehuiat Chicago 37 617 1937

DISCUSSION

bR § s L prownE Dr H Mclntosh i the Neurological Insutute at
Montreal has followed with ACTH tesung persons who have had
{estons i the hy pothafamus such as suprasellar craniophary nglomns
with ntact diaphragma sellae and apparently mnthct pontanes #
terms of absence of gross morphological destruction who show a ful
ure of response to ACTH One cannot disunguish between a chro
mophobe adenom? and 1 supraseliar by pothalamic feston in this way

bR pavip Huve In that regard these were very uny lesions not more
than 1 or 2 mms in drumeter so perhaps with more extenaye lesions
one might have a less response

DR GEORGE W THORN One intercsting pomnt 1n confirmaton of Dr
Hume s suggestion 1s the fact that there appears to be 1 difference s
the response of the patent with spinnl anesthesia over the patent
with general anesthestay 10 terms of the speed with which the eosin
opema occurs after operation suggesung cluucally that m some pa
uents one may not have the normal adrenal cortical stmulation unti!
this spinal anesthesia wears off

pr PoGER A LEMWSS The mechanism of ACTH production which Dr
Hume has just elucidated so bnlhantly may be supplemented by
other pathways We have been able to produce a marhed fall the
number of crculating eosnophils 1 man by a type of stress which
m1y not mvohe an mereased production of adrenalm or the hypo
thalamue centers and wlich mught bring on the secretion of ACIH
through mereased perpheral utihzation of the adrenal hormones 1+
suggested by Dr C N H Long We found that a reduction m the
artorial oxygen saturation to 70~75% was followed by a fall m the
ber of circul phuls of about 409
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but there 1s no 1ssurance that other steroids which promote sodium
reabsorption m1y not be The subjects of this mvestigntion were 2l
hospitalized for close supervision of the dict 1nd collection of spec
mens

In g 2 study was made on a 49 year old female without com
pliciting disease Sodwum intahe was restricted to 8 meq per day for
12 days and then increased to 205 meq for davs 13 to 33 Although the
hidney responded promptly to the need for sodium retenuon and so
dum excretion there was no discermble dufference in the exeretion of
urinary cortin nd 17 ketosteroids There was no inhibition of adrenal
actnity by DCA admumstrition despite the sodium retention pro
vohed

THEORIES OF SODIUM REABSORPTION
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In Fig 3 study was made on a 46 vear old female with essential
hypertension and extended for a period of 94 days During the first
14 days on a diet containing 8 meq of sodum the urine contained
less than 1 meq for nearly every 24 hour period Despate this remark
able sodwm conservation adrenal steroid excretion was n the lover
normal range At this ime when presumably adrenal salt hormone
should have been maximum DCA did not produce recogmizahle
changes of steroid excretion To determine the sensivity, of our meth
ods 54 mg of ACTH was admimstered over 3 days and resulted 1n
ncreased excretion of both urinary cortin and 17 hetosterords The
transition from a diet with 8 meq of sodium to one which contatned
205 meq was particularly mteresting 1n this patient Nine days were
required before urinary sodium excretion exceeded the intahe The
changes 1n serum sodium and potasstum and fluid and sodium balances
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Studies of Urinary Steroid Excretion During
Salt Deprivation and Administration of
DCA and ACTH

Wilham H Daughaday and Cyril M MacBryde
BARNES HOSPITAL AND WASHINGTON UNIVERSITY ST LOUIS MO

Although there 15 general agreement concerning the existence
of adrenal substances promoting the retention of sodium by the renal
tubule the evidence 1s conflicting concermng the method of ther
Iiberation and their importance as regulators of renal tubular activity
Possible mechamsms by which the adrenal might influence sodium
reabsorption are presented in Fig 1 The umtarian view postulates
that adrenal salt hormone 1s under ACTH control This view has
been considerably strengthened by observing that the admimstration
of ACTH to humans has frequently resulted i sodium retention An
mdependent adrenal salt hormone has been postulated by the dual
1stic theory whereby the secretion of steroids active m carbohydrate
and protemn metabohsm are stimulated by ACTH but that the adrenal

salt hormone 1s secreted directly by as yet undefined mechansms

1n response to sodium need It 1s also possible that the hidney pro
vided with a constant adrenal actty 15 able to regulate sodium and
potassium excretion and conservation

The studtes to be presented have been designed (1) to compare
adrenal activity under conditions of extreme dietary sodum restric
tion with that of liberal salt intake (2) to determme the potency of
desoxycorticosterone 1 inhtbitng ACTH production and (3) to
compare physiologic sodium conservation with the sodium retention
produced by ACTH and DCA

As 1ndices of adrenal activity we have measured urinary cortin
by the method of formaldehyde hiberation from paruially purified
urinary extracts and urinary 17 hetosteroids Although the chermcal
assay of urinary cortin probably measures only a small fraction of the
adrenal output tt has proved a useful clinical tool n comparing ad
renal activity Desoxycorticosterone 1s not measured by the technique,

148
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are presented in Fig 4 A sccond period of DCA admunistration re
sulted 1n 1 retention of sodium again without change 1 unnary
steroid excretion

In Fig 5 the subjeet for study was 1 39 year old housewife with
rheumatoid arthritis Sodium intahe was restricted on the fourth day
to 8 meq per day The excreuon of sodium fell duning the next 7

Me/Day NS AGr 49 TEMALE
eoy

15
GORTIN 1 nJ

B R

h‘:‘ [ “‘\“ i !

[
'

\ N
‘ I
150
uhNg
LA
50.
==

© oy
10

beso ¢ AT cosvERD €
corre on .

e 2

days until sodum balance was restored The urmary cortin and 17
Letosterord values remained at approximately the same level Again
we were able to demonstrate increases in urinary cortin and 17
Letosterords with small doses of ACTH Later an imntake of 205 meq
of sodium enabled us to promote considerable sodum retention with
large doses of ACTH These doses however, were associated with a
3 or 4 fold increase 1n the excretion of urinary cortin and 17 keto

steraids
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cretion was elcvated in the presence of normal 17 ketosteroids DCA
admumistration was followed by marhedly mcreased cortin excretion
The cause of this 1s not apparent but 1t was obvious that there 15 no
depression of adrenal activity

From these studies we have concluded that a correlaton does not
exist between sodium intahe and urinary steroids of the cortin and
17 ketosteroid type  If maximal tubular reabsorpuion depends on m
creased amounts of an adrenal salt hormone 1ts release 15 independent
of ACTH and 1t 1s not measured by exising methods Conversely 1n
humans the admimistration of DCA 1n doses large enough to produce
nearly maximum sodium retention does not inhibit ACTH liberation
as evidenced by unchanged excretion of urinary cortin and 17 keto-
steroids The observations with ACTH have demonstrated that 1t 1s
possible to detect changes in urinary sterowds produced by relatively
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To study ACTH inhtbition by DCA 2 patients with elevated ex
cretton of urinary cortin were selected The first was a 21 year old
woman with Cushmg s syndrome The steroid excretion of this pa
tient 1s presented in Fig 6 There was an clevation of both 17 heto
steroids and cortin ' We were 1nterested to find the excretion not um
form but extubited periods of much greater excretion interspersed
with more normal levels DCA in this patient seemed to effect a re
duction of 17 ketosterowds but no statisticallv siynificant change oc
curred 1 the excretion of uriary cortin

The second patent was a 47 year old female (Fig 7) with essential
hy pertension and a severe aniety neurosss In this patient cortin ex
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We have attempted to sec whether this particular matenial cor
relates with the ‘ cortin 1nd the 1mounts are so small 1n terms of
desoxycorticosterone teetate that we would be completely swamped
Ve obtain 1bout 6 micrograms equinalent of desoxveorticosterone
per day, and the total 1s certunly n the nughborhood of > to 2 or 3
mys dependin, on what you are mensurin,

DR JEROWF W €Oy This my be an v umple too of the lack of suf
ficient sodium restriction 1 the sense that if the individual 1sn t losing
sodium actunlly 1n negatne balance losing sodium from the body
that the stimulus 1sn t sufficiently acute We did experiments some
years ago on conscientious objectors who were sweating in a hot room
nding a bicycle every day for 60 miles and who had an 1werage sweat
volume per 24 hours of 10 to 12 liters Under those circumstnees so
dium lost from the body was excessive  The urine would get down to 1
region where there was no chlonde or sodium (or essentially none)
and the largest losses of course the great losses were through the
sweat

Under those aircumstances we ob erved marked negatne nitrogen
balance on adequate protein intake and increased unc acid excretion
50 much so that the urines precipitated the uric acid and one could
see them 1n the gallon jugs—all these unc acids precipitated 1n the
bottom

Now under those circumstances where the stress was purely one
calling for salt retentton when desovycorticosterone was given the
mdividual 1mmediately came bach 1nto mtrogen equblibrium from
the negative nitrogen balance phase Under those circumstances
which were much more severe than those reported 1t appeared that
il\esoxyccmcostcmne was able to inhibit an excessive activty of

CTH

DR PFTER H FORSHAM Are we nght in talking about desoxycorticos
terone as a salt retainer and other sterord hormones as salt losers®

Compound E 100 mgs a day given to an Addisoman will lead to
a decreased sodium excretion in the urine and an mitta} out pouring
of potassium In that dosage Compound E compares quite favorably
with 5 mgs of desoxycorticosterone Obviously desoxycorticosterone
15 2 more potent sodium retamner than 1s Compound E (Fig 8) This
same patient on 5 mgs of DCA per day showed what we might as
sume to be nearly maximal sodwim retention At that point Compound
E gave nse to a pardoxical outpouring of sodium rather than an ad
ditive retention of sodium (Fig 9)

One theory would be that we have probably replaced a relately
poor salt retamer on the renal tubule for a relauvely very potent salt
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small doses of ACTH Large doses of ACTH may result m sodsm
retention but e assounted with untmustal 1ble increases m the excre
tron of urinary cortin

DISCUSSION

PR GREGORY PILs I think Dr Daunghaday recogmzes that the
cortin mecasurement 1s very probably @ measurement of a great
murxture of substances and that therefore if there 1s 1 correlatton be
tween certam vanables and onc of these products 1t mught very well
be masked if one type of substance 1< preponderant aver another
It 1s therefare very mteresting to repart that one ¢an obtam from
human unine n the so called corun fracttons matersil which will
cawse sodiwm retention apparently a sterosdal substance, and 1t s
possible to assay thrs 1 human urines
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retaner af one 1ssumes that a number of molecules of desosvcorticos

terone were repliced by an equil number of molecules of Com

pound E one would obtain 1 net loss of sodium o the unine Thit does
not mean howerer thit Compound E s salt losing o that any of
these compounds are salt lostn, per se Compound I appears to be
a weak salt retatner Thus most effects observed 1n studies on man
with ACTH can be explamned as a change in the 1mounts of Com

pound E or related substances excreted and one does not necessanih
have to invohe the presence of 1 speaific salt retuner inman although
1t might exist
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Adrenal Function and Steroid Excretion

in Neoplastic Disease

K Dobriner S Liebermon H Wilson, B Ekman O Pearson and
L Ehef*

SLOAN KETTERING INSTITUTE FOR CANCER RESEARCH NEW YORK CITY

In patients with neoplastic disease the excretion of adrenal
cortic 1l and gonadal steroid metabolites 15 markedly dimmshed and
often certain steroids are no longer demonstrable (Fig 1) If one as
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‘The question may then be ashed whether sumulation of the 2d
renal by ACTH would restore the gland to a more nerly normal
function If this were possible would the change 1n the adrenal seere
tion be reflected 1 an alteration in the course of the disease? There s
evidence from the work of Heilman 1nd hendall that an adrenal
hormone profoundly affects tumor growth i muce Furthermore
Dougherty and White have shown that drenal hormones are ex
tremely active agents in the dissolution of lvmphatic tissue

In order to study these questions in man we adminmistered ACTH
to a group af patents with cancer and lymphate disease This s a
cooperatine study with Drs Pearson Elel Rawson and Rhoads and
the chinical findings will be reported separately [ shall report the
effect of ACTH on hormone production as evidenced by the sterod

el
HODGKINS D
259

*

20

100

FORMALD ST

100

[ 1
| controt | 100mg _acTH

1 1
|posT acth @

Fic 5



260 CLINIC1L (CTH COAFERENCE
sumes thit the steroid excretion 1s a measure of hormone production
by the glind then one 1s forced 1o the conclusion that there is adrenal
and gonadal dysfunction 1n malignancy Confirmation of altered
adrenal function 1n neoplasia 1s afforded by the fact that 11 hydroxy

ctiocholtnolone 1 compound of adrenal corucal ongin, 1s found 1n
the urine of a sigmficant number of cancer paucents whereas 1t 1s only
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rarely presentin the urine of normal indss duals Adrenal dysfunction
existed 1n 2 patients several years before there was any obvious mant

festation of the tumor because 11 hydroxy etiocholanolone was con

sistently present before the tumor was discermble In one of these l:.a

tents the excretion of this abnormal metabohite has continued for
more than 5 years after surgical removal of the breast without Lccur

rence of the lesion This indicates that adrenal function may be m

volved 1n the course or m the cause of neoplastic discase
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where the formnldehydogenic steroids were determined Thru the
cooperation of Dr Fuller Albnight, we were also able to study the
urinary steroid cxeretton of 1 breast cancer pauent before, during and
after "dmimstration of ACTH (Ig 3) Again 1 shightly increased
steroid excretion w1s scen duning the period of ACTH admmistration

The effect of ACTH 15 more clearly apparent when individual ster
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oids arc examuned Iigure 4 shows the steroid excretion pattern of the
5 most abundant a ketosteroids 1 the same two subjects comparison
1s made with the pattern of 2 normal females of similar age The excre

ton of these 5 substances during the control period 1n the cancer pa

lients was somewhat less than that of normal subjects The effect of
ACTH was shght but there 15 an mdication that these 5 compounds
were increased to a level very simlar to that of the normal controls

The pattern of the patient who received 200 mgs ACTH shows values
somewhat above the normal range
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mctabolites 1 the urme Tig 2 illustraces the steroid excretion be
fore during and after admumstration of ACTH in a female patient
with cancer of the breast The values shown were obtained from the
crude neutral extracts before fractionation by methods which have
been described n detart elsewhere It 1s apparent that m this subject
the administration of ACTH 1n dostge of 100 mg per day for 18 days
resulted 1n only munor changes m the excretion of hetosterord and re
ducing steroids Following 1 12 day control period 100 mg of ACTH
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per day was again gnen for 6 days without any marked alteration of
the urinary steroids When however 200 mg ACTH per dav w7
gwen for a 6 day period there was a pronounced tncrease 1n sterord
excretion measured by the Zimmermann reaction by the tota} reduc
tion and by the production of formaldehyde after pertodate oxidauon
Followsng cessatian of ACTH the steroid excrenion returncd slowly
to the control fevel It1s posstble even with these very crude measure
monstrate that there was a marked change 1n steroid €¥

mounts of ACTH were admimstered Ster
own m Fig 2

ments to de!
crenon when adequate a
oid excretion patterns were made during the intersals sh
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that of 1 normal person Final evaluation must be postponed until st
possible 1o study the effect of ACTH admimsstration on the urinary
steroid excretion of normal subjects

In gencral the effect of ACTH measured by steroid excretion
parllels the metabohie activity mesured by mitrogen and electrolvte
excretion In those mnstances swhere ACTH failed to ehicit a marked
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Increase of steroid excretion there was a relativelv small metabohc
response On the other hand where ACTH provohked a pronounced
cffect on the steroid excretion there was stmilarly a very striking
change in the excretion of mitrogen and electrolytes In Figs 5 through
101t 15 possible to see the type of ACTH response observed 1n sexeral
Patients with vanous dosage and time of admimstration There ap
bears to be great individual varratton when 100 mg of ACTH was
given some subjects showing practically no change (Figs 2 and 10)
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11 Hydrony euocholinolone was present tn the unine of one of
these two subjects and continued to be excreted 1t 1 markedly ele
vated level dunin, sumulruon of the adrenal gland by ACTH In the
pitient where 11 hvdroxy ctiocholanolone was 1bsent during the con
trol pertod ACTH did not ¢1usc the appearance of this compound 1n
the unine This 1s a very striking result since 1t may be interpreted as
mndicauny, 1 specific adrenal disturbance In addition to the changes
discussed 1t can be seen from Fig 4 that both patints excreted a
series of new substances 1 appreciable amount under the influence of
ACTH Some of these compounds whose structure 1s thus far un
known have been recogmzed previously mn the urine of pauents with
Cushing s syndrome Here again 1s evidence that while ACTH has
mereased the steroid excretion it has not restored adrenal function 0
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that of a normnl person Iinal evaluation must be postponed until 1t1s
possible to study the effect of ACTH admimstration on the urinary
steroid excretton of normal subjects

In general the effect of ACTH measured by steroid excretion
parallels the metabohic actinity measured by mtrogen and clectrolyte
excretton  In those instances where ACTH fuled to cheit 2 marked
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increase of steroid excretion there was a relauvely small metabohc
response On the other hand where ACTH provohed a pronounced
cffect on the sterotd excretion there was similarly a very striking
change in the excretion of mitrogen and electrolytes In Figs 5 through
10 1t 1 possible to see the type of ACTH response observed in several
patients with varous dosage and time of admmnstration There ap
pears to be great individual variation when 100 mg of ACTH was
Bven some subjects showing practically no change (Figs 2 and 10)
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whercas m other instances a very pronounced response was elictted
(Tigs 5 and 6)

DISCUSSION

DR LAUGRANCE W mInsiLt | would like to ash Dr Dobriner whether
there 15 a possibility that different preparations different batches of
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adrenocorticotrophin might account for these differences 1n responses
1 any of these mdwiduals

pr & poBrIneR There s no indication We have had quite a number
of lots and 1f we got a response we got 1t very quickly or as you v
the responses comparativ ely slowly 1n this type of patient

pr 1 1 Encen (Huntington Memonial Laboratories, Massachusetts
General Hospital Boston) I would ke to show these data which
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dicate that still mother class of steroid compounds namely, the neu
tral non hetonic alcohols can also reflect changes of the activity of
the adrenal cortex

In this expertment (g 11), 11 dehydro 17 hydroxycorticosterone
acetate was admunistered at a dosage of 100 mg per day for 5 days to
a patient with Addison s disense * Duning this period the excretion of
hetosteroids rose sigmificantly but even more strihing was the increase
m excretion of sterord alcohols measured colorimetricnlly as the herm
dinntrophthalates It 15 also interesung that the pre treatment excre
tion of non ketonic alcohols 1n this patient was about one fifth of that
found 1n normn! subjects

This method provides another tool for the mensurement of adrenal
corucal function nd should yicld useful data m determuning the
effect of ACTH on the mobilization of sterords of the adrenal cortex

2Eas24H

TGR ADDISON'S DISEASE

Fic 11 (From Engel L L Recent Progress in Hormone Research
Vol 5 Laurentian Hormone Conference P New York Acad
Press 1950 )

We a cindebted to Dr G Th
specimens f om th s pat ent of the Peter Bent Brigham Hospital for the
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Urinary Excretion of Steroids During
Administration of ACTH

Harold L Mason
MAYO CLINIC ROCHESTER MINN

The urinary excretions of 17 hetosteroids and corticosteroids
(essenually the same fraction as those designated as reducing ster
oids  and ¢ 11 oxvsterowds ) were studied 1n 5 cases of rheumatoid
arthritis in which ACTH (Armour) was admnistered In 3 cases the
patients were women 49 45 and 40 years of age respectively (Tables
1 2 and 3) and 1n the fourth case the patient was a man 23 years of
age (Table 4) The daily dosages are given m the tables m terms of
the Armour standard In the fifth case (Table 5) the patient was a
man 38 years of 1ge who received varied doses of ACTH during an
87 day period

It will be noted that with respect to the urinary excretion of ster
ords, the response to 100-105 mg equivalent of the Armour standard
varied greatly among the group of 3 patients who recerved ACTH at
thislevel The maximal amounts of 17 hetosteroids and corticosterord
varied from approxumately 23 mg to 45 mg and from 7 0 to 17 5mg,
respectively At this dosage level an increase in the urinary steroids
was observed on the first and second day After stopping the admunis
tration of ACTH the amounts of corticosteraids fell rapidly to values
within the range of normal values and 1n 1 case (Table 3) the amount
of 17 ketosteroids fell to a level somewhat below that observed before
treatment with ACTH was begun

In the case of the man who recerved 70 mg of ACTH daly
(Table 4) the steroid excretions were less but they approached the
amounts excreted by one of the women (Table 3)

In the case of the man who received varied amounts of ACTH
(Armour) (Table 5) the first definite increase in corticosteroids was
found on the third day and the first definite increase in 17 ketosteroids
on the fourth day of the period during which he received 70 mg of
ACTH Durmng the next 6 days the corticosteroids increased shightly
put the average 17 Letosteroid level was probably not significantly

168
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Table 1

CorT1coSTEROID AND 17 RETOMTFROD [xCRETIONS DURING TREATMENT WiTtt ACTH
(100 M6 DAnY)

Dare '77111;:; C Cwlita:;r;d: I 24 Aetosteronds
By Ferod mg 24 hrs | m /28 hrs
Control Pcriod
2/20-21 o . 090 7\ a0

Y2 | | 088 ' 48
2/22-23 i ! 09 | 43
ACTH Period
22324 | 1 088 ) 30
2/24-25 % 2 555 i 89 ﬁ
2/26-27 4 765 | 164
2/21-28 | 5 1130 226
3/1-2 7 1180 292
3/3-4 9 ! 1740 347
3/5-6 1 ! 14 50777 - 447
3/6-7 12 s 1750 _I 438
Alfter Period
mﬁx”i ur7 358 ! 20
3/8-9 2 | 286 \‘ 94
3/9-10 3 112 ; 49
2/10-11 050 J 56
054 | 56

greater than the one control value A dose of 105 mg of ACTH did
ot increase the corticosteroids significantly or the average level of
17 ketosterords When the amount of ACTH admnistered was 1n
creased to 120 mg per day the amount of corticosteroids mcreased
considerably but there was no significant change in the amount of
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Table 2

CorTicosTFROID AND 17 KETOSTFROID EXCRETIONS DURING TREATMENT Wit ACTH

(100 w6 pamLy)

| o | Day of Cortrcosternds 77 hetosterosds
1912 Pertod mg 24 brs m 24 ks
2/5-6 Control 051 35
2/6-7 051 26
2/7-8 ;—“ 058 18

ACTH Period

2/8-9 1 } 146 54

: 2/9-10 2 J 118 74

; 2/11~12 4 i 380 74
2/12~13 5 941 145
2/14-15 7 990 208
2/16~17 9 ! 238
2/18-19 11 ' 1220 298
2/19-20 12 [ 1210 26

After Period

2/20~21 1 218 117
2/21~22 2 089 68
2/22-23 3 106 35
2/23-24 4 103 ‘__ﬁw
2/24-25 5 078 34
3/15-16 24 | 079 j:j

17 ketosteroids Howeser during the prolonged treatment with 100
mg of ACTH (Armour) the excretion of both types of sterords varted
a great deal from day to day and were considerably less than the

the other patients
amounts excreted by
In the first 4 cases 17 hydroxycorticosterone was 1solated from the



ACTH 1MD STEROID LAGRETION

Table 3

m

CorTicosTERQWD aRD 17 Retosterotn Lxeretions During Treamaent wirn ACTH

(105 G pAtLy)

77§ etosteronds

Daue Day TTA _Cnﬂl{m‘l(mlll -{
191 Paned w4 hrs g Plis |
/34 Controt | vor 54 l
s w[_ 040 70 ]
D T 7;“‘f~ D
ACTH Penod
[ s 1 T 103 i 79
41314 N 200 - 105
4/15~16 4 334 | 175
4/16-17 s T T
18 | 6 356 REETY
4/18-19 7 457 186
m— 8 - 415 179
4/20-21 9 430 137
RN 10 514 |
4/22-23 1 R
ST LN SRS
4/23-24 12 630
After Period
412425 115
4/25-26 046
4/26-27 042 48
4/27-28 4 060 40
s5/12 3 100 28
5/12-13 19 o3 47
| spietr | 2 073 T
m 076 64 i
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Table £

CorTicosTEROID AND 17 RFTOSTEROID FNCRITIONS DURING TREATUENT with ACTH
{70 3G pawy)

— . r
Date Day of ! Corticosterods 1/ Retosterords
1919 Poriod m, 120k 1 m, 4k

42223 Control 073 . 88
42324 | 085 17
.
ACTH Ierod
¥
4/25-26 2 | 228 170
I I T "
42627 3 , 458 186
L |
42728 4 ! 183 ' 199
! S
4,28-29 5 | 542 : 175
— |
4/29-30 6 | 474 ; 163
R | e
43051 7 383 | 14
5,1-2 % 3 | 570 ) 184
A
5/2-3 $ 9 432 1 2t
o
¥
s34 10 ‘ 453 ! 158
ks
sies | 1 187
After Pertod
w56 1 | 552 174
‘
)
5/6-7 ' 2 ! 159 67
SR
—_—
5:/7-8 | 3 | 044 | 82
] SRS
048 0o
054 | 63

urine collected during the treatment with ACTH Appm\‘m“(d‘ 30
to 509 of the corticosteroids as determined chemically  were Nl)‘
Jated It was not possible to detect the presence of 17 hydroxy t

dehydrocorticosterone (Compound E or Corusone) although 1t may!
have been present in small amounts It ippears from these results tha
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Table >

CorTICOSTFROID AND 17 K TosTEROID TNCRT T10Ns DurRine TrEatvEST Wit ACTH

Due | Diyef wcrn C ttcosteraids | 17 F etosterands
wm N Zerod m da m 2k o 2k

) e 84

o 086 99

! 130 103

Y™ 149

_— |

15” i 12

17" 16

5/2:~2% 7 T s e

5/28-29 | 8 - 165 108

5/29-30 9 05 A‘ 152 70

5/30-31 10 | } 174 i 86

5/31-6/1 11 - 144 : 101

/12 ; 2 1 w246 | 130
6/4-5 15 12> f

6/5-6 16 120 ‘l 13 142

Lﬂ 18 T s ‘ 105

o0 | 2 E | 277 | 15

6/13-14 | 24 } 275 13

6/15-16 26 232 17

6/17-18 28 75 ‘ 251 81

6/19-20 30 ‘ 166 104

32 20 ‘ 150 141

61234 34 126 101

37 ) 288 153
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Table 5 (continued)

1ICTH CONFTEPENCE

CorTicosTEROID AND 17 RETOSTEROID ExCRETIONS DURING TREATMENT Wit ACTH

77 1 etosterads |

Date Day of ACTH I Cortrcosterords
T 'pm,,,z__ mg 'day m 2 hrs m, /1 brs

7 28-29 T3 77 90 J_ 161 165 :
6,30-7/1 41 1 100 | 189 ——12—0—‘4(
7/4-5 45 i i 222 i a2 |
]

7/6-7 47 E ! 190 ; 176
7/8-9 49 ! i 181 ‘—— T—l
7,10-11 51 }mI-— 288 —T
7/12-13 53 1 - 1. Tz |
7/14-15 55 >\ N 204 w—(—;!—"
7 17-18 58 , 301 ;i
7,19-20 60 ' 254 })L
7/21-22 62 | i 189 ! ___L
7,24-25 65 \ } 240 ,_/ﬁ/J'
7/2627 | 67 ! 2094 199 [
i ) 1

7/28-29 69 ! 318 99
7/31-8/1 72 203 EEEEYR
8/54 7 2 20‘#——{;7"
8/7-8 79 314 } ’{L
8/10-11 82 162 | 106 ]
8/14-15 8 160 . ‘L
8/16-17 88 Nerne 043 e8|
8/17-18 89 045 __“_4_
Tomn | 9 o I ee |
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sumulation of the human adrenal cortex with ACTIH promotes the
secretion of 17 hydroxv corticosterone rather than the secretion of
Compound L

DISCUSSION

DR WILLIAM H DatGHapsy I would hke to ash Dr Mason how he
expluns the diffcrence 1in corticord excrenion with ACTH as compared
to Compound L administration

With ACTH the clevation ol unnary corticouds 15 usually large
while 1t may be quite smnll following Compound E administration
Is thus due to the fact that enough Compound E has not been given or
that the natural adrenn] hormones appear in the unne to a greater
extent?

DR HAROLD L MasoN I thunk we would have to know more about the
metabolism of Compound T which apparently 1s produced 1n large
amounts by the adrenal stimulited with ACTH Possibly we would
obtain 1n the urine a greater return of corticosteroids with Com
pound F, although with one experiment, we did not

Another thing 1s that Compound L 1s given 1n one or two 1njec
tions whereas presumably the adrenal 1s producing these steroids

continuously which may have considerable effect on the amount
excreted

DR ALLAN KENYON Perhaps vou just answered this but I want to ash
whether you hase any 1dea of the amounts of Compound F requured
to give the amaunts of urinary material that are secured by use of the
adrenocorticotrophic hormone

DR HAROLD L MasON We haven t that information but the wdica
tons are that 1t would be considerably more than 100 mg per day
probably several hundred mgs

DR ALBERT DORFMAN I assume Dr Mason that you have not been

able to detect 17 hydroxv corticosterone after Compound E adminiy
tration?

DR HAROLD L MasoN Only by means of a color reaction I have 1s0
lated Compound E after admumstration of Compound E and the
1solated matenial gives the color reaction with concentrated sulfunc
aad which s characteristic of an 11 hydroxy adrenal hormone but I

aven t been able to separate any Compound F from this materal
The color reaction 1s only an mdication
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DR GPFGORY 11veus I would hike to second this 1dea about 11
hydrosvy compounds beciuse 1 the work we have been domg with
perfusing adrenal glands with possible precursors of these substances
we get only 11 hydrosiated compounds, and have been unable to
isolate anv 11 ketosteroid compounds

DR WIILIAM @ woirson In 1 patient sath rheumatowd arthnitis re
cewiny, Corusone under the cirection of the Michael Reese Rheu
matoid Arthritis Research Group the urnary hetomc corticowds
were studied by the techmque of paper chromatography The urine
extracts were prepared by the method of Heard and Sobel The
Gurard T hydrazones were synthesized 1t 45°C by the techmgue of
ZAflarom Burton and Keutmann applied to paper sheets in the
usual manner and the chromatograms developed with a fast tert
butanal sec butano! muxture saturated with water After the sheets
were dried the spots were locahized wath the 1odoplatinate reagent as
described by Zaffarom and his associates

During Compound E admuimistration the chromatogram showed
only one band This band had an Rf shghtly slower than the Girard T
reagent itself and since 1t corresponded 1n position with the band
given by pure samples of Compound E or F 1t was designated IE
The posiion of the EI band on the chromatogram corresponds to
that for a 3 20 di hetone with addimonal slowing due to hydrow!
groups or to ketone groups which do not form a Girard T hvdrazon®
(c g the 11 ketone group) Presumably from the study of Dr Mason
the EF band noted ifter Cortisone administration was largely due to
Compound E

When Compound E was withdrawn 2 nes bands designated
X and ¥ appeared and were present for 6 d1ys following hormone
withdrawal Both were considerably weaker than the ET band pre
viously had been and both moved with an Rf considerably slower
than the EF band X the faster of the two predomnated 1n the pOO’t‘d
urine collected during the first 3 days after Cortisone withdrasal

DR GEORGE W THOIN It mght be helpful to recall that on our assay
curves 4 mgs of ACTH give the same fall 1n eosinophils as the single
jection of 12 mes of Compound F or 25 mgs of Compound £

DR HAROLD L Mason Do you find Compound F 1s more effectne
than Compound E with respect to eosinophils?

pR CEORGE W THORN That 15 nght
DR LAURANCE W RINSELL In normal individuals®

PR GEORGE W THORN In Addisomans
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ACTH and Guastrointestinal Enzymes

Seymour J Gray Howard M Spiro and Robert W Relfenstein*
PETER BENT BRIGHAM HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON

In studying the interrelationship of gastrointestinal enzymes
n response to different types of sumulation we became interested 1n
ACTH, particularly s 1t relates to the effect of stress upon the gastro
intestinal tract

There 15 good evidence that the peptic glands of the stomach have
an endocrine as well as an exocrine function simlar to that of the
pancreatic acim which secrete ams lase 1nd hipase into the pancreatic
ducts as well as into the blood stream !

The pepuic glands of the gastric mucosa secrete a pro enzyme or
precursor pepsinogen directly 1nto the blood stream * Pepsinogen 1s
transported to the hidneys and 1s excreted into the urine as uropepsin !

Uropepsin 15 a proteolytic enzyme normally present i human
unne which may well be derived from the secretion of pepsinogen
directly 1nto the blood stream by the secreting peptic cells Its meas
urement 1n the urine reflects the peptic activity of the stomach That
uropepsin originates mn the stomach cxclusively ts demonstrated by the
fact that 1t disappears from the urine of gastrectomzed animals and
1s absent from the urine of patients with permicious anerma

The peptic glands excrete pepsinogen nto the lumen of the stom
ach where 1t 15 converted to active pepsin n the presence of hydro
chlonic acid Pepsin given orally or intravenously does not alter uro
Pep 1n excretion !

The probable 1dentity of uropepsin with the internal secretion of
Pepsinogen 1s supported by the fact that the intrivenous injection of
Pepsinogen results 1n a considerable increase i uropepsin ¢xcretion
but the oral admimstration has no effect !

The purpose of this presentation 1> to report the effect of ACTH
upon urapepsin excretion

We wish to acknouledge the cooperation and mterest dunng the course of these
studies of Drs George W Thorn and Peter Forsham_of the Peter Beat Brigham Hospital
20d Drs Theodore Bayles and Carlyle Stout of the Robert Breck Brigham Hospital

177
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DR GREGORY PINCUS T would lihe torsccond this 1dea about 11
hydroxy compounds because in the work we have been doing with
perfusing adrenal glands with possible precursors of these substances
we get only 11 hydrovylted compounds, and have been unable to
1solate ny 11 Ketosterord compounds

DR WILITAM @ WOITSON In a patient with rheumatoid arthritis re
cetving Cortisone under the direction of the Michael Reese Rheu
matord Arthritis Research Group the urmary Letonic corticoids
were studied by the techmque of paper chromatography The unne
extracts were prepared by the method of Heard and Sobel The
Girard T hydrazones were synthesized at 45°C by the techmque of
Zaffarom, Burton and Keutrmann apphicd to paper sheets 1 the
usual manner and the chromatograms developed with a fast tert
butanol sec butanol mxture saturated with water Afier the sheets
were dried the spots were locahzed with the 1odoplatinate reagent as
described by Zaffaront and his associates

During Compound E administration the chromatogram showed
onlv one band This band had in Rf shghtly slower than the Grard T
reagent uself and since 1t corresponded m position with the band
given by pure samples of Compound E or F 1t was designted EF
The posttion of the EF band on the chromatogram corresponds t0
that for a 3 20 di hetone with 2dditional slowmng due to hydrowl
groups or to ketone groups which do not form a Girard T hydrazone
(e g the 11 ketone group) Presumably from the study of Dr Mason,
the EF band noted after Cortisone adminsstration was largely due to
Compound E

When Compound E was withdrawn 2 new bands designated
X and ? appeared and were present for 6 days following hormone
withdrawal Both were considerably weaker than the EF band pre
viously had been and both moved with an Rf considerably slower
than the EF band X the faster of the two predominated in the pooled
urtne collected during the first 3 days after Cortisone withdrawal

DR GEORCE W THORN It might be helpful to recall that on our assav
curves 4 mgs of ACTH give the same fall m eosmophils as the single
myection of 12 mgs of Compound F or 25 mgs of Compound E

DR HAROLD L MasoN Do vou find Compound F 15 more effective
than Compound E with respect to eosmnophuls®

pR GEORGE W THORN That 1s nght
DR LAURANCE W RINSELL In normal individuals®

DR GEORGE W THORN In Addisomans
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The nerense 1n the 24 hour excretion of uropepsin after ACTH
admimstration 1s not related to 1n mcrensed urine volume (Fig 3)
The 24 hour excretion of uropepsin mcreased from the normal of
1800 umts to 4300 units upon the admimistration of 40 mom ACTH
and gradually increased to 5300 unus after 5 days of ACTH admims
tration The urine volume did not van appreciably dunin,, this period
while the uropepsin excretion calculated on the basis of units per
cubic centimeter of urine paralleled the incre 1se i the 24 hour ure
pepsin exeretion  [his increase was observed particularly on Day 7
when the total 24 hour urine volume fcll while the umits of uropepsin

o 7 3

o M -~
=3 B2

Tig 2 Effrct of ACTH upon urope psin excretion

excreted per cubic centimeter of urine increase d sufficiently to produce
an increase in the 24 hour excretion

Patients with gastric cancer usually excrete very little or no uro
pepsin (Lig 4) The admumistration of 2 mom  of epinephrine ntra
venously increased the uropepsin excretion to 1000 umts within 24
fiours The level promptly fell to 0 when the ¢pinephrine was dis
continued Three days later 50 mgm of ACTH produced a similar
Prompt increase 1n uropepsin excretion to 1000 units The urine agan
contained no uropepsin the day after ACTH was discontinued

That the pepuc gland of the gastric mucosa s indispensable for
the production of uropepstn 1s demonstrated by the fall in uropepsin
from 2400 umts 1o 0 after total gastric resccuon (Fig 5) ACTH did
Dot imncrease the uropep 1n excretson after total ¢ astric resection

The gastric mucosa of pauents with permeious anema (Tig 6)
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RFSULTS

ACTH produces a marhed 1ncrease i uropepsin exereton (Fig 1)
Uropepsin was measured by 1 modification of Marsky s method based
upon the Folin Croenlten procedure ! 4 The admimstration of 50 mgm
of ACTH daily for 2 d1ys caused an smmedinte increase n the 24
hour urinary excrenon of uropepsin from 0 umts to 4300 unts When
the ACTH was discontiniued, the urinary urapepsia exeretion fefl to 0
ACTH re administercd 4 days Jater again caused an immediate
crease in uropepsin excretion When the dose was dimmished on suc
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T 1 Effect of ACTH upon uropepsin excretion

ressive days from 40 mgm to 30, 20 and 10 mgm the uropepst®
output fell accardingly from 4100 umts to 1800 700 and 400 umis
respectively Upon the discontinuation of ACTH  the uropepsin lev e
agam fell to 0 and responded a third time to ACTH sumulation 3
days later

Patients with an active duodenal ulcer excrete an mcreased
amount of uropepsin 1 the urine (Fig 2) as evidenced m this ¢ase
by a level of 6000 umts pnor to ACTH adminstration compared 0
the normal of 2000 The respon e to ACTH was delaved for 5 days
presumably because of the very hugh initial uropepsin tevel After 11
days of ACT! H admimstration, the uropepsin excretion mereased 0
the unprecedented leved of 16 000 umits This exceedingly hih Jevel
has not been observed previously and occurs only after ACTH stimula

uon
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DISCUSSION

voice We would be very interested to hnow what happened to the
ulcer 1n the patient with peptic ulcer

DR SEYMOUR J GRay The pauents we have stuched have not been
mamntained on ACTH for a lon, enough period of tme to evaluate
1ts effect on peptic ulcer Most of the esperiments have been of short
duration because of our limuted supply of ACTH We have been
studying the effect of ACTH upon gastric secretion paracularly in
reference to changes in mucin pepsin lysozyme and acid
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undergoes diffusc atrophy involving the peptic glands as well as the
acid forming glinds Pepsinogen and consequently pepsin and uro
pepsin are absent ACTH 1n these patients produced no increase n
uropepsin exeretion

DISCUSSION

ACTH produces a marhed increase 1n uropepsin excretion The
1ntact gastric mucosa 1s essenual for ths response ACTH failed ton
crease uropepsin excretion after a total gastrectomy and pernicious
anema with diffuse gastric atrophy Whether ACTH acts directly
upon the gastric mucosa or 1s mediated through the adrenal gland
awats further study on the Addisoman patient

The evidence at present indicates that ACTH stimulates the peptic
gland to secrete pepsinogen 1nto the blood stream producing an m
crease 1n uropepsin excretion ‘That 1t sumulates the exocrime function
of the gland as well as the endocrine 1s revealed by the mcreasc of
pepsin 1n the gastric juice after prolonged ACTH admimstration

The increased excretion of uropepsin after ACTH 1n all probability
1s not the result of alteration of the renal threshold In the presence of
a high uropepsin level of 6000 umits and presumably a high blood
pepsinogen level (see Fig 2) the admimstration of ACTH for 5 days
was required before an effect was noted The uropepsin excretion then
gradually increased over a period of 4 days This suggests sumulation
rather than altered renal threshold The increase n gastric juice pep
sin after ACTH administration also suggests that the peptic gland 15
being stimulated to produce pepsinogen and that both the exocrine
and endocrine functions are being affected

Preliminary investigations of the effects of ACTH administration
upon patients with chromc ulcerative coliss indicate that other gastro
intestinal enzymes such as lysozyme may be altered What effect
enzyme changes may have upon the course of disease processes re
mains to be determined

CONCLUSIONS

1 ACTH 1ncreases the excretion of uropepsin in the urine

2 The effect of ACTH upon uropepsin excretion 1s abohshed by
total gastric resection

3 ACTH does not sumulate uropepsin excretion in pernicious

mia
am:4 Ewidence 15 presented which indicates that ACTH stimulates
the endocrine and exocrine functions of the peptic gland
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«ame chimenl disturbance there w s also anincrease 1n the excretion
of 17 ketosterords and 11 ovysterowds with 1 sheht increase 1 the
«eretion of sodivm 1nd potissium

The 2 infants who had marked Addisoman like ssmptoms were
maintained on 3 mg  desaxycorticosterone (Awsquith) and 75 mg
desoxy corticosterone (Boyle) In both of these cases ACTEH cused a
smaif sodium lass but had hittle effeet on the potassium excreuon Onc
of these patients (Aisquith) showed 1 marked rise 1n the excretion of
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17 Letosterouds and 11 oxysterods and the admimstranon of ACTH
produced a elinical relapse with dehydrition nd weight loss

The nfant with macrogenitosomia praccox and abnorm il adrenal
glands had a hypertension of 150 90 which w s not reduced by benso
dioxane Althourh the serum electrolytes were normal 1t was thouoht
that the hypertension was probably the result of the adrenal disorder
ACTH (Armour) was given on 2 occasions and in neither mstance
was there a rise 1n 17 ketosteroxds or 11 oxysterowds 1n fact the steroid
cexeretion appeared to fall with the injection of ACTH A normal fall
m the level of circulating eosinophnls was not produced and the
Changcs n sodiym and potassium excretion were not consistent
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The Response to ACTH in Various Types
of Adrenal Hyperplasia

Lawson Wilkins Robert Klein ond Roger A lewss

JOHNS HOPKINS UNIVERSITY SCHOOL OF MEDICINE AND THE HARRIET LANE HOME
OF THE JOHNS HOPXINS HOSPITAL BALTIMORE

We have used ACTH (Armour) to study the actrvty of the
adrenals 1n a number of different types of hyperplasia (Fig 1) Studies
were made on 1 patient with Cushing’s syndrome (while he was re
cerving methy] testosterone and the disease was partially arrested), o
3 females with congenital adrenal hyperplasta with pseudohermaph
roditism, on 2 young infants {1 male and 1 female) having the adreno-
genital syndrome accompanied by a marked tendency to salt loss
(which was being controlled with desoxycorticosterone), and in 1 male
with macrogenitosoma praecox who had marked hypertension and
very large adrenal glands

During the studtes the patients were maimntained on diets constant
with respect to calonies mitrogen sodium and potassium ACT.
(Armour) was gtven at 4-6 hour mntervals for 24-48 hours The total
dose amounted to 1-3 mg kg body wetght The most significant
changes which were noted occurred in the excretion of water sodum
potassium, 17 ketosteroids and 11 oxysteroids The urmary findings
during a 3 dav control period before the day of treatment with ACT! H
and the 4 subsequent days are shown 1n the 1illustration The level of
circulating eosinophuls and the percentage fall 1n 4-24 hours are also
indicated 1n the illustration

The patient with Cushing s syndrome responded 1n the same fash
Jon that normal 1ndividuals have been reported to react There was
an wmcrease 1 the output of 17 Letosteroids and 11 oxysterords with a
marhed retention of sodium and an increased excretion of potasstum

Of the 3 patients with adrenogenttal syndrome who had no dis
turbance 1 electrolyte metabolism and no hypertension one (Dent)
<howed a marked loss of sodium Although high at the start the excre
1 of 17 hetosteroids was increased In the other 2 patients with the

10
v 184
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same chimeal disturbance there was also in increase 1 the excretion
of 17 ketosterords 1nd 11 onysteroids with 1 shght increasc in the
exceretion of sodium And potissium

‘The 2 infants who had marked Addisoman Ithe symptoms were
maintained on 3 mg desoxycorticosterone (Aisquith) and 75 mg
desovycorticostcrone (Boyle) In both of these cases ACTH caused a
small sodium loss but had little effect on the potssium excretion One
of these patients (Aisquith) showed 1 marked rise 1n the excretion of
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17 Letosterowds and 11 oxysteroids and the admmstration of ACTH
produced a climeal relapse with dehydration and weisht Joss

The infant with macrogemtosorma praecox and abnormal adrenal
5lands had a hypertension of 150,/90 which was not reduced by benzo
dioxane Although the serum electrolytes were normal 1t was thought
that the hypertension was probably the result of the adrenal disorder
ACTH (Armour) was given on 2 occasions and 1n neither mstance
Was there a rise 1n 17 hetosteroids or 11 oxysteraids 1n fact the sterord
cxcretion appeared to fall with the mjection of ACTH A normal fall
m the level of arculatin, eosinophils was not produced and the
changes in sadium and potassium excretion were not consistent
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SUMMARY

1 The admimstration of ACTH (Armour) 1n Cushing’s syndrome
produces the same effect as in normals with increased steroid excretion
and sodium retention

2 The admimstration of ACTH (Armour) 1n cases of adrenal
hyperplasia with virihism or precocity causes no increase 1n sodim
retention and may cause a moderate to marked mcrease in sodum
excretion despite the increase 1n sterord excretion which usually oc
curs

3 Itissuggested that the Addisonian symptoms winch may occur
n cases of adrenogemital syndrome may be due 1n part to the i
creased production of adrenal hormones which produce salt loss (such
as Compound E) as well as decreased production of salt retaining
hormones (such as desoxycorticosterone)

DISCUSSION

DR LOUIS ] SOFFER {Mount Sinat Hospital New York) Asone of the
features m which the patient with virihism behaves differently follow
g the admimistration of ACTH as contrasted with patients with
Cushing s syndrome may I show two shides please

Fig 2 shows a patient with Cushing s syndrome who has bilateral
adrenocortical hyperplasia This patient was placed on a careful bal
ance study The outstanding feature was the marked difference 1n the
calcium excretion of this patient tn contrast to the patient with the
virihizing mamfestations

The patient with Cushing s syndrome went 1nto negative calcum
balance and, as described earher by Dr Kinsell, the major degree of
excretion of calcium occurred 1n the stool rather than in the urine

DR LAURANCE W RINSELL Was there an increase 1n stool phosphorus
t00”

DR LOUIS J SOFFER Yes In addition we also did mitrogen balance
studies and there was an increase 1n the urinary excretion of nitrogen
Fig 3 shows a patient who had marked evidence of virilism, an
with the administration of 100 mgs of ACTH a day around the cloch
over a 4 day period she behaved quite differently from the patent
with Cushing s syndrome In the former there occurred no increase
1n the urmary excretion of calcium and no increase 1n the stool excre
tion of calaum This patient stayed 1n constant calcium balance
From the chinical point of view I th nk this observation 1s signifi
cant n that osteoporosis 1s never observed in the patient with virhsm
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without Cushing s syndrome regardless of the hnd of underlving
pathology observed This 15 1 contrast to the frequent presence of
05te0poro 15 1n patients with Cushing s syndrome T he factors respon
sible for the osteoperosis m the latter group are at least two (1) A
decrease 1 the protein matrrx as suggested by Fuller Albricht and
(2} a decrease 1n av alable caleium for the laying down of bone The
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ACTH For other data on this study see Tiy 5
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latter lack 1s probably rddated to the constant cxcessive fecal loss of
calcrum

DR CTORGE W THORN I think we can sy definitely that Compound E
15 a salt retmning hormone 1n the 1bsence of any other adrenal hor
mone 1n 1 patient In other words the untreated patient with Addr
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son s discase retains sodium on Compound £ This does not necessarily
obtain n the presence of desoxycorticosterone therapy under which
crrcumstance Compound L may mduce sodium loss It 1s also evident
that following the admmstration of ACTH 1n patients with mtact
adrenils one can mahe no prediction as to what will happen to the
sodtum and chloride balance One patient may experience sodium
retenuion one patient may have hittle or no change, and another may
rwctually bave nerensed sodivm excretion

LHR 55 M Rheurnalord Aribrilrs
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Fic 6

We have seen 1n edematous patient given ACTH expenience diu
rests with increased sodium excretion

DR FRFDERIC € BARTTER I would like to 1dd a note of caution 1n the
interpretation of results which seem to show a paradoxical effect of
a hormone when given together with another Fig 4 shows a part of
a balance study 1n a patient with advanced carcinomatosss Thurty
four mg of ACTH were given daily for 18 days then 43 mg d-uly for
12 days ACTH produced the expected sodium retentton for 12 days
then with absolutcly no change in procedure there followed a pro
nounced sodium durests If a sccond hormone had been given on day
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13 1w would hwve appeared to have 1 paradoacal effect  on sodium
This same patient was trented some months Inter while on the same
diet, with 100 mg of ACTH a dny Interestngly enough she again
went mnto spont ineous socdium duuresis on the thirteenth day

DR LAURANCT W RINSELL W hat was the ketosteroid excretion pattern
m that patient do you recnll roughly? You have two factors which
affect sodium and potrssium i somewhat different dircetions The
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one acts upon the renal mechantsm and the other acts upon the rela
tve itracellular sodium and potassium

DR FREDERIC ¢ BARTTER This s the same pauent Dr Dobriner spoke
of Fig 5 shows the results of 17 hetosteroid and reducing steroid as
2ys during this study When the sodium diuresis was beginnng (day
25) na change 1n steroid pattern was apparent With the ligher dosage

of ACTH the 17 hetosterords rose shghtly the teducing steroids
markedly

DR FRANKTI IyLER A patient with theumatoid arthritis was treated
with desoxy corticosterone and the same phenomena occurred An
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witsal positive sodmm balanee was estabhshed on desovycorticomte
rone followed by an cvcrction abave the level of the control perod
When the desoxycorticosterone was discontinued and ACTH st
tuted mmmediatelv, even more strihing sothwm retentson occurred and
persisted throughout the period 1t was given however that was enly
6 days

Fig 6 shows that st was disconunued at this point because the
patient developed massive peripheral edema Daily sodium excregor
went as high as 411 mulh equnvalents per day after ACTH wa
stopped

In another patient the escape from positive sodmum balance on
DOCA 15 also <een (Tig 7} When ACTH was added to the regime, he
agamn retained sodium for @ brief period and then escaped 1 spie
of the simultaneous admumsstration of DCA and ACTH
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The Adrenal Thyroid Relationship *

R S Reiss D § Riggs George W Thorn and Peter H Forsham
PETER BENT BRIGHAM HOSPITAL AND HARVARD MEDICAL SCHOOL BC TON

Our interest in drenal thyroid relationships was stmulated
by 2 madental findings over the past 3 years during our work on
ACTH and Cortisone

1 The often poor response 1n patients with hypothyrotdism to the
4 hour and 48 hour ACTH tests! suggesting adrenal msufficiency 1n
the absence of any clearcut chmeal evidence for 1t

2 The finding of an imual increase 10 the rate of uptake of 1 131
by the thyroid in patients with Addison s disease given Compound E
acetate and the marked depression of the accumulation gradient of
1131 following therapy of more than 4 days duraton ?

From these preliminary observations it appeared that low thyrord
function mught slow down adrenal cortical actvity whereas certamn
adrenal corucal hormones apparently depress thyroid function

A number of cases of hypothyroidism were given the 4 hour and
48 hour ACTH tests! when their BMR was of the order of minus 30%
of normal ‘The majoruty but not all panents showed an Addisoman
response Examples are shown 1n Table 1 Some of these patients were
Snen thyroid extract or intravenous thyroxine and following that
therapy the adrenal cortical response to ACTH became normal, 1n
most but not all instances

From the ¢ observations one tmight 1nfer that rapid adrenal cortt
cal activation by ACTH 13 dependent on adequate thyroid hormone
as are most other tissues and such findings emphasize the extreme
faution which should be exercised 1n giving cases of hypothyroidism
suspected of adrenal cortical insufficiency therapeutic doses of thyrotd
without allowing sufficient time for the adrenal cortex to mcrease the
rate of hormonal synthesis

In our studies on the effect of Compound E acetate n patients
with Addison s disease? we made use of the method of Astwood and

E\lﬁy’ to measure the rate of radtoactive 10dine (I 131) uptake over
Part of thus work was carried out with the aid of 4 grant fro ¢ the Un ted States Public
th Ser 1ce which 1s gratefully acknowledged
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the thyroid fter giving 50 to 100 mulkicurtes of I 131 by mouth in the
fasting state In this method a straight line may be obtained by plot
ung counts per minute over the thyroid gland against the square root
of the time elapsed since the admimstration of I-131 The slope of this
Iine 15 hnown as the accumulation gradient ranging from 3 to 8 m
our normal group whereas 30 different patients with Addison s disease
showed a low average of 3 4 with a range from 0 7 to 9 0 The method
of Winkler et al was used for protein bound 1odine determnation ®

Compound E acetate 1 o1l was admimstered mtramuscularly
every 6 hours to 5 patients with Addison s disease and one case of

Table 1
Tue 4 Hour ACTH TesT AT VARYG Lrsvris or BMR
B Es | % Eor B | %
Patemt Sex 4 ¢|BUR OHr 1Hr J Chan ¢ | BMR OHr 1Hr| Chane
|
P W I 46| 24 256 260 | +11 |{
M R F 49| =30 219 2280 +4 |46 249 143} -8
FI Mo 470 -30 237 181 24 !
CP M52 -3¢ 169 128 ~24 Jl —1¢ 262 37] -7
MOC M 58 | —~3t 153 91 [ -4t
V MD M 490 -21 121 56| ~54 ) +20 81 28 —66
120 86 = gl A
NORMAL 0 18 25 —87

Tue 48 Hour ACTH Test T V ARvnG LEvELs oF PMR
[l

17 hetosterods m 174°

I
Pateent BUR  Los ! 1 FEos 8Hr Contro yHe B
M R (F) [
-7 263 86 19 25 45 |
+8 249 212 13 58 57
> allergy
—!

panhypoprtuitarism whose response to Armour s thyrotropin (30 mg)
showed that the thyroid was sull capable of responding to prtuitary
stimulation (Fig 1) One notes a nise tn the accumulation gradient
on 50 mg or more of Compound E acetate per day for onlv 2 to 3
days Thereafter a decline mn the gradient sets in Subcutaneous pellets
of Compound E acetate releasing less than 5 mg per day prosed quite
active In suppressing the accumulation gradlcn( over a matter of
weeks and 5 months after implantation when these 50 mg pellets
had been resorbed the gradient once again had returned to the con
trol level Changes m gradient on therapy were much less marked 1
the case of panhypopituitanism
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Upjohn s Lipoadrenn! Cortex showed the same sequence of effects
m 1 patient with Addicon ¢ disense (Thg 2) and the 3 dy nise 1n
gradient was obt uned 1n 4 others in whom the extract was then dis
continued

A patient with gout but otherwise normal given ACTH 10 mg
q6h1 m, responded well 1y shown by = fall in the cosinophils from
338 to 8 percu mm 1n 5 days and a nise i 17 ketosteroids from 7 4
to 184 mg 1 dw 1n 48 hours The already low gradient of 1 8 was
decrersed to 1 barely measurable onc of 8 1 after 5 dvs of such ther
ap
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Fic 1 Effect of Compound E on I'™ uptake mn patients with Addison s dis
case and panhypopituit wrism

With findings of this type we decided to mvesugate the effect of
adrenal corucal sumulation on hypertbyrowdism  having Marnmne s
work very much 1n our minds

Four patients with frank iyperthyroidism were treated with ACTH
2 showed marked improvement 1 hittle improvement and another no
change at ali The reasons for this variable response are not tully
understood at this ime The patient showtng the greatest rise 1n 17
ketosterord output alsa showed the best response and a poor rise was
assocrated with the worst response The duration of the hyperthyrod
state was shorter in the successfully treated patients

Before showing any climical 1mprovement all the patients went
through a pertod of increased toxicity resembling 2 thyroid storm 1n
Mimature This began during the first day of treatment and extended
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over 1 period of from 3 to 10 d1ys after which gradual chinteal un
provument began in the successfully treated cases

In all four patents the T 131 accumulation gradient rose for 24
to 48 hours 1nd then fell The maimal counts per minute over the
thyroxd however showed a much more marhed decrease (Fig, 3) the
exact significance of which remains obccure The BMR decreased in
2 ptients and favled to fall 1n another 2 In every instance the accumu
Ition gradient fell long before there was any change 1n BMR and «
respectvely of 1t

In the 2 successfully treated cases there was marl ed decrease n
thyrowd size and 1 one nstance the gland removed at operahion was
smaller than normal In this pitient 4 33 vear old female acute
thyrotoxicosis had begun 2 montihs prior to treatment and was brought
under control m 2 weeks on ACTH as shown 11 Table 2 The other

Table 2

Tesscr os ACTH on 1 131 Lpiake BAMR anp Prottis Bounn fopive 1N & PATIENT
witkt TitvroToxtcosss (C O Frsmars 33 vEARs)

Protem
Bound
Day Los Vo wcri 17Rs  Grodunt BUR Jodine
of Rx  proasmm m Mh  m Mk 13 % gamma o
-2 144 o 91 45 +35 97
—-1 )5 0 45 33 121
: - _ S
2 0 40 212
3 o 10 43
6 2 40 a5 25
8 40 62
10 30 40 25 12 56
11 13 80
13 80 657 18 13 60
14 [ 80 17 50

Thyrodectomy on the 15th day showed a small thyroid (8 gm) with anvolunon and
reaceumulation of collord and cubodal follcular cpithednim for the moss part There
were no lymphocytes seen

case H H, a 45 year old femal, had shown symptoms of mild
hyperthyrordism for 7 years with an acute exacerbation, 1 month
prior to igstitution of ACTH therapy After a 5 day course of 10 mg
of ACTH ¢ 6 hy m, the accumulation gradient had failen from HE
10 (g 3), the thyrowd gland had gone down n size and the pressure
langer eusted After stopping ACTH there was a symp
1 exacerbaton which proved transitory and thereafter &
the disease occurred so that 3 months Laer

symptoms 1o
tomatological
spontancous remussion in
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the gradient was 7, there was 1 7 pound weight s,un and the size of
the thyroid remuned s 1t had been e the end of the 5 day course of
ACTH

\ case showing, little clinical improvement was thatof M R A,
a 20 year old colored female 1n whom 17 dys of ACTH given 1n
amounts of up to 120 mg per day mn the usual 4 dose fashion failed to
depress the BMR, but did lead to 1 sigmificant decrease 1n the size
of the thyroid gland a f1ll in protein bound iodine from 14 to 74

As 144

COUNTS PER o

SECOND i
©
[
o |
AFTER 2 WEEKS
Trosonu comTex|
E Gooom |
NNOTES T & 8 © & 4 ® ® 20 =
HOURS ' 2 3 4 s & 7 8
i 2

2 Effect of ltpordrenal cortes on I'™ uptake 1n a patient with Addison s
disease

2amma per 100 ml  and 1n the gradient from 24 to 16 a value still
above normal 17 hetosterowd excretion never rose above 18 mg per
day 1n contrast to 66 mg 1 G O who showed a satisfactory response

InA T a52year old femnle with a rather sesere state of hyper
thyroidism of at least 1 year s duration 10 days on 80 to 120 mg of
ACTH failed to change the clinical state the BMR did not decrease
and the 17 ketosterards rose to only 21 mg per day although eosino
Phils went from 128 to 2 per cu mm

The effect of adrenal cortical stimulation on the hyperthyroid state
dppears varmable Changes in protein bound iodine appear miore
marked than chnical impros ement

On the assumption that the adrenal steroids might act on thyrowd
Chvity by suppressing TSH secretion by the anterior pitwitary and
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bee wse of the possible relation of that to exophithalmos 2 prtents with
this affiction were tnvestigated

Panent M C, a 45 year old female had developed exophthalmos
following subtotal thyroidectomy on 2 occasions 2 millicunes of § 131,
propylthiouracil and 1odine treatment  Lxophthalmometne measure
ments showed 1 proptos, of 27 mm in the nght ¢ye and 22 mm
w the left cye The pauent was given ACTH 1n 4 equ illy divided dathy
doses brginning with 50 40 1nd 60 mg per day and then contnmn

MM A5 WPERTHIROSH,

20 o controL

S DR AFTER AT
novE_ScE So%
T g veearu Lo

CONTS PER

SECOND
AFTER 48° ACTR
”o SPCE 3t
o wone
AFTER 96" AW
LY TOTAL KORE ShUCE 3%
OF PRE TREATMENT LEVEL
%,
. S
NMNGTES 4 ® ” 5 22 4 28 Y 36
HOURS t 2 34 t6TESO

Fic 3 Changes in total I uptate after ACTH sdministration

on 80 my, a day for 5 days Coronary pan apparently refated to the
posterior priuitary contamination of the ACTH employ ed necessitated
the carly interruption of the treatment The patent was leveled off
on 50 and 20 mg a day When treatment was stopped  the exoph
thalmos had been reduced 1o 23 and 19 mm on the rn ht and left
eves respectively Within a week the exophthalmos had reached the
pre treatment state while the thyrowd gland which had been reduced
wwofold 1 size to palpatton was large a,un

Patent L C a 66 yeur old mak developed malignant exophthd
mos over 1 317 year peniod following subtotal thyrordectomy for well
documented hyperthyroidism The exephthalmos was treated with
thyrowd extract and rodme and prtuitary wradinon totalhn, 750 R
tn 3 separate courses all to no avail Trcatment wis disconttnued for
the last year and the patient was unable to close the myected eyes and
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had to stt up at mght Intrimuscular injections of 20 mg of ACTH
every 6 hours were given for 2 weeks and for another 6 days 20 mg
cvery 8 hours A P mensurements of the cyes 1n cexcess of 28 mm
showed only an insigmficant decrease with treatment but there was
strihing climeal improvement enabling the patent to close the eyes
the conmjunctival njection disappeared and the pauent was able to
read again il thus presumably on the basis of reduced intraorbital
pressure This improvement has since been maintuned following
rradiation of the orbits and male and female hormone therapy

The use of ACTH 1n both thesc patients had led to adrenal cortical
stimulation 1s shown by a nise 1 17 hetosteroid cxeretion to 1t least
twice the control levels and a fall in eosnophils toward zero While
the chnical effect on the exophthalmos and 1n one mstance on the size
of thyroid restdue were marked and inchsputable the measurable re
duction 1n exophthalmos was neghgible to absent

A simple theory must fit 3 main findings presented 1n this paper,
viz Imtal stmulation of I 131 uptake by the thyroid with adrenal
steroids and suppression of this uptake 1n most mstances upon pro
longed adrenal corucal stimulation mimmal effects tn panhy popitu
tarism a shghtimprovement 1n malignant exophthalmos with ACTH
Stmulation of TSH secretion by small nmounts of adrenal steroid or
1ts decreased destruction following lympholysis and m contrast m
hbation of TSH sccrenion by excess of cortical steratds would explain
the effects observed The nability to show thyroid de pression in every
case of hyperthyroidism treated with ACTH clearly indicates the
Presence of other unknown factors 1n the adrenal steroid relationship

SUMMARY

In hypothyroidism the rate of adrenal cortical activation 1n re
sponse to ACTH appears impaired

Compound E acetate Lipoadrenal Cortex at first increase and
after 2 or 3 days decrease the rate of 1odine uptahe by the thyrod
gland of patients with Addison s disease ACTH m a normal subject
suppresses the rate of 10dine uptake by the thyroid after 48 hours

Three of 4 cases of hyperthyroidism showed improvement in their
disease under ACTH therapy (10t0 20 mg q 6 h 1+ m) The falure
Was correlated with the longest duration of discase and the poorest
17 ketosterond response The return to normal of the protein bound
todine and accumulation gradient of I 131 were the most remarkable
findings 1n the successfully treated cases The size of the thyroid was
markedly decreased and there was a fall in BMR ACTH was used
as the <gle Ppreparation for thyroidectomy 1 one of the cases

Exophthalmos after thyroidectomy was marhkedly mmproved by
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ACTH therapy 1n 2 cases 1lthough the measurable degree of prop
tosts was little altered

The mconstincy 1n the response of hyperthyroidism to adrenal
cortical sumulation suggests the presence of unknown factors 1n the
phenomenn described The adrenal corucal effects on the thvrod
function do not appear to present a reliable or practical form of ther
apv for hyperthyroidism
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DISCUSSION

SIpNEY WERNER We heard about this work in Boston and hwving
In radioactive 10dime in the therapy of hyperthy
ACTH 1o try

DR
a deep nvestment
roidism we persuaded Dr Mote to let us have some
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Unfortunately we struck 2 panents who did not respond 1o the hor
mone

From our eaperience 1 wish to emphnasize 5 points First the lack
of response to ACTH  sccond, the fact that the accumulation gradient
and the ultimate uptake of 1 4t 24 hours do not necessanly mean the
same thing, third 1 need for cauton which so far I have not heard
mentioned 1bout toxic effccts from ACTH side 1ctions which are not
minimal

In Fig 4 onc ¢an see pre 1nd post v alues for serum precipitable

&S Z 4 6 & @ ! W ® B 0 22 24 26 28 X
o

s
es WEIGHT
wou

SERM PRTABLE
s —_—TT T T e

x

40 RADIGACTIVE
10DINE UPTAKE
20 ACTH 3 2005
DT
Fic 5

wdine at the end of 1 wech of ACTH treatment for rheumatoid
arthniis There also were unhsted values at the end of 28 days of
treatment The serum precipstable 10dine was done by the method of
Batker, and of course the table should read micrograms %
stead of per cent

There 15 no sigmtficant change mn serum 1odmne level with ACTH
therapy except in the case of McShane who turned out to have had
Iprodol Just before this treatment Radiotodine tracer uptakes were
qually unaffected by ACTH

Fi, 5shownsa patient with hy perthvroidism If vou will look at the
second column you will see that with treatment with 100 mg daily
there was a steady rise i basal metabolism from about 45%, to prac
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tically 75% then a fall back to the original level During this treat
ment the patient developed an episode of hysteria The serum pre
apitable 1odme fell somewhat, although I am not persuaded to 2
chmically significant extent The radioactive 1odine uptake measured
both at 2 hours and at 24 was more or less unchanged

Fig 6 shows another hyperthyroid patient i whom agamn there
was the same early rise 1n basal metabolic rate following ACTH, with
perhaps a shght nise 1n serum 1odine level Absolutely no change in

Dars 2 4 € 8 10 12 4 v 18 20 22 ¥ 26 28 O
54
52
50 WEIGHT
X6
80
60 /—/\\/’
o BMR
8
SERUM PPTABLE

6
14 3
0 T T RADIOACTVE
a0 IODINE UPTAKE

% 24MRS
2 ACTH

CL
Fic 6

‘
radioactive 10dine uptahe was noted at 2 and at 24 hours after I 131
admumstration

In Fig 7 we have iried to show a lrttle about toxicity The blood
pressure did rise 1n this patient The drastolic pressure reached 100
although the systolic pressure did not go much abave 150 By the end
of the experiment this patient had not vet shown any great effect on
blood sugar level

In Fig 8 the next patient however not only showed a rise i
blood pressure but developed a very severe hyperglycemia with a Joss
of over 100 grams 1n the sugar in the urine per day which at the
present time 1S still present although the blood sugar has come back
to normal 12 days after cessation of treatment There was a polyurii of
7,000 cc 1n 24 hours it the middle of this experiment
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[t should be mentioned s stated by Dr Lorsham that the thy roid
gland became impnlpable in both our pauents Despite this no elint
cal umprovement was noted nd s stated 1bove Iaboratory evidence
of 1y reduction of tonicity 2Jso was not achicved The temporary
suppression of accumulation gridient noted by Dr Forsham 1s not
reflected 1n the 2 and 24 hour uptakes of 1 131 by the thyroid gland

DR F 1 ¥NGFL Ve can report on 1 ¢ e of hyperthyrotdism treated
with ACTH who got a good response with respect to improvement in

THE 2 4 6 8 10 ° 4 o u o 4 76 3 30
oo acin 1
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50
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50
el
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200 -

e
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15000
13000
> 01 mm
DY

Fic 7

seneral condinon with a fall 1n BM R from plus 4%, to plus 497,
n 10 days Incidentally this patient had aurcular fibrillation and
mild cangestive failure when treatment was begun and 1t ss of interest
that his edema disappeared while he was getting ACTH He cer
tainly did not get worse The patient lost weight steadily during 3
weehs of treatment and had glycosuria during the entire time

On the other hand this patient had very severe exophthalmos with
e*ophthalmometric readings of 24 millimeters on one side and 23
milhimeters on the other and there was absolutely no change m his
;hs 0 the course of 2 weeks although the edema of his hds did 1m

Tove
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Three weeks after discontimung the hormone, the patient had
gamed 28 pounds representing a net gam of 5 pounds over his ad
mussion weight when he had edemn The BM R was $+15% and the
patient had no evidence of hy perthyrosdism The exophthalmos was
as marked 1s before and some edesma of hds had recurred Fibrilation
persisted but there was no evidence of congestive fatlure

DR GEORGE W tiorn What was the dose of ACTH Dr Werner®

t CHOLESTEROL
6o

7000 URINE QUFRUT
5000

3000

= rmh

CL
Frc 8

DR SIDVEY WERNER 100 mgs aday I should mention that the gland
did pracucally disappear

DR JEROME W CONM Inasmuch as we have found and hasve reported 2
very profound fall in serum clrolesterol of normal people under then
fluence of ACTH I wonder whether Dr Forsham has found am
change m the serum cholesterol as the b mr was coming down 151 the
hyperthyroid patients”

DR PETER # FORSHAM T would like to tihe this opportunity to express
my grattude toyou Dr Conn for that partcular pont for a personal
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reason Tor when 1t was decided what to do with these patients the
number of determinations people wanted done was rather con
siderable and when 1t came to downg, cholesterol and cholesterol esters
I pointed to your paper and sud that any fAll or rise in cholesterol
would not mean any thing because of the falt you observed following
ACTH Thus, one could not relatc 1ny of the changes 1in serum
cholesterol directly to the control of hyperthyrordism Consequently
we did not do cholesterols on those patients

pr R W RAwsoN Dr Thorn I amintrigued by your statement that
the adrenal in Graves disease 1550 overworhed I would have thought
that the adrenal was incapable of responding 1n these patients In
deed, 1n my own mind I have thought of Graves di ~ase as a syndrome
whach has developed 1n part as a result of adrenocortical insufficiency

The anatomical evidence observed 1n pinents who hasve died of
Graves’ disease which suggests an adrenal insufficiency 1s enlargement
of the lymph nodes and thymus and adrenal cortices which are
smaller than normal These small adrenals are to be contrasted to the
enlarged adrenals which occur 1n rats treated with large doses of thy
roid and which we should find if the adrenals of patients with this
discase were being stimulated by the hyperthyroidism of thus disease

Fxperiments that Dr Nathanson and Dr Brues and I did about 10
years ago would ndicate that the thyroid 1s more sensitive 1n the ab
sence of the adrenal Immature female rats treated once with 5 mgm
of testosterone showed a significant hyperplasia of the thyroid about
96 hours following the tjection If the adrenal was absent the hyper
plasia was much more intensive

Dr Soffer has reported that the same thing occurs with adrenahn
stimulated animals We have observed almost 1dentical results with
tho e reported by Dr Soffer in siumilar experiments

I cannot get excited by the theory that adrenal hormones act to
release bound TSH from the lymph nodes Indeed the evidence does
not suggest that the hormone 15 bound by the lymph nodes only that
1t 18 mactivated by lymph nodes

Finally no matier what apparently new theones we advance I
think st desirable to point out that Marine first suggested that Graves
disease 1s a syndrome of adrenal insufficiency about 25 years ago The
studies reported this afternoon by Dr Thorn and his associates again

tndicate that Dr Marine w 1s consistently a quarter of a century ahead
of tns time

DR aBBIE kNOWLTON {Collcge of Physicians and Surgeons Columba
Unnersity New York) We have observed as has Dr Forsham that
patients with hypothyroidism extubit a duminished response to 2 single
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wjection of adrenocorticotrophic hormone s measured by the per
centage decrease 1n circulating cosinophuls

Thus raises the question as to whether 1n myxedema there exists 1
state of decreased adrenal actvity Margitay Becht s report of rou
tinely low serum socdwum values in hypothy rordism and more recent
studies which indicate that corticold  excretion 1n the urine 1s
diminished 1n myxedema both tend to support this hy pothesis

We were interested to determine the effect of continued ACTH
(Armour) administration on such a hy pothyroid individual and h’nsc
given ACTH to 1 pauent with myxedema on two occstons for 7 and
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jection of adrenocorticotrophic hormone as measured by the per
centage decrease m circulating eosinophuls

This r uses the question as to whether, 1n myxedema, there exists 2
state of decreased adrenal activity Margitay Becht s report of rou
tinely low serum sodum values i hypothyrotdism and more recent
studics which indicate that  corticomd  excretion in the unine 1§
dimimshed 1n mvxedema both tend to support this hypothesis

We were interested to determune the effect of continued Al
(Armour) admunistrition on such a hypothiroid indi nduaI{ mzld h:}\se
given ACTH to 1 patient with myxedemn on two occasions for 7 an:
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days respectively in the dosage of 66-75 mg a day The imnal balance
study was undertahen prior to givang any thyroid medicanon (Fus
9 and 10) and the second study was made 3 months later (Figs 11
and 12) when evidences of mysedema had cleared as a result of thy
rowd therapy
A sumidar mnerease tn nitrogen excretion oceurred in both Fcrmds
f ACTH ~d anon, winle in carbohydrate tolerance
&cre equivocal In both 1)n:tanccs the withdrawal of ACTH was fol
jowed by a period of potasstum retention In both studies & ssmilac
a une acd excretion ensued and sumlar mcreases w17
bsened When myxedematous the ex

nerease f
Letosteroid excretion were o
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Results of ACTH 1n One Patient with
Thyrotoxicosis and Thyrotoxic Heart Diseuse
with Mild Congestive Heart Failure

Arthur J Moseley and Arthur J Mernil
GRADY MEMORIAL HOSPITAL AND EMORY UNIVERSITY SCHOOL OF MEDICINE ATLANTA

The patient was a 32 year old colored female with a history of
thyrotoxicosss of 3 years duration She had previously been controlled
with propyitiouracil but had discontinued medication 1 year prior
to the present study and for 6 months preceding the study the symp
toms of thyrotoxicosis had reappeared and were progressive Assoct
ated with these symptoms were pedal edema orthopnea and exer
tional dyspnea X ray of the chest revealed cardiac enlargement and
pulmonary congestion

The patient was placed on a standard 400 mg sodwum diet con
tamning approximately 3000 calories and 110 Gm protein plus 6 0 Gm
added sodium chlonde datly After a 4 day control period 25 mg
ACTH (Armour) was given every 6 hours for 5 days except for the
unintentional omusion of the 2 00 P M dose on the fifth day This
treatment period was followed by a final 5 day control period Caleu
lation of the unnary excretion products on the third treatment day
were estimated since some urtne was spilled

No defimte change in chmcal status of the patent could be de
tected However 4 days after ACTH was discontinued the BMR was
<38 as compared with a control level of 459, but rose to +61 8 days
later The blood cholesterol which had nsen from 128 mg 9, to
149 mg 9% during the intial control period continued to rise on
ACTH to 169 mg % on the last day of adaumstration Then dunng
the final control period cholesterol level receded to 153 mg %

The fall 1n blood eosinophile count while on ACTH was onlv
about 50% until the last day of admumstration when the count
dropped to 5%, of control level Following the discontinuation of
ACTH the cosinophules promptly returned to coutrol values The
blood sugar levels were only shightly affected
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cretion of corticoids  during control pertods was less than it was
when the patient was euthyroid but the percentage increase during
ACTH admimstration was comparable on both occasions

No significant change 1n basal metabohc rate or 1 serum choles
terol levels was observed m erther period of ACTH administration
(g 13)

