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PREFACE

An enormous number of mvestigations Tor the medical man, whether he be a
climician or 4 laboratory worker, the steroid hormones seem to have opened up
entirely new vistas mn the study of normal and diseased processes Tor the orgame
chemt, the innumerable modifications which can be ntroduced mto the basic
1, 2-cyclopentenophenanthrene structure seem to have provided an extremely nch and
fertile field for study For the psvchologist the steroid hormones constitute a most
potent addition to those endocrine factars which influence mental processes and
personality, and which seem indeed to have given to medicine 1n the twentieth
century the basis of a new humoral theory In short, the steroid hormones exert
such powerful and widespread effects, that thewr ramificattons extend nto almost
every part of the body, and influence manv of 1ts most important mechamsms

In preparing these proccedings for the press no attempt has been made to conform
to the stricter editonal canons, and to ntroduce uniformuty ot style, or even of
termynology ‘Adrenal and Suprarenal to give hut one example of many will
be found to occur quuite indiscrimenately, despite the official title of the Symposium
As far as possible indwidual peculianities of style a1nd expression have been given
full play Both 1n the papers and 1n the subsequent discussions an effort has been
made to preserve something of the friendly and informal atmosphere which con
stitutes so sital an element i 1 Symposium of this kind difficult though 1t may
be to translate mto print The discussions have not been recorded verbatim but the
reports convey with a fair degree of accuracy the gist of what was smd

This preface affords perhaps the most suitable opportumity of placing on record
my thanks to the many who gave such willing assistance Our Guest of Honour was
Sir Henry Dale OM  and at the Annual Dinner he discharged with conspreuous
success the tash of expounding to the members of the Colston Research Soaety the
mam features of the Symposium Needless to sav, I am also most grateful to all our
other mvited guests, who contnbuted to the Symposum a good deal more than
thewr scientific communications To Dr G B Wolstenholme, the Secretary of the
Ciba Foundation, 1 am particularly mdebted for makang 1t po sible tobring to this
country from abroad a number of guest speakers whom we would not otherwise have
been able to welcomen out mudst

Tt 1s a very spectal pleasure to place on record my debt of gr stitude to the Recorders,
Dr W K Metcalfand Dr Franais B Rob , for the indefatigable manner i which
they coped with their difficult task My thanks are also due to the Symposium
Secretary, Dr E J Field s also to Miss L Lioyd whose secretarial services have
helped so much m the preparation of this volume Last but not least, T am deeply
ndebted to the printers, Messrs J W Arrowsputh Ltd  for the unfailing courtesy
and efficiency with which they have performed the actual printing of this volume

J M Yorrev

Bristol
March 1953
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Some Aspects
of the Preparation and Properties of
Adrenocorticotroprc Hormone

b

CHOH HAO LI*
Lnuersity of Califorma U S 1

INTRODUCTION

Tue pitwtary control of adrenl cortiea! function had 1ts conclustve demonstration
1n 1930 by Smith® who at the same trme provided evidence for the presence of
adrenocorticotropic ictivity n the pituitary gland From that time on  the numerous
attempts on the part of various imestigitors notably Collip Anselmine Morns
Bates and others to punify and 1solate the hormone met with no success until 1g42-
1943 when two groups of workers ® ! # published mdependent announcements of
the preparation of lighly punfied protens from sheep and pig prtuitary glands
These protems were free from other antenor pitwitary contammnants and were found
to produce selectne sumulanon of the adrenal cortex of hypophysectomized rats
15 evidenced both by increase of adrenal werght and by repair of adrenal hustology
With this the existence of an adrenocorticotropic hormone (ACTH) was defimtely
estabhi hed

The first mdications from early ultra filtration studiest ¢ *® seemed to be that
the ACTH activity rmight be associated with a low molecular weight substance  How
ever 1t has heen established recently that ACTH 15 peptide m niture and that
this peptide ACTH 1s metabolically active 1n human subjects® ¢ 5 # 19 ¢ 3 27 30
s 3 50 The fact that partial pepsin digesnon of the whole ACTH protein does
not destroy the hormonal activity as first demonstrated by us  or that further diges
tion with pepsin ! # does abolish the adrenal simulating potency prowides the best
evidence for the eustence of an ACTH peptide or peptides