VD —Myxedema D D~y vedema Treated
1CTH Serum ACTH
mg per  BMR  Cholesterdl o1 m, per
Days  Day % m, %  Uptake | Days  Day
I 4 0 -2 | s 2 3 0
4 0 ~21 348 - 3 0
4] e675 | =17 | 300 - 1 m
PE ~20 | 325 0 3 | 7275
|4 1] — 304 - 4 0
3 0 -3 = - 4 0
L
Fic 13

The 2 studies on this one patient mndicate that with the continued
admunstration of ACTH evidences of increased adrenal activity
may be observed in the presence of hypothyroidism and these
changes are quantitatively comparable to those seen 1n the euthyroid
state

DR LAURANCE W KINSELL I would like to make just one comment 11l
regard to Dr knowlton s comments It would seem probable to me
that the responsiveness of the adrenal cortex mn the patient with
myxedema would probably be delayed but sull would be perfectly
within the normal range and that perhaps the difference mn her ob
servations related to the greater prolongation of the period of study
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Results of ACTH 1n One Patient with
Thyrotoxicosis and Thyrotoxic Heart Disease
with Mild Congestive Heart Failure

Arthur J Moseley and Arthur J Merrill
GRADY MEMORIAL HOSPITAL AND EMORY UNIVERSITY SCHOOL OF MEDICINE ATLANTA

The patient was a 32 year old colored female with a history of
thyrotoxicosis of 3 years duration She had previously been controlled
with propylthiouracil but had discontinued medication 1 year prior
to the present study and for 6 months preceding the study the symp
toms of thyrotoxicosis had reappeared and were progressive Assoct
ated with these symptoms were pedal edema orthopnea and exer
tional dyspnea ™\ ray of the chest revealed cardiac enlargement and
pulmonary congestion

‘The patient was placed on a standard 400 mg sodium diet con
taiung approxmately 3000 calories and 110 Gm protein plus 6 0 Gm
added sodwm chlonde daily After a 4 day control penod 25 mzg
ACTH (Armour) was given every 6 hours for 5 days except for the
unmtentional ormssion of the 2 00 P M dose on the fifth day This
treatment period was followed by a final 5 day control period Calcu
lation of the urnary excretion products on the third treatment day
were estimated since some urine was spilled

No defimte change in chmcal status of the patient could be de
tected However 4 days after ACTH was discontinued the BMR was
+38 as compared with a control level of 459 but rose to +61 8 days
later The blood cholesterol which had risen from 128 mg % to
149 mg 9% during the imual contro! period continued to rise on
ACTH to 169 mg % on the last day of admimistration Then during
the final control period cholesterod level receded to 153 mg 9

The fall in blood eosinophile count while on ACTH was only
about 50% unul the last day of admimstration when the count
dropped t0 5% of control level Following the discontinuation of
ACTH the eosmnophiles promptly returned to control valyes The
blood sugar levels were only shghtly affected
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cretion of ‘corticords during control periods was less than 1t was
when the patient was euthyroid but the percentage ncrease durng
ACTH administration was comparable on both occasions

No significant change 1n basal metabolic rate or i serum choles
terol levels was observed i either period of ACTH admmstration
(Fig 13)

M D —\fyvedema D D —Myxedema Treated
4CTH Serum ACTH
mg per  BMR  Cholestersl % I mg per

Days  Day % m, %  Uptake | Dgys Day
4 0 | ~22 | 3 2 |3 0
I 4 0 —-21 348 - 3 0
4 0 66-75 | —17 300 - 4 72
‘ 4 75 -20 325 0 3! 7275
4 0 — 304 - 4 0
3 0 —23 —_— - 4 0
L
Fic 13

The 2 studies on this one patient indicate that with the continued
administration of ACTH evidences of increased adrenal actvity
may be observed in the presence of hypothyrotdism, and these
changes are quantitatively comparable to those seen 1n the euthyroid
state

DR LAURANCE W KINSELL I would like to make just one comment i
regard to Dr Knowlton s comments It would seem probable to me
that the responsiveness of the adrenal cortex mn the patent with
myxedema would probably be delayed but stuil would be perfectly
within the normal range and that perhaps the difference 1n her ob
servations related to the greater prolongation of the period of study
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second day of ACTH the excretion values were 23 me  per 24 hours
and 28 mg per 24 hours respectinely, thereafter the excretion re
matned between 10 and 15 mg per 24 hours

During the imual control period the renal plasma flow was
812 cc per minute On the fourth dvy of ACTH the value was 641 cc
per mmute a fall of 219, which 1s probably a sigmficant drop The
day after ACTH was discontinued the renal plasma flow was found to
be 908 cc per minute Simultaneous determination of the glomerular
filtration rate was attempted but the results could not be intcrpreted
because of technical difficulty

Swent sodium concentration, supposed to indicate DOCA hhe
activty level, which was mmtially at the lower limut of normal 22
mEq per hiter was found to be definitely low 1t 14 mEq per liter on
the second dy of ACTH Seven days after treatment was discontinued
sweat sodium value was 29 mEq per liter
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There were no significant changes 1n blood urea, scrum uric acud,
serum sodium, chlonde or phosphorus values

Ig 1 depicts the changes in water balince weight, and certain
urmary excretion products In the construction of the water balance
griph, ntake 1s plotted downward from the sero line and output
plotted upward from the intake level Thus positive balance 1s repre

STUDIES IN THYROTOXICOSIS

3
€O T oL

Fic 1 Studies in thyrotoxicosis

sented below the zero hne and negauve above Ihe unnary sodium
excretion rose during the first day of ACTH (Armour), but fell pro
gressively dunng the remainder of the period of ACTH adminstra
tron with a sharp rebound when ACTH was discontinued Urine
chloride changes were sumlar to those of sodium Urnine potassium anci
uric acid excretion were ncreased only during the first 2 days o
ACTH Although not shown on the figure 17 Letosteroid c‘(ctc!lor;
behaved simularly to that of potassium and uric aad The z:ontml
17 Letosteroid exeretion was 14 6 mg per 24 hours On the first and
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steroids attamed 1 value wiich 1s roughly that found 1n a normal
woman (77 and 80 mg/24 hrs), while the 11 ovysteronds 1 at
tamed a value about 7 tumes the normal

In the patient with ovarian agenesis (Fig 2), the 17 ketosterords
attained a value roughly 3 tmes that found 1n a normal woman
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Fic 1 Patent H | MGH #550872 male 42 with panhypopitus
tarism Plan of study and urinary creaunine creatine 17 ketosteroids and

11 ovysteroids  during treatment with ACTH Armour ACTH La
desoxy corticosterone glucoside

and

(27 mg,24 hrs ) while the 11 oxysteroids } agan attamed a value
about 7 times the normal

In the patient with acromegaly (Fig 3} the 17 ketosteroids at
tamed a value roughly 11 umes that found 1n a normal woman (115
mg/24 hrs) while the reducing steroids} agamn attamed a value
about 7 times the normal In this last experiment a lower dosage of
ACTH (72 mg) was given for the first 6 days than that (100 mg) given
m the last 6 and in the other 2 expertments

1 Determ ned by Dr Nathan Talbot Normal value about 0 3 mg/74 hr
etermined by Dr Lewss Enale Normal val ies—Aqueous (A Fig 3) about 15
mg/24hrs € ude {C Fig 3) about 3 mg/24 hrs
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A Comparison of the Effects of ACTH in
Panhypopituitarism, Ovarian Agenesis,

and Acromegaly

Frederic C Bartter,' Anne P Forbes and Fuller Albright
MASSACHUSETTS GENERAL HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON

In panhypopiturtarism 1n which the adrenals are atrophic
and the excretion of 17 ketosteroids 15 vers Jow one would expect 2
markedly subnormal response to ACTH In ovarian agenests, in which
the adrenals have been reported to be smaller than normal and the
excretion of 17 ketosteroids 1s below normal one would expect a
shightly subnormal response to ACTH In acromegaly, 1 which the
adrenals are large and the excrction of 17 hetosteroids of adrenal
origin 1s 1n the upper normal range one would expect a greater than
normal response to ACTH
This 15 a comparison of the effects of ACTH 1n one patient with
each of these syndromes * given comparible amounts of ACTH for
comparable periods of ume

A Steroid Excretion

Figs 1,2 and 3 show the results of urinary steroid determinations
and the design of each experiment (In the first experiment [panhy
popituitarism see Fig 1] we are here concerned with the two cour<es
of ACTH Armour and will not discuss the effect of ACTH Lu or of
DOCG 1n the second experiment [ovarian agenesis see Fig 2] we
will not discuss the effect of APL 1n the third experiment [acromegaly
sec Fig 3] we will not discuss the effect of estradol dipropionate )

The order of magnitude of the rises m sterord excretion 1n these 3
patients was as {follows

In the patient with panhypopituitarism (Fig 1) the 17 heto

tSurgeon USPHS National Heart Institute on deta | at Massachusetts General
Hmp‘lmalucm \{ h with ovanan agenesis recerved 1 myg a day of stilbestrol throughot t
the studv In a later study on this pauent (not here repo ted) the sam  amount of ACT
‘as gisen without stilbestrol The results for the metabolites reported 1n th 8 study were
not s gmbcantly different 1n the absence of st ibestrol
oy 4
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scales for k. and N are 1n the s yme proportion as the b and N contents
of protoplasm (muscle), thus 1t may be scen visually that these changes
i K are very much larger than any comparable changes of proto

plasm as estimited [rom the N data

w2

5383848
/
N
{

Fic 3 PatientE B M G H #592600 female 29 with acromegaly Plan
of study wurnary creatimine creanne 17 ketosteroids reducing steroids
{A = Aqueous fraction C = Crude fraction) biological cortin (M U =
mouse umits) and circulauns eosinophils during treatment with ACTH
Armour and estradiol dipropionate

C Effect on Nitrogen (N) Balance

In Figs 7 8 and 9 (top panel) are shown the alterations in N
balance in these experiments In the patient with panhypopttwitanism
negative N balance developed relatively slowly and the overall loss
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B Effects on Sodium (Na), Chloride (Cl), and Potassium (k)
Figs 4, 5, and 6 show the alterations 1n Na and Cl metabolism 1n
these experiments ACTH produced, in the patients with panhy
popitwttanism (Fig 4) and ovanan agenesis (Fig 5), marked retention
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of Na and Cl 1n the patient with acromegaly only moderate reten
tion of these 10ns Since the basic diets were of different compositions
a quantitative comparison of these effects ts not possible In all cases
there was a marked rebound loss of Na and Cl when ACTH was
stopped .
InTigs 7 8 and 9 (bottom panels) are shown the alterations 1n
balance m these experiments There 15 a strihing sumlanty m all of
them In each mstance a marhed transitory loss of b occurs on the
first day of ACTH admimstration and a marked tran tory retention
of k. occurs withmn the first 2 days after 1t 1s stopped The relative
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Fic 5 Ovartan agenesis (see Fiz 2) Serum sodism and chlonde sodwm
balance unnary chloride and theoretical weight curves

during 6 days was 16 and 12 grams during the two courses of ACTH
In the patient with ovarian agenesis the negative N balance de
veloped more rapidly and the overall loss during 6 days was 18 4
grams In the patient with acromegaly negative N balance de eloped
—_— e TP AT dereloped
final level will be below the base line Thus a negative balance 1s indicated

by a shaded area above the base hne and a posiuve balance by a clear area
below the base line
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Fic 4 Panhypopituitarism (see legend to Fig 1) Serum sodum and
chlonide sodum balance urinary chloride and theoretical werght curves

The sodum balance (and other balance data gien 1 ths study) are
charted as follows

‘There 1s 2 horizontal base hne 1ntake 1s charted downward from this
base hine the urinary and fecal excretions are then measured upward from
the mtake hne towards the base line If the output (fecal and urinary) ex
ceeds the intake the final level will be above the base line 1f 1t does not the
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Fig 7 Panhypopituitanism (see legend to Fig 1) Nitrosen phosphorus
calcium and potassium balances and serum P Ca and K The data for Ca
and P are not discussed

InFigs 7 8 and 9 thescalesfor N P Ca and k metabolism are chosen
that {for changes m protoplasm and bone) the area representing P balance
should equal the sum of the corresponding areas for N and Ca and that
representing h balance should equal that for N
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Fic 6 Acromegaly (see legend to Fig 3) Serum sodium and chloride so
dium balance urinary chlonde and theoreticil weight curves

very rapidly and the overall loss during 6 days was 29 7 grams (1t will
be remembered that this patient received a lower dosage during these
6 days) In mo experiment however did significant negative N bal
ance occur on the first day, the day of the marked K dwrests

In conclusion then 1n these 3 patients the nses mn reducing
sterords produced by comparable amounts of ACTH were of the same
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Fic 9 Acromegaly (see legend to Fig 3) Nitrogen phosphorus calenam
and potassium balances and serum P Ca and alkahne phosphatase
DISCUSSION

DR NATHAN B TALLOT May [ ask what this correlntion was? Wasat 1
positive or a negative correlation?

DR FREDERIC ¢ BARTTER Posiive The higher the hetosteroids the
greater the nmitrogen loss
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Fic 8 Ovanan agenesss (sce legend to Fig 2) Nitrogen phosphorus cal
cizm and potassium balances and serum P Ca and k-

order of magmtude The rises in 17 ketosteroids on the other hand
id increase 1n the order 1n which we had expected from what we

Lnow of the 3 disease syndromes
The metabolic effects on sodium chlonde 1nd potassium were

qu
balance was guit

1te similar in all 3 patients but the extent of the negati e mitrogen
e well correlated with the 17 ketosteroid excretion
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The Metabolic and Clinical Effects of Pituitary

Adrenocorticotrophic Hormone in

Spontaneous Hypoglycemosis

Irvine McQuarrie E G Baver M R Ziegler, ond W S Wright

UNIVERSITY OF MINNESOTA HOSPITAL AND UNIVERSITY OF MINNESOTA
MEDICAL SCHOOL MINNEAPOLIS

Spontaneously occurring  persistent hypoglycemia of severe
grade with such mamfestatons as repcated camvulsions or attacks of
coma and irreversible damage to the central nervous system 1s
fortunately not a very common disorder On the other hand mulder
forms of the condition characterized by such symptoms as a vague
sensation of hunger or gauntness a feehng of famntness or weakness
limpness cold sweats pallor and other vasomotor reactions tremu
lousness dizziness mental confusion drowsiness and occasional con
vulsions occur with far greater frequency than 1s generally apprec:
ated Ithas been estimated by several authonities’ on the subject that
the total number of persons who are afflicted with the syndrome of
spontaneous hypoglycemosis (hypoglycemic state) 1s almost as great
as the number known to suffer from diabetes mellitus

Because of the rmldness or vagueness of the symptoms and their ir
regular occurrence as well as the prompt relief obtained from inges
uon of even small amounts of carbohydrate many indwviduals af
flicted with the mitlder form may never seek medical assistance unless
the symptoms become progressivelv worse or they may do so only
after suffering from the disability over long periods of time When con
sulted concerning such a patient the average physisan finding no
signs of physical disease 1s inchned to mterpret the symptoms as
mantifestations ot a psychoneurotic state unless the possibthty of
hypoglycemosts perchance occurs to him and 1s confirmed by fasting
blood sugar determinations glucose and insulin tolerance tests and
other diagnostic studies

While the primary disease responsible for spontancous hy po
glycerma can often be diagnosed from the climcal history the physical

225
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DR ROGER A LEWIs I would like to give Dr Bartter permussion to
hypothecate on the loss of potassium 1n this particular mstance You
can see the mtrogen loss was greater than the sodium retention Why
did you have such a large loss of potassium on the first day?

DR FREDERIC G BARTTER I wish we could answer that Dr Lews
Maybe someone else will? I don t know

DR ROY HERTZ I think 1t1s1ll advised to generalize regarding char
actenstics of metabolic disturbarices on the basls of one case At the
present time we have on hand a case of ovarian agenesis proven by
biopsy of the ovarian anlagen 1 which the ketosteroid secretion 1s
normal and the gonadotrophic hormone complex m the uune 1
within normal range *

voice Did the patient with acromegnaly have drabetes?

DR FREDERIC C BARTTER No Durning treatment she excreted up to 21
grams a day of urmnary sugar

* The authors wish to point out that decreased unmary 17 ketosteroid excretiont (:::
elevated follicle simulating hormone excretion) were present 1n all of the eleven ¢:
reported from their clinie
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several such bemign tumors total escision of the neoplasms may re
sult m complete cure Carcinomn anising from the beta cells naturally
presents a much more serious surgical problem The prognous 1s
hopeless 1f widespread metastases are present Subtotal resection of the
pancreas may at tumes ive satisfactory results in panents with relative
hyperinsulinism of the 1diopathic type and even in those with benign
hyperplasia of the islet issue  Alloxan used as a last resort by Talbot
and co workers® 1n one severe case of hypermsuhimsm to reduce the
beta cell activity, appeared to give sausfactory results Because of 1ts
marked hepatotoxic and nephrotoxic action however this agent 1f
used at all should obviously be uscd with extreme care

For those patients who suffer from adrenocorucal insufficiency or
pruitary msufficiency specific replacement therapy (adrenocortical
and adrenocorticotrophic hormones respectively) and avoidance of
fasting are indicated The most impartant feature of the therapy for
hypoglycemosts due to the various forms of hver disease 1s that which
15 directed to the pnimary disease itscl{ In the mulder intermittent
forms of so-called functional hypoglicema the etiology of which
may be entirely obscure use of the high protemn comparatnely low
carbohydrate diet recommended by Conn* mav suffice to control the
blood sugar level

The hypoglycerme patients presenting the most bewilderm,
therapeutic problem however are those who suffer from severe and
persistent hvpoglycemia of undetermined cause despite the use of 7
high protein  low carbohydrate or a high fat low carbohydrate
dietary regimen and other conservative forms of treatment Even
removal of large fractions (80 to 85%,) of the normal pancreatic tissue
may give only temporary rehet which was the result i 3 cases (1
adult 2 young children} studied and treated at our institutton

Several years after 1t was announced by Corey and Britton and by
Long® that adrenal cortical extract in excessive dosage exerts a dia
betogenic effect in normal animals we attempted to apply this new
mformation by admunistering comparauvely large doses of commer
crally available adrenal cortical extracts to young children suffering
from spontaneous hvpoglycerma of non Addisonian type While the
results 1in a few instances were mildly encouraging they were not
sufficiently definitive to justify the expense entailed 1n extensive use of
the extract At the present tme however we arc engaged 1n a re
mvestigation of the effects of whole cortical extract on severe hypo
glycema using a aghly concentrated product (Lipo Adrenal Ex
tract—Upjohn)

On the basis of the well known observations by Houssav  Evans
Marine * Young ' and their co workers that continued admnistration
of crude extracts of the antenor lobe of the prtutary gland produces
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exammination and fasting blood sugar studies alone, 1t may be neces
sary to conduct more claborate laboratory tests to ascertain what
organ functions are involved In many instances, however the pn
mary etiology or pathogenesis rematns obscure even after all as ulable
diagnostic procedures including exploratory laparotomy, have been
explotted

The expression  absolute (or true) hy pertnsulinism ’ obviously 1m
phies overproduction of wnsulin by the beta cells of the pancreas or
therapeutic overdosage Whle 1t 1s concevable that normally ap
pearing msular beta cells mght produce excessive amounts of isulin
at umes 1n responsc to extra pancreatic stmul the evidence that this
1s an unportant cause of spontancous hypoglycema 1 any but the
muldest cases 1s not convincang Tumors (adenoma and carcinoma)
and hyperplasin involving the beta cells of the pancreatic 1slands
constitute the only sausfactorily demonstrated pathological lestons as
sociated with absolute hypennsulimsm Tumors are extremely rare in
children They occur with greater frequency in adults Hyperplasia
of the 1slet tissue occurs more frequentlv 1n voung children than do
discrete tumors but 1t 1s not the most common cause of spontaneous
hypoglycemosis

The term  relauve hypennsulimsm  refers to the state 1 which
hypoglycemia results not from over production of insulin but from
under activity of one or more of the organ systems which 1s an
tagomistic to insulin  Hypocorticondrenalism  (Addison s disease)
antenor pituitary deficiency (Simmond s disease and certamn cases of
prtuttary dwarfism), extensive hiver disease (necrosis atrophy acute
hepatits, cirrhosis and von Gierhe s glycogen storage disease) are the
most commonly recogm-ed primary disease entities causing relatnve
hyperinsulinism  In these chnical conditions the hypoglycema 18
characterized by 1ts appearance almost exclusively at tumes most re
mote from meals 1ndicating a deficiency 1 the glycogen stores of the
hiver or a deficiency 1in the mechanism for breakdown of glycogen to
glucose (glycogenolysis) 15 1 von Grerhe s discase The net chmeal
sigmificance of deficiencics i the cellular activaty of the thyrod
pastertor pitwitary adrenal medulla and alpha cells 1 the slets of
Langerhans and of disturbances in the functions of the hy pothalamus
as regards the production of hypoglycerma cannot be accurately ap
praised at the present time Future invesugations on these aspects of
the problem will undoubtedly shed new light on the pathogenesis 1n
patients with hypoglycemia of the so called *idiopathic  type, the
most common form encountered m nfancy and early childhood

“Treatment of the different types of spontineous hypoulycemosis
s with the etiology In the comparatnely rare cases

naturally 1rie:
v litary beta cell adenoma ot the pancrens or to

which are due to 3 sO!
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normally appearing pancreas removed at another hospital No hypo
glycemuc reactions for several months, following this procedure At 22
mon hs of 1ge he had a recurrence of symptoms nd a severc gen

erahzed convulsion after he had been eating poorly for several days
Exammation on admission to Unnversity of Minnesota Hospitals at
that time (1945) was negative cxcept for definite evidence of mental
retardation Fasting blood sugar values were found to be 26 21 33
and 24 mgm 9% on successise days Attempts to elevate the fasting
blood sugar and prevent convulsions by use of large doses of cortin
and special dietary regimens were not successful In November 1946,
a second partial pancreatectomy was done approximately 15% of
the gland being retained Subsequent fasting blood sugar values ob

tained elsewhere were reported to be 54 66 and 68 mgm 9, Learned
to walk at age 417 years but never talked Estimated mental age 1
year No recurrence of outspoken signs of hypoglycemma except for one
convulsion When he wasreadmutted for presentstudy the fasting blood
sugar was found to vary between 30 and 54 mgm %, from day to day

Case 2

B G sisterof ] G was seen first on November 8 1948 at the age
of 7 months She had appeared to be entirely normal up to October
26 1948 On that day immediately preceding a meal she had a
generalhized convulsion similar to those expertenced by her brother
‘This lasted 15 minutes A second prolonged convulsion occurred on
November 4 Between that ume and November 8 she had 3 mimor
spells characterized by clouding of conscigusness and nability to focus
her eyes for a short tume

Physical and neurological examinations were quite negative ex
cept for a2 moderate degree of undernutrition, hypotomeity of the
muscles and increased irmtability Fasting blood sugar values were
found to range between 15 and 40 mg %, She was placed on a high
protein low carbohydrate diet with frequent feedings but the hypo
glvcerme reactions were not affected by this regimen She was re
admitted to the Hospital on several occastons because of frequent
episodes of irrtability staring loss of consciousness As a last resort
an estimated 85% of her normal appearing pancreas was removed on
February 15 1949 After 3 weeks of complete relief from symptoms
she was discharged from the Hospital However the blood sugar level
had already fallen to 47 mg 9%, Less than 6 weeks after the operation
severe hypoglycemic reactions had recurred despite trials on vartous
types of diet Because the fasting blood sugar continued to range be
tween 16 and 30 mg % she was readmutted to the metabohc ward
for the present invesuigation The results of a prebimnary histological
study of the pancreas of this patient and that of her brother being
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glycosuria and hy perglycemmia (diabetogenic effcct) tn normal expen
mental animals we attempted 1n 1939 and 1940, to treat two young
hypoglycemic patients with some of the then available commercial
extracts of this gland One of these patients (1ge 13 years), a typical
pitustary dwarf who had had generahzed convulsions on several oc
castons when his fasting blood sugar was found to be in the neighbor
hood of 20 mg % appeared to show some 1mprovement 1n the con
trol of his blood sugar level while recenving large doses of growth
gonadotrophtc hormone preparations Morning convulstons ceased to
occur and his fasting blood sugar was found to be only shightly below
normal on two occastons when he returned to the Qutpatient De
partment for recheching The other patient a younger child suffering
from what was diagnosed as 1diopathic hypoglycerma 1 severe
form, showed questionable improvement

When adrenocorticotrophic hormone was 1solated m a com
paratively purified form 1n 1943 from sheep pitwitaries by Li, Evans
and Simpson and from hog pituitaries by Sayers White and Long!
and was found shortly thereafter by Browne® to induce hyperglycemia
and glycosuria 1n a normal man recetving a single large dose 1t be
came apparent to us that its effect on spontanecus hypoglycemoss
should be studied as soon as adequate supplies of the purtfied hormone
could be obtamed The desirabilitv of such a study became still more
apparent when Conn Lewss and Wheeler! reported producing
temporary diabetes mellitus 1in normal adult subjects by intensive
intramuscular admtnistration of the hormone over a perod of several
days
Early 1n the present year we were fortunate 1n obtaining a supply
of the purified pitutary adrenocorticotrophic hormone at a tume
when we had at hand as promising experimental subjects 5 young
children who were suffering from severe to moderately severe spon
taneous hypoglycemosis A fairly comprehenstie study of the clhimeal
and metabolic effects of the ACTH was made 1 these cases Results
of the investigation are re¢ ported below

CASE HISTORIES OF EXPERIMENTAL SUBJECTS

Case 1
J G, a5}% year old white male At age 437 months he developed
wilting  spells with a blank stare followed by rolling of eyes At 51,
months first generalized convulsion occurred Such attacks continued
at about 6 week mtervals i spite of phenobarbital and Dilanun
therapy Regarded as normal infant otherwise At 16 months of age

ave fastng blood sugar of 27 mgm % Attacks re

d to h:
he was found to lf of s

Teved by glucose administration Af 17 months he had one h
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METHODS OF STUD?Y

In order to msure quantitatne collections of all urine and feces as
well as accurate nccounuing of the amounts of the special dietary
formula consumed by each patient special nurses were assigned to the
small metabolic ward where the experimental subjects were kept on
specially constructed collection frames The standard semu hquid duet,
calculated to be nutritionally adequate 1 every respect, contained
42 gm of protein 45 gm of fat and 118 gm of carbohydrate in each
llogrim The daily allowance adjusted to the caloric needs of the
individual subject wns given n 3 equal meals served 1t 7 00 A M
100PM and 700 P M

Fasting blood samples for glucose determinanon and eosinophil
cell counts were obtained routinely at 7 00 A M every day or every
second day throughout the entire period of study In addition the
potassium and norgamc phosphorus of the serum were determined
at the end of each major period The 24 hour urine samples were
analyzed while fresh for total nitrogen uric acid, creatimne phos
phorus chloride, sodium and potasstum throughout the entire period
of study and for 11 oxycorticosteroids and 17 ketosteroids during the
last two days of the control and ACTH periods When successfully
collected, stools for each major period were analyzed for N P Cl,
Na and K Standard analytical methods were employed for the
various substances named The true blood glucose was determined
by Nelson s modification of the Shaffer Somogy1'® method according
to which values below 50 mg per 100 ml are regarded as definttely
hypoglycerme

In each expenment ACTH was rdmunistered intramuscularly m
equal doses (either 9 to 10 mg equivalent to Armour standard
preparation La 1 A) every 6 hours over a period of 4 days This ex
perimental period was preceded by a control or pre period of several
days length and was followed by a post period of simlar length
Sugar tolerance tests were performed in the pre period and again dur
ing the latter part of the ACTH period 1 all cases In this test blood
glucose was determuned immediately before and 15 minutes 1 hour,
2 hours 3 hours 4 hours and 5 hours after terrmnation of the intra
venous 1nfusion of a 25%, solution of glucose (0 5 gm glucose per kg
of bodv weight) The ability of the pitwitary gland to elaborate or to
release ACTH was evaluated by means of the test proposed by Re
cant Forsham and Thorn 7 according to which a marked decrease 1n

the eosinophil count 4 hours following the intravenous mnfusion of
epinephrine indicates a normal response The dosage of epinephrine
was adjusted to the siZe of the child R R was given 0 3 mg 1n 50 ml
of saline solution Da R 04 60ml De R andJ G 05 mg 1n
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made n collaboration with Dr E T Bell, suggest a defictency i the
number of alpha cells and a loss of granules in the beta cells of the
1slets

Case 3

De R, age 5 years was well unul 5 months of age when he began
to have short episodes characterized by pallor rolling and incoordina
tion of the eyes, crying and tonic convulsions These symptoms were
followed by limpness and stupor which lasted from a few minutes to
several hours Such episodes were more frequent when his appente
failed as a result of an upper respiratory infection At the age of 18
months he had his first generalized clonic convulsion Thereafter he
had from one to four convulsive episodes weeklv for several years

When examuned by the referring pediatrician in March, 1949 his
fasting blood sugar values were found to vary between 18 and 45 mgm
% He was placed on a ligh protein diet but without a satisfactory
response He was admitted to the University Hospatal for the present
study 1n May 1949 Fasting hypoglycerma was confirmed Other
examinations were negatine except for strabismus and a moderate
degree of mental retardation

Case 4

Da R brother to De R was also admtted to University Hos
pitalin May 1949 at the age of 215 years because he too had suffered
from simular hypoglycemic attacks since the age of 5 months The
episodes consisted of a blank stare uncoordinated occular movements
wnitability  pallor, and unconsciousness which occurred most often
before breakfast and before supper In March 1949 he lke his
brother, had been found to have low fasting blood sugar levels

Physical and neurological exarmnations were normal except for
mild strabismus which was accentuated during hypogly cermc attachs

Case 5

R R the 9 monthold brotherof De R and Da R was admutted
with them to the Umversity Hospital for the present study 1n Mav
1949 At 2 months of age he had had an upper respratory mfection
with anorexia 1rritabihity and sweating At 6 months of age he began
to have frequent episodes of irritability and sweating but when main
tained on 2 hourly feedings he remained symptom free

When the fasing blood sugar was determined 1t was found to be
low Physical and neurological examinations were negative except for
shght strabismus Ty pical mamfestations of hypoglycemic reacuons
were 1n evidence during episodes
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METHODS OF STUDY

In order to 1nsure quantitative collections of all urine and feces as
well as accurate accounung of the amounts of the special dietary
formula consumed by each patient special nurses were assigned to the
small metabolic ward where the experimental subjects were kept on
specially constructed collection frames The standard semm hiquid diet,
calculated to be nutritionally adequate 1n every respect contained
42 gm of protemn 45 gm of fat and 118 gm of carbohydrate 1n each
llogram The daily allowance adjusted to the cloric needs of the
individual subject was given i 3 equal meals served at 700 A M,
100PM and700PM

Fasting blood samples for glucose determmnation and eosinophil
cell counts were obtaned routinely at 7 00 AM every day or every
second day throughout the entire period of study In addition the
potasstum and 1organic phosphorus of the serum were determined
at the end of each major period The 24 hour urine samples were
analyzed while fresh for total mtrogen uric acid creatinine phos
phorus chlornide sodium and potassium throughout the entire pertod
of study and for 11 oxycorticosterords and 17 ketosteroids during the
last two days of the control and ACTH periods When successfully
collected stools for each major period were analyzed for N P Cl
Na and K Standard analytical methods were employed for the
various substances named The true blood glucose was determned
by Nelson s'® modification of the Shaffer Somogy1' method according
to which values below 50 mg per 100 ml are regarded as definitely
hypoglycemic

In each expeniment ACTH was admunistered intramuscularly 1n
equal doses (either 9 to 10 mg equivalent to Armour standard
preparation La 1 A) every 6 hours over a period of 4 days This ex
perimental period was preceded by a control or pre period of several
days length and was followed by a post period of similar length
Sugar tolerance tests were performed 1n the pre period and again dur
ng the latter part of the ACTH period 1n all cases In this test blood
glucose was determined immediately before and 15 mnutes 1 hour,
2 hours 3 hours 4 hours and 5 hours after termination of the intra
venous mfusion of a 25% solution of glucose (0 5 gm glucose per kg
of body weight) The ability of the pituitary gland to elaborate or to

release ACTH was evaluated by means of the test proposed by Re
cant Forsham and Thorn ¥ according to which a marked decrease in
the eosinophil count 4 hours following the intravenous mfusion of
epinephrine indicates a normal response The dosage of epinephrine
was adjusted to the siZe of the child R R was given 0 3 mg 1n 50 ml
of saline solution Da R 04m 60ml De R andJ G 05 mg
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70 mi, the infusion runnng  hour The costnophil cell counts 4 hours
after infusion of epinephrine averged 31 per c mm » campared to the
average imund count of 133 Thus 7897, fall was interpreted as mdicat
ing normal capacity on the part of the pituitary to produce ACTH in
the 4 cases tested (see I )

As shown in g 2 the epinephrine test for ghycogen stores in the
Iiser and for gly cogenolyue respanse (test for von Grerhe s ghycogen
storage discase) was normal 1 all cases exeepting Da R When the

|
L

Tume 1n hours

Eosinophils per cu cam

50

Tio 1 Response of blood costeophif count to mravenaus infustan of
epinephrine. Marked decrease in count 5 regarded as 2n ndicatron of nor
mally funcnoning adenohy pophysis

test was repeated 1 the case of the latter pauent winle he was sull
m a state of fasting hy poglycerma 1t also was found to be normat Re
sults of a series of other hyver function tests svore Iihewise mdicatve of
freedom from hepatie disease All of the series of patients showed
hypersensitiveness to msuhn The inteayenons glucose tolerance test
showed mereased tolerance in 1l 5 pattents, typcal of severe hypo
0515
gly(:Ic‘hn':: rise m fasting bload giucose and the fall in blood easinophil
count following a single injecuion of ACTH indicated 1 normal
adrentl corticl response i each case as exemphified by results in the

case of R R showninFig 3
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RESULTS

The expenimental data on the 5 subjects with non Addisonian
hypoglycerma mncluded m this study indicate that their responses to
ACTH admmistration are similar 1n ty pe to those reported for normal
adult subjects Severe hypoglycemia 1nd attendant symptoms were
completely abolished during the penod of ntensive hormone ad
munistration and for at least a week after 1ts withdrawal (see Tigs 4
and 5) The sharp fall and the abnormally prolonged low level of
blood sugar in the glucose tolerince curve which represented the

% DeR

4 RR

;
/ .~ |

o K MNG

J Da R \

[+

o i
Time in hours

Fic 2 Epinephrine test for glycogen stores tn Jiver and for glycogenolytic
function normal 1n all patents excepting Da R When retested he al o
showed a normal response

charactenstic response of each of the pauents during the control
period were found to be absent during the period of ACTH ad
mumstration  the curve becomng essentially normal (see Figs 6
and 7) None of the 5 patients showed sugar 1n the urine at any tume
during the enure period of study escept for the mld glycosuria which
occurred at the height of the glucose tolerance test made in the ACTH
period m 3 nstances Insulin hypersensitivity was hkewise counter
acted to a certan extent by the ACT'H 1n the cases tested

The eosinoplul cells of the blood fell precipitately from the normal
range (between 100 and 350 per c mm ) to between 0 and 10 per
cmm within 4 hours after ACTH was first admimstered and re
mamed at this low level so long as the hormone was given at 6 hour
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mtervals While the fasting blood sugar during the post penod tended
to remain for a number of days at levels termedrate between the
hypoglycemic values of the pre period and the normal values of the
ACTH pertod, the eosinophuls returned to their original normal counts
fairly promptly, usually within a day after withdrawal of the hormone
Responses of the blood glucose and eosinophil cell count to ACTH
admnistration are 1illustrated in Fig 4 which presents data obtained
onB G the most severe case in the series Changes 1n the other cases

ECSINQPHILS
per 100 ¢ mm

500 per 100 |m1
) 100
™ o, " g
260~ ~ § 8
s, gest 15
501 2 e
N~ g
o e, o 8
100 31 Ne i
~
AsDs 8t 6t S
R S N G T
T.AC‘H{ 18 mg imtem S
o—
Time in Hours 2 11

Fic 3 Normal type of fasting blood glucose ind eosinophil responses to
ACTH shown by pattent R R (1diopathic hypoglycemosis) 1n contrast to
negative responses of chuld (C B ) with severe Addison s disease

were very sumifar to these (Fig 5} The only untoward effects of the
ACTH consisted of a transient vasopressor reaction after the injection
and a moderate tendency to obguria durin, the first day or two of 10

tensive admmistration These effects appear to be due to contamna

ton with posterior pitwitary hormones They were less prominent 1n
lots of the hormone receved during the latter part of the period of
Smd'1)",he urinary excretton of 11 oxycorticosterords and of 17 keto
oids was increased as a result of the ACTH mjections by per

stert
centages ringing between 75 and 400 At the same time the uric acid
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excretion mcreased 50 to 1009, Wherens intensive radministration of
ACTH 1nduces a negative mitrogen balince in normal 2dult subjects,
1 shghtly posttive balance was muntained 1n 1l periods 1n two of these
very young, growing subjects (those with partinl pancreatectomy) ns
jong as the full diet was thhen However, the magmtude of the positine
bnlance was much less during the period of intensive ACTH ad

TACTH
FoePe od Feriod After Per od
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Blood gt cose mg pe 100mI

123456789101 213KISETIBIVOANDBNDL
T doys

Tic 4 Effects of ACTH on blood evsinophil count and en fasting blood
glucose in patient B

munstration than during the pre and post periods The expected
negative mtrogen balance during the ACTH period was found in the
other 3 cases The phosphorus balance was lihewise shightly positive
1 all periods for the first 2 pauents The size of the positive balance
during the ACTH period however was less than that for the fare
period and the after period Sodium and chloride showed no sig
nificant tendency to increased retention during the ACTH penod
but showed farrly marked increase 1n excretion in the post period The
comparatinely low NaCl content of the diet mny account in part for
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the low degree of retention Potassium showed a small negatne
balance during the ACTH period but positive balanees for the pre
period and the post period

There were small but consistent changes in the potassium and 10
organic phosphorus of the blood serum of all 5 of the subjects as 2
result of ACTH administration In every instance both elements fell
o lower levels except for a shight rise 1n the phosphorus 1n onc case
The fasting serum K values which were shightly elevated in 3 and
near the upper mit of normal 1n 2 of the cases were decreased from
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Fic 6 Intravenous glucose tolerance test before and during ACTH adrmims
tration i pattents B G and J G
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the low degree of retenuon Potasstum showed 1 small negaunve
balance duning, the ACTH period but positine balances for the pre
period and the post period

There were small but consistent changes 1n the potassium and 1n
orgamc phosphorus of the blood serum of all 5 of the subjects as a
result of ACTH admimstranon In every instance both elements fell
to lower levels except for a slight rise in the pho phorus 1n one case
The fasting scrum k. values which werc shightly clesated 1n 3 and
near the upper lumt of normal 1n 2 of the cases were decrensed from
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the serum on the mitrogen  phosphorus chlornde sodium and pota
swm balances on the unnany excretion of uric acd creaunne an
adrenal corticosteroids and on the blood eosmophil counts were d
termuned 1 5 voung clhuldren with non \ddisenimn (familial) hyp
glycemosis The tvpe of response to ACTH was similar in most ©
spects to that reparted for the normal adult

However under the conditions of this study 1nstead of producir
a transient state of diabetes mellitus as 1t does 10 the normal subiec
the ACTH appeared merely to abolish the hypoglycemic tendenc:
with return of the fasting blood sugar levels and the glucose toleranc
cure to normal * While the eosinophil count returned to norm
promptly upon withdrawal of ACTH the blood sugr remained 1bhos
the threshold for hyposhcemc reactions for some days withou
ACTH even mn the most severe case i the series In all instance
however the original degree of hypoglvcerma recurred at varyir
periods of time following withdrawal of the ACTH Admimstration ¢
between 18 and 10 mg of ACTH in a single dose every 48 hou
sufficed to maintain the most ses ere case of the series in an essentiall
non hypoglycemic state for mare than 6 months after she had bee
subjected to intensne ACTH treatment for a few days only Noev
dence of refractoriness to the hormone was observed and no signs
hy percorticoadrenalism were seen Results of the study sugges
therefore that ACTH may prove 1o be as effective in the control ¢
chromc non Addi oman hy poglycemosis in many rnstances as imsuh
1511 the control of pancreatic diabetes

Except when the dosage wat excessive

REFERENCES

1 Sippe, C and Bostoch | Afed § Austraha 1 207 1933

2 Harris S Ann Imt Med 10 514 1936

3 Talbot N B Crawford | D andBaly C C  Pedatrics 1 33"
1948

4 Conm J W FAMA 134130 1947

5 Corcy EL andBriton S W Am 7 Physiol 126 148 193¢

6 Long C N H Trans & Studies (ol Plys of Phila Senes ¢
721 1939

7 Housay B D, and Biasotu A Aew Eng F AMed 214 97
1926

8 Evans H M Myers K F Simpson M E and Reichert F
Proc Soc Exper Biol & Med 26 857 1932

9 Bauman E and Marmne D Proc Soc Exper Bl & Med

29 1220 1932
10 Young F G Chem Ind 56 292 1937

11 Ln CH Smpson M E and Evans H M J Biol Chem
149 413 1943



238 CLINICAL ACTH CONFFREACE

an average of 5 84 meq per liter in the pre perod to 506 meq per
Iiter at the end of the ACTH pertod At the same time, the serum P
was decreased from an average for the group of 3 03 to 2 70 meq per
hiter These decreases in serum K and P are interpreted as an indica
uon of mcreased glycogen deposttion during the ACTH period rather
than being due to increased excretion The magnitude of the decrease
In retention of these two elements appeared to be far too small to 1n
fluence blood composition

Atter the fasting blood sugar was allowed to return to pre AGCTH
levels in the case of B G (Fig 4) the hormone was agam given
tensively for 2 days thereby restoring the glucose level to normal
ACTH was then admunstered 1 a stngle dose of 18 mg once every 2
days for 1 month and between 15 and 10 mg every 2 days thereafter
for more than 5 months The fasting blood sugar was determined at
the end of each 48 hour period when 1t was presumably at 1ts lowest
level The values so obtained were found to range between 40 and
68 mg per 100 ml throughout the period except for a few davs on
one occasion when the patient refused a large part of her diet because
of an upper respiratory infection Two of the morning values at the
latter time were 24 and 16 Her diet which was the unrcstricted
muxed dietary for a normal child of her age was taken avidly throu.h
out the remainder of the period and her growth and development
were satisfactory She learned to walk alone and to talk 1n thentersal
No clinical signs of hypoglycemua or of towc side effects or of re
fractormess to the hormone were obseryed at any time, so long as the
hormone was bemng admimstered On the contrary the ACTH ap
peared to be essentially as specific m the routme control of hypo
glycemia 1n this severe case as insulin 1s 1n the control of pancreatic
diabetes

While 1t 15 concervable that admuinistration of AGTH 1n larse do es
over long periods of ime mught result in permanent damage to the
beta cells and thereby cure the hypoglycemosis the small dosages
employed 1n the case of B G did not have this effect to any marhed
degree as indicated by the fact that hypoglycemia with ty preal symp
toms recurred after 5 months of continuous admimistration when the
hormone was withdrawn for less than a week The experimental pro
duction of an antithormone to ACGTH has been reported but no evt
dence of refractoriness to ACTH has been observed m the patients
reported here No mamfestations of abnormal pigmentation or of
Cushing s syndrome have as yet appeared 1n any of our experimental
subjects

SUMMARY

The effects of ACTH on the fasting blood sugar level and glucose
tolerance test, on the potassium and inorganic phosphorus content of
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The Role of the Pituitary Adrenocorticotrophic
Hormone (ACTH) and of Adrenal Cortical
Steroid Hormones in the Pathological
Physiology and Expersmental Therapeuvtics
of Climical Gout

William Q Wolfson and Clarence Cohn

DEPARTMENT OF BIOCHEMISTRY MEDICAL RESEARCH INSTITUTE
MICHAEL REESE HOSPITAL CHICAGO

The adrenal cortical steroids ire belteved to be imphcated
both 1n the inherited susceptibihity to gout and 1n the transition from
asymptomatic hyperuricermia to climcal gout Maintenance of
secondary sex charactertstics and other androgenic functions by an
abnormal adrenocortical androgen was postulated when the gouty
were found to excrete markedly diminished amounts of urmary 17
ketosteroid 1n the absence of associated hypogonadism and with an
ummpaired ability to convert injected testosterone propionate to
unnary 17 ketosteroid That this abnormal adrenocortical androgen
mught be responsible for the appearance of asymptomatic genetic
hyperuricerma 1n those predisposed by heredity was mferred when
normal developmental changes in urate metabolism were compared
with the developmental pattern of urate metabohsm 1n individuals
with inherited hyperuricemta??® Inherited hyperunicerma how
ever 1s not chmeal gout Chinical gout appears to be assocrated with
the presence of a second endocrine disturbance characterszed by a
disturbed regulation of the rate of secretton of the 11 oxysteroids
(11 OS) those adrenal cortical steroids whose metabolic properties
resemble those of Compound E

This report will discuss the role of the 11 OS in normal inter
mediate purine metabolism and 1n the pathological physiology of

‘These stud es were aded by grants from the Commuttee on Se entific Research of the
Amencan Medical Assoctation and [ om the Commuttee on Rescarch in Endocrinology of

the National Resea ch Counc | The Department of B ochem stry 1510 t
the Michael Re se Resea ch Foundat on i Pa ¢ supported by
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DISCUSSION

There was no discussion on this paper
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Fic 1 Effect of prolonged admimstration of Compound E on urate metabolism
{The chinges observed are stmilar to those seen during chrontc administra
tion of ACTH These data were obtained on a patient with typical rheumna
tord polyarthnitis studied by the Michael Reese Rheumatoid Arthrins Re
search Group * 300 mg of Compound E were given on the first day and
100 mg daily thereafter for the remainder of the study The Compound E
used 1n this study was made available through the cooperation of Dr James
Carhsle Medical Director Merck and ( ompany Rahway N J)
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gout and will attempt to indicate their possible role 1 therapy The
possible significance of these steroids was first suspected by Talbott'
and his associates who found cyclic changes i electrolyte turnover and
mn organic metabolism m gout They showed these ‘gout cycles’ to
have a defimte temporal relattonship to attacks of acute gouty
arthritis More recently, 1t has been found that by endocrine means
acute gouty arthritis may be precipitated 1n a large proportion of
mterval gout patients! ® 87 and that acute attachs may rapidly be re
lieved by admimstration of pituttary adrenocorticotrophic hormone
(ACTH) The use of this hormone together with colchicime given
concurrently to prevent the return of acute gouty arthritis after
ACTH withdrawal has been found a rapid and effective treatment
for acute gouty arthritis ® The admunistration of ACTH chronically to
gout patients can reverse some of the biochemical and tssue pathology
of gout Fmally a suggestion that the therapeutic action of colchicine
1n gout may depend upon an ability to release endogenous ACTH ¢
warrants critical evaluation particularly because colchicine has been
found to afford excellent protection against gout attachs precxpxtatcd
by ACTH withdrawal

REGULATION OF URATE AND OXYPURINE
METABOLISM BY STEROID HORMONES

Forsham, Thorn and their assoctates'® ! and Hellman and his co
worhkers! have established that 11 oxysteroids are potent regulators
of urate metabolism The admimstration of Compound F ¥ Com
pound E (Fig 1) and to some extent Compound A" produces 2
pattern of changes in urate metabohism which reproduce the changes
after ACTH Inshort term experiments the major effect 1s an increase
m the urine urate/creatimne ratio with hittle change 1n the serum
urate/creatimine ratto The increase 1n the ratio of urate clearance/
creatinine clearance approvimates that of urmne urate/creatinine
‘With more prolonged admimstration either of steroids (Fig 1) or of
ACTH asomewhat different pattern occurs There 1s an imtial rse 12
urine urate/creatintne which mav or mav not be completely maimn
tamed with continued admmstration Later there 15 also a signifi
cant decrease 1 the serum urate/creatinine ratio and since 1t reflects
these two changes additively the ratio of urate clearance/creatinine
clearance 1ncreases markedly When hormone adminmstration 1S
stopped these temporal sequences are reversed The increase 1n unnc
urate/creatimne disappears more rapidly upon withdrawal than does
the decrease 1n serum urate/creatimne (see Fig 5) The physiological
basis of these temporal differentiations 1s not clear

The 11 OS are not the sole regulators of urate metabolism Adult
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T 2 lierae offect of mal sex hormones tn seven normaf children (The
are from a study cunducted n couperation with Dr David hrevshs o
Department of Pediatric Research Medical Research Institute Ma
Reese Hospital In order to have subjects who were secreung a
amount of endogenous androgen children hetween 5and 7 vears of age
used Four children received 100 mg of testosterone propionate :m
and one child recensed 50 mg Two children each recenved 100 mg of mi
androstanediol by mouth

The abbreviations used in the chart are 7 € total creaumne
P C preformed creatimine )

are the oxypunines xanthine and hypoxanthine Both xanthine
hypoxanthine are converted to urate by the enzyme xanthine oxic
In man xanthine oxidase has been found only in the hiver and
production of urate from oxypurine presumably occurs exclusi
m this organ?* Fig 3 illustrates the typical pattern of change
oxypunne metabolism which follow the admimstration of AC
Oxypurine changes are the direct reverse of the alterations i v
metabolism after ACTH The unne oxypurine creatimine ratio |

and the serum oxypurine creatinine ratio nises Together these
N o R o - L
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men have higher average plasma urate levels than do adult women,
and this sex differential obtains 1n both the normal and gouty groups
Children have lower average plasma urate levels than do either
normal men or women Children morcover show no sex differential
n plasma urate levels The ratios of urine urate/creatimine and urate
clearance/creatimine clearance are both appreciably higher m chil
dren than 1n adults With late childhood and puberty, each of these
values changes toward 1ts adult level Because these developmental
changes are all more marked 1n boys than n girls they ulttimately
lead to the establishment of the normal adult sex differential 1n plasma
urate and 1 the ratio of urate clearance/creatinine clearance !

From the assoctation of these developmental changes with puberty
and from therr greater intensity 1n boys 1t was considered that they
probablv reflected the onset of androgen secretion by both the adrenal
and testts 1n boys and by the adrenal in girls Fig 2 shows that sumlar
changes may be produced by admunistering potent androgens to
young children The resulting changes in urate metabolism are
directly opposite to those produced by ACTH More recent and stll
incomplete observations suggest that there 1s no necessary connection
between the ability of a steroid to produce androgemc effects on
urate metabolism and the degree of masculimzation which 1t mduces

The carners of genetic hyperuricemia 1n gouty famthes also have
normal plasma urate levels unul puberty if male and until the meno
pause if female The exaggerated increases in urate level occurring m
carriers at puberty and menopause respectively cannat be explained
as due to an excess of normal androgen Not only 1s there evidence
from the study of 17 ketosteroid excretion that the gouty secrete less
normal androgen than do the non gouty but chmeally hyper
androgenism 1s not observed 1n gouty men and virilism 1s not a feature
of gout 1n women The exaggerated developmental changes 1n urate
metabolism 1n those inhenting asymptomatic hyperuricemia there
fore are beheved to represent the influence of an abnormal androgen
This androgen 13 presumably of adrenocortical ongin since hyper
uricemnia may be mherited by erther sex 13

From such considerations urate metabohism may be viewed as 2
metabolic process regulated by the opposing influence of 11 OS and of
androgens (normal or abnormal) Urate metabolism 1n the child re
sembles that of the adult during chrome ACTH admumstration not
because the child secretes abnormally large amounts of 11 OS but
because lus androgen secretion 15 very small One may also sec 2 child
hood like pattern of urate metabolism i certamn cases of Cushing s
me or acromegaly In such a high 11 O8/androgen ratio re

syndro
m high rates of 11 OS secrenon Table 1 summarnzes these

sults fros

observations

The 1mmediate precursors of urate mn intermediate metabolism



URIC ACID METABOLISM {AD GOUT 247
VER_CENT OF BASAL VALUE

R
URINE TNORGANIC PHOSPHATE/CREAT
2001
T
MIN® VRATE/CREAT
160 -]
10
120 - *
URINE IWORCANIC PHOSPHATE/URATE
100 - - e m e T
co-]
e~
10~
TRINE OXYPURINE/CREAT
20 -]
° T ™ Y T
1 2 3 5 HowRs
2 o 160
! 260
SERUM OXYPURINE/ REAT. Car b £ &
10-] 10
160-] SERUN OXYPURTNE 1 pgy
4o 100
120 SERUN URATR/CREAY 60
—— _ 50
tood SERUY URATE
80| 40
o] 20 wet /S v
401 o
4 HORS ° 4 Howmg

Fio 3 duera.e course of changes tn urate and oxspurine metabolism and wn
organte phosphate excretion following 33 mgm of aqueous ACTH wn one non gouty and
m two gouty subjests (Urate was esumated colornmetrically by a conventional
Folin Benedict arsenophosphotungstate method with urea cvamide color 1n
tensification  Oxypurine was estimated enzymatically by the xanthine ox1
dase method of Wolfson Cohn Levine and Kadota in which the amount of
urate appearms after samples are treated with enzvme 1s considered to
Tepresent the oxypurine )

tendency for icute gouty arthritis to follow the induction of relatuve
11 oxysteroid lack Hellman and Robinson Conn Block and Lows®
produced acute 11 OS lack by first admmistening ACTH to inters al
gout patents and then withdrawin, the hormone A recogmzable
attack of acute gouty arthnitis generally began within 96 hours after
ACTH withdrawal Occasionally asin Fig 4 an attack may follow
even a single moderate dose of ACTH and the onset of the attack
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creatimine clearance These alterations are sensitive ndicators of
ACTH response but are variable, at least partly because of mtrinsic
difficulty 1n the method of oxypurine determination As yet, the effects
of androgen on oxypurine metabolism have not been studied
While 1t 1s not yet known whether hyperuricemia 15 directly re
sponstble for any of the manifestations of gout other than the tophus
chinical gout seems more often to appear when antecedent elevations
n serum urate have been prolonged and large ! Hence, by evoking
hy peruricenma, the abnormal androgen of gout may govern the basic
susceptibility to the discase Little additional 1s known of the intimate
mechanism by which the endocrines affect purine metabolism The

Table 1
RecuraTiov or URATF METABOLISM BY STEROID HORMONES
[
11 OXYSTEROID High Low
ANDROGEN
Normal Children Children Given Androgen
Oceurrence Adults Given ACTH Gout*
| Hvpercoracod Ad ! Syndromet |
Serum Urate, Creatinine Low High
Urine Urate/Creatinine High Low
Urate Clearance High Low

Creatunne Clearance

In gout there 1s beheved ta be a low 11 OS/androgen ratio which results not from
an excess of normal androgen but from an abnormal androgen which s not a precursor
of urinary 17 ketosteroid

+ Data from a [ mited number of cases

available information permits no rehable decision as to whether
ACTH increases or decreases the rate of urate production Knowledge
of the ACTH induced changes 1n oxypurine metabolism add no ad
ditional clanification The major difficulty arises from the loss of an
unknown, but variable amount of urate from the body via the gastro
inteshinal tract and liver Purely chemical methods are unsatisfactory
for the study of this problem but 1sotope methods should ulumately
lead to 1ts solution

A DEFICIENT RESPONSE TO0 11 OxYSTLROID
LACK IN CLINICAL GOUT
Hormonal Induction and Rehef of Acute Gouty Arthritis

The sccond endocrine disturbance 1n chinical gout 1s 2 deficrent
respornse 1o 11 oxysterord lack A clinical sign of this disturbance 1s the
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of thur attack within 1 few days We have observed a stmilar sequence
of relief and recurrence to follow a single 50 ml dose of aqueous
adrenal cortical extract (Wilson) given mtravenously Apparently,
withdrawal of 11 OS or ACTH tends to induce an attack irrespective
of the chnieal condition of the patient when admmistrition ongnally
was begun

Defective “Rebound * Counter regulation in Clinical Gout

In all subjects ACTH withdrawal is followed bv a period of rela
nve 11 OS lack which 1s more or less severe depending 1n part on the
tme and total dosage of previous ACTH admimistration The ad
mimstration of exogenous ACTH by raising the arculaung 11 OS
level inhibits the rate at which the pituitary releases ACTH The de
gree to which release of end ACTH 15 inhibnted has been
shown by Sayers and Sayers'* to be a direct function of the level to
which 11 OS have been raised Relative 11 OS lack followin, ACTH
withdrawal appears to represent the tendency of a steroid induced
mhibition of endogenous ACTH release to persist until corrected by
adequate stmulation

Conn and hus associates' '® have particularly interested themselves
in the counter regulatory phenomena occurring after ACTH with
drawal In normal idults the period of 11 OS lack which follows
hormone withdrawal 1s terminated by a short burst of rebound *
11 OS excess as the pitwitary finally increases 1ts rate of ACTH re
lease and overshoots the amount required to restore 11 OS level to
normal After this or occasionally after a number of periods of alter
nating rebound and 11 OS lack pitwitary adrenal regulation once
agamn becomes stable usually at about the oniginal level

In gout patients rebound appears defective *7 Fig 5 shows an
example of brisk narmal rebound which contrasts with the absence
of rebound n the gout patients 1llustrated by Figs 4 and 13 In the
gouty even 1if ACTH withdrawal does not precipitate acute gouty
arthritis  rebound snll may be absent In such cases as Hellman
observed the 11 OS lack after ACTH withdrawal tends to be cor
rected by a slow return of metabolic processes to normal rather than
by the efficient counter regulation which normal rebound implies

The Adrenal Cortex and Spontaneous Gout Attachs Defective
Response of the Gouty to Acute Gouty Arthrits

In therr studies of the gouty cycle Talbott and his associates
found that during one phase of these cycles there occurred a char

Use of the term  rebound  should be restr cted to observations n which the ¢ 1s a
apd hange f om a tate of asymptomatic 11 OS lack to an 11 OS level above nosmal
or above that cbtaiming before hormone adm ni t at on 1t 13 not properly apphed when
11 OS levels tend to  turn from low to merely normal values or to nstances i which a
gout pauent spond p omptlv to the st ess of an attack by increasing hs 11 OS outpat

Py
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may sometimes be deferred for more than 96 hours after hormone
withdrawal

Erther 1 spontancous gout attack or one provohed by ACTH
withdraw 1l may rapidly be relteved by dequate amounts of ACTH
However when the hormone 1 withdrwn a state of 11 OS lack 1
once agun induced and many patients will expersence a recurrence

DEFICIENT RESPONSE TO ACTH WITHDRAWAL
AGUTE GOUTY ARTHRITIS

EER SN _0F B AL v T
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Fic 4 Deficcent response to \CTH wrthdrareal acute gouty arthries (The dat1
are from P P 1 pattent with pretoph iceous gout who has had only one
spontanecous attack of gouty arthritis Induction of this attack was accidental
since we heleved at that ume that acute gouty arthritis could not be nduced
with a single 50 mg dose of ACTH Note the persistent eosinophidst and de
crea.c @ urate/creannmne clearance ritto which showed 11 oxysteroid lack
1o be present 6 days after the test dose of ACTH Colchicine relicved this
attach promptly but did not appear to increase 11 oxysterord output

At the far right the effects of 20 mg of colchicine grven mtravenously
are shown for comparison These arc qualitatively stmilar to tho ¢ of ACTH,
b quanmatl\c!) are far less marked than those produced In 50 mg of
ACTH We are indebted 10 Dr Fric C hast for his cooperation in referring

this patient 10 us )
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acteristic diurests in which sodium 1nd chloride were lost 1 ¢xcess of
water, as 1n a temporary adrcnocortict nsufficiency # This dwress
tended to follow a fall in external barometric pressure Not every such
drretic phase was followed by an attack but when attacks did occur,
they followcd this druresis These prodromal changes in electrolyte
turnover suggested prodromal minerilocorticod lackh while certain
other findings werc consistent with a simultaneous deficiency of
11 OS5 The long known prodromal decrease in urate output has
recently been confirmed by Loffler and Koller™ who also showed a
prodromal decrease in urate clerance An interesting old study by
Futcher® reports a prodromal decrease 1n phosphate excretion

Such metabolic observations suggest that spontancous gout at
tachs like those which follow ACTH withdrawal are preceded by a
period of relanve 11 OS 1ich This relatve 11 OS lack may oninate
1n different ways Mnany known incitants of acute gouty arthnus such
as surical operations appear to mncrease 11 OS unthzaton Most at
tacks however follow no known matnt Study of serum cholesterol
vanations has provided 1 clue as to the posable ori in of certain spon
taneous attachs Conn and Vogel' have recently suggested a relation
of acute changes tn serum cholesterol level to the rate of adrenal 11 OS
formation as do observations summanzed elsewhere * In a few spon
taneous gout attacks we have been fortunate enough to obtain blood
samples within 24 hours of the onset and have observed maximal
serum cholesterol concentrations to obtamn at that ume This has sug
gested that withdrawal of endogenous ACTH may be responsible for
prodromal 11 OS lack in certain spontaneous attacks In general
therefore spontaneous attacks are apparently precipitated by per
sistent relauve 11 OS lack just as are attacks induced by ACTH
withdrawal

Durning the developing attack particularly when 1t 1s unusually
severe or resistant to therapy metabolic changes indicative of con
unuing 11 OS lick may occasionally be observed More frequently,
1t 15 neces ary to infer the existence of relative 11 OS lack from ab
sence of evidences of super normal 11 O% production despite fever
and incapacitating acute inflammatory arthriis Fig 6 shows the
absence of significant cosinopema (generally the most sensiive
direct index of wncreased 11 OS output) Ilymphopema or polymor
phonuclear leuhocytosis during the average attack Fis 7 8 and 9
show that while changes in oxypurine metabolism suggest some shght

ment The data agree with those of Conn and his associates'® 1° in showing
the effects of rebound  on urate metabolism to be particularly marked We
wish to thank Dr Wilham Saphir and Dr Sidrey O Levmson for referring
thi pauent for study )
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Fic 5 Normal rebound phenomenon followng ACTH withdrawal in a patient
wath myasthema grauss and kyperuricenua of undetermuned ongin (The data are from
Dr L R The total amount of ACTH guen dunmg ths study is now known
10 have been adequate and therefore probably explains the fatlure to ob
tan a remssion 1n this patient s myasthema However the patient s serum
urate has never returned to values as high as those observed before treat
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acteristic diuresss 1n which sodium and chloride were lost 11 excess of
water, 1s 1 a temporary adrenocortical insufficiency ¢ This chiuresis
tended to follow a fall in external barometric pressure Not every such
diuretic phase was followed by an attack but when attachs did oceur,
they followed this dresis These prodromal changes mn electrolyte
turnover suggusted prodromal minerilocorticond lack, while certun
other findings were consistent with a simultaneous defictency of
11 OS The long hnown prodromal dccrease i urate output has
recently been confirmed by loffler and koller' who also showed a
prodromal decrease 1 urite clearance An interesting old study by
Futcher® reports a prodromal decrcase in phosphate ¢xcretion

Such metabolic observations suggest that spontancous gout at
tachs lihe those which follow ACTH withdrawal are preceded by a
peniod of relative 11 OS5 lach This relatve 11 OS lack may onginate
n different ways Many known incitants of acute gouty arthntis such
as surmicnl operations appear to increasc 11 O% utiization Most at
tichs however follow no known incitant Study of serum cholesterol
variations has provided a cluc as to the possiblc origin of certain spon
taneous 1attachs Conn and Vogel' have recently suggested a relation
of acute changes in serum cholesterol level to the rate of adrenal 11 OS
formation as do observations summarized elsewhere ™ In a fow spon
taneous gout attacks we have been fortunite enough to obtamn blood
samples within 24 hours of the onset and have observed maximal
serum cholesterol concentrations to obtain at that titme Thus has sug
gested that withdrawal of endogenous ACTH may be responsible for
prodromal 11 OS lack in certain spontaneous attacks In general
therefore spontaneous attacks are apparently precipitated by per
ustent relative 11 OS lack just as are attacks induced by ACTH
withdrawal

During the developing attack particularly when 1t 1s unusually
severe or resistant to therapy metabohic changes mndicative of con
tinung 11 OS lack may occasionally be observed More frequently
it 15 necessary to inler the existence of relative 11 OS lack from ab
sence of evidences of super normal 11 OS production despite fever
and incapacaitating acute inflammatory arthrins Fig 6 shows the
absence of significant eosinopemia (generally the most sensitive
direct index of mncreased 11 OS output) lymphopenia or polymor
phonuclear leukocytosis during the average attack ligs 7 8 and 9
show that while changes i oxy purine metabolism suggest some shght

ment The data agree with those of Conn and his associates'® 1% mn showing
the effects of rebound on urate metabolism to be particularly marked We
wish to thank Dr William Saphir and Dr Sidney O Levinson for referring
this patient tor studv )



250 CIINICAT 4CTH CONTFRFACF

EER_CEUT OF BATAL VALUE
20 BOUND DR L_ R 1 WIASTHZAIA GRAVE
WITH PARKIRSOMISX

2404

200+

-=---EOGINOPHILS
CurATE/CCREAT]

SERUM URATE

\
)

20 " PROSTIGMINE

0 —/\\W

HEAD_LIFTING

T ———
- 9f1 9 11 18 15 17 19 @ @3 25 o7 10/29

Fic 5 Normal rebound phenomenon following ACTH wathdrawal mn a patient
with myasthema gravis and byperuricemua of undetermined onigin (The data are from
Dr L R The total amount of ACTH grven duning this study 1s now hnown
to have been inadequate and therefore probably explams the failure to ob
tain 2 rermission 10 this patient s myasthema However the patient s serum
urate has nuver returned to values as high as those observed before treat
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lease rather than to mnability of the adrenal cortex to respond to
sturmulition

Adrenal Cortical Responsiveness ind Hypothalamo pituttary
Responsiveness in Gout Patients

Both the therapeutc effect of ACTH 1n acute gouty arthritis and

the data of I'igs 6 through 9 show that the adrenal cortex 1s not abso-
lutely unresponsive in gout I'ig 10 summarizes the responses of gout
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Fic 7 Defictent response of gout patients to acute gouty arthnitis absence of al
Lerations in urate metabolism durtn, attacks (Average data from the patents of
Fig 6 The attacks studied were largely episodes which showed little tend
ency to end spontaneously and therefore do not show the mcreased urate
excrenon presumably due to increased 11 OS output which 15 seen during
spontaneous recovery from an attack )
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F1c 6 Deficient response of gout patients to acute gouty arthrtis  absence of
cosinoperia bymphof ema and granulocytosss durine acute attacks {The datr com
pare findings in 10 pruents during nterval gout during attacks and fol
lowing the "dministration of 50 mg of ACTH duning nn attack Basal values
for differentinl leuhocyte patterns confirm other observations which suggest
11 oxysteroid production to be normal during intery 21 gout, with little change
from the basal fevels occurrin, during attacks From the changes occurnng
after the administration of ACTH 1t may be mferred that although adrenal
cortical responsiveness 1s somewhat reduced on the average the adrenal
cortex responds sufficiently well to indicate the presence of increased 1mounts
of ACTH Failure of hematological findings to change dunng attacks must
therefore indicate that extra ACTH was not released Sumilar obsers ations
on 1 larger group of gout patients who were not studied during ACTH ad
ministrition have been reported elsewhere ?)

wmcereise m 11 OS output over levels obtaimng during mtery al gout
there 1s no sumilar suggestion from urate metabolism urine inorganic
phosphnte/creatinine ratios and 17 ketosterord excretion The data
on response to ACTH duning acute attacks which 1s ncluded 1n
T'gs 6 through 9 show that during attacks the adrenal cortex re
sponds to stumulation by ACTH The failure of gout patients to n
crease 11 OS output tn response to acute gouty arthritis appears more
referable to fatlure of the piuutary to increase 1ts rate of ACTH re
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F16 ) Defuent response of gont patients to avute jouty arthrites changes i serum
cholesterol in unine inorgamc phosphate and n urine 17 ketosterord excretion durn,
acute attacks (Data on norganic phosphate excretion were obtamed in the
patient of the preceding 3 figures 17 Ketosteroid excretion was studied n
19 patients and serum cholesterol 1n 35 patients Because normal standards
for urme morgame phosphate/creatmine were not avalable the level ob
tamung 1n wterval gout has been given as the 10097 value As noted else
where ? 17 hetosteroid values as low as those shown will be obtained m gout
patients only 1f the method used mvolves a preliminary separation of the
neutral ketonic sterords with the Girard T reagent The prodromal rise m
serum cholesterol 1s a preliminary finding since only a few patients have
been studsed 1 the prodromal period

The decrease 1n serum cholesterol during acute gouty arthritis 1 difficult
to mterpret The observations of Conn and Vogel' suggest that such acute
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pitentsto 50 mg of ACEH in short term studies 1 he average cosino-
penit ind fymphopent 1 approximate changes found m 1 normal adult
after 25 mg of ACTH, while the metabolic responses are somew h1t be
Jow the standird chinges induced 1 normal subjects by 23 mg of
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T16 8 Defcient response of gout fatients to acute gouts urihritis altrrafrons ut
oxrfirine metabalsm durone acute attacks {Average data from the pauents of
Tig 6 Note the low basal serum oxypunine level which ppears to be char
acterstic of interval gout The changes observed m oxypurine metabolism
sueeest that a small extra amount of 11 ovysterard may be released during
the attachs Alterations i ovypunine metabohisrn appear to be a sensine
but irrevnfar mder of adrenal corucal response The irregulartty 1s at least
1n part due to dufficulty 1n measuring the small amounts present either i

serum or 1n unne }
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withdrawal Clhincally has defect 1s indicated by the regularity with
which mnduced 11 OS lack 15 permutted to persist and to precipitate
acute gouty rthrits Iven the stre s of an acute attack 1n most cases
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L_EPINEPHRINE ACTH
PPN, Py
‘,.1 " s ey vo] == rors ey
- -
ol -]
] M
*eo- .-
o o3
L 20-4
1 - L - - -1
2] =
"] .
-] 2
-
P
METABOLIC RESPONSES TO_ACTH
—
T een e o o mem s me s man
] R aSfintn BREmE e
-
o
-
-
.
o]
. R
=1
.,.
o]

F16 10 Hematolo,ical and metabolic effects of ACTH and of Lepinephnne tn
gout (The heavy horizontal hines indicate median responses The ACTH data
show the 4 hour responses to 50 mg doses of ACTH m gout patients to
whom no ACTH previously had been given The | epinephrine data show
the 4 hour tespanses to 02 me m fully colchicimzed patients who were
known to be responsive to ACTH Frve of the patents tested with | epmeph
rinc had been found responsive to 1ital doses of ACTH  the remaming two
had been primed by ACTH adminustration within a few days of being tested
with l-epinephrime )
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ACTH * " Thus the ffect of 50 mg, of \C1H upon 1 theoretical
werge gouty adrentl  seems shohtly dess than that ordinanly pro-

duced 1 normal subjects by 1 dose half as large The vanabibty i
response 1s haire A fow panents generally those whose gout was well
controlled  had entirely normal responses Two pitents were found
to be entiredy unresponsive t0 2> mg of ACTH in mtil tests The
decrensed responsiveness of the gouty adrenal s not that of a gland
iready sumulued to masimat functional capaciyy for nane of the
functional indices of Figs 6 through 9 show indicitions of adrenat
cortical hyper activaty ather i interval gout or during the attach
Dctulded studies presented below on anc of the pauents found ab-
solutcly unresponsine to imnal doses of ACTH suggested his adrenal
unresponsiveness to anse from chrome undersumulation

From Hume s studies the releise of additional ACTH durning
stress 1s now hnown to depend upon the acun won of an anterior
I pothalimic sceretory center possibly located n the large celled
portion of the praventricular nucler # - This center secretes a neuro
humoral substance which refeases ACTH from the anterior pituitary
Injury to the center abolishes the eostnopentc response to physical
stress or to | epinephrine  Admunistration of standard small doses of
1 cpinephrine may be used to st the integnity of the hypothalamo-
pituitary system controlling ACTH relense  providing the adrenal
corte 1s responsive to ACTH

In cooperation with Robimson studies of responses to 1 epmeph
rime have been performed on colchicimized and on uncolchicimzed
gout pruents Fig 10 summartzes our results in 6 colchicimized gout
patents which do not differ sigmificantly from those obtamed by
Robinson m uncolchicinized patients In both groups the median
response to 1 epinephrine 15 disunctly subnormal and individual re
sults vary from absolute unresponsiveness to an occasionil normal
response

Nature and Locus of Deficient 11 Oxysteroid Regulatnion 1n
Gout
An nterval gout patient ordinarily exhibits no evidence either of
adrenal cortical hyperfunction or hvpofunction However he ex
ubits impaired ability to meet a state of relauve 11 oxysteroid lack
by promptly increasing 11 oxysterod output Metabolically this
disturbance 1s reflected 1n his deficiency in  rebound  after ACTH

cate an mcreased rate of 11 oxysteroid formation as da other

changes 1nd1
s evidence of an

studies ¥ However most indices of adrenal function give httle
mcreased 11 oxysteroid output during acute gouty arthritis Tt 1s possible
that the adrenal cortex is producing sterowds which require withdrawal of
erum ckolesterol but which are not functional 11 oxysteroids
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Table 2

Onskry ATI0NS LnpicaTine 1 osstBur DIFFFRFACES IV PITUITARY ADRENAL
Ryotramon anp IuaeTion v Cout Asp v RHFLMATOID ARTHRITIS

Grut T Rheumatard Arthrites
1.

I

Withdrawal of ACTH

‘ Incites attacks Induces relaps
I B —
| Relieves attacks

| Adminstraton of ACTH Temporary remssion

|
, Fasting hetosis High [at Diet " Incites attacks ; Temporary remission
j N Dol ki
Operations and Sudden Stress I E— Temporary remssion
J
Colchicine® Rehicves attacks  Lattle effect
Hepatins®* Noceet | Temporary remussion
o BT —

The meffectiveness of hepatitis wn gout  and of colchic ne 1n rheumatoid arthons?
suigest that neither agent acts solely by inc easing 11 OS output

Fig 11 summanzes the results of ACTH colchicine treatment 1n
the first 18 attachs A majonty were effectnvely terminated within 12
hours by a single 50 mg dose of ACTH and at least half were over
within 6 hours after the first dose of hormone was gtven An initial
dose smaller than 50 mg appears madvisable because of the number
of indivtduals 1n the gout groups whose adrenals are somewhat sub
normally responsive when imually simulated In 5 attacks a second
50 mg dose was required 6 to 12 hours after the imtial dose while a
thurd dose of 50 mg was required 1n a single attack With one excep
tion no attack lasted more than 24 hours after ACTH administra
tion was begun

Most patients evperience httle chan,e m symptoms for 1 or 2
hours after ACTH 1s given Pain then usually begins to subside and
the recession of discomfort 1s frequently so rapid that patients com
ment with surprise upon theirr mimute to minute 1mprovement In
that minority of patients who require more than one dose of ACTH
this rapid symptomtic improvement may be deferred urnl after the
second dose or until after a third dose of ACTH Except when at
tacks are treated very soon after their onset some residual soreness or
feeling of tenseness usually remains i the previously mvolved jomt
even when mawumal improvement has been attained and palpatory
tenderness has been reduced to less than Grade 1 These abnormal
semations disappear slowly but are generally not sufficiently trouble
some to heep the patient from walking considerable distances Quate
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produces no early evidence of compensatory adrenal cortical hyper
funcuon

This inainhity of the Louty to cope with refative 11 OS fack does
not st from 1drenal corticnl unresponsieness to ACTH Average
response to ACTH 15 to be sure somewhat subnormal but the 1m
pairment s not sufficient to present 1 good therapeutic response when
extriexogenous ACTH 1s given in relatively small amounts The com
mon defcet ppenrs 1o be fulure to release estrn ACTH when the
normally adequate sumulus of 11 OS lich 1s presented Such a dis
turbance might arise aither from a disturb ince in the pituitary atself
or 1n 1ts antenior hy pothalamic control Hume has found that ammals
with lesions of the anterior hypothalimic neurchumoral center mas
exhibut hittle evidence of ACTH Ixck under basal conditions and vet
may be entirely unresponsive to stress This pattern exactly reproduces
the disturbance commonly found 1n patients with chimeal gout Pre
hmmary data obtained by 1 technique which offers some promise of
directly testing the mtegrity of the ntenior hypothalamc center has
suggested that 1 defect in this center may exist in those gout panents
who do not release A\CTH when given | epinephrine

Possible Differences in Prtuitary-adrenal Regulation m Gout
and Rheumatoid Arthrits

In both of the chronic inflammatory rheumanc diseases gout and
rheumatoid arthntis the adrenal cortex fuls to provide the estra
amount of 11 OS necessary to halt the disease promptls One 15 prob
ably not justified m concluding from this superficial smularity that
an 1dentical defect in pitwitary adrenal regulation occurs 1 these
diseases Table 2 summarizes obseryvations which suggest definite dif
ferences to exist n the function and regulition of the hypothalamo
pituitary adrenal system 1n gout 1nd m rheumatoid arthritis

RAPID TREATMENT OF ACUTE GOUTY ARTHRITIS
BY THE CONCURRENT ADMINISTRATION OF
ACTH AND COICHICINE

The tendency of gout attachs relieved by ACTH to return after
hormone withdrawal obviously limuts the use of ACTH as the sole
therapeutic agent for acute gouty arthrius Fortunately the concur
rent use of colchicine appears to overcome this tendency and to permit
full advantage to be taken of the rapid terrmnation of an attack which
ACTH can produce Moreover, the amounts of ACTH ordinarilv
required for this combined treatment of acute gouty arthntis are small
enough to be practicable even under present conditions of hnmted

production
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peted daly unul appearance of the first gastro intestinal symptoms
indicated the presence of full colchiimzation Both oral and intra
venous* routes have been used for colchicimzation Because some
what more colclucine may be tolerated before diarrhoea 1f 1t 1s given
mtravenously this route has been preferred in tre iting attachs which
previously had fuled to respond to a course of oral colchicine Ad
numistration has been withheld for 24 hours 1s soon as colchicine
diarrhoet was noted and then resumed with 2 dose of 1 5 mg /day
If diarrhoen recurred 2 further downward adjustment of dosage was
made However once the maximum dose tolerated datly has been
determined this amount has been given ench day for at least 2 weeks
or unnl 1li residunl soreness has been relieved Matntenance colchs
amzation has often been continued for one or more years without
toxicaty or tolerance developing

No patient who has received combined ACTH colchicine treat
ment for acute gouty arthritis has had even 1 mnor recurrence of the
attach within one month of treatment The concurrent admimstra
tion of ACTH and colchicine appears to be the most rapid and effec
tive treatment now avalable for acute gouty arthnus

EVALUATION OF AN HYPOTHESIS THAT THE
THERAPEUTIC FFFECT OF COLCHICINE IN
GOUT 1S DUE TO THE RELEASE OF ENDOG-

ENOUS ADRENOCORTICOTROPHIN

Hellman® speculated that the action of colchicine 1n gout rmght be
due to release of ACTH from the patient s pituitary because of ob
servations by Selye and Leblond 1 which toxic doses of colehicine
were shown to release ACTH m ammals Actually the dose levels
used 1n these experiments were far bevond those ever employed n the
treatment of gout Such large doses do ehcit the alarm reactuon
but this 15 2 non speafic response which may be evohed by many
toxic agents with no particular value for the treatment of gout

There are clinical objections to an ACTH release hypothesis If 1t
were correct, colchicine should be very useful in the treatment of
rheumatoid arthntis since this disease 15 dramatically relieved by
ACTH Lockie  however found colchicine to have hittle value in
rheumatoid arthritis Moreover if colchicine released ACTH 1n sig
mificant amounts 1t should have been possible rer ularly to precipitate

Colchicn for 1ntra enous adm nistraticn was prepared in 10 mi ampules contain
e 5me ofc Ich ¢ nein aqueous solut on These were made available tt rough the kind
coope atin of D E A Sha p of the Department of CI mical Research Parke Davis and
Company Detroit
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often, patients h e noted the disappearance of pan from jomts which
they previously had not recognized as involved

Changes 1n emononal stite hnve been parucularly interesting
Ihere 1s present during acute gouty arthrius an unpleasnt mental
stute which when fully devddoped appears as 1 charetenste sentable
¢ touctuness  tenseness and depression Our patients and their fam
thes uniformly agree that this disturbance 1n mood appears well be
lore the 2ttick and s not ¢ wsed by the pun of the attack Its onset

AMOUNT OP ACTH REQUIRED TIVS REQUIRED T0 OBTADY
o gmE S we T o i i o
PTCES

{UMBER OP HUMY3ER OF
ATTACKS TATTACES
14 bYy
12 12
10 10
e 8
6 6
4 4
o I 0
0 to 51 to 101 to ! 0 to 12 112 to 24! Above 1
80 mg 100 mg 150 mg hours  hours 24

hours

Yic 11 Results of ACTH colehicine therapy 1n acute gouty arthritts {(No pa
tient recanang AC TH colchicine therapy required retreatment within one
month )

occasionally permits the patient to predict the mmminence of an 1t
tack Tollowing ACTH this mood changes markedls and 1s repliced
by the characteristic extroverted Joviality of mtersal gout The change
may precede accompany or occur somewhat fater than the period
of rapd symptomauc mmprovement in the involved joints The shft
1n mood often 15 appreciated by the patients almost as much s reltef
from the pain of the attack itself

Admimistration of colchicine has been begun simultaneously with
ACTH when metabolic data were not needed or 4 hours after the last
dose of ACTH when metabolic studies were 1n progress On the first
day 20 mg of colchicine has been given and this dose has been re
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tn 24 hour urinary constituents when therapeutic amounts of colch
ane were given Therr results show no appreciible ACTH release by
colchicine and so dispose of a theorcucal possibility that colchicine
mmght cause aslow but persistent release of ACTH from the priwtnry

Certun related vartants of the ACTH release hypothesis have also
been considered Because Busquet © found colchtcine to potentiate both
inhibitory and excitatory circul atory responses to adrenalin an unsuc
cessful attempt has been made to show that colchicine restored ACTH
release after | epinephrine to normal 1 gout patients The possible
effect of colchicine 1n restoring  rebound  after ACTH withdrawal
has been studied I'g 13 shows one of these observations All um
formly indicated no detectable improvement in the rebound defect
to follow colchicine admumistration Tig 14 finally 1s of particular
nterest since 1t indicates that the ume 1t which ACTH release after
colchicine occurs has no necessary relation to the time at which symp
tortic relief occurs

The information now available suggests that therapeutic doses of
colchitine may release small amounts of ACTH 1n man but that this
action 1s evinescent quantitatively ummportant nd incapable of
explaming the therapeutic action of colchicine We do not yet know
how colchicine reheves or prevents acute gouty arthntis

CASY REPORTI SOME EFFECTS OF CHRONIC ACTH
ADMINISTRATION IN A PATIENT WITH TOPHA-~
CEOUS GOUT, FALL HAY FEVER, AND
HYPERSENSITIVITY TO COLCHIQINE

Three gout patients have been studied during the chrome ad
minstration of ACTH The findings were sufficiently instructive m
one of these patients to warrant detailed review

Mr M K was first seen during the fall of 1948 during a severe
polycyclic polyarticular attack of gouty arthritis which for some time
resisted all therapeutic efforts The difficulty appeared largely to arise
from s marhed hypersensitivity to colchicine When tested with oral
colchicine he never tolerated more than 0 38 mg /day for more than
a few days without developing bloody diarrhoea Durning one period,
his chronic oral tolerance was as low as 0 10 mg , day * Daily ntra
venous adnunistration of colchicine was begun early in January 1949
It was found possible to grve him sbghtly Jar,er amounts of colchicine

*The a e age daily oral dose of colch ¢ ne tolerated chromically by patients in our
semes has generally been 13 t0 26 mg /day An oceasional pat ent has had a slightly

lowe tole an e The relation between the total dos_necessary to achieve colchiciization
and the maintenance dose suggests that between 10%, and 20% of the colchicine 1n the
body s exc eted 0 metabolized daily In general both the colchic 1 ne do e and the

maintenance dose apfea more variable than the comparable valu s for d gitalzation and
mawtenance of d gitalizat on
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acute gouty rthritis by first givaing colchicine to anantenval gout pa
uent and then withdr wing 1t This expertment has regularly proven
unsuccessful sn our hands

Noverthdess beeuse of the marked prophylactic potency of col
chicine g unst ACTH withdrawal attacks of icute gouty arthnus
experimental studies of the relerse of ACTH in man by therapeuuc
doses of colchieine were undertihen by Robinson nd s aswociates
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Fxc 12 Although colchicme appears to release ACTH in man the amount t}
ACTH released appears to be quantitatuely wnsignificant (The data shown ¢
from P G anormal adult Similar observationsin P P a gout patient r¢
shownn Fig 4)

and by our group We found that »f ACTH release were Judged by
metabolic and hematological changes there did appear evidence 4 to
6 hours after 1 0 t0 20 myg of colchicine had been given intravenously
that a small nmount of ACTH had been released Fig 12 shows an
expenment 1 which changes produccd by colchicine may be com
pared with those produced by 50 mym of ACTH given later In this
experiment and 1 all othess m our study the 1mount of ACTH re
leased appeared to be relatvely shght (sce also Figs 4, 13 and 14)
Robinson and associates” employed 1 somewhat diffcrent tech
mque They e aluated ACTH release by the magmtude of changes
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Y1c 14 The time at whi h colchicne veleases \CTH may not comade with the
fime at whick 1t produces relief of symptoms (Pauent M K was perrotted to ac
cumulate a colchicine deficit of about 2 5 mg by omission of his daily ration
for some days A mild Grade 1 articular attack began on the morning of the
expeniment 2 0 mg of colct were guven mt) 1y at Hour ¢ Never
theless the attack steadily became more severe until at Hour 19 he found 1t
necessary to use a cane to get about He expenienced sudden relief at Hour 23
and rapidly became pam free Similar delays have been noted previously in
this patient between doses of 1v colchicine and the onset of diarrhoea )

by this route and his attack soon ended He has been maimntained on
mtravenous colchicine given daily or once every two days for the past
10 months During this ume he has had only 2 or 3 minor attacks and
has worked continuously Attempts to transfer him to oral colchicine
led promptls to bloody diarrhoea when a dose 1dentical with that
tolerated intravenously was given If the daily oral dose was reduced
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Tic 13 Colchucne netther restores normal  rebound after ACTH wathdra ol
nor produces ettdence of increased 11 oxysterard prod eren though fulls
prevents the return of acute arthnitis (The data are from S M a prtient with
acute gouty arthriis Colclucine was begun 4 hours after the last dose of
ACTH and conunued 1s a dose lesel of 2 0 mg /day unul the appearance of
diarrhoea on 4/16 It was then onutted for 24 hours and resumed at a Tevel
of 1 5 mg Aday There was stexdy improvement Note the absence of evt
dence of rebound at the tume of full colchicimzation on 4/16 Sumilar
data have been obtained in a2 number of other attachs in other patients

The marked increase in platelet during the admmstration of ACTH rep
resents a previously unreported hinding Through the cooperation of Dr
harl Singer this finding was cheched within a few hours of the ume 1t was
ongmnally noted and was confirmed by both direct and mdirect platelet
counts Since other mvestigators have reported ACTH not to alter platelet
jevels this finding may represent an mdividual vanation in response

We are wdebted to Dr John Marlowe for hus cooperation in referring
this panent for study and for treatment nd to Dr Karl Singer for assistance

1n platelet counts )
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fourth day On a sccond occasion also shown m Fig 15 this expens
ment was repeated with 50 mg doses of ACTH given on 4 successive
days The results were simular A test with 1 epinephnine before his
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F1G 16 Posstble hypoprtustarism wath respect to \C LH i patient M F (The
data show almost complete unresponsiveness to an mtial 25 mg dose of
ACTH with some improvement after 4 davs of administration and markedly
subnormal responsiveness to an tnitial 50 m., dose of A\CTH again with some
mprovement upon repetition Even after the adrenal had been primed to
normal responsiveness (ser Figs 17 and 18) l-epinephrine did not release
ACTH

Imtal unresponsiveness with gradually improving response has been
shown by Forsham and associates! to be a characterisuc of the adrenal cor
tex of panhypopitustarism and 1s believed to indicate an atrophic adrenal
cartex which has been chronically understimulated by ACTH This hinding
therefore has been assumed to show chrome undersecretion of ACTH m
pattent M K Since other data indicatcd relatively normal secretion of
ather putmtary hormones the wnderseeretion of ACTH appeared to be o

elective disturbance Justifying the diagnosis given above )
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to a sub diarrhoed level ominous prodromata of an attack appeared

Iig 15 summarizes Mr M R 's basic chmeal and laboratory
findings Diespite Ius tophnceons gout and history of acute glomerulo
nephnus, his renal function remans virtually intact His findings
typify as pure a form of the metabohe disturbance of gout as we yel
have encountered His averiye serum urate creaumne ratio 1s 10 5
an unusually igh value whieh 15 1dmost double the 1verage normal
In vddition he ilfustrates well the endocrine parado winch led us to
postulate 1 sbuormni androgen in gout ' He has no signs of chmeal
hypogenadism normal musdle m 1ss (cretinine cocfiicient) consider
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I'ic 15 Mr M Kk Tophaceousgout obesity hay fever (°) hypopitunarism
with respect to ACTH

g hus degree of obesity no creannuna and a sperm count of 100
000,000 Nevertheless hus uriniry 17 hetosterod putput has ov eraged
only 166 mg /day a level ordinarty seen only m thyroid pinmtary
or adrenal fulure

From the data of Fig 15 one may wfer that ths pattent s puuetary
must seerete approximately normal amounts of growth hormone thy
rotrophic hormone and folhele stimulating hormone Opportamits to
study lus preuttary adrenal regulation was provided by 2 nuild attachs
of acute gouty arthritis which occurred early m 1949 On the first
occasions he recenved 25 mg of ACTH on cach of 4 successive days
Fig 16 shows the absence of any detectable response on the first day
with gradual improvement to & machedly subnormal response on the
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certain other metabolic funcupns He received 1 total of 900 mg, of
ACTH 1n the first 8 days of the study By the end of this ime  the
topht on lus ears had begun nonceably to disappear (they had never
been lnrge), his sense of well being had greatly ncreased, and his oc
castonal munor arthralgias and joint stffnesses no longer occurred
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Tic 17 The effect of chrontc admmstration of 1D 4CT AR (adsorbed adrenocort:
cotrophin Armour) on differential leukocyte patterns and upon hay fever in patient A R
(All blood counts were performed 24 hours after the last mfection of Adactar
50 mg of this matenal 1 an average normal adult depresses the eosinophul
count to below 209, of the basal value 8 hours followint admmstration and
gives a residual depression of eosmophil count to below 60% of the basal
value 24 hours after myection )
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prolonged course of AGTH was, of course, negative since his unre
sponsive adrend would have mashed any releise of ACTH When
the test was repe ited within a few days after his long course of ACTH
there agun was no evidence of ACTH release

This pauent 1ppears to llustrate a previoush undescribed endo
crine syndrome An absence of adrenal cortical response to imtal
doscs of ACTH with gradually improving response upon repetition
of ACTH administration has been found by Forsham and his as
socttes'® 18 characterize n adrenil which 1s atrophic because of
chronic understimulation by ACTH Such 1 response pattern is typt
cally found in panhy popttuitanism due to chromophobe denoma In
our patient this response pattern suggested chronic undersecretion of
ACTH yet other abservations showed normal secretion of most of
the remaimng pituitiry hormones The tentative endocrine diagnosis
ndicated therefore appeared to be iy popetutarism wath respect to ACTH
Ideally one would wish to prove this diagnosis by demonstrating a
decreased circulrting level of ACTI However a recent report by
Taylor Albert and Spratuce indicates that current methods are not
sufficiently sensiive to detect even normal circulaung A\CTH levels

Since we wished to ohserve the offect of ACTH both upon the
patient s severe hay fever and upon his gout chronic admimsstration
of ACTH was dehberately withheld unul well into the fall hay fever
season He then was recening 750 m, day of PBZ (mpelennamme)
with only mummal symptomatic relief Before the hav fever season
he had a median crreulating cosinophl count of 251 nd this n
creased to 678 during the first month of the hav fever season This
eosinophilia presumably was not due to decreased 11 OS secretion
since 1t was not accompanied by lymphocytosis

Daily administration of 100 mg /day of ADACTAR a long
acting ACTH preparation was begun on September 9 The entire
daily dose was given as a single injection throughout the study except
on September 15 when an additional 100 mg was given a few hours
later As expected from an individual with a chromeally understimu
lated adrenal hus hematological response (Tig 17) was subnormal for
the first 24 hours but had become approumately normal by the end
of 48 hours He required 250 mg of PBZ for rclief of hav fever during
the first 24 hours but has been symptom free and has used no PBZ
since When ACTH was discontinued 1in October the hay fever season
had ended His eosinophilia did not reappear at that time but 1
stead, huis eosinophil count reverted wpprovimately to the level ob

tarmng before the hay fever season
Tig 18 summanizes changes obsersed n purine metaboltsm and m
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During his 1ttack m the Autumn and Winter of 1948-49 his weight
had fallen from 284 to 218 lbs , because of severe anorexia In spite
of repeated 1ttempts on our part to prevent 4 re gan of this weight
he succeeded 1n the first 10 months of 1949 1n reacquiring the entire
66 pounds Because we previously had observed the marked increase
1n appetite usually induced by ACTH  the hormone’s possible effects
on his already huge intake caused concern After the first 8 days of
ACTH however his new sense of well being appeared to give him
the ability and willingness previously lacking to control his appetite
This has persisted to the tme of writing and he has gradually lost
weight
By the end of the imtial 8 day period M K s serum urate had
fallen from 10 8 mg % t0 6 95 mg % a value considerably lower than
any previously observed and almost within our normal upper limit for
adult men Simultaneously however his serum oxypurne level had
nsen to 3 75 mg % 12 times the average normal value The expected
ncreases 1n urine urate ‘creatimine and 1 urate clearance/creatimne
clearance were observed while oxypurine disappeared entirely from
the urine Despite his marhed decrease 1 serum urate concentration
the observed changes n urate clearance/creatimne clearance m unne
inorgame phosphate ‘creatimne and 1 unne potassium/creatinine
were on the whole somewhat smaller than those ordinanly expected
with the dosage of ACTH given It apperared likely that some per
sistent degree of adrenal unresponsiveness was present
A decrease 1 the daily dose of hormone to 50 mg /day on Sep
tember 19 led promptly to a nise 1n serum urate and fall 1n serum
oxypurine Urinary oxypurines once more reappeared The urate
clearance/creatinine clearance ratio fell sharply and the oxypurme
clearance/creatimime clearance ratio rose sharply
On September 29 the daily dose of ACTH was decreased to 25
mg /day An attack of acute gouty arthritis began the following eve-
ning and rapidly reached Grade 2 intensity Since the usual daily
ration of 0 5mg of intravenous colchicine had been continued duning
ACTH admmstration this attack was disturbing for we had come
to rely upon the prophylactic potency of colchicine agamst such
ACTH withdrawal attacks We had however overlooked the absence
of diarrhoea since ACTH had been begun The patient s daily ration
of colchicine was immediately 1ncreased to check the completeness of
s colchicimzation 1t very soon became apparent that at some point
durin, ACTH adrumstration a very marked increase 1n his tolerance
for colchicine had occurred Fig 19 summarizes varations in M K s
tolerance for colecine during 1949 Prror to hus long course of ACTH
is tolerance for intravenous colchicine had averaged 042 & 020
mg /day From October 1 to October 20 he tolerated a total of 24
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Fic 18 The effect of chronec admmastration of 4D ACTAR (adsorbed adrenocorts
colropin rmour) on urate metabolism on ox3furine metabolism and upon polasstum
and mor ame phosphate excretion i patient Af A (We are indebted to Dr
Irving Wolin for referring this patient for study and treatment and for co
operation and adsict on orthopedic problems which arose during the pa
tient s prolonged attach of gouty arthrius in 1)48 )
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of the relatively unresponsi e ndrenals seen 1n other gout patients may
also anse from muld degrees of chromic undersimulation by ACTH

Symptomane rchef afforded by ACTH 1n acute ¢outy arthnius 1p

parently continues to be complete during chronie ACTH administra

tion Our ability 1n 2 patients to confirm the reported duiminution 1n
size of tophi* may 1mply that were sufficient ACTH available much
of the uissue pathology of gout mi ht be reversible If confirmed 1in
other patients the persistent increased tolerance for colchicine shown
by this patient might prove valuable both in the treatment of gout
and for certain other purposes

INABILITY O ACTH FVEN TEMIORARILY 10
RESTORL I URINI METABOLISM IN GOUT
TO NORMAL

A review of the relauonship between serum oy purine levels and
serum urate levels in gout patients has been undertahen to determine
whether a spontancous or ACTH induced decline 1n serum urate level
1s always associated with a marked rise in serum oxypurine level Fig
20 summarizes the mimmum and m1amum oxypurine levels and the
corresponding simultaneously determined urate levels for a group of
9 gout patients Seven of the 9 had supernormal oxypurine levels at
least on one occasion Maximum oxypurine lesels occurred during
chrome ACTH admuimstration in 2 patients and fotllowing single doses
of ACTH 1n 4 additional patients In the remaiming instance a very
lugh serum oxypurine level was notud shortly after recovery from
acute gouty arthritis at a ime when other metabolic critenia suggested
a spontaneous increase 1n endogenous 11 OS secretion

Fig 8 records our observation that serum oxypurine levels tend
to be low 1n untreated gout patients and are on the average somewhat
lower during 1nterval gout than during attachs In 7 of the 9 pauents
shown in Fig 20 serum oxypurine levels of 0 00 mg %, were recorded
at least once usually when urate levels were maximal

By projecting the hines connecting the minimal and maximal oxy
purine values in Fig 20 to the left until the normal range for serum
urate 1s entered 1t 1s apparent that in none of these 9 gout pauents
could 2 normal serum urate level have been attained without ex
tremely high oxypurine levels being produced provided only that the
lLinear relationship shown 1s a correct representation  Actually the
dufficulty 15 even greater for 1n the few patients for whom there are
sufficient observations to permut construction of a detailed curve re
lating serum urate and serum oxypurine the curve shows serum oxy
};lﬁ'me levels to rise with accelerating rapidity as serum urate levels

a

The favorable effects of ACTH 1n gout shown by suppression of
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m, of colchicine or 1 werigeof 1 20my /day appronimatels tice
s mysimum previous tolerance Beginming about October 25 he was
gradually transferred to oral colchicine the transfer being completed
by November 1 During the first week of November he tolerated an
werage of 0 75 mg , dy of colchicine orally and was mamntaned com
pletely on oral colchicine for the first time since July 1948 During the
latter 2 weehs of November he took an awerage of 1 6 mg /day orally
1nd continued sy mptom free

Iwelve hours after the beginmng of the attack of September 30
serum and urine studies uniformly suggested 1 hugher 11 OS Jevel
than did those of September 27 The reason s probabls to be found in

01
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F1c 19 Decrease in bypersensitiesth to colchicine observed in patient \{ & dunin 1k
chronic admumstration of Adactar

the marhed tendency of this particular attack to end spontancously,
for 1t was virtually over within 24 hours of its onset ACTH ws com
pletely withdrawn on Octaber 4 There w1s no recurrence of the at
tich presumably because by this time the patent 2ctually was fully
colchicimzed The serum urate concentration soon rose to above the
pre treatment level while serum oxvpurines disappeared The urate
clearance was low and oxypurine clearance was high relative to cre
atnine clearance Marked lymphocytosis was present These changes
persisted 8 days after ACTH withdrawal indicating that rebound
still was defective

Therapeutic Implications

Syudy of this patient with almost ¢ pure tophaceous gout led toan
apparently new endocrine syndrome hypopituitanism with respect
t: \CTH Finding this endocrine disturbance has suzge ted thatsome
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standing chronic gouty arthnius {ree of arucular symptoms to permmt
their topht gradually to disappe 1r 1nd to bring their serum oxypurine
levels from the low 1nto the normal range In fact such doses of ACTH
seem to return to souty tndividual to a state resemblin,, that which
existed before he developed chmeal gout thatas they restore the state
of asymptomatic inherited hy pcruncemia

Tig 21 shows our hypothetical explanation for the mabtlity of
ACTH to restore purine metabohsm in gout to normal The metabohe
state produced 1n chntical gout by administration chromically of small

1 2
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Erfeer of
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CLINICAL GOUT INTERVAL PHASE | GOUT+LARGE AMOUNTS OF ACTH

Fic 21 dn hypothesis to explain why normal serum urat levels and normal serum
oxypurine levels cannat occur stmultancously in gout patients even when ACTH s
guen

amounts of ACTH 1s shown as resembling that of asymptomatic hy

peruricemia In 3 hyperuricermc relatives of gout patients studied to
date serum oxypurine lesels have been well within the normal range

Admumstration of large amounts of ACTH produces 2 new unphys

tolomical state The actual hypothesis suggests that the gouty andro

fen  produces only an increase in serum urate without a proportion

ate decrease 1n serum oxypurtne If correct purine metabolism in gout
cannot be made normal by ACTH because 11 oxysteroids do not
exactly oppo e the effects of the abnormal androgen on purine me

tabohsm since ACTH produces divergent changes on both usate and
oxypurine levels
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Fic 20 Aormal serum wrate decels and normal serum oxypunine levels apparently can
not occur sunultaneously m gout patients eren when 1CTH 15 guen

acute aud chronic articular symptoms and by softerung of taphi natu
rally favored a first assumption that the sumultaneously oceurring de
crese o serum urite represented a restoration of purine metboliim
to normal Actually howesver this decrease i serum urtte appears to
accompany the production of a new disturbance in purme metabohsm
—normal serum urate with high serum oxypurine—which seems
better tolerated than is gouty hy peruricemsa

The spectacular effects of large chronic doses of ACTH m gout
tend to mash the probable true value which chronic admistration of
relatrvely small doses of ACTH may hase i this disease The gout
patient 18 exceedingly fortunate in that his disea e now has 2 potent
remedies ACTH and colclucine both apparently acung at different
Joa Doses below 25 mg /day of ACTH rpparently arc suffictent
when given with colchicine, to mantamn pattents even with long
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which may be suffictently severe to threaten hife The physician must
also recognize that his patient has lost <ome portion of the normnl
ability to meet that stress promptly

As yet, there 1s no speaific tre wment for such deficient ability to
react promptly to 11 OS lack A rational approach 1s to reduce all
chronic loads upon pituitary adrenal and cardiovascular function In
gout the most common and obyious unnecessary load 1s that of obes
1y The physician may however also play a more active role When
cver 1 stress may be anticipated or when 1t can be recognized while
i progress the patient s defecuve mechamsm for 11 OS mobilization
may temporarily be assisted by admnistranon of exogenous AGTH
or 11 OS

The marked tendency of surgical operations 1nd of acute myo
cardial 1nfarction to precipitite attacks of acute gouty arthritis suggest
these events constitute stresses to which the goutv commonly respond
madequately Acute myocardhal infarction m fict most often term
nates the course of gout Table 3 shows how a history of gout may lead
to the uncovering of a grave and preventable surgical sk The patient
whose data are given in Table 3 had the most unresponsive adrenals
yet found 1n ouar gout group It was not unul he had recerved 125 mg
of ACTH (25 mg day) that a significant hematological response
could be obtained from a final 50 mg dose of ACTH Through similar
studtes and through the prophylactic use of ACTH and 11 oxysteroids
when indicated 1ncreasing understanding of the endocrine disturb
ances 1n gout should lead to increased safety for the gout patient Tor
most gout patients this promses to be a truly unportant outcome of
current ¢ ndocrine studies and one which may equal 1n 1mportance the
improved treatment of the mamiest symptoms of gout

SUMMARY

1 The inherited susceptibihity to gout 1s believed to depend upon
an abnormal adrenocortical androgen which controls the appearance
of mherited hyperuricerua  Androgens generally produce effects on
urate metabolism opposite to those of ACTH or 11 oxysteroids The
abnormal androgen 1s believed to produce androgemc effects on
urate metabolism to a degree which 1s large compared to the masculin
1zation 1t induces

2 Climcal gout appears associated with a second endocnne dis
turbance an impaired ability to respond promptly to 11 oxysteroid
lack by increasing 11 oxysteroid production Instead the lack 1s per
mitted 1o persist and often to precipitate acute gouty arthritis Even
when the attack does oceur 1ts stress seldom leads to early mohliza
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1 or therapeutic purposes, the inability of ACTH to restore punne
mc tabolism o norml 1n gout 18 red wnvely ummportant ACTH can
restore 1 state resembling asvmptom atic thenited hy peruncemia and
s0 far 1s we now hnow this state 1s quite 15 compatible with good
henlth as 1s the posscssion of a normal serum urate level The finding
1s therefore chiefly importint as a reminder that ACTH lach alone
does not constitute gout

TH! GOUT I ATIENT AS AN INDIVIDUAL WITH A
DEIFCTIVL MFCHANISM FOR IMMFDIATE
NON SIFCIFIC RESPONSE TO STRESS

The unfolding pattern of endocrine dysfunction i gout dictates
an unconvenuonally sober view of the couty man His gout attach
appears to be n early warning of 1 sertous glandular disturbance, for
a history of clinical gout marks 2n mdividual as one with 1 deficient
ability to meet relative 11 oxysteroid lach by promptly increastng 1
ovysteroid productton Under minor stresses fatlure to mcrease 1
oxysteroid production may not become apparent The recent trend
n endocrinology has been to emphasize the tendency of even shght
stress to mobilize the piturtary-adrenal mechanism but it must also
be recogmzed that this 1s often 2 biological luxury Ability to deal with
lesser degrees of physical stress does not ordinarily require more than
the basal amounts of 11 oxysteroid * Increased amounts of 11-0%
steroid become a necessity only when stress becomes more severe Un
fortunately the regulatory disturbance 1n gout appears to mvolve the
system necessary for mobilization of immedinte defense against severe
sudden somatic stress Certamly recent observations leave no doubt
as to the wide variety of stresses 1njurtes and diseases against which
11 OS may afford a crnitical degree of protection

This disturbance 1n the endocrine mechamsm for mobilizing not
speaific resistance 15 the real danger to most gout patients Because of
the age group 1n which gout ordinanly 1s seen and because the gouty
appear more than ordinanly susceptible to hypertensive arterioscle
rotic cardiovascular disease the physician who sces a gout patient
Jhould be aware of a very real possibility that his patient will within
2 limited number of vears be forced to meet a stress usually vascular
T Ingle® has shown that adrenalectom: ed ammals ma ntained on a constant da I
dosc of adrenal cortical extract may show quite normal re istance o stresses of deeIﬂ:l
seventy and may unlike untreated adrenalectomized ammals show the usual mcdreﬂ;cn "
mutrogen output of the alarm reaction Nevertheless even ACT treated ammal o
show the ability to withstand maximal stress which 1s found sn normals Apparcntl‘)_' e
when stress passes some critical degree of severity 1s extra 11 oxysteroid necessary for

tained Addison an can
rotecton Chmcally this 1s true as well A well man
:\,’::x&g:;:dpmmor tresses withou an increased requirement for adrenal cortical extract
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therapeutic response to ACTH Presumptive evidence in onc patient
indicated the existence of “hypopituttarism with respect to ACTH
In this patient unresponsiveness to mmtial doses of ACTH appeared
referable to chronie understimulation of the adrenal cortex by the
prtuitary

5 Inaninterval gout patient administration of ACTH followed
by withdrawal precipitates a state of 11 oxysteroid lach which fre
quently provokes 1cute gouty arthritis Admunistration of ACTH will
terminate such a provohed attack or a spontaneous attach dramati
cally Unfortunately attacks so termuinated tend to recur upon hor
mone withdrawal

6 Colchicine when given 1n full doses appears to exert marked
prophylactic potency against ACTH withdrawal attacks of acute
gouty arthritis This has made possible the development of a combined
treatment of acute gouty arthrius m which ACTH 1s employed to
terminate the attick rapidly and colchicme to prevent its return when
ACTH 1s withdrawn Climcal tnal of combined ACTH colchicine
therapy 1 over 20 cases of acute gouty arthritis has shown this ap
proach to provide the most rapid and effective management of acute
episodes now available Inalmo tall cases less than 100 mg of ACTH
need be given

7 Althoush colchicine docs appear to release small amounts of
ACTH in man this action 1s shght evanescent and entirely wmade
quate to explain 1its therapeutic and prophylactic action tn gout

8 The admunistration of ACTH alone cannot restore purine
metabolism to normal even though serum urate levels may be lowered
almost 1nto the normal range by chronic administration of large doses
As serum urate levels fall serum oxypurine levels rise to markedly
supernormal values It appears to be impossible to obtain normal
serum urate and serum oxypurine levels simultaneowly 1n a gout
patient through the use of ACTH

9 In one gout patient an hypersensttvity to colchicine became
much less marked during chrome admnistration of ACTH and did
not recur after hormone withdrawal In the same patient disappear
ance of hay fever and of 1ts associated eosinophilia were observed
within 48 hours after beginning chrome ACTH administration When
ACTH was withdrawn the hiy fever season had ended Following
withdrawal the eosinophul count returned to the values obtaining be
fore the hay fever season rather than to the lagh levels existing at the
start of treatment

10 Chronic admnstration of ACTH has been studied mn 3 pa
tients  Continuous freedom from articular symptoms softening and
decrease 1n size of topht and restoration of serum oxypurine concen
trations to normal may be seen with doses of ACTH which generally
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Table 3

A HisTory oF GOuTy ArturiIs May [apicatr A Poor Streicat Risn  Assotute
UNRFSPONSIVEAFSS TO 50 3¢ OF \CTH v A Patiest with Acute Goun
ARTHRITIS PRECIITATED 1y A Birepine Duoorsat Urcer

{The attach began asit commanls docs bout 1 week after the bleeding episode and
1t the height of h, T as nd; d by reqculocytoss
The 25 mg test dose of AC I'H produced only slight relief of symptoms and owing to
a musunderstanding  no further matenial was gisen The patient s response to re
peated doses of ACTH 1s to be studied 1n the near future }

— —— = _ A -
100449 10 14740 10/24149 i
) 20 MG 1CTH
) OMG_tCTH
] Before After M
| Eosmophils —_ 250 ‘ 260 | 303 | +13%?
{ 1ymphocvies — 116 1278 | 1653 | +30%7
Cranuloevics —_ 4834 3778 674 | 478t
| l
| Serum t rate . o126 107 13 1 99
| Serum Osypurine P — 110 029  000*
Serum Creaunine 12 11 12, 12 ' ‘
i
Unine Urate/Creat - 026 o3 o021 | -3% !
| Urine Oxypurine/C reat 000 000 | 000 ! |
Unine Phosphate/Creat — 030 , 038 ' 042 | +12%
Urine Potassiumy Creat —_ 242 | 180 205  +18% 4‘

Urine Sodim/Creat { i | 095 166 +75%*

i
[ 036 | 02 l —285* |
™ Gt

Curate /Creatinine —_

Starred 1tems show changes suggesting that an actual decrease 1n 11 OS output M3y
have oceurred itlun the few h urs after ACTH was given but none are beyond the pos
sthle hiruts of spontanco < variation

+ Althourh ACTH produces an increased granulocvie count this find ng s non specific
and may not be taken to 1n hcate an adrenal cortical response unless accempanies bv
i or

tion of appreciable 1mounts of extra 11 oxysteroid A metabolic cor
relate of this disturbance 1s the detect of rebound scen when ex0g
enous ACTH 1s withdrawn from gout patients

3 Failure of the gouty to respond to relative 11 ovysterord lach
15 due to f ulure of the prtuitary to release estra ACTH when presented
with a normally adequate stimulus and not to unresponsiveness of the
adrenal cortes to stimulation Preliminary observations suggest the
wltimate locus of this disturbance to be 1n the hy pothalamic control of
prutary ACTH rclease

4 An appreciable proportion of gout patients do show some
quantitative diminution 1 the adrenal cortical response to exogenous
ACTH, although this 1s ordmanily not sufficient to prevent a good
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do not exceed 25 mg, day after the first few days These doses are not
large enough to produce marked lowcring of serum urate levels
Chronic rdmnistration of furly small doses of ACTH together with
full doses of colchcnc appears capable of returnin,, 1 gout patient toa
state of well being much hihe the state of 2sy mptom itic hvperuricemia
which ordinanily precedes the onset of chimeal gout

11 The use of concurrent ACTH colchicine therapy to termmate
acute gouty rthritis and 1 widcr cmployment of the marhed prophy
Iictic potency of colchicine 1ppeir to be pracueal therapeutic
mesures immediitedy pplicble 1o routune problems n gout The
chronic admunistr wion of small daily doses of ACTH with or without
colehicine remuns an experimentil approich which requires much
additonal studs to 1ssess 1ts prease eventual role 1n therapy
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DISCUSSION

DR HUDSON HOAGE AAD I would hike to sk if such a gout pauent as
Mr M K s normally responsive to injection of adrenal corucal
extract?

DR WILLIAM Q WOLFsSON In the case of Mr M KN who was virtually
completely unresponsive to normal initial doses of ACTH, we do
have some information on this point During his extremely severe
polycychic polyarticular attack last Winter we gave him a single
50 ml dose of Wilson aqucous adrenal corncal extract Subjectine
and objective impros ement were apparent within 2 hours and by the
following morming only mnor restdual symptoms remamned Four
hours after the adrenal cortical extract his eosinophil count had de
creased 25%, lymphocyte count was down 30%; and urne urate,
creatimine ratio had increased 249 Solely from these metabohc
changes I do not think one can conclude anvthing definite about s
sensitivity ' What 1s important 1s that a single dose of ACTH which
we now hnow would have hittle effect on an ordmnary patent with
theumatoid arthriis was able temporanly to terminate this severe
gout attack which had been going on for months One must I suspect
conclude that if anything he was normally sensitive or even hy per
sensitive to the sterowds which were in the extract

The further outcome of this experience was disunctly instructive
At that tme we did not know that one must give colchicine to pre
vent the return of attachs reheved by corticonds He continued well for
36 hours and then explosiely developed a most severe polyarticular
attack of gouty arthritis Virtually every joint was involved in both
arms and legs He stopped eating and probably because of the result
g shift to an endogenous high fat diet his serum urate rose to
181 mg ¢, (colorimetric) of which over 90%, was true urate by the
unicase method His serum creatimne at this time was only 110
mg % This gave him a serum urate creatimine ratio of above 16 4
well over 3 times the average normal value and by far the highest
value we ever have seen We frankly were alarmed by this urate level
and decided to give him large amounts ot 20%, glucose intravenously
as suggested by Dr Elmer Bartels The attack however was so severe
that 1t was not until large amounts of narcotics had been given that 1t
was possible to move his arms sufficiently to reach a vem adequate for
the infusion
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Modification of Blood Pressure by Cortisone
and ACTH 1n Normotensives and
Hypertensives

George A Perera
COLUMBIA UNIVERSITY COLLEGE OF PHYSICIANS AND SURGEONS NEW YORK CITY

This 1s not the tme or place to review the relationship of the
adrenal cortex to artenial hypertension except to say that the posst
bility of such a relationship w1s the reason for our interest 1 cortisone
and ACTH

In studies conducted at the Presbyterian Hospital in New York
we were able to demonstrate a decrease in the  resting  blood pressure
1 3 of 4 uncomplicated hy pertensive subjects following the continued
administration of an adrenal cortical extract Furthermore, i other
hypertensive patients the simultaneous use of this extract appeared t0
block the pressor effect of desoxycorticosterone acetate We were
therefore anxious to determine whether cortisone might depress the
arterial tension

Observations have now been made in 4 patients with hypertensive
vascular disease one of whom was also a diabetic and one patient
with Addison’s disease (dm 7 Med 7 56 [July] 1949) All studes
were undertaken after a suitable baselme all subjects were on an ab
solutely constant dietary and flud intake and resting ’ blood pres
sures were measured each morning by the same observer—the lowest
readings of at least 7 determnations tken at 13 minute intervals with
the subject lying quiet and relaxed 1 bed Cortisone was given ntra
muscularly i the acetate form usually 1 doses of 20 mgs every 6
hours for 8 days

Small changes 1n  resting  blood pressure were apparent in all
patients These however were consistently greater than those ob
served 1 our clnic 1 control hypertensives treated with placebos or
for similar pertods of tme In the hypertensive pauents the arterial
tension declimed-—generally after the pertod of reatment sometimes

84
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during treatment This effect w s not related to changes 1n plasma
volume

In contrast, m the pauent with adrenal cortical msufficiency
muntuned on constant amounts of salt and desoxycorticosterone the
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bload pressure rose more than would be expected on the basis of <alt
and water retention alone This has been seen 1 adrenalectoruzed
antmals by Guadino and recently by knowlton and her group at our
institution The difference in response of the Addisoman patient and
the delayed cffects on resting blood pressure n all patients umply
that corusone has no direct humoral action Furthermore the daffer

enre i the Addisonian 1nd the hypertensis es suggests that cortisone
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requires the presence of intact drenls for 1ts depressor effect and may
¢t 15 1 pressor 1gent in the absence of the adrenals

We have obsened the effects of ACTH on ‘resting  blood pressure
in 13 patients These included a few of our hy pertensives also patients
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Fic 2 ACTH 1n hypertensive vascular disease

with rheumatoid arthritis and related disorders (being studied by
Dr Charles Ragan) in whom we were permitted to mahe our own
observations

A nisc 1n blood pressure was nated 1n the great majonty (Fig 1)
The mcrease was not only a sequel to the disappearance of fever as
many werc afebrile The increase 1 blood pressure was not purely a
function of dosage which varied from 15 to 50 mgs of ACTH every 6
hours The absence of consistent changes in pulse and the failure of the
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blood pressure to drop after benzodioxane administration make 1t un
likely that the rise in tension s related to an ncrease n circulting
epinephrine or norepinephrin Nor do we believe that the plasma
volume 15 responsible  Although direct determinations with T 1824
often indicated a rise secondary to hemodilution of 100 to as much as
800 cc 1n one subject the blood pressure could not be correlated
with these changes and 1ndeed rose sharply in a few individuals who
falled to display sigmificant fluid retention hemodilution or weight
gamn

Thus far we have msufficient datt on cardiac output alterations
and these have been confused further by the presence of fever in some
patients prior to ACTH therapy Serial ballistocardiograms indicated
an increase 1 cardiac output n one patient a dechne mn another—
both of whom exhibited hy pertension produced by ACTH It remamns
10 be determined but tt 1s within the realms of possibility that at least
a part of the actuon of ACTH 1s due to the release of pressor steroids
from the adrenal cortex

A final word of warming one patient with uncomplicated hvper
tensive vascular disense was given 100 mgs a day of ACTH for a
period of 9 days (Tig 2) On the eighth and ninth day of treatment
at the point of greatest blood pressure ncrease she developed a severe
headache mental confusion anoresia and sheht nausea There was
mimmal nuchal rigidity These cleared promptly when the drug was
discontinued The danwers of hypertensive encephalopathy of changes
secondary to excessive hy pertension or fluid retention must be hept in
mund

DISCUSSION

There was no discussion on this paper
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requires the presence of int it adrenals for 1ts depressor effect and mav
act 1s 1 pressor agent 1n the 1bsence of the adrenals

We haveobsered the effeets of ACTH on “resting blood pressure
n 13 patients These included a few of our hypertensives also patients
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Tte 2 ACTH 1n hypertensive vascular disease

with rheumatoid arthritis and related disorders (being studied by
Dr Charles Ragan) in whom we were permutted to make our own
observations

A rise 1n blood pressure was noted i the great majority (Fig 1)
The ncrease was not only a sequel to the disappearance of fever a
many were afebrile The mcrease i blood pressure was not purely a
function of dosage, which varied from 15 to 50 mgs of AGTH cvery 6
hours T he absence of consistent changes m pulse and the failure of the
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only under nacrobne conditions Under acrobic condruons they are
actually inactinated by their ussues of ongin
Tahle 1
FORMATION a\D INACTI ATION OF L ASOTROPIC PRINCIILES BY \ORMAL
Lner anp Rioney
1 Hepatr Vacodepresss (3 DALY
InO ven Is Nitroen
VDM Formauon Y +
-

DM Inactnation 0
2 Renal ¥ aso-Excitor (8 EM)

V EM Formation o +

VFM Inacuvauon - o

These vasoactive principles act on the metarterioles and pre-
captllary sphincters of the terminal va cular bed The renal factor
VEM leads to 1 hy perreactive state of these muscular vessels 1s ev1
denced by therr increased responaiveness to epmephrine and increased
vasomoton favenng the constrictor at the cxpemse of the dilator
phase The hepatic vasodepressor VDV has exactly opposite actions
on these <ame vessels

In the normal animal and man neither principle is present in the
carculation tn amounts detectable by our present methods of assay *
Followng the induction of hy pertension by ether the application of
Goldblatt clamps to the renal arteries or cappmg of the hidnevs a
stniking alteration occurs 1n the metabohsm of both V ENf and VDM *
The hadney exhibits a metabolic defect as a result of which VEM now
appears 1 oxvgen as well as in nitrogen  The abthiy to resmct VEM
formation to the anaerobic state 1 lost As a result durmg the stage of
acute hypertension \ EM appears 1n the bleod 1n increasing amounts
There 15 a parallel appearance of mcreasing amounts of hepanc
VDM which attamns concentrations equal o the VEM at the ume
when the blood pressure assumes the chronic hy pertensive level This
release of VDM by the hinver 1s due to a homeostauc respon ¢ of this
orzan to the increased humoral content of ¥ ENM

Several other specific alteranons related to these hepatorenal
mechamsms occur 1 the dev elopment of the renal hypertensive
syndrome Durning the acute stage the reacunity of the mesentenc
vessels to the topical application of epmephrine becomes sigmficantly
enhanced to return to normal dunng the chronic stage of the svn
drome ¢ There 15 Iihewnse an enhanced response of the mesenteric
‘essels to the intravenous administration of VEN Finally a very
stnhing hyperpla 1a of the termunal vascular bed of the mesenter
Proaressively des elops © This mesentenc hyperplasi is also seen m rats
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Relation of the Adrenals to Alterations in the
Renal VEM Mechanisms in Experimental
Hypertension *

Bemamin W Zweifach and Ephraim Shorr

THE NEW YORK HOSPITAL AND CORNELL UNIVERSITY MEDICAL COLLEGE
NEW YORK CITY

The evaluation of the role of the adrenal cortex n hyper
tension rematns 1 problem of mayor importance It has recently gruned
additional urgency from the occasional development of hypertenson
1 the course of therapy with ACTH or cortisone The relationship of
this type of hypertenston to essential hypertension 11 man 1s now &
matter of active mvestigition it a number of laboratories These
studies may be expected to provide valuable informauon which will
bear directly on the problem of whether essential hy pertension 1n man
15 due to a primary defect in adrenal cortical function or whether the
adrenal cortex 1s merely an essential element 1n a chain of events re
sponsible for hy pertension

In view ot the multiplicsty of hypertensise states the soundness of
this evaluation will be dependent upon the availability of specific
criter1 1 upon which such an assessment can be made

1t 15 our purpose to describe experiments which have been con
ducted 1n our laboratory over the past several years and which hwe
revealed specific defects i a newly described hepatorenal circulators
homeostitic mechamsm which are characteristic of experimental renal
hypertension and essential hypertension 1n man These studies have
established the ewistence of a hitherto unsuspected circulatory homeo
static system! concerned with the regulation of the terminal vascular
bed This system conaists of an hepatic vasodepressor which we have
termed VDM and identified as ferriin and a renal vasoexcitor
VEM In the normal liver and kidney these principles appear m zitro
¥ The work described has been aided by Grants from The, Josmll: :\1acy Jr Foindation

EliTally & Company and the Un ted States P bl ¢ Health'Se
288
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Table ?

DEeTerIORATION 0F V¥ LM Yorane Mectanist 1v Rionevs oF
ADRENALECTOMIZED RATS
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Table 3

VEM ForMaTION By Kipney oF ADRENsLeCTanzen | ats Recernne Dirrsrent
SurpoRTIVE THERAPY

{YEM quantitated on basts of duration of eff ¢t in rat m>so appendix test 4 =
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T DCt ){ \icl 4 D1
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Nitro en o o R T
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Our next concern was to mvestugate the possible beating of these
phenomena on the failure of adrenalectomized ammals to sustun
hyp¢ rtenyion followmg constriction of the renal artertes or capping of
the kidneys These studies were carried out on rats and confirmed
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with spontancous hypertension and hence may be considered a s
mificant and specific index fivorable to 2 similanty between essent
and renal hypertension in the rat

Experiments m humin essenttal hy pertension have not been.
complete 1s those in amimals laching the m wtro studies on the rolate
kidney nd hiver but the findings in the periphera! blood as well as|

’

Norm 1 re 1t J3ch me € re lat
A botanced) A et ma

perem ¢ rc laton
) s it )

Tig 1 Digrimmauc representation of the alterations n the termin
vascular bed which are associated with the predommance of either VEM
VDM 1n the blood stream Dunin, \ LM predomnance the normally 1
termttent circulation through the endothehal capillares 1s repliced L
capillary sschemia resulting from the predommance of the constrictor pha
of vasomoation at the precapiiliry sphincters The hy peremic circulation Wil
an overall eapallary flow during VDM predommance  results from depre
sion of vasomotion favoring the dilatation of the precaptllary sphincters

renal vein 1nd hepatic vein blood are 1dentical 1n every respect t
those we have just desenibed for expertmental renal hy pertension
The relation of these changes 1n the hepatorenal mechanisms
the function of the 2drenal cortex his been nvestigated i dogs b
bits and rats the most extensive studses being on the rat and particula
emphasts being given to the renal VEM system 8 These studies b2y
revealed the dependence of the renal VEM mechanmsms on th
adrenal cortex and its hormones Following adrenalectomy there 1s
rapid detenioration of the renal VEM system 15 a result of which th
kudney can no longer form this principle This defect persists U
adrenalectomized rats supported by salt alone Supportive ther 1p
with DCA or DCA and salt or with adrenal cortical extract and salt
preserses the renal VEM mcchanism The adrenalectormzed amma
also exhibits a progressive loss of the responsiveness of the termina
T ety arae admimetration of VEM
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i utro on either anaerobie or aerobic incubntion productng instcad 1n
many mstinces a vwodepressor principle The capped kidneys of the
hypertensive ammnals with mtact adrenals regularly exhibited both
acrobic and anncrobic VEM formation

Table 4
Deteroration o L TM Forune Meciansy is CariFo Rioveys of
AURENALFCTOMIZFD RATS

(VEM quantitated on basis of epinephrine response in rat meso-appendix test
=15—-25mn +++ = >25mn)
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T oy PN e Sl P
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The ammals with intact adrenals exhmbited the previously de-
scribed hypersensitivity to epinephrine  This was absent in the
adrenalectormzed group The enhanced reactivity to the intrayvenous
mjection of VEM of the mesenteric arterioles observed in the hyper
tensive ammal was absent i those in which the adrenals had been
removed Finally the mesenteric hyperplasta so revularly seen 1n the
renal hypertensive rat was absent or 11 the ad 1 i
group and those changes which did occur arose during the brief
hypertensive period between the removal of the first and second
adrenal and did not progress thereafter

It would seem permussible to infer from these observations that a
very specific set of metabohic and vascular phenomena relating to the
renal VEM mechamsmm both m the normal and hypertensive state 1s
dependent upon the ntegrity of the adrenal cortex These findings
however cannot be used as a basis for resolving the question s to
whether the adrenal plays a primary role in hypertension Neserthe
less their ocrurrence in ammals and man 1n both experimental renal
and spontaneous hypertension suggests that they may be used as
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Metabolic and Humoral Altepations in Hepato Renal
Vasotropic Tactors in Renat Hypertension
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Tic 2 Scmdiagrammatic representation of the alterations m the VEM
and VDM mechamsms in experimental renal hypertension 1n the dog 1\0‘;‘
the onset of VEM formation by the clamped hidney 1n onygen which leads
to the ppearance of VEM predominance 1n blood during the 1cute stage
of hypertension The neutral blood assays which are usual during the fhl;olnlrtl:
stage of hypertension are duc to the parallel appearance of hepatic VDM 1
amounts which neutralize the effect of \ EM n the rat mesoappendix test
The presence of VDM 1n bloods contamming both VEM and VDM 1s dem
onstrated by nactivating VEM by aerobic incubation with normal hidnes
slices a procedure which unmashs the ¥ DM present

previous observations that hypertension does not occur under these
conditions fter bilateral adrenalectomy * The blood pressure cou{:t
of parallel series of normal and adrenalectormzed anmmals with mzl
lateral hidney ¢1ps was followed for about 3 months and demcmstr'll
the abihity of the adrenalectommized salt supported rat to clJ)C\c cllg
hypertension The several criteria which we have described ad o1 c;,]\
be rcgularly present the hypertensive antmal with mtactla }rcn y
then € d The adrenal d capped ammals s! n)\\iI
:::T/EM in the arculation Their hidneys fatled to produce VED
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m 11tro on either Anaerobne or nerobic incubation producing instead 1n
many nstances 1 vasodepressor principle The capped hidneys of the
hypertensine ammils with intact adrenals regularly exhibited both
aerobic 1nd annerobic VEM formation

Table 4

DeverioraTion oF VEN Torsune Mecnianmsy v CapiFp Ripaevs of
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The ammals with intact adrenals exhbited the previously de
seribed hypersensitivity to epinephrine This was absent 1n the
adrenalectomized group The enhanced reactivity to the mtravenous
inyection of VEM of the mesenteric arterioles observed in the hyper
tenstve animal was absent 1n those 1 which the adrenals had been
removed Fmally the mesenteric hyperplasia so regularly seen in the
renal hypertensive rat was absent or minimal in the adrenalectormzed
group and those changes which did occur arose during the brief
hypertensive pertod between the removal of the first and second
adrenal and did not progress thereafter

It would seem permussible to infer from these observations that a
very specific set of bolic and lar ph. relating to the
renal VEM mechanism both 1n the normal and hypertensive state 1s
dependent upon the integrity of the adrenal cortex These findings
however cannot be used as a basis for resolving the question as 1o
whether the adrenal plays a primary role in hy pertension Neverthe
less their occurrence 1n animals and man in both experimental renal
and spontancous hypertension suggests that they may be used as
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criter11 to evaluite the nature of the hy pertension induced by ACTH
cortisone  desovycorticosterone and other adrenal hormones
Preliminary expeniments (unpublished dat) utihzing these cn
teria hnve been ¢wrnied out on rats made hypertensive with desoyy
corucosterone acctate following the studies of Selye and his asson

REACTIVITY OF MESENTERIC VESSELS
NORMAL AND HYPERTENSIVE RATS
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Fic 3 Alterations duning the evolution of the hypertensive syndrome 12
rats of the reactivits of the terminal mesenteric vessels to the topical applica
tion of epinephrine

2tes 19 Elevations in blood pressure were ichteved from the averige
normal 1 our rats of 100-110 mm Hg to hypertensive levels usually
petweer 150-200 mm and most frequently between 170-180 mm
The duration of treatment with 5 to 10 mg of DCA dailv ranged from
45 t0 63 days In a number of ammals a unilateral nephrectomy was
carried out to exaggerate the hypertension The DCA nduced hyper

tension was unassociated with any alterations 1n the vasotropic mecha

misms such as those we had regularly observed in renal hypertension

or essential hypertension 1n man There was no VEM formation by
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THRESHOLD RESPONSE OF MESENTERIC ARTERIOLES
TO EPINEPHRINE

ADRENALS INTACT BILATERAL ADRENALECTOMY
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Fic 4 Companson of the reactivity of the mesenteric termnal vascular
bed of rats to the topical application of epmephrine i animals with kidney
<aps as modified by bilateral adr

the kidneys of these ammals 1 oxygen No VEM could be detected n
the blood There was no increased responstveness of the mesenteric
vessels to epinephrine or to the intravenous injection of VEM and no
hyperplasia of the mesenteric capillary bed The absence of these
phenomena would suggest that the DCA hypertension i rats differs
bavcally from experimental renal hypertension and essential hy per
tension in man In our strain of ammals no penarteritis nodosa was
abserved These experiments are being extended with the uthzation
©of DCA 1n pellet form as most recently recommended by Selye

We are now engaged in sumilar studics on the effects of ACTH and
cortisone 1n both ammals and man utthzing these various criteria 10
©valuate the relation of the hypertensive states caused by these

hormones to expernimental renal hypertension and essential hyper
tension sn man
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crnitenia to evalu ate the nature of the hy pertension induced by ACTH
corusone desoxycorticosterone 1nd other adrenal hormones
Preliminary experiments (unpublished data) utihzing these en
teria have been carried out on rats made hypertensne with desons
corucosterone acetate following the studies of Selve and his ascon

REACTIVITY OF MESENTERIC VESSELS
NORMAL AND HYPERTENSIVE RATS
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Fic 3 Alterattons durmyg the esolution of the hy pertensts € sy ndrome )t
rats of the reactnvity of the terminal mesenteric vessels to the topical applica
ton of epmephnne

ates 1 Elevations m blood pressure were achieved from the avera.t

pormal 1n our rats of 100- 110 mm Hg to hy pertensne levels usualhy
between 130~200 mm and most frequently between 170-180 mm
The duration of treatment with 5 to 10 mg of DCA daih ranged from
45 10 63 davs In a number of 1mmals a umlateral nephrectomy was
carried out to exaggerate the hy pertension The DCA mnduced hyper

tension was unassoctated with any alterations 1o the vasotropic mecha

msms such as those we had regularly observed 1n renal hypertension

or essential hypertension i man  There was no \ EM formatnion by
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Studies on the Influence of Adrenocorticotrophin
i Acute Nephrnitis, 1n Simple Nephrosis
and in Nephrosis with Azotemia

Edith B Farnsworth
NORTHWESTERN UNIVERSITY MEDICAL SCHOOt CHICAGO

TART1 ACUTE NE> HRITIS

Two cases of acute nephritis were obsersed during treatment
with ACTH (Armour) The first patent R L was a 12 year old
gurl in whom a severe acute nephritis had persisted unabated for 6
weeks Fig 1 gives the system of admimistration  the blood urea and
cholesterol bath of which decreased during adminstration escaped
after discontinuation and again decreased when the medication was
restarted The urtne color changed from dark red to straw colored on
the sixth hospital day The blood pressure (Fig 2) rose in the first few
days of treatment and one reading of 220,136 was recorded The
urine protein also rose at first After this response however the blood
pressure came down under treatment and tended fo rise when treat
ment was suspended Persisting signs and symptoms at time of dis
charge were (1) a dimmshed but sull present albumnura (2)
moderate elevation of blood cholesterol and (3) shght elevation of
diastolic blood pressure The attempt was made to carry the patient
with one ijection daily of 25 mgms of ACTH under which svstem
the discharge condition has been fairly well muntained  the patient
13 gaimng weight and 1s attending school

The second case C H 1s that of a 5 year old girl presenting a
rather classic acute nephrits of several weeks duration In this pa
tient also the smoky urine turned straw colored on the sicth day of
treatment the blood urea came down to normal limts (Fig 3)
escaped during discontinuation of treatment and decreased again on
the second course

In both of these patents notwithstanding \CTH in sufficient
quantity to suppress the eosinophul count edema did not appear and
changes 1 body weight were mconspicuous

207
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DISCUSSION

DR R A GLEGHORN I want to say just one word I have had the OP‘
portumty of investigatung adrenalec d ammals d b
small amounts of hormone and they show a hypo responsivity 10 a
variety of drugs including epinephrine barium chlonde and pitressit
These ammals were not 1n adrenal msufficiency

DR J s L BROWAE I would like to ash Dr Shorr how long he man
tained the hypertension with DCA?

DR EPHRAIMSHORR DCA was given 1n doses of 5 to 10 mg for from 43
to 63 days Hypertensie blood pressures were usually noted approt
matelv 2 weeks after the injections were begun
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PART I1 NEPHROSIS WITH CHRONIC NEPHRITIS

The first case 1n the chronic seres 1 that of a 26 year old male 1n
whom marked albuminuria was discovered 1 1945 In October of
1948 he was hospitahzed with severe hypertension uremia massive
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PART I1 NLIHROSIS WITH CHRONIC NEPHRITIS

The first ease in the chronic serics 13 that of a 26 year old male 1n
whom marked albuminuria was discovered in 1945 In Qctober of
1948 he was hospitalized with scvere hypertension uremta massive
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edema convulsions and pipilledema Dcterminatons of renal filtra
non rate by Mannutol resulted 1n an average of 8 ec/min, and by
cndogenous creattmine 15 cc/min He recened ACTH (Armour)
25 mgms twice weekly from March 11 untl June 19 when he was
hospitalized for mtensive treatment and studies Fig 4 shows the blood
urea and cholesterol throughout the course Fig 5 shows the body
weight and the blood pressure The weight increased somewhat dur
g wWdministranon  diuresss began several days after discontinuation
and became profound at which point the blood pressure lowered and
stabihzed positive nitrogen balance became established (Fig 6) and
the plasma protems rose to normal The carbon dioxtde combining
power also rose as did the serum calcium (Fig 7) and the inorgamic
phosphate declined from a peah of 13 4 mgms on March 25 t0 3 8 on
August 4 The patient was given a NaCl intake of 300 mgms and the
24 hour output 1n mlliequivalents of Na K Cl and P are repre
sented on the same graph Here also the follow up management has
been a problem, and periods of daily 25 mgm injections have been
employed as well as an interval system of 100 mgms 1n divided doses
covering one day every weeh In this case also the condition on dis
charge has been fairly well mamtained
The second case was a man of approximately the same age group
who had come under our observation a year ago 1s an example of un
complicated nephrosis, with perfect renal function and normal blood
pressure Dunng the year from May of 1948 unul May of 1949 s
renal filtration rate was found to decrease by around 509, and the
diastohc blood pressure to rise moderately Moderate azotemia de
veloped He was hospitalized on July 17 placed on 700 mgm salt
ntahe and treated with ACTH according to the mdications on Fig 8
On each course of treatment the excretion of sodium and chlonde
was promptly suppressed the urine volume decreased and the body
weight rose The excretion of potassium (Fig 8) tended to increase
shightly The effect upon phosphate was neglgible After discontinua
tion of the medication diurests occurred accompanied by a sharp drop
mn body weight and a rise in eosinophils After the third course the
patient lost approximately 30 Ibs 1n 5 days The output of sodium
tended to exceed that of chloride during the dwretic mterval The
nitrogen balance (Fig 9) which became markedly neganve after two
days on ACTH shifted to the positive several days after withdrawal
‘The addition of Perandren 25 mgms daily during the third course of
ACTH appeared to shove the balance 1n the positive direction Dur
ing the 30 days which followed the massis e diuresis the urinary protein
dimimshed to 0 5-1 5 grams daily while the blood proteins built up to
nearly normal levels Contrary to the foregoing history the blood
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Fic 5 A D BP and weight during mten ive therapy

pressure tended to mse during this period and the pulse rate to ac
celerate (Fig 10) The basal rate was found to be —4

PART 111

The next 3 cases are clasufied as the nephrotic syndrome un
complicated The first (M D) 1s a 3 year old girl whose treatment
weight curve urinary proten and blood cholesterol and protems are
~esented on Fig 11 along with the eosinophil counts Note that
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Fic 12 B C Na and Cl excretion and weight curves during several types
of diuresis

The blood urea came down to normal lumts and the blood proteins
approached normal concentration Both of these pitients underwent a
massive diuresss of water and salt after withdrawal of ACTH 1n which
the sodium excretion tended to exceed the chloride

Results 1n the uncomphcated nephrotic syndrome were more
variable One patient underwent diuresis during the third course of
ACTH and the blood chemustry reverted to normal within 2 weeks
The second patient demoustrated 2 types of diuresis the one pre
sumably referable to pitwitrin the other to ACTH Improvement 1n
blood cholesterol and protemns and urinary protein loss followed treat
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druresss faled to occur during or after 2 courses of ACTH although the
cosinophul count was significantly reduced  After a profound duuresis
which took pliwce during the third course of therapy the blood
cholesterol came down raprdly to normal ind the blood pratewns rose
The only residual mamfestation of her disease which remained at the
tum¢ of discharge from the hospita! was 1 trace of protein in the urine

The second case 123 year old girl who presented a typreal picture
of nephrosts with amenorrher llustrates several diuretc situations
(Lig 12) In January after 2 days treatment she had a copious al
most salt free diuresis followed by 2 second phase of ncreasing salt
cxeretion In Mav after a longer course of therapy she threw off a
large tmount of socitum chloride after withdrawal In September the
shght diuresss which occurred was only the posterior pitwtary type
and was unaccompamed by sodium drurests Tig 13 shows her hospital
course 1n May during which she lost approvimately 24 pounds the
blood cholesterol and urine protein dechined and the plasma proteins
mounted On July 26 all follow up therapy was discontinued By
\ugust 17 the cholesterol had risen to 740 mgms edema had re
appeared and the incidence of an upper respiratorsy nfection resulted
1n complete relapse

The third case (J McL ) was a 36 year old male with anasarc,
ascites albuminuna  hy poprotememia 1nd hypercholesterolemia of
long standing  His electrolyte output weight curve nitrogen balance
and cosinophil counts are given 1n Fig 14 This patient was note
worthy for certain eunuchoid characteristics of skin and hair and for
his refractormess to ACTH as 1t was employed Four courses were
given with the usual response reflected 1n eostnophil count and mitro
gen balance A meager increase in sodium chloride and water €¥
cretion followcd the third course with 1 loss of around 12 pounds 11
body weight but the diuresis was quite inadequate

SUMMARY

The wflimmatorv signs associated with acute nephritis subsided
the azoterma disappeared and proteinuria dimmnshed or dlsappearﬂd
Blood pressure dechned under ACTH and escaped during with
drawal

In one casc of advanced chronic nephritis the blood pressure was
consistently reduced after ACTH druresis and has remarned at the
lower level from mid July until the present At the last reading 1t was
138/84 The blood urea shifted from 69 to 21 mgms phosphate from
105 to 4 9, calcium from 7 3 10 9 6 albummn from 1 3 to 46

In a less advanced case of chromc nephritis the blood pressure ms]c
after ACTH dwresis and has tended to remain at the hgher leve
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we have regularly observed an inabilits of the hidney to form the renal
vasoenettor VEAL This property 1s restored by treatment with
desoxy corticosterone acetate We have also shown by experiments in
adrenalectomzed amimals that the integnty of the renal VENM mecha
nism 1s dependent upon 1drenal cortical activaty as I havejust pointed
out 1n my presentation before this group

The possibality therefore exsts that the action of ACTH in c1u ing
diurests mn the climeal conditions ju t descnibed by Dr Farnsworth
may result from a sumulation of adren il cortical activity and the con
sequent reparr of an meffectne renal V EM mechanmsm The mecha
msm mght then release \ ENI into the blood stream to counteract the
antidwrenc effects of N DA This mference 15 now under imvestiga
tion

DR ROGER & LEWIS Insiew of the improvement when the A\CTH was
discontinued 1 wonder 1f 1mbody has had amv expenence with
cortisone and would venture 1n opinion 1s to whether cortisone would
show an effect on withdrawal rther than when 1t was being gnen®

DR WALTER BaUkR Has amone here had amv ewpenence with
cortisone m treatment of these 1drenal diseases?

DR GEORGE W THORN There was a marked sodium diuresis lasting
3davs and a depressed 17 hetosteroid excretion suggesting a transiton
inhibition of the patient s adrenal cortex

bR s specror {Unnersin Hosprtals of Cleveland and Western Re

serve Umversitv Vedical School) Ve have been interested 1n the use
of ACTH n children with nephrosis showing very mimmal signs of
nephnitis To date we have treated 1 panent a > year old wiite child

who had hus nephrosss for a period of 21 2 vears Duning that period hi
albuminuna was constant and he hid varvin, degrees of edema and
ascites In the 8 months preceding therapy with ACTH the edem:
and ascites were marhed and the child required an abdominal para

centesis frequently

During the control pertod his eosinophil count ranged between
600 and 1 000 cells per cubic millimeter He excreted approumately
274 grams of afbumin datly His total blood protein was 3 grams @
of which 12 was albumin Blood cholesterol measured 600 mih
grams %,

With the institution ot Armour ACTH 1t a dosage of 10 milly
grams g 6 h the first change was a marked fall in the eosinophil count
to approximately 60 cells per cubic mullimeter This eosinopenia per
sisted throughout the 10 day perod of therapy The uric acd
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ment with ACTH and relapse occurred several wechs after with
drawal of medication Regular menses had been reestablished and
were agun suspended A third patient proved almost refractory to
treatment by ACTH although the ususl drop in eostnophil count was
obtained

In no instance did the costnophil count fail to drop to zero or ap-
proximately zero even though clectrolytc and other responses were
vanable

Potsstum duresis was shight or absent in all cases

Glycosuria was observed at times 1n 2 children  Serum glucose was
frequently determined on all adults under intensive study Only 3
oceasions were noted 1n which the blood sugar exceeded 100 mgms %

The blood cholesterol was substantially reduced 1n all examples of
each syndrome and 1t tended to rise when therapy was discontinued

DISCUSSION

DR WwiLLIAM wALLACE (House of the Good Samaritan Boston) We
have treated so far 2 patients with subacute nephritis with the nephrotic
picture Both children have shown marked eosinophul response One
child showed no diuresis at all The second child duresed the day fol
lowing the second course of 5day ACTH admumstranon The
electrolyte pattern of the diuresis was that as though an ultrafiltrate
was being lost We could find no evidence of excess chlornide appear
mng

DR EPHRAIM SHORR | am tempted to speculate about the possxblc
relation of these phenomena to the renil and hepatic principles
VFM and VDM with which our laboratory has been concerned The
hepatic prmaple VDM which we have 1dentified as fernitin has been
found 1n our laboratory (Bacz Mazur and Shorr Federation Proc, 7 5
1948 and 8 7, 1949) to exert a profound antidhuretic effect in ammals
We have also observed that VDM 1s regularly present in considerable
amounts 1n all states of oligunia which we have so far studied These
mclude decompensated hepatic errrhosis, simple nephrosis nephrosis
with chronic nephritis and congestive heart failure with edema This
principle 1s present not only m blood but 1n edema flmd as well In
hypertension 1n both ammals and man VDM 1s present in blood bu;
along with 1t are physiologically equivalent amounts of the rcna{
vasoexcitor, VEM Hypertensive patients with both VEM and VDM

present the blood exhibit no antidiuretic phenomena hence we 1

fer that the ‘mndmr;%c I;}ﬂ'ccts of VDM are counteracted by the con

of
Curli:‘::}?:;xslcxgcxfutrltxcnal cirrhosis 1 rats, due to low protemn diets
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weighing 58 lbs The accumulation of edema continued .o that 3
weehs following her discharge from the hospital she weighed 84 lbs

S S—a 313 year old qurl with the nephrotic syndrome of 10 months
duration She was admutted to the hospital weaghing 45 Ibs At the
onset of her iliness 10 months before she had weighed approximately
30 lbs She was extremely edematous had proteinuna with no ewn1
dences of glomerular damage or loss of renal function The serum pro
teins werce low and the cholesterol elevated Her blood pressure and
heart were normal ACTH (Armour) was admimstered for 13 days in
the following amounts

st to 9th days 50 mg daily

10th dav 2> mg
11th day 50 m,
12th day 65 mg
13th day 80 m,

The ACTH was discontinued because of tachycardia Diurests
began on the tenth day of ACTH therapy and continued after 1t was
discontinued In a 10-day period (from the onset of diuresis) there was
complete loss of edema the weight falling from 47 Ibs to 29 Ibs The
child was discharged from the hospital 2 days later weighing 30 lbs
At home for a 10 day pertod her edema reaccumulated to a body
weight of 38 Ibs ACTH (Armour) was again given for 19 days (80 mg
daily) There were no apparent signs of toxicity  After the fifth day of
ACTH therapy diurests began and continued for 12 days her werght
declining from 4034 lbs to 29 lbs On small single daily doses of
ACTH (10 to 12 5mg datly) there has been a slow increase in weight
Of great interest were the increasc 1 serum proteins and return of the
blood cholesterol to normal values Proteinuria continued

Summarizing the sigmficant findings in these two nephrotic pa
tients

1 ACTH (Armour) induces diwress with loss of edema This
effect 1s temporary and disappears some davs ifter the withdrawal of
ACTH

2 Elevated NPN dechnes to normal levels

3 Elevated blood cholesterol is depressed to normal levels

4 The serum protein concentration ncreases

DR EDITH B FARNSWORTH By way of conclusion of course I dont
believe 1t 15 necessary to explamn that we are not offering these as ex
amples of cures We are attacking i this field a very complicated
metabolic problem and with very primutive criterta to guide our at
tack

However I do believe that these data justify us in considering a
more fundamental etiology to the disease than we had hitherto
thought
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creatimne ratio which was hugh iminally increased only shghdy The
lirst urinary change which was noted was an imtial increase in the al
burminuria The next change occurred on the sixth day of treatment
1nd was that of 1 fall in the albuminuna to { 72 grams per 24 hours
On the sixth d1y urinary output rose 1s did the sodium and chlonde
output Both reached 1 peak on the eighth day - At that tume potassium
output was increased although the concentration remamed un
chinged Between the sixth and tenth day of thernpy, the child lost 4
kilos almost 25%, of fus body weight, and his urine became albumta
free Following the complction of therapy there was a rapid rise
blood albumin over the next 4 days 10 a level of 3 4 grams % and a
marked fall 1n cholesterol to 180 milligrams %, His eostnopenia al
though less marhed persisted

The child has now been followed for 1lmost 6 weeks since treat
ment has been stopped 1nd despite one respiratory mfection he has
remaned free of edem= ind tree of albumunuria

DR MILTON RAPOPORT (The Children s Hospital of Philadelphia) We
have administered ACTH (Armour) to 2 children with the nephrotic
syndrome at The Children s Hospital of Philadelphta 1nd feel that
our abservations incomplete as they 1re may be of unterest

C M —a 7 year old girl wath the nephrotic syndrome of 4 years duralion
On admussion to the hospital 8/5/49, she was grotesquely edematous
weighing 9514 lbs Two months before she had weighed 58 Ibs She
had hypertension (BP 140/108) poor renal function, azotema
hypoproteitemia hy percholesterolemia and protemuria AGTH was
given for 12 days as follows

1st day 20 mg
2nd 3rd 4th days 30 mg
5th day 50 mg
G6th 7th 8th 9th 10th days 60 mg
11th and 12th days 80 mg

and was discontinued because she developed signs of cardiac farlure
(extra systoles cardiac dilatation and tachycardia)

On the eighth day of ACTH (Armour) admmstration there was
an apprecmble mcrease 1n unnary output so that her weight gmdually
decreased to 91 Ibs on the day ACTH was discontinued Tremendous
diurests continued, so that 10 days after ACTH therapy was stopped
her edema had entirely disappeared and her weight had fallen to 54
lbs (a loss of 41 1bs) Other findings of note were a decline in serum
nonprotemn mirogen (NPN) from 47 mg /100 cc to 24 mg /100 cc
and 1 serum cholesterol from 992 mg /100 cc  to 464 mg /100 cc
Serum proteins were unchanged and the protemnuria continued at the

at
blood pressure was unchanged Four days after
<ame level Her blood pressure was 1 e T b tal

)
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In the G patients with lymphomatous tumors there was 1 dr
matic and progressine decrease in the size of enlarged lymph nodes and
of enlir,ed spleens during administration of ACTH or cortisone ace
tate Definite involution of lymphoid masses ws first apparent after 3
days of administering ACTH and after 6 days of giving cortisone 1ce
tate In the 2 patients with carcinoma there w15 no obvious chnge in
the climical course of the disease during or after giving ACTH

Of the 6 lymphomatous panents studied 2 patents (lvmpho
sarcoma {Fig 1] and lmphatic leukemit {Figs 2 and 31} have shown

Tic 1 (a % b) Follicular lymphosarcoma 100 mgs of ACTH daly
for 10 days

no evidence of regrowth of abnormal masses within a period of 10
weeks of observation since ACTH was disconunued In the patient
with Hodglun s disease  enlargement of lymph nodes occurred within
6 weeks after stopping ACTH although other lymph nodes which
had previously disappeared have not reippeared during 10 weeks of
observation One patient with lymphatic leubemia showed no obvious
regrowth of lymph nodes for 1 period of 6 weeks after stopping
cortisone acetate During the subsequent 4 weeks however markerbl
enfargement of lymph nodes ind enlar..ement of the splcen occurred

Ths patient 1s recening ACTH at the present ume and involution of
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Regression of Lymphoid Tumors in Man
Induced by ACTH and Cortisone*

O H Pearson L P Ehel and Rulon W Raowson

DIVISION OF CLINICAL INVESTIGATION OF THE SLOAN KETTERING INSTITUTE AND
THE DEPARTMENT OF MEDICINE MEMORIAL HOSPITAL NEW YORK CITY

This study was undertahen to determine whether the rate of

growth of various types of neoplastic tissue would be aliered by m
creasing adrenal cortical function Adrenal cortical hyperfunction as
manifested 1n patients with Cushing s syndrome 1s associated with 2
loss of body protoplasm Albright! has interpreted this to be the result
of an inability to synthesize uissue rather than an increased rate of
ussue destruction Patients with mahgnant lymphoid tumors were
selected for study because of the observation of Dougherts and White
that increased adrenal cortical function 1n ammals resulted 1n an in
volution of normal lymphoid tissues and of Heilman and Kendall®
that administration of Compound L resulted m regression of a Iy mph
oid tumor 1n mice Studies of Dobriner and his colleagues* * ¢ on the
excretion of urinary steroids in patwents with cancer meluding ymph
oid neoplasms have revealed changes indicatnve of altered adrenal
cortical function 1nd these findings suggested that admimstratian of
adrenal cortical steroids or stimulation of adrenal cortical function by
ACTH mught influence the course of the neoplastic disease

Climical and metabolic observations were made on 8 patients with
neoplastic disease to whom adrenocorticotrophic hormone (ACTH,
or cortisone acetate was admmistered Seven patients recery ed ACTH
(Armour) of whom 3 had chrome lymphatic leuhama 1nd 1 cach
had follicular lymphosarcoma Hodghin s disease carcinoma of the
prostate and metastatic carcinoma of the breast One patient with
chronic lymphatic leuhemra recenved cortisone acetate ACTH and
cortisone acetate were administered 1n 1 dosage of 100 to 200 mgm
daily n 4 divided doses for periods of 18 to 30 days

¢ supported by grants from th U & 1ubl ¢ Healtt Service the
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ACTH was stopped This patient also manifested an tncrease m the
growth of facial hair, but no other signs of virthsm were noted In one
patient with lymphatc leuhemin a first attack of gout appeared 2
weeks after discontinming ACTH

in the 4 patients with lymphatc leuherma there was a marhed rise
in the white blood cell count during the experimental pertods The
nitial white counts ranged from 250 000 to 750,000 with approxi
mately 98% mature lymphocytes The white counts reached a peak
After 1bout 12 days of ACTH or cortisone acettte administration rang

Fic 5 (a & b) Same patient as m Fig 2

ng from 500 000 to 1 250 000 with no change 1n the differential count
During the remainder of the experimental period the white counts re

ceded toward the imitral level When ACTH or cortisone acetate were
discontinued there was a progressive fall m the white count to below
the 1ninal level 1n all cases varying from 60 000 to 500 000 In none
of the patients who received ACTH was there a marhed change 1n the
red blood cell count or hemoglobin level during the period of study

In the patient who received cortisone acetate there was progressive
fall 1n the red count and hemoglobin throughout the period of study

and he required transfusions 3 weeks after cortisone acetate was dis

continued
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hymphod masses and splcen have occurred for 1 sccond tme One
patient with lymphate jeuhemia showed rapid enlargement of mph
nodes and spleen within 1 few days fter stopping ACTH After an
inters 1l of 10 weeks hie 15 2t present receving cortisone acetate and
involution of Iy mphowd misses has wgawn occurred Thus patient will
be discussed 10 more detad fater One patient with fymphatc len
hemit died 2 weeks after stopping ACTH af intercurrent mfection
themorrhagie chicken pox and bronchopne umoma) In tins patient
one lymph node enlarged riprdhy within the first weel after stoppn,

ACTH

er,

X

te 2 (a & b) Chronic lymphatic feuhemsa 100 mgs of ACTH daily
for 18 days

None of this group of patents was criticaiiv 11t at the tume these
stuches were started Al of these patients noted an increasing sense o
well bemg during the first 2 weeks of admuustration of ACTH or
cortssone acetite together with an mcreasc 1 appetitc which de
veloped during the fisst weeh In 3 panents hunger became a magor
complaint After 2 weths all of the patients noted muscular we thness
which varied from muld to severe in degree During the expermt ntal
all of the panents retmned flwd and dev eloped pcnpheml
edema Within 24 to 48 hours after discontinnng the hormoues 2
marhed duuresis occurred nd the perspheral edema rapidly dlsapd
peared In one female patient a severe wencfurm cruption devciope
on the face, arms and trunh which persisted for several weehs after

penod
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In the patients who recened ACTH, there was generally a de
crease i the serum chloride and potassium levels and a nise 1o the
serum pH and bicarbonate In 3 patients the serum potassium fell to
abnormal levels and charactenistic electrocardiographic changes of
potassium dcfiaat developed The muscular weakness noted by these
patients was probably rclated to the clectrolyte disturbances ® In all
of the patients recenving ACTH there was a fall 1n the total serum
protemns during the expentmentil period In most of these patients
there was 1 tendency for the scrum phosphorus to fall and for the
fasting, blood sugar to rise while ACTH was being gnen Glycosunia
did not appear 1n any of these patients There was 2 shght decrease in
the total serum cholesterol and in the cholesterol ester fraction 4
patients in whom these measurements were made

During the experimentl period 1ll panents exhibited a negitne
potissium phosphorus nitrogen and calcium balance and a positive
sodium and chloride balance In the 6 patients with lymphomatous
lestons the excretion of phosphorus during the admimstration of
ACTH or cortisont acetate was greater than the phosphorus excre
tion calculated from the actual nitrogen and calcrum excretion usmg
the accepted ratios for N to P 1n protoplasm and Ca to P 1n bore ©
Chermical analys:s of fat free muscle and tumor ussue from 3 patients
(2 with lymphatic leukerma and one with follicular Iymphosarcomﬂ)
revealed 2 9 times as much phosphorus per umt of nitrogen 1n tumor
uissue as 1 muscle ussue These data provide evidence that tumor
ussue was actually destroyed in this group of patients (Figs 4 5 6 7)

In one patient with lymphatc leuhemia the dietary mtahe was
doubled after 18 d1ys of ACTH admimistration and ACTH was con
tinued for an additional 12 days This increase in diet was assoctated
with a sudden shift from a negative to a postive mitrogen balance
When ACTH was stopped there was a rapid 1ncrease n the size of the
tymphoid masses as well as the spleen in this patient This data ind
cates that the metabolic response mnduced by ACTH may be altered
by the dietary intake and appears analogous to the results of simlar
experiments by Ingle’ in rats

Steroid studies on these patients were carrted out by Dr Dobriner
and his colleagues and were discussed by Dr Dobriner yesterday

The excretion of ketosterords and reducing steroids was increased
1n all patients during the admimstration of ACTH There was con
siderable ndividual varration in the extent of this sterord increise and
1n 2 patients a sigmficant incrcase was observed only after the dosage
of ACTH was 1ncreased from 100 to 200 mgm per day -

Histological examination of lymph nodes before and atter ACT!
ortisone acetatc was made 1n 2 pattents with lymphatic leukerma

ore with follicular lymphosarcoma There was 1o

and in 1 patient
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tion, interpretation, and presentation of data pertammng to
metabolic balances natably those of caleium, phosphorus, and
mtrogen j Chn Endocrinol , 5 367-395 1945

7 Ingle D J Some studtes on the role of the adrenal cortex mn
organic metabolism Ann New Zork Acad Sc 50 576-595, 1949

DISCUSSION

DR HARRY SHWACHMAN We are treating 2 patients with acute lvm
phatic leuherma n childhood with ACTH They 1ire both being given
the material at the present frme <o 1t 13 too early to draw conclusions
but so far we have noted a marked diminution 1n the size of the spleen
n one patient a decrease 1n the number of blast cells in the peripheral
blood from about 40% down to about 8% and also a concomitant
ncrease 1n the percentage of mature neutrophils with a strmulanon
of the erythropotetic tissue, so that we have a rise of the reticulocytes
to about 199, with a marhed increase in the number of nucleated red
cells in the peripheral blood

I wonder 1if anyone has observed this erythropotetic sumulaton
m the use of ACTH?