Th autho wisbesto xpressh thankstoDrs Je ker O Porath Irving I Geschwind Gerald F Hunger
ford William O Rembardt George P Hess J 1 uan Harns Anthony L Levy and Freder ck H Carpenter
' many aluabl d scuss ons and for perm 5 on 10 present unpublished dats Grateful acknowledgment 15
made 1o Luc enn Ash Joan P Elwood Charles W Jordan Ehizabeth Hageman Jon Garrett Jo Anne happ
Joanna McGorvin G 2¢tla Jakab Harold Paphol and Ruchard L W slcox for thiir able techrical asstance
Th wo kwa aded in part by grants from the U S _Publhic Health Service the Rockefeller Foundaton the

Albert and Mary La ker Foundat on Merck and Company Irc  the Armour Laboratories the ! Lally
esear h 1 d the Cutt rL
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CHOH HAO L1

PROBLEMS OF BIOASSAY

The vanious methods which have been advanced for the estimation of adrenocort:
cotropic activity are generally derved from mamifestations of exther direct or indirect
effects of ACTH on normal or hypophysectomized animals The direct effects are
primary, thatis they follow directly from the hormone administration without the
tervention of adrenal cortical steroids They melude the depletion of ascorbie acd
and cholesterol weight mamtenance and hy pertrophy of the adrenals and the repair
of histological changes due to hypophysectomy The indirect effects are those which
result from the formation and release of the adrenal cortical steroids following
ACTH admunstration  they include eosinopemia, lymphopema, mvolution of
thymus and lymph nodes, and the lthe
For the past few years 1t has been the ascorbic acid depletion test* which has
been the most widely employed as in index of ACTH actnity Meanwlule, 2
number of obsery ations have been made 1n this and other Inboratories which indicate
the ewstence of discrepancies between ACTH potencies as determuned by this
test and those obtained by various other assay methods At least a part of the difficulty
m1y be due to the present lack of understanding of the relationship of ascorbic acid
content to adrenl function as a whole It cannot at all be assumed that the correla
tion 1s a simple and direct one for example, Jailer and Boas's found that although
chrone administrition of ACTH to the young chick caused adrenal hypertrophy
no alteration of the adrenal ascorbic acid content was ob erved Moreover by the
admimistration of ACTH 1t was possible to induce 1n the scorbutic guinea pig an
merease of adrenal actrvaty?® 3¢ 42 from which 1t appears evident that ascorbrc acd
1s not needed for the production and secretion of the corticosteroids which form as
the result of ACTH injections In view of all this the 1drenal ascorbic actd deplet-
ng test would appear to be an mnadequate measurement of the various types of sttmu
lation of the 1drenal cortex by ACTH Hence, 1t 1s unfortunate that the Commuttee
on Biological Standardization of the World Health Orgamzation has adopted the
adrenal ascorbic acid depleting test as the official assay method for deterrmning
ACTH actiity neglecting the importance of other ass1y techmques
The onginal observations of L1 and Greenspan?* that no direct correlation between
the adrenal ascorbic acid (AA) depleting and adrenal weight (AW) maintenance
activities exists among vartous ACTH preparations, has now been confirmed by
1 number of investigators® 3 2 52 In fact, Dixon et al 7 claimed that the AW factor
could be separated from the AA factor m a pig ACTH preparation by means
of 10n exchange chromatography A comparison of the potencies of different ACTH
preparations, as determimed by the ascorbic acid assay and the cholesterol depletron
test also indicated no correlation between these two testss! This lack of correlation
1s more strikingly emphasized by Oesterling and Long3® who observed that despite
the fact that there 1s practically no ascorbic acid 1n the scorbutic guinea pig adrennl
defimite adrenal cholesterol depletion took place after ACTH stumulation
Further Hungerford et al* have presented a detailed account of the influence of’
whole ACTH protein preparations and thewr partal hydrolysates as obtamed by
pepsin or naid, on lymphoid tissues and thoracic duct lymphocytes The results
showed clearly that some preparations were actne m causing 1 thoracic duct
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Some Aspects of the Preparation and Properties of Adrenocorticotropic Hormone