DR O H P£ARSON We have 2 patients in whom there seems to have
been an increase mn red blood cell count and hemoglobin level I
didn t want to discuss 1t because 1t 1s detail but there his been a
definite rise in 2 patients which looks suggestive of improved ery
thropoietic activity

DR ROBERI KLEIN I can verfy that In the newborn child when given
whole adrenal extract the number of nucleated red cells increases
dramatically We believe that this 1s the common mechanism mn new

born diseases

PR JaMES J sMitH I would like to ask Dr Pearson if he has noticed
any changes 1n head hair distribution followmng ACTH The pictures
of the individual who was given at full length seemed to me to show a
diminution of head hair I wonder if that 1s merely photography?

DR 0 H pEARsON We had one girl who developed this severe acne
and mcrease 1n facial hatr The hair on the top of her head 1s falling
out It s not a localized alopecta but a localized faliing of hawr Tt
looks as though she 15 developing a temporary receding hair line

voice Wil you say something about the changes 1n bone marrow?

DR 0 1 PEARSON There were no changes in the bone marrow we are
talking about
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definite chinge in the histologien! prcture of the nodes 1n the patients
with leukemin In the lymph node obtamed from the patent with
lymphosarcoma following, ACTH admimstration there was a disap
pearnnce of germunal centres and a decrease m cellularity

In none of the pauents studied has a complete clinical remssion of
the distase been obtained These obscrvations were designed to be
short term metabolic studies to determme whether alteration m
adrenzl cortic it function would iffect the rate of growth of tumors
Although no obvious chinical response was observed 1n the 2 patients
with carcinoma 1t cannot be concluded that ACTH administration
was entirely without effect on the growth of these tumors since assess
ment of tumor growth in these patients could only be made by
direct means The possible role of ACTH and cortisone acetate as
therapeutic agents in patients with lymphomatous tumors has not
been estabhshed by these studies It remarns to be determned whether
complete chinieal remissions can be obtamed by more prolonged ad
munistration of these hormones Tt 15 of interest that 2 patients with
lymphatic leuhemia have shown a second response to the admanstra
tion of ACTH or cortisone acetate indicating that tumor resistance
has not yet developed to these ents
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The Effect of ACTH in Acute Leukemia
in Childhood*

Sidney Farber Harry Shwachman Rudolf Toch, Virgima Down
ing B Hughes Kennedy John Hyde

BOSTON CHILDREN S HOSPITAL HARVARD MEDICAL SCHOOL D ta from the Tume
Chemotherapy Sect on of the Boston Ch Id en s Hospital

A boy 5% years of age whose symptoms began in January

of 1949 with pallor and poor appetite was admtted on February 27,
1949 to the Children s Medical Center with a white count of 4200
55% of which were blast forms The bone marrow contatmed 98%
blast forms

Between February 27, 1949 and October 11 1949 treatment I
cluded folic actd antagonists which did not produce a remission

At the ime ACTH was begun on October 11, 1949 the chuld was
1 complete relapse

October 11, 1949 Started on ACTH, Lot #H3706 50 mg datly
Weight at that ime 3314 pounds Hepatosplenomegaly of 2 and 7 cm
respectively Some bleeding from his mouth Poor appetite Pain 10
arms and legs Hemoglobin 79 gm, white count 5500 with 52%
blasts platelets 21 000, eosinophils 33 per cu mm Blood sedimenta
tion rate 30 mm per hour, Wintrobe method Eosinophils dropped to
11 per cu mm by the following day Bone marrow showed 53%
blasts and 10%, erythroid cells ACTH continued until October 20
1949 a total of 500 mg intramuscularly (Fig 1) Weight at the end of
that period was 37 pounds Some obvious evidence of ascites was
present but there was also some definite tissue gamm Whate count had
been essentially the same during that period but there had been 2
moderate drop m blasts Two days after cessation of therapy blasts
numbered only 4% Platelets had risen to a masimum of 118 000 but
dropped to 52 000 on the day after cessation of therapy Reuculocylleés
reached 19 29, Eosmophils varied between 0 and 11, and rose to
on the day after trentment was stopped Blood sedimentation rate

Post-conference follow up of acute leukemua case presented at conference
3
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Effect of ACTH in Certain Types of Malignancy

S G Taylor ill and Roger S Morris Jr
PRESBYTERIAN HOSPITAL AND UNIVERSITY OF HUINOIS MEDICAL SCHOOL CHICAGO

ACTH h1 been wdnumistered to the following patients with
mahignant discse

Adr anced carcinoma of the bre st with

metastases 2 cases
Aycosis funzodes 1 case
Carcinomn of the trche 1 case
Fuwine s tumor 1 case

Of the two pauents with carcinoma of the breast one appears
chinically to show 1n acceleriuon of the disease The other panent
experienced a prompt reduction of fever heabing of 2 carcinomatous
ulcer and temporary improsement in appente However palpable
nodes incret ¢d 1n size and tter 10 davs of chmcal improvement her
condition worsened ripidly At autopsy neither case showed any evt
dence of regression of tumor

A 61 yer old man with a squimous cell carcinom of the trachen
which had been treated with irradittion and repeatcd bronchoscopic
resections for 6 vears developed evere respiratons obstruction re
quring by weekly bronchoscopic intervention to mamntamn an ade
quite urw . He was treated with radon  eed implintation mtrogen
mustard and further roentgen ray therapy  Three weeks after the last
of these forms of therapy there had been no mmprovement ACTH
w1s msututed  An arrwav has been mamntuned adequately without
further broncho copie ntersenuon for 12 weeks duning which tume
he has recenned ACTH Healing occurred at the site of the lesion The
patient developed fat pads and ficies suggestine of Cushing s s\n
drome This regres.ed tollowing reduction of the dose \letabolic
effects are shown in Fig 1

A\ 16 vear old bov who has Ewing s tumor with extensine metas
tases has shown remission of fever some relief of pain freedom from
nausen and vomting marked increase 1n appetite necrosis and some
regression of metstases ind marhed myelotd and erythrod sumula

331
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dropped to 0 corrected Wintrobe method Temperature was normal
There was no further bleeding The hemoglobin had nisen spontane
ously to 10 gm A bone marrow aspiration done at the conclusion of
therapy showcd 37% blasts 1nd 33%, erythrod activaty Nine days
after therapy stopped on October 29 the child weighed 42 pounds
The splecn w1s now 1 cm below the costal margin and the liver was
no longer palpable The child was eating ravenously and fechng ex
ceedingly well

Nov 4 1949 The child weighs 43 pounds There 1s no longer any
evidence of 1scites Appeute continues to be excellent

Nov 7 1949 Bone marrow aspirition was repeated, showing
definste evidence of remussion The child had 1 wlte count of 5709
Reticulocytes 4%, Platelets on November 2 were 66 000 Blood sedt
mentation rate however had risen to 22 mm per hour corrected
Wintrobe method

Nov 16 1949 Continues i excellent chnical condition Physical
exarunation shows no abnormalits Hemoglobin and red count
normal (136 gm and 3 9 muthon) Platclets on November 9 were
235 000 and today are 126 000 White count today 5,500 Differential
count was normal

Dec 30 1949 The boy 1s sull chimeally and hematologically 1
TCMISSION
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catatoria 1n another Regression of these symptoms promptly followed
reduction of dose

In no patient with the exception of the one with mycosis fungordes
can any regression of the discase be attributed to ACTH alone

DISCUSSION

DR CHARLES D BONNER We treated 2 patients one a 19 year old man
with Hodglkin s disease and a sccond who was a 58 year old man with
neurogenic sarcoma of the kidney with metastases to the liver

First the Hodghin s disease patient had been treated for several
vears with nitrogen mustards and his last recurrence was several
months ago He was left with cerebellar findings of nystagmus and
ataxia He was not able to walk alone and was not able to read a
newspaper Following some local % ray therapy to the ccrebellum he
did gct to the point where he could read large headhines 1n the news
Ppaper and his condition became stationary for a long period of time

We gave him 50 mgs a day of ACTH (Armour) and continued for
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tion durmg 21 days of ACTH therapy An unusually large urmoary
mitrogen excretion has occurred as demonstrated by g 2

No evaluauon of the ACTH on the tumor can be made

Marhed climcal improvement has occurred 1n a patient wi
tensive mycosts fungoides of 6 years duration She has been gnen
2,462 mg of ACTH over a period of 27 days No new iesions have ap
peared Epithchzation of the old lesions has occurred and 18 stall n
progress Itching previously only partally controlled by heavy sed?
tion disappeared after 4 days of trcatment Histologically the disease
15 still present and ctive

Fig 3 shows the metabolic changes

In four of the patients treated, unusual mental symptoms de
veloped These conststed of a hypomamac state in two, a p1ran0‘d
h disorientation 1n one and a schizoxd reaction with

th ex

reaction wit
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1 sull 2m not quite sure whether the drop 1n requirement for narcotics
was due to the AGTH During his psychotic episodes he believed that
his pain was due to gas and that by menns of rectal tubes he could
control his patn A small rectal tube gave relief for 2 hours a muddle
sized tube for 3 hours and a big one for 5 hours

DR ARTHUR ] MERRILL I would like to ask if there 1s any possible re
lationship of these mental symptoms to potassium dcficiency We
have seen the same thing occur n patents with renal disease with
potassium deficiency

DR WALTER BAUER [ would hate to hazard a guess in that regard 1
don t think 1t 1s quite necessary or quite that simple I don t know how
Dr Thorn and some of the others feel about 1t I think that would be
making 1t a httle too simple from the observations that we and others
have made because certamnly you cant correlate dramatic states
which we have seen with that 1n all instances

DR § G TAYLOR In Serum potassium did not drop in this patient
but she had had a very heavy potassium excrenon and sodium re
tention Potassium was administered but no improvement occurred 1n
the mental status

DR FREDERIC C BARTTER We have been looking for an index of
changes in tumor tissue as opposed to other types of tissue 1n meta
bolic experiments We thought that 1n a patient with very extensive
bone metastases from a carcinoma of the breast the calcium excretion
mght provide such an imndex 1if the metastases were caused to di
minish 1n size more calcium should go mto bones and less be ex
creted

Fig 4 shows the effects of ACTH on Ca (and N P and k)
metabohism 1n such a patient Note that the extremely high urinary
Ca {from 560 to 800 mgm a day) was brought down to the normal
range with ACTH and that 1t remaimned low throughout the ¢ xper1
ment

We are by no means ready to say that this was due to regression
of tumor tissue However this patient did have an external ophthal
moplegia on the right which mmproved distinctly and almost disap
peared on ACTH and eventually she was autopsied and 1t was shown
that the ophthalmoplegia was due to tumor tissue 1n the meninges 1n
the night superior orbital fissure

DR 5 6 TAYLOR Our breast cancer cases were both very far advanced
One had metastases in the liver and the other had extensive metastases
throughout the lung the brain and the abdomen



334 CLIMCAL 4CTH COMNFEREANCF

100

50
2
s %
2 %0
550 =
& Lotgssum
= ol N S—_—
= 100

50

0

50

o
g 3[
© 6
5200[ ACTH liot 5022)

0 h———
= Cantrol |
—— T
1 2z 3 4 5 6 7 8 9 W0 H

CASE#2 3 day Pertods

Ic 3

30 days All we can say 1s that by the end of that tme starting at
about the second week he was 1ble to read fine print i the news
paper but he sull wasn t able to walk any better There was no re
gression of the size of lus spleen but immediately following the course
of ACTH he was relapsin, into another acute phase of Hodghn's
disease

As far as the neurogentc sarcoma of the hidney 15 concerned this
patient hnd a massive hard nodular hver with positive biopsy He
was requinng large amounts of demerol for severe pam All we can
say agawn 1s that requirements for narcotics dropped but about the
tenth day he had 1 marked paranoid rc iction which remamed even

after the drug was withdrawn
He had recenved 100 mgs ACTH (Armour) a day for 30 days and
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[ sult am not quite sure whether the drop 10 requirement for narcoties
was due to the ACTH During his psvchoue eprsodes he believed that
his pun was due to gas and that by means of rectal tubes be could
control his pain A small rectal tube gave rehef for 2 hours a middte
sized tube for 3 hours and a big one for > hours

DR ARTHLR J MERRWLL [ would lthe 1o ask if these 13 amy posatble re
fanonstup of these mental ssmptoms 1o potassium deficiency  We
hase seen the same thing occur in passents wath renal disease with
potassium defictency

DR WALTER BAUER [ would hate to hazard a guess in that regard 1
don tthinh 1t 1s quite necessan or quite that ssmple I don thnow how
Dr Thorn and some of the others feel about 1 [ think that would be
making 1t 2 httle too sunple from the observations that we and others
hane made because certainly vou cant correlate dramance states
which we have seen with that n all spstances

DR S G TAYLOR i1 Serum potasstum did not drop i this patient
but she had had a venv heavy potassium excrenen and sadtum re
tention Potassiurn was adrmimstered but no impros ement occurred in
the mentat status

DR FREDERIC ¢ BARTTER We have been locking for an mndex of
changes i tumor ussue as opposed (o other fy pes of ussue mn meta
bolic experiments We thought that m a patient with very extensne
bone metastases from a carcinoma of the breast the caleium exeretion
mught provide such an mdex f the metastases were caused to dr
mumish m size more calewm should go 1nto bones and fess be ex
ereted

Fig 4 shows the effcets of ACTH on Ca (and N P and R)
metabolism in such a panent “ote that the extremely high unnare
Ca {from 60 to 800 mgm a day} was brought down to the normal
range with ACTH and that it remained low throughout the expert
ment

We are by no means ready 10 say that this was due to regression
of tumor uissue However this pauent did have an external ophthal
moplegia on the night which xmproved disunctly and almost disap-
peared on ACTH and eventually she was autopsied and 1t was shown
that the ophthalmoplegia was due 10 tumor tissue 10 the menmnges
the night supenor ortntal fissure

DR 35 G Tavrar Our breast cancer cases were both very far advanced
One had metastases in the finer and the ather had extensi e metastases
throughout the lung the brain and the abdomen
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The use of ACTH 1n further mvestigation 1n carctnoma of the
breast should be tried 1n patients 1n whom the disease 13 not so tar
advanced These were very late cases One patient was nearly mon
bund
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Changes Produced by the Admimistration of
ACTH and Cortisone 1n Rheumatoid
Arthritis

W S Clark Marian W Ropes and Walter Baver
MASSACHUSETTS GENERAL HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON

Ta date we have treated only 4 piuents with rheumatoid

arthritis

The first patient recerved cortisone for 12 days during which time
detailed metabolic studies ind other obsersations were made

The second patient has been on the metabolic ward the past year
While on a constant regime he has received testosterone cortisone
desoxycorticosterone glucoside  desoxycorticosterone glucoside and
cortisone and ACTH The detuled acid base balance studies done
during these months will be reported by Dr Ropes when Dr Sprague s
findings are discussed

The third patient 15 being studied on one of the medical wards In
this mstance we shall attempt to determine the effect of ACTH ther
apy on the mflammatory process the synovitis We obtained a gen
erous biopsy from the left knee prior to wstitutine therapy and will do
a second biopsy on the same articulation when the hnee has returned
to normal or a stationary state as Jjudged by palpation and repeated
synovial flud analyses

The fourth patient 15 suffering from rheumatoid arthntis and
severe exfoliative psoniasis She has been good enough to permut daily
skin biopsies—a total of 15 have been done thus far Though the
erythema and scaling have dununi hed, no demonstrable histological
alterations have been observed during the first 12 days of therapy

I shall make no attempt to give a word description of what hap
pens to patients with rheurnatoid arthritis when receiving erther
cortisone or ACTH as this has already been done 1n 2 most master
ful manner by our friend Phil Hench and has been depicted 1n a most
striking manner by his movies

The effect of cortisone and ACTH on the climcal manifestations

337
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of rheumntoid arthritis has been essentially the same in each of the
patients we have treated Iig 1 depicts the effect of ACTH 1n doses
of 100 mgm per day on cach of the articular manifestations of patient
M M It will be noted that the improvement observed during the 8
days of therapy persisted for an additional 24 hours Following the
completion of the metabolic study the only medication the patient
recenved was aspirin

g 2 shows the effcet of cortisone desoxycorticosterone glucoside
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cortisone and desoxycorticosteronc glucoside and ACTH on the seds
mentation rate hemoglobin  eosnophul count composite clmtcal
mamfestations synovial flind (total leuhocyte count neutrophil count
and viscosity) 17 Ketosteroid 1nd 11 oxysteroid excretion of patient
M M The changes which took place during each therapeutic period
are readily apparent The observed clinical improvement was ap
proximately of the same magnitude 1 each instance except for the
very questionable effect dunng the admimistrauon of desoxycortt
costerone glucoside The yraph following the ACTH treatment period
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should be pushed to the right one day because the rebound did not
take place unul the second day post therapy

Shght synowial flud changes occurred during each treatment
peniod These were slight as compared to those observed 1n pauent
Ja

In patient M M heat pain perception levels were measured by
Dr W P Chapman during the tme between the periods of treatment
with desoxycorticosterone glucoside cortisone and desovycortico
terone glucoside and with ACTH The heat levels causing pain are
expressed 1n gm cal ysec /am  the mean value for each test beiny
represented by the black dot and the range jor that test by the cpe:
curcles During or for the two days following treatment with all three
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agents there was a greater vanabihty in the amount of heat causing
pamn Elevations mn the threshold levels were more striking than de

creases 1n these levels The magnitude of these changes was somewhat
less than that obtamed with known analgesic agents as shown at the
right of the figure Studies are now 1n progress to determune whether
the vartations 1n the heat pamn threshold can be consistently obtained
in conjunction with steroid therapy and whether these changes are
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sufficiently pronounced to help explain the effects of these agents on
climcal pain

In Fig 4 are recorded some of the observations made on the n
dividual on whom we did the biopsy of the knee It will be noted that
her rheumatord arthnus was relatively stationary unul treatment was
started It was necessary to go as huigh as 200 mgm of ACTH per day
gefore obtaining the desired effect on the clinical manifestations of her

sease

Dunine the third week of treatment, the patient began to exhibit
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leatures not unhihe those seen 1 Cushing s discase harsutism aene
moon fice and hinally imenorrhea

The alterations which took place i the synovial fluid were strik
g The imual flud had a celt count of 10,200 4155 polymorpho
nuclears 2 lower synovial fluid sugar than the serum and a viscosity
of only 20 With treatment the sugar returned to normal, the cell
count fell to 150 the polymorphonuclear count was normal, and the
viscostty had risen to 301 The mucin preapitated normally Un
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s
fortunately the amount of fluid obtunable was too small to enable u
6 deternune 1ts mucin content

Fig 5 shows the effect of ACTH admimstration on four Of[[thrcx
serum electrolytes The rise n CO  was not accompanied by alfz;cc:d
S

the serum potassium as 15 usually the case The other findn,
not comment on d

In Fig 6 are listed the other studies that were done onJ A ﬂ;‘l
the other theumatoid arthritics There was only a slight effect on t2¢
glucose tolerance curse the same was true of the wsulin (olef":jm:
test There were no sigmficant changes 1n any of the tests recorded"?
the first column though we have seen changes i the electrocard®
grams (T waves) of other patients
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Whether or not the oral galactose tolerance test changes are sig
mficant we do not hnow

The electroencephalograms have not been interpreted In another
patient following cessation of cortisone therapy the alpha waves that
had been present 1n the temporal region disappeared
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The electromyographic and ergographic tests done ssmultaneously
show much longer and better sustained work load than before treat
ment

Figs 7, 8 and 9 illustrate the flond synovitis present in the left
Lnee of patient ] A prior to institution of ACTH treatment InFig 7,
the typical changes including « lymphocy tic nodule are readily seen
Fibrinoid change 1s present in Fig 8 and charactenstic pahsading
g 9

Fig 10 illustrates the Aevion deformities of the fingers of panent

LA\ e
R
| SN o R

J A which we thought were due to per: articular fibrosis They hi‘)d
been present for two plus years [hough we did not expect them to le
favorably affected one notes n Fig 11 after treatment, P"‘SS“”t
these fingers could be brought to 180 degrees though the pauen
herself could not do 1t
Fig 1213 a photograph of patient ] A before treatment "
Fig 13 shows the moon face and hirsutism of patient J A ot
ACTH treatment The side view (Fig 14) illustrates the heard presen
at the same time r find
I will say nothing more about 1l effects unul we present ow
ngs on 1diopathic ulcerative colitis
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DISCUSSION

DR MARIAN W ROPES I would like to discuss the electrophoretic
changes observed 1n two patients, M M and R M (See Fig 15)
The heavy hine represents the serum electrophoretic pattern the
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dotted line the joint fluid the straight line 4t the top or bottom 1n each
case bewng the normal

One notes that 1n all the wreatment periods in patient M M the
1lburmn rose except with desoxycorticosterone With cortisone and
desoxycorucosterone glucoside and with ACTH, 1t rose but fell after
ech treatment The joint flurd aiso showed an increase m the al
bumin content and 1t remained higher at the end than at the begin

Fic 10

)comcostcronc
ulin
and

ning of treatment The other changes are shight Desox
alone did nothing to the electrophoretic pattern Alpha 1 glob
dropped on cortisone cortisone and desoxycorticosterone "
ACTH Alpha 2 globulin dropped shghtly alfter treatment it
cortisone on cortisone and desoxycorticosterone 1t dropped defimtely,
and on ACTH 1t dropped shghtly

The change 1 beta globulin 1s probably insigmificant sinc
concentration seems to vary 4

Gamma globulin concentration dropped very definutely, an ’!
this case 1t did not return to 1ts onginal level and at the end of treal

e the
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ment was lower than at the besinning The changes in the joint flud
are somewhat comparable throushout

The other patient (R M ) studied on the metabolic ward had less
marhed changes The pattern w2s not so abnormal to begin with and
there was very hittle change 1n the penod of 12 days of treatment with
cortisone The gamma globulin 1n his flud actually rose the sig
nificance of which we do not hnow

Serum albumin was low m both of thesc cases as 1t always 1s
moderately severe rheumatord arthritis

Tie 11

DR R JeniNe (Michaet Reese Hospital Chicago) I would like to say
that the group at Michael Reese Hospital where we have had the
expenence of trcaung two cases with cortisone for rheumatoid ar
thrins confirms almost 11l detatls of what Dr Bauer has just sad

1 would lihe to remark on one or two things One 1s that just as
he did we found in one case in a woman the necessitv of giving
200 mes a day of cortisone before clinical improvement started after
meffective use for a week of 100 mgs a day

The second thing 15 that 1 two cases with ACTH that were 1m
proved m the hospital and then sent out on chronic therapy with re
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duced dosage of ACTH they are well maintained clinically only of
somce 1cne nd some cdema 1s present In other words, the effectine
so called maintennce dose nd the side reiction dose, are very close
to cach other

Fic 12 Tic 13

Tic 14
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Our general conclusion after extensive metabolic and eudocrine
testing 1s that these patients do not scem to suffer from any presently
detectable eudocrine dysfunction We are most impressed with the
strihing effects of cortisone upon the psychological behavior  of the
patients and the rapidity with which ‘stiflness  and pamn are reheyved
Those aspects are being subjected to detailed study

bR ¢ 11 TRAEGER Iwould hike to ash Dr Bauer and any of the other
folks who have been using ACTH in rheumatoid arthnus whether
or not they have ever encountered one of two things which we have
encountered 1n tnstances among 14 patients

First, an adrenal escape during treatment followed by a complete
collapse of the remission with complete return of all symptoms

DR WALTER BAUER On what dose”

DR ¢ H TRAEGER 100 mgs 25 times 4 Second whether or not any
patients have been encountered by anyone who could not tolerate
ACTH even 1n small doses

We have had one case that went through rather a stormy febnle
session following ACTH and one who went into shoch following
only 9 mgs of ACTH

Hanc those experiences been observed by anyone else?

DR CHARLES RAGAN Two serological reactions seen in rheumatord
arthnus—the agglutination of group A hemolyuc streptococc: and
of <ensimzed sheep cells—have been observed 1n 8 patients with theu
matord arthnitis treated with ACTH (Armour) These patients were
treated for varying lengths of tme—six for 7-10 days patient A A
for 27 days and patient M M for 4 months In all these patients the
usual critenia for chnical improvement appeared during the admn
stration of ACTH Sedimentation rate fell and serum globulin when
elevated fell to normal levels The streptococcus aggluunation re
mamed very constant (Fig 16) In one pauent a posiuve agglutina
non beeame doubtful This patient will be discussed 1n detail by Drs
Hoefer and Glaser 1 their paper on mental and electroencephalo
graphic changes She developed an acute mania while on ACTH and
arthritic symptoms failed to reappear while the mama conttnued
Subsequently following cessation of the mama symptoms recurred
and the streptococcus agglutination 1s again positive

Sensitized sheep cell agglutinating titer remained constant save
in the two patsents treated for longer periods (See Fig 16 ) In both
of these there was a significant drop 1n titer which however never
fell to normal levels—below 16 In our expenence these two serolog
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cal reacuons have 1n most instances remamed unchanged durmg
treatment with ACTH This 1s tn contrast to other more non specific
protein reactions such as the sedimentation rate hyperglobulinerma
and an occasionally posutwe cephalin flocculation which revert to
normal with ACTH therapy This finding suggests that these two
serological reactions may represent an integral part of the disease
rather than the host response to the disease which latter 1s modified
by the admmstration of AGTH

Streptococcus Agglutination
highest | first Sensitized Sheep
Patient | * result titer tube Cell Agglutinaticn
W o' 1 | negative 0 (] 16
2 n 0 [ 32
PF 1| positive { 1/640 + 64
2 . 1/6:0 ++ 32
uG 1| positive | 1/640 + 16
2| doubttul | 1/160 - 32
Aa 1| positive | 1/320 + 512
2 . 1/160 +H 32
MN 1| positive | 1/320 -+ 512
2 " 1/320 ++ 64
EER 1| positive | 1/320 + 256
2 4 1/320 -+ 1024
By 1 | positive { 1/640 ++ 32
2 " /640 -+ 16
©MeS | 1) dountful | 1/80 " 128
& 2 " /e =® 64 J
#* 1 Control
2 During treatment
Fio 16

DR JEROME W CONN I would like to emphasize one pomt that Dr
Bauer went over rather rapidly It was his finding that the mucin
content of the joint fluid precspitated normally after ACTH

1 would like to tell you about one case that Dr Robinson of our
Arthntis Unit_and I have studied This patient was given 100 mgs of
ACTH daily The pre ACTH joint fluid had a white count similar to
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Dr Bauer’s, a httle over 10 000 On the thurd dav the count was 500
and on the fifth day there wasn t any more flid

While the mucin precipitition test was grossly abnormal betore
ACTH, after 3 days of ACTH when fliid was still available, the
muctn polysaccharide precipitited by Dr Bauer s test perfectly nor
mnlly The ability of the arthritic to make a longer cham polyssc
charide may be a very fundamental point in the study of the effective
ness of ACTH and Compound E 1n this disease

DP witLIAM @ wOLFSON The Michacel Reese Rheumatoid Arthntes
Research Group* has been terested 1n the correlation of climical
improvement, decrease m sedimentaton rate and regression of ab
normal serum protein changes during remissions induced by Cortisone
or by ACTH because of the possibihity that such correlations miwht
point toward the mechamsm of action of these substances Obsersa
tions during chronic ACTH admunistration have been made on two
pauents with typical rhcumatard peripheral polyarthris, on one
patient with psoriitic arthritis and on one patient with dissermnated
lupus erythematosus In these cases both Westergren and ‘Wantrobe
sedimentation rates were followed and frequent serum protein frac
tionations were performed by a chemical method! which gwes ré
sults comparable to those of electropharetic analysis

Fig 17 summarizes data from one of the patients with rheu
matoid 1rthritis and from the patient with dissermnated lupus ery
thematosus The findings 1n the two patients not iffustrated were suit
lar The typical abnormalities preseyt before ACTH was given were
elevated sedimentation rates, low serum albumin concentrations, high
serum alpha globulin concentrations and high serum gamma globubin
concentrations In the regression of these findings when ACTH 15
given, the first change has been an increase 1n the ratio of serum al
bumin to serum total globulin (true A/G ratio) This change derives
from a simultaneous increase in albumin values and decrease 1 the
two elevated globulm fractions The change in the ratio of serum al
burmin to gamma globulin was approximately parallel, but was most
marked during improvement 1 the patient with disseminated fupus
erythematosus Because the albumin  values found by the Howe
method include both true alburmin and alphy globulin similar rapid
changes i A/G ratio cannot be expected from this method

Chinical mmprovement and 1mprovement n serum proten pat
terns have been much more clostly associated than have chmical 1m

* The Michael Reese Rheumatoid Arthritis Research Group wncludes Dra Samact
Sokin (Chairman) Clarence Cohn Roy Grinker Henry §_ Guterman Louis ™ b

lv(vatﬁmucl Levine Edward F Rosenberg harl Singer Harry F We sberg and William Q
olison
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provement and decrease tn sedimentation rite Lach patient has
shown a more or lss prolonged pertod in which 1 relatively normal
scrum protein pattern cocasted with 1n ervthrocyte sedimentation
rate value which was httle lower than that obtaiming before ACTH
was begun Sumilarly 4 sertous chinical relapse in one of the pauents
with rheumatoid arthritis was nccompnnued by a regression in serum
protein pattern

An unusul finding was that of very low scdimentation rates in
the panent with disserminated lupus early in treatment and at a time
when she appeired chimeally moribund  Beciuse fibnnogen values
were nat obtained any explin ition must be comjectural A pliusible
iterpretation 1n the hight of present hknowleder of the determinants
of sedumentition rate 1s that hypofibrino_enemia duc to I er damage
m1y have been present at the height of the iliness This suggestion 15
consistent with the presence of 1n enlarged tender hver which was
palpable throughout the first few months of ACTH admimstration
and with the extremely hemorrhagie chareter of her shin lesions,
which coeuisted with a normal capillary fragtity as determuned by
the T'ddy Dnlldorf procedure

The wmpression has bren guned from stuchies by other invesga
tors that an clevation 1n sedimentation rite 15 the most sensitine In
dicator of diseisc actiyity 10 rheumatord arthnits Robinson and his
associates studied sedimentation rites and clectrophoretic protein
partitions 1 patients whose chinical condttion suggested erly rheu
matord arthritis They found that 1n those pinents in whom typreal
rheumatoid arthnns later developed the most consistent laboratory
abnormality was an elevition n scdmentition rate mo t often as
sociated only with an clevation m plasma fibrinogen  Less often, other
significant electropharetc abnormalities 1lso were present

The unpression gamed from the study of ACTH induced rems
s10ns 15 constent with these observation  An clevated sedimentation
rate appears 1o be a much more sensitive ind persistent indicator of
disersc activity than 1s any abnormality 1n the serum prote:n frac
tonation pattern Apparent chnieal well bang and normal serum
protein patterns may n fact, torst with sedumentation res as
Iigh 1s those present before treatment On the other hand  the find
ing of serum protein patterns which are returmng to normal may ghe
objective evidence of incresing control of disese activty long before
this fact could have been established by study of the scdimentation
rite

PIFERINCE

1 Wolfson W Q, Cobn C Calvary L and Ichiba F Studics
serum protemns VA rapid procedure for the estimation of tatal
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protein true albumin total globulin alpha globulin beta glob
ulin and gamma globulin in 10 ml of scrum {m 7 Chin Path
( Fechnical Scction) 18 723 1948

Dr DAaVID MARKSON (Wesley Memorial Hosputal Chicago) I would
Iike to ask Dr Bauer a question about sensitivity to ACTH

We hasve had one patient to whom we gave ACTH and immed:
atelv we got a reaction The third dav she developed a generahized
urticaria nd neurotic edema

Seccondly I would like to 1sh Dr Bauer how he uses these patients
Tor example the advance arrestcd rheumatoid arthnitic who had his
arthnitis say for 20 years How much of the process of the rheu
matoid arthntis 1s reversible?” How do you choose”

DR CURRIER MCEWEN (New Yorh Uniwversity New York City) Dr
Bauer we have been surpnised to find 1 one paticnt 1n whom sub
cutaneous nodules were recmoved at intervals that although the
nodules beccame very much smaller after ACTH was begun histolog
1cal study revealed no changes either in the number and types of cells
found or 1n the general topography This observation fits in wath what
Dr Peairwon reported 1n regard to lymphomatous tumors but 1t does
not comeide with the changes 1n synovial bropsies which Dr Hench
howed us scveral months 1,0 I wonder what the experience of others
has been in this connection?

DR C TRAEGER Dr Bauer hive you observed any of the escape
phenomena mentioned earlier by Dr Adams?

Dr WALTER BAUER To answer Dr [Iracger we have not seen an
escape of the type he has described I thank most of us have seen minor
escapes as shown by an mncrease in eosinophuls or symptoms To date
we have not seen 1nvane who could not tolcrate the drug nor have
we seen anyone with sensitivitv of the type described by Dr Markson
However we¢ have treated only 5 people with ACTH

I wish ta call attention to one thing which I failed to mention
namely that the admmstration of desoxycorticosterone did not n
crease the symptoms of the patient with rheumatod arthnus

I agree with what Dr Conn says about synovial fluid 1t 15 very
exaiting to know that with the administration of ACTH the synovial
fluid can return to normal particularly the polvsaccharide contained
therein

As regards pathology we have one patient 1 whom we excised
svmmetrical olecranon nodules the second nodule was removed 14
days after a 12 day penod of cortisone therapy There was no demon
strable difference 1n the histology pre and post treatment
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What Dr McLwen says 1bout nodules 1s not surprising I don’t
know that I agree with everything that Dr Wolfson said about sedi
mentition rates but time will not permit us to conunue the discus
Sion

I would like to say a few words about the action of these hormones
mn rheumatod arthritis To use a crude simile, active rheumatoid
arthritis can be thought of as a Bunsen burner The burner 15 going
full tilt when you introduce cortisone or ACTH when 1t turns off
however the pilot hight remns on As soon as you discontinue hor
mone therapy the Bunsen burner 15 1n full flame within a few days
From our experience in treating patients to date, we must conclude
that the disease mechamsm remains 1ctive and the X agent that causes
1t 1s not eradicated

DR ¢ H IRAECER In discussing the use of ACTH m rheumatod
arthriuis we have cxperienced several untoward reactions

Febrnle Reaction

1 J C age 49, was given an mitinl dose of 10 mgs ACTH (Ar
mour Standard) Within 4 hours, malase chulls, headache and chest
pam were noted and his temperature rose to 104° F There was no
rise 1n WBC count Tve davs later 10 mgs ACTH (Armour Standard)
was agamn myected A similar reaction with temperature 104° F and
no ncreasc in leucocytes followed Shin tests showed no allergy t©

ACTH

Anaphylactord Reaction

2 AN age22 1 Julv 1949 recerved small doses of ACTH of low
potency with much posterior pitustary matertal This was discontinued
because of complamnts of headache dizzmess and diplopia Three
months later 9 mgs ACTH (Armour Standard) was injected Withio
a minute following this small dose she complained of burning sensa
tion of hands feet and all mucous membrane hined onfices Cutaneous
erythema appeared which quichly gave way to extreme blanching,
respirations were G0 per minute pulse was 160 The blood pressure,
normally 110760 dropped within 2 minutes to 80/60 and n 4 mmn
utes to 60/40 Dunng this period the patient had an nvoluntary
bowel evacuation and complamed of mntestinal cramps At this ume
and for the following 4 hours she had several episodes ot prajectile
vomitin, Atropme demerol and ephedrine were admumstered 10
tramuscilarly Within 30 minutes the respiratory rate yeturned 10
normal The blood pressure and pulse returned to the premjection
level within 6 hours The patent did not lose consciousness at any
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tme She compluned of feeling weah ind was prostrated throughout
this period

Five hours after the mjection of ACTH she developed an an
gioneurotic edem of the lower lip and chun For 24 hours she com
plained of pruritus and burmng of the palms and soles

There was no ustory of allergy Intrdermal tests with ACTH
110 000 diluuon resulted 1n a severe and almost nstantaneous shin
reaction, manifested by wheal, pseudopodia and surrounded by
erythema Pork extract 1 500, was well tolerated intradermally

ACTH of the same lot number had been administered frequently
to other patients without untoward effects indeed from the same vial
ustd n this patient 10 mgs had been withdrawn just previously and
mjected 1nto another patient without untoward reaction

Allergic Reaction

3 M H, age 34 for 35 days during Julv and August recened
ACTH of low potency with an early adequate eosinophile response
whch later failed to occur Clinical response was classified as  fair
after 3 days adminstration because of the accurrence of blotchy red
pruritic areas suggesting urticarial reactions at the site of each mjec
tion These disappeared after antik medication Injections
of ACTH were resumed without recurrence of this phenomenon

Two months following the cessation of this course of AGTH in
Jections this hormont was again mjected mntramuscularly mn a dose
of 5 mgs (Armour Standard) Within 10 minutes she complamed of
generalized burning and itching followed by widely distnbuted urta
cana These changes responded satisfactorily to antthistamine drugs
There was a marked reaction to intradermal injection of ACTH (50%,
Armour Standard) 1n a dilution of 1 1000 and a negative response to
pork extract mn 2 1 500 dilution

4 D V age 23 gave an allergic history to many foods but not
to pork ACTH was administered for 8 days i a daily dosage of 100
mgs for 2 diys 60 mgs for 4 diys 50 mgs for 2 days The product
used was Armour Standard and the chmcal response was good
The full potency ACTH was replaced by 10 mgs of a 50% potency
Armour ACTH admum tered 4 umes a day The day following this
change the patient complaned of nervousness insomma tachycardia
weakness and pruntus at the site of injection Medication was con
unued The following day the pulse rate rose to 130 per minute the
msomma 1ncreased she became apprehensive and red indurated
areas appeared at the site of injection Medication was discontinued

She was given shin tests with ACTH pork extract with a sahne
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control There was no reaction to any of the above s indicated by
wheal, pseudopodia or erythema

The eostnophile count varied between 900 and 2200 when ACTH
was not admimstered

Four cases out of 19 investigated with ACTH have given evidence
of intolerance Because of this experience 1t 1s suggested that patients
to be injected with ACTH be given small inttial doses until their tol
erance for the matenal 1s determined

DR CHARLFS & L STEPHLNS JR We have had opportunity tostudy 25
patients who have recenned ACTH during the course of our mvestiga
tons in ammo acid metibolism The majority of the cases stuched suf
fered from rheumatord arthriis With the exception of 2 cases with
adranced destructive Jomnt discase all who recen ed the medscation en
Joyed dramatic remussion 1n the activity of the rheumatotd arthritis
but the return of symptoms following, cessation of treatment was quite
variable All patients were in a metabolic ward for a prehmmary
control period and throughout the treatment pertod
Of special mterest were the following cases

Case 1 (g 18)

This prent (M W ) 15 a 50 year old white female who had suf
fured from moderately severe peripheral rheumatord arthnus for 5
years She was given 40 mg of ACTH daily in dided doses fora
total period of 8 days and 20 mg per day 1n drvided doses for 4 days
followmng and then the medication was discontinued During the
period of treatment the sedimentation rate fell rapidly to normnl and
subjective and objective signs of rheumatoid arthritis pan, stiffness
wnd tenderness disappeared The eosmaphils tell to Jow values and the
total white blood count rose The patient felt the usual sense of well
being followed by stimulation and mld nsomma This typical re
sponse of rtheumatoid arthritis to ACTH therapy 1s of interest in this
pauent because she had undergone a splenectomy for hy persplenism
some 3 years previously Thus 1t does not seem that an tntact spleen
1s essential for erther adrenal cortical sumulation by ACTH nor for
the activation of the remission factor of rheumatoid arthriis This
patient also 1s of interest because she had suffered for the previous g
years from Sjogren s syndrome characterized by dryness of the mout
and the absence of tears 1n the eyes (heratoconjunctivitis qcea) Ths
was 50 severe that obliteration of the tear duct had been recorln
mended She required a lozenge m her mouth almost constantly

Following the onset of ACTH therapy there was no effect on !h:
Sybgren s syndrome until the tenth day of treatment at which ;l:(‘h
m

the patient awoke in the morning with increased salna 1n the
i
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and she had the ability to read for over one hour without ocular dis
comfort The last d 1y of treaitment salina and tears were plentiful and
the patient appeared to have recovered from her long standing
Sjogren’s syndrome

Case 2 (Thg 19)

This patient wis a 54 year old white female who had suffered
from very severe rheumatowd arthritis for the previous 21 months

PATERT MW Q 40 30 VEARS

MODERATELY  SCVERE PERIPMERAL  RWEUNATOD AMTMAIMS
S YEARS  SPLENECTONY  SJORGENS  SYNDROME
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The patient was given 80 mg of ACTH per 24 hours for 8 days The
theumatord arthritis responded m tvprcal fashion and the laboratory
values underwent the typical favorable alterations Of special interest
however was the presence of bronchial asthma 1n a severe form which
had required for over a year the continuous use of amuinophylline
by rectum and ihalations of epinephrin like substances at frequent
intervals Within 24 hours after the beginming of ACTH therapy the
Patient’s asthma disappeared Duning the entire course of treatment
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and for some 3 months afterward there was no recurrence of the
asthma After this period however, the asthma recurred

Case 3 (Fig 20)
This patient was a 33 year old white male, who had suffered from
pertpheral rheumatoid arthritis and rheumatoid spondyhitis for the

previous 7 years For 24 years the patient had suffered from unre
mitting generahzed psoriasis An mitial control period of 4 days was

La @ acE 3¢ yEARS
ERYTHROCYTE 100 | VERY SEVERE RMEUMATOID  ARTHRITIS
' 28 NONTHS
SEDMENTATION l
RATE }
PAIN
STIFFNESS
TEMOSRNESS 2k
a4 |
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DOSAGE M
ACTH E 4ok

£ f

T + € CEEY * s [J [
CONTROL  PERIOD TREATMENT  PERIOD

Fre 19

followed by 6 davs of treatment with 100 mg of adenosine wriphos
phate (ATP) per 24 hours, 1n divided dosage There was no effect
on the rheumatoid arthrinis the rheumatoid spondylitis, nor ‘hft:
psonasis However, on the seventh and subsequent days, the pan;nn
was given 40 mg of ACTH per 24 hours i divided dosage and wit 1r
4 days the psoriasis was completely gone No scale erythema nfuf
pigmentation remamed Concomitantly the symptoms of pan st t
ness and tenderness disappeared Following cessation of trcatmcnld
new psorlatic areas appeared within 48 hours and there was 2 rap
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exacerbation of the rheumatoid arthntis and spondylhitis Attempts are
now under way to reproduce this phenomenon in the same patient
under 1dentical conditions

Comment

It 15 of considerable note that ACTH was effective 1n one case of
rheumatoid arthritis who did not hase a spleen and who also enjoyed

PATENT HI ¢  AGE 33 YEARS
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a remusston of Syogren s syndrome Also 1t 1s of interest that bronchial
asthma disappeared during and for some ume following the treatment
and that psoriasis which had been present for 24 years cleared com
pletely within a short space of time

Of greater mterest however 1s the effect of small doses of ACTH
(Armour’s Standard) on rheumatoid arthritis and on the incaidental
or associated diseases menuoned In 14 panents with rheumatoid
arthntis so far studied only 40 mgm of the medication was given 1n
cach 24 hour peniod Although the eosinophul counts were depressed
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the total white counts rose the sedimentation rtes fell to normal, and
no 1lterations of blood pressure nor of quantitative urinary sugar de
terminations were noted Ramd and dramatic rermission of the rheu
matoid arthritis was a constant feature There was no alteration n
daily body weights probably because the patients were on constant
dietary intake The falure to exhibit weight changes on a constant
diet suggests that there were no major alterations mn sodium or fluid
balinee  Complete remussion 1 the absence of toxicity and with
mimmal metabolic changcs, 1s of special spe culatis e interest and sug
gests 1 ciissociation between the remmssion factor and the known
metabolic alterations associated with ACTH therapy
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Metabolic Effects of Cortisone and ACTH in
Cases of Rheumatoid Arthritis

Randoll G Sprague
DIVISION OF MEDICINE
and

Marschelle H Power

DIVISION OF BIOCHEMISTRY
MAYO CLINIC ROCHESTER MINN

Tollowin,, the demonstration of the profound effects of 17
hydroxy 11 dehydrocorticosterone (cortisone) and of adrenocorti
cotrophic hormane (ACTH) on the course of rheumatoid arthritis by
Hench kendall Slocumb and Polley ! we undertook a study of the
metabolic effects of these hormones 1n 5 patients with rheumatowd
arthritis * Balance stuchest for sodium potas um chlonde nitrogen
calcium and phosphorus were carried out and studies of the effects of
the hormones on the plasma electrolytes were made For purposes of
metabolic study cortisone or cortisone acetate was administered 1n
tramuscularly 1n doses of 100 or 200 mg daily and ACTH 1n doses of
100 or 105 mg daily The influence of sumultaneous admnistration
of estrone and of testosterone propionate on the metabohe effcets of
cortisone acetate was studied in 1 patient The effects of 900 mg of
17 hydrovycorticosterone (compound F) admimstered m a period
of 12 days were studied 1n 1 pavent }

In each mnstance the chnical response of the arthritis was as pre
viously described by Hench hendall Slocumb and Polley ! As mught
have been expected the extent of the metabolic effects which were

The collabo aton of D s P S Hench C H Sloct
tud e s achnowledged
1 The authors arc indebted to Mi s Gordon Sampson ch ef dsetitian Mayo Clinse
netabol nunt St Marys Hosp 1al for he careful planning and  eparation of the dret
used In m fabolic balance studies
he authors are ndebted to Merck & Co Inc and to Dr James M Carbsle Med
wal D eto fo the supplies of co t one and cortisone acetate used in this study to
Armour and Company and to Dr_John R Mote Ds ector of Med cal Res a ¢h for the
suppl es of ACTH  to the Upjohn Company and oD E Gifford Upjohn for she suj ply
of 17 hyd exycorticosterone zcompound Y

umb and H F Polley 1n these

363
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observed was directly related to the dose of cortisone employed How
ever the observed metabolic cffects of the hormones and the chnical
1esponse of the arthritis apparently were not related

OBSERVATIONS*
Case 1

The patient 1 man 34 years of age had had rheumatoid arthnitis
for 4Y5 months He recused 100 mg of free cortisone daihy for 5
periods of 6 days each The alterations in the concentrations of the
plasma electrolytes induced by cortisone m this case are shown
Fig 1 and corresponding balance data are shown in Tig 2 Only
sheht changes in the plasma clectrolytes were observed, miid al
Kalosts developed during admumstration of cortisone The concen
tration of plasma potassium did not decrease sigmficantly

The balances for sodium and chlonde were positive during the
control period (periods 1 to 3, Fig 2) The excretion of sodwm and
chloride 1increased gradually during the first 3 periods of admimstra
tion of the hormone (periods 4, 5 and 6} <o that mn the third period
(that1s period 6) the balances became negauve During the next two
periods of admimistration (periods 7 and 8) the balances for sodunt
and chloride agan became positive Lxcretion of mtrogen alkso
creased shghtly durmg admimstration of cortisone (Fig 3) the
balance becoming negauve n the fourth and fifth periods of ad
munistration of the hormone (that 15, 1n periods 7 and 8) The changes
m the urinary excretion of calcium and phosphorus did not appear t0
be significant but the quantity of calcium and phosphorus excreted
in the feces seems 1o have been mncreased by cortisone

The metabohe effects of cortisone 1n 1 dose of 100 mg dasly for the
30 days during which these effects were studied were not pronounced
n this case

Case 2

The metabalic effects of 100 me of cortisone daily for 12 days 2
man 40 years of age who had had chronic theumatoud arthritis for 2
years were studied No sigmficant changes in the cancentrations of thlf
plasma electrolytes and 1n the balances of mtrogen potasstum cal
cum and phosphorus occurred Retention of sodum and chlonde,
however increased shightlv 1 the second 6 days of adminstration of
the hormone

Although the metabohc effects of cortisone 1n a dose of 100 mg
daily 1n cases 1 and 2 were not pronounced, as fir as they weic

Cases1 2 3 4and S arecaes5 4 14 11 and 6 respectively of the papers by Hench
Rendall Slocumb and Folley' and Spraguc Power Mason and others
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Fic 1 Case 1 Mimimal alteration of plasma electrolytes during admums
tration of 100 mg of cortisone daily Mild alkalosis developed From Sprague
R G Power M H Mason H L Albert A Mathieson D R Hench
P S Kendall E C Slocumb C H and Polley H F Observations on the
physologic effects of cortisone and ACTH 1n man Arch Int Aed 85 199-
258 (Feb ) 1950 Courtesy of the publisher American Medical Association

measured the chinical effects of cortisone on the rheumatord arthnitis

1n the 2 cases as described by Hench hendall Slocumb and Polley *
were dramatic

Case 3

This patient a woman 45 years of age had moderately severe
chronic rheumataid arthntis for 5 years Roentgen therapy of the
ovanes had induced artificial menopause 4 years before registration
at the Mayo Clime
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Tie 2 Case 1 Body waght blood pressure and balance data for potas
sum sodium and chlonide From Sprague R G, Power M H Mason
H L Albert A Mathieson D R Hench P S hendall & G Slocumb,
C H and Polley H F Observations an the physwologic effects of cortisone
and ACTH mman 4rch Jnt Med 85 399-258 (Feb ) 1950 Courtesy of the

publisher American Medical Assaciation

More pronounced changes occurred 1n the plasma electrolytes and
pH of the blood during and following, admimstration of several hor
mones i this case than m any of the other cases studied The patient
tecenved ACTH cortisone acetate, cortisone acetate plus estrune an
cortisone acetate plus testosterone propionate for varymg perods and
the alteritions were noted (T1gs 4 and 5)
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Fic 3 Case 1 Balance data for mitrogen caleium and phosphorus From
Sprague R G Power M H Mason H L Albert A Mathieson D R
Hench P S Kendall E C Slocumb C H and Polley H F Observa
tions on the physiologic effects of cortisone and ACTH 1n man Arck Int
Med 85 199-258 (Feb } 1950 Courtesy of the publisher American Medical
Assocration

The values for plasma electroly tes were determned at mtervals of
6 days In the 12 days during which 100 mg of ACTH was ad
mumstered daily the concentration of plasma bicarbonate increased
those of potassium and sodium decreased and that of chloride de
creased markedly The most marhed changes were observed at the end
of the penod of admimsstration of ACTH Six days after doses of
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ACTH were stopped, the concentrations of plasma electroly tes had re
turned to normal On the first 2 days of admimstration of ACTH,
marked retention of sodium and chloride and shight loss of potassium
were noted (g 5) Subsequently, the excretion of sodium, potas
stum nd chloride increased above the control levels so that the net
balances of the last two 10ns were markedly negative during the 12
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Fic 4 Case 3 Alterations mn plasma electroly tes induced by ACTH and
cortisone acetate From Sprague R G Power M H Albert A Math%:
son D R Hench,P S Kkendall L C Slocumb C H and Polley, H
Observations on the physiclogic effects of cortisone and ACTH m man
Arck Int Med 85 199-258 (Feb ) 1950 Courtesy of the publisher Amenican
Medical Assocration

days of admnsstration of ACTH With cessation of admimstrationof
ACTH, marked retention of chlornde and potassium and sllghtlrz
tention of sodium compensated for the previous loss of these ele
trolytes (see Fig 5)
Cortisone acetate was admimstered subsequently i a dose of Igg
mg daily for 18 days, immediately thereafter 200 mg was g%
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daily for 12 days The values for plasma electrolytes changed only
shghtly during 18 days when the dose was 100 mg daily (see Fig 4)
A rather severe hypachlorerme hypokaliemic alkalosis occurred dur
ing and after the admnistration of the hormone 1n a dose of 200 mg
daily It was simular 1n all respects to the alkalosis winch 15 observed
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Fia 5 Case 3 Body weight blood pressure and balance data for potas
stum sodum and chlornde From Sprague R G Power M H Mason
fI L Albert A Mathieson D R Hench P § Fendall E C Slocumb
C H and Pofley H F Observations on the physiologic effects of cortisone
and ACTH m man Arck Int Med 85 199-258 (Feb } 1950 Courtesy of the
publisher Amenican Medical Association
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n some cses of Cushing’s syndrome The most marked changes were
observed 12 days after admimistration of the hormone was stopped
Subsequently, the values gradually reverted to normal The highest
pH of blood observed was 7 50 In contrast to the decrease in plasma
sodwm duning admimstration of ACTH  there was 1 shght increase n
plasmn sodium after admimistration of cortisone acetate As a result of
this the nise in plisma bicarbonate was more marked immediately
fter 1dmmstration of cortisone acetate was stopped than had
presiously been observed during administrition of ACTH During or
at the end of the 30 days of administration of cortisone acetate, bal
ances for potasstum, chlonde and sodwum became negative (Fig 5)
The loss of sedium did not become apparent until the first 6 day
period after stopping administration of the hormone The excretion of
chlonde, on the other hand, increased shghtly beyond the intake in
the last period of admmstration of cortisone acetate (that 15 peniod
13) and the chlonide balance became more marhedly negative 1n the
first period after cessation of adminstration of the hormone (that 1,
period 14) On the basis of other observations concermng the duration
of effect of cortisone ncetate after admimstration was stopped  the
loss of sodwum nd chlonide m period 14 was probably duc to a con
unuing hormonal effect rather than to withdrawal of the hormone
The retention of sodium and chlonde which oceurred 1n pertod 15
when the physiologic cffect of the hormone was presumably waning
substantiates this opimon

The simultaneous and previous admimstration of estrone m a dose
of 10 mg daily did not modify significantly the effects of 200 mg dath
of cortisone acetate on the concentrations of the plasma electrolytes
and on electrolyte balances (see Figs 4 and 5)

The stmultneous admmstration of cartisone acetate 1o a dose of
200 mg daily and testosterone propionate 1n a dose of 25 mg danly
did not induce the loss of mtrogen which was previously ob erved dur
ing adminsstration of cortisone acctate alone (see next pamgl“’Phd
and the loss of potassium was less than had previously been observe
with cortisone acetate alone Nevertheless the desvelopment of hypo-
chloremue, hypokaliemic alkalosis under the influence of cortisone
acetate was not prevented by testosterone 1 this dosage (Fig 4} b

A negatwe mtro,en bilance of considerable magmtude was o
served during admmstration of ACIH cortisone acetate ind cortt
sone acetate plus estrone ([1g 6) As mentioned previously, an x;
crease 1n excretion of mtro.en was prevented by the simultaneous a
mimstration of testosterone propronate Changes in urioary “"“"""{’;
of ¢aletum and phosphorus were genernlly shight or absent dunin,, a
mimistration of cortisone acetate St nificant increases 1 urinary e‘(f
creton of caleium and phosphorus occurred during idministration &
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Fic 6 Case 3 Balance data for mitrogen calcium and phosphorus From
Spra ue R G Power M H Mason H L Albert A Mathieson D R
Hench P S hendall E C Slocumb C H and Polley H F Observa
tions on the physiologic effects of cortisone and ACTH n man Arck Int
Yed 85 199 258 (Feb ) 1950 Courtesy of the publsher American Med:
cal Assoctation

ACTH During and after all 4 programs of treatment excretion of
phosphorus in feces was sigmificantly increased

Case 4

For 5 years the patient a woman 40 years of age had had mod
erately severe chronic rheumatod arthritis The behavior of the
plasma electrolytes and balance data for electrolytes during ad
mumstration of ACTH 1 a dose of 105 mg daily for 12 days and
cortisone acetate 1n a dose of 200 m,, daily for 18 days are shown 1n
Figs 7 and 8 In general changes observed were similar to but of
somewhat smaller magnttude than those observed in case 3 During
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Tic 7 Case 4 Alterations in plasma electroby tes induced by ACTH and
cortisone acetate From Spraguc R G Power M H Mason H L Albert
A Mathieson D R Hench P S5 kendall E C Slocumb C H and
Polley H F Observations an the physiolooic effects of cortisone and ACTH
moman Arch Int Med 85 199-258 (Feb ) 1950 Courtesy of the pubhsher,
American Medical Assocration

and after admimstration of AGTH and subsequently during and after
admunistration of cortisone acetate hy pochloremic  hypohahemic
alkalosis developed Sodium and chlorde were retamed during the
first two periods of admimstration of cortisone acetate but mn the
third period of administration and in the first period following with
drawal the balances became negative In the second pertod of ad
munstration of ACTH and in the third peniod of administration of
cortisone acetate the balance for potassium became negative
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Fic 8 Case 4 Body werght blood pressure and balance data for potas
ssum sodium and chloride From Sprague R G Power M H Mason
H L Albert A Mathieson D R Hench P § Kendall E C Slocumb
C H and Pollev H F Observations on the physiologe effects of cortisone
and ACTH imman Arch Int AMed 85 199-258 (Feb ) 1950 Courtesy of the
publsher American Medical Assocration

A negatrye nitrogen balance of considerable magmitude developed
1 the course of admimistration of both ACTH and cortisone (Fig 9)
There was a small but probably sigmficant increase 1n urinary ex
cretion of calcium and phosphorus during administration of cortisone
Excrenion of calcium and phosphorus 1n feces vaned widelv in the
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Fi6 9 Case 4 Balinct data for mtrozen calctum and phosphorus From
Sprague R G Power M H Mason H L Albert A Mathieson D R
Hench P S hendall L C Slocumb C H, and Polley H I' Obsera
tions on the nhysiologic effects of cortisone and ACTH m man Ank !
Med 85 199-258 (Feb ) 1950 Courtesy of the pubfisher American Medical
Association

peniod covered by the study In period 13 after admmmstriuon of
cortisone was stopped i w s rather markedly mcreased

Case 5

The patient a woman 49 years of age had suffered from sescre
chrome rheumatoid arthrins for 3 years The changes tn the con
centration of the plasma electrolytes and in the balance for electrolvtes
produced by ACTH 17 hydroxycorticosterone (compound F) and
cortisone 1cetate are shown in Figs 10 and 11 The alter wnons in the



MFTABOLISY IN RHEUMATOID {RTHRITIS 375
concentrations of the plasma electrolytes during and following ad
mimstration of ACTH 1n a dose of 100 mg daily were qualitatively
similar to those previously observed 1n cases 3 and 4 The concentra
tions of potasstum sodium and chlorides all decreased The decrease

Plasma (Heparn)
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Fic 10 Case 5 Changesin plasma electrols tes induced by ACTH Com
pound F and cortisone acetate From Sprague R G Power M H Mason
H L Albut A Mathieson D R Hench P S kendall E C Slocumb
C H and Polley H F Observations on the phystologic effects of cortisone

and ACTH in man Arch Int Med 85 199-258 (Feb ) 1950 Courtesy of the
publisher American Medical Association

1n plasma chlorides was of greater degree than the decrease of sodium
and gave rise to a moderate increase 1 bicarbonate The hypo-
chlorermic  hypokahermie alkalosis resembled that which 1s seen m
some cases of Cushing s syndrome except that the concentration of
plasma sodium was reduced The balance data indicate that imitially
there was a marked retention of sodium and chlonde but that in the
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Tic 11 Case 5 Body weight blood pressure and balances of potassium
sodium and chloride From Sprague R G Power M H Mason, H L
Albert A Mathieson D R Hench P S kendall E C Slocumb C H
and Polley H F Observations on the physiologic effects of cortisone and
AGTH m man 4rch Int Med 85 199-258 (Feb) 1950 Courtesy of the
publisher American Medical Association

second period of admumistration of AGTH (penod 4), the balances for
these 10ns became negitive When admimstration of ACTH was
stopped there was a marked loss of chloride and an even more marhed
loss of sodium {period 5) In period 6 however, sodum and chloride
were retained During the two penods of administration of ACTH
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moderate loss of potassium occurred and 1n succeeding periods potas
sium was retamned

An average daily dose of 75 mg of compound F for 12 days to thus
pauent resulted in mild alkalosis There was however no sigmificant
change m the level of plasma sodm or potasnom The balances of
sodium and potassium varied during and after admimistration of
compound F In period 9 the first period of admmstration the bal
ances for both sodium and chlonide were shghtly negative butin the
second period of its admmstration these balances became positive
In the first period after use of compound F was stopped (period 11)
there was a rebound with a loss of chlortde and a more marhed loss of
sodium Sodium 1nd chloride were retained mn decreasing degree 1n
the two succeeding periods (periods 12 and 13}

When a dose of 100 mg of cortisone acetate daily was given for 18
days and this was followed by daily doses of 200 mg for 12 days
alkalosis which was quahtatively simlar to that previously observed
m cases 3 and 4 developed Balance studies indicated retention of
sodium and chlonde during admimstration of the hormone How
ever 1n the two metabolic pertods after adrmmistration of the hormone
was stopped (that 1s periods 19 and 20) the balances for these 1ons
became negative Whether the loss of sodium and chloride under these
conditions was due to continuing action of cortisone acetate after
cessation of 1ts admmstration or to withdrawal of the hormone 15
problematic However other studies i which the balances for sodium
and chlonde became negative during admimstration of cortisone ace
tate suggest that 1t may be due to the former

Nitrogen balance became negative dunn, admnistration of
ACTH and cortisone acetate but not during administration of com
pound F {Fig 12) Unnary excretion of caleium and phosphorus in
creased during admumstration of ACTH and cortisone In the two
periods following the admumstration of ACTH (periods 5 and 6) the
calcium excreted 1n feces decreased greatly An increase 1 excretion
of phosphorus in feces seems to have followed administration of ACTH
and cortisone acetate especially the latter

Changes observed n plasma calcium during the course of meta
bolic balance studies 1n these 5 cases were not significant During or
soon after periods of admimistration of ACTH or cortisone the plasma
inorganic phosphorus decreased shghtly

SUMMARY

In 5 cases of rheumatoid arthntis a study was made of some of the
metabolic chanees induced by the admimstration of ACTH cortt one
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Fic 12 Case 5 Balances of mitrogen calcium and phosphorus From
Sprague R G Power M H Mason, H L Albert A Mathieson D R
Hench P S Kendall E C Slocumb ¢ H, and Polley H F Obsenna
tions on the physiologic effects of cortisone and AGTH n man drok Inf
AMed 85 199-258 (Feb ) 1950 Courtesy of the publisher Amenican Medt
cal Association

and cortisone acetate In 1 of these cases the effects of compound F
were studied also

A negative balance for mtrogen and potassium followed the ad
mimstrition of ACTH in a daily dose of 100 mg for 12 days to 2 pa
tients (cascs 3 and 5) and 105 mg daily for 12 days to 1 pastent
(case 4) Dunng admumstr 1tion of this hormone there was mtially a
marked retention of sodium and chloride and then increased e¥
cretton of these 1ons Hypochloremic  hypohaheme alkalosis a€
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compamed by some lowering of the serum sodium  des eloped 1n each
case

When cortisone was admtnistered in a dose of 100 mg dails for 12
to 30 days the balances for mtrogen caleium phosphorus sodm
potasstum and chloride and the concentranions of the plasma elec
trolytes (cases 1 and 2) altered only shghtly or not at all Mild lower
ing of the plasma potasslum was occasionally encountered

When cortisone acetate was given in 4 dose of 200 mg dauly for
12 to 18 days the bal inces for nitrogen and potassium regularly be
came negative The effects on excretion of sodium and chloride were
varable the most common was retention of these 1ons early m the
period of administration of the hormone followed later by increased
excretion At this dose level hypochlorerme hypohalienuce alkalosts
developed 1t was simuilar i All respects to that observed 1n some cases
of Cushing s syndrome. After withdrawal of the hormone the pattern
of the blood electrolytes gradually became normal

The prior and simultaneous administration of 10 mg of estrone
daily did not modify the metabolic changcs induced by cortisone ace
tate 1n 1 woman 1n whom artificial menopause had been induced 4
years previously (case 3) The simultaneons admunistration of 25> mg
of testosterone propsonite daily with the cortisone acetate n tlus case
however obviated an incregse 1n excretion of nitrogen and numimized
loss of potassium but failed to prevent hypochloremme hypohaliemic
alkalosis

Compound F 1n total dose of 900 mg 1n 12 days did not induce any
pronounced metabolic changes A shght decrease i plasma chlondes
and alkalosis of mld degree were noted

These studies did not show any correlation between the metabolic
changes which resulted from the admimstration of ACTH corusone
and compound F and the favorable clincal effects of these hormones
on the rheumataid arthritis of these patients
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DISCUSSION

DR MARIAN W RopEs This patent (M M) received, as you will re
member, 150 mgm of cortisone daily 30 mgm of desoxycortt
costerone glucoside, a combination of these two, and 100 mgm of
ACTH (Tig 13)

1t will be noted that the effect on potassium was mmediate m all
treatment periods—n shghtly increased output with cortisone a vers
shght increase with desovycorticosterone more with desoxycortt
costerone and cortisone than the summation of those with desoxy
corticosterone and cortisone and even greiter w 1th ACTH There was
retention after each treatment period

The urinary calcium was increased with cortisone therapy We
have not fimshed the stool and urine studies It looks as though there
was a greater Increise in urinary calcrum with cortisone plus desoxy
cortrcosterone

The serum phosphorus fell during cach period of treatment cxcept
the desovycorticosterone The phosphorus excretion was very much
like that found by Dr Spraguc There was a shght increase 1 fecal
phosphorus on cortisone and desoxycorticosterone and cortisone The
fecal output was increased on ACTH Nitrogen excretion showed rela
uvely hittle change a shght retention on desoxycorticosterone and 2
shight loss on ACTH The creatine excretion was decreased on
cortisone, and at the end of the desoxycorticosterone peniod, an
stayed down during treatment with desovycorticosterone and cortt
sone and went down at the end of ACTH

Fig 14 shows the sodium and chloride changes Sodum retention
took place immediately with cornsone therapy though the total re
(ention during treatment was not great With cessation of therapys
the output increased markedly but was folloned by a big rebound
With desoxycorticosterone therapy there was more retention but less
rebound post therapy On desoxycorticosterone plus cortisone there
was definite retentton and an output after treatment which seems a5
much as, if not more than the added effect of cortisone and des
oxycorticosterone

I think this 15 of extreme interest 10 view of the so called pﬂfi‘
dowical effects shown yesterday by Dr Forsham 1n which apparently
1t seemed that desoxycorticosteronc counteracted the effect of cortt
sone In our results they add together if not increise each others
effect The results on AGTH were what one would expect
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DR F L ENGEL In one case of Cushing s disease with adrenal cortical
carcinoma with hypokahernia and alkalosis we were able to overcome
the alkalosis with 100 mgs of testosterone propronate daily I wonder
whether Dr Sprague mught find this same effect with larger doses of
testosterone propionate 1n arthntis treated with compound E?

DR PETER H FoORsHav I would like to comment on Dr Ropes last
statement about the paradoxical sodium effect of cortisone and DCA

We didn t mean to unply that DCA counteracted the sodium re
taining effect of cortisone On the contrary cortisone we believe
counteracts some of this effect of DCA when the latter 1s given 1n large
amounts from 4 to 5 mgs a day

In terms of desoxycorticosterone giving 30 mgs of desoxyglu
coside 15 extremely hittle because only half of that molecule 1s active
desoxycorticosterone and a lot of the glucoside ts excreted mmmed:
ately 1n the unine thus the patient received not more than about 10
mgs of desoxycorticosterone a day maybe less That 1s a very small
dose 1n the normal The results therefore 1n no wav invahidate the
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findings of Selye which have since been repeated in rats by Swiss
workers

Fially as regards the hypochloremic alkalosis we found the
same type of low potassium alkalosis m our mduced Cushing s syn
drome and we were able to correct th 1t within 3 days by gining 3gms
of k Claday p o This was merely repeating an experiment which
had been reported by the late Dr hepler

DR WALTER BAUER | dont think we have a nght to conclude that
Selye produced an endocrine arthritis The arthritis 1 poly arncular
1n nature and of the icute inflammatory destructive type Unul the
involved Joints have been cultured for Streptobacillus mondiformss and L
orgamsms, both common n ris and reported to be negative we
should not continue to rcfer to this type of joint disease as an endo
crine arthritis
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DR LAURANCE w RINsELL I would ke to comment on onc finding in
Dr Spragues charts namely incretse n fecal calcium and phos
phorus excretion during the admimstration of ACTH

We were most relieved to hear one investigator report sumlar
findings yesterday We found the same thing and were concerned
that 1t might be a laboratory error We wonder since this 1s ap
parently a valid observauon whether anyone has any data which
would tndicate whether thus refers to some mhibition of absorption of
calcium and phosphorus n the gut or whether 1t relates to actual
ncreased biological excretion nto the gut

‘We think the latter 1s the more probable In one part of our data
there was actually a greater amount of calcium 1 the stool than could
be accounted for on the basis of mtike

DR ROGER A LEwIs I think 1 little attention should be pawd to the
general effect of large doses of ACTH and Cortisone on the gastro
ntestinal trict We found seseral years ago that the fat content of the
stool decreased mirkedly and our experime ntal ammals seemed to be
constipated when large quantitics of compound E were gnen The
reduction 1n fat content and the consupating effcct of E and ACTH
rmght explain some of the changes in calcium excretion that have been
reported here and might also throw some hght on the effect of ACTH
on ulcerative coliis which has also been mentioned

pr ¢ H sLocums (Mayo Chinic Rochester Minn) I wish when
cases are reported they would report as to whether or not the patients
are men or women and also regarding the women s menstrual cycle
1 want to emphasize 1n the first case the patient had a profound
change 1n the electrolyte pattern This pattent was a menopausal
patient Her ovaries had been treated 10 years ago by x ray

The next two pauents whose menstrual cycles were quite intact
had distinctly less electrolyte changes than the first patient We seemed
to run 1nto dafficulty both i the electrolyte balance and fullness of the
face and increased growth of hair when they had some alteration in
therr menstrual ¢ycle I can t help but feel that the maintenance of a
normal menstrual cycle 1s associated with a mimimum of hirsutism
although 1t may not preclude an appreciable electroly te change taking
place

It1s apparent that estrone had no effect on the electroly te pattern
I am not sure 1f it has an effect on the hirsutism As a chmician I want
to point out that the electrolyte changes are very mteresung they are
Vvery necessary we mu t have them for protecion against some phases
of toxicaty and for und ding of the t

of action butasa



284 CLINICAL 1CTH CONFEREMNCE

chinician you can t get away from the very profound ¢ flect that ACTH
has on fibrous tissue, lymphoid tissue, and muscle, both chnically and
microscopically, and the clectrolyte studies have not aided m the
understanding of mechanism of action of ACTH 1n these tissues

DR WALTFR BAUEL I think the age and sex of some of these patients
has been indicated on the charts Dr Slocumb

DR jAMEs J swiTH The reaction by sex has impressed us greatly T
have found n general 1n a prehminary way, that acute alcoholic
women who respond to adrenocortical extract favorably, if they are
mn therr active reproductive Iife do not seem to respond to ACTH,
whereas post menopausal women do One acutely alcoholic woman
tor example to whom we gave ACTH had just stirted a menstrual
period, and ACTH didn t do anything for her whereas ACTH given
to 1 post menopausal acutely alcoholic woman with mld pellagra
cleared this pattent up very quichly

DR RANDALLG SPRAGUE Iamsure Dr Forsham didn t mean tomply
that potassum chloride 1s the treatment for Cushing s syndrome It
has been hnown for 1 long time that potassium chloride wall correct
the blood electrolyte abnormahty of Cushings but not the other
manifestations of the syndrome As a corollary to this 1t 1s apparent
that potassium chloride is not the answer to all the undesirable effects
which m1y result from prolonged admimistration of AGTH or cortt
sone

I was glad to hear Dr kunsell s comments on the changes in fecal
calcium and phosphorus We have no information about mechanism
but, hke Dr kinsell I would be inchned to favor an increased ¢x
cretion of caloum and phosphorus 1nto the gastrointestinal tract
rather than a diminished absorption However we have no evidence
to prove this

There 15 one other sidelight which there was not tume to mention
namely, the occurrence of pigmentation in patients who receve
ACTH We have observed 1t in one patient who was a swarthy com
plexioned individual The pigmentation closely resembled that seet
i Addison s disease The ACTH preparation was found by Dr
Albert to contamn appreciable amounts of melanophore hormone
(mtermedin} on bioassay 1n hypophysectomized frogs

DR CHARLES RAGAN Our group working m the field of rheumatic
duseases has been inclined to agree with Dr Slocumb that the changes
1n electrolytes Keto steroid and oxy steraid excretion etc, described
at this meeting may have lttle bearing on the climeal remission
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patients with theumatic diseases treated with ACTH We would like
to report on some prelimmary observations we have made Two pa

tients with lupus erythematosus disseminatus developed open wounds
while on ACTH therapy, one a decubitus uicer, the sccond an inased
and dramed paroud abscess In both of these wounds no granulanon
ussue appeared while on ACTH When ACTH was discontinued m
one patient granulation tissue appeared 1n the wound 1 4 days fol

lowing withdrawal of the hormone Two patients have had clean
biopsy wounds which healed very slowly while on ACTH In both a
second biopsy healed promptly when ACTH was discontinued Work

g with Dr Howes of the Department of Surgery cortisone given to
rabbits 1n large doses has mnhibited the development of granulation
ussue From these prelimiary observations 1t may be sug,ested that
these materials ACTH and cortisone depress the activity of the con

nective tissue The symp tic r of these d many of
which have been called connective tissue diseases  may at least in
part be related to this depression of activity of the connective tissue
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) APPARENT  FREE METHIONIWE  EXCRETION
2300 AFTER  TREATMENT WiTH ACTH
E AVERAGE OF T PATIENTS
<
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e
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3
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Medicalon medicaton
(\,blq\m discontinued
0] o Srelmmrrma e B b
O 2 & 6 8 10 12 i
TIME  IN  DAYS
Fic 7
INCREASE  ABOVE INCREASE
CONTRQL CONTROL AT PEAK
———~mlgams  per 24 bours ———2
MISTIDINE 747 g 4 1967
LYSINE 218 a8 121
METHIONINE 54 1o 23

F1e 8 Average imcrense in apparent amino acid excreuon dunng medicatio®
with ACTH Averate of 7 patients

crenon The higures (not on the chart) for Cortisone remission 3¢
comparable with those for ACTH

(igs 2, 3 and 4 ) These show typical individual curves for hist
dine excretion on ACTH medicruon Subsequent expertence uiig
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only 40 mg of ACTH daily on 11 patients, gave simular hisudine (and
other ammo acid) curves associated with remission of disease

(Fig 5) This indicates the average curve of 7 active rheumntord
arthritis patients on metabolic control before and during admimistra-

J.ggls

:
[
N

5t
3

300].Cholestero)

25

WAWM/AWI mmm"//}%'l'/m%

Days 2 4 3 ] 0 12

4 16 1B 20

Fic ¢

ton of ACTH (hisudine excretion 15 markedly increased duning
ACTH remmssion)

(Fig 6 ) The same 7 patients as shown 1n Fig 5 indicating the 1n
crease 1 lycine excretion

(f1g 7) Methionine excretion 1s shown in the same 7 patients and
while very shght increased excretion occurred the curve 1s relatvely
flat

(Fig 8 ) This table shows the comparison between histidine 1y cine
and methionine At the peak hisudine excretion 1s increased over
250% and lycine over 300% during ACTH remussion

From these prelminary observations no conclusions can be drawn
It1s possible that these amno acid patterns are constantly associated
with rerms 1on To determuine this we are now attempting to produce
such patterns without remnsion and to produce remussion without
such amino acid patterns Further studies should clanify the role (f
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any) of amino acid metabohsm 1n the remission factor of rheumatod
arthritis

We have reported here some new observations regarding the
changes 1n amino acid metabolism occurring with the administration
of ACTH and Corusone Additional studies may reveal whether these
changes are actually dependent upon adrenocortical sumulation or
whether the effecuve mechamsm 1s quite different such as the altera
tion of in enzyme chain and possibly independent of such stimulation

DISCUSSION

prR R 1 Grelf (Rochefeller Insutute New York City) We have
measured the total plasma amino acid levels 1n a 19 vear old patient
with hypopituttarism and the results can be seen on the accompany

ng shde under the heading ‘Carboxyl mtrogen It will be seen that
there has been a significant fall in the plasma amino acid level during
the admimstration of ACTH (Fig 9) These results are quute different
from those of L1 following admunistration of his preparation to rats

We have not measured the total urinary excretion of ammo actds
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The Effect of ACTH on Juvenile Rheumatoid
Arthnitis or Still's Disease

J Sydney Stillman and Theodore B Bayles
ROBERT ERECK BRIGHAM HOSPITAL AND RARVARD MEDICAL SCHOOL BOSTON

It was the object of ths study to deterrmne the effect of ad
mumstrations of ACTH to 3 children suffering from juvenle rheuma
toud arthntis

It was ongimally planned to give each patrent 3 courses of treat
ment with rest pertods of 10 days between them Each course was to
consist of 5 mg of ACTH every 6 hours for 10 days then 25 mg 4
umes daily for 4 days This plan was followed 1n one pauent but had
to be modified 1n one because the first dose of the second course caused
a severe hypersensitivity reaction Therefore after successful desensitt
zation he received 20 mg daily for one month The third patent
responded very well to the first two courses but did not to the third so
that after 8 days the dose was 1ncreased to 8 mg every 6 hours with
shightly 1ncreased effect Since umumedsately following the completion
of this course she had a severe exacerbation she was given 40 mg daily
for 20 days and then 20 mg for 2 days

Because of the different treatment schedules composite charts
could not be made Therefore a summary of the effects will be pre
sented and then the individual charts shown

The musculosheletal symptoms promptly respond to treatment
Stiffness and pain disappear 1n large measure during the first 24 to 48
hours The speed with which the range of motion of the joints ¢can be
traversed 15 particularly strihing The increased warmth of the joint
subsides almost as quickly as the pain The swelling parucularly of
marhed 1s slower to disappear but with adcquate dosage does sub
side within a week or 10 days Although the muscular weakness due
to the inhibition caused by pain 1s quickly ehnunated 1t takes weeks
or months of exercise to rebuild severely atrophied muscles

The rapid pulse rate and elevated temperature fall within 3 or 4
days to normal levels Within 24 hours there 1s a feehing of well bemng
and happiness With further treatment the panents display a buoyant

303
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restlessness which 1s more than one would expect mn healthy children
One 4 vear old boy developed the aggressive, overictive and ob
Jectionably spoiled behavior Selye has deseribed 1 virihzing tumors of
the adrenal cortex After treatment was stopped their moods and ac
tions returned to normal The appente and food intale increased
enormously from thewr pre treatment anorexin There 1s an imtil
rapid ain mn weight 1n the first 4 or 5 days with a subsequent partial
drop which other studies of blood solume and sodium excretion lead
us to believe are due to transient sodium and water retention There
after o true weight gain occurred

Laboratorv studies showed similar mmprovement The markedly
elevated corrected sedimentation indices fell to normal m 10 days or
less There ws a rise 1n hematocrit of 10 ta 15 points wath correspond
ing increases in hemoglobin values and red cell counts Durmg 2
course of treatment there 15 a risc of reticulocytes to 5 to 7% Marrow
studies tn adults show a marked erythropolesis A complete study of
the blood changes 1s the subject of a separate investigaition Theresa
rise in imually hgh white blood counts up to s Ingh as 48,000 The
differential counts show the polvs to average 85%, almost all of which
are mature many segmented forms Lymphocytes arc marhedly de
creased but mononuclears show an absolute increase The eo mophiles
drop sharply 1n 4 hours and remain at levels from 0~15 per cu mm
during treatment After the completion of each of the early periods of
trcatment they rose promptly but at the completion of theripy after
an imnal rise they remained lower than the pre treatment levels In
only one patient in two obsery 1tions did the fasting blood sugar ¢xceed
the normal values and those only shghtly The rises in 17 Letosterons
were satisfactory and in heeping with the age of the patients The
hyperglobulinemia all patients showed before treatment was cof
rected In the one patent suffering from secondary amylowdosis there
15 as yet no indication that the process has been altered

The first patient 15 a boy, age 4 years who had the onset of his
disease 1 October 1947 5 months before transfer to the hospital
He was severely 11l with generahzed jamt mvolvement except for 4
farrly good remission for several months at the beginmng of this year

In Fig 1 sodium and water retention s evidenced in the weight
graph at the beginning and end of each treatment period followed m
every case by weight loss as diuresis of salt and water occurred

Fluctuations of pulse due to 1ncreased physical actvity after ¥
clinical improvement

Prompt disappearance of joint symptoms and signs notable

Patient still in remassion 5 weehs after treatment stopped

mual
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In Fig 2 note the sedimentation index drop during treatment the
rise tmmediately following cessation, and then spontaneous drop

Rapid rise of hematoerit with treatment and partial fall on cessa
tion
Eosinophile count decrease during treatment, rise immediately
following end of treatment and then spontaneous recotery

Note reticulocy te response during second course of therapy

The second patient 1s a 6 year old boy who had the explosive onsell
of hus cisease 1n July 1948, 414 months before transfer to the hospita
He remamed severely 1l with generalized jont involsement, l)md
phadenopathy, high fever and all the laboratory evidence of marhe
activity until the time of treatment

In Fig 3 note the weight gain and mamntenance after therapy \

Temperature and pulse quickly fall to normal range wath trea
ment and start to nise as soon as dosage 15 decreased

In Fig 4 the escape from ACTH effect with lower dosage 15 ¢¥1
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denced by the mse 1 scdimentation index, whnte blood count and

eosmophiles

Hematacruts and reticuloevtes

Patient snil 1n remssion 5 weeks after treatment stopped

InPig 515 shown the chimeal response to 20 mg/dna 14 yearo
mirl of almost adult size o

Fig 6 shows the falure to respond to the same dose 1 the thi
course

Partial response to 32 mg/d but immediate severe relapse

Lxcellent reaction to 40 mg/d he

Fig 7 shows the falure of the sedimentation wdex 10 fall m t
third course

Fasting blood wgars show st to 125 mg %
large dosagr of fourth course This 1 onhy abnormal fasting
sugar m the three patients treated

1d

d of srotoniged
30 ual fasting blood
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denced by the rise 1n sedimentation index white blood count and
eosinophiles

Hematocnits and reticulocy tes

Patient stll in remission 5 weehs after trcatment stopped

InTig 51sshown the chinical response to 20 mg/d 1n a 14 year ©
girl of almost adult size

Fig 6 shows the fatlure to respond to the same dose 1n th
course

Partial response to 32 mg/d but immediate severe relapse

Excellent reaction to 40 mg/d

Fig 7 shows the failure of the sedimentation index to fall 1
third course Joned

Fasting blood sugars show rise to 125 mg % at end of pro (;,I;od
large dosage of fourth course This 1s only abnormal fasung
sugar 1n the three patents tre ited
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Fall 1n globulin to normal a change noted 1n all cases
Congo Red Tests unchanged

Fig 8—July 27—end of first course

Note rounding of face

g 9—September 9—muddle of third course

Marhed roundmg of face, double chin and redness of skin
g 10—October 7—23 days post treatment

Return to more normal 1ppearince

This 15 the most marked instance of Cushing disease facies but
both of the other patients developed the moon face prominent 3‘_‘5
domen plethonic look and acne—even the 14 year old gl \\ho:j N
getting shghtly inadequate doses The 6 year old boy d(»:\elo}"ccn
deeper voice a small amount of pubic hair, and qucsuonablc .
Inrgement of his gemitalla These undesirable effects secmed 10 ol
dircctly proportional to the size of the dose and mversely proportiof
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vvion RHEUMATOID ARTHRITIS (Stiis Dissasel
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Cases 1 and 2 were still 1n remmssion 10 weehs after cessanon of
therapy Case 3 developed severe relapse agawmn, after a fourth courst
of ACTH Cushing s facies have disappeared 1n Cases 1 and 2 Pubi
hair 1s sull present in Case 2 but the voice has normal pitch

DISCUSSION

DR CURRIER MCEWEN This slide (Fig 11) shows some of the effects
noted i & 9 year old girl with juvenile rheumatoid arthrntis (Sulls
disease) She had been sick for 8 months prior to August 1949, when
cortisone was started Durmg this time she had run a completely
characteristic course for Sull s disease, with involvement of muttiple
Jownts and loss 1n weight from 75 to 42 Ibs As shown 1n the top hon
zontal column of Fig 11, weight began to ancrease withm a few days
of the start of carticone 1nd has conttnued Erythracyte sedimentation
rate and joint sweliing decreased promptly, the former rca\chmgl
normal 1 two weeks These data are shown mn the second horizont?
column of Iig 11 1 which the swelling of one hand and wrist 1s 1¢
corded as the number of cubic centimeters of water displaced These
evidences of clinical improvement were accompanied Dy disap
pearance of pamn, return of ability to walk, 1ncrease m appetite and 2
general sense of well being
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GLUCOSE TOLERANCE TEST

Vivien M age 10
400- 9t s

Cortisone bequn Aug 9 49
350 stopped Aug 24

ACTH begun  Sept 16
stopped  Sept 24

Oct8 Wih day ofter ACTH s pped.
ot 28 4t oy cte ACTH svond

tic 12

However there was one verv hoteworthy untoward effect As
shown 1 the thurd and fourth horizontal calumns of Fig 11 there was
only a moderate nise 1 fasiing blood sugar but there was sinhing
glycosuria This began on the thard day after the start of cortisone (in
doses of 100 mg daily) and by the sixth day had reached 70 grams
dasly Because of this cortisone was reduced to 75 mg daily For two
days there was lttle or no excretion of glucose in the urine but then
m spite of continued reduction 1n the amount of cortisone the excre
tion of glucose rose again reaching a peak of 90 grams on August 22
When cortisone was discontinued  the excretion of glucose gradually
fell to normal in 5 days However as shown in Fig 12 the glucose
tolerance curve which had become of diabetic type {curve 2) did not
return to normal until 22 days after cortisone had been discontinued
{curve 4)

Afier the discontinuation of cortisone on August 25 erythrocyte
sedimentation rate and symptorns and signs promptly mcreased and
the weight curve gradually leveled off By September 12 jomnt swelling
was as severe as before treatment but 1t was considered unwise to re
sume hormone therapy until the glucose tolerance curve returned to
normal By September 16 this had occurred and ACTH (Armour)
was started 1n doses of 20 mg daily 1n 4 divided doses Even on this
dosage sedimentation rate and symptoms decreased and weight began
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no M BHEUMATOID_ ARTHRITIS (Stilts D sease)
LN W T I TR RS L T T T N T

Fre 1s

to rise again However glycosuria reappearced and became s0 pf;‘?
nounced that 1t was again decmed necessary 10 stop treaument All'!] e
present time studies are underway attempting to explam the mecna
nism of the glycosuria 1n this pattent

Fig 13 illustrates the excreuon of various clectralytes by this Par
tient before during and after the admimstration of cortsone 11(11db°
ACTH Thesc changes 1re essentially the same 1s those reported D}
others
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Observations on the Effects of ACTH 1n
Patients with Rheumatic Fever and

Rheumatic Carditis*

Benedict F Massell Joseph E Warren and George P Sturgis

HOUSE OF THE GOOD SAMARITAN {CHILDREN § MEDICAL CENTER) HARVARD
MEDICAL SCHOOL BOSTON

This preliminary report will be divided 1nto the following four
sections (1) a summary of the clinical response of 11 rheumatic fever
patients (2) observations on the shin reaction to the mtradermal in
Jection of hemolytic streptococcal vaccine (3) observations on the
anustreptolysin O titer  erythrocyte sedimentation rate and serum
gamma globulin concentration, and (4) observations on sodium and
potasstum balance

1 CLINICAL EFFECTS OT ACTH {ARMOUR)

Clinical data are available on 11 pauents treated with ACTH
(Armour) Nearly all of the important mamfestations of rheumatic
fever are represented by these patients these mamfestations 1nclude
fever jomnt involvement subcutaneous nodules chorea signs of
valvular involvement pericarditis congestive falure paroxysmal
tachycardia, and elevation of the erythrocyte sedimentation rate
The majority of the patients suffered from severe rheumatic fever and
a high degree of active rheumatic carditis

In general the response to ACTH therapy was quite satisfactory
1 11l but one of the 11 patients but the speed and extent of the re
sponse varied considerably Of 8 patients 1n whom treatment has been
completed and who have been followed sufficiently long for evalua
uon 5 showed a prompt and striking improvement the disease be
coming quiescent within a period of 4 to 10 weehs Two other pa
tients sull under treatment likewrse have done exceptionally well so

tudy was suppo ted by  grant from the Helen Hay Whuney Foundat
Presemad 2t ACTH Confbvence Chicago 1l no's October 22 1049 7 anon

405
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far One patient who was desperately 11l and 1n congestive failure be
cane considerably better but stll has low grade rheumatic fever
another has reached the quicscent stage but her course was relatiely
slow while a third failed to show any definite improvement It s not
possible to determine from the wail tble data whether the observed
chimcal varations were duc to differences in ability of the various pa
tients to respond to the hormone or to differcnces in duration of treat
ment and vamations in mndinaduil and total dosage of ACTH
{Armour)

Although ume does not allow for a detailed description of the
effects of ACTH on all of the various rheumntic manifestations, 1t1s of
sufficient interest to pont out that a definite mmd diastohe murtnur
and an 1oruc diastolic murmur of moderate mtensity 1n one €arly
case and a moderately loud mutral systohic murmur and a defintte
md diastolic murmur 1n another carly case disappeared completely
within three to six weehs while 1n a thard pauent with long standing
mutral regurgitation a mitral rmd diastohc murmur which deseloped
1 association with a recurrence of rheumatic fever again dlsapp€d\‘€d
when the attack subsided In the last patent the systolic murmur 1§
mght be expected was not altered

Also ot considerable 1mportance and worthy of brief discussion 13
the effect of ACTH therapy on congestive farlure associated with s
vere rheumatic carditis From our experience 1n four cases 1t would
scem that the hormone has two opposing actions Lither due to 3
direct antidiuretic effect of contiminating posterior pruitary fobe
principles in the ACTH preparation or due 16 1n indirect sodm r¢
taining cffect the administravion of ACTH (Armour) tends ta cause
accumulation of fluids and hence aggravation of already existng (on
sostive fulure On the other hand suppression of the active rheunitc
inflammatory process and consequent improvement in the myo
cardium tends also to improve renal function and thus reheve con
gestve fanure The net result depends upon which of these two effects
1s the more pronounced and the more immediate. When, in two of our
patients cangestive failure bccame worse in spite of a very low sodum
mtake we fortunately were able to control the rtuation with mer
cunal dwretics

When ACTH was withdrawn abruptly early 1n the course ©
ment of patients with acute rheumatic fever an almost immedtate
rnise i temperature and return of symptoms occurred, a result that
was not surprising Of possibly greater significance wa  the reaction
to gradual reduction 1n dosage and final onussion of therapy In ;?mc
nstances this procedure was not associated with any untoward ¢! ’If_;fc
In others however relapses of varying severity were observed !
mreresting feature of these relapses was thatin a number of 1mstInCEs

f treat
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the fever rise 1n sedimentation rate, and other rheumatic manifesta
tions agan subsides promptly and failed to reappear even though the
reduced ACTH dosage was hept constint or the hormone was
omuitted altogether

Except for wncreases m congestive faillure and one instance of
severe mental depression  serious untoward cffects from ACTH
(Armour) have not been observed Glycosurra sigmficant elevation of
the fasting blood sugar and hypertension failed to develop 1n any of
our 11 patents Relatively mimnor side effects consisted of acne and
development of roundness of the face These two mamfestations
usually became apparent dunng the second to fourth week of treat
ment and lessened gradually after discontinuation of therapy In
connection with the problem of untoward reactions 1t should be noted
that 1 general our patients received relatively small doses of ACTH

Finally, and as a conclusion to this chmical review 1t should be
emphasized that 1n a number of our patients attachs of severe rheu
matic fever appeared to be terminated by ACTH (Armour) and that
all signs of an actise inflammatory process in the heart subsided
There s therefore considerable promuse that this therapy when given
early in an attach of rheumatic fever may at least 1n some 1nstances
prevent heart damage On the other hand 1t also should be pointed
out that the response to ACTH therapy was less dramatc 1n several
of the cases and therefore on the basis of our small number of obser
vations the possibility that this form of treatment may be meffective
1n certain patients cannot yet be eliminated

2 OBSERVATIONS ON THE STREPTOCOCCAL
SKRIN TEST REACTION

The fact that a positive delayed ty pe of reaction to the intradermal
mjection of streptococer and streptococcal products 1s obtamned 1n a
hugh percentage of active rheumatic fever patients s well known and
1s one of the evidences for the hypersensitivity hypothesis of rheumatc
fever It therefore seemed of nterest to determine whether the ad
ministration of ACTH causes any change n shin reactivity to strep
tococer The observations available for this report are relatively few
and 1nadequate for any final conclustons

The tests were done by injecting mtradermally 01 cc of a diluted
saline suspension of heat killed group A hemoly tic streptococct con
taining apprc Iy 4 mllion or; per cc Among 16 active
rheumanc fever patients who had not recened ACTH 13 gave
definitely positive reactions which reached a maximum ntensity 1
24 hours Three of the patients whose tests had been positive were
treated with ACTH 15 mg 4 times daily and then re tested during
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the second diy of therapy The repeat test was negative in one and
positive 1n two of these pitients One of the patients who had gnen
1 negauve reaction to the mmual test was also treated with ACTH
and re tested during the sccond day of therapy His second test was
definitelv positive

Thus small number of ohseryatons suggests that ACTH ( Armour)
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T1c 1 Effect of ACTH on serum concentration of total proten (R P‘;
and gamma globulin (G G ), and on the antistreptolysin O titer (AS O) ant
corrected sedimentation rate (CSR}

1in the doses used does not have any immediate effect on the strep
tococeal shin reactivity 1n rheumatic fever We have not yet had the
opportumty to study the effects of the more prolon.ed admimstration
of this hormone

3 OBSERVATIONS ON THE ANTISTREF TOLYSIN o
TITLR, ERYTHROCYTE SEDIMENTATION RATL
AND GAMMA GLOBULIN CONGENTRATION

The rddationship of rheumauc fever to preceding ht'mlol)’:i
streptococeal 1nfecuon and the consequent high level of arcu ?tl c;
streptococcal antibodies tn the early months of acute rheumatic ey
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as well as the nise of streptococcal antibodies i association with rheu
matic fever recrudescences are now well recogmzed (Fig 1) Itislike
wise known that streptococcal and other antibodies are largely con
centrated 1n the gamma globulin fraction of the serum and that the
gamma globulin concentration also rises in patients developin,, rheu
matic fever following hemoly tic streptococcal infection

SRAs D DD CASE *2 e js¢
T g
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1601

52f

ATH ]

Fic 2 Effect of ACTH on serum concentration of gamma globulin (G G )
the anustreptolysin O uter (AS O) and corrected sedimentation rate {CSR)

WEEKS

In spite of these hnown relationships the role of hemolytic strep
tococcal antibodies and of gamma globulin in the continuation of
rheumatic fever 1s still not understood (Fig 2) Therefore with a view
to shedding some hight on the role of strepococcal immunity and m
creased gamma globuhin concentrations in the mechamsm of rheu
matic fever observations have been made on the concentration of
gamma globulin and the antistreptolysin O titer 1n patients treated
with ACTH (Armour) These measurements have also been corre
lated with the erythrocy te sedimentation rate since the latter serves as
a rough measure of rheumatic activity and also probably reflects
changes n the concentration of plasma fibnnogen (Fig 3) Finally,
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for control purposes the total serum protemn has been measured m
some cases

The gammy globulin concentrations have been determned by
hunt el s turbidimetrie method
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Fic 3 Lifect ot ACTH on serum concentrauion of total protem (T Fr g
and gamma globulin (G G ), and on the antistreptalysin O uter (AS O an
corrected sedimentatian rate (CSR)

The results of our studies, ilustrated 1n Dgs 1-4, may be sum
marnzed as follows

a There was marked and rapid fall in the sedimenttion rate be
LInmng almost immediately after the admimstration of ACTH The
fall 1n sedimentation rate clo ely paralieled clinical improvement

b The gamma globuhn concentration which was disanctly €€
vated 1n all but one patient likewrse decreased rapidly This chans®
appeared to be mdependent of the total protewn concentration whid
n geperal remamned essenttally stationary

¢ The anustreptolysin O uter followed the same pattern 318 be
c1me markedly reduced The rate of decreases 1n this antibody among
7 pabents treated with ACTH was gencrally considerably more rap
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and on the average doubled that observed 1 previous years amon, a
small group of controls who did not recetve ACTH (Fig 4)

d As previously mentioned, discontinuation of ACTH was fol
lowed 1n some nstances by chmical or subchnical relapses which were
often transient 1 spite of no further mcrease in ACTH dosage In as
sociation with these episodes there was 2 rise 1 the sedimentation

MONTHS
Q t 2 3 4 5

¢
04/7%
{s

LOG CHANGE AS-0

Tic 4 Average rate of decrease ot antistreptalysin O titer (AS O)n 7
rheumatc fever patients treated with ACTH and 1n 9 controls

rate, sometimes to very high levels The gamma globulin concentra
tion usually increased also but to a lesser degree while the ann
streptolysin O titer appeared to be mnfluenced very httle

4 SODIUM AND POTASSIUM BALANCE

Our data on changes 1n sodum and potassium balances in rheu
matie fever patients treated with AGTH (Armour) are still quite 1n
complete but are betng reported because seseral of the patients
seemed to respond 1n a direction opposite to that observed by others
Furthermore the effect of ACTH on sodium excretion m tho e with

ngestive failure 1s of ficance n relation to the practical problem
of treating such individuals

In two extremely ill pauents with congestive failure the ad
muimstration of ACTH (Armour) caused a defimte retention of so
dium a decreased urnary volume and an increase in severity of the
fallure The addinion of mercurtal diuretics to the therapy as might
be expected brought about a reversal of this condition with an 1n
creased excretion of sodium  an increased urinary output and de
crease 1n the signs of congestion

One ather patient who was quite 11l but who did not show defimte
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chnicil signs of congestive faifurce likewise seemed to retan sodmum
when he was treited with ACTH (Armour) This transient retention
caused no clhinical difficulty

Other patients, not in congestive failure showed no stuking
chinge in sodium balince even though their clinienl response to
therapy was good

Eriseparine
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Finally and of especial interest 1s the observation of a defimite
socium diurests 1n 1t least two patients during the first 7 to 10 days of
ACTH treatment This response, as previously indicated, 15 0pposite
to that reported by others 1 non rheumatic individuals

The changes i potassium balance were of a lesser order of magn!
tude than those observed with sodium and seemed to show no defimte
correlation with the sodium changes

DISCUSSION

DR B wasmaN (Rescarch Hospital ind Univeraty of Iinois Mcd\caj
School Chicago) We studied one case of rheumanc fever US‘HZ
ACTH 1n decreasing doses i the early part of the expenment an ¢
epinephrine m 1ncreasing doses in the Iatter part of the expenmen
to ascertun that epinephrine would accomplish the same effects 235
ACTH Trom Fig 5 you will note that the sleeping pulse demasel
under ACTH and that the wital capacity increased without much
white ch inge Fig 6 shows a correlation of the eosinophil count ““dez
both ACTH and epinephnine with the sedimentation rate and the 112
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capacity You will note that the sedimentation rate remaned rea
sonably low even on very small doses of ACTH and rebounded a bit
on epinephrine and then came down somewhat in the latter part of the
expermment You will note that the eosmophil count escaped as the
ACTH dose was decre 1sed and as the patient was put on epinephrine
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You will note that larger doses of epinephrine did not appreciably
alter the eosinophil count

In¥ig 7, you will note that there 1s no appreciable weight change
although the vital capacity increased appreciably under ACTH
therapy Likewise there was not much retention of fluid in the early
part of the expeniment although there was a tendency to diuresis on
lower doses of ACTH which may correlate somewhat with the in
creased vital capacity

Fig 8 simply shows some hemo dilution under ACTH stumulation
of the adrenal gland and shows clearly the marked change 1n the sed:
mentation rate under ACTH therapy which did not alter much on de
creasing the dose The last figure (Fig 9) shows the electrocardio
graphic data for which there 1s msufficient time to go mto details re
garding the changes except that the PR interval did decrease as did
the QT and the ECG rate

DR GEORGE W THORN [ would hke to make a practical suggestuon
In the management of these patients 1t 1s possible to decrease the
excessive water retention restricting ngidly the water intake 1n pa
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uents under ACTH therapy 1n addition, mercurial duretics are use
ful although with 1 mercurnial diuretic one mav lose tremendous
quantities of potasstum Since potassium depletion 1s a sertous comph
cation of ACTH therapy, mercunal admimstration must be carned
out cautiously unless supplementary potassium 1s grven
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DR ALBERT DORFMAN I would like to state very briefly omutting any
shides our experience with both rheumatoid arthritis and rheumatic
fever

In a casc of a 5 year old child with Stll’s disease our results have
been essentially similar to those reported with the exception that »¢
have observed this escape phenomenon particularly with respect t0 3
marled eosinophha and increase n sedumentation rate while on
drugs, which then subsided and the patient had a good clmical re
mission

Concerning the rheumatc fever patients I should hhe to mabe
several pomnts One 1s that with pinents with chronu rheumatic
fever who have been mactive for a long ttme n two cases W€ have
seen congestive failure develop on the drug but as Dr Massell has
pointed out with the use of mercunial diuretics we have beea able to
conunue the dru, without any difficulty

I should like to point out that in our experience we cant quite
share Dr Massell s enthusiasm of this bemng a cure In these chronic
types of patents with the cessation of the drug the activity has e
turned
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Finally, in both patients with rheumatord arthritis and rheumatic
fever we found a very marhed decrease 1n the nonspecific hyaluron
dase measured by the techmque we haye previously deseribed

DR MAY G WwiLsoN I cansympathize with Dr Massell s enthustasm [
cannot agree that he has presented evidence that we have a cure for
rheumatic fever The physical signs of changing murmurs as every
one well knows are very common during active carditis and unless
you have post mortem evidence that there was no damage you cannot
consider that the valvular deformuty had disappeared because the
murmur was no longer present
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DR josePH | BUNIM {New York University College of Medicine New
York City) We have studied a patient who developed hus first attack
of rheumatic fever on June 1 8 weeks before admussion An \ ray
taken at this time showed the heart to be normal in size and contour
Five weeks after the onset apical systolic and diastolic murmurs
were present On admussion to Bellevue Hospital these signs were con
firmed and x ravs of the heart showed marhed enlargement In ad
dition a loud penicardial friction rub was heard over the precordium
which persisted up to the day before Cortisone was begun A solitary
subcutaneous nodule was found and removed for hstological exarm
nation before therapy was begun
From Fig 10 several points will be noted

1 Admmstration of Cortisone and ACTH was associated with a
farrly prompt fall in fever and erythrocyte sedimentation rate
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2 There was, however, no reduction in the heart rate, which
ranged around 140 per minute, when Cortisone was given With
ACTH, the rate fell to levels of 90 per minute, but by that time the
patient was 1n the fifteenth week of his 1flness

3 Despite Cortisone therapy, mercuhydrin was necessary on
August 20 and September 7 because congestrve fatlure associated with
sodium retention became progressively more severc and the patents
condrtion ws criucal

4 Prior to and after admimstration of Cortisone no detectable
amounts of sodium were present 1 the urine, until mercuhydnn was
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gven (August 20) From August 31 to September 7 urine collections
were not made On September 8 no sodium was found 1n the unne
oided from 9 A m to 5pM At 5 py mercuhydrin was agan gnen

with a furly good diurenc response The following day ACTH therap
was begun No further injections of mercuhydrin were necessary

5 Tt will be noted that for the first 6 d1ys of ACTH therapy there
was no urinary excretion of sodium d

Qur genernl tmpression 1s that in this one case Cortisone
ACTH may have contributed towards effecting a subsidence of the
mflammatory reaction 1n the tissues of the heart At the end Ud
therapy however (October 10), the patient s heart stll shc\\cl
moderate enlargement both to the night and left and the 1p1cd
systolic and dhastolic murmurs remamed unchanged
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R 1 F pwan {University of Minnesota Muneapolis) [t s gong to
be didficult to evaluate the chinweal response to ACTH {Armour) m
rheymatc fever Those of us thit have seen a fow cases however have
heen greatly stimulated by the pparent speedy recovery 1 am sure st
will be necessary to have some biochemical evidence of response to
therapy before we can aceent the «alue af ACTH w this disease
hellev Good Ghel and McQuartie n our depirtment have
papers in the press now on the muroprotemn levels and non specific
hyaluromdase les els m rhewmnnie fever Thor figures show 2 definite
clevavon duning this discast process with a slow return to normal
levels with the onser of recovery In the one case of thewmatic fever
that we had the opportuntty to study carefully throush the Jynd offices
of Dr Slocumb at The Maye Chnic we noted a distinct drop 1n these
Jevels foltowing ACTH therapy [his drop m the mucoprotein levels
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and hyaluronidase inhibitor level paralleled an excellent rapid climeal
response  This observation 15 doubly interesting because Dr Mc
Qunrnie has just reported that 1n his series of cases of hypoglycemia,
an mcreasc was noted 1n the mucoprotein level following the ad
mumstration of ACTH It s hoped that we can follow up these obser
vations with more cases
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The Effect of ACTH on Rheumatic Children*

H N Helper R Lubschez K Ham and M G Wilson

NEW YORK HOSPITAL AND CORNELL UNIVERSITY MEDICAL COULEGE NEW YORK CITY

A summary of the effect of the admunistration of 40 to 50

mgm of ACTH (Armour) 1n equal divided doses every 6 hours for 4
24 hour periods 1s graphically presented 1n Figs 1 and 2 Three boys
9 to 10 years of age, selected for study include H W a well boy who
had been followed from arth E M  a rheumatic patient who has
had no acuwity for the past 2 years and J A a patient with acute
severe rheumatic carditis of 4 days duration

A showed progressive signs and symptoms of severe carditis
associated with shght pains in the left ankle and widespread ery thema
multforme for 4 days prior to receving ACTH The electrocardio
grams revealed elevated ST segment and 3 1 heart block which re
turned to normal before the admimstration of ACTH The vital ca
pacity dropped from his normal value of 2100 cc to 1100 cc nising
t0 1600 cc at the end of the experimental period There was marked
clinical mprovement and the patient did not appear 1ll for 4 days
following withdrawal of ACTH However 2 days after withdrawal
the erythematous eruption returned and the temperature ranged
from 37° 0 395°C (Fig 1)

The patient showed clinical improvement before ACTH was
given Durn., this control period the crreulating eosinophil counts
ranged from 10 to 30 per cubic mm If 1t 1s postulated that a drop in
arculating eosmophuls following ACTH administration 1s evidence of
increased adrenal secretion 1t would appear that this patient was able
to respond to the stress of his 1llness

It 1s of interest that 1n 5 out of 6 patients with acute carditis the
crculating eostnophuls ranged between 13 to 97 per cu mm In all of
these patients the Thorn test was within normal limuts t

All of these patients were on the pavilion of the New York Hos
pital The hematological and chemical studies were condurted for a

These studies were a ded by grarts { om the Commonwealth Pund and the Helen
Hay Whitney Foundation
an K and W lon M G Immunotogic and b ochemcal stud es 1n infants and
hildren w th spe al eferen 1o theumatic fever VIII Response to pitwtary adreno-
torticotroph ¢ hormone (ACTH) P diat 4 579 Nov 1949
415
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control period of 2 to 4 days before 1nd after the 4 day experimental
period The children were on a constant calculated diet and a flud
intthe hmited to 1000 to 1200 ce per day There were no side re
acuons or untoward svmptoms referable to the administration of
ACTH during the experimental period

A comparison of the hematological and metabolic changes noted
in the 3 pauents 1s of intercst However, interpretation of any dif
terences observcd cinnot be made on such limited data The following
observations perhaps merit comment In the rheumatic mactive pa
tient the eosmophil count did not return to normal n the control
period In the patient with active rheumatic carditis the mital eost
ophil count was sigmficantly lower than normal prior to administra
tion of ACTH (Armour) and remained at low levels during the expert
mental and second control pertods The sedimentation rate in the
mactive rheumatic patient who had a respiratory fection fell tonormal
on the third day following adminstration of ACTH In the patient
with actrve carditis the sedimentation rate remaimed ¢levated through
out the expenimental period

The blood chemustries remained relatively stable, sumlar to ob
servations reported 1n adults The ascorbic acid 1n the white blood cell
platelet layer revealed an upward trend In 2 pauents the serum
cholesterol level fell during ACTH admimstration

Torty exght hours fallowing the discontinuance of ACTH there
was a marked diuresis in all the patients The changes n urinn
electroly tes during ACTH idmumstration were sumlar 10 those l;?
ported for adults hiving comparable treatment except that chlorﬁ} ;3
were sigmficantly decreased 1n the patient with active carditis E{
creatimine excretion did not rematn constant during admmnstration o
ACTH although urine was collected for 24 hour periods Interpref2
tion 15 lumited since 1t 15 well known that creatinine excretion varies n
children o

The 17 ketosterowd excretion mercased m 1l the patients duribs
the admunistranion of ACTH (Armour) The 11 oxysteroid cxcretlzrcl
remained relatively constant in the mactve and active rheurna
patents

It 15 obvious that the accumulation of considerable da
sary before the responses of children to the administration o
the mechamsms 1nvolved can be ascertatned

ta 15 neces
f ACTH or

DISCUSSION

There was no discussion on this paper
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The Effect of Adrenocorticotrophic Hormone
(ACTH) (Armour) on the Chinical Syndrome

of Dermatomyositis

Charles Ragan

PRESBYTERIAN HOSPITAL COLLEGE OF PHYSICIANS AND SURGEONS COLUMBIA
UNIVERSITY NEW YORK CITY

Dermatomyositis 15 a disease with a vague, poorly defined
symptomatology 1s diagnosed chiefly by exclusion but evidently be
longs 1n the group of the mesenchymal diseases together with upus
erythematosus dissermnatus pertartenitis nodosa, etc The onset 15
usually gradual There 15 an inflammatory process throughout the
sheletal musculature characterized by lymphocy tic infiltrations 1n the
mterfibrillar spaces with varying degrees of morphological changes in
the muscle fibers themselves With 1t there may be associated certain
changes 1n the shin an 1l defined dermatitis or edema of the sub
cutaneous tissues Secdimentation rate 1s usually elevated and there
may or may not be an increase in serum globulin Symptoms are char
acterized by weakness of various muscle groups with particular pre
dilection for the muscles of degluntion the extraocular muscles and
thase of the thughs

We have treated 2 cases of dermatomyositis with ACTH
(Armour), one for 18 days (Fig 1) and a second case for 9 days In
the first case, symptoms of muscular weakness were present for a
period of over 3 years Physical examuination was negative save for an
easily palpable spleen There was an elevated serum globulin (4 6
8m %) and the sedimentation rate ranged between 75 and 100 mm
per hr (Westergren) The cephalin flocculation was positive and
muscle biopsy from the vastus laterahs showed lymphocytic infilera
tons 1n the nterfibriliar spaces between the myofibrils The treat
ment with ACTH (Armour) 1s shown i Fig 1 Subjective changes
during treatment were obscured by the mental reaction which will be
discussed 1n another paper by Drs Hoefer and Glaser but she did
Note a marked increase 1n weakness of the left arm and leg without re

423
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flex changes After 18 days of treatment with ACTH (100 mg < day),
the spleen could not longer be felt, the sedimentation rate had fallen
to normal—7 mm per hr —and erum globuhin had decreased @
25gm % the cephalin flocculrtion had become negative and 2 bt
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apsy of the opposite vastus lateralis taken at the end of treatment
showed no evidence of cellular infiltration 1n the interfibrillar spaces
Two days following cessation of therapy her mental status cleared to
the pomnt where she was able to note subjective changes For a weeh
after ACTH was discontinued she had no complamt of muscular
weakness Twelve days following cessanon of therapy with ACTH,
the spleen was palpable the sedimentation rate had risen to 56 mm
per hr cephalin flocculation had again become positive and she
again noted weahness of the muscles of deglutition and of the inter
costal muscles During the treatment period she showed a rather
marked creatinuna for a time

The second patient was also a woman who had had weakness of
the extraocular muscles mamfested by diplopia 1ntermuttent 1n char
acter for a peniod of 2 years She had also complamed of weakness of
the muscles of her legs which made 1t difficult for her to walk on her
heels and to chmb sturs Intermuttendy she had had a rash on her
lower extremities which was macular with some thichening of the
skin The sedimentation rate ranged between 80 and 85 mm per hr
{Westergren), serum globulin was ¢levated (40 gm %) cephalin
flocculation was negative but thymol turbidity was 3+ Biopsy of
muscle of the thigh showed lymphocytic infiltrations 1 the nter
fibrllar spaces and a thinmng of the superficial layers of the shin
It 1s of interest that there was some myasthenic component in this
patient since she demonstrated objective improvement i muscle
power namely abihty to walk on her heebs after the mjecton of
tmgm of prosugmine on two separate occasions She recetved ACTH
(Armour)—100 mgm a day—for 9 days After the thud day she ex
perienced no further diplopia and after the fifth day she was able to
walk on her heels and climb stairs with no evidence of weakness
However the next day (the sixth of ACTH therapy) she began to
complain of progressive and alarming weakness 1n the muscles of the
extremities and the hormone was discontiaued on the minth day of
treatment There was no return of diplopia Her sedimentation rate
fell from 86 0 22 mm per he 1 chis 9 day pertod

Evidently the process which led to changes m proteins including
slobulins  sedimentation rate and cephahn flocculation was con
trolled while on ACTH There was temporary control of symptoms of
muscle weakness but these became ntensified as treatment continued
When muscle weakness was marked the serum potassium Was lower
than in the pretreatment period (4 2 to 3 5) but not at levels usually
assoeiated with paraly<is Admumstranon of potassium chlonde by
mouth did not materially change the symptoms of muscle weakness

In the first patrent following withdrawal of the hormone symp
tems of muscle weakness were temporanly benefited However 1n ths
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{1 2 Effect of ACTH on the temperature, total number ofeoﬁmﬂph‘l‘;
and the urmary outputs of ereatine and 17 Fetosteroids of 4 patient W1t
stvere exacerbation of dermatomyasitis

same patient after a period of time the muscular symptoms returned
as did the protemn changes which probably represent the host responst
to the abnormal process This pattern of response of muscle weahnes
to ACTH (Armour) 1s simular 1 our cxpertence to that seen i mys* .
them gravis However the protein ch inges are not characterstic ©

myasthenia and the ustolo.xcal changes i the sheletal musculatt €
are more marhed than the 1solated lymphorrhaves described i my®

thenia

DISCUSSION

DR A T MILHORAT A brief word about a case of dermatomsout®
studied wath Dr T W Oppel

A patient aged 30 with very severe exacerbation of e
myosits cispliying all the acute and severe mamfestations ot ‘m[
dist 1se with pain and tenderness so severe that large doses of deme "
and frequent nerve blocks did not suffice. « control the pamn was g“f{
ACTH After 25 mgs there wa a definite diminution 1n $ywptom

dermat®
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After 50 mgs the pun and tenderness had quite subsided, and after 2
days of ACTH 1n doses of 100 mgs 1 d1y, practically no symptoms of
the discase remained (Tig 2) With further treatment all mantfesta
tions of the disease disappeared The pauent was entirely well 2
months after ACTH had been discontinued

DR HARRY suwicivan I have some photographs of a patient treated
1t the Children s Medical Center of ncute leuherma with dermato-
myositis that showed 1 most dramatic improvement with ACTH
therpy

Fig 3 shows the leukemua patient before the onset of antifolic
therapy

Fig 4 shows the ctuld before ACTH therpy

Fig 5 shows him on August 10 8 days after the beginmng of
ACTH therapy

g 615 dated August 20 at the end of ACTH therapy

Fig 7 15 one month after the beginning of ACTH therpy The
child 1s sull 1s 1ppears in this photo

Tic 7
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Effects of ACTH in Patients with Collagen
and Allied Diseases

J R Elkinfon A D Hunt Jr L Godfrey W McCrory A Roger
son and Joseph Stokes Jr
UNIVERSITY OF PENNSYLVANIA SCHOOL OF MEDICINE PHILADELPHIA

Effects of treatment with Armour s ACTH in 8 pauents are
reported The dingnoses were as follows juvemle rheumatoid ar
thritis  disserminated lupus erythematosus dermatomyositis  acute
rheumatic fever and status asthmaticus The following metabohic
measurements were done during at least part of each case study total
arculating eosinophils serum concentration of socdum  potassium
and chlonde balances of sodum potassium and total mtrogen
urinary excretion of corticords and 17 Letosteroids Measurement of
the urnic acid creatinine ratio and assay of serum anti hormone ac
ity were made 1n the one case (E B ) who appeared to become re
fractory to ACTH

Results of treatment were as follows

Acute Rheumatoid Arthritis

W H 5year old male recerved 25 mg ACTH per day for 7 days
(see Faig 6) Temperature dropped abruptly to normal jomnt pain dis
appeared and joint swelhng subsided Following withdrawal of
ACTH signs and symptoms returned despite the admmustration of
epinephrine No further treatment was attempted B G 9 year old
female received ACTH mtermuttently over a period of 148 days
Patient s signs and symptoms were reheved with an mtial daily dose
of 40 mg ACTH (Fig 1) As treatment progressed 1ncrease in dosage
upto75 mg was required to maintain the remusion Acne hirsutism
and oilly hair appeared suggesting an early Cushings syndrome
ACTH therefore has just been discontinued

Disseminated Lupus

N H 15 year old Negro female with typrcal disseminated lupus
Proven by skin biopsy received 100 mg per day of ACTH for the
429
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first 3 days with dimimishing, doses thereafter (g 2) ACTH was
discontinued on the fifty second day with apparently complete re
mussion to the present time (3 weehs thereafter) E B, 29 year old
white female with subacute joint swelling for 8 months developed
tever ancrma splenomegaly 6 weeks before admusston for study at
which ume she 1ppered mortbund Patient responded to ACTH 1

BG ¢ 9Y2RS RHEUMATOID ARTHRITIS
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daily doses of 75 mg  fever subsided and anemia improv
and7) After 6 wecks intcrmuttent therapy of doses 1s hig
patient became refractory temperature rose red count
and pericardial effusions appeared and death occurred on th
enty eighth day of study

Dermatomyoutis

M T 5 yeir old male, with this dia nosis support
biopsy, developed high fever skin rash and edema on
therapy 7 weeks prior to study On admission w1s mor
sponded progressively to several courses of ACTH therapy,

ed by shin
pemcxllm
bund 1€
40 to 80
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third complication was the refractory state developed by E B,wth
fatal results The evidence 1s not unequnocal as to whether this stalcf
was due to an antthormone to adrena! exhaustion, or to mabihty @

the end orgnns to respond to adrenal steroids

DISCUSSION

There was no discussion on ths paper
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The Effect of ACTH on One Case of

Periarteritis Nodosa *

Ralph Goldmon Wiham S Adoms Williom S Beck Melvin
Levin and Somuel H Bassett

VETERANS ADMINISTRATION CENTER LOS ANGELES

and

Abraham White

UNIVERSITY OF CALIFORNIA LOS ANGELES

A patient with periartenitis nodosa was chosen for metabolic
studies of the effect of ACTH because this disease 15 considered to be
one of the collagen discases and ACTH has been reported to be
effective 1n this group In addition we were curious to determume the
effect of ACTH on the very high eosinophil count observed 1 this
patient Since our studies to date have revealed no results at vart
ance with the general effects of ACTH, our results will be sum
marnzed as briefly as possible T'o cur knowledge there 1s no previous
report of treatment of a patient with this disorder with prtwitary
adrenocorticotrophin

The patient a 59 year old white male has had asthma for 4 years
perspheral neurtts for 10 months and subsequent pains in the ex
tremities muscle wastin, and progressive weakness low grade fever
and anorexia Laboratory examinations revealed mild albuminunia
eosinophilia persistently above 15% and decalaification of the bones
and advanced pulmonary emphysema Muscle biopsy was found to be
consistent with the diagnosis (Figs 1 and 2)

Method of Study

The patient was studied in the Metabolic Umt where he was
placed on a controlied diet which was calculated to contamn 2200
calones with 75 grams of protem and which on analysis was

Spon ored by the Veterans Admin strat on and published with the approval of the
Chief Medical ) ‘ector The statements and conclus ons of the authors are the esult of
the p own_ tudy and do not necessanly reflect the opin on or policy of the Veterans Ad

n tration

437
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116 1 Photoxraph of the patient W h A taken 8 days after the tfiatios
of ACTH therapy

demonstrated 1o have 11 6 grams of mitrogen Frve day pesiods were
used Peniods 1 2 and 3 were control periods, durng pertod 4 the P!
uent recenved 02 umt of pitressin every 6 hours the amount co;
tamnating our standard dose of ACTH during pensods 5, 6 and 710
patient receved 10 mgm of ACTH subcutaneously every & h(;,ug
and duning periods 8 and 9 he was placed bach on the puressa scdc
ule Dunng period 2 he developed 1 severe atack of asthma an rcn
fused numerous feedings lost weaght and went into negatiye Hrose
balance Equilibrium was 1pparently achieved during peniods 311 t
4 During the fourth period the patient was under the 1mpression ! c‘;
he w1s receiving the active hormone although, as previously stathM
he was recemving prtresst 1n small dosage This penod sndicated ¢
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the balance achieved 1n periods 1 and 3 were approximately correct
At present, we are prepared to submit data through period 6 and a
few observations carried through period 8

Subjective Responses

The subjective response shown followed the now famihar pattern
Over 5 days of pitressin there was no apparent subjective or objective

TN,

Al
o T

Fic 2 Photograph of a section of the muscle biopsy performed on patient
W K A which established the diagnosis of periarteritis nodasa

thanve Since he believed that he was actually recening ACTH at the
time he expressed his disappointment at the results However on the
day ACTH was started without the patient bemng aware that a dif
ferent medication had been given there was within 6 hours a feeling
of remarkable apr and an ncip asthma attack had been
aborted There was no true euphoria but the patient expressed a
sense of well being and mmproved morale This continued unul the
ACTH was discontinued at which tume there was a prompt symp
tomatic relapse  After several days there was a rebound from the
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deepest phase of symptomatic reaction, but the return to the treat

ment level was icomplete Pitressin was continued durmg the period
of ACTH withdrawal

Ohjectve Chimcal Obsers ations

Cluncally only 1 few objective findings were noticed The pa
tient s blood pressure which had averaged 110/75, rose to 130/85 for
3 days then returned to sts base hne When ACTH was withdrawn
the pressure fell to 85 55 for 2 days before stabthizing agam During
the rdministration of the ACTH there w s a gradual fall in the pubse

&
4
N2
x
248
M
H
a4
~
4¢ ¥
iy " z ¢ 0 3 ¢ r 1o
Controt — ADH ACTH Conlro

Fie 5> Changes 1a body weight ac ving the ad ation of ACTH

P

rate from 100 per minwte to 70 The pulse rate returned to 102
within 4 days fter discontinuance of the drug There was no respons
of the temper vture 10 the 1a1ttation of therapy, but the rectal t:mpcri‘S
ture fell from 99° 10 97° 1 the 3 days follow ing withdrawal e
promptly returned to 99° Weight has been approvimatcly stabihiz !
at the level determined before the asthmatic attach when ACTH ‘Q
mitiated A weight gain of a hittle more than 1 kilogram {OHO‘;:,]O
despite a marked negative mtrogen balance The ptient lost 2
grams 1n 4 days following the cessation of therapy (g 3) the
Other signs of chuucal improvement were an Jnerease m(mtf
amount of perapheral vasodilatttton, with improved color, dcbx fit
clearing of the asthma marked reduction of sputum ancreased abl cs)
to mose about and increased pprick discrimination mn the and
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thetic areas Withdrawal of ACTH did nat appear to result 1n com
plete regression, 1n the first 9 post treatment days of observation

LABORATORY DATA
Hematology

The hematologic response was as expected The eosmophls
dropped from an average of 1250 per cu mm to 25 withun the first

»
my8
6 oms

TS
¥ N brage
s

“

ey
*— Control

o

ACTH

Fio 4 Effect of ACTH on csrculating eosinophuls Neuteal 17 ketosterouds
Total W B C count and urmary mtrogen

[

2 2
ADH Control=

24 hours and after disappearing did not reappear until 24 to 48 hours
after the drug had been withdrawn From the third to the nunth post
treatment day the level fluctuated at 300 per cu mm The fall 1n the
airculating eostnophils was more rapid than in the bone marrow The
latter which averajed 23% 1 two aspirations performed before
treatment fell to 7 6% on the second day of treatment but 0 8%, were
sull found on the tenth day of treatment There was a small increase

‘(Tl\:lhe total white cell count in the peripheral blood during treatment
g 4)
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Nitrogen Balance

The change 1 the mitrogen balance was strtking There was a
steady increase i the negitne mitrogen balance for 7 days antd the
loss was one third greater than the intake, 2t which ume the ouiput
fevelled off This conunued for the remamder of the 15 days that the
patient was under treatment The nitrogen loss was via the unine
since there was n actual decrease in the daily loss of fecal mitrogen
Within the first 24 hours after the withdrawal of the ACTH the
urnary mtrogen had fallen almost to pre treatment levels (Fig 5)

Cherucal Observations n Blood Urine, and Sweat

The level of the blaod glucose was not significantly altered al
though the glucase tolerance curve was 30%, higher during treatment
The glutathione level which had run somewhat high, fell 25% to
within nermal ringe There was no apparently significant change 1n

S S

Uy

GRAHJ PER DAY OF NlTRDGEN
t

R
! I m w y @m wm o o
> CONTROL ~~+f ADH po—~ A TH vt CONTR

Fio 5 Nurogen balance Periods 5 days Heavy black Imes joned b(‘{
broken lines indicate the fevel of mitrogen mtake Fecal mtrogen 1§ P"’";C
at the bottom of the figure The irregular hine wtersectng mtahe denotes lof
sum of unnry and fecat wtrogen Nitrogen loss 1s depicted by extenston
this hine above that of intake
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the serum electrolytes The serum creatimne and urine creatinine
levels remuned constant However, the serum uric acid fell from a pre-
treatment level of 3 35 mulligrams %, to 1 25 mlhigrams 9, after 15
days of treatment This low level remained a full peried (5 days) after
ACTH was stopped The urninary uric acid rose from a level of 11
grams per day to a peak of 19 grams on the sixth day, and then
gradually fell to subnormal levels conunuing down to an average of
05 gram each of the 7 days after treatment (Figs 6 and 7)

159
o before ACTH
= after ACTH
£ (10 days)
ool

Glucose m
2

I 2 3 4 5
77"15 - HOURS AFTER 50CHS CLUCOSE
Fic 6 Effect of ACTH on glucose tolerance curve

A sweat test performed during the control period showed levels of
31 mull equivalents of sodium and 24 mill equivalents of chloride as
contrasted with 6 mlly equivalents of sodium and 2 5 millk equivalents
of chlonde after 15 days of treatment 17 hetosteroids increased from
an average of 4 mulligrims per 24 hours to an average of 27 mlh
grams The first day after cessation of treatment the value was 13 3
milhgrams and the second day was 57 milhgrams the average for
the succeeding 4 dayvs was 6 5 mlbigrams

REMARKS

The prompt gain 1n weight on mittating therapy and its equally
prompc fall when the hormone was discontinued are almost certainly
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to be associated with changes in the volume of extracellular fud
These changes 1n weight, we believe, must be attnbuted to ACTH
since the tmount of prtressin contaminating our preparation was gives
during the pre and post control penods

The markedly negative mitrogen balance 1n an emacated ndi
vidual 1s distinctly disturbing, since, 1if long continued, 1t mustultt
mately lead to further severe depletion of the protem reserves One

g

100

Uric Acio - Gms

&

ar 2¢ 10+ 3 n

——ADH-——— ACTH

Fro 7 Daly excretion of unc acd 1 urine Note sharp rise 1
of une acid during first 6 days on ACTH followed by decrease to
of control pericd

Control~

n exeretiof
below level

might speculate that the increased excretion of nitrogen ndicates the
resolution of mflammatory tissue and 1s therefore desirable, and, 15
hoped self imited On the other hand 1f 1t represents the dissolution
of some less vitally required body protemn from which a substancc‘is
sential 10 the well being of the orgamsm can be fabricated, the uf‘l
mate outlook 15 unfavarable Obviously, more prolonged and carely
studies of the various factors which may nfluence the mtrogen C‘;‘c
change are essential to a proper understanding of the action of
hormone
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SUMMARY

In summary, this paucnt with pentarterstis nodosa responded to
ACTH by obsious unprovement sn well being His pulse rate de
creased there were transient changes in blood pressure and tempera
sure, and s weight increased durng treatment The circulating
eosinophuls fell promptly but there was a less rapid response of the
sternal marrow cosmophils Despite the mitrogen loss there was a
persistent werght gam The blood glutathuone was reduced, as was
the serum unc acid There was an mmal mcrease in the uric acd
excretton but this decreased below normal before the ACTH was
stopped and continued to decrease and then to level off below the

38 10 faale IR0 Tar Minrerivg
Fee MTH A0 mov/A for § & wd 80 2gAAl Sor XX &

eal Deta Treaie Ind ot N

Drthopnea o #

Rydrothorex rad £

Da tolie 01 B Pl °

e L4 ¢

2 )edin ¥ Paralysis b4 ¢

e ° #HH

Appetite poor excelnek

Fro 8

ongnal base hne after the ACTH was stopped The sweat test
showed a marked fall in sweat sodium and chlonde after 15 days of
treatment and the unnary 17 hetosteroids showed an eightfold i
crease

The symptomatic improsement puise rate weight gam nitrogen
loss plus 17 hetosterowds returned to pre wearment levels within A
few days after the cessanon of therapy The eosmophil count blood
glutathione serum urc acid and unine urie 1aid were still below pre
treatment levels 5 days after ACTH wathdrawal

DISCUSSION

DR ¥ SYDNEY sTitLMaN §should hike to present briefh the data onone
case of polyartenius nodosa trerted with ACTH Our expertence con
firms that of Dr Goldman

The patient was a 20 year old marned woman whose present 1l
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ness began about November 1, 1948 She developed rhimtis and 2
coush productive of yellow sputum She recetved for treatment a sul
fonamide, the second time she had received this medication She sub
sequently developed fever dyspnea on exertion, asthma, orthopnea
weight loss of 33 pounds marhed weakness, pericardinis and periph

RO 20 Fesle RS s Polyerterttls
Rxi ACTH 40 mgn/d for 9 d end 60 men/d for 124
1ab pata Presn B of Be

Hematoorit 3 a

Sed mate © 8 mafinin 0.25 m/nin

L 18 000 32 000

Lostnophile £ 20 1

Vital Capactty 13 161

17 £ to Sterotds 7 e 18 6 mem

Fic 9

eral neuritis Muscle and shin biopsy showed arteritis and arteriolits
consistent with polyarteritis nodosa Figs 8 and 9 show the changes
noted after the administration of ACTH for 12 days

The patient completed her course of treatment with ACTH on
October 12 1949 During the past 8 weeks there has been endence 0;
a return of activity of her disease but of a considerably lower order o
severity
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The Treatment of Scleroderma with
Adrenocorticotrophic Hormone

Preliminary Observations

Theodore B Bayles Carlyle F Stout J Sydney Stliman and
Walier Lever

ROBERT BRECK BRIGHAM HOSPITAL PETER BENT BRIGHAM HOSPITAL AND
HARVARD MEDICAL SCHOOL BOSTON

At the present writing 4 patients with scleroderma hive been
treated with adrenocorticotrophic hormone at the Robert Breck
Bngham Hospital Three patients recerved a 3 week course of ACTH
and one patient recenved 2 weehs of therapy

Epmephrine tests performed on these patients as well as 6 other
patients with scleroderma at the Robert Breck Brigham and Peter
Bent Brigham Hospitals were found to be normal 1ndicatine normal
adrenal cortical function

Prior to treatment skin biopsies electrophorectic patterns of the
blood proten complement levels blood volume deterrunations
(Evans blue) bone marrow studies and 17 ketosteroid excretion
were determined and these procedures were repeated on the last dav
of ACTH therapy

Retculocyte counts were done daily for the first 15 days of treat
ment 1n three cases (2 3 4) Eosinophil counts were done twice
weekly as were white blood counts and hematocrits

CASE REPORTS
Case 1

A G a 53 year old white housewife was admutted to the Robert
Breck Brigham Hosprtal for the second time on August 19 1949
complaimng of suffness of the fingers pain 1n the phalangeal joints
and 1nabihity to flex the hands

About 3 years before admission she first noted pain 1n the hands
and knees and 6 months later a diagnosis of rheumatoid arthritis was

4ar
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made Two years before admission she noted progression of her ill
ness characterized by tightness and stiffness of the shin of the fingers
associated with brownish discoloration She was admtted to this hos
pital at that tme wnd a dragnosis of scleroderma was made In the
past 2 years she continued to have stiffness and nability to flex the
fingers and toes The shin of the face felt tight Tightness of the sk
over the right ankle was noted with aching and Limitation of motion
of that joint

Physical examin ition on admission showed a well developed and
nourished white woran Blood pressure 126/80 The skn of the face
was somewhat tightened Over the dorsum of the fingers, the shinwas
smooth and taut, with only a few areas of wrinkling over the jomnts
Orer the dorsum of the hands and wrists this change was moderate
and was also present over the right anterior tibial region There was
patchy loss of pigmentauon and hyper pigmentation over the m
volved areas There was shght impairment of motion of both wrists
Flexion of the hngers was impured, laching about 2 centimeters of
opposing the fingers to the thenar eminence of the left hand and about
1 centimeter on the night

AG S53Female 8354 Dx Scleroderma
R ACTH 80 mgin/d—3 d 40 mym/d~8 & 20 mgm/d-3 d.
Suks Bwhs
Pre Rx Fnd of Ry Post Ry Post Rz
Morung St ffness 444 o ++ i
Jomt Paimns +1 [ + 4
Jomt Mobility Ppoor good fair farr to poor
Skin Tightness et + ++ ted
Appetite fair excellent gool good
Fic 1

Course (see Fig T) After pre treatment data were. collected, the pattent
was started on 20 milligrams of ACTH intramuscularly every 6 hOU‘E
On the third day of treatment she was 1wakened at 300am “;‘
substernal oppression and a sensation of smothering which LCP; 3;
awake the remainder of the mght Physical examination sho\'\“‘crn
change and the electrocardiogram was normal The dosage of A ¢
was cut to 10 milhgrams 4 times dailly On the fourth dav o trc‘aas
ment the patient had gamed 6 pounds weight her urine output ¥ -
one halt the fluid intake and she felt well The stifiness and m’.hmio
1n her fingers toes and face were greatly 1mproved and there “}?5 .
pamn 1n the ankle She was able to oppose the finrers to the © ﬁlr;
eminences Her appente had improved tremendously On the € o
enth day of treatment the dosage of ACTH was cut t0 5 rmlhgra
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every 6 hours and this dosage was continued 4 days when treatment
was discontinued For 10 days following treatment the patient con

tinued asymptomatic and then began to have a return of stiffness and
pamn 1 the ankle and suffness and tightness 1n the fingers She did

however, retamn increased motion 1n the hands and her appetite was
mamtained Six weeks following, her condition was unchanged ex

cept that morning suflness was mcreased

AG 53 Female 8204 Dx Scleroderma
Ry ACTH 80 mgm/d~-3 d 40 mgm/d-8 d 20 mgm/d-3 d.
3 whs
Lah Data IrePx Fnd of Rg Post Rx
Sed rate 03> mm/mn 0 1> mm/min
Hematoenit 408 408
WBC 9800 1150 9250
Eos nophils 49/eu mm 98/cw mm 85/cumm
FBS 99 mgm 98 mgm™
17 Keto Steroids 66mgm 66mym
Fic 2

Laboratory Data (see Fig 2) Pre and post treatment biopsy specimens
from the dorsum of each hand showed early changes of scleroderma
There was no histologic change following treatment Blood comple

ment was unchanged The gamma globulin was normal on admussion
and diminished almost 509, by the end of treatment (see Table 1)

Corrected sedimentation rate fell from 0 35 mllimeter per minute to
015 mulltmeter per minute Hematocrit was unchanged The white
blood count rose from 9800 to 11 900 Eosinophuls had an imitial drop
to 6 per cubic milimeter and rose to 98 per cubic mtlimeter on the
lastday of treatment 17 hetosteroid excretion was unchanged ‘There

was a reticulocy tosis of 3 1%, on the eighth day of treatment Bont

marrow examination showed a normal marrow prior to treatment

and an erythroid hyperplasia at the end of the treatment There was
10 change 1 the nuraber of eoswophuls 1n the marrow and there were
many mature neutrophils with a paucity of myelocytes juveniles and
band forms

Case 2

F R a 37 year old marned veteran was admtted to the Robert
Breck Brigham Hospatal for the first time on September 20 1949 with
a history of scleroderma of 7 years duration In 1942 whle in the
Army he developed jomt pains and was discharged with the diag
nosis of arthritis Since that tme he had intermuttent pain and swelling
otthe fingers knees ankles and cibows Seven years ago he first noted
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mradual increastng thict cning of the shin of the fingers with increasng
hnmtation of motion For the past 6 years he noted epigastne pun
hetween meals rehicsed by foed mulk and soda In the past 6 vearshr
compluned of dysphagia with “suching” of solid food m the lower
part of the esophagus rehesed by regurgitation Six years ago s ray
of the upper gastro inti stnal trict showed narrowing of the esophagus
m the lower porton He lost 40 pounds in the past 6 years Three
years ago he had 2 dil1tations of the esophagus with relief of dysphasn
tor only | week

He was admtted to a \ eterans Admmstranon Ho pital for the
trst ume on June 3 1949 because of epigastric pamn, stffness of the
fingers and blurning of vision At that ume he was found to have
severe fundal changes conustent with mihgnant hypertension the
skin of the fingers was thichened and taut X ray of the upper gastro-
smtestnal trrct showed narrowmng and ulceration of the Jower pat
of the esaphagus Banum enemn showed extensive ulceration of the
colon I'his was il felt to be on a scleroderma basis Esophigoscopy
showed no esophageat Jesion however He was treated with bland
dict tropine, phenobarbital and discharged with the diagnosss o
generahized scleroderma and hypertensive cardiov ascular diseas®

Her was adrutted for the second time to a Veterans Admunntration
Hospital on September 1 1949 because of breathlessness He had fett
fasrly well foliowing discharge until 2 days before adnussion when hc{
w1s awake ned at mght with extreme shortness of breath sensation &

<hobing  and fear of impending death He coughed up some pinkh

frothy sputum He was tahen to 1 hospatal where the diagnosis of acate
pulmonary edema was made Treatment consisted of 0¥v5e8 ‘“’Ur
mquets morphine and digitalis Electrocardiogrm <howed 7““05
cardinl damage  but no spectfic infarction He was transferred 2 d”):
fater 1o the Veterans Admumstration Hosptal where the findings M"S
essentially the same as on the previous admission Vital capacity ';hac
1 8 hters Funds were unchanged Blood pressure was 180/100 p
changes n the skin of the fingers were the same On September Iy
days alter admussion he complained of severe ¢ razor bl ade W ;Ic
epiastnic pan X rays showed no evidence of esophageal TUP““CbC“
was given a Sippy diet withbut relief He was transferred to the Ro .
Breck Brigham Hosputal for ACTH therapy Physical cxammanon?r
admssion here showed scleroderma involving the pcnpheral tw’
thirds of the fingers and thumbs with mitation of flexion Blood P“ﬂ
sure 155,95 Funds not visuahsed Breath sounds prolonged 18 €207
on at the Jung bases with a few coarse crackling rales at the left 111 :
There was marked tendcrness and splinting of the abdomen C*P"C’dms
m the right upper quadrant Liver edge was felt 3 finger brea
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below the costal margin There was tenderness to percussion m the
night upper quadrant

FR T Male 12 D Scleroderma with esophag al sty cture
and coronary artery d’:sase

Rx ACTH 40 mgm/d for 16 d and 60 mgm/d for 5 d

Cl nical Pata Pre Ry F dof Ry
Dysphagna e 4+
(Al sdsonly } (sem sol ds)
Epigast epa 1 ma hed auld
Finger i on + rysl ght good
Skin of fingers thickened th chened and
and tight notsat ght
ECG 1 ftrent normal
by pertrophy
Fic 3

Course (sec Fig 3) Pauent was put on a Sippy regimen and after 4
days on this diet was feeling very well On September 28 1949 he was
started on 10 milhgrams of ACTH every 6 hours After 4 days of
therapy he complained of epigastric burning associated with nausea
and vomtting relieved momentarly by milk and cream However

hehad noted a marked increase in warmth of hs fingers and increased
mobility of the mterphalangeal jomnts so that flexion was almost free

He received epinephrine 0 5 mulligram every 6 hours on the last two
days of treatment The mmprovement noted in the shin of the hands
continued to the time of discharge two weehs after cessation of ther

apy The dysphagta which was severe on admussion and allowed

gestion of Liqund only was considerably 1mproved so that patient was
able to eat semi sohid food Thus 1mprovement continued to the time
of discharge

FR 37 \ale 3512 Dx Scl roderma with esoptageal stncture
and coronary artery disease
Rx ACTH 40 mgm/d for 16 d and 60 mgm/d for 5 &

Lab Dat PeRx Endof Ry
Sed Rate 045 mm/min 09 mm/mmn
Hematoent 38 32
WEG 7300 10800
Eosmophils 114/cu mm 1/cu mm.
FBS Hmgm™ 133 mgm¥’
17 Keto Ste o ds 31mgm 192mgm
Fic 4

Laboratory Data (see Fag 4) Bropstes of the shin taken from the ndex
fingers showed rhanges of advanced scleroderma with marked thick
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ening of the collagen bundles and no inflaramatory infiltration The
sweat glands appeared atrophic and were tghtly embedded i the
sclerotic collagen There was no change 1n the histologic prcture after
3 weeks of ACTH therapy Electropharetic studies on the blood pro
tein showed a shght increase 1n gamma globulin before treatment
wath 1 fall shghtly below normal 2t the end of treatment (sec Table 1)

Table 1

:7/7\ t ar a2 | 1| B2 {Came| TP

Normal | 374 { 400 6t | 102 | o34 ) 6w
Cascit | 826 321 | B | o0 g1 ] o9 | 7|y
AG 16 | 281 39 j s | g9 | 13| 35| sp

Coer | om | 2o U@ | qor | w | o | e
FROJw s u | | o] mfes

N el o
Case#y | 105 330 39 s8 1135 | 271 | 17 | 780
AZ o4 |3 e, o [ 101 25 | 114 | 650

Complement was unchnged during treatment Stool guaracs were
persistently posttive throughaut the hospital stay Bone marrow studies
showed n ron deficiency anerma with no hemosidenin in the mam»\l
(probably due to persistent grstro mtestinal bleedmg) The eosinopat
count fell from 106 per cubic yuilhmeter to 28 per cubic millumeter 68
the first day and remaned between 1 per cubic millimeter and 28 P:é
cubic mitlimeter throughout treitment Sedimentation rate m;h
between 0 4 and 0 85 milluneter per minute during treatment h:
white blood count rose from 7,300 before treatment to 24,099 o
fourtcenth dav Tasting blood sugar rose from 94 nuthgrams Yo before
treatment to 138 mulligrams % at the end of treatment The electro
cardieram on admission showed the patiern of left ventricula? byt
trophy At the end of trextment the electrocardiogram appe ired m)rd
mal, and 10 days followimg treatment showed Jow T waves 12 VJ{ 31"1
V6 conssstent with left ventrcular hypertrophy Lxeretion O n'd
ketosteroids was 3 1 milhgrams per 24 hours befare treatment 1;1‘ "
19 2 mlhgrams per 24 hours 1t the end of treatment Barum S,W‘ @
showed no obvious change in the esophameal smcture f0 Towsno
therapy

Case 3

A Z 261 year old white female was admutted 10 t11694
Breck Brigham with scleroderma of 9 years duration In 1

Robert
0 she
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first noted paun and swelling in the hand joints In 1941 a thyroidec

tomy was performed 1t an outside hospital and she was thought there
to have carly rheumatoid arthnitis or scleroderma In 1942 Raynaud s
phenomen: were first noted In 1944, at an outside hospital 1 diag

nosts of scleroderma with Raynaud s syndrome was made In 1945 a
gastric ulcer was demonstrated and hageal changes ¢

with scleroderma were also noted A shin biopsy m 1946 showed col

lagenous degeneration In 1948 a diagnosis was made of scleroderma
mvolving the skin heart lungs and ¢ astro intestinal tract She had
mild dysphagia

Phystcal Exammalion On admussion examination showed a cachectic
white female who appeared older than her stated age The shin .howed
brownssh pigmentation especially marked 1n the nech upper anterior
chest forearms and hands There was marhed cyanosis of the toes and
moderate cyanosis of the fingerps The shin over the fingers hands

and wrists was extremely ught stiny indurated and could not be
wnnkled The shin over the forearms was moderately tightened as was
the skin of the forehead The fingers were flesed and ymmobile There
was atrophy and shortentng of the fingertips Wrist motion was 1m

pawed as was motion of the shoulders neck and hips There was very
Iittle motion 1n the ankles The toes were fixed 1n flexion Radzal pulses
were absent bilaterally The heart was enlarged to percussion There
was a Grade I1I harsh apical systolic murmur which had a buzzing
character and was widely transmuted There were fine dry rales
the lung bases

AZ 61 Female #3013 Dx Sci roderma
Rx ACTH 40 mgm/d for 21 days

Rre R E dof Ry Post T
Pam [ [} 0
Jo 6t Shffness H 1 kizcd
SkinT ght es ot - A
Radul Pul es bse t full absent
Dysphagia 7+ 7 #+
Appst te poor good poor

Fig S

Course (see Fig 5) On Qctober 11 1949 patent was started on ACTH

0 mulhgrams every 6 hours Within 4 days she was feehng much bet
ter having shght motion 1n the interphalangeal and metacarpo
bhalangeal Joints Both radial pulses were palpable and full The skin
was loosened considerably especially about the fingers the wrsts and
the forehead There was increased warmth of the fingers and toes
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The mouth could be opened mare widely, the appetite was markedly
wmproved and swallowing was less difficult

After 20 days of treatment the dosage of ACTH was cut to 5 mil
hgrams 4 times daily and epinephrine 0 5 mulligram every 6 hours was
begun Following an injection of epinephrine she complained of
paipitauon and severe precordial pain with radintion to the nech left
shoulder and forearm Physical examination revealed an acutely 1}
woman who was perspiring profusely Fxaminauon of the heart was
unchanged except for a bigemnal rhythm ECG showed no evidence
of myocardiil infarction Epinephrine was discontinued The patient s
chest pain subsided promptly

‘Whthin a few days after stoppimg ACTH therapy the shan became
tightened, the extrermiics became cold, the radial pulses gradually
disappeared, the appetite decreased, and trophic ulcers developed
over the interphalangeal joints On discharge two weeks after treat
ment, she was very little, if any better than on admusston

AZ €1 Female #3018 Dx Stleroderma
Rx ACTH 40 mgm/d for 21 dys

Pre Re Ind of Re Post Ry
Skin Eistology Sdlerndcrma Scleroderma
Garmma Globulm Incrensed Decreased
Cosmplement Noemal Normnl Normal
Eostnophils Normat Decreased Normal
‘White Blood Count Nerm 1 Incrers 1 Normal
Hematocnit 10 40 40
17 Reto Steraids 54 mgm 249 mgm

Fre 6

Laboratory Data {see I'tv 6) Biopsies of skin obtuned from the tinghs
showed the late changes of scleroderma There was marhed thickening
ot the collagen bundles In the upper third of the conurm the collagen
showed basophilic degeneration in many areas The elastic tissue in
the upper cortum was mereased 1n amount and showed swelling and
degeneration in many arels

The degencrative changes of the collagen and the elastic tissue
were more pronounced 1n the speamen obtamned after ACTH ther
ap,
)Electmphorenc studies betore treatment showed a sh_ht decrease
of the albumin and a marked increase in the gamma globulin After
treatment the albumin had increased and the gamma globuhin had
decreased (see Table 1)

"Lhe mitial eosinophil count was 109 ner cubic mllimeter and fell
to 40 per cubne mtiimeter 1n 4 hours Thereafter, the eostophils
ranged between 1 and 6 per cubic muillimeter The count promP"Y
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rosc to 250 per cubie milhmeter fter tretment was stopped  The
hematoerit wis 40 on admission nd remuned peactically unchanged
during trevtment Corrected sediment wion rate wae 1 2 millimeters
per munute 3 days fter treatment was stopped  The white blood count
numbered 5400 per eubic midlimeter on admission, riang to 32 000
per cubie millimeter on the eihth day then gradually returming to
norma devels durmg the conrse of therpy The fisung blood sugar
wi normal before and during, treatment The 17 etosterod cxere
ton was § 4 mudligeams pee 24 hours hefore teentment ind 24 2 pul
hreams per 24 houss after the 21 day course of ACTH therapy

Coane 4

RS, 136 yoar okd divorecd white fomale was admitted to the
Robert Brech Brighim Hospial for the second time on October 4,
1949 beeause of sclcrodermn of 7 vers durttion In 1942 the patuent
noted swelliny, of @ owt fingee Saan the swelling had spread to involve
alt fingers of both hnds Within 3 months of onsct 1l Joints of the
body were affected with some swelling 1nd pun 1nd soon thereafter
muation of motion developed In 1943 she was hospatalized w an
other instution for 5 weeks nd 1 divgnows of arthnns was made
from {ihruary 1944 10 March 1945 the jomt puns breame worse
She ws admutted (o the Robert Breck Brgh un Hospual for the fiest
ume on October 16 1945 campl watny, of constant dull pun and sufl
ness of 1l jornts including the spine and part d lass of motion of the
mandshle At that tne the skin ws ense and dry over the cars and
nose and showed 1 brownssh briwny desquimauon Fhie skin of the
hinds and terminal phalingrs was nwe hard d grinular There
were seattered arens of vinhpo Al joints of the body showed some
denree of inhylosis andt tenderness The toes nkles and hands were
05t ¢ riously involved 1nd most punful [he mouth could be opened
only whout 33% of norml Gencralircd musenlar wrophy was pres
ent Treatment wais supportive and the pitient was discharged
Aprit 30, 1946, hier condition unimprosed She wis scen it intervals
0 the follow up clinic ind showed stow progression of her discase
Aspion dued not selieve her pun Dunng the two months hefore her
sccond admission  demero) adminstered duly  was indlective m
controlling pun

System Review revenled thu the putient had 6 uppet front teeth
<tricted 11 1947 1n order W llow 1n dequate ord onfice For the
P35t 6 yenrs she has noted dysphingin She bid no symptoms of Ray
M ¢ syndrome
1 hysical I xamnation On rdmission ox unmation showed 1 ¢achecue
white wom 1n Iysng, suflly ta bed and ppearing chromeally Al T acies
pinched Skin was tiphtened over the bridge of the nose aver the
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fingers, wnsts and the distal portion of the forearms Qver the toes
both feet, the Jower legs both hnces, the scapulae and the thorac
spinous processes the skan was taut, shiny, and showed browmsh
pgmentiton There were fawly well healed ulcers over the IeR
patella, the left wrist and left elbow There was marhed limtation of
motion of the shoulders The fingers were fived 1 extension and the
thumb m flexion Lungs were clear Heart was normal Blood pres
sure 115/80 Femoral pulses good

RS 96 Female #2001 Dy Sclesoderma
Re ACTH 40 mgm d for three wecks then .0 mpm/d
plus 2 mgm epmephrine /d for one week

Pre fix Frdof s Lost Ry
Pan Faad ¢ F
Skin Taghtness k. e o
Jount Stufiness forde PR ok
Appetate poor good pods
Dysphagia PN pras L
Feser o £

Fra 7

Hosprtal Course (see I'ig 7) Patient was given ACTH 10 mufhigrams
every 6 hours from October 11 through October 31 1949 and then
recewved 5 muthigrams 4 tumes daily for one weeh On the second day
of therapy the paticnt was free of parn had less difficulty swallowing
and her appeute had improved On the sixth day of treatment she
was able 1o move her fingers very shghtly and could move the nght
wrist about 5 degrees Elbow motion had improved Subjectiy ely and
objectnely the mouth cauld be opened more widely She was able 10
walk with assistance After 2 weehs of treatment the skn of the face
was noted to be much looser and the motion of the wrists and fingers
had increased shghily but was stll mimmal The appette had xmd
proved wemendously The shin of the fingers wrists forearms an

legs was loosened nd easily wrinkled The patient gamed 6 pounds !rzl
weight during the 4 weehs of ACTH therapy This gam was lost 2
weeks after treatment was stopped She was afebnle before and during
treatment The day after treatment was stopped she developed
fever which ranged between 100° and 102° for 3 wechs Temperturt
then returned to normal eas
Laboratory Daza (see Fig §) Shin biopsy obtamed from the lower ch
showed late changes of scleroderma There was marhed khxchmnDl

the collagen bundles mn the conum and considerable fibrosis of H:
subcutaneous fat Many vessely showed marhed fibrosts and thichenng
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of their walls There was no change at the end of treatment Elec-
trophoretic studies of the blood proteins before therapy showed a
shight decrese n the albumin and a marked increase in the gamma
globulin After 3 weehs of treatment with ACTH the alburmin had
mcreased and the gamma globulin had decreased The hematocnit
on admisston was 37 6 the sed ton rate was 0 95 il per
minute The white blood count was 6,800 The hematocnit rose to
42 2 after 3 weehs of treatment Sedimentation rate remained elevated
and ranged between 1 4 rmilimeters per minute and 0 6 rmillimeter per
minute The white blood count rose to 10 700 Eostnophils were 115
per cubic millimeter on admussion and during treatment ranged be

tween 4 and 184 per cubic milhimeter most of the tme numbering
about 75 per cubic mllimeter 17 Ketosteroid excretion was 7 0 mul

PS 36 Female #.991 Dy Scleroderma.
R ACTH 40 o m/d for three ecks then .0 mgm/d
plus 2 mzm epinephrme/d f 1 one week.