lymphopenia and thymic mvolution whereas other prepirations produced no such
effect
The observation that there was no obvious correlation between the ascorbic acid
actvity of various ACTH preparations and the degree of eosnophil change i
norml muce?® has been extended to an mvestigation of the eosinopenic effect of
ACTH 1n adult male rats?? The ascorbic acid depleting nctinaty of the four
ACTH preparations employed were respectinely 02 2 10 and 50 times as active
as the International Standard Atthe o 5 mg dose level these preparations exiubited
eosinophil depressions of respectively, — 74 per cent — 81 per cent — 88 per
cent 1nd — 59 per cent with the saline control showng a depletion of — 17 per
cent These sime ACTH preparations were given at 0 25 and 1 0 mg dose levels
and showed the same relatne degree of eosinophil depresston These results give
further corroboration to the conclusion that the factor which depletes adrenal ascor
bic acid 15 not directly correlated with the ACTH factor which produced 1n
these experiments a blood eosinopenia
A smlar discrepancy was obsersed between the metabolic effects of an ACTH
protein and a pepsin peptide given subcutaneously by continuous injection to normal
male rats Ingle and Li" observed that the ACTH protein was more effective than
was the ACTH peptide m causing signs of hypercorticalism (glucosuna rise m
unnary nitrogen, and loss of body weight) On the other hand the ACTH peptide
had 2-3 times the ological activaty of the ACTH protein when measured by the
ascorbic acid depleting test
It 1s apparent from these data that the lack of correlation between the results
denived from the ascorbic acid depleting test and from various other critena of
adrenocorticotropic activity can now be said to be established In the interpretation
of these results the exastence of more than one ACTH factor may easily be assumed
but before such a conclusion 1s unequivocally accepted the following considerations
should be hept in mind  the variations in the route of admmmstration in applying the
dufferent tests difference 1n the rate of absorption of material prepared by different
chemcal techmiques and the importance of differential time response relationships
between different brological phenomena which may not always be assumed to bear
causal or dependent relationships
Recently Johnsson and Hogberg!® and Sulman! 4% have claimed that intermedin
and ACTH were closely related or identical Moreover they have suggested that
the assay for the melanophore expansion acttvity n the frog was a rapid and sumple
method for testing for adrenocorticotropic hormone However our datat® are n
disagreement with the claims of these investigators When a number of sheep
ACTH preparations having activities of from 30-100 USP unitsjmg as based
upon the adrenal ascorbic acid depleting activity were also assayed for melanophore
expansion potency usig hypophysectomized Rana pipiens no posttive correlation was
observed between the two tests 1 fact those preparations tested showed an inverse
correlation In addition activation of intermedin activity by treatment with o 1 N
NaOH at 100 for five minutest was found to decrease the ascorbic acid depleung
actaty to one twentieth of its onginal value Furthermore separation of intermedin
and ACTH was achieved by the use of a discontinuous pH gradient on oxy
cellulose® and by zone electrophoresss on paper’® A rather surprising result was
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obtuned when anterior and mtermediate lobes of frog pituitary were assayed for
each activity, although melanophore expansion potency i the pars mtermedia was
thirty times greater than that in the pars distalts, the ACTH activity m the pars
wntermedia was about one half that of the anterior lobe

PREPARATION OF SHEEP ACTH PREPARATION E

Payne, Raben and Astwood?? have given details of methods for the preparatton of
highly active ACTH fractions from acetone dried pig piturtanies The procedure
which uses acetic acid for the extraction 1s ssmilar to that of hamm et ol 7 for the
fractionation of posterior prtstary extracts, the method entailing an mtial extrac
tion with glreral acetie acd at 70° and subsequent fractionation with acetone and
ether The active matenal 1s adsorbed on powdered cellulose and eluted with hydro
chlonic acid Later Astwood et al ? obtained a twenty to eighty fold punfication by
Adsorption and elution from oxycellulose A combination of glacial acetic acid extrac
tion of the acetone dried gig antenor pitwitanies and oxycellulose adsorption yields
possibly the best simple method for the preparation of highly active materal
maximal yield