P Ry Frdof Re Post Ry
Sk Hustolomy Scleroderma o change
Gamma Globutin I creased Decrea ed
Complement Normal Norm | Normal
Hematocnit 5 4.2 10
Eosinoph Is Normal “ormal \ormal
17 keto Stero ds. ~Omgm I>_mzm

Fic 8

Ligrams per 24 hours before treatment and 152 miligrams per 24
hours at the end of treatment

SUMMARY

1 Four cases of scleroderma were treated with adrenocortico
trophic hormone for from 12 to 28 days

2 Clinical improvement during treatment was manifested by 1n
crease 1 appetite decrease wn dyvsphagia weight gam loosening of
the sin loss of pain increased mobihtn of jonts and increased
warmth of extrermties (with return of radial artery pubations in
Case 3) iIn Case 1 substernal oppression occurred with a dosage of
80 mulligrams of ACTH daily

3 The laboratory findings dunng treatment showed increased
urinary 17 ketosteroid excretion significant decrease n gamma
globulin no definite change 1n blood complement fall in circulating
eosinopluls sigmficant increase in renculocytes marhed leucocy tosis



458 CLIMNICAL ACTH CONFLREANCE
and 1ncreased hematocrit in one case (Case 4) Bone marrow sections
mn Case 1 showed erythroid hyperplasia at the end of treatment Be
tween the second 1nd fifth day of therapy, there was a marked de
crease i urinary sodium excretion, which returned to normal during
treatment In Case 2, the electrocardiogram showed the pattern of
left ventricular hypertrophy before treatment, hecame normal during
therapy then reverted to its original pattern shortly after treatment
was stopped Shin biopsies showed no histological change, except
Case 3 1n which degenerative changes were more pronounced at the
end of treatment

4 There was a return to pre treatment climcal and laboratory
status, 1n all cases within 2 to 3 weeks of stopping ACTH therapy

5 Further hematologic data will be reported later

DISCUSSION

There was no discussion on this paper
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The Effect of ACTH on Ulcerative Colitis

Charles H DuToit and Walter Bauer
MASSACHUSETTS GENERAL HOSPITAL AND HARVARD MEDICAL SCHOOL BOSTON

This panent age 47, had had muld ulcerauve cohus for 5
years with a severe exacerbition 3 wechs before entry She was con
sidered moderatelv to severely 1Ml and was runmng a temperature of
102 to0 103°

The pertinent information 1s presented m Fig 1 The ¢ rav ex
amnation revealed the findings of a nuld to moderately severe ulcera
tve colitis Proctoscopy confirmed this diagnosis The proctoscopte
findings remained unchanged until 20 days of ACTH therapy when
the mucosa appeared less friable Later 1t was less granular Marked
improvement was appirent when therapy was discontinued At this
time there was mimmal or no disease There was however shght
Tegression 5 days after cessation of therapy

The number of stools gradually decreased The character of the
stool changed from liquid to mushy to sermformed

One notes that on the tenth dav of therapy there was mimmal
edema of face hands and feet Later the patient developed a moon
face acneiform rash buffalo hump hirsutism and pigmentation,
of the type mentioned earlier by Dr Sprague

InFig 2 one notes a nse tn the serum CO and a fall in the serum
Potassium The other observed changes are readily apparent from
the figure

In Fig 3 are recorded the fasting and 2 hour postprandial blood
sugar The changes were slight

The serum phosphorus did fall The uric acid potassium creatimne
Tatios though not done regularly were not appreciably changed The
etum uric acid did fall during the treatment period but one notes
attheend when the dose was reduced  this effect was 1n part worn off

The cholesterol and cholesterol esters mcreased as the patient
meroved This we interpreted as representing a better state of well

Clng

The dosage of ACTH was reduced gradually and finally discon

tinued because of the excess weight gain the edema and what we
459
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and increased hematocrit 1n one case (Case 4) Bone marrow sections
mn Case 1 showed erythroid hyperplasia at the end of treatment Be
tween the second and fifth day of therapy, there was a marked de
crease 1n urinary sodium excretion, which returned to normal during
treatment In Case 2, the electrocardiogram showed the pattern of
left ventricular hypertrophy before treatment, became normal during
therapy, then reverted to 1ts onigimnal pattern shortly after treatment
was stopped Skin biopsies showed no histological change except m
Case 3 1 which degenerative changes were more pronounced at the
end of treatment

4 There was a return to pre treatment climcal and laboratory
status, 1n all cases, within 2 to 3 weeks of stopping ACTH therapy

5 Further hematologic data will be reported later

DISCUSSION

There was no discusston on this paper
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DI SEYMOUR J GrAY I want to say a word about the remarhable
Spontaneous rermissions that occur 1n ulcerative cohtis in which the
Mucosa returns essentially to normal ind all symptoms clear up with
out any apparent explananon I wonder whether a large increase of
adrenal activity or pitwitary effect could produce this®
Another question T wonde r about 15 the age of the patient Both
9ftne e patients from their appearance were 1n the middle age group
wonder 1f a symlar response would be effected 1n vounger patients
who have 3 much more fulminating torm of ulcerative colitrs
We always like to have some objective means to help us evaluate
the clinical course of gastromtestinal disease Sodium and chloride
and Potassium, unfortunately do not help us You can tmagine what
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mundful of the 1ll effects of ACTH, and we must bear them n mind,
particularly with long continued admimstration

DISCUSSION

DR GEORGE W THORN [ would like to say just one word about the
pigmentation
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Thus increased prgmentation as described by Dr Bauer and Dr
Sprague 1s a real change I think Dr Sprague s idea about the melano
phore content of ACTH 1s very interesting

Onc of our patients with Addison s discase who had had 2 previots
mplants of pellets of desoxycorticosterone was given corusont °
pigmentation appeared At the sites of desovycorticosteronc umplanta
tion hyperpigmentation occurred with Compound E which we dont
havc to explain by means other than the steroid compound wself

DR WALTER BAUER [ forgot to say that my lysozyme siide was pbroken
this mormng
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DI EYMOUR J GRay I want to sav a word about the remarhable
Poaneous remssions that occur 1n uleeratne colitss o which the
TILCOsA returns essentally to normal and all semptoms clear up with
out any apparent explanation 1 wooder whether a large merease of
adrenal activity or piuttany effect could produce thus®

Another question I wonder about 15 the age of the patent Both
o these pattents from ther appearance were m the middle age group
Iwondersfa imlar respanse would be effected 1 vounger pauents
wko have a much more fulminaung form of ulceratve colius

We alnavs Iike to have <ome objective means to help w evaluate
the chmical course of gastrotntesunal drease Sodmum and chlonde
ard potas.um unfortunately do not help us You can magme what



462 CLINICAL ACTH COMFERENCE
mundful of the 11l effects of ACTH, and we must bear them 1 mind

particularly with long continued administration
DISCUSSION

DR GEORGE W THORN I would lhihe to say just one word about the
pigmentation
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Ths increased pigmentation as described by Dr Bauer and Dr
Sprague 1s a real change I think Dr Sprague s 1dea about the melana
phore content of AGTH 1s very interesting

One of our patients with Addison s disease who had had 2 Preﬂ(l)‘}ls
maplants of pellets of desoxycorticosterone was given corsone 9
pigmentation appeared At the sites of desoxycorticosterone 1mp]:m!f:‘
tion hyperpigmentation oc curred with Compound E which we dot
have to explam by means other than the steroid compound aselt

n
DR WALTER BAUER [ forgot to say that my lysozyme slide was broke
this morning
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D SEYMOUR ] GRAY 1 want to sav a word 1bout the remarhable
Spontaneous remasstons that oceur m ulceraine wohtis i which the
WuCosa returns essentially to normai and 21l svmptoms clear up with
vut any apparent explanation 1 wonder whether a large increase of
adrenal actvity or prtwtary effect could produce this®

Another question T wonder about 1 the age of the patient Both
of these patients from their appearance weren the middie age group
Twonder if 5 simlar response would be effected in younger patients
who have a much more fulminating form of ulceratine colitis

We alays hike 1o have some objective means to help us evaluite
the chmeal course of gastromtestinal disease Sodwm and chlonde
and patassiym unfortunately do not help as You cin imatme what
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dy and have no symptoms, and consider themsclves well We did
not do a proctoscopy on that occasion

DR SEYMOUR ] GRAY What dosc did they have?
DR WALTER BAUER It ot up as hugh as 200 m the first patient |

must sav the first patient was considered so 1ll by the gastroenterology
scrvice 1 our hospntal thac they thought we were playing with fire to

Tic 8

get this control data before starting ACTH and wondered whether
she shouldn t have an enterostomy

DR SEYMOUR J Gray Did the lysozyme uter fall?

DR WALTER BAUER 1 was just kidding

DR RORERT F LOEB (Collegc of Physictans and Surgeons Columbl:a
Unwersity New York City) One word of caution about the interpr
tation of the lysozyme uter Dr Meyer and Dr Prudden shﬂ“‘d‘“:
creases of vsozyme titer 1n patients with ulceratve colits They h“‘o
now shown that granulation ussue itself may be 2 good so“rcea
lysozvme Therefore, interpretations of impros ement 1n Iy sozyme P39
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be reflections of deerease in granulation of modification of the under
lying disease process

DR THERON G RANDOLPH We have treated one 32 year old patient
who had severe ulcerative cohitis for a year and a half who, after a
month of treatment first with 100 mgs and then 50 mgs after the
first 10 days was found to react simmlarly to Dr Bauer s patients She
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has been off the treatment 2 months and although she has relapsed
Somewhat she 1s at least 509, better than she was for a year and a half

before treatment was started Her blood response to therapy 15 shown
mbg 9

DR WAITER BAUER I wish to tmpress upon vou that i the second

Patient the proctoscopic examination never resealed a normal mu

cosa although we could wipe hard with cotton swabs and not produce

any bleeding However 1t was sull an obviously diseased mucosa
he mucosa 1n the first patient was very close to normal
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diy and have no symptoms, and consider themselves well We did

not do a proctoscopy on that occasion

DR SEYMOUR | GRAY What dose did they have®

PR WALTER BAUER It got up as high as 200 n the first patent [
must say the first patient was considered so 11l by the gastroenterologv
service 1n our hospital that they thought we were playing with fire to
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get this control data before starting ACTH, and wondered whether
she shouldn t have an enterostomy

DR SEYMOUR j GRAY Did the lysozyme titer fall®
DR WALTER BAUER I was just kidding

DR ROBERT ¥ LOEB (College of Physicians and Surgeons Columbia
Unwersity New York City) One word of caution about the nterpre
tation of the lysozyme uter Dr Meyer and Dr Prudden showed mc
creases of lysozyme titer 1n patents with ulcerative colitis They hmo{
now shown that granulation tissue 1tself may be a good sourcea
lysozyme Therefore interpretations of improvement i lysozyme M3y
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be reflections of decrease 1n granulaton of modification of the under
lying disease process

DR THERON G RANDOITH We have treated one 32 vear old patient
who had severe ulcerative colitss for a year and a half who after a
month of treatment first with 100 mgs and then 50 mgs After the
first 10 days was found to react ssmilarly to Dr Bauer s patients She
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has been off the treatment 2 months and although she has relapsed
somewhat she 15 at least 509, better than she was for a year and a half
bef;re treatment was started Her blood response to therapy 1s shown
kg 9

DR WAITER BAUER I wish to impress upon you that 1n the second

Patient the proctoscopic examunation never resealed a normal mu

cosa. although we could wipe hard with cotton swabs and not produce

20y bleeding However 1t was stll an obviously diseased mucosa
he mucosa 1n the first patient was very close to normal
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DR EPHRAIM sHORR The suggested unfavorable effects have been
hypertension I have noticed 1n none of the papers today any mention
of hypertension

DR WALTER BAUCT In our panents the hvpertension was, at best
shight

DR FREDERIC G BARTTER We treated a patient suffering from meta
static breast carcinoma with ACTH on two oceasions On both oc
casions she developed hypertension On the first (sec p 188) the
hy pertension w s accompanied by marked salt retention During the
second course of ACTH sodium 1ntake was rigidly restricted so that
salt retention could not recur but hypertension recurred nonetheless

DR WALTER BAUER We will have to close the discussion at this pount

The one case of lupus erythematosus we have treated had shin
biopsies done at regular intervals The first post treatment biopsy was
done on the fourth day, and the changes were so near normal that
our pathologist asked us why we hadn t done the biopsy at the end
of the first 24 hours Dr Clark will comment on these sections later
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Preliminary Report on the Use of ACTH 1n
the Hypersensitive State

John E Bordley A McGehee Harvey John E Howard and
E V Newmon
THE JOHNS HOPKINS UNIVERSITY AND HOSPITAL

Since Rich had shown that the basic anatomic lesions of
rheumatic diseases could be produced expermmentally by the mduc
tion of allergic reactions 1n ammals ! 1t was but natural to wonder
whether the dramatic responses to cortisone and ACIH of rheuma
tod arthritis and rheumatic fever ® might not result from some change
mnduced by these agents upon the mechanisms of hypersensitivity
The rapid improvement which followed the use of ACTH (Armour)
n a patient with exfolitive dermatitis from todine a condition m
which the same bastc anatomuc lesions have been described ! furthered
our interest We will discuss the results of therapy with ACTH (Ar
mour) 1n 4 patients with lupus erythemato us disseminatus 7 patients
with asthma and 2 with acute serum disease type of drug reaction

CLINICAL RESPONSE

The climcal course of the patients with lupus followed a distinctive
Pattern under the therapy Within 4 to & hours there was sympto
matic and objective improvement in the acutely inflamed jomnts which
were free of pain heat and swelling withun 12 to 48 hours In the two
more febrile patients there occurred at 12 and 18 hours drenching
sweats with precipitous fall of temperature to subnormat levels much
like the farmliar crises of lobar pneumoma

The 7 patients with asthma were of the severe chronic vanety
5 were thought to be of the intrinsic type 2 due to combined intrinsic
and extrinsic factors When ACTH (Armour) therapy was begun
all these patients had been 1n severe distress for months relieved only
Partially and briefly by the more heroic measures at present in vogue

herr ages varied from 63 to 26 years duraton of the asthma from
510 23 years Except for placebos all other medication was discon
469
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pnued when ACTH (Armour) therapy was begun  Unequivocal
bencht was noted m from 4 1o 48 hours All symptoms and signs had
chisippetred 1 from 2 1o 7 davs except 1y one patient 6 months prey
nant who felt eatrely reheved but 1 whom ome rhoncht persisted
Camneident with symptomatc rehie] tracings of the expiratory phase
of resprration chisclosed release from the relanve obstruction to out
flow

Two patients with severe pemathn rexctions were treated One
had fever arthrius nd generalized grnt urticana the first mamifesta
tions of wihich developed 5 days fter the il dose of peasalin
There was objec trve tmprovement m 4 hours 1nd entire freedom from
svmptoms 1nd sgns wn 18 hours The second patient had severe
wticultr swelhing with purpunc eruption 6 hours after a stngle 1n
jection of pentctiin ACTH was begun the following day while the
edema was ripdly tereasing There was obvious objecuve mprove
ment within 8 hours and all mamfestations disippeared within 36
hours except for residual skin discoloraten

DOMAGE SCHEDULES

Alt pauents recened the ACTH {Armour) on 1 6 hour schedule
the datly dose beng divided and admmstered 1m0 4 cqual doses Three
pauents with tupus were begun on 100 mgm daily and one on 30
mym  the dosage bemn,, reduced to 20 mgm  per dav stepwise O
prriods ranging from 35 to 24 days One pauent was gontinued ot
9 mgm per day divided mto 3 doses for a subsequent month of
therapy

The patients with pensallin reactions were treated with 100 mgm
per day 1n 4 divided doses for 2 days and then rapid reduction o{
dosage schedule to 20 mgm for 2 total durauon of 6 and 5 days ©
therapy

Two of the asthmaties were begun on 100 mgm per day i 4
vided doses and one on 40 mgm 1n 4 divided doses for 4 and > days
and this dose lowered stepwise to 20 mgm for total penods of f"”’:
9 to 20 days One patient was begun on 20 mgm per day, mcrcasma
the dose stepwise In thus patient svmptomatic ymproyement #as note ¢
on 30 mgm per day m dinsded doses which was the fourth day ¢
treatmont

In those pisents with pale edematous poly pord nasal m:mbrdn:;
the edema rapidly disappeared and the color became blwsh p;‘ "
Breatung space was greatly entarged The Jymphoid tiste W ¢!
edematous Itkewtse ausumed a normal color the crypts became r;‘wf;
promunent but there was no gross change 1n volume of the !)mpf Ol::
tissue present In two patients there was complete obstruction © t
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nose by polyps These began to shrink before the fifth day of treat
ment and entirely disappeared in one and almost disappeared 1n the
other Three patients with antral clouding by % ray presented normal
sinus X rays after ACTH (Armour) therpy

In several patients there were definite alterations in skin sensitivity
to 1nhalent and bactenal antigens but studies to date are 1nadequate
to warrant 1ny conclusions

Four pauents while on ACTH (Armour) and having, good clinical
response  were tested for sensitinity to histamine All responded
normlly to intracutancous histamine and hkewise to mtracutaneous
curare both locally and by increased sastric flow of free HCI thus
showing that these fissues at least can both produce histamine (or
histamine like substances) 1nd react to 1t in the normal fashion while
the patent 1s under ACTH admnistrauon

RELAPSES

One patient with lupus has had romplete remssion of symptoms
for a period of 413 months It may be of sigmficance that he was
treated for 6 weeks with 9 mgm per day of ACTH after completion
of his 20 day course of from 100 to 20 mgm per day Two of the lupus
patients relapsed muldly and briefly after ACTH withdrawal One
of these thereafter had a spontauneous remussion the other had a sec
ond remission with another short course of ACTH only to relapse
thereafter again for a brief period which then was followed by a
spontaneous remission

UNPLEASANT SIDE EFFECTS

Most of these patients expenienced nmld euphoria at some stage
of their therapy while others felt a restless and uneasy overactivity
These feelngs did not necessanily comncide with the dose level or the
stage of treatment Some of the patients gained weight as much as
201bs  and manifested general edema others gamed no weight or
even lost moieties of weight steadity Weight gamn appeared at no
umlorm interval of time after treatment was started and there was
70 correlation between the amount of weight gained and mamfest
chmcal tmprovement In some patients serum sodium and chloride
toncentrations rose 1n others fell Those with the sharpest chloride
fall seemed to experience the most restlessness and uneasiness but
some of these gained weight and some did not None of these patients
Mmanfested symptoms or signs of hypolaliemia Acne of a curious

€ratotic type seen by us previously only in Cushing s syndrome ap
Peared over the forehead temples shoulders and neck 1n several of
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the patients either toward the end of thewr therapeutic course of
ACTH or a weeh or more after 1ts cessaion The acne gradually dis
appearcd over several weeks

Fasting blood sugar rose 20 points or more i all the panents ex
cept 3, but no glycosuna appeared in any

SUMMARY

Results of therapy with ACTH (Armour) 1n patients with lupus
erythematosus dissemnatus  asthma and drug hypersensiivity e
acunons have been sufficiently encouraging to warrant detalled i
vestigation  Certain striking tissue alterations i the nose and naso
pharynx have been noted These effects of ACTH (Armour) on
various mamifest itions of the hypersensiive state mav offer leads as
to the fundamental mechamsm of 1ts beneficial action
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DISCUSSION

DR ARTHUR | MERRILL After a 2 day control period a 54 yeir old
white female pracncally moribund from dissermmnated lupus CW9
thematosus was given 25 mg ACTH (Armour) every 6 hours for
days, then on the tenth and eleventh days 25 mo every 12 hours, after
which the drug was discontinued The treatment period was fDHUW:l
by 210 dav control period Throughout the control and study perio 1:
the patient was maintained on a 2000 calorie tube fecding diet whic!
contained 70 Gm pioten 60 Gm sodum chloride, and with 2
volume of 2400 cc  darly
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The clinical response was quite dramatic with fall in temperature

to normal (Fig 1), enhanced feeling of well being and subsidence of

muscular and jomnt pains The improvement was maintained through

aut the pentod of admnsteanon of ACTH, but withun 24 hours after

cessation there was beginmng evidence of chmical relapse Relapse

was not complete however untl approximately 6 weeks after treat
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ment Wound healing of a biopsy site was not prolonged by ACTH
{Armour)

The most striking effects noted 1n the laboratory were the hema
tological changes The reticulocyte count (Fig 2) which averaged
27% during the control periods abruptly rose 10 10 9%, on the fifth
day of ACTH reached 16 8% on the mnth day, and fell to 7 6%
on the fifth post treatment day remaimng at 6 09, the other 5 days
There was a nise 1n the hemoglobin concentration (Fig 3) of almost
20 Gm 9%, by the eighth day of ACTH which was well mantaied
throughout the remainder of the study despite the fact that some
1500 rc of blood were bled from the patient for analysis The sed:
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mentation rate fell promptly (see g 2) from control values of around
140 mm per hour to 80 mm per hour by the fifth day of ACTH ad
ministration, which conunued until ACTH was stopped, after which
the sedimentation rate rapidly rose to control Jevel The total whie
blood count which had nisen to about 16,000 per cu mm even before
ACTH w1s begun remained at approximately this level throughout
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the period of administration, with the cessation of ACTH returned n:
and remarned around 6,000 per cu mm The total cosophule co&l"é
which 1veraged only 15 cells per cu mm 1mmediately prio: 10 AC ;

(Armour) wns depressed during treatment to an average value oI 3
cells per cu mm When ACTH was discontinued the cosmophles
promptly rose to and remained 1 the neighborhood of 50 per cu ™™
The elevated white blood count ummediately prior to mstitution ‘:'1
ACTH and possibly the imitially low eosinophile count may have bgc t
due mn whole or 1n part to a subcutaneous ab cess which developed &



HYPFRSENSITIVE STATF 47>
HEMATOCRIT

actw aetn
mu-.\'! lsw ves

T 4 € 8 10 12 14 s I8 20 22 24 38
DAYS
HEMOGLOBIN
1o .:.‘J.l l&:"u

s
CRMS% g
T
s 2 4 1] L] (1) 2 4 % " 20 22 24 38
DAYS
Fic 3

the site of an old hypodermic mjecion Thorn s behef that the low
cosinophile count 1s due to bone marrow hypoplasta 1s not confirmed
by !h; mitial leukocy tosis and reticulocytosts which this patient pre
sente

The blood electrolytes including sodium potassium and chlorides
from imitial values which were shghtly low returned toward normal
These adjustments of the electrolytes were mamtained during the
10 day post treatment follow up Serum calaum was not significantly
changed

The low urinary excretion of sodium remuned depressed during
the first 6 days of ACTH but duning the last 4 days of admmnistra
tion there was an escape with the daily sodium excretion being normal
Then 24 hours after ACTH wns discontinued sodium excretion ag un
fell for 4 days before returming to high values Urine chloride excre
{mn behaved like sodium The urine potassium which was mnally
OW at approximately 7 mEq daily rose by the second day of ACTH
adminstration to 18 mEq per 24 hours The excretion of potassium

en remained in the vicimity of 30 mEq per 24 hours throughout the
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treatment period On the sccond day fter ACTH was discortinued
the potassstum excretion rebounded to 9 mEq per 24 hours, rematning
at approxmmately this level for 4 days before returmng to excretson
vilues of 25 mPq duly

The daily urinary escretion of total mitrogen and phosphorus

Fic

EN

were not appreciably changed by ACTH Urnne uric acid andcﬂi_zx
hetosteraid  excrettons were unequivocally enhanced by A
(Armour)

DR J 5 L Brownr In connection with the treatment of lupus ery
thematosis, as reported, I want to show a case treated with testosteron®
1n 1943, 2 young girl with typical lupus erythematosis She recerv y
50 mgs of testosterone propionate a day Her fever did subside an
she had a complete remission under this treatment It 15 of cours
tmposstble to exclude 1 spontaneous remisston
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The next year she came back with a relapse she was tre sted again
with the same dose Her urinary corticoids which were very high
were repressed  but there was no effect upon her clinical course and

<he died
Here then we have a situation in which erther a spontaneous
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Temission occurred or testosterone affected the disease The repression
of the gluco corticoids would certamly have occurred 1n the first
course of treatment as in the second You have a siuation here where
under the same treatment the re were two quite different cffects one a
femission and the other no remussion There was probably a repres
sion of the gluco corticords and repression of the adrenal 1n both 1n
stances

Imerely want to point thus out as a dufferent ty pe of therapy with
an opposite effect on the adre nal from that of AGTH and yet a sumlar
effect on the clintcal course of the disease
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panment period. On the sccond day after ACTH was discontrnued
ihe pot wsum cxeretton rebounded to 9 mEq per 24 hours remaming
(Capproxumately this levd for 4 days before returning o excrcton
vilues of 25 mEg dubs

The dulh winwy (seretion of 1ot mtrogen and phosphoru

were not appreciably changed by ACTH Unne unic acid aﬂ‘é};’{
kctosterord  cxcrctions were unequnvocally ephanced by A
{ \rmour)

PR J 5 L BROWNE In connection with the treatment of lupus €r)
thematosts as reported 1 want to show 2 case treated nith tes!ustcron;
n 1943 a young gusl with typical Jupus erythematosis She rcccn;‘d
50 mgs of testosterone propionate a day Her fever did subsde am
she had a complete remisston under this treatment It 15 of cou
impossible to exclude 1 spontaneous remission
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The next yenr she came bach with a relapse she w s treated again
with the same dose Her unnary corticoids which were very high
were repressed but there was no effect upon her chimcal course and
she died
Here then we have 1 situation m which either a spontaneous
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remission occurred or testosterone affected the disease The repression
of the gluco corticoids would certanly have occurred m the first
Course of treatment as mn the second You have a situation here where
under the same treatment there were two quite different effects one a
femussion and the other no remission There was probably a repres
ston of the gluco corticords and repression of the adrenal 1 both in
stances

I merely want to pount this out as a different type of therapy with
an opposite effect on the adrenal from that of ACTH and yet a similar
effect on the climcal course of the discase
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DR WILLIAM s cLARK Our results with dissermnated Jupus ery
thematosus have been the same as reported, and these results need
no further documentation However I think 1t would be worth while
to show the shdes that Dr Bauer spoke about, so that we can better
understand the degree of reversibility 1n some of these diseases

The first photormcrograph (Fig 4) is the biopsy of the shin taken
beforc ACTH therapy It shows pericapillary hemorrhages and
filtraton with the vanous types of inflammatory cells particularh
around the appendages

The second biopsy (Fig 5), taken 4 days later shows an almost
completely normal skin, with some fibrosis
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Relief of Allergic Diseases by ACTH Therapy

Theron G Randalph and John P Rollins
NORTHWESTERN UNIVERSITY MEDICAL SCHOOL CHICAGO

A chinical study of the effects of adrenocorticotrophic hormone
(ACTH, Armour) 1n allergic states was suggested by the acuon of
this hormone on circulating eosinophilst  and the relationship of
pitwitary adrenal activity to the immune reaction  *

Preliminary obscrvations outlined n this paper indicate that the
administration of ACTH materally relieves certamn acute and chromie
allergic symptoms 1n addition to affording protection to the allergic
individual from the experimental exposure to allergens for which he
has a specific sensitaty

Three panents with intractable perenmal bronchial asthma of 7 to
15 years duration who had failed to respond adequately 1n spite of
the avaidance of incriminated food allergens the avordance and spe
afic therapy with incriminated inhalant allergens and who required
the oft repeated admimistration of epinephrine armnophylhin or anti
tistamime medications were selected for ACTH therapy Two male
patients aged respectively 43 and 76 years had no climeal or x ray
evidence of emphysema or other apparent complications of bronchial
asthma The third patient a female aged 50 subject to incapacitating
asthma for the past decade had both chnical and x rav evidence of
moderately advanced pulmonary emphysema The patients were hos
pitalized 48-96 hours prior to starung treatment with ACTH During
this prelimunary period only ammophyllin was admimistered as neces
sary for relief of severe. asthma

Sertal vital capacity and expiratory rate determinations were re
corded prior to during and following, ACTH therapy The vital
€apaaity was determined as the result of averaging three readings
The techmque for determining the exprratory rate was modified after
that originally described by Hamburger® it consists 1n measuring the
time required to exhale an arbitranly selected volume of air the
amount chosen be ing in relation to the pauent s vital capacity and
measured 1n terms of the cubic centimeters of air expired per second

479
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Twenty five milhigrams of ACTH was imjected intramuscularky
«very 6 hours for 2 days in the first and third patient and for 3 days
in the second patient, mahing a total dosage of 225 0 and 325 0 mgm
respectively
Chimcal improvement as yudged by the severity of symptoms was
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first noted 1n cach nstance between 4 and 5 hours after the mitial

dose of 25 0 mgm (g 1}, comnaident with a marhed reduction 10 the
number of eosmophuls 1 the peripheral blood and bronchial secre
vons and an mcrease i the vital capacity and expiratory rate a(;
shownm igs 1 2 and 3 Maximum relef of symptoms 10 the secon

and older indv 1dual was more delaved It ts interesting thnt the svmp
tom tic relief obtamned 1 the third patient with sccompytog ﬁm‘
physema was as stribang as observed 1n the first and second patient
although the objective evidence of increased pofmonary ventilation
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“as not as apparent (Fig 3) A fourth patient a male aged 55 and
subject to intermittent asthma since the age of 10 years and having a
marked degree of emphysema was treated with ACTH on 4 sumilar
schedule but failed to obtain more than 50% improvement of his
fespiratory symptoms He also required the use of epunephrine for
Smptomatic relief beginmng 5 days after cessation of therapy

With the txception of this instance the other three patients re
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mamed marhedly mmproved for a period of 21 days following the
cessation of treatment Although mild residual symptoms of asthma
persisted 1n each these were not of sufficient seventy to require med
scation and aside from the admimstration of ammaophyvihin dunng
the first 24 hours of therapy in the older individual no other media
tions were required In each mnstance there was a gradual recurrence
of 1sthma durig the fourth week which required the use of sympto-
matic measures for relief

At this pant the first three patients were rehospialized having
asthma of the former soverity, and given a second 1dentical course of
ACTH thusia turn was follow ed by an 1imost identical improvement

Four patients with «wute raguced hay fever were hosprtalized fora
period of one week between August 31 and September 11, 1949 They
were placed n standard hospital rooms with open windows and ob
served for 2 days prior to stwrting therapy Duning this mtenm the
darly incidence of coughing smuffling and .neezing was recorded Dur
g the enure pertod of observition the ragweed pollen count re
mamed elevated (over 300 pollen grains per cubrc yard of air per day)
and hosprtalized control untreated patients continued to have severe
hay fever

Each pauent naticed an increased abihity to breathe through the
nose partial rehef of the rhinorrhea and the toxe or constitutional
symptoms of hay tever during the first hour after the mtial e
muscular mjection of 25 0 mgm Tius dose was continued at 6 hour
sntervals for 24 hours m one case 48 hours m two and 56 hoursia the
fourth patient, 13 shown n Table 1

Table 1 "
Cuviear Resyonst 38 Panienys wims Racweep Hav Fever TreareD Wikt ACT

T

=T Treament |
{anent
| e Teame | B Fost Treatmer

Cases| dge ' Sedd # by | Total| Dura | ; 2ud ‘ 3d {#510] 001
e Dosage, tron of 24182
: Hrs His | 24| 24 2 Day

. r Bere | Before “‘;’m 13",’1“;’ Hours | Hows mm1 Doy
[ ! e
AT IF qotosittlimsol o [+ |0 101 0 .

43 4F 44 o 22501 48 ++ [+ 0 ol
BILI 8 IF (bbb [ dh bt 2250) 48 (4 |+ ooy
DS (41 IF bt bt (25007 8¢ [FbH A4 D

= 1- 50 coughs saflles or sneczes per 24 hours
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++++ = Over 400 ¢ *
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Fig 4 1illustrates the response in the first pauent recewving a total
dosage of only 1250 mgm ACTH The incidence of coughing
smfthng and sneezing as recorded by nurses 1n constant attendance
changed from 640 times during the 24 hours prior to therapy to 30
tmes during the period of therapy and was virtually mil thercafter
She had no further hay feser duning the ragweed season She also
had complete relief of her perennial nasal allergy and allergic head
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aches 1 spite of the daily ingestion of known food allergens for the
following 3 months It should be stated however that this patient
recerved estrogen therapy for several months prior to the admnis
tration of ACTH for relief of menopausal symptoms following x ray
castration It was discontinued during ACTH therapy but resumed
10 days thereafter

Of the other patients vecewving from 2250 to 250 0 mgm total
dosage two continued without troublesome bhay fever for the re
mainder of the ragweed pollenating season one had a recurrence of
mld hav fever the fourth day after the cessation of therapy Recurrent
Symptoms 1 this instance however repiesented a material improve
ment as compared with her level of symptoms prior to treatment or
with those occurring in previous pollen seasons

The response in these patic nts was not related to previous ragweed
therapy The first and thurd patients had never received specific treat
ment the remaiming two had bren treated pre seasonally although
the fourth patient had not recened her ragweed treatment for a
month prior to the admmstrauon of ACTH

A male aged 31 and subject to atopic dermatitis since childhood
had obtained complete rehef of eczema for a period of a year as a
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result of the 1votdance of wheat Progressise flesural dermatitis had
been present for a month prior to treatment with ACTH as 2 result
of the inclusion of sheat m his diet One weel prior to startng ACTH
therapy this patient was placed on a wheat free diet, ths was followed
by the subadence of pruntus and progressne heahng of the lesions
On the fifth dav of wheat asoidance and 2 days prior to startng,
ACTH therapy an indwvidual food test® with wheat was performed
Thus test was 1ssociated with the vrntions s the blood findings 8
lustrated i the fint poruon of g 5 and a recurrence of pruntus
and crythema of the affected han ites begraning 10 hours afterwards
Wheat was continued 1n the diet for the subsequent 10 days

IR S ERRRERARY |
[ RRRENRE ! ’\ B
sl L TOTAL LEGGORYTES i A\
x ”f n —
mﬂf% LR 1 ﬁj
‘m&{?uf: m; 48 1 { q—‘
ifubn NUCLEATED, COLS |
N = 1 I
o T .
» ; I [ ]
E (N
.
200, 51 ‘PEkClU MM L4
g i A
e RN T N
A B
TIME IN DAYS < !
Fric §

ACTH treatment at a level of 50 0 mgm every 8 hours was 5tart;d
2 dys after the experumental myestton of wheat at a tume when 1{ e
dermatitis was In an acute oozing phase A total of 350 0 mgm AC
was adminmstered aver a pentod of 50 hours He first notced dumin
sshed pruritus 2 hours after the il myection Progressne 1mprose
ment of the dermants with objectiye evidence ot raptd heafing f_m’
unucd throughout the period of therapy and for 5 duys therea ;;‘:S
Durning the following weeh he experienced a gradual recurrence of %
dermautss, reaching a greater degree of sevenity than ever previoushy
abserved



{LLE RGIFS 485

Another mnle patient aged 6 with 2 lustory of itopic dermatitis
of the fice anterior nech ind flesural folds of the extremuties since
nfancy, responded with approximately 75 relef as a re ult of il
lergic management He wis known to be highly sensttive to corn m
that 1s Ingesnon was mvanably fullowed by an mntense exicerbation
of s dermautis The deliberate feeding of corn for a prehminary
period pror to starting ACTH therpy was followed by an acute
exacerbation of hus shin lesions Rapid improsement of the dermatitis
as mamifested by cessation of pruritus nd progressive clearing of the
trythema occurred comcident with a course of ACTH consisting of
16 6 mgm every 8 hours for the first dav 25 0 mgm every 8 hours for
the sccond day and every 6 hours for the third dav resulung in a total
dosage of 2250 mgm 1n spite of the continued ingestion of corn
products dunny the treatment pericd With the avoxdante of corn
following ACTH therapy this degree of improvement was mam
tamned for a period of 10 days but then reverted to a greater degree of
wvolvement than existed prior to starting these obsersations

One female aged 38 and subject to gastro mtcsunal allergy for
many years was known to be violentlv sensitive to wheat developing
acute abdomnal cramps ind diarrhea each ume wheat was ingested
Although previously controlled for several vears as a result of the
avodance of incriminated food 1llergens she had developed an un
explained recurrence of her former symptoms 3 weehs prior to hos
pitalization for ACTH therapy She was treated with 250 m,m
ACTH intramuscularly every 6 hours for a penod of 80 hours re
ceving a total dosage of 325 0 m

Prior to therapy, as illustrated m Fig 6 she was havin, between
4and 6 explosive diarrheic stools daily she continued at this level
during the first and second days of treatment but begmnin, 1mmed:
ately thereafter she had no further evidence of colstis or other allergic
symptoms Twenty four hours after the cessation of ACTH treatment
she was fed experimentally a large serving of whole wheat gruel and
although she anticipated an acute reaction she failed to show any
evidence of a chinical response She then remained on a general diet
mcluding wheat and other food allergens several times per day for a
Penod of 12 days without evidence of colitts or other symptoms gamn
g 10 pounds in weight Her abdomnal cramps and diarrhea then

recurred but were controlled for another week by the avaidance of
wheat

Each of the first three asthmatics were also known to be climcally
sEmlﬁtwe to several major foods In each instance individual food
{ests*” performed 1mmechately prior to starung therapy with ACTH
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were associated with a sharp accentuation of asthma These dehiberate
feeding tests were repeated during or immedrately after the cessation
of ACTH treaunent 1n each mstance there was exther a transient ac
centuation of symptoms ar complete tolerance of the food 1 question

In addition ta the localized manmifestations of the allergic process as
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heretotore described mnny of these patients also complained of cor
stitwtional symptoms hnown to be assornted with chrome allergic
discase These have been deseribed under the terms of allerme
toxemia® or the fangue syndrome of allergsc ongn * Itis of nterest 10
note that these symptoms of malmse, weahness ease of iaug!;:‘
myalgia headache depression and dulfed mental acuity were the
first to be reheved following ACTH theraps 1n the proper dosage

The abihty of adrenocorncotrophic hormone (AGTH) t0 ‘h""gi
the chmcal course of various lergic syndromes including bronchnal
asthma allergic shimns atopic dermantss gastro-intestinal allergy
and the fatigue syndrome of allergic onigin as well as the abihity toTe
duce or elmunate tempornridy the chinical response following C“P‘Js‘g"
to known inhalant or food llergens n specifically senstized mdd
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viduals suggests that the basic mechanism of allergic disease 1s closely
related to the function of the pituitary adrennl system
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DISCUSSION

DR THERON G RANDOLPH Another patient (see Fig 7) was chosen for
ACTH therapy because she was the most violently porh sensitrve
Patient in my practice [he inhalaten of cooking pork would give
her intense headaches rlumtis and ap acute gastro intesnnal reaction

She responded 1o a very mimimal dose and had rehef of symptoms
after 33 mgs of ACTH Twenty eight hours later she was fed a large
dose of pork and although she had a blood respon e she did not have
any adverse symptom response

We have since given ACTH to 3 pork sensittve patients chosen be
awse of that factor and they have tolerated pork afterwards whereas
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prior to that the mgestion of porh expetimentally was associated with
violent explosive allergic reactions

vors Iwould ke to leave some objecuve evidence for the diagnoss
of allergic colitss, and also 1 would like to hnow how Drs Randolph
and Rollms ehimnated the psyche effeces of what has become a pro-
foundly ntuahstic psychotherapeutic experiment

ta00d XSYMLLES ocYIES __{, + H%H{‘

fc.

d 1
1200 «l j \ \J _T_{_’ __Hf_ﬁ_ﬂ
e {f‘fm © s, B \f";\\H Lir L
s ! J
L "
7 1 !
e R
- T
I O A I 0 0 S M 0
ol AR }
; ';l‘_n j::s“ oris bnco g [ RN EENNENN] ‘ ijl:
250 ra
U

Fic 7

DR THERON ¢ RANDOLPH The evidence for colitss in this ca e, of al
lergic ongin was the fact that with the avordance of wheat the colitis
cleared up The experimental mgestion of wheat at repeated times
caused a recurrence of the colitis The iadsertent ingestion of wheat
accidentally at 4 different times gave the patient a suffictent gt reac
ton to cause hospttalization

It 13 1mpossible to rule out completely psychosomatic diseases,
10 view of the lanitnde the psychosomatists have taken

PR JEROME w CONN I would Ithe to repart two absers ations In twe
different 1ndividuals which vary somewhat from the usual responses
One a hay, developed 1 grant urticana from food sensitivity One l?o
Jection of 25 mps of ACTH es enttally relteved it~—and contrary y
what we have heard, 1t returned agamn in 6 hours was agan relieve
in 2 hours with another 25 mgs

e ather case was a yaungg @il who was receving ACTH daltlés
On the sixth day of ACTH she deseloped hypersensitnty at the Slhe
of the ACTH myections ACTH was nesertheless continued On't
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day after the first sensitivity occurred she  blew up  with sensitivity
at every prior site of ACTH injection

DR PETER R FORsHAM Two remarks about senaitnaty Qut of about
1200 1yyecuions of 10-25 mgs of ACTH in vanous patients we have
had two anaphylactaid reactions wherein the patient collapsed
about 10 minutes and was brought back very easily with adrenahn
One patient was on pituitary extract !hcrapy for vears previous to 1
Jection which might have induced sensinvity

Then there was a child with Sull's dicease showing magmificent
recovery with immediate fall in fever on ACTH but after 4 davs the
fever went up again and giant hives arosc ACTH was sopped 1nd
the huves disappeared With 5 mes of ACTH given 3 davs later the
hives reappeared

In giving pauents repeated courses of A\CTH 1t has been our ex
Penience in a number of such cases that the effect of an equivalent dose
of ACTH was less marhed on subsequent occasions than 1t had been
dunin, the first course Such findings mght be interpreted as due to
the formation of antt bodics to the relatively crude preparaton of
ACTH admimistered Caution must be exercised in the use of this
Interpretation because of (1) the vanabihity of the potency of different
batches of ACTH and (2) the chanwes in the state of the adrenal
cortices of the patient treated by repeated courses of ACTH How
ever when all this 1s taken 1nto account there sull remain some cases
n whom the decreasing activity of a given daily dose of ACTH can
not be explamed by any of the above Prelimmarv obscrvations in
such a case show the presence of ACTH neutralizing anubodies
Antien antt body interaction s apparently marhedlv curtatled by
ACTH We have found less reststance to the hormone with continued
administration as opposed to a more frequent finding of such a re
Shtance when the course of treatment has been nterrupted for a mat
terof one to two weeks It mav be that the very action of ACTH inre
dUCmg antigen anti body interac tion accounts for the paucity of data
suggesting ant1 bods formation

Dr Bayles mentioned that the gamma globuhns did not vary m
theumatond arthrincs given ACTH It s worth mentoning that in 4
cases of disseminated lupus we found an elesated gamma globulin
which was markedly depressed by ACTH admunistration In Fig 8
are shown some 1nteresting results obtaned by Dr John Vaughn of
the Peter Bent Brigham Hosprtal There 15 a profound fall of gamma
Slobulins when ACTH becomes effects e with a defimte rebound after
Slopping 1t There 15 constant remarhable inverse relationship of the

i"mplernent titer to the gamma globulin concentration in all of these
ases
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DR LDGAR GORDON Study of sevcral patients with allergic states has
revealed a complete lach of cosmnophile response to admunistration of
adrenahn followed by an extremely large response to 50 or 7> mg of
ACTH with the usual changes in output of 17 ketosteroids and 11
oxysteroids and accompanied by a dramatic chmical response One
of these patients was a case of urticana and angioneurotic edema
without any demonstrable, specific allergen sensitivities an
case was severe intractable asthma with Loeffler’s syndrome

d a second
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Studies on the Effect of ACTH on
Eosinophilia and Bronchial Asthma

Bram Rase
ROYAL VICTORIA HOSPITAL AND McGILL UNIVERSITY CLINIC MONTREAL

This preliminary report 1s concerned with observations on the
effect of ACTH 1n 2 cases of marked eosinophiha and 6 cases of
bronchial asthma the latter of which comprise the first i a senies of
investigations on hypersensitivity

Following the demonstration by Thorn et al ! that ACTH lowers
the blood eosinophiles in individuals with intact adrenals and because
of the relation of tins cell to allergic states an opportunity to study the
effect of ACTH on lugh eosmophilia was taken advantage of when a
case of Loefller s syndrome, and one of tropical cosmophilia were ad
mutted to the Royal Victoria Hospital Montreal The fir t case a
man of 44 had been admitted several umes previously when the di
agnosis was established Fig 1 shows two chest x rays taken tn Sep
tember and October 1947 which demonstrate the typical shifting

Table 1
Errsct or THE ApmmisTRATION OF ACTH 70 A PATIENT WITH LOEFELER s SYNDROME
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Fic 1y Chest ray of the pattent with Loeffler s s\ndrome tahen on Sep
tember 28 1947

pulmonary infiltrations Since 1t 1s known that these infilirated arm:
consist in the main of eosinophiles 1t ws felt that seral chest 3 ‘Y‘l)c
duriny A\CTH admmstration might reveal changes providing ncﬁs
cosinophules were related to those 1n the peripheral blood Prenﬂl\ls
baemograms had shown the totrl WB C at 22 000 with eostnophile
vaning from 3 (o 444,

On October 17 1047 control studies showed a total WBC hocr
7000 of wiuch 2 140 or 189, were eosmoplules using Randolp
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FiC 1 b Chest % r1y of the same patient as shown mn Fit 1 a taken on
October 10 1947 The shifing areas of infiltration are shown

method 2 ACTH was adminstered mn 50 mgm doses at 2 3 30
5and630 pm Itwaslot 32 D the total dose of which was equisalent
© 140 mgm of Armour Standard As shown m Table 1 and Fig 2
there was 4 marhed reduction of eostnophiles equal to 98% by the
teath hour after the imtial dose Other alterations such as the minal
cucocytoss and moderate lymphopenia are apparent Senal haemo
8rams were made during the subsequent week and at intervals of 6
months since that ume Of particular interest therefore 1 the fact
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that the circulating cosnophiles have never returned to thewr pre
ACTH level since that ime 10 our hnow fedge, and this 1s now a penod
of over 2 years

Examples of the chest x rays tahen at 1 and 4 hours after the first
dose of ACTH are shown n Fig 3 There appeared to he a shght in

EFFECT OF ACTH ON EOSINOPHILES IN A
CASE OF LOEFFLER S SYNDROME.
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Fic 2 Showing the changes 1n the total white count and cosinophules fol
lowing ACTH therapy 1 the case of Loefiler s syndrome

crease i the density of the infiltrations on the 4 hour plate although
this may be difficult to sdentfy in the accompanying reproductions
However 3 dayslater the lungs had marhedly cleared, and have sce
appeared normal as demonstrated by persodic x rays F “r'hermo;;;
there has been no recurrence of symptoms Following AC’THII
depression and cough disappeared and the patient gamed steadily ;3
weight Nevertheless the marked remussion of symptoms here couhc
not be ascribed with certainty (o the effect of ACTH because of ¢
well known tendency in this disease to spontaneous remission ”
The case of tropical cosinophiha, a young Indian student aged 2
had been 1n hospital for some weeks 1n December 1947 and Januaty



FOSINOPHILIC DISEASE 495

1948 complaming of sore throat cough malwuse and loss of weight
before the dingnosis was established A complete mmvesugation includ
ing the search for parasites was unfrmitful excepting for the typical
changes mn chest x rays and marhed eosmophiha The total WB C
had been 46 630 of which 39 130 or 83 99, were eosinoplules The
typical widespread mihary like nfiltrations 1n the lungs are shown n
Fig 4 ACTH was admumstered on February 21 1948 1n two mjec
tions of 120 mgm  each (lot 37 kE) at 10 15a m and 3 pm The total
dose was equal to 120 mgm Armour Standard

InTable 2 and Fig 5 1t will be seen that the eostnophiles were re

Table ?
Errecr oF THE ADMNiSTRATION OF AGTH T0 A PATIENT WTH TROPICAL F OSINOPHILIA
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duced from 39 400 to 25 700 by the twelfth hour which represents a
37% reduction Serial x rays tahen at inters als of 1 hour throughout
the day of ACTH adminsstration showed no alteration nor did sub
sequent plates taken at 2 day intervals for the next 2 weeks The
baemograms repeated at 1 and 2 weehs post treatment were €ssen
tally unaltered At this time the patient was started on weekly in
Jections of mapharsen Within 3-4 weeks there was complete remms
sitn of symptoms which would substantate the diagnosss of tropical
cosinophiha It s probable that the duration of ACTH admimstration
Was madequate but thes will require further i estigation

The observations on these two patients were made with a view to
Studying blood histamine levels associated with changes in eosino
fhales v well "We had previously observed that no correlavion existed
between blood histamine and fluctuations of eosmnophules Blood
histamuine determinations taken at the time the blood ¢osinophiles
Were evaluated 1n these two patients showed only munor fluctuations
Of greater sigmificince was the fact that the histamine values were
all within the range of normal despite the marked eosmophiha and
Subsequent reductron in these cells These studies carried out with

s Hetbert and de I'nes have since been reported 34
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Fra 3 a Chest x rav on the paticnt with Loeffler s syndrome on the day ot
ACTH admunistration 1 hour after il dose of ACTH

The 1nvestigations on the effect of AGTH on asthma and o(lll[cr
forms of hypersensitiity are being conducted 1n assoriation wrc
Drs J A P Pare K Pump and R L Stanford It had beerlx pon
viously demonstrated that the adrenal cortex bears a durcct relatt o8
to the metabolism of nstamuine, and 1ts spectfic enzyme hl;tammaseth(
that the nissue and blood histamumne 15 marhedly mcreased nd "
mechanism for the destruction of histamine 1s umpaired following TI
moval of the adrenal m the rat ¢ 7 * These alterations could be fully
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Fio 3 b Chest x ray on the same patient as shown i Fig 3 a taken on
the day of ACTH admumstration 4 hours after the mnal dote of ACTH
Itwill be seen that this 4 hour plate was taken at a ume when there was a
corftiderable reduction 1 the total cosmnophule count and that there was
$ome increase in the density of the areas of filtration

Testored only by administration of cortin and therefore presumably
“®mpounds like E or F, but not by desoxycorticosterone ® In addition
P gnancy which 15 associated with an merease of urmary glyco
Orticoids? ag well as plasma histarminase!® often causes a rermussion of
“¥mptoms in the asthmatic ! We had previously shown that compared
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Fic 4 Chest « ray plate on the patient with tropcal eosxnophﬂxﬁaﬂs;l:‘““g
the typical mih iy densities scattered throughout both lung

N\

s
to the normal pregoant woman the level of plasma hlstammasrigl
tmpaired i the asthmatic who tails to go 1nto requssion durmg ]:nmt
nancy ¢ Recent studies on human tissues reveal that the hxs‘amuC
<ontent pf lung sk or mucous membranes from antra ha“:c from
higher m the cage of allergic pauients as compared to t]?, e that
normals X With these facts mn mmd as well as the hnowledg

5 0D
Loefller s syndrome 15 usually complicated by asthma, the stud:e
ACTH were started

;
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Since 1t 1s difficutt under the best of condinons to assess the effect of
any therapeutic agent on asthma 1t was felt desirable to study patients
who had been followed for many years, whose asthma was severe and
where daily medication of either adrenalin ammophyllin or other
agents was a necessity

Fach patient of whom there wre now 6 had complete medical and

EFFECT OF ACTH ON_ EOSINOPHILES IN A
CASE OF TROPICAL EOSINOPHILIA
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altergic mvestigations prior to admission All were admitted to the
m¢ tabalic ward of the Royal Victoria Hospital where they were ob
served for a period of 9 days prior to treatment During the eatire
period of hospitalization the patients were hept on a fixed caloric and
clrumlyu- intake The unnary output was measured and balance
Studies on mitrogen sodium chloride and potassum made In ad
diton unnary excretion of 17 hetosteroids glycogemc corticoids
Bistamime and hisudine were measured [hey were allowed non
specific medication such as adrenalin or amunophylhn as required
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crease m pulmonary funcuon n that the pre exposare M BC was
now 116 1/min whereas st had been 86 1/mun brfore treatment In
addiyon whereas 1t tooh 10 inhalitions to produce sevese symptoms
withsn 5 muntutes hefore treatment 20 inhalations after 20 minutes of
tryung produced only manor changes in the respiratory function and
there were no symptoms chimeatly

2 TI'tichened nasaf and anteal mucous membranes with polypod
formanon shrank samewhat under the influence of ACTH but we
bave not 1s yet observed complete regression

3 Positive skin tests of the direct 1y pe were not altered by the ad
munsstration of ACTH 1w the 3 patients where they were positve be
fore treatmem

4 The longest rermssion so far observed was 1 month after whuh
1t tooh 2 weeks for the sy mptorms o resurn to their lormer state

5 The costnophudes were reduced to zero by 24 hoursin 5 patente
but ths required 60 hours 1 the sivth patient

6 Inall there wasa marked increase in the unne histidineautput
the levels of which were sinular to those seen 1n pregnancy (see
Table 3)

Table 3

Inrreencr or ACTH oy Urine Histiowe
IN AN ASTHVATIC

Patient 1 D
Days | mg /23 hrs

Control 1 ! 975
2 975
3 ! 681
4 ' 681
5 1110
4 1 lost
7 141 4

i

ACTH 1 100 mgm 2361
2 100 mem 251 4
3 Womgm | 2540
4 75 mgm { 3528
5 72mgm 3739
6 75mgm l 3620
7 S0mgm 2132
8 50 mgm 1934
9  25mgm 2987

Post ACTH 1 1298
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7 All of these cases showed excess ustammine in the urme before
treatment In 5 there was a marked reduction n the unine histamine
output whereas 1 1 sixth 1t was increased (see Table 4)

Table 4

Inrruence oF ACTH ov Urine HisTaMINg
IN AN ASTHMATIC

Patunt 3 T D
Days U per ot trs
|
Control 1 2800
2 L 2800
3 4000
4 4000
5 900
6 900
7 2400
ACTH 100mgm 1 25
100 mgm 2 400
100 mgm 3 300
75mgm 4 13
75mgm S 23
25mem 6 30
Post ACTH 1 93
z | B

8 The unnary 17 Letosteronds were increased m 5 panents but
failed to rise 1n the sixth

9 It s of interest that the failure of 17 hetosterods to ncrease,
and the delay 1n urine histamime and blood eosinoplules to decrease
occurred jn the same patient
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crease mn pulmonary function 1n that the pre exposure M B G was
now 116 1/min whereas 1t had been 86 1/min before treatment In
addition, whereas 1t took 10 inhalations to produce severe symptoms
within 5 munutes before treatment, 20 inhalauons after 20 minutes of
trying produced only minor changes in the respiratory function and
there were no symptoms climcally

2 Thickened nasal and antral mucous membranes with polypoid
formation shrank somewhat under the mfluence of ACTH but we
have not as yet observed complete regression

3 Positive shin tests of the direct type were not altered by the ad
mimstration of ACTH 1n the 3 pauents where they were positive be
fore treatment

4 The longest remission so far observed was 1 month after which
1t took 2 weeks for the symptoms to return to theair former state

5 The eostnophiles were reduced to zero by 24 hours 1n 5 patients
but this required 60 hours 1n the sixth patient

6 Inall, there was a marhed 1ncrease in the urine hisadine output,
the levels of which were similar to those seen 1n pregnancy (see
Table 3)

Table 3

InrLuence oF ACTH on Urine Histmone
IN AN ASTHMATIC

Pattent I D
Days m, /24 hrs
Control 1 975
2 I 975
3 ' 681
4 J 681
5 1110
6 | lost
7 | 1414
ACTH 1 100 mgm 2361
2 100mgm | 2514
3 100 mgm 2540
4 75 mgm 3528
5 75 mgm 3730
6 75 mem 3620
7 50 mgm 2132
8 50 mgm 1931
9 25 mgm 2987
Post ACTH 1 1298
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The Use of Adrenocorticotrophic Hormone 1n
Chronic Liver Disease (Three Cases)

Lewis W Bluemle Jr Victor M Sborov Joseph Stokes Jr Paul
Gyorgy and John R Neefe

ARMY HEPATIC AND METABOLIC CENTER VALLEY FORGE GENERAL HOSPITAL
PHOENIXVILLE PA AND SCHOOL OF MEDICINE UNIVERSITY OF PENNSYLVANIA
PHILADELPHIA

All cases following ACTH (Armour) therapy showed a char
actenstic drop 1n cosinophules a negative bat and a
shghtly or markedly increased uric acid creatimne ratio (except for

one case whose ratio was not determined)
Casc 1

J F male 37yecars Fhisveteran of 4 years muibitary service in the
South Pacific and a 10 year history of alcoholism developed deep
Jaundice 1n 1946 several months after discharge from the Service
Following massive subcutaneous hemarrhages and wrauonality bor
dening on coma he slowly improved over 31, months Further symp
toms appeared fate 1n 1948 jaundice 1 Apnl 1949 and coma in
May 1949 with Chevne Stokes respiration and fever ranging close 1o
102 He had continued to consume large amounts of alcohol untit
late April 1949 He was admitted to V alley Forge General Hospital
May 2 1949 The liver was firm extending 12 cm below the nght
costal margin The spleen extended 7 cm below the I ft costal margin
There were showers of spider nev: over the face neck and shoulders
hypoplasia of the genitalia and d bilateral gy 1a
Rather rapid recovery from coma occurred possibly resulting from
aureomycin 2 grams daily by parenteral ijection following which
Jaundice gradually disappeared and the liver function tests returned
toward normal ACTH was ginen during this recovery period pri
marily for the purpose of obtaiming mformation concerning its harm
lessness in such severe case of portal cirrhosis Just prior to adnmms
tration of ACTH the hver was palpable 7 cms below the night costal
margin and the spleen palpable 7 cms below the left costal margin
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DISCUSSION

There was no discussion on this paper
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The Use of Adrenocorticotrophic Hormone 1n
Chronic Liver Disease (Three Cases)

Lewis W Bluemle Jr Victor M Sborov Joseph Stokes Jr Paul
Gyorgy and John R Neefe

ARMY HEPATIC AND METABOLIC CENTER VALLEY FORGE GENERAL HOSPITAL
PHOENIXVILLE PA  AND SCHOOL OF MEDICINE UNIVERSITY OF PENNSYLVANIA
PHILADELPHIA

All cases following ACTH (Armour) therapy showed a char
actenstic drop . eosimophiles 1 negative mtrogen balance and a
shghtly or markedly ncreased uric acid creatunme ratio (except for
one case whose ratio was not determined)

Case 1

J ¥ male 37 years Thus veteran of 4 years military service in the
South Pacific and 4 10 year hustory of alcoholt m developed deep
Jaundice 1 1946 several months after discharge from the Service
Following massive subcutaneous hemorrhages and irrationality bor
dering on coma he slowlv 1mproved over 315 months Further symp
toms appeared late in 1948 jaundice 1 April 1949 and coma
May 1949 with Cheyne Stokes respiration and fever ranging close to
102 He had continued to consume large amounts of alcohol untl
fate April, 1949 He was admitted to Valley Forge General Hospital
May 2 1949 The hner was firm extending 12 cm below the nght
costal margin The spleen extended 7 cm below the left costal margin
There were showers of spider nevi over the face neck and shoulders
hypoplasia of the gemtaha and moderate bilateral gynecomastia
Rather rapid recovery from coma occurred possibly resulting from
aureomycin 2 grams daily by parenteral mnjection following which
Jaundice gradually disappe ired and the liver function tests returned
toward normal ACTH was given duning this recovery period pn
manly for the purpose of obtaming information concermng 1ts harm
lessness m such a severe case of portal cirrhosis Just prior to adrmms
tration of ACTH the liver was palpable 7 cms below the night costal
margin and the spleen palpable 7 cms below the left costal margin
505
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After 4 days of ACTH therapy (250 mgm ) the liver size was un
changed and the spleen was palpable 8 cms below the left costal mar
gin Immediately after completion of 7 days of ACTH therapy (500
mgm ), the liver was felt 5 cms below the night costal margmn and the
spleen 4 cms below the left costal margin Throughout hospitalization
there was a gradual reduction in the number of spider nevi and a de
crease In gynecomastia, along with gradual increase 1n size of gemitalia
There was no perceptible acceleration of these changes during ACTH
therapy A biopsy was taken within 2 weeks of onset of ACTH therapy
and again 1 week after 1ts cessation ACTH 500 mgm , was grven over
a period of 9 days There was a posstble 1cceleration of recovery at
this ime The first biopsy 1ndicated advanced fibrosis with fatty in
filtration The second bropsy showed no change 1n the amount of
fibrosis but apparently some decrease 1n the amount of fatty infiltra
tion The cffect of ACTH 1 this case was therefore equivocal but
certainly not harmful

Case 2

R G, male, 42 years This sergeant with a strong alcohohic history
began to have symptoms late 1n 1947 of nausea and anorexa, and
gradually lost weight His dret at this tume was poor In November,
1948 he noted onset of weakness 1n his legs exertional dyspnea, and
continued weight loss In December 1948 on examnation he had a
large, firm, nodular, shghtly tender liver, extending to the 1hac crest
He was admutted to the Valley Forge General Hospital in April 1949
The bver had apparently remamed pracucally stationary and there
were no spider nevi nor jaundice The spleen was not palpable
Thymol turbidity was 3 4 umits, and thymol flocculation 2+ The
only important abnormal hver function test was a bromsulfalein re
tention of 9% At the tme ACTH was started he was unable to walk
up a short flight of stairs without complete exhaustion A biopsy was
performed on May 12 1949 and agawn on August 11, one week after
ACTH therapy which consisted of 500 mgm over a period of 9 days
A striking improvement m appetite, activity, and sense of well being
occurred by the fifth day of ACTH therapy His actvity rapidly ;‘"5
creased so that by 9 days after the stopping of ACTH he played of '5
own accord a full round of golf His weight preceding therapy VI":S
130 Ibs at the end of therapy 137 Ibs and 42 days after therapy her
Ibs There was no drop of weight immedhately after ACTH butrath
a continuous slow rise which started at the imuation of therapy a[:ls
remamned unbrohen up to 42 days following treatment His Trver we
palpable 10 cms below the right costal margin when ACTH therax};y
was mmttated Upon complenion of the 7 day course (5001 gufa
ACTH), 1t extended 7 ems below the night costal margin and ¥s
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Fig 1

later 1t was palpable only 3 cms below the right costal margin The
spleen was never palpable The biopsy on May 12 1949 showed severe
portal fibrosis The biopsy one weeh after ACTH on August 11 1949

showed a striling decrease 1n the amount of fibrosis Regeneranon of
normal appearing hiver tissue also had occurred The patient has re

maimed 1 continued mmprovement up to the present ttme He was
discharged from the hospital October 19 1949 completely asymp

tomatic He 1s now doing military duty He s to be readmutted May 1

1950 for followup evaluation The effect of ACTH i this case because
6 its sevenity and chronicity was quite as strihing as that seen 1n
rheumataid arthrits following therapy with ACTH

Case 3

J T female 19 years Apparently an attack of viral hepatitis con
tnued up to the present as a chrome viral hepatttis At onset mimmal
constitutional symptoms were greatly aggravated by physical activity
The lver and spleen remamed shghtly enlarged but not tender A
biopsy of the hiver in March 1949 revealed some periportal fibrosis
and considerable infiltration of mononuclear cells both wntralobular
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and cxtralobular Her progress following first two courses of aurco
mycn 1nd then more recently a course of ACTH, 920 mgm over 13
days (80 mgm daily for 61 days and 60 mgm day for 614 dags)
are shown n Lig 1 A moderate amount of ascites and edema of the
face not previouslv detectable developed during the second week of
weatment with ACTH and was associated with malase and anoreva
Iollowing cessinon of ACTH a spontancous diurests occurred with
disappearance of ascites and facial edema Starting with ACTH ther
apv there has been a striling reduction of total serum bilirubin from
28 mgm 9¢ to 8 mgm to {1 mgm %, which has persisted and which
has heen followed by a greatly increased 1ppetite and sense of well
beinz Although not quite as striking an impiovement 25 1 Case 2
the results m this patent J T because of her chrome history over
18 months strongly suggest 1 favorable response to ACTH therapy
Griphic chart for this patient 1s attached (g 1)

Two cases of viril hepatitis have been treated with ACTH a3
carly as possible 1n the acute stage without evidence of improvement
which could be attributable to such treatment However in the acute
infectious hepatic disorders as opposed to chrome disorders a large
series of cases with switable controls would be required before any
evidence for or aganst the value of ACTH could be obtamned

DisSCUSSION

DR WAITER BAUER The first pauent with ulcerative colitis that I dis
cussed this morming chd have abnormal hver function tests The
bramsulfalemn test showed 17% retention of the dve and an alkaline
phosphatase of 13 4 Bodansky units During the course of A\CTH
treatment the bromsulfalemn test fell to 6% and the alkahne phos
phatase to 2 4 nmts
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The Effect of ACTH on Pahients with

Pulmonary Tuberculosis*

Smith Freeman Jenmings Fershing C C Wang and L C Samth

HINES HOSPITAL MAYWOOD ILL, AND THE DEPARTMENT OF EXPERIMENTAL
MEDICINE NORTHWESTERN UNIVERSITY MEDICAL SCHOOL CHICAGO

Two colored males ages 29 (C. B) and 22 (F 1V ) years with
diserminated infiltrative tuberculous lesions of the left upper lobes
were subjects for this studv They had been observed at Hies Hos
putal for 6 and 8 weeks respectivels prior to the control period of this
studv The patients were maintained on a diet of constant compost
tion with regard to calories protein purmes sodm potassum cal
aum and phosphorus The following determinations were made at
frequent intervals diurnal temperature vanation physical findings
sedumentauon rate sputum examunation complete blood count
blood unie acid sugar sodium potassium chlonde inorgame pho
phorus carbon dioxide combining power nonprotem mitrogen and
serum protein fractionation The unnary excretion of nitrogen cre
aunmne uric acid chlorides phosphates calcium norganic phos-
phorus sodium potasssum and 17 ketosterowds was followed Urmne
collections were pooled 1n 3 day periods and preserved in a refrigerator
with thymol Senal films of the chest (Fig 1) and carbohydrate tol
erance tests were tahen at weekly intervals ACTH admnistration
(100 mg daily) was begun after 3 control 3 day metabolic periods had
been completed The dosage of ACTH was reduced to 75 mg /day
after 3 days and returned to 100 mg daily after one week on the lower
dosage An intake of 100 mg daily was then marntawed contimuously
for the subsequent 5 weeks The following changes occurred during
ACTH admnistration

The dwrnal fever largels disappeared 24-48 hours after ACTH
administration was instituted  there was a marked mncrease 1n appetite
and&lsc of wellbeing  One patient became euphoric after 3 weeks

Published with permussion of the Chief Medi al D rector Department of Mediaine
and Surgery V cterans Admunistration who assumes no respcnsibil ty for the optnion €x
Pressed or the conclusions drawn by the authors
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P L

F \\ Beforc ACTH F W After 4 wecks on ACTH

C B Before ACTH C B After 4 Wecks on ACTH
T 1

on ACTH Coughing largely ceased in both patients and the daily
volume of sputum was reduced to half the previous amount The
physical findings suggested a reduction in pulmonary consolidation
The rocntgenograms showed an merease n puimonary translucency
during the third week of therapy Areas of translucency re*Cmb]‘lng
c€vacuated abscesses appear 1n one patient s roentgenograms (Fig )
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The ct m the rc rams of the other patient were less
stnhing but indicated that siumlar changes were occurring The seds
mentaton rate declined after 3-5 weeks of ACTH Both patients d¢
veloped a leucocytosis during the second week of therapy A lym
phopema and eosinopema developed Both systohic and diastohe blood
pressure increased after 3 to 4 weehs on ACTH The body weight in
creased somewhat during the first 2 weehs of ACTH and thereafter
declined During ACTH admumstration there was an increase n
CO; combining power and a shght decrease in the concentration of
serum potasstum The serum mnorgame phosphorus svalue fell and the
alhahne serum phosphatase of one pauent (C B) rose sigmficantly
The serum phosphatase of the othtr patient remained relatively con
stant There was a prompt and marked ncrease 1n 17 hetosteroid ex
cretion 1 both patients The fasting blood sugar level rose and the
carbohydrate tolerance deciined as ACTH admunistration was con
tinued There was an increase m the urmary excretion of mitrogen
uric acid potissium phosphorus and chlondes dunng ACTH ad
mnistration Sodium excretion first decreased and then mcreased
Urninary calcium excretion was somewhat increased by ACTH ad
rinistration ACTH admuimstration was assoclated with an increased
plasma alburmin and a decreased gamma globulin and fibrinogen
The a/g rauo mcreased Changes occurring 1n the other fractions
were uregular The sputum remamned poswve for tubercle baaith
thraughout the study The laboratory data on both pa tients were so
similar that only a part of 1t 1s presented in the follow ing 1llustrations