A simple procedure for the preparation of a biologically purified and chimeally
actne ACTH m good yield from sheep, pig and horse prturtines has been de
scribed?® 28 A combmation of this procedure with the oxycellulose procedure of
Astwood et al  provides an effectne method for obtaiming highly tctive ACTH
preparattons®®  °

One Jilogram of frozen whole sheep pitwitary glands was finely ground and
extracted with 4 1 litres of 1c1d acetone solution (o0 5 litre of water 4 hitres of acetone
and 100 cc concentrated HCI) by vigorous surnng for one hour The muxture was
filtered and the residue re extracted with 2 hitres of 8o per cent acetone After re
moval of the residue by filtration, the combined extracts were poured mnto go litres
of cold acetone The precipitate formed was dried # vacuo after repeated washing
with acetone The product resulting from this procedure 1s designated as acad
acetone powder (AAP) and the yield from one kg of glands averages 35 gms

Twenty grams of AAP was next dissolved 1n g40 cc water and adjusted topH 3 ©
A saturated NaCl solution (60 cc ) was added dropwise with constant stirnng  the
precipitate formed was centnifuged off and saved for the 1solation of lactogemc hor
mone The supernatint was brought to saturation and dissolved 1n 100 c¢ water and
dialysed agamnst runming water until salt free The dialysed solution was frozen and
dried 1n vacuum the yield being 4 grms The resulting punfied AGTH protemn
was designated as Preparauon D

The next step adsorption on oxycellulose 1s essentially the same as the procedure
described by Astwood ef al * Preparation D (8 gms ) was dussolved 1 250 cc 0 1 M
acetic acid, the pH of the solution was between 3 5 and 4 0 One gram ofoxy cellulose
(10-12 per cent COOH) was added, after the mixture had been stured at room
temperature for thirty srx hours 1t was kept for a few hours at 0° C Most of the clear
supernatant was decanted off, the residue was washed twice with distilled water and
then extracted with 100 cc 0 1 M HCI by constant stirring at room temperature
for twelve hours The muxture was filtered and the filtrate dialysed against distilled

4



Some 1ispects of the Preparation and Properties of Adrenocorticotropne Hormone

water until 1t was free of HCI Lyophilization of the dalysed solution yielded 20 mg
of 4 wlite powder hiving a potency of s0-100 USP Units/mg as assayed by the
adrenal ascorbic acid depleting method This matenal 1s called Preparation E

By this method 1 virtually complete recovery of AGTH 15 rchieved The potency
15 increased from o 6 to 60 USP Unitsjmg  and 15 comparable to that of the material
prepared by Astwood et al The product also exhubits actiaty i mamtumng the
adrenal weight of hypophysectomized rats although ats potency in adrenal weight
maimntenance appears to be lower than its adrenal ascorbic acid depleting activity
In addition this product has comparatively loss cosinopentc activity in normal adult
mMts

PURIFICATION OF PREPARATION E

The physicochemucal properties of Preparation E are markedly different from those
of the ACTH protemn presiously obtained Tryptophane and tyrosine are present
m the amount of g per cent and 5 per cent respectively, the tyrosine being double
the amount contained tn the ACTH protein there was o 7 per cent which cin be
accounted for by the value of methionine Ultracentrifuge studies obtamned a seds
mentation constant S ¢ of o 8 S for Preparation E and 1ts average molecular weight
1s assumed to be 1n the neighbourhood of 10000 After studies on paper electro
phoress at various pH 1t was concluded that the 1soclectnic pomt of the component
with which the ACTH actmaty 15 associated 1s located 1n the neighbourhood of
pH g ndicating the basic nature of the hormone Partial hydrolysis with pepsin and
aad causes no loss of ACTH actity and acid treatment even appeared to en
hance the potency The Intter observation seem to confirm the earlier report® to this
effect