Nitrog n Balance
Patint CB

B ACTH sdmuustered
T N intah

3 Totel N output.

O Urinary N

€3 Fecal N assumed to
b an average of
13 grams per day

Centrol peryod
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Chloride as Na C1

Pataent CB

B ACTH admmstered
=3 Chloride intake

@ Urinary chleride
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Electrophoretic Measurements of

Plasma Proteins Potunt FW
{Veronal buffer pH 86)
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DISCUSSION

DR ALLAN RENYON I would Iike to ask Dr Freeman whether he feels
the lesion has advanced, or not

DR PEIER H FORstiam I would Ithe to show one shide which refers 0
some work done by Dr C B Iavour and his associates at the Peter
Bent Brigham Hospital Guinea pigs (Fig 16) sensized to tuberculin
showed disappearance of the tuberculin shin reaction while on ACTX?
Following discontinuance of ACTH 1t reappeared Suitable contros
all showed a good tuberculin reaction Complete correlation was ©
tamed by the use of the lympho Iysis test 1 wiich lymphocytes o
tuberculin sensiized guinea pigs are lysed by adding tuberculin ":
vitro The lymphocytes were lysed before and after ACTH, but no!
during, ACTH admimistration he

Thaus, under the action of ACTH the hypersensiunity phast o :1
reaction to tuberculin was abohshed Dr Favour has since extende
these obscr\ ations to man

The dangers of such a reaction 1n the treatment 0
culosis remains to be evaluated

£ human tuber
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DR s\wiTH FREEMAN In one patient there was a defimite spread of
tuberculoms during the period of ACTH administration In the other
Patient extension of the pulmonary lesion was questionable Sputum
remamed positive 1n both patients throughout the study and after
discontinuation of ACTH
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Alan C Siegel
HARVARD MEDICAL SCHOOL BOSTON

Joseph Stokes Jr

THE CHILDREN S MOSPITAL OF PHILADELPHIA AND UNIVERSITY OF PENNSYLVANIA
SCHOOL OF MEDICINE PHILADELPHIA

Chorles D Cook
HARVARD MEOICAL SCHOOL BOSTON

Certain data about pollomyehtis suggest an unusual hest
parasite relationshup  Among these are (1) the very low 1cidence
{fess than 1 1n 100) of manifest discase among those infected (2) the
famihal medence consntutional factors and hormone jmbalance
theories which have been adivanced to explain susceptibility, (3) ex
cessive faugue and chilling or exhaustion during the incubatton pert
1s frequently followed by severe paralysis and (4) the greater merdence
of infection 1 pregnant women as compared to non pregnant women
All these obsers ations suggest that susceptibulity or reststance 0 polio
myclttis mvolves non specific defensive mechmsms and sndrectly
that the host response 1s more mmportant than the virulence of th«’}
virus 1n determumng the course of wfectton Rapid mobiltzation hﬂ
bodily defensive mechamsms may hmt the spread of mfection 10 the
usual subclinical case whereas a slower response as a result of C<I7“
stitutional factors or exhaustion may permt infection to spre:”:d n
deed we do not know whether or not pohomyelitis precipitates alarm
reaction  ACTH has been observed to produce this effect It o€
C}I]xrrcd to us that thus mechamsm to act naturally pughs be at fault
those people who contract paralytic pohomyehts

Tor these reasons the ?hcra;y)euul:: use of ACTH m early polio

Auded by a grant from The National Foundation for Infantle Paralysis
572
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myehtis seemed worthy of 1 trial Ideally one should test this theor
by giving the ACTH during the first few days of the ncubation period
and 1t 1s fully reahized that its use fter the disease 15 mamfest mas
prove nothing However with the encouragement of Dr Mote of the
Armour Laboratories 1 cautious therapeutic trial was made and this
led to the study reported here It was believed that the following ques
tons tght be answered (1) Is the alarm reaction evoked by
poliomyehtis® (2) What 1s the physiologic action of ACTH in polio-
myehtis® {3) Does ACTH modify the course of poliomyehtis when ad
ministered early n the course of the disease®

Single doses of varying amounts of ACTH were given to a number
of pohomyehtis patents at the Camden Mumcipal Hospital No
deleterious effects were observed so two patients were placed on a
daily maintenance dose of 50 mgm for 4 days In both patents the
temperature returned to normal within 12 hours and the progression
of paralysis ceased The good results in these two patients suggested
that a defimtive trial with a sigmficant number of patients should be
run without warting for further ammal experiments Since only spo
Tadic cases were occurring mn southern New Jersey the study was
moved to the Children s Medical Center at Boston where an extensive
epidemic was 1n progress

STUDY PLAN

To be admitted to the study patients were required to present at
least 4 of the 7 critena set forth by the National Foundation for In
fantile Paralysis namely, history fever suff nech suff back not less
than 10 or more than 500 cells 1n the CSF elevated CSF protein and
demonstrable muscle weakness In addition we required that patients
must have been 1ll less than 5 davs and have fever of 100 5 or more A
lmz'\sl of 70 patients were studied 35 recenving ACTH and 35 as con
trol

Patients admutted to the study were given ACTH or a placebo as
determined by random selection through drawing balls of two colors
from a contamer All medication was given intramuscularly at 6 hour
intervals for 4 or 5 days The idennty of the medication was unknown
to the nursing and medical staffs who cared for and evaluated the
Ppatients The dosage schedule of ACTH 1s shown in Table 1

For the first part of the study crvstalhne pemoihn was wed as the
Placebo Thus was later changed to physiological sahne when 1t*was
Pomnted out by Dr Forsham that the eosnophile count mght be
altered 1n persons hypersensitive to pemcillin

The cnitena for activity of the drug and adequacy of dosage were
obtamed by (1) eosinaphile counts done mmtially at 4 hours then
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Table 1

Dosace Scurpure oF ACTH v mou /oAy Divioep ivto 4
EqQuat Doses AND ADMINISTERFD [NTRAMUSCULARLY

‘ Day of Therapy
Wt kg

7 , 2R2) 3 , B

% [ ’ 0 | = 2
20-40 - @0 | 40 20
40-60 80 ! 80 i 60 40
604 I 120 | 100 80 60

daily dunng therapy, and for 8 days after discontinung therapy
(2) excretion of 17 ketosteronds, and (3) by blood chemustry, Na K,
ind fasting blood sugar when indscated

The first 18 patents (R on Fig 1) recewed ACTH as shown
above

The next 17 patients (R2 on Fig 1) were maintunced at the dosage
shown for the second day of therapy 1n Table 1 for a period of 5 dass

The observations of chinical improvement were made by the med
101 staff and tibulated daily by Dr Siegel on prepared forms Only
objective critena were used These included (1) the temperature 7
sponse (2) progression or rermission of paralysts, (3) the mu cle spasm
and tenderness, and (4) later orthopedic followup for recovery from
residual paralysis

Stools from 4D pantats were frozen at 20°C for future use and
pared acute and convalescent sera from 14 patients were stored

RESULTS

The total number of cases 1n the study appears to be adequate lrc:
give 1 definite and clear cut answer to the questions posed As show 1
n Table 2, the median day of hospitahization was almost rdentical

Table 2

DistrisuTion of CasEs
B,
Control ACTH

Total number 35 35
Median day of hospital 26 25
Nonparalyuc 13 12
Paralytic 22 23
9 Paralyzed 63 66

Deaths 1
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for the two groups as was the distribution of paralytic and non para
Iytic cases

Practicnlly cevery panent hid a low eownophile count on adnus
sion In the control group the eosinophile count rose gradually to
normal levels on the sccond hospital day with a continued rise or re
bound to higher levels on the fifth to seventh day The group re
ceving ACTH had a sharp drop 1n eosimnophles 4 hours after the first
dose and the count remained down until the drug was discontinued
when a more marked rebound occurred The iverage eosinaphile
caunt of each group s plotted 1n Tig 1 which also shows that the
rebound of eostnephiles was delayed one day longer in the 17 patients
who recenned ACTH for 5 days instead of 4 days The higher imtial
eosinophile count m the group which recened ACTH 1s caused by

300,

a0}

¥

EOSINOPHILES /GU MM
g

-

T TE 34
HRS  DAYS
TIME AFTER THERAPY

Fie 1 E hile response 1n pol litis W = Aterage count of 35

Patients who received a placebo every 6 hours for 4 days R = Average count
f 18 patients who recerved ACTH 1n decreasing doses every 6 hours for 4

28 Re = Average count of 17 patients who received a constant dose of
ACTH everv 6 hours far 5 days
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one patient who had an imual count of 2100/cu mm If this count 15
ormtted both groups have an average mtial count between 50 and
60/cu mm

Excretion of 17 ketosteroids was determined 1n 8 patients The
first 24 hour urine was collected on the second day of ACTH therapy
and the control specimen on the tenth hospital day, 5 or 6 days after
therapy was discontinued The results shown in Fable 3 are somewhat
variable, but 1t seems clear that the control cases had no increased
17 ketosteroid excretion m the 2 specimens tested Thost treated with
ACTH did have higher levels i the first specumen as well as the sec
ond spectmen 1n a few wstances

Table 3
17 KrrosTEROID FACRETION
I mym J24 brs
Name tge Sex Medica 1on
| 24Day 10th Day

P L 15 M ACTH | 161 187
PF 7 F ACTH 220 034
B M L M ACTH 143 655
W w 7 M ACTH 172 161
HB 16 M ACTH 326 1381
GE 6 M Coatrol 108 106
EH 6 M Control 101 055
R 5 7 M Control 205 10
A B |G B

We conclude from the eosinophile counts and 17 Letosterod ex
cretions that the dosage of ACTH was adequate to produce 2 phys
10logte effect

The course of the disease mn ndividual patients was extremely
variable and in some patients the use of ACTH seemed to have ef
fected a dramatic terminaton of fever and paralysis In fact, after we
had treated 7 prtients 1n each group, 1t appeared that the 7 reccmﬂf
ACTH were benefited Here we wish to stress the fallacy of drawing
conclusions from a few cases for with increased numbers of patients
it became quute clear that there was no detect ible difference bfif““‘"f
the twa groups Table 4 shows the distribution of cases on the basts o
chnical type of poliomvelitty [

In Fable 51t 15 obvious that the average days of fever in the LontroC
and treated groups was 5 6 and 5 7 davs respectively, and the av eragd
days of fever after treatment was 2 9 and 2 8 days Paralvsis progresse
1 the control group for 4 5 days from onset and for 2 4 days after
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Table 4
Numerr oF Cases oF V arious CLinicar Tyies

f Control | ACTH

Nonparalytic 13 12
Spmal i Resp Inv 13 16
Spinal ¢ Resp Inv I
Bulbar s Resp Inv 8 1 4
Bulbar & Resp Inv 1 2

Totals 35 l 35

Table 5
Averace Davs oF FEver anp PArALYsis Procirssion tv Treatep anp CovtrRoL

ROUPS

Feuer Paralysis

After Treatment Total After Treatm nt

Nonparalytic
Spinal
Bulbar

Average 56 | 57

W1 —Control patients wha recetved the placebo
R2--Treated patients wt o recerved ACTH

treatment was started and 1n the ACTH group the figutes were 4 4
days from onset and 2 2 days after treatment

Frequent examination of patients by the orthopedic staff of the
Children s Medical Center did not reveal any difference between
treated and control Ppatients 1n spasm, pain tenderness or the dura
ton of the sensitive stage The long term follow up of these patients
18 being carried out

SUMMARY

The alarm reaction 15 mobihzed mn pohiomyehus as shown by
the connpphle response In these patients ACTH produced a phys
wlogical effect as evidenced by a further depression of eosinophils and
by mereased excretion of 17 ketosteroxds There was no demonstrable
effect 1n the treated as compared to the untreated group when eval
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uated on the basis of (1) temperature response, (2) paralysis, (3) pro
gression of paralyss, or (4) residual effects

Statistical analysis shows clearly that ACTH has no beneficial or
obvious deleterious effect on the course of poliomyelitis when treat
ment 15 begun after onset of symptoms

DISCUSSION

There was no discussion on this paper
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Effects of ACTH in Primary Atypical (Viraf)
Pneumonia and 1n Pneumococcal

Pneumonta (Prelimtnary Report)

Maxwell Finland Edword H Kass and Sidney H Ingbar

THORNDIKE MEMORIAL LABORATORY SECOND AND FOURTH MEDICAL SERVICES
{HARVARD) BOSTON CITY HOSPITAL AND HARVARD MEDICAL SCHOOL SOSTCN
WihtheTeh  lAssance ¢

ClaeWle MI C AlpetodMid dW Ba

Dr Mote’s invitation to investigate the acuon of ACTH n
certamn acute infections was welcomed as an unusual opportumty to
e mvestigate many aspects of infectious discases that are poorly un

~derstood We wish to present here certain of the findings in 2 patients
one of them may be termed a classical case of the so called viral or
pumary atypical pneumonia the other a case of pneumococcal pnea
monia The former was of consider 1bly more than average severity in
ayoung adult the latter was of moderate severity i an adolescent
Ouly those results which are related to the clinical response and the
bicterialogical and serological findings wiil be presented 1n 1y detait
Some of the biochemical findings wall onlv be alluded to briefly but
detatls will be onutted at this tume
The first patient (F1, 1) was a 28 vear old housewife who was ad-
Tutted with a history of fever headache muscle achin, and a non
productive cough of 3 davs duration She had been treated with
Penteillin at home during these 3 days On entry she was prostrated
acutely 1l flushed fevensh but mentally clear Temperature was
104 2 pulse 100 respirations 24 There were physical signs and < ray
findings conistent with consohdation of most of the left lower lobe
The white blood count was 3900 with 615 polys 37% lymphs and
2% monacytes The urine was negative Sputum was scanty mucord
and contamned many mononuclears, occasional polys and few or
gltisms  Cultures of the sputum and throat cultures yielded Strep
lacoccus undans, H influen.qe and Newsserna favus Blood culture showed
Do growth The patient was gwen 100 000 umts of pemciilin every 4
hours for the next 3 days durine which she continued to have tempera
520



530 CLINICAL ACTH CONFERENCE
ture rises to 104° falling only 1n response to the admumstration of
aspirin There was an increase mn pulmonary afiltration by x ray
although the physical signs were not very strihing at any time

On the fourth hospital day the patient was started on doses of 25
mg of ACTH (Armour) every 6 hours At the tume of the first dose the
temperature was 102° and pulse 96 The patent was flushed, very
weak fatigued, anorexic coughing frequently and complamnmng of
generalized aching and severe headache The total Jeucocyte count
was 4900 with 54%, polys 429, lymphs and no cosinophsls

PRIMARY ATYFIGAL PNEYMTNIA TRIATED WITH_ACTH'
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Within 6 hours after the first dose of ACTH (Armour) (no fusthes
aspinn was green) the temperature began to fall and within 18 hourds
was 98° During this tune diaphoresis began and the patent cxhxbxtef
a defimite sense of well being Withun 24 hours she was afebnle, free ‘;]
muscular pains and headache and was beginming to eat but was st
coughing rather severely and ramsing a good deal of mucord sputumm
The sizns m the chest were unchanged

On the second day of therapy malar flush and facial edema ap
peared and so on the third day the daily dose of AGTH ( ﬁfn;o“rs
was dropped to 75 mg The temperature promptly rose o 101 8 ﬁﬂc
mld headache reappeared Meanwhile the patients unne volum
which had been much decreased dunng the preceding 2 days, %
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mathedly and her weight dropped 515 pounds within 24 hours The
white blood count rose to 10 000 with 75% polys and 159, lymphs
Eosinophils which had begun to appear increased in the course of
36 hours to 150

The patient was therefore given 50 mg of ACTH every 6 hours
Withun 12 hours she was agamn afebnle euphoric nd feeling quite
well She 2gamn became ohguric and regained 6 pounds of weight
Her cough persisted although 1t was less severe than previously and
the physical signs and « rays of her chest showed very shght of any
clearing

The dose of AGTH w s continued at 200 ma per dav for 2 davs
but when marhed facial edema malar flush and oliguria reappeared
the do e was gradually decreased over 1 period of 6 days and then
stopped Duning this period of withdrawal just as during the earlier
period when this was attempted the patient was quite drowsy but
otherwise [elt quite well

The x rays of the chest showed slow but steady clearing The cough
persisted but became progressively less severe The patient s whate
blood count rose steadily to 16 000 with slowly increasing eosinophal
counts The urme volume lihewise increased gradually the facial
edema regressed but the fechng of well being persisted until the last
24 hours of therapy during which she recerved only a total of 25 mg
At this time her temperature agaimn rose t0 100° and after all therapy
was withdrawn 1t rose further to 102 8° Repeated sputum studies re
vealed only Streptococcus tiridans and rare polymorphonuclear cells

The patient now felt weak lstless and was quite depressed She
cried frequently and evpressed morose apprehension about her ultt
mate recavery Her cough was less severe than 1t had been and < rays
of her lungs although showing considerable patchy infiltration gave
evidence of progressive clearing

Because of the recurrence of fever and the nse 1n the white count
10 24 200 she was given 1 gm of aureomycin intravenously every day
for the next 4 diys The fever nevertheless recurred each day but
the leucocyte count dropped sharply She 1s still weah (Qct 22) but s
70 longer depressed and she coughs rather frequently During the
third week of her illness the patient first developed cold agglutinins
and Strep MG agglutimins which mreased steadily to 2 maximum
uter of 1 640 and 1 160 respectively

While the patent was receiving 50 mg of ACTH (Armour) every
6 hours she dey cloped glycosuria which persisted for 4 days and then
cleared as the dose of ACTH was decreased The fasting blood sugar,
Previously normal was elevated to 139 on one of the days when gly
Cosurta was present The patient s hematocnit had dropped durmng
ACTH admunstration from 40 to a low of 34 and within 48 hours
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ture rises to 104° falling only in response to the admimstration of
aspinin There was an increace i pulmonary infiltration by < ray
although the physical signs were not very stri ing at any time

On the fourth hospital day the pauent was started on doses of 2>
mg of ACTH (Armour) every 6 hours At the time of the first dose the
temperature was 102° and pulse 96 The patient was flushed very
weak fatigued, anorexic coughing frequently and complamng of
generalized aching, and severe headache The total leucocyte count
was 4900 with 549, polys, 42% lymphs and no eosinophils

PRIMARY ATYPICAL PNEUMONIA TREATED WITH ACTH
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Within 6 hours after the first dose of AGTH (Armour) (no further
aspurin was guven) the temperature began to fall and within 18 haurs
was 98° During thus tune diaphoresis began and the patient c“h‘hmi
a defimte scnse of well being Wathin 24 hours she was afebrile, free K;‘
muscular pains and headache and was beginmng to eat but was st
coughtng rather severely and rusing a good deal of mucod sputum
The signs 1n the chest were unchanged

On the second day of thurapy malar flush and facial edema ap;
peared and so on the third day the daily dose of AGTH (Am:oufd
was dropped to 75 mg The temperatuse promptly rose to 101 8 1 anc
mild headache reappeared Meanwhile, the patient’s urne o umC
which had been much decreased during the preceding 2 days, £05



PYEUMONIA 531

markedly and her weight dropped 5% pounds within 24 hours The
white blood count rose to 10 000 with 75%, polys and 159, lymphs
Eosinophils which had begun to appear mcreased n the couvse of
36 hours to 150

The patent was therefore given 50 mg of ACTH every 6 hours
Within 12 hours she wns agamn afebnle euphoric and feeling quite
well She agan became ohiguric and regmned 6 pounds of weight
Her cough persisted although 1t was less severe than previously and
the physical signs and x rays of her chest showed very shght if any
clearing

The dose of ACTH was contmued at 200 mg per day for 2 days
but when marhed facial edema malar flush and oliguria reappeared
the dose was gradually decreased over a period of 6 days and then
stopped During this pertod of withdrawal just as during the earher
period when this was attempted  the pitient was quite drow y but
otherwise felt quite well

The x rays of the chest showed slow but steady clearing The cough
persisted but became progressively less severe The patients white
blood count rose steadily to 16 000 with slowly mcreasing eosinophl
counts The urine volume lihewise increased gradually the facial
edema regressed but the feeling of well being persisted unul the last
24 hours of therapy during which she received only a total of 25 mg
At this ime her temperature again rose to 100° and after all therapy
was withdrawn 1t rose further to 102 8° Repeated sputum studies re
vealed only Streptococcus 1iridans and rare poly morphonuclear cells

The patient now felt weah lhistless and was quite depressed She
cried frequently and expressed morose apprehension about her ultt
mate recovery Her cough was less severe than 1t had been and x rays
of her lungs although showing considerable patchy nfiltration gave
evidence of progressive clearing

Because of the recurrence of fever and the rise in the white count
10 24 200 she was gwen 1 gm of aureomycin intravenously every day
for the next 4 days The fever nevertheless recurred each day but
the leucocyte count dropped sharply She 1s sull weak (Oct 22) but s
™o longer depressed and she coughs rather frequently During the
third week of her 1llness the patient first developed cold agglutmins
and Strep MG agglutimins which increased steadily to a masimum
ter of 1 640 and 1 160 respe ctively

While the patent was recening 50 mg of ACTH (Armour) every
6 hours she developed glycosuria which persisted for 4 days and then
cleared as the dose of ACTH was decreased The fasting blood sugar
Previously normal was elevated to 139 on one of the days when gly
<osuria was present The patient s hematocrit had dropped during
ACTH admunistration from 40 to a low of 34 and within 48 hours
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ture rises to 104° falling only m response to the admumstrauon of
aspimn There was an sncrease m pulmonary nfiltration by x ray
although the physical signs were not very strihng at any tme

On the fourth hospital day the paucnt was started on doses of 2>
mg of ACTH (Armour) every 6 hours At the time of the first dose the
temperature was 102° and pulse 26 The patient was flushed very
weah fatigued, anoresic coughing frequently and complammng of
gencrahzed achng and severe headache The total leucocyte count
w1s 4900 with 549, polys, 429, hymphs and no eosmophils

PRIUARY ATYPICAL PHEUMONIA TATATED WITH ASTH
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Wit 6 hours after the first dose of ACTH (Armour) (o further
aspirin was given) the temperature began to fall and within 18 huut;
was 98° During ths time diaphoresis began and the patent exhibiic v
a defimte sense of well being Within 24 hours she was afebrile, free Dl
muscular patns and headache and was begining to eat but was st
coughtng rather severely and rasing a good deal of mucoid sputum
“The signs in the chest were unchanged

On the <econd day of therapy mahr flush and facsal cdema ap)
peared and so on the third day the daily dose of ACTH (Am:ourd
was dropped ta 75 mg The temperature promptly rose to 101 8 anc
mld headache reappeared Meanwhile, the patients unine \olumc
which had been much decreascd during the preceding 2 days, 105
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markedly and her weight dropped 54 pounds within 24 hours The
white blood count rose to 10,000 with 75% polys and 1565 lymphs
Eosinophuls which had begun to appear increased 1n the course of
36 hours to 150

The patient ws therefore given 50 mg of AGTH every 6 hours
Within 12 hours she was agam afebnile euphoric and feeling quite
well She again became oliguric and regamed 6 pounds of weight
Her cough persisted although 1t was less severe than previously and
the physical signs and < rays of her chest showed very shght 1if any
clearing

The dose of ACTH wns continucd at 200 mg per day for 2 days
but when marhed factal edema malar flush and oliguria reappeared
the dose was gradually decreased over 1 period of 6 days and then
stopped Dunng this period of withdrwal just as during the earlier
period when this was attempted the patient was quite drowsy but
otherwise felt quite well

Thex rays of the chest showed slow but steady cleartn, The cough
persisted but became progressively less severe The patients white
blood count rose steadily to 16 000 with slowly increasing eosinophil
counts The urine volume lihewnse increased gradually the facial
edema regressed but the feeling of well being persisted until the last
24 hours of therapy during which <he recerved only a total of 25 mg
At thus ume her temperature again rose to 100° and after all therapy
was withdrawn 1t rose further to 102 8° Repeated sputum studies re
vealed only Streptococcus virdans and rare polymorphonuclear cells

The patient now felt weak lstless and was quite depressed She
cried frequently and expressed morose apprehension about her ultl
mate recovery Her cough was less severe than 1t had been and < rays
of her lungs although showing considerable patchy mfiltration gave
evidence of progressive clearing

Because of the recurrence of fever and the rse 1n the white count
10 24 200 she was given 1 gm of aureomycin mtravenously every day
for the next 4 days The fever nevertheless recurred each day but
the leucocyte count dropped sharplv She 1s still weak {(Oct 22) butis
o longer depressed and she coughs rather frequently During the
third week of her iliness the patient first developed cold agglutinins
and Strep MG agglutinins winch ncreased steadily to 2 masimum
titer of 1 640 and 1 160 respectrsely

While the patient was recetving 50 mg of ACTH (Armour) every
6 hours she dey, eloped glycosuria which persisted tor 4 days and then
clrared as the dose of AGTH was decreased The fasting blood sugar
Previously normal  was elevated to 139 on one of the days when gly
€osunia was present The patient s hematoent had dropped during
ACTH adminsstration from 40 to a low of 34 and within 48 hours
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ture rises to 104° {alhng only 1n response to the admmstration of
aspirin There was an increase i pulmonary wfiltration by + ray
although the physical signs were not very striking at any time

On the fourth hospital day the paticnt was started on doses of 25
mg ot ACTH {Armour) every 6 hours At the time of the first dose the
temperature wis 102° and pulse 96 The patient was flushed, very
weak faugued, anorcuic coughing frequently and complamng of
generalized aching and severe headache The total lencocyte count
was 4900 with 54%, polys 42% lymphs and no costnophls
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Within 6 hours after the first dose of ACTH (Armour) {no further
aspirin was given) the temperature began to fall and within 18 houlz
was 98° During this time diaphoresis began and the patient exhibte ;
a dehute sense of well being Within 24 hours she was afebrile, free o“
museular pains and headache and was beginuing to eat but was st
coughing rather severcly and raiing a good deal of mucotd sputum
The signs in the chest were unchanged

On the second day of therapy malar flush and facial edema ap
peared and so on the third day, the daily dose of ACTH (Arxr;ouré
was dropped to 75 mg The temperature promptly rose to 101 8° an
mild headache reappeared Meanwhile the patient’s unnc volume
which had been much decreased during the preceding 2 days, rose
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marhedly and her wer ht dropped 534 pounds withtn 24 hours The
white blood count rose to 10 000 with 759, polys and 15% lymphs
Eosinophuls which had begun to appear increased in the course of
36 hours to 150

The patient was therefore given 50 mg of ACTH every 6 hours
Withun 12 hours she was again afebnle euphoric and feehng quite
weli She agamn becime oliguric and regamned 6 pounds of weight
Her cough persisted although 1t was less severe than previously and
the physical signs and x rays of her chest showed very shght if any
clearing

‘The dose of ACTH wis conunued at 200 mg per dav for 2 davs
but when marked factal edema malar flush and olhiguria reappeared
the do ¢ was gradually decreased over 1 period of 6 days and then
stopped Dunng this period of withdrawal just as during the earlier
peniod when this was attempted the panent was quite drowsy but
otherwise felt quite well

Thex rays of the chest show ed slow but steady cleanng The cough
persisted but became pro ressively less severe The patient s white
blood count rose stcadily to 16 000 with slowly increasmg eosinophul
tounts The urine volume Lkewne increased gradually the facal
edema regressed but the feehng of well being persisted until the last
24 hours of therapy during which she recensed only a total of 25 mg
At this tme her temperature again rose to 100 and after all therapy
was withdrawn 1t rose further to 102 8° Repeated sputum studies re
vealed only Streptococeus 1irtdans and rare polvmorphonuclear cells

The patient now felt weak bstless and was quite depressed She
cried frequently and expressed morose apprehension about her ula
Mate recovery Her cough was less severe than st had been and « rays
of her lungs although showing considerable patchy infiltration gave
evidence of progressive clearing

Because of the recurrence of fever and the rise 1 the white count
{024 200 she was given 1 gm  of aureomycin 1ntravenously everv day
for the next 4 days ‘The fever nevertheless recurred each day but
the leucacyte count dropped sharplv She 1s sull weah (Oct 22) butis
%o longer depressed and she coughs rather frequently During the
thurd week of her iliness the patent first developed cold agelutinins
and Strep MG agglutinins which increased steadily to a maximum
titer of 1 640 and 1 160, respectisely

While the patient was recen g 50 mg ot ACTH (Armour) every
6 hours she developed glycosuria which persisted for 4 days and then
cleared as the dose of ACTH was decreased The fasung blood suear
Previously normal was elevated to 139 on one of the days when gly
€osunia was present The patient s hematocnt had dropped during
ACTH admuimistration from 40 to a low of 3% and within 48 hours
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ture rises to 104° falling only 1n response to the admmstration of
aspiin There was an increase in pulmonary intitration by x ray
lthough the physical signs were not very striking at any time

On the fourth hosprtal day the patient was started on doses of 25
mg of ACTH (Armour) cvery 6 hours At the time of the first dose the
temperature was 102° and pulse 96 The patient was flushed, very
weak, fatigued, anorexic coughing frequently and complainng of
generalized aching and severe headache The total leucocyte count
was 4900 with 549, polys, 4297 lymphs and no eosinophls
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Wathin 6 hours after the first dose of ACTH (Armour) (no further
aspinn was given) the temperature began to fall and withm 18 houtf;
was 98° Durimg this time dsaphoresis began and the patent exfubit '
1 definite sense of well being Within 24 hours she was afebnle, free K;]
muscular pams and headache and was beginning to cat but was st
coughing rather severely and rasing a good deal of mucoid sputum
The signs m the chest were unchanged

On the second day of therapy malar flush and faoal edema ﬂP)
peared and so on the third day the datly dose of ACTH (t\"ﬂm”d
was dropped to 75 mg The temperature promptly rose to 101 81 aﬂc
mild headache reappeared Meanwhile, the patient s urin€ vo umc
which had been much decreased during the preceding 2 days 1o
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mathedly and her weight dropped 517 pounds within 24 hours The
white blood count rose to 10 000 with 759, polys and 15, lymphs
Eosinophils which had begun to 1ppear increased 1n the course of
36 hours to 150

The patient was therefore grven 50 mg of ACTH every 6 hours
Within 12 hours she was again febrile euphonc and feeling quite
well She again became oliguric and regained 6 pounds of weight
Her cough persisted although 1t was less severe than previously and
the physical signs and < rays of her chest showed very shght if any
clearing

The dose of ACTH was continued at 200 mg per day for 2 days
but when marhed facial edema malar flush and oliguria reappeared
the dose was gradually decreased over 1 period of 6 days and then
stopped Dunng this period of withdrawal just as during the earlier
period when this was attempted the patient was quite drowsy but
otherwse felt quite well

The x rays of the chest showed slow butstead clearing The cough
persisted but became progressively less scvere The patients white
blood count rose steadily to 16 000 with slowly mcreasing easinophil
counts The unne volume lLikewise increased gradually the facial
edema regressed but the feeling of well being persisted until the last
24 hours of therapy during which she recenved only a total of 25 mg
At this time her temperature again rose to 100 and after all therapy
was withdrawn 1t rose further to 102 8° Repeated sputum studzes re
vealed only Streptococcus vinidans and rare polymorphonuclear cells

The patient now felt weak histless and was quite depressed She
cried frequently and expressed morose apprehension about her uit:
mate recovery Her cough was less severe than 1t had been and x rays
of her lungs although showing considerable patchy infiltration gave
evidence of progressive clearing

Because of the recurrence of fever and the rise 1n the white count
0 24 200 she was given 1 gm of aureomycin intravenously every day
for the next 4 days The fever nevertheless recurred each day but
the leucocyte count dropped sharply She 15 sull weak (Oct 22) but1s
mo longer depressed and she coughs rather frequently During the
third weeh of her iliness the patient first developed cold agglutinins
and Strep MG agglutimins which increased steachly to a maxumuom
uter of 1 640 and 1 160 respectively

While the patient was recers ing 50 mg of ACTH (Armour) every
6 hours she developed glycosuna which persisted for 4 days and then
cleared as the dose of ACTH was decreased The fasting blood sugar
Previously normal was elevated to 139 on one of the days when gly
€osuna was present The patient s hematocrit had dropped during
ACTH administration from 40 to a low of 34 and within 48 hours
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after therapy was stopped, it rose agun to 42 5 The eostnophil count
gradually returned to normal during ind after the poriod of w th
drawal Of intercst 15 the fact that herpes simplex appeared durg
the time when the dosage of ACTH was being reduced and the lesions
persisted throughout the next weeh

This iteresting case 15 not yet completed * It 15 apparent that
ACTH did not hasten the resolutson of the leston but did bring about
remarh 1ble temporary remission 1n the clinical appe wrance and symp
romatology of thus patient

The rase of pneumococcal pneumonta (F13 2) was m a 16 year
old schoolboy who entered the hosprtal 23 hours after expenencing
the sudden onset of sev ere left sided chest pun followed quite promptly
by a shaking chill The patient had had an upper respiratory infection
with 1 cough productive of mucoid sputum during the previous weeh
and during the day prior to entry his cough hd mncreased m seventy
and his sputum had become browmsh When first seen he appta\'ﬁd
acutely 1l flushed and drowsy His temper iture was 104, pulse 120
respirattons 36 There were physical and » ray findings of a small
are1 of con olidation tn the left lower lobe The sputum was gray and
tenacious and a smear and Neufcld test showed 1t to be loaded + sth
type & pneumococct and polymorphonuclear leucocytes The white
blood count was 16,500 with 88% polys The bload culture taken 2t
this ime showed no growth The urine was negatne

The pauent was abscrved without treatment for 8 hours Duntg
this ime the temperature fluctuated from 101 4° to 104 2° and the
pulse stayed at 120 At the end of this peried the white blood count
was 25 000 with 90% polys the hematocrit was 43 and there were 6
costnophuls

ACTH (Armour) was then started and 1dmmstered sntramus
cularhy every 6 hours Two doses of 25 mg were followed by 50 mg
doscs for 72 hours after which the daily dos~ was gradu ally dimnsshed
untl the drug was withdrawn after 5 more days At the ume of the
second dose, the panent was stll acutely 3il his temperature waxs
103 6° white blood count 35 000 and there was no change it the
physical signs 1n his chest Within the nexe 12 hours there was Pm‘}“ﬁ
dirphoresis the temperature dropped sharply to 987 the pulse fe
to 80 and the respirations to 20 Sputum at this time became m:ly’
was stull foaded with type 8 pneumococer they all appenred \;;A 6
with 10 ewidence of phagacytosis The patient humsclf felt muc H?
proved began to eat had no more chest pam coughed only rare’y

comyen 05gm ey
Lo Lm: patient was
by <« ray and the

‘The patient was subsequently continued on oral doses o
4 bours for 11 more days The fever returned slowly to normal By the &
discharped there was sull shight residual pnewmonins demonstrable
clearedslowly
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and had essentially no complaints However a blood culture taken
at this tume was positive for type 8 pneumococcus and the total white
count was still 27,800 ’

On the following day the chest was virtually clear, the white blood
wount was 18,000 with 969, polys the sputum was now scanty but
still londed with pneumococc: and there was no evidence of phago
cytosis in the smear A blood culture taken at this time which was 36

PNEUMOGOGGAL PNEUMONIA TREATED WiTh ACTH
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hours after the first dose of ACTH and 24 hours after the temperature
had reached normal was again posinve for type 8 pneumococci

Repeated blood cultures after this ime were negative Sputum no
longer being available throat cultures were done and these have failed
to show pneumococer by the usual cultural me¢ thods although type 8
Pneumocacer were still found by mouse moculation of the throat cul
ture on the day after the ACTH was stopped (This 15 not shown 1n
Fig 2) The patient has remained afebnile and free of symptoms His
white blood counts have been normal since the thurd day of therapy
and his eostophils have gradually returned to normal

he outstanding features of this case are (1) the rapid deferves
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after therapy was stopped 1t rose again to 42 5 The eostnophil count
gradually returned to normal during and after the period of with
drawal Of 1nterest 1s the fact that herpes simplex appeared during
the time when the dosage of ACTH was being reduced and the lesions
persisted throughout the next weel

This interesting case 15 not vet completed * It 1s apparent that
ACTH did not hasten the resolution of the lesion, but did bring about
remarhable temporary remission 1n the climceal appearance and symp
tomatology of this patient

The case of pneumococcal pneumoma (Fig 2) was 1n 1 16 year
old schoolboy who entered the hospital 214 hours after expeniencing
the sudden onset of severe left sided chest pain followed quite promptly
by a shaking chill The patient had had an upper respiratory infecton
with a cough productive 'of mucoid sputum during the previous week
and during the day prior to entry his cough had increased in severity
and his sputum had become brownish When first seen he appeared
acutely 11l flushed and drowsy His temperature was 104, pulse 120,
respirations 36 There were physical and x ray findings of a small
area of consolidation in the lett lower lobe The sputum was gray and
tenacious and a smear and Neuteld test showed 1t to be loaded with
type 8 pneumococel and polymorphonuclear leucocytes The whate
blood count was 16 500 with 88%, polys The blood culture taken at
this ime showed no growth The urine was negative

‘The patient was observed without treatment for 8 hours During
this time the temperature fluctuated from 101 4° to 104 2° and the
pulse stayed at 120 At the end of this period the white blood count
was 25,000 with 90%, polys the hematocrit was 43 and there were no
cosmophuls

ACTH (Armour) was then started and admmmstered mtramus
cularly every 6 hours Two doses of 25 mg were followed by 50 mg
doses for 72 hours after which the dmly dose was gradually dimmshed
until the drug was withdrawn after 5 more days At the time of the
second dose, the patient was sull acutely 1ll, lus temperature was
103 6° white blood count 35 000 and there was no change mn the
physical signs 1n hus chest Within the next 12 hours there was profuse
diaphoress, the temperature dropped sharply to 98°, the pulse fell
to 80 and the respirations to 20 Sputum at this ime became rusty,
was still loaded with type 8 pneumococc: they all appeared viable
with no evidence of phagocytosts The patient himself felt much m
proved betan to eat had no more chest pun coughed only rarely

The patient + as subsequently continued on oral dases of aureomycin 05 gm every
4 hours for 11 more days The fever returned slowly to normal By the time the patient v;‘as
discharged there was sull slight residual pneumonitis demon trable by x ray and s
cleared slowly
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pr EDWARD hAss Certain further observations of note may be sum
manzed briefly

1 The first patient showed a characteristic ¢scape phenomenon
while recerving 100 mgm  per day, as evidenced by the appearance
of eosmophils and the reversal of her water retention These occurred
along with increasing temperature and mcreasing signs of toxiaty

2 Herpes labaalis appeared 1n patient No 1 during the period that
therapy was bemng withdrawn

3 Both patients esidenced considerably slower pulse rates duning
the period of therapy than after therapy had ceased This relatne
bradycardia should be added to the hst of possible toxic mamfesta
tions of v\dmumstration of ACTH

4 The sedimentation rates of the first patient did not chan.e sig
nificantly as a consequence of administration of ACTH although the
second patient s sedimentation rate returned <lowly to normal during
the first 8 days of observation

DR SIDNEY B INGBAR Although metabohc studies on these two pa
uents are not vet completed several aspects are worthy of note

1 The uric acid creatinine ratio has not correlated at all well
with the dosage of the drug indeed there were marked v amations 1n
the daily output of uric acid and creatimne

2 Both patients developed transient glycosuria with dimnished
glutathione levels of 14 7 and 15 3 mgs of GSH respectively As the
glycosuria decreased the glutathione rose n the first patient In the
second patient there was glycosuna in the presence of normal glucose
tolerance and of glutathione level in the blood of 15 mes %
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cence, (2) the appearance of bacteremia at the time of the induced
crises and 1ts persistence for a time while the pattent was afebrile and
symptotn free, (3) the persistence of pneumocacet 1n the sputum after
the cnisis, and (4) the development of specific antibodies at the usual
time It1s hughly unlikely that this prompt clinical recovery, the rapid
clearing of the toxemia and of the pulmonary consolidation 1n spite of
the presence of bactererma could have been to chance alone

It 15 obvious from these preliminary findings that considerably
more studies will be needed before these effects can be mterpreted

DISCUSSION

DF S € TAYLOR I just want to state that we had one case on which
we were cutting down ACTH, who developed a virus pneumoma We
had reduced ACTH to 30 mgs a day m 3 divided doses He began
runmng a temperature up to 103° with chills and fever and achung,
and developed an area of consohdation 1 his right upper lobe, chin
ically acting like virus pneumoma He did not respond to any of the
antibiotics, and I assure you we tried them all We omitted ACTH
for a week, and his temperature continued The consolidation re
mained n the upper lobe At Dr Mote s suggestion we then started
ACTH again at 100 mgs a day After the second dose of 25 mgs the
temperature promptly dropped to normal and remamned normal
We kept 1t up for 2 days and then reduced the dose, and his tempera
ture rematned normal and his consohdation cleared up

DR JoHN t MotE Of course, since my previous tralming was il pre
ventive medicine and epidemiology and bacteriology and a few things
hike that this particular ph ise of this meeting 1s particularly mtriguing
to me because § think you are getting a few clues for the first ime toa
rational understanding of epidemiology

I certunly think there are ¢nough fundamental things that have
been talked about here which require considerable work, and will
give a newer and enhightened sense of infectious disease and epidemt
ology

DR JAMES J smrTe It 1s interesting that one of our patents with de

hirium tremens, who responded very well to the admmstration of
ACTH, had concomitantly a very severe pneumonia, and the way it
which he handled his pneumonia was remarhable He was up and
about the ward We simplv couldn t keep hum down It was quite re

markable I don t want to give vou the impression that we could not
heep lum down because he was disturbed He was not disturbed We
couldn t keep hum 1 bed because he felt so well
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Table 1

ACTH Dosa,e Duratton of
Patent | e | Chaal Diagnosis P B
)| (g )
i 40 Rheum arth 60-15 | 1125 1 27
» 34 Rheum arth 100-40 | 300 6
3 19 Rheum arth 40 290 7
4 62 Rheum arth 60-2> | 4200 5
5 4 Rheum arth 40 BT 3
5 42 Rheum arth 100-40 | 580 13
7 49 Rheum arth 7540 315 7
3 43 Rheum arth 10040 a0 | 7
9 3> Dermatomyositis 100 | 1800 ‘ 18
10 20 Regional ilettzs 50-100 | 1400 15
1 36 Tos difl goitre | 100 oo | 17
12 42 Tox diff goitre 100 1760 17
13 24 Schizophrenta 200 2000 ! 10

14 39 Schizophrenta 200 2000 10

The psychiatric studies consisted wherever possible of an evalua
ton of the premorbid personality and of frequent interviews by one of
us during the course of treatment In some of the earlier cases ~triking
changes 1n personality and behavior were evaluated on the basis of
reports by medical and nursing personnel

EEG FINDINGS

Prior ta ACTH therapy 6 patients had essentially norm il records
One patient had one normal ind one shghtly slow record Seven pa
tients had basically shghtly slow records charactenzed by occasional
tuns of low to medium soltage acuvity at a rate of 5-7 cycles per
secand

During the course of ACTH admimstration the records of 2 pa
uients rem nned unchanged one which had been normal the other
one which had been shghtly slow The other 12 patients showed sig
mficant moderate to marked changes 1n their records usually after
3-5days These changes consisted of

A Reduction 1n amplitude regulanty and continuty of the basic
alpha activity and slowing of the alpha activity 1n the most striking
case from a rate of 12-13, second to on¢. of 7-8/second

The appearance of large amounts of slow actiity (3-7/second)
Which accurred at random or 1 bursts and which was often increased
It ineidence or amplitude or both 1n response to overventilation

In one instance spike activaty appeared in addition to slowing and
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Electroencephalographic and Neuropsychiatric
Changes 1in Patients Treated with
Adrenocorticotrophic Hormone (ACTH)*

Paul F A Hoefer and Gubert H Glaser

PRESBYTERIAN HOSPITAL COLLEGE OF PHYSICIANS AND SURGEONS COLUMBIA
UNIVERSITY AND DEPARTMENT OF RESEARCH PSYCHIATRY NEW YORK STATE
PSYCHIATRIC INSTITUTE

During the pertod from May to October 1949, 14 patients
treated with ACTH were observed by the authors at the Columbia
Presbytenian Medical Center in New York City

The medical diagnoses were as follows

Rheumatoid arthnus 8 cases
Dermatomyositis 1 case
Regional ileius 1 case
Toxic diffuse goitre 2 cases
Schizophrema 2 cases

The patients recened amounts of ACTH (Armour) varymg from
20 mgm to 200 mgm per dav for periods of 1 week to over 4 months

Table 1 15 shown to indicate the patients age diagnoss, dosage
and duration of drug admimstration

The present report deals with two phases of clinical and laboratory
vestigation electroencephalographic and neuropsychiatric changes
observed in these patients

The electroencephalographic records (EEG s) were taken with
Grass equipment {6 and 8 channels) Standard monopotar and b
polar records were obtained and 1n each observation a 5 mnute pertod
of hyperventilation was included One or two control records were
obtained prior to the pertod of treatment During the period of drug
admimstration records were taken every 4-7 days in most mstances
Afina record was obtained about one week after termation of treat
ment

Supported 1n part by the Masonic Foundation for Medical Res arch and Human
Welfare

536
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Tabl 1

— —_——— - - _
1CTH Dosage Duratton of
Patient 1ge Clinseat Dia nosis Totdl "ﬁ'""j';in
1 (m dao) | (mg) ‘ (Days)
i [ S,
1 30 | Rheum arh 60-15 | 112 27
2 34 Rheum arth 100-40 300 6
3 19 Rheum arth 40 280 7
4 62 Rheum arth 60-2 4200 5
3 4 Rheum arth 40 240 6
6 42 Rheum arth 100-40 580 13
7 49 Rheum arth B0 s K
3 43 Rheum arth 100-40 240 L -
? 38 Dermatomyosits 100 | 18on | 18
10 20 Regional sless | 50-100 1400 15
n 36 Tox difl goitre | 100 1700 ! 17
12 42 Tox diff gotre | 100 Lon I

13 24 Schizophrema | 00 2000 10
14 3 Schizophrenia | 700 000 | 10

The psychiatric studies consisted wherever possible of an evalua
uon of the premorbid personahty and of frequent interviews by one of
usduring the course of treatment In some of the carlier cases  triking
changes 1n personality and behavior were eviluated on the basis of
reparts by medical and nursing personnel

EEG FINDINGS

Prior ta ACTH therapy 6 patients had essentially narmal records
f¢ patient had one normal and one slightly slow record Seven pa

fients had basically shightly slow records characterized by occasional
Tuns of low to medum voltage actiity at a rate of 5-7 cycles per
second

During the course of ACTH admmistration the records of 2 pa
lents remaine d unchanged one which had been normal the other
one which had been shghtly stow The other 12 patients showed sig
mificant moderate to marked changes 1n their records usually after
3-5days These changes consisted of

A Reduction 1 amplitude regularity and continuity of the basic
alpha activity and slowing of the ilpha actimity, m the most strihing
€@ ¢ from a rate of 12-1 3/second to one of 7-8/second
The appearance of large amounts of slow actnaty (3-7/second)
Which accurred at random or 1n bursts and which was often 1 reased
M ancidence or amphitude or both 1n re ponse to overventilation

In one mstance spthe actinity appeared in addition ta slowing and
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m another runs of rapid nctivity {15 /second) were terspersed with
the slow activity
Characteristic EEG changes 1n two cases are shown m Fig 1
The EEG abnormalities became gradually more marked during
the course of therapy but reverted 1 most nstances to the pre
treatment level within one weeh after the discontinuation of the drug

NEUROPSYCHIATRIC CHANGES

In most cases alterations 1n mood, affective level and behavioral
activity were noted

The patients with rheumatoid arthnius showed an increasing
feelng of well bemng, alertness and some tension and 1rritabihity as
the symptomatic effect of the drug on pain and movement appeared
Thus occurred within the first 3 days Six of these patients remained
muldly elated or euphoric as long as the effect of the drug lasted and
reverted rapidly, withmn one or two days to their previous state after
the drug was discontinued One patient became increasingly clated
and showed a more marked euphoria and marked hyperactivity, talk
ing incessantly Another patient after becormng moderately euphoric
two or three days after the drug was started, showed 1n addition
msomma irritability pressure of speech and finally developed a full
blown manic psychotic reaction with clear sensorium, which per
sisted unchanged for 10 davs after discontinuation of the drug 1t
subsided finally after 4 electroshock treatments This patient had
been 1ll for 19 years Prior to her iliness she had an acuve outgong
personality with marked emotional lab ity During the 1llness she
became bitter resentful and depressed She attempted sutcide 10
days before adrmssion to the hospital {and before ACTH therapy was
stirted) The EFG 1n this patient showed marked disorgamzation of
alpha activity slow actwity (4-7/second) and mterspersed rapid
activity (15/second) at the height of the psychotic reaction

The patient with dermatomyositis had had episodes described as

hysterical” 1n the past and was regarded as emotionally unstable

and maladjusted 1n her manital hife Four davs after ACTH was started
she became lethargic incontinent of urine dysarthric with wander
ing ideation and had an unsteady gait There were no other posiiive
findings on neurological examinauon This state clearcd after a few
days but during this trme definite changes i the electroencephale
gram appeared of the type noted previously Seventeen days after
the drug was started she was noted to have rapidly gone nto a stupor
which lasted about 36 hours then clearing spontancously There were
no sigmficant neurological findings at this ume An electroencephalo
gram taken one day prior to the onset of the stupor had shown notible
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Patient 9 Dermatomyositis age 35
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15/sccond also present)
ACTH 9 days l:()0 mg/day Alpha 1s dappearing and 1s lbc:mg replaced
hy 4~5/second activity especially i parsetal and occipital leads . -
ACTH 16 days 100 mg/day Record has improved with 10-11/secol
#lpha appearing again
ACTH 18 days 100 mg/day Stupor present Alpha 1s less conm;::::f
more iregular and low voltage 5/second notched waves become
nant
Off ACTH 8 days Esscntially normal record with dommant 10/second
», alpha throughout
atient { Rheumatoid arthritts age 62
1 Pre ACTH record Muldly wrregular with 10 12/sccond medium voltage
activity throughout
ACTH § daysg 60 mg/day Alpha s lower in amplitude slower (B-9£s<‘:‘ct
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umprovement, but the record during the stupor was agamn markedly
abnormal with domnant 5/second low voltage activity throughout
(sec Fig 1 panent No 9) Eightdavs after the drug was discontinued
the electroencephalogram had reverted to its pre drug pattern

The patent with regional aleins though markedly schizowd,
showed no sigmificant personality changes while receiving ACTH
One patient with toxac diffuse goitre became more tense and irritable
during the period of drug admmstration, the other showed no sig
nificant changes The two patients with schizophrenia also showed no
sigmficant alterations tn mental symptomatology however, further
mvestigation on this group 1s being carried out

The electroencephalographic changes premorbid personality
characteristics and mental changes are summarized in Table 2 A & B

The electroencephalographic changes cannot be explained on the
basis of known mechamsms at the present time The following pos
sibilittes should be considered alterations in glucose metabolsm
changes 1n water metabolism, interference with the acetyl choline
cycle, disturbance 1n potassum balance peculiar toxic® effect of
the ACTH per se or through the excessive adrenal cortical steroids
produced

Table 24
[ [EEC D ng Dr Pem bd Me tal
Punt|d |pang| ¢ tolEEG 1dm tatn Pas bty Chang s
t 140 |RA |t N mai9-1/se [Duorg mzd | Some motional | Mild cuphona
2 Sl slow 5-7/sec | xrg iv n tab iy
35/ ep
durngh p
7 |34 |RA |Normal 10-12/ec |I g d con |Sct zodfeatu es | Moder tceuphora
t auous alpha wich verbal
are?/fs ¢ hyperact vity
3 |19 R A |Normal 9-tl/sec |Irreg 5-7/sc |Nosgmficanc | Mildeupho s
often nbur ts | featares
4 {6 |RA |Noml10-12/sec |Irreg 5-7/s ¢ |Nosgmficant |MIdeuphora
some 15/s¢ catur s
5 [45]RA [Stsio 6/sec Ir eg 4-6/scc |Nosgnficane  |Mideuph
mer whhyp | featur s
6 |4 [RA |Norm110-12/scc |Ir eg alpha | Affectvelabhity | Manicpsychote
lowing D Suadal tt mpt | reacvon
© ganzed 5-
Tfsec_ 4-5fsec
and 15/5 ¢
7 |49 R A Irreg smallamt |In cased5-7/ |™osgaificant Mideuph 2
| sec f awre
8 |43 [RA |1 cg lv5fsec [Nosgaficnt [Nosgnfeam | Verymild
ch oge featu & euphors
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Table 7B
T Ta 1] o iren e
Dl P ommbd Ment 1
Pl deelp o € IFiC imow tat P chog
2 |35 |Drn [Nomalto-tisec |Alph abamet [Em ¢ fvu [c. st
occ cap ta 1 FSpecep | b Gl
Pk 15ssec) proce and | mal butme t |
} ghvp
| |
10 | 0)Reg § |1 reg 5 /s Furthe slow g A rk div INosg Re t
104-5/sec esp  schi d se ) | chang
l dinnghep | mmotom
11| 36 | Tox Rarealpha d Moedsog | Nosgnfic t | lIn reased tenson
DG [ oma eddt/sce | wed No Ipha e ture ad 1blt
D ghyp I Slowing during !
19 /see { hyp to3/se
s
1 1n To Alpha 12 13/sec {lnc 1 47 ec N mafic 1 |Nosamt ¢
DC | occ 4 Tfsec ep dur ghyp £t es { ¢hng
i
i
13 4iSchs |1 cg 5-Vsec Furthersiowng E o oall o No g he t
1 R realph 05 7/sec nd‘ 1Bl schiod <¢h g
3t /e oft
j mbursn |
W13 iSchs | Normal10/sec lha x fic t |Em tonallyu Nog o fie t
chang wubl «h od  ch g

With regard to the mental changes 1 simular situaton exists
particularly since a suggestive correlition with the electroencephalo
graphic disturbances occurs m some cases The munor mental re
actions could be regarded most probably as normal responses to the
relief from chromc pamful symptoms since these reactions primarily
occur in the arthnitics However since more severe reactions occur m
arthritics and 1n other discase entities two other factors have to be
considered (1) The occurrence of an organic mental reaction as mant
fested by the stupor state of one case and correlated electroencephalo
graphuc changes, (2) a released psychotic reaction with exaggeration
of premorbid personality trends as shown by the manic reaction mn
one patient Certamnly both factors could be operating m any mn
dvidual case These changes could not be correlated with drug dosage
fevels or alterations 1n blood sugar or electrolytes

This s o preliminary report and further studies are i progress
m the hope of clanifying these electroencephalographic and mental
changes oceurring during ACTH admimstration

DISCUSSION

DR GEORGE W THORN Just this comment One sees abnormalities in
Personality at both ends of the picture that 1s the patient with Ad
50n s disease often exhibits abnormalities 1n personahty and as you
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hnow, we have been able to show that one may correct the abnormaliy
slowed electroencephalogram mn Addison’s discase with Compound E

All of us who have dealt with paunents with Custung s disease rec
ogmze the frequency with which abnormalities m personality exist
hepler often remarked on this pomt We have found fast rates to
predomunate n the electroencephalogram

DR HUDSON HOAGLAND The slowing of the electroencephalogram re
ported by Drs Hoefer and Glaser following prolonged massive doses
with ACTH 15 especially mteresung to me because it 1s contrary 1o
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what one mght expect in view of electroencephalogram slowing re-
parted both by Thorn and hus group and by Engle and collaborators
in Addisoman pauents Here hypoadrenalism produced a <dowing
wiule 1 the cases of Hoefcr and Glaser excessive actnaty of the adrenal
also slows brain wave frequencies Mr John R Bergcn of our Inbora

tory has yust completed a study of the electrocorncogram in rats He
finds that adrenalectomy shifts the enure spectrum to the slow ade
and that ths shuft 15 restored to normal by small doses of A 5 pregoen

olonc and by adrenal cortical extract but not by desoxy carticosterone

Fig 2 shows s results The shuft in the spectrum and the restoriion
are sigmficant at the 19, level of confidence by chi square tests The
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slowing of frequencies i adrenalectomy 1s 2l<o conststent with the
findings of the mvestigators mentioned abose 1n hypoadrenalism 1n
man resulting from Addison s disease This would Iend me to wonder
If the slow wave production we have just scen n hyperadrenalism
following massne and repeated doses of ACTH may not be due to
secondary cuses such as excessi e shafts mn water balance 1n the brun
due to the prolonged and unusual action of repented medication with
ACTH

DR GREGORY PINCUs | would like to make one remark 1bout ELG
In adrenalectomized animals there 1s a marked slowing of the EEG
rhythm and DOC does not restore this but 1n experiments Dr Hoag
land and some of the men 1 our laboratory have been doing they
found that A 5 pregnenclone restores 1t very well and so does adreno
cortical extract We have not used compound E

Asfar as comments on schizophrenic patients are concerned I think
we have indieated that a proportion show interesting and defimte re
sponses to stresses and ACTH At the Worcester State Hospital we
have confined our attention to schizophremic men only and cannot
speak 1bout adrenal responsinity n other psychoses It should be
obvious from the data Dr Hoagland presented that an adequate sertes
of cases 15 needed for a full understanding of adrenocortcal funcuion
n the complex schizophrenic psychosis
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Pituitary-Adrenocortical Function in Patients

with Severe Personality Disorders

Hudson Hoagland and Gregory Pincus

THE WORCESTER FOUNDATION FOR EXPERIMENTAL BIOLOGY AND THE WORCESTER
STATE HOSPITAL SHREWSBURY MASS

Thus paper presents a brief summary of the work of our group

m the study of adrenal cortical function 1n “ mental’ pauents Itisa
survey of many published papers and of work now under way

Engaged m these studies m the past 6 years m addition to the
writers have been Harry Freeman, Ired Elmadpan, Louise Roma
nofl Witham Malamud, Sidney Sands Lnoch Calloway Justin Hope,
Victor Schenher, Lhiot Rodmick, Austin Berheley, and some 20 tech
nicians

The work has been aided by the Office of Naval Research, the
U S Public Health Service the Willlams Waterman Fund of the
Re.earch Corporation Armour and Company and the G D Scarle
Company

Spearfic citations are not included 1n this brief review

Chronic schizophrenic patents, not subjected to special stresses,
give evidence of adrenal cortical secretion differmg little from normal
controls Thus we have found that the 24 hour excrenon of 17 keto
steroxds pot issium and unc acid 1n 40 panents and 40 controls fasted
over mght 15 not different although a sigmificantly smaller excretion
of neutral reducing hpids was obscrved m the pattent group The
patients also cxcrete significantly more sodium and more urine but
water wtake was not adequately controtled and these last results are
hard to evaluate

We have studied adrenal cortical function 1n approximately 100
psychotic patients and 200 control subjects diided accordin,, to age
m a vanety of stressful tests These tests have been exposures to heat
and high humidity, exposure to cold, the faugung operation of an
arrplane type pursuit meter at sea level and at reduced onygen ten
sions, the stress of ingesting large doses of sugar, psychologlcal tests
such asintenews, nd a specially designed frustration test Urine and

544
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blood samples were taken before each test which lasts an hour, 15
mnutes after the test and agun 1t 2 hours and 15 minutes post test
The unnany samples were analyzed for 17 hetosteroids  reducing
hipids, sodsum, potassium uric 1cid 1nd inergame phosphate Lym
phocyte counts were made on the blood samples and abso eostnophile
counts 1n many of the tests
Dot all the subjects have been through all of our tests and studied
by all aur 1ndices, but our findngs hate been evaluated statisucally
and may be summarized by saymng that the pauent group (schizo
phrenics hospitilized 1n average of 214 years) fmled markedls to en
hance adrenal cortical output with stress 1s compared to the control
group This 1s true ¢specaally for purely physiological stresses 1s well a<
for psychological stresses Tig 1 shows tvpical differences in responses
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to an hour of operation of a pursuit meter by 46 controls and 36 pa

uents The first rectangle of each pair represents per cent changes
from pretest levels at 15 minutes post test and the second rectangle
shows changes at 2}4 hours post test Circles above the rectangles
represent changes from resting levels at better than the 5% level of
confidence and cross hatchings indicate differences between patients
and controls at this same level of confidence Control urine and blood
samples were collected over the first 2 hours after rising and the post

test samples were late mormng samples We have demonstrated a
diurnal rhy thm of adrenal secretion which 1s maximal after nistng and
which falls during the day If the stress does not enhance adrenal out

put the values of the urtnary varnables should fall below the resting
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early morning samples, and thus they do in the pauent group Lhe
normals responding to the stress show enhancement of the urinary
ndices

The target oryans responding to adrenal sterords are normally
responstve 1n our patients s has been demanstrated 1in control and pa
uent groups by the injection of standard doses of Upjohns Lipo
adrenal extract {Fig 2) The responses of the adre nal cortex to ACTH
1s however abnormlly sluggish i the pauents (Dig 3)

A total response index (abbreviated IRI) has been devised s a
measure of ndrenal responstvity to our stresses and to hormone 1
yretions This consists of 1 mean of the sum of the per cent changes
from prestress or preinjection lesels of the two post stress samples of
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urmary Na, K, uric acd, 17 hetosterods, and cortins plus twice the
WO post stress per cent draps wm lymphocs tes added as posine num
bers For example, all of 25 normal control subjects shoned a TRI
mdex of 20 umts or greater following 25 mg yections of ACTH,
while only 28% of 25 of our schzophremc patients show = respance
of 20 umits or greater Table 1 compares TRI values i some of our
tests Approxmmately this same ratio of normal responders to sciuzo
phremic responders 15 alo found for our various stress tests (last
column of table}

Table 1
Torar Response Inpex oF V arious BUBJECTS 1n Tur Stress Trsts

t I e | Ranoo

7
! o Subjects Normal
Fest ’ Subjeets Mean wth Responders to
) 2 TRI | Store of 20 | Sehu.ophoene
! ] or Grea er | Responders
v
ACTH (Armour) Narmal (22) 1 462 ) 1000 ‘
3
ACTH (Armour) Schizophrenic {25} 120 280
Pursut meter “ormal (46) : 21 478 so
i
Pursmt smeter , Schuzophreme (36) | ~27 158
Targetball ! Normal (36} R 5 325 33
I
Targetball 1 Sehuzophreme (20) | —67 100
Glucose tolerance Normal (47) 221 486 43
Lelucose tolerance Schuzaphrenic (38) | 57 150 |

In the schizophrens. group who gave normal TRI responses (ap
provsmately 14 of the total) there 1s cvidence of quahtanve ab
normalities 1n companson to controls 1 sceretion of relatne amounts
of adrenal steroids concerned with specific metabohe functions We
found no difference in cortn excretion (neutral reducing Iipides)
the patient group from the control group and we have compared our
other indices of adrenal funcuon which differ in the two groups using
corun excrenon as a standard In Table 2 we expre.s the ratio of mean
cortin changes to mean changes tn the other vartables The unnary
sariables in normal men show ratios of 1 30 to 1 38 but the ratios are
lower i the patient group Thus the chromte schizophrenic displys
qualitwwve as well as quanutauve abnormahities of adrenal stress re
sponses which appenr to he spectfically 2t the level of the 1bihity of lus
adrenat cortex to respond to ACTH

In Table 2 the rauo of mean percentage change w neutral fe
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ducing hiptd output to the mean percentage change mn other indices
the data are those of the 14 schizophrenic men classified as positve
responders (TRI > 20) to the three stress tests and a similar group of
normal subjects (see text)

The abnormal responses are not corrected by a vitamuin and pro
tewn rich diet They are not found 1n psychoneurotic patients who give
normal responses to 25 mg 1njections of ACTH (Armour) Fig 4
shows data on 12 normal males 11 normal females, 11 psychoneurotic
males and 13 psychoneurotic fernale patients at the Massachusetts
General Hospital

The refractoriness of the adrenals to ACTH (Armour) 1n the pa
tients displaying this phenomenon is not absolute Thus larger quan
tines of ACTH (75 to 100 mg ) produce TRI responses approaching
that of the controls given 25 mg doses

Table 2
Ratro
Respanse Tuder
S heoophrerte Normal

S
17 hetosteroid output o | s
Uneaid output 080 138
Potassium output 087 | 131
Sodium output 094 130
Lymphocyte number os1 | om

We have reported that normal persons show an increase of
50 & 149, 1n output of 17 hetosteroids in the first 2 hours after nising
from a mght s sleep This reflects a special form of adrenal stress re
sponse associated with wahing and starung the day s actvittes In
general schizophrenie patients display as a group a somewhat lower
duwrnal rhythm of excretion than do normal controls

In 10 female patients suffering from involutional depression we
alo found evidence of adrenal cortical unresponsivity These patients
averaged an msigmficant (3%,) morning increase n 17 Letosterod
excretion over the mght level before thev were grven a course of
electroshock treatments During the treatment course the morning
iucrease 1n output rose to an average 32 over the mght level and
it was 2597 over the night level a month after the treatments had
ended Light of the 10 women showed good social remssion resulting
from the treatments Thus we see that adrenal unresponsivity to stress
1 found 1n psychotics other than schizophremcs and that the cond:
tion Improves with therapy

T a recent series of experiments on 9 schizophrenic patients we
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have demonstrated that electric shoch stumulates adrenal actsaity toa
degree compwble to the injection of approximately 100 mg of
ACTH {Armour) Tig 5 compares the response of these patents an
hour and a half post injecnon of 25 mg of ACTH wath the response to
electric shock across the head sufficient to produce unconsciousness
but not strong enough to bring about major convulsion

We have also found that frvorable prognosss sn electroshock
therapy of schizophrenic patients s correlated with the degree of re
sponsnity of the adrenal cortex to pretreatment doses of 25 mg of
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ACTH ({r = 07 P = 002) Dig 6151 plot of the TRY (horizontally)
agamst the totil pumber of untts of improvement on the Malamud
rating scale resulting from 1 course of clectroshoch therapy Patients
indicated by a V werc out on visit 2 months post treatment Tour out
of 5 patients with pretreatment TRI s of greater than 15 werc well
enough after treatment to Jeave the hospital on visit The 4 patients
with pretreatment TRI values of less than 15 did not smprove

We have lso found a correlation between adrenal stress response
and positive affecttve components of the patients persomhity These
factors e of prognostc value 1 msulm treatment 1€ the panexnt
with the more responsive adrenals 5s more Ishely to benefit from suim
treatments hat all

The findings suggest several hypotheses It 1s possible d :xd
shoch therapies (clectric, msulin and metrazol) act as repeate Vi
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olent stresses to discharge excessite amounts of endogenous ACTH
which thereby acuvates the patients sluggish adrenals inducing con
sequent beneficinl metabolic changes To test this hypothesis we have
selected 5 schizopbreme patients with relnnvely responsive adrenals
who from our findings would be expected to get well on shack We
have given these patients daily injections of ACTH of from 100 to
200 mg Tour patent controls recening placebos were abo studied
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m this senies All of the patients werc followed by ratings on the
Malamud scale
One of the patients had to be dropped trom our study atter 1 week
due to complaint from the family who arrived with a lawyer and a
cease and desist order Another of this group was discontinued
after a weel, of injections be cause of cardiac complications and only 3
of the 4 were carried through 3 full weeks of medication The total
Psychiatric index registered no sigmficant improvement in 2 of the
Patients, but 1 showed marhed psychiatric improvement 1n the second
and third weeks (100 mg per day) He became less seclusive played
&ames with other patients and engaged 1n ward work He relapsed
the week following treatment
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The other two patients treated for 3 weeks showed no net overall
improvement though one became euphoric and the other in the
second and third week had mmprovement in msight and his affect
went from flat to angry and explosine His mood changed from opti
mutic to depressed Neither of the patents treated for one weeh
showed changes nor did the ratings of the controls vary sigmificantly
Negative results with so few patients do not disprove our hy
pothesis that shock therapy mav act by releasing large amounts of
adrenal hormones vja endogenous ACTH discharge since only about
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one schizophrenic 1n three 1s usually benefited by the shock therapes
We wish to test the matter further

We are considering other hypotheses relating the ndrenal stress re
sponse falure to psychosis We wish to give ACTH (Armour) t©
schizophrenics whose adrenals are relatively unresponsive to stress and
to ACTH and our next group of patients just starting on medication
has been selected because of their unresponstveness to ACTH m conf
trast to our previous group of 5 patients who were selected because @
therr responsivity

It may be that qualtative abnormalities 1n adrenal output
schizophrenics 1n response to ACTH will prevent this substance from
being benefiual The repeated use of large doses of specific steroids
15 also part of our plan of investigation Because of evidence of quah

¥
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tatve abnormahtics of adrenal function i our patient group we
think that this approach may prove to be fruntful

DISCUSSION

PR M p AutscruLe (McLean Hospital Waverly Mass) Studies on
chrontcally psychotic patients 1n a mental ho prtil reveal the follow
mg m general irrespective of psychiatrie classification
Imparred glucose tolerance delryed peah n the curve
Insulin resistance
Llevated blood lactate level
Creatinuria
Lowered blood glutathione
Decalaification

The above changes resemble the effects of the actton of ACTH
when the hormone 1s given to normal subjects this 1s of interest in
view of the fact that ACTH produces mental changes n normal sub
Jects

On the other hand, other changes in adrenal function i psychotic
patients 1 a mental hosputal are not consistent with the action of
ACTH 1n normal subjects Thus psychotc patients usually have re
tarded water diuresis and high sweat sodium concenirations
dicative of decrease 1n the amount of electrolyte re ulating (DOCA
Ike) steroids "The 17 hetosteraid excretion 1s normal

The 1utial effect of shoch therapy 1s the release of small amounts
of ACTH as shown by changes in leucocytes 1n uric aad and 17
ketosterond excretion and 1o salt and w iter metabolsm but as treat
mment continues the leucocyte responses wear off and the 17 ketosterod
extretion falls below normal Only the changes n salt and water
metabolism persis

All of the above suggests the existence on mtumate relation be
tween chronie psychosis and adrenal cortical function but the nature
of this relationghup 15 obscure 1n general and confusing 1n detail
¢ admimistration of ACTH 1n psychosts causes normal changes
i blood leucocytes 1n sweat sodium and 1n 17 ketosterord secretion
Changes 1n sugar tolerance are often greater than normal Climecal
'mpravement does not occur

N AN -

DR EDWIN F GILpEA (Washington Unuersity School of Medicine
8 Touws) Metabobie balance studies have been made on one schizo
phrenic young man and one woman who also had hyperostosis
frontahs interna i addition to her mental symptoms There was httle
change i ejther patient s behavior durmng, the ACTH (Armour)
treatmeny However, the male had an extreme degree of acne vulgarns
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prior to treatment which smproved markedly during treatment, and
the acne practically disappeared by the fitth day With cessation of
hormone therapy the acne returned gradually and was about as
severe 1s before 10 days after cessation of trestment Both patents
thought they felt better during treatment and there were no disturb
mg sde effects

MFTHODS

"The patients were placed on a well balanced dict of constant com
posttion They were restricted to ward activities and all their urine and
feces were collected for 4 days Adrenal reserve glucose tolerance, and
msulin tolerance tests were done in the control pentod Patient & W
was given 60 mg of ACTH danly 1n 4 divided doses for 5 days Pt
uent M 8§ was given 100 mg n 4 divided doses for 5 days They
were followed for 7 davs duning recoverv penod

Diet

The well balanced diet of these two panents was selected from
foods which the patients liked and contained considerable vanety
from meal to mea) but was the same for succeeding days Datly anal
yses of ssmilar trays prepared at the same time showed remarkable
agreement The washings from the dishes showed neghgible waste
The diets contained the following

Ms EN
Nitrogen gms 125 138
NA MEQ us 108
CIMEQ 125 15
k MEQ 85 93
Ca gs 85 83
P gms 135 145
Calories 2200 2400

Water was allowed as desired and there 1s some uncertainty as to the
intake with E W Both patients were up and about 1hey spent some
time i Oceupational Therapy They were both cooperative and
interested in the procedure

RESULTS
The foliowsng charts ar¢ 1 summary of the data collected
Metabolic Balance (Fig 7)

The negative calcium 4 phosphorus balance 1 the recovefy
period was mamnly due to increased excretion in the feccs The nega
tive mitrogen balance during both the experimental and post expen



SEVFRF PFRSON 1LIT} DISORDIPS 555

mental balwce periods 1s noteworthy 1nd was due to urinary ex
cretion

The flud balance in L W (Lig 8) 1s ouly approxumate but the
decrensed flud excretion during the experimental period s definite
1n both cases The sustamed creatinne excretion in M S during the
recovery pertod mig ht be related to the menstruttion which oceurred
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at this ume She also excreted small 1mounts of creatine which n
¢reased during the recovery period

E W showed an increase 1n creatimne during the period of ad
mumstration of ACTH He showed hittle creatine at any time

The increase 1n une acid excretion was smallin patent M S who
showed ahout a 50% drop 1n blood serum urc acid With subject
EW the unc acid excretion during the periad of ACTH was
doubled and there was a marhed drop 1n serum uric aud 77%

Fig 9 shows changes 1n hemoconcentrauon Hb plasma proteins
and cell counts WB G = Total — Lymphocy tes
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The glucose tolerance (Fig 10) was decrcased mn both pauents
The capillary-venous difference shows a decreased penipheral utibiza
tion on the fourth dyy of ACTH Insulin resistance was marked 1n
subject M S but notin L W on the fifth day of ACTH
Tiftv eight hours after the st hormone njecuon (Fig 11) the
response of the eosmophiles to epinephrine was greatly reduced Even
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an the fourth day of recovery in subject M S the response was sull
Jess than her control response In E W though his counophule count
was high there was a normal responsc on the tlurd recovery day ;

Both patients showed a typical response to the mmtal dose O
25 mg of \CTH

Tible 3 shows the pertnent data with respect 10 blood chcmxslr?
changes after 5 days of \CTH (Armour) admimstration nd dutnt
the post experimental perod
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Table 3
Broob Cirancrs
MS £un
cra Recarery ICTH|  Recoy
Contral |  5th Control |  5th  j~———
Day | 2dav | 5day Day | ?day | 5dn

CAmg 1n2} 1124 106| 1o 107] 107| 104) 101
Pmg 38 33 51 38 41 31 30 39
NaMEQ 130011290 1330 { 1270 136011390 — | 1390
KAFQ 33 31 42 33 45 38 — 45
CIMEQ 1080} 1130} 1050 | 1100 1060‘ 1140 | 1020 | 1090
Blood Sugar 00| 910} 920! 720 7001 860]| 700, 720
Cholesterol 2650|1820 | 1670 | 2600 2650 | 1740 | 1560 2240
Unc Acd 36 16 41 37 37 09 461 44
Plasma Protein 67 55 62 68 78 64 70I 76
Phosphatase 29 27 27 27 21‘ t) 21 21
Bodansky U i

5th Day G Hormone

Plasma Vot 3040 ml

Blood Vol 4470 ml

Extra Cellular Space 134kg

7th Day After Hormone

Plasma Vol 2400 ml

Blood Vol 4000 ml

Extra Celiular Space 100 ke

CASE SUMMARIES-—METABOT iC STUDIES | ARGELY COMPLETE

E W (Table3) Male, age 18 Symptoms began 6 months previous
to study and consisted of withdrawal from reality hallucinations and
Paranord delusions Diagnosss schizophrema hebephrenic type The
batent s symptoms had fluctuated conuderably but there was no
tendency for consistent remussion untl after ACTH had been started
After cessation of ACTH the patient s concition continued to 1m
Prove and later became moderately hypomanic Seven months after
treatment he 15 going to school and relatives consider hum better ad
Justed than previous to onset of his illness

M S (Table 3) Thisisa 24 year old woman with a long story of
chroni physical complaints and anxiety An X ray cxamnation
showed hyperostosis frontalis nterna Admunistration of ACTH
Seemed to increase patient s nervous symptoms rather than dimmsh
them No evidence of feeling of well being or increased actiity No
ndication of increased energy output After cessation of treatment pa
Uent was a little better and was discharged from hospital but at the
Present tine  which 1s 3 months later, she remains umtmproved D1
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agnosts hyperostosis frontalts interna wath mixed psychows tncluding
some schizophrenie withdrawal symptoms as well as anxiety apd de
presyon

SUMMARY

Both pavents ymtally showed a rormal cosnophile response to
epmepbrine and had normal glucose and msubn tolerance The
cosinophiles and lymphocytes were reduced marhedly by the fint
2B mg injection of ACTH

Balance studies showed the usual disturbanee m electrolyte
balance with a retention of Na, CI and water The potassim diuress
was shght and was followed by a <hight retention which was fusther
wmereased after the hormone was stopped Edemna was definite 12 both
cases and in M S the increase 1 body weight was accounted for by
the increase m exuacellular water The negatve Na and C balance
during the recovery penod about balanced the retention dusng the
hersnone syection
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In both panients the negatve mtrogen balince which started on
administration of the hormone continued for several days mto the re
cavery peniod The total mtrogen loss in M S dunng the 5 days of
ACTH represents the loss of 56 gms of protein with 1n addition i
38 gms lost duning the recovery peniod of 7 days In patent ' W
the lo s of body protan during the ACTH (S days) wdminstration
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I‘a: 106 gms and during the recovery period of 5 days 72 gms were
051
The onset of negativ¢ calcrum and phosphate batance with ACTH
withdrawal was due largely to increase n feces
ACTH caused an ncrease of about 20 mg % in the fasting blood
sugar of hoth patients The glucose tolerance and peripheral utiliza
ton was reduced Some glucose was excreted mn the urine m subject
1S about 5 gms during the last 3 days of hormone None was
;:‘C{;!ed by E W Insulin resistance developed in M § but not 1n
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It 1s of mnterest that 1 both cases, cosinophiles increased rapdly
on withdrawal of ACTH to values well above the mitial control fevels
At this ume 56 hours after the last hormene 1jection there was a re
duced eosinophile response to epinephrine which was stll apparent 1
M S on the fourth day of recovery Since the eosmoplules were ab

Bty the last day of ACTH this resistance to epinephrine appears o
“PHLate a lack of ACTH n the pitwitary

It should be noted in Table 3, Blood Changes that there was 2
marked reduction i serum cholesterol on the fifth day of ACTH
There was also a significant fall in urie acd
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Anxiety States Thetr Response to ACTH
and to Isotonic Saline

R A Cleghorn B F Groham R B Campbell N K Rublee
F H Elhott and M Saffran
AULAN MEMORIAL INSTITUTE OF PSYCHIATRY AND McGHL UNIVERSITY MONTREAL

As part of the problem of investigating the func noning of the
adrenal cortex 1n psychoneurotic patients we have studied a group of
30 prtients hospitalized for an 1llness 1n which anxiety was the most
prominent feature Each of these patients was given an mjection of
adrenocorticotrophuin (ACTH-—Armour) ind most of them lso were
given control injections of 1sotomc saline The dosc of AC T'H vaned
between 2 5 and 25 mgm  equuvalent of the Armour standard The
conclusions that seem 1ndicated by this study are «imply that

1) there 15 a wide mdividual varration 1n the response to small
doses of ACTH but

2) as the dose increases the degree of respon e mcrewes and

3} a control njection of saline along with the whole test situation
1ncluding 4 vempunctures for blood samples also produces 1 response
stmilar o that grven by ACTH 1n those patients that chinically seem
to have the most severe anxiety

As cnitena of adrenal cortieal activity we have been using changes
Ina group of 1ndices which at first included

1) an increase circulating neutrophils

2) a decrease 1n lymphocytes

3) adecrease in cosinophils, and

4) an increase 1 the ratio of urinary uric to creatinine

More recently the group of wndiccs of adrenal cortical actvity
has been extended to include an merease 1 the excretion of

5) potassium

sodum,
7) 17 Letosterods and
8) neutral reducing hiprds
N an attempt to provide a wmple yet roughly quanutative
561
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method of descrinng the amount of actvity of the adrenal cortes.
revealed by any specific indev, we have proceeded m the following
manner The amount of change m several types of cxperments on
normals and patients has been plotted, and divided somew hat arb
wanly into 3 categories muld, moderate, and mathed These three
degrees of change have been given numerical values namely, one
half, oot and two If this 15 done for each index 11 any experument,
and the numerical values for mdices are added together we have a
moare comprehensne measure of 1wdrenal cortcal acuwity This sum
of the indices 1 probably more useful as an indicator of wetvity than
any one mdex ajone beeuse the determnation of any of these changes
15 subject to a variety of possible errors and because we do not under
stand all the {actors nvolved i a change or lack of change, v any
one index

Table 1 hsts the range of change in each class, for each of the fiest 4
indices of adrenal corfical 2ctivity mentioned above

Table 7
] g 7 P
Lessthan Between Betueen O
[T —— [EUDNIUI St —
Neutcophtl increase 209, 20-50% 50-150% 15665
Eosinophul decrease 156, 15200, 20~70% 705,
Lymphocyte decrease 159 15209,  20-35% 3555
Lne acsd/ creapmne intrease ; 45%, i 45609, 60~150% 1505%

Here the change 1o each 1ndev 1s expressed as the percentage
change from the pretrearment level of that mdex The possible per
centage changrs have been grouped 1nto 4 categores zero one half
one and two

These categories may be roughly charactenized Class zero @
that degree of change wn the wndex usually found 1 normal individuals
engaged w ordinary rather sedentary dady work A defimite, mild
stress or a small dose of ACTH always guves a greatsr response

Normal ndividuals at non stresful work rarely react enough to
reachclass one hall  and subjects recew ing small doses of AGTH al
most alway s react more than this

Class ‘one s that range of chinge sn the mdices which 18 never
noted in control cases but 1s common in stress and with ACTH

Class two 15 a degree of change which is unusual for doses of
ACTH not exceeding 25 milhgrams

The hmuts for cach of these classes was selected after a study of the
reports from Thorn and s associates, and from Clmadpan et al
as well a5 our studies on normals and on cases suiyected o rmbd
psychomotor stress



WWUFIY STATFS 565

If 10 iy ¢ ase we add together the number indicaung, the degree
of response of ¢ ich of the first 4 indices s Just outhned we hwe a
sum which conld vary from 0 to 8

As morc datt become v ulable 1t s hishly probable thiat we shall
revise the hmuts of these clisses and increase therr number Then
pechaps we shall have a sequence of categonies enabling us to gt
cate more closels than at present diffcrences in degree of adrenal
cortica] actinity

Fig 1 <hows the scatter of the sum of the first § inthees plotied

s L] .
. .
v em .

- .
- -

SUM OF INDICES
N
T
s3 e
.
3

ACTH
e 1

azainst the dose of ACTH expressed 18 milhgr ims cqun ient of the
Armour standard

The 3 cross marhed circles e cases of schizophrenia and are not
felesant to this report though their low position 1s consistent with the
Fadings of other workers (Pincus ct 2l )

What concerns us at the moment 1 the closed circles which repre
sent the Lases of anviety (Threc cases studied After this shde was pre
Fared are not plotted here ) It 15 apparent that the response INCreases
W the dose and that there 15 wide indwidual variaton

f these anxicty cases 25 hid control injections of saline In Al
1");0’[ every case the change in the mdices was greater with ACTH
20 with saline however 1t is interestng to note that the test sitva
ton with the taking of blood and g ing of an mjection produced m
Ome £ases 3 definte change 1 the indices Al of these patients were
\::f’a‘:ahled because of their anxiety state but even so there was some
190 1n the degree of tenseness anvicty and meapacity as judged
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by casual observation and conversation dunng the conduct of these
tests On the basss of this vanation i seversty of anxiety they were di
vided mnto 3 groups

Tig 2 shows the value of the sum of the wdices plotted aganst
degree of anety Here the least severe anxiety 1s at the left repre
sented by apen arcles the moderately severe cases are 1n the middle,
designated by crossed aircles the most severe are at the nght, ind:
cated by closed circles From this plot one gains the unpression that
cases which chncally seem to be the most severe anxiety states have
the greatest casturbance of these indices of adrenal cortical actiaty
with thus test situation

RESPONSE T SAUNE
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DEGREE OF ANKIETY
Fic 2

In the more recent cases tested with both saline and ACTH, ue
have compared the degree of change n the other indsices Our series
of cases 1s smalf and the evaluanon of even staustically sigmficant re
sults must be guarded It is mteresting to note, however, that for such
doscs as we have been using the increase 1n the rate of excretion of
potasuium and of neutral reducmng hpids (corticads) after ACTH
seems to be sigmfiicant as noted 11 Tables 2 and 3

Table 2 deals wath the difference m the rate of excretion of potas
sm during the wterval dessgnated We have hsted the dose of
ACTH the number of cases studied the mterval 1 hours after the m
Jeenon and the P value (the probabiity that the differcnce 1s due 1o
chance) Table 3 shows the same things for the rate of excretion of
neutral reducing hipids {corticords)
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lable 2
Torasaty
————
\

purtctt | @ttt r

52 mgq l - 1-3hr 0

104 meg 6 3-5 hr 0>

156 mg [ T ook o

lable o

NEUTRAL Reprene Tisios

‘o of
Dose sCTH | o ¥ | drtenent r

52 me

5
104 me |, 5

DISCUSSION

PR J's L BROWNE I would like to comment on two ohstivatons in
ndiniduals who have been followed with glucocorucoid excretion
One woman had had « normal value of about 30 to 40 Llycogeme
ututs per 24 hours She hnd an hysterical attack one afternoon and the
nextday her corticoids were 200 g u

Another indivjdunl was being followcd by Dr \ennin, as a con
teol subgect Her glucocorticoids were normal Ihe s ter of this
“woman became very il and the woman naturally became up et The
corticoids promptly rose to nearly 300 g u

Thus ordinary life situations producing psychological stresses
cin fire the adrenal as effectryelv 1s can burns or fractures Once the
adrenal has been fired presumably the consequences are the same
and thus psycholoical situanons masv wmfluence such discases as
thevmatod arthnus cte
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by casual observation and conversation durmg the conduct of these
tests On the bass of this vanation mn severity of anxety they were &
vided 1to 3 groups

Tig 2 shows the value of the sum of the indices plotted aganst
degree of anxety Here the least severe amuety s at the Jeft, repre
sented by apen arcles, the moderately severe cases are in the muddle
designated by crossed circles the most severe are at the night, ind:
cated by closed circles From this plot one gans the nnpression that
eases which clineally scem to be the most severe anwuety states have
the greatest disturbance of these indices of adrenal cortical actwvity
with thus test situation
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In the more recent cases tested with both saline and ACTH, we
have compared the degree of change in the other indsces Our series
of cases 15 small and the evaluation of even staustically sigmficant re
sults must be guarded It 15 interesting to note howeser, that for such
doses as we have been using the ncrease 1n the rate of excrenon of
potassum and of neutral reducing hpids (earncords) after ACTH
seems to be significant as noted 1n Tables 2 and 3

Table 2 deals wath the difference 1n the rate of excrenon of potas
sium during the nterval designated We have hsted the dose of
ACTH the number of cases studied the interval 1n hours after the n
jection and the P value (the probability that the differcoce 13 due 12
chance) Table 3 shows the same things for the rate of excreton of
neutral reduemg hipids (corticords)
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DISCUSSION

PR J's L BROWNE [ would like to comment on two strcivations m
ndividuals who have been followed with glucocorucmd excretion
One woman had had 4 normal value of about 30 to 40 lycogeme
uts per 24 hours She had an hysterical attach onc aftcrnoon and the
nest day her corticords were 200 gu

Another indinidual was being followed by Dr Venmn, as a con
tol subject Her glucocorticoids were normnl The « ter of this
“oman became verv 1ll and the woman naturally, became up et The
corticords promptly rose to nearly 300 gu

Thus ordmary Ife situations producing psychological stresses
€10 fire the adrenal as effectively as can burns or fractures Once the
adrenal has been fired presumably the consequences are the same
and thys psycholoical suuations masy wfluence such diseases as
theumatond rthnitiy et
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by casual observaton and conversation during the conduct of these
tests On the basis of this variation m seversty of anxiety they were d
wided mnto 3 groups

Tig 2 shows the value of the sum of the indices plotted agamnst
degree of anxiety Here the least severe anxrety s at the left, repre
sented by open circles the moderately severe cases are m the muddle,
designated by crossed rircles the most severe are at the nght, ind:
cated by closed circles From this plot one gains the tmpression that
cases which chinically seem 1o be the most severe anxiety states have
the greatest disturbance of these indices of adrenal cortical activity
with this test situation
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In the more recont cases tested with both salme and ACTH, we
have compared the degree of change 1n the other indices Our semes
of cases 15 small and the evaluanon of even statistically sigmficant re
sults must be guarded It 1s mteresung to note however, that for such
doses as we have been using the ncrease i the rate of eserenon of
potassum and of neutral reducing hpds (cortconds) after ACTH
seerms 1o be sigmficant as noted m Tables 2 and 3

Table 2 deals with the difference 1 the rate of excretion of potas
sum dunng the mterval designated We have hsted the dose of
ACTH the number of cases studied the mnterval in hours after the in
Jection and the P value {the probability that the difference 1s due to0
chance) Table 3 shows the same thungs for the rate of excretion of
nentraf reducing hipuds (cortcards)
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Lable 2
Porassius
T
\ s
Do teTtt | 2"t f
——
52mg 7 13hr | 0
104 mg 6 3She |0
156 mg i 7 -3 hr ) 0?
fable 3
NeuTRAL Ryptene Tus
\
Duse 1CTH | AN r
52 m 5 1-3 hr 0
104 me 5 1-5 hr n
156 my 6 | 1-obr a

DISCUSSION

PR j s 1 mrROWNE [ would lthe to comment on two obscivations mn
wdiniduals who have been followed with glucocorucod excretion
Ore woman had had a normal value of about 30 to 40 glycogenic
units per 24 hours She had an hysterical attack one afternoon and the
nextday her corticoids were 200 g u

Another individual was being followed by Dr Venmng as a con
tol subject Her glucocorucords were normal The suter of this
“oman became very 11l and the woman naturally became upset The
corticoids promptly rosc to nearly 300 g u

Thus ordinan’ hfe situations producing psychological stresses
€an fire the adrenal as effectively 1s can burns or fractures Once the
adrenal has been fired presumably the consequences are the same
4nd thus psychological situations may influence such diseases as
theumatod arthnus etc
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The Role of the Adrenul Gland in Alcoholism

James J Smuth
NEW YORK UNIVERSITY~BELLEVUE MEDICAL CENTER NEW YORK CiTY

From our Iaboratory and ciinical studies of alcoholies during
the past severil years we hase been forced to conclude that aleohohsm
15 a metabohe disease Although alcobolism mamfests itself 1 socrety
prunarnly as a behavior problem 1 occurred 10 us that perbaps the
behas tor disturbance was not the disease itself but merely a symptom
of the underlying metabolic processes Thus 1t 18 our conception that
contrary to popular and psychiitric opinion, the behavior disturbinee
of the alcoholic 15 not a response to difficultes in the external en
vironment but to metabolie difficulties tn the internal environment

1t has been apparent to us for some tume that acute alcohol posson
ing and the repeated alirm sumuh associated with alcohalism lead to
vanous stages of adrenal cortex nsuffictency In fact debrium
tremens one of the posstble cnd stages of aleohohsm and Addisoman
crims the end stage of adrenal cortex hypofuncuon are hiochermeally
and chinically quute sumilar The treatment for both delmum tremens
and Addison s disease has been shown to be fundamentally that of
supplyng, sodram chiorde and glucose These ebservations m delinum
tremens which oceurs only n chromc alcoholies are readily e
plicable i terms of the adaptatton syndrome That <lcohol does
(ke adrenal stmulation we have shown by the fall in adrentd
ascorbic acid elicited by giving aleohol to rats

On the basss of this rewsoming we have treated patients in acute
alcohohsm patients 1n debrum tremens and chrome alcohohes with
aqueous adrenal uxtract hpoadrenal extract desoxycorticosterone
wstosterone and recently ACTH with results which 1 will now
describe In my discusston I will confine myself o the description of
the results we have obtamed both biochemical and chmsenl 1 the
treatment of 3 states of acute alcobahiem horsahoff psychosis acute
alcohol intovication and delinum tremens All these patients receved
25 mg ACTH ntramuscularly every 6 hours around the cloch for
the fre wment penod mcheated 1n the dlustranons These pruents ic

566
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ceined no other supportive measures or medic ition before or during
the A\CTH treatment period 1nd sed ition wns withheld

Two patients with Rorsihofl psychous were treated with ACTH
without clinmcal improvement Iollowin, treatment with 175 mg
ACTH without benehicrl effcct one of these patients was given
adrenocortical extract 1n doses of 10 cc intravenously every 6 hours
around the clock, for 36 hours This patient ymproved markedly on
treatment with adrenocortical extract within 24 hours Our criterta
for evaluating improvement are given in Tig 1

As will be seen the ertterin 1re quite objective and sigmificant

CONVENTIONAL ALE T ACTH
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Fi16 1 Effect of treatment on horsahaff psychosis

It s not surprsing that the conventional treatment of Rorsahoff
Psychosis results 1n no improvement innsmuch as it consists at most
10 sporadic doses of vitarmns and sedation if the patient becomes too
boisterous It will be seen that the only thing that improved 1n the
Patients given ACTH was some diminution 1n restless excitement On
the other hand 1t will be seen that unprovement mn the horsakoff
Ps)chosis 15 apparent within 18 hours and well establiched at the end
9624 hours in the patient given ACL

While ACF and ACTH are both effective i the treatment of
acute alcoholism  there are differences of efficacy ccording to age and
5¢X Furthermore ACE 1n our experience has a much more prompt
sedative effect than ACTH and 1t seems to abolsh anorexia somewhat
More quickly ACTH abolishes sweating and visual hallucinations
fomewhat more promptly than ACE Otherwnse as indicated
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great rise I can say this on the bass of 17 hetosteroid determinations
done on 70 male alcoholics and 35 female alcoholics In both of these
series the 17 Letosterond values as an average, were only shghily be
low normal

T would like to pownt out here that there are gaps 1n our tables,
chiefly 1n urinary constituents, because of the peculiar circumstances
under which we work The patients described throughout are all on
the psychiatric service some of them are on the “violent wards and
the collection of specimens particularly 1n the earlier stages of their
alcoholism 15 at tumes impossible It 1s tesumony to the ¢fficacy of the
treatment used that the patients are sufficiently composed to collect
good 24 hour urnes for Letosteroid deterrmnations following treat
ment

The chimcal and biochemical effects of AGCTH 1n delinum tremens
are set forth in Tgs 4 and 5 In this syndrome ACTH 1s strikingly
benefimial, and superior to ACE or ACE and desoxycorticosterone, or
conventional treatment This 1s quite interesting, because chmeally
and ochermcally delirtum tremens is quite simular to Addisonian
nsis or adrenal exhausnon We had thought that delirium tremens
which occurs onlv 1n chromce alcoholics, was an expression of the
adaptation syndrome Theoretically and on the basis of our finding
that alcohol given to rats causes a marhed depression of the adrenal
ascorbic acid we had postulated that the repeated strmul of drinhing
prubably led to adrenal exhaustion It is well known that delinum
tremens 1s precipitated in chronic alcoholics even when they are not
drinking by such stre ses as trauma, surgical operations and icute
infections Despite these cogent indications of an exhausted adrenaf
Jlard 1n delinum tremens, we have the clinical fact that alcohol will
improve these patients for a brief period I should like to state em
phatically that we never give alcohol to patients n exther acute al
coholism or delirum tremens In Europe, and particularly in France
and Switzerland 1ntrvenous alcohol s mven in delrium tremens
with reputed good results

It was on the basis of this chimical expenience that we gave ACTH
to patients with delirium tremens Although the effect of ACTH in
delirium tremens 15 quite strihing, as shown 1n Fig 4, the pauents
themselves showed marked 1mprovement which does not appear on
the chart One of the panents (J ) had pneumomec consolidation of
three quarters of s nght lung concomitant with his delinum
tremens He was on the violent’ ward Within 2 to 3 hours of his
having been given 25 me of AGTH he was sufficiently composed to
be transferred to the medical ward He continued to improve rapidly
and he 15 the patient whom I described 1n commenting on Dr b
land s paper Despite his persistent pneumonic consolidaon and
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despite our cancern with 1t he was up and bout the ward s if he
had just gotten over 1 cold, withun 36 hours

Another of our patients (M) showed the hyperpyresta which we
frequently sec 1n dehrum tremens  Althou,h hus temperature was
107 6°, he had begun to mke defimte smprovement within 10 to 12
hours and he progressed rapidly to recovery There 1 1 much higher
mortality among patients with hy perpyresia in delirium tremens than
n patients with delirium tremens who have httle or no fever

In evaluating the efficicy of treatment i delinum tremens it 1s
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Fic 4 Lflect of treatment on delirtum tremens

Important to heep in mind that the period of ume over which re
cosery ta' s place 15 the cardinal consideration After all the patient
1th delinum tremens who 1s not suffering an overwhelming fecuon
and who 15 treated properly should get well witha 48 to 72 bours By
the cony entional treatment 1 refer to the use of generous dextrose and
saline 1nfusions combined with ascorbic acid micotnic acid and sedn
on On ACTH howeser, we begin 1o notice improvement wathin 3
10 hours and the improvement 15 chinically more tnking It s 1m
Portant to remember that no other supportive measures of medica
toms were used and th it sedation was not gren

InFig 51t will be noted that there was a trend to low serum potas
“um Patient M was remarkable for hus high serum uric acid L hace



570 CLINICAL 4CTH CONFIREANCF

great nse I can say this on the basis of 17 ketosteroid determinations
done on 70 male alcohohies and 35 fem e alcoholics In both of these
serics the 17 hetosterowd values, as an wverage, were only shghtly be
low normni
I would like to pomnt out here that there are gips in our tables,
chiefly 1 urmary constituents, because of the pecuhar arcumstinces
under which we work The patients described throughout are i on
the psychiatric service, some of them are on the “violent’ wards and
the collection of specimens particularly 1n the earlier stages of their
alcoholism, 1s at imes impossible It1s testmony to the efficacy of the
treatment u ed that the patients are sufficiently composed to collect
good 24 hour unmnes for ketosteroid determmations following treat
ment
The climcal and biochemical effects of ACTH 1n delinum tremens
are set forth in Tigs 4 and 5 In this syndrome ACTH 1s strihin ly
beneficial, and supcrior to ACE or ACE and desoxy corticosterone, or
conventional treatment This 18 quite interesung  because chmeally
and biochemucally delinum tremens 18 quite ssimilar to Addisoman
cnists or adrenal exhaustton We had thought that delirium tremens
which oceurs only 1 chromic alcoholics, was an expression of the
adaptation syndrome Theoreucally and on the basis of our finding
that alcohol, given to rats, causes a marhed depression of the adrenal
ascorbic acid, we had postulated that the repeated stimul of drinhing
probably led to adrenal exhaustion It 15 well known that delwium
tremens 1s precipitated in chrome alcoholics even when they are not
drinking, by such stresses as trauma, surgical operations and acute
infectons Despite these cogent indications of an exhausted adrenal
Jhird in delirum tremens we have the climeal fact that alcohol wilt
improve these patients for 1 brief period I should like to state em
phaucally that we never give alcohol to patients n erther acute al
coholism or delirium tremens In Lurope, and particularly 1 T'rance
and Switzerland travenous alcohol 1s given m delirium tremens
with reputed good results
1t wAs on the basis of this clinical experience that we gave ACTH
to paticnts with delirium tremens  Although the effect of ACTH 10
delirum tremens 15 quite strihing, as shown Fig 4, the patients
themselves showed marked improvement which does not appear on
the chart One of the patients (J ) had pneumonic consolidation of
three quarters of is right lung concomutant with hw dehrium
tremens He was on the < violent ’ ward Within 2 to 3 hours of hus
having been given 25 mg of ACTH he was sufficiently composed 10
be transferred to the medic1l ward He continucd to smprove rapdly
and he 1s the pitient whom I described in commentin, on Dr Fl“d
land's piper Despite his persistent pneurmomc comsolidation an
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despite our concern with 1t he was up 1nd about the ward a5 1f he
had just gotten over a cold within 36 hours

Another of our patients (M) showed the hyperpyrexin which we
frequently sce 1in dehrum tremens  Although his tamperature was
1076° he had begun to ke definite improvement within 10 to 12
hours 1nd he progressed rapidly to recovery There 15 a much hugher
mortality among patients with hy perpyreva in delirum tremens than
n pattents with dehimum tremens who have ittle or no fever

In evaluating the efficacy of treatment i delinum tremens 1t 15
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Fie 4 Effect of treatment on delirum tremens

important to keep m mund that the penod of tme over which re
covery tales place 15 the cirdinal consideration After all the panent
vath delirum tremens who 1s not suffering 1n overwhelmng infection
and who 15 treated properly should get well withm 48 to 72 hours By
the conventional treatme nt I refer to the use of generous destrose and
saline 1nfusions combined with ascorbic acid mcotime acid and seda
tion On ACTH however, we begin to notice 1mprosement within 3
1010 hours and the smprovement 15 climcally more strikimg Itisim
Portant to remember that no other supportin € Measures or medica
ton were used and that sedation was not given

Infig 51t will be noted that there was 4 trend to low serum potas
Sum Patient M was remarkable for his high serum unic acd Thave
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noted a smilarly high serum uric acid 1n another patient with hyper-
pyrexia (tempernture 110°) and I do not know whether this 1s a
function of patient M s delirium tremens or hyperpyrevia The 17
ketosteroid excrenion m the 24 hour period following treatment with
ACTH 15 <een to be defintely low in all patients and particularly in
pattent M (24 mg )

We have several chronic alcoholics under treatment with ACTH
but 1t 15 too early to draw conclusions 1n this group of patients

1 should like to include as controls a miscellaneous group of pa
tients who recewved doses of ACTH comparable to those given above
None of these control patients showed chmcal mmprovement on
ACTH ‘These were one patient with agntated depression one pa
tient with mtractable nsomma three patients with post partum
psychosis (these pauents did not respond to AGE either but the
psychosis of one cleared quickly on progesterone and the psychosis of
another responded slowlv to progesterone) one patient with gen
eralized dermatins from erther pemeilhin or sulforammdes who de
veloped concomtantly with hus shin rash a manic psychosis This was
considered to he a toxic psychosis and although his shin rash sub-
sided his mana persisted unabated on treatment with ACTH

In summary then 1t appears from our limited senes that whereas
ACE 15 effective 1n horsakoff psychosis ACTH 1s not that both ACE
and ACTH are effective 1n the treatment of acute alcohol intoxication
In this condition ACE 1s probably preferable because of its greater
sedatine action In delirtum tremens ACTH 1s easily the most effective
treatment we have used and s superior to conventional treatment and
the use of ACE

DISCUSSION

DR JAMES] syiti One thing I had on the charts and hoped to be able
to show I would hike to tell you verbally and that 1s about the
ketosteroid excretion in the acute alcohohcs with delirum tremens
The ketosteroids mn general in patients with dehirum tremens cer
tamly didn t rise after ACTH The patient who had the temperature
ol 109 6° had 2 4 mgs ketosteroids n the succeeding 24 hours and n
general hus ketosteroid value as with the other patients was much
lower than we get for our average alcoholics In 70 male alcoholics
we have gotten n general 17 hetosteroid values shightly below
normal

DR GEORGE W THORN One can employ the nonspecific euphoric re
sponse to ACTH that 1s the 1mproved general sense of well being
mmproved appetite very effectively 1n patients with anorexia nervosa
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Effects of Adrenocorticotrophic Hormone of
the Pitustary Gland on Neuro-muscular
Function in Patients with
Myasthenia Gravis*

Clara Torda and Harold G Wolff

THE NEW YORK HOSPITAL AND CORNELL UNIVERSITY MEDICAL SCHOOL
NEW YORK CITY

Administration of the adrenocorticotrophic hormone of the
pituitary gland (ACTH) to patients with myasthema gravis was first
started by Torda and Wolfl 1n 1944 (Proc Soc Exper Biol and Med
1944, 57 137) on the basis of the following observations and in
ferences (1) The immediate cause of the symptoms of myasthenia
gravis 1s a decrease of acetylcholine synthesis (2) adminstration of
ACTH (Armour) 1ncreases acetylcholine synthests in 2120 (3) increase
of the lymphatic tissue (round cell infiltration of various organs
mamly stnated muscle) and hyper function  thymus have been
found 1n patients with myasthema gravis Tissue fractionation studies
have shown that one of the sources of the substances that nhibt
acetylcholine synthesss 1s the thymus Administration of ACTH m
duces a reduction 1n the mass of the thymus and the lymphatic tissue
(4) removal of the piturtary gland 1n rats induces changes i the
ckctrom)ogram that closely resemble abnormalities noted 1n patients
with myasthema gravis (5) the pinntary gland of several patients
who died of myasthenia gravis showed accumulanon of eosimophilic
collord material suggesting altered function of the gland

In 1948 Soffer and collaborators reported without objective test
1ng remission of the symptoms m a patient moderately 1ll with my
asthema gravis when ACTH (Armour) was admmstered In 1949
Hellman reported impairment of patients with myasthena gravis dur
ing the period of ACTH (Armour) imjections Since 1948 ACTH has
=
Reported w th perm 5 on of the Chuef Medical Director Department of Med ¢ ne

2nd Surgery Vete ans Admin tration who agumes no responsibiity for the op nion
*pressed or onclus ons drawn by the a thors
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These patients with extreme weight loss can often be stmulated over
the first few days of ACTH treatment to eat more vigorously and
thetr general health may be umproved suffictently for them to be
capable of benefitng from psychatrce md

pr jamesJ smrre I think the pont about water metabohism 1s quute
appropriate We find that particularly after dehrum tremens the
puients may not excrete any more than 300 or 400 cc 1n the succeed
g 24 hours and we don t know whether we get 1 speafic ACTH
effect or whether we may get the same effect by retaining flwd that
we would have gotten had we given them an mfusion Howeser, st
mmportant to heep i mind that we get much more prompt climcal
improvement m patients in dehirium tremens grnen ACTH than we
get no matter how generously we infuse them without ACTH

1 mught say that we did not infuse any of these patients We didn t
give them Vitanun C pantothenic aud or any of the other vitarmns
that mught work 1n conjunction with ACTH or cortical extract
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gravis 1s a decrease of acetylcholine synthesis (2) administration of
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of the lymphatic tissue (round cell infiltration of various organs
mamly striated muscle) and hyper function thymus have been
found 1n patients with myasthenia gravis Tissue fractionation studies
have shown that one of the sources of the substances that inhibit
acetylcholine synthests 1s the thymus Admimstration of ACTH mn
duces a reduction 1n the mass of the thymus and the lymphatic tissue
(4) removal of the pituitary gland 1n rats induces changes in the
clectromyogram that closely resemble abnormalities noted 1n patients
with myasthenia gravis (5) the ptwitary gland of several patients
who died of myasthema gravis showed accumulation of eosinophilic
colloid material suggesting altered function of the gland

In 1948 Soffer and collaborators reported without objective test
Ing remussion of the symptoms n a patient moderately ill with my
asthema gravis when ACTH (Armour) was admuinistered In 1949
Hellman reported impairment of patients with myasthenia gravis dur
Ing the period of ACTH (Armour) injections Since 1948 AGTH has
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Fic 1 Column 1 represents action potential records taken at the bcf
gunnings of the 30 second stimulation period with a simulus of a frequency ‘:i
10 per second Column 2 represents re cords taken at the end of the 30 secon
stimulation period without moving the electrodes The

First row of shde 1 represents rccnrds taken from a con!rol suchCt
al:npl“udc of the muscle action p 1 was d dunng
the stimulation period

RowsBto Hl:'eprcscm records taken from the various patients The aw::il
potential decreased significantly withun the first few pulses of stlmul:umnfﬂ(hc
was maintained at this low level thereafter Row F represents records of
patient least sick with myasthema gravis
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been admmstered (o prrents wth myastheng o Kravis i seseral hos
puals and o date 8 patients recened ACT H ( \rmour) at the New
York Hospatal

The patients were men and women from 24 10 55 ¢ gpo 1 1t and
had bad my asthenin grans from 2 to 17 years e v orecandd o total
of from 300 10 45 mg of neostigmune bromid podn Fhe most
severely sl patient was unvble to walh sithowt (tcndance Al P
tents had hd in different degree of sesenty et el weah

ness prosis of the cye bd werkness wd easy § ety ot tue i cles
of the palate, tongue fice deglutition e | « Dunn the 2
years before this speerat study the prtcnis b \poen o anne

transient fluctuations but no significwnt changes in th i chine df e
The following tests were performed bofare wnming 1non of
CTH

i Elcctrom)ograph)
Muscle action potental records were ten dirm adircet

pereutancous stimulation of the ulrar nerve Ih « v 1d were
taken ance day the same ume of the dav 1ad + b dter the s
medrcation was taken One recordin, clectrode Wyl d on the
hypothenar emwmence and the other on the veun st n of the fusy
shalanx of the ffth finyer The ulmar nerve w sl 1 o r the
clbow with 10 and 30 pulses per second for at kst O« ond The
stmnalus had 2 durttion of one mullssecond and w s # upt wraxmal

tatensity The patients exeept for one showed the  thnurmaisies
tated 1 patents severely or moderately i vath oy 5 thonia gravis
famely the musele actian potential decreased un 1epeutind indirect
stmulation This decrease occurred within 1 few puls  of samulation
and was more marked on stmulation with ¥ pulses por second than
with 10 pulses per second at the end of a 30 sccond \umutation period

Although daily varsations 1n the amount of decre s of the mucle ac

o potential occurred the decrease was alvans over 3397 One pa

ent had almost normal action patenttal as is commonly observed
batients muldly sich, with myasthema gravis (Fig 1)

Records eolumns 3 and 4 were taken the third day after admnstration
f the hormone By that time the mtake of neosugmune was reduced and not
3 but from 6 46 15 hours elapsed between the last intake of neostigmine bro-
mide and the recording of the action potential
Iamn 3 represents records taken at the beganmngs of the 30 sccond
simulation period with 10 pulses per sccond and colume 4 records taken as
the end of the 39 second stimulation period without moving the clectrodes
amphtude of the actian potential was mantained unaltered sumlarly
‘o healthy persons
Records of coltmas t and 3 cannot be compared stnce the position of the
fecording elreteodes could nat be duplicated exactly on followsng days



378 CLINIC L 4CTH COAFERENCE
2 Ergography

For this test a spring ergograph was used The spriag was stretched
2 5cm once asecond by the index and middle finger of the night hand
exerting a tension of 15 hg The patients were 1shed to mose the sprng
unti} oceurrence of severe fiigue The worl performance of the pa

]

contaaCTiORY
2

rPEaTIENT S conrroLs

F1¢ 2 The shaded columns represent observations before administration
of ACTH These cofumns are much shorter than the column representing
the work performances of female controls The work performance of male
contrals 15 approvimately 3 times that of females The empty columns repre
sent the average work performance during admumstration of ACTH A
sight micrease m performance was noted Columns 1 2 and 3 represcat
average performances duning the fust 4 days, the fourteenth day and ﬂ;lt
forty fifth day after completion of admunistration of ACTH respectively The
performance increases for aboug 5 to 7 days after the last mjrction of ACT!
and 15 mamtained, with great vanations thereafter

uents, with the exception of the one mentioned before rematned be‘

low 309, of the work performance of control subjicts of the s ume 5¢°

and age group (Fig 2}

3 Acetylcholine Synthests .
In the presence of serum from patients with myasthensa gm\xls ‘b:

svathests of acetyleholine 15 decreased This decrease scems (0

332
speaific for myasthenia gravis and the more severe the m>(15(h§§a
gravis the less acetvicholine s synthesized  The test couststs o 3¢/
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tion of the serum of a patient with 2 tissue contammg cholineacetylase
and testing the resulting muxture for the amount of acetylcholine
synthesized The synthesis of acetylcholine 1n the patients was de
creased from 25 to 55%; over normal controls (Fig 3)

After a one wecek observation period the patients recened ACTH
given 1 amounts of from 20 to 25 mg every 6 hours for 5 days The
patients expenenced some malaise headache occasional abdominal
cramps rounding of the face some respiratory difficulties and some
changes of the electrocardiogram

S
| |

Fic 3 The shaded columns represent the amount of acetylcholine syn
thesized 1n percentage of control in the presence of serum from the pattents
taken before mjection with ACTH Columns 1 represent the amount of
acetylcholine synthesized 3 days after the last ingection of ACTH Columns 2
represent the amounts of acetylcholine synthesized 2 months after the last
njection of ACTH

These disturbances became more evidenced toward the end of the
admmstration of ACTH and for one or two days after the last in
jection of ACTH Thereafter these symptoms disappeared and re
mssion of the symptoms of myasthema gravis occurred

The mmprovement of the patients consisted 1n decrease of the
weakness and the easv fatigability of the muscles and an increase of the
appetite and a reduced requirement of neostigmine bromude This
improvement has been maintained for manv months

The measurable components of the improvement were as follows

1 Electromyograph

The ability to maintain the amplitude of muscle action potential
during repetitive indirect stimulation returned during the period of
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1

C

Fic 4 Column 1 represt nts records taken from rate at the beginning ofa
30 sec stimulation period with 30 pulses per second Column 2 represents
records tahen at the end of a 30 second stimulation period Row A represents
records taken from a control rat ‘The amphitude of the acton potential d¢
creased 105 Row B represents records tahen from a hypophysectomiz
rat The amplitude of the action potential decreased during the fist Pulstﬁ
of stimulation by 60% and was muntuned at the lower level for the rest©
sumulation Row C represents records t1hen from an ACTH ngected h)'P(‘,’,'
physectormzed rat The amphtude of the action potential decreased 205
during the 50 second stimulation period

adminmistration of ACTH to normal and was so mamtaned dunng lh‘;
ume elapsed between admimistration of ACTH and the preseat 7epof
(from 4 10 10 mo ) (Fig 1)

2 Myography

a The performance on the spring ergograph ncreased qgmﬁ? o
funn'a’ and after administration of ACTH Improsement O tlx)mc
OrmANCe Was maintained with great fluctuations, durmg the

anth



MYASTHENI L GRAVIS 581
elapsed between administration of ACTH and the present report
(Fig 2)

3 Acetylcholine Synthess

The ability of serum of patients to support acetylchohne synthesis
increased during admimistration of ACTH and approximated normal
values from the fourth day of admumstranon of ACTH up to date
(Fig 3)

ACETYLCHOLINE

SYNTHESIS

oo
°
M
8 sof
3
S
H

o roL  weo s cr
cctomzep  WIEC €0

Fic 5 Column 1 represents the amount of acetvlcholine synthesized by
control brains expressed as 100 Column 2 represents the amount of
acetylcholme synthesized by brans of hypaophysectomized rats (averaging
56% of the control) Column 3 represents the amount of acetylchohne
synthesized by ACTH 1njected hypophysectomized rats (averaging 91%
of the control)

The mechanism of action of ACTH i pauents with myasthema
gravis 1s not yet known It1s known that the action potential of hypo
physectomuzed rats 1s stmilar to the action potential of patents se
verely 1ll with myasthema gravis After administration of ACTH to
hypophysectomized rats the action potenttal returns to normal
(Fig 4)

The amount of acetylcholine synthesized by brains of hypo
physectomized rats 1s significantly less than the amount synthesized
by control brains After admimstration of ACTH the ability of bramns
of hypophysectomized rats to synthesize acetylcholine approximated
normal values (Fig 5) Admunistration of ACTH to healthy rats in
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creased the abihty of bram to synthesze acetylcholine fir above
normal values

Conclusion

An improvement of the clinical state and of the performance with
objective tests were observed 1n B panents wath myasthema gravis
after tdministration of ACTH This remission has been variable and
incomplete and 1s of uncertain but considerable duration

DISCUSSION

DR WILLIAW @ WOLFSUN A patient with myasthema grivis whom we
studied may be of mterest because he recetved both ACTH and
pregnentriolone* ind also because he showed certamn peculiariies m
s hem tological responses to ACTH Fig 6 summanzes the chnal
observations In August 1949 he required 435 mg of proshgnmune
duly for mamtenance During 1 four day period he recerved 450 mg
of pregnentriolone The mitial response seemed encouraging with a
drop in prostignmne requirement to 130 mg, ,day This, however, was
not sustuned nor was 1t accompimed by the improsement in head
hfung later seen following ACTH After pregnentriolone was di
continued the daily prostigmune requirement continued to n ¢ and
eventually reached 345 mg day Because of Ungar s report that, 1o
the quinea pig pre,nentriolone released splemin A from the spleen
which i turn decreased bleedhing time 1n qttempt was made to sec
if this steroid hd stmslar effects 10 man  Nesther in this pauent, nor
m 1second patient did pregnentriolone produce significant changes m
bleeding ume or platelet caunt

In carly October the pauent was readmutted for study with
ACTH Potassum chioride 190 gm  day) was begun shortly before
ACTH and appeared w0 cause same chneal mprovement with 2
decrcase 1 daily prostigmine requirement from 345 mg /day 0
25% my day On each of 8 successve days the patient recened
23 myz of ADACTAR a long acting ACTH preparation During 15
wministration his clinse conditton did not change

On the second day tfter ACTH was withdrawn there was definite
improvement it head htung and the prosugrune requirement de
creised 1o 120 mg day Thercafter as in the patients studsed by Dr
Torda and Dr Wolff the prosugmne requirement continued ta de
crease for 4 time and head hfting continutd to smprove Over ont
manth has now elapsed since ACTH was disconuinued His muscular

The pregnentriolone (4 pregnene 171 202 21 tnal 3 onel used n these stuwes w38
furnished i rough, the coopetavon o et Oppenharner and Dr Fred & Haughton
of the Reseacch Dwanon Ciba Pharmaceutsal Products Semae N J
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Fic 6 Typical chinical response and atvpical hematologrcal response to
ACTH 1n a patient with myasthema gravis

strength as indicated by head hiting continues to be much superior
to that before ACTH admumistration and his prostigmine requirement
has become stabilized at between 60 and 90 mg /day At least for
the moment this state appearsrelatively stable 1t 1simteresting that the
smprovement 1n head hftin,, was considerably more gradual than the
decrease 1n prosugmine requirement and to some degrec there was
animpression that these were partially independent vanables

Despite this clinical course which closely conforms to that of pa
tients studied by Drs Torda and Waolfl his hematological responses to
treatment were most unusual When first seen in August hs eosinophil
count was low normal 103 per cu mm Six hours after the first dose
of pregnentriolone the value had fallen to 3 per cu mm Thereafter
duning pregnentriolone admmstration the eosmophil count rose to a
maximum of 44 per cu mm and when pregnentriolone was with
drawn the count fell to 15 per cu mm The lymphocytes also were n
creased during pregnentriolone adrmmistration and fell when 1t was
withdrawn
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Since the first dose of pregnentriolone was given the eosinophil
count has never exceeded 56 per cu mm On the days immediately
before he was given ACTH, the eosinophil counts averaged 12 per
cumm Dunng ACTH admumstration the count rose to 56 per
cumm and promptly again dropped to 19 per cu mm when ACTH
was withdrawn During the second week after ACTH withdrawal
the count became stable at about 28 per cu mm Somewhat similar
changes occurred 1n lymphocyte counts

In only two conditions so far described does eosinophihia appear to
be compatible with a satisfactory clinical response to ACTH In skin
sensitization, ACTH admimistration may 1ncrease the eosinophil
count, but the counts found 1n such patients are high, rather than low,
and lymphopenra occurs 1n response to AGTH In disserminated lupus
erythematosus, extremely low 1mitial eosimophil counts have been re
ported, and, 1n the one patient we studied the basal count was 0 to
3 per cu mm This appears to represent involvement of the eostnophils
m the pancytopenia frequently present in lupus As the patient shows
improvement, the eosmophil count may rise because of the general
improvement n bone mirrow function This myasthemic patient,
however, had no peripheral evidence of disordered hematopoiesis
He does however, have a persistently elevated sedimentation rate for
which no explanation has vet been found and which 1s being studied
Finally the low circulating eosinophil levels could not satisfactorily be
explained as due to adrenal cortical hyperfunction since there was no
additional evidence for this state Moreover, there appeared to be
nothing unusual m the changes 1n urate and oxypurime metabolism
and 1 potassium and morganic phosphate excretion which occurred
when he received ACTH For the present, therefore, the peculiarities
n his hematological responses remain unexplained

DR JOHN TANBUPY (Massachusetts General Hospital, Boston) We
have recently studied on our Metabolic Ward a 41 year old male
with moderately severe myasthemia gravis which had not re ponded
to thymectomy 2 yers before The patient was faily well controlled
on a constant daily mtake of prostigmine During each of two meta
bolic periods during which he was given ACTH muscle strength
deteriorated Upon withdrawal of ACTH at the end of the second
period there was dramatic improvement to a level somewhat better
than that at the beginning of the experiment

DR PAULF A moeFer [ would like to ask Dr Torda, or anyone ¢lse
who has treated patients with myasthema gravis with ACTH, if there
have been any severe attacks or fatalites We have heard of 2 num
ber of such cases but only by the grapevine, and I wonder if there 15
any clear evidence of that
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DR FREDERIC G BARTTER We have certamnly seen a very severe set
back We stopped grving ACTH short of fatality

DR RANDALL G $PRAGUE We had one patient with myasthenia gravis
who got worse while recerving Compound E and she developed nore
mission after stopping Compound L Another patient who recerved
100 mgs of ACTH n day for 12 days, got a little worse while recerving
1t, but improved after administration of ACTH was stopped How
ever, she never was able to discontinue the use of prostigmine entirely

DR ¢LARA TORPA ACTH mduced remisston 1n every patient with
myasthema gravis n our laboratory Today ACTH is not the medica
ton of choice with patients who are moribund Dunng adminstra
ton of ACTH patients with myasthenra gravis developed symptoms
that are sex ere enough to endanger the life of severely 1ll people Some
of these symptoms can however be relieved by admrmustration of
potasstum

Should patients with myasthema gravis survive admimstration of
Cortisone without remission of myasthenia gravis this would be a con
clusive proof of the hypothesis that myasthenia gravis 1s primarily
not due to decreased secretion of Compound E by the cortex of the
adrenal gland Similar conclusion may be drawn from the observation
of Walker who found an ncrease of muscle action potenual during
repetitive stimulation 1n adrenalectormized ammals instead of the
decrease observed in patients with myasthenia gravis Furthermore
the nature of the muld alterations of carbohydrate metabolism in
myasthema gravis does not duplicate the nature of disturbance of
carbohydrate metabolism due to Compound E deficiency

DR L J soFfEr We have given ACTH to 2 patients with myasthenia
gravis with thymic tumors The results obtained with the first patient
were published 1n our ongrnal report a Iittle over a year ago and as
You recall, there occurred a marked shrinkage of the tumor associated
with a constderable improvement in the chinical status of the pauent

The total duration of treatment with ACTH extended over a period
of 4 days during which time the patient received 50 mgm daily n 4
divided doses The shrinkage of the tumor continued for approxi

mately 3 weeks and the symptomatc improvement for 2 months
after the 4 day period of therapy with ACTH (Fig 7) The second pa

tient treated similarly failed to show any decrease 1n the size of the
tumor and no symptomatic improvement When a thymectomy was
subsequently performed on tins patient the tumor was found to be
surrounded by a thick fibrous tissue capsule fibers of which had ex

tensively mvaded the tumor parenchyma There was comparatively
hittle cellular element present in the tumor tissue On the basis of the
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5.13.48
0,48 SECONDS AFTER PEAK OF RWAVE

Fic 7 (continued) 5-13-48 4 wechs atts comphonon of treatment with
ACTH (FromSoffer I ] Gabnove ] I Laiguewm H | Voherra M
Jacabs M D god Sussman M L The effects of anterar preassary adreno-
corticotropic hormone (ACTH)Y m myasthensa gravis with tumor of the
thymus J Me Swa Hasp 15 o 2 Jub-tu. 1)48)

pathological findin, 1t was vadent why shrinhage laled to occur
This pauent has been followed jor a year after thymectomy with no
improvement tn the chnical condition and no reduction m the
prosugemine requsremont §8ys posaible that i additon 0 st thera
peutic effect 1n myasthena gravis ACTH may be useful 1n helping to
determine which patients with thvime tumors mas be expected to
respond favorably to surgical removal Where the wmot fanls to shrink
apprecrably following therapy with ACTH  the possbiiny must at
teast be entertatned that such 4 tumor 1§ relatu el devod of ceflutar
elements and hence the symptoms of the myasthema gravis may not
be parucutarly respowsive to the surcieal removal of the tumer
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The Effect of ACTH in Myotonia Atrophica

and in Progressive Muscular Dystrophy

A T Midhorot

THE NEW YORK HOSPITAL AND CORNELL UMIVERSITY MEDICAL COUEGE AND THE
RUSSELL SAGE INSTITUIE OF PATHOLOGY NEW YORK CiTY

MYOTONIA ATROPHICA

The eflect of ACTH was studied in 2 patients with mvotora
atrophica Both pauents showed muscular wasting, myotoma, testic
ular atrophy, creannuria, low urmary 17 K5T and dimimshed BMR

B B a man aged 51, received ACTH during 2 penods During
the first period he was given 50 mg ACTH for t day and 100 mg for
7 days Duning the second period, 2 months later, he received 75 mg
ACTH for 2 days 105 rag for 2days 150 mg for 2 days and 125 mg
for 1 day Sigmficant observations during the first period were as
follows The daily urinary excretion of 17 AST rose from the control
fevel of 21 mgy to 17 mg the unnary creaumine output was un
affected the creatinuria was not altered untd 100 mg ACTH had
been given for 4 days when the daily creatine output rose from 120
t0 380 mg (Fig 1) When the admimstrauon of ACTH was discon
tinued the creatinuna decreased to below the pre ACTH level The
excretion of urinary sodium decreased shightly during the first fess
days of the period and then mcreased shghtly durmg the late stage of
the period when ACTH was ginnen The unnary potassium excretion
was unchanged T'or several years the level of blood cholesterol had
been kugh (550 to 700 mg with normal ratio of free cholesterol and
cholesterol esters) and had been unaffected by vanous agents mvests
gated During the pre ACTH period the concentration of cholesterol
i the blood was 612 mg  this level decreased until at the end of the

ACTH pertod the Jevel was 360 mg  the total eonnophil count de

creased from 103 to 3 per conmn  the blood sodwm level wis un

changed but the blood potasstum level decreased from 46 o0 35

meq L The BMR rose from —329% to —17% During the second

ACTH period the cr outpur was unch d creatinur was

not altcred unul the dase of ACTH had been mereased to 150 mg
588
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Fic 1 Effect of ACTH (Period 1) n a patient with myotonia atrophica

when the daily output of creatine increased from a level of 240 mg to
levels of from 640 to 700 mg (Fig 2) On the days when 150 mg
ACTH was gien the unnary mitrogen was increased as much as
50% The blood cholesterol which had increased to a level of 579 mg
since the termination of the first ACTH period again was decreased
to 369 mg The BMR was unchanged The blood pressure was in
creased from a lesel of 124/70 to 154,76 but returned to the previous
level within a few days when ACTH was discontinued

J R, aman aged 30 recerved 50 mg ACTH for 1 day and 100
mg daily for 7 days The total eostnophil count was decreased from
153 to 87 and the blood uric acid decreased from a level of 32 to
21 mg butno sigmficant changes were noted in the urinary outputs
of creatinine creatine potassium or 17 KST or in the concentration of
chlorides urea cholesterol sodum p |} or phosphoru:
m the blood The urmary output of potasstum was increased during
the first few days of ACTH admunistration The concentration of al
bumin i the blood was unchanged but that of globulin was de
creased The blood pressure was wncreased only shghtly
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T 2 Effect of ACTH (Period 2) 1n 1 patsent with myotorma atrophica

Although both patients recorded some subjective umprovement in
sympioms examinations could demonstrate no ncrease 1n muscular
tunction during the period when the patients were in the hospital
However after they returned home both pattents were able to carry
out thur activities with less fangue and with greater facility than
previously  Esamination by a psychiatast (Dr H k. Hall) revcaled
no chanye in the emotional status of cither patient

PROGRESSIVF MUSCULAR DYSTRO!IHY

ACTH was administered to 2 pauents with progresaive muscular
dystrophy of faco scapulo humeral type

R M awoman aged 38 was mamtamned on a constant diet and
fluid mntahe During a peniad when the daily NaCl watake was 8 g,
40 mg ACTH daily for 2 days decreased the urnary volume to
around 1000 cc for 2 days from a previous average level of 2300 ec
with an mcrease of 3 h, n body weight This daly creatine putput
was mcreased to 475 mg for 2 days from the control level of 230 mg
and thea fell 10 1 fevel below the control values for a perod of about
9 days ACTH lowered the total costmoplul count from 103 to 10 per
cmm ncreased the daily urinary 17 hST from 4 5 mg to 10 mg but
did not affect the daily output of preformed creatmine (Iig 3) The
BMR ERG AND LEG were unchanged ACTH was adminstered
o this patient during 3 subsequent periods when the duly NaCln
tabe was 2 18 gm ACTH was given 1n amounts of 40 mg_ daly for 7
days 73mg daily for 7 days and 100 mg daily for 5 days Dataonthe
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Fig 3 Effcct of ACTH 11 a patient with f: lar dystrophy

completc mineral and clectrolyte balance studies are shown 1 Table
1 The concentranons of Na and K mn the blaad serum were 330 mg
and 17 50 mg respectively during the pre ACTH period, and 312 mg
and 16 25 mg respectively after ACTH had been admmstered for 7
days Tollowing further admimstration the blood Na level was un

changed but the concentration of k. decreated to 90 mg % No
significant changes s the outputs of creatimmne or creatine were ob

senved until 100 mg ACTH was given daily for 4 days, when the
daily creatine excrenion increased from a level of around 300 mg o
levels of 427, 542 and 730 mg Concomitant with this mcrease m
creaununa the dady urmsary mtrogen increased from an average
ievel of § 38 gm to 10 49 gm at which time the average daly mtrogen
balance was ~2 16 gm The average daily uninary output of 17 heto

sterowds mcereased from 4 5 mg o around 9 mg when 75 mg ACTH
was given daly  when the dose of ACTH was mereased to 100 mg

the 17 KST output rose quickly to 20 8 mg Following cessation of
ACTH therapy the 17 AST output dropped mmmedsately to the pre
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ACTH levels and remained at these levels during 4 subsequent weeks
of observation The total eosinophil count was decreased about 609,
When the higher doses of ACTH were given, the unine contained
traces of sugar (less than 1 gram daily) The glucose tolerance test
was not altered significantly The blood pressure increased from a
level of 100/60 to 138/90 but returned to the former level within a
few days after ACTH was discontinued

] H aman aged 19 was given 45 mg ACTH daily for 3 days,
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Acute Effects of ACTH i
Musculsr Dystrophy

Fic 4

60mg for I day and 100 mg for 4 days Urmary outputs of creaumine
and creatine were not altered The body weight increased about 2 kg
and the blood pressure 1ncreased from a control level of 100/74 to
around 162/116 and 140 108 Within 2 days after discontinuing
ACTH the blood pressure and the body weight returned to therr
previous values Durning a subsequent period the patient was studied
by Dr Shorr for effects on blood pressure When ACTH was given
daily 1n amounts of 100 mg for 4 days 150 mg for 2 days 200 mg

for 3 days and 250 mg for 3 days the blood pressure levels varied
from 140/92 to 108/68 The total eosinophil count which was 135 m
the pre ACTH period was reduced to levels of from 32 to 18 per cmm

The blood concentration of sodium was unchanged but that of potas

stum was decreased from 15 9 mg to 137 mg The uninary output of
creatnine was not altered but the daily ehmination of creatine which
was unaffected by ACTH 1n doses up to 150 mg daily increased by
values of from 100 to 200 mg when the dosage of ACTH was increased
to 200 and 250 mg daily The BMR was unchanged The carbo

hydrate metabolism was T d Eval of lar dis-
ability throughout the course of studies and during the subsequent
period gave no evidence of ncrease 1n muscular function However

the effect of ACTH 1n progressi e muscular dystrophy of pseudohyper-
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trophic type remuns 10 be mvesugated the 2 patents who were stud
ted had muscular dystrophy facio scapulo humerat type

DISCUSSION

DR FRANK H TyLER We have performed 9 ACTH rusponse tests in
7 boys with childhood dystrophy In this group we have seen a con
sistent immedinte elevation o unnary creaune (Fig 4) In a patent
with rheumatoid arthrios and creatinuria treatment with 40 mgm
per day of ACTH reduced the creatinuria to an msignificant amount
(Tng 5) We have obtuned very confusing results as far as une acid
excretions are concerned 1n dystrophy (Fig 4) However, 1 4 of them
there was a significant fall averaging about 509 1 uric 1cid exere
tion instead of ' merease

We have weated one childhood dystrophy with small doses of
ACTH for a 9 day period with no symptomatic chinge and no t31
dence of chinge in muscle function
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A Clinscal Study of the Effect of ACTH
on Chronic Neurologic Disorders

in Seven Patients

Clark T Randt C H Troeger and H Houston Merritt

NEUROLOGICAL INSTITUTE PRESBYTERIAN HOSPITAL AND COLLEGE OF PHYSICIANS
AND SURGEONS COLUMBIA UNIVERSITY NEW YORK CITY

This report deals with 2 brief chinienl screening of the effect

of ACTH (\rmour) on 4 types of chronie neurologic disorders in 7
patients at the Neurological Institute of New York mm August and
September 1949 The purpose of this experiment was to ascertain
whether or not a marhedly behehaal response could be obtamned
within a hmited ume and to determune the advisabihity of more de
tailed study of these chnical entities Evaluation was based on climical
observations

The group was compnised of 2 patients with muluple sclerosis two
with Parkinson s syndrome one with amyotrophic lateral scleross
one with progressive muscular atrophy and one with progressive mus
cular dystrophy  \rmour ACTH 1n doses of 25 mgm to 75 mgm
mtramuscularly 4 umes dailv was given with total dosages ranging
from 700 mgm to 2575 mgm over periods of from 5 to 17 days The
lowest daily dose was 100 mgm the highest 300 mgm No local re
actions to the drug were noted The pertinent findings 1n each case
will be briefly presented

T S, Femalc Age 60

Arteriosclerotic parkinsonism of 115 years duration with mnvolve
ment of the right upper and occasionally the night lower extremities
Unchanged during the 6 months prior to hospttahzation
Findings 1 Dimimshed swing of right upper extrermty and associated
movements of trunk on walking

2 Moderate nigidity with cogwheel phenomenon n night upper
extrermty mld ngichty 1n other extrermties

3 Coarse rhythmnc alternating tremor 1 right hand and upper

505
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extrermty with pill volling movements of fingers of nght hand at rest

4 Verbahzation shghily slow and monotonous

5 Mild mashing of facies

No apprectable change m the above findings was apparent after
700 mg of ACTH 1n 5 days

Following the course of ACTH, the patient noted increase in n
grdity and tremor as well as some gencralized weahness She was emo
tionally upset The exacerbation of signs and symptoms cleared over
a 7 day period

Follow up report 6 weehs after ACTH reveals no significant
change from her baschne status

L D, Male, Age 59

Post encephaliic parhinsomsm of 5 years duration No appre
crable change 1n rigedaty and tremor during the past four years
Tindings {1 Mashed facies

2 D hed assoctated mo more marhed m right upper
extremnity while walking

3 Coarse rhythmuc alternatung tremor of night upper extremity
with pill roling movements of fingers of right hand

4 Moderate ngiclity of all extremities particularly on nght with
cog wheel phenomenon i night upper extremity

Examination after ACTH 1200 mg adrmumstered during a period
of 7 days revealed no change n the patient’s neurologic stats No
untoward systemic reaction

J A, Male, Age 38

Progressive muscular atrophy with twitching of muscles of arms
and shoulders first noted 1 year before adumssion  Progressie weab
ness of hands particularly thumbs for 2 months
Findings 1 Muluple fasciculations in upper and lower extremnues

2 Mld atrophy of deftords, buceps, triccps and first dorsal in
terosseous muscles bilaterally

3 Hand grip tested by momentarly squeezing rolled up blood
pressure cuff inflated to 20 mm Hg left 236 mm Hg, nght 184 mm
Hp Shoulder girdle and upper extreratty muscle strength estimated
to be 809, of normal

Panent acadentally meuered lacerations of right hand after re
cewving 500 mg ACTH in 4 days Grip tested 1n aboye manner, left
202 mm Hg nght 192 mm Hg prior to ths madent

Exammation after a 9 day course of ACTH 1800 mg revealed

1 Equivecal reduction 1g fasciculations

2 Mild atrophy as before

3 Hand gnip tested with rolled up blood pressure cuff inflated t0
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20 mm Hg left 198 mm Hy nght could not be tested Shoulder
girdle and upper extremuty strength essentially unchanged

Follow up exmmination 2 wechs later showed a marked increase
n fasaiculations No significant change i muscle power

Basehine creaune excretion 197 mg /24 hours, creatinine 1065
mg /24 hours (24 hour urme volume 650 cc }

After 9 dy 1800 mg ACTH course creatine excretion 469 mg /
24 hours creatimine 1377 mg /24 hours {24 hour urine volume 3720
cc)

C E, Male, Age 43

Amvotrophic alteral sclerosis with weakness 1n the hands and
upper cutremties first noted 3 months prior to admission with pro
gressnve weakness and stiffness of the lower extremities hushiness of
voice difficulty m articulation and swallowing Rheumauc heart
disease 1nactive, compensated
Findines 1 Spastic gait with audible shuffing

2 Modernate atrophy of the intrinsic muscles of the hands arms
and shoulder girdle bilaterally

3 Muluple fasciculations in the upper and lower extremnties

4 Weakness manifested by—

a) an esttmated 609 of normal muscle power 1 shoulder girdle
and upper extrermty musculature

b} grip tested by momentary squeezing of rolled up blood pres
sure cuff inflated to 20 mm Hg left 168 mm Hg right 162 mm Hg,

c) wnability to raise from supme to sittng position unaided by
arms

5 Hyperactive deep reflexes from jaw jerh down Superficial
abdomnals normal Bilateral transient ankle clonus Bilateral Ba
binsk: signs

6 Voce soft, husky and monotonous

Examination after ACTH 1900 mg over a penod of 10 davs

1 Gaut less spastic without audible shuffiing

2 Atrophy as previously noted

3 Fasaiculations 809, decreased

4 Weakness manifested by—

a) an estimated 75% of normal muscle power i shoulder girdle
and upper extrermty musculature

b) grip tested with blood pressure cuff inflated to 20 mm Hg
left 160 mm Hg nght 150 mm Hg and

¢) able to rise from supine to sitting position unaided bv arms

5 Reflexes clonus and Babinsh: signs as before

6 Voice strong and clearer but still monotonous

Re evaluation after 2 days without ACTH revealed the patient
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to have coryza without temperature elevation Fascreulations were
marhedly increased Increxsed spastiity of gait with audible shuffang
noted

An additional 675 mg of ACTH was adrmnistered over 1 period
ot 5 days with apparent 50%, decrease in fasciculations over the pre
ACTH observation Gait less spastic without audible shuffing
Shoulder girdle and upper extremmty weahness estunated 60% of
normat Able to rise from supine to sithng postton unaided by arms
but only with lower estremiues held down by exammner Grip tested
with rolled up blood pressure cufl mflated to 20 mm Hg left 180 mm
Hg, right 200 mm Hg Remamnder of cvammanen unchanged

Tollow up cxamanauon 2 weehs after last ACTH revealed a
raarhed mcrease in generahized fasciculanons audible shuffling spaste
gait, and weakness approimately the same as at termunation of
ACTH admmstration

Baseline creatine excrenon 129 mg ;24 hours creatmne 1627
mg 24 hours {24 hour unine volume 2064 cc} After 1900 mg
ACTH in 10 days—cretine excretion 22 mg /24 hours creatinme
1778 mg /24 hours (24 hour unine velume 3600 cc )

M H, Female Age 20

Multiple sclerosss with onset 7 months prior to admission One
ould remission for 2 months ending 7 weehs before hospitalzaton
Condition unchanged since
Findings 1 Unable to walk wrthout asssstinee Gait atavc, broad
based and spastic

2 Unable to stand unsupported with feet together With feet 12
nches apart unsteady with eyes open falls forward with eyes closed

3 Rhythmic head tremor

4 Bilateral exirermty mienuon tremor

5 Diep reflexes byperactie No abdomnals Bilateral Babinsht

Dysarthna

7 Nystagmus

8 Prosis (14rd closure) left eyelid

9 Moderate cupbona

ACTH 1300 mg 1n 8 days discontinued because of drowanes wd
3 days progressive bradycardia from 76/mm to 48/mm Electio
cardiogram at this ume read as  probably within normal lumis TF
borderline low m 1mphtude  Serum potassum 3 4 meg/1, sodwm
139 meq 1 (flame photometer)
Evarunation 1 Able to walk across the ward, turn and come back
unnssisted Gan wide based but less ataxic and spaste than on base
Ine exammanon
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2 Can stand for at least 30 seconds with feet together eyes open
and closed

3 Head tremor markedly decreased in excursion

4 Mimmal terminal tremor of hands and {eet on vohtional move
ment

5 Deep reflexes no longer hyperactive Abdominals eheited
mimimally twice on either side Bilateral Babinshi signs

6 Speech more fluent less dysarthric

7 Nystagmus as before

8 Prosis left eyehd (3xth closure)

9 Euphon mcreased

Drowsiness decreased and pulse rose to 74, minute 19 hours after
last 75 mg dose ACTH 100 mg ,day resumed after a 2 day mterval
Remainder of neurologic status unchanged

After ACTH 600 mg 1n 5 more days the improvement tn gait and
equiltbrium was shghtly less apparent than at the end of the first 8
days Other signs of improvement were essenually the same as noted
at the termination of the first course

Follow up report 2 weehs later revealed the patient s tremor gait
and equilibratory disturbance to have returned to approximately the
pre ACTH intensity
Cerebrospinal Thud Studies Baselme CSF WBC 3, mm?® protemn 61
mg %, gamma globulin 7 8 mg % (13% of total protemn) collardal
gold 0, holmer negative After ACTH 1300 mg m 8 days CSF
WBC 4/mm 3, protemn 32 mg % gamma globuhin 4 1 mg % (139, of
total protein)

C G, Female, Age 37

Multiple sclerosss with onset 7 years before present hospitahization
A marked partial rermssion until 18 months prior to admssion since
which time she has become progressively worse
Findings 1 Unable to walk without assistance Gait ataxic and broad
based

2 Unable to stand alone with feet apart and eyes open

3 Head and right upper extremity tremor both made worse on
volitional movement

4 Bilateral cerebellar signs

5 Mild rnight hemiparesis

6 Dysarthria

7 Deep reflexes hyperacuve Absent abdommals No clonus
Bilateral Babinsk signs

8 Nystagmus

9 Ptosis (1{th closure) left eyeld

10 Mld euphoria
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Examnation after ACTH 1600 mg i 9 days—
1 Able to walk at least 3 yards without assistance
2 Gat ataxic and broad based
3 Can stand unsteadily alone with feet 6 inches apart, eyes open
and closed
4 Head and right upper extremuty tremor shightly mncreased over
baseline examination
3 Cercbellar nigns as before
6 Mild nght hermparesis
7 Dysarthria
8 Shght mncrease 1 deep reflex hyperactivity Transient anhle
clonus Bilateral Babinshs signs
9 Nystagmus
10 Moderate euphornia
Fallow up 2 weeks later revealed the patent to be unable to stand
or walk unassisted Remainder of examination as on discharge
Cerebrospimal Flud Studies Baselne CSF Cells 8/mm?, protem 75
mg % gamma globulin 19 mg % (25% of total protem), collosdal
gold 3233311000 holmer negative After ACTH 1600 mg 1 9 days,
CSF WBC 9/mm?, protein 29 mg %, gamma globuhn 169 mg %
{389 of total protewn)

E M, Female, Age 23

Progresstve muscular dystrophy with biopsy confirmauon of 4
years duration
Findings 1 Waddling gait with mld steppage component

2 Flabbiness and decreased substance of shoulder giedle and arm
musculature Rubbery hypertrophy of both calves

3 Muscle weakness manifested by—

a) ansing from prone position by chimbing movements of upper
extremities

b} difficulty i anang from charr,

) unable to abduct upper extremuties more than 30° or mamtan
them even momentarly against gravity,

d) hold forward cxtended upper extremtes 30° elevated for 12
seconds

) hand grp tested wath rolled up blood pressure cuff inflated 0
20 mm Hg momentanly snereased left 74 mm Hg, right 56 mm Hgf
" éixammatmn after ACTH 1800 mg admunsstered over a period o

ays—

1 Gaut shghtly less waddhng Steppage component same

2 Muscle status unchanged

3 Muscle weakness—
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a) climbs from prone to kneching position as on imial examina
ton

b) shghtly less difficulty 1n ansing from chair

c) unable to abduct upper extremities more than 30° but can
mamtain this position aganst gravity for 18 seconds

d) hold forward extended upper extremities 45 elevated for 36
seconds

¢} hand grip tested as above left 184 mm Hg right 150 mm Hg

Follow up report 6 wechs post ACTH revealed no remarkable
change

Baseline creatine excretion 583 m3 /24 hours creatinine 544 m/24
hours (24 hour urine volume 835 cc )

After ACTH 1800 mg 1n 11 days creatine excretion 570 mg /24
hours creatinine 488 mg /24 hours (24 hour urine volume 860 cc )

Fig 1 summarizes the laboratory data of the cases stucied

CONCLUSIONS

1 No marhedly beneficial results were obtaned
2 The alteration of the neurologic status concomtant with ad
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maumstianon of AGTH 1 anc relatsvely early case of multiple scleross
and a rapidly progressie case of amyotrophic faterdd sclerosis m
chivates that further mvestugation s desirable

3 No sertous untoward climceal reactions were observed i 7 pa
tients with neurologic diseases on reltively high doses of ACTH

DISCUSSION

PR ¢ 11 TRAroer [ should hhe to emphasize one pomt I don t think
we brought out sufficiently

In almost all of these 7 patients with these chrome ncurological
diseasts we gave as much as 300 mgs of ACTH ~ day for 3 days, with
no i effects



Summary

John R Mote

MEDICAL DIRECTOR ARMOUR LABORATORIES CHICAGO

It m1y be worthwhile to summarnize i general torm the vol
ume of worh donc and the number of diseases and patients studied
durin, the ivestiations contnibuting to this volume since 1 truly
colossal amount of investigation has been accomphshed during the
past three years The data to follow have been collected trom informa
tion obtained from the members of the Conference Although 1t 1s not
precise to the last detasl, I would estimate that it 1s correct to plus or
minus 10% of the fijures shown

Frg 115 an overall chart of the gencral cateone of pauents tud
ted and the number of patients investigated n each group Luism
teresting to note that a total of 53 normal human baings and 73 human
bein,s with varous endocrine abnormalities have been studied
Practically all of these subjects were on one or anothar type of com
plete metabolic balance study and naturally these two group con
stituted the buth of the work done during the first two vear that
ACTH has been rvarlable

The other general categores of discases in this chart cover a wid
range and the studies conducted varied widely both m different
syndromes and i different 1n titutions They include not only es
tablished complete metabohe studies but also 1 1rious other mvesuga
tions aimed at detecting metabolic shufts of one type or another

Normals 53
Cndocrine Abnormalities 73
Collagen Discases 214
Hypersensitivaties 38
Infections 43
Mahignanctes 24
Mental Discasc 70
Muscle Demyelmating Diseases 16
Miscellaneous Diseases 82

613

Fic 1
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Fig 2 gives a breahdown of the endocrine abnormaliues studied
It 1s mteresting that the bulk of the commonly encountered endocrine
dysfunctions have been studied and practcally 2Hl of them constituted
metabohe mvesugations of varying types aimed at clarifying the inter
relationships of the adrenal gland to the other glands of internal secre
tion

Normals 53

Fndocrine Abrormalities
Panhypopitonansm 18
Acromegaly 4
Diabetes Insipidus 1
Addssan s Disease [
Adrenat Hyperplasia 20
Hypothyroidusm 13
Hyperthyrodism 13
Congenital Hypoglyeermia 9
Pre-diuabetic State 6
Diabetes 4
Ovanan Agereas 2
Female Castrates 1
Male Castrates 2
Ovaran Lotemzation 1 ith Vinbsm t
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Tig 3 1s a breakdown of the various collagen discases that have
been under mvesiganon Yon will note that the defintion of these
diseases 15, to say the least foose, 1n that ulcerative colitss, mtis and
mtersttial keratius have been included On the other hand, i the
hight of the results obtaned by the members present, to date, s
definstion may be quite as good as some of the more orthadox defin
tions that hase been put forth 1o the past

Cullagen Diseases
Rheumatord Arthntis 128
Juvessle Rhenmatord Arthrus 4
Rhenmatc Fever
o d Lupus Ery
Permatomyonts
Sclernderma
Penarteritis Nodosa
Paorsatic Arthritis and Psormas
Ulcerative Colitie
Regwonal Hestas
Acute Tritis
Intersutial heranng
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1t 15 rather natural that rheumatoid arthritis should constitute the
largest stngle number of cases 1n this group 1n view of both the pub
hiaity and pressure concermng this disease On the other hand, 1t 1s
surprising that as many as 24 cases of dissermunated lupus erythe
matosus have been studied since this 15 not normally considered a very
common disease The rest of the diseases in this chart are simply to
fill out those studied by the members present

Fig 4 outlines the various types of malignancies that have been
studied during the past 3 years You have already heard some of the
results obtained 1n the lymphomas In general, it may be said the
only mali_nancies in which adrenal gland stimulation has had a clear
cut effect are the lymphomas and leuhermas

Vfal, nancies
Acute Lymphauc Leukerma
Chrome Lymphatic Leukemia
Hodghins Disease
Lymphosarcoma
Lymphoma
Ewing s Tumor
Mycoms Fungoudes
Carcinoma of Breast
Carcinoma of Prostate
Sarcoid
Bronchogenic Careinoma

[ OV N
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Fig 51s simply a breakdown of the mental diseases studied and
you have already heard the results obtamed in these studies It 1s ob
vious from the data presented 1n this volume that considerable work
will be required 1n this complex field before the role of the adrenal
gland 1n these syndromes can be clearly elucidated

ental Disease

Acute Alcohohsm 1t
Chronic Alcoholt m 2
Schizophrema 12
Depression 8
Anviety State 35
Postpartum Psycho s 1
Insomnia 1

70
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Fig 615 a breahdown of the various types of hy persensitivities and
infections that have been studied In view of the clear cut results ob
tamed m this field and the fundamental character of the 1ssues in
volved, 1t 1s clear that additional serious studies must be undertaken
The lower part of this figure summanizes the infections studied Here
agam the fundamental aspects of this area of medicine require de
tailed mvestigation

Hypersensitiaities

Asthma 15
Hay Fever 7
Atopic Dermatitis 2
Migrame 2
Drug Sensitvity 3
Pemphigus 5
Exfolrative Dermatius 1
Loeffler s Syndrome 3

38

Infections

Pulmonary Tuberculosis 2
Poliomyehtis 35
Acute Viral Hepautys 2
Chronic Viral Hepauts 1
Lobar Pneumortia 2
Viral Pneumomta 1

43
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Fig 7 1s stmply a breakdown of the muscle dystrophues and demye
linating diseases that have been studied The results, as you already
know are not clear cut

Muscle and Demyehnatin, Diseases
Progressive Muscular Dystrophy
Myotoma Atrophica
Muluple Sclerosis
Amyotrophe Laterat Sclerosis
Parlansomsm

Elrvwnwen
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Fig 815 a breahdown of what has been classcd as  muscellaneous
diseases  some of which have been reported n detail and some have
not It may well be that gout should probably fit nto the group of
endocrine dysfuncuon
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Muscellancous
out

Hypertension
Nephritts
Nephrosis
Alcoholie Cirrhosis
Malnutniton
Hypoproteinemia
Hemolyuc Ancmia
Idiopathic Snema
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In summary extensive studies of the effect of ACTH 1n human
beings over the past 3 years are reflected 1n the contents of this volume
It 1s obvious from the results presented that a tremendous amount of
m estigation will be required over a wide area of medicine before a
revsonable pattern of the role of the adrenal gland 1n health and dis
ease can be brought forward