Further punfication of Preparation E can be effected by the following procedures

Trichloroacetic Acid {TCA) Fractionation 100 mg of Preparation I was dissolved
5 cc H,0O and made up to 5 per cent TCA by adding an equal volume of 10 per
cent TCA solution the resulting precipitate was re dissolved in 5 ec H,O and the
5 per cent TCA precipitation was repeated four times The final precipitate was
dissolved 1n water dralysed and lyophilized the product was designated as Pre
paration EP The combined 5 per cent TCA soluble supernatants were mrxed with
an equal volume of 50 per cent TCA solution It was found that the 25 per cent
TCA soluble fraction was devord of ascorbic acud depleting actity whereas the
25 per cent TCA precipitate contained all the hormone potency The 25 per cent
TCA precipitate was next dissolved 1n water and passed through an IR-4B column
as previously described®® to remove the TCA The resulting TCA free solution was
then lyophtlized thss product 1s designated as Preparation ES The ascorbic acid
depleting potency of Preparation EP was found to be sigmficantly lower than that
of Preparation ES The speafic activity of Preparation ES 1s about 80 USP Unuts/mg
1 contrast to the potency of the starting material which 1s 30 USP Umits/mg

Duoxane Fractionation It was observed that Preparation E 15 soluble 1n acidified
50 per cent dioxane solution but becomes partially precipitable at pH g 3-9 4
Results of many experiments showed that 60 per cent of the matenal which 1s
soluble 1n 5o per cent dioxane at pH g 3-g 4 contamns most of the ACTH actvity
By such a simple procedure a two fold punfication can easily be obtamned It may

"
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be pomted out that there occurred no loss of activity even when this solvent was
brought to such 1 ligh pH

Cellulose Column Chromatograply We have recently described a procedure usmg
cellulose oxycellulose to achieve 1 two to four fold purification of Preparation E9,
worhing under non equilibrium conditions In a typical experiment 10 mg of Prepara
tion E was pre sed 1nto a column (7 x 115 mm ) containing a mixture of 200 mg
oxycellulose 1nd Goo mg cellulose powder (Solka Floc), washed according to the
procedure of Astwood et al *¢ Development was accomplished by means of a discon
tinuous pH gridient with 40 ml o 3 N CICH,COOH, followed by 40 ml 0 7 N
CICH,COOH, nnd finnlly by 20 ml o 1 N HCl The flow rate was mamtuned at
4-1 ml per hour Analysts of cach fraction by the method of Lowry ef al * revealed
three peaks whose 1verage distribution of material 1s 41 per cent 1n the first, 31 per
cent 1n the sccond nd 28 per cent m the third the ACTH activaty was found to
be concentrated almost completely in the second peak Thu , fractions possessing a
potency of approxumately 120-200 USP Umits/mg may be obtamned

When the punfication procedure was followed by filter paper electrophoresst®
1t was demonstrated that at pH 8 the first peak contamed all of the antomc compo
nent(s) and the lst peak the strongly catiomc component(s) The mddle peak
showed 1 distribution of matenal at the origin or near 1t on the cathode stde areas
where the actiaty had been found previously under these condittons?® 2°

Dusplacement Chromatography Attempts to apply the displacement techmque of
Tisehus?? to the fractionation of Preparation E have met with many difficulties
Since the techmque had been shown to be useful for the punfication of ACTH
peptide mixtures?? 1t was decided that 1t might be workable to submit Preparation E
to partial hydrolysis before 1¢ 1s apphed to the column The following conditions were
developed by J] O Porath in this laboratory for this purpose

The adsorbent was prepared as previously described?” the sections of the columns
had the following volumes 14, 6 5 5 3 5 and 3 5 ml The adsorbent 1n the
column was pre treated with 0 5 per cent octanol 10 mg of a peptic digest of
Prepartion E# * were dissolved m 1 cc 0 5 per cent octanol and applied to the
column It was then eluted with 75 cc o 5 per cent octanol 1nd followed by 50 cc
2 4 per cent decanol as the displacer Fifty per cent ethanol contaimmg o 1 Y HCI
was used as the solvent for the higher alcohols Each fraction (3 5 cc ) was collected
in an automatic fraction collector an ahquot of each fraction was employed for
minhydrm colour determmation ¥ Typical experiments revealed the elution fraction
to be devord of ACTH activity while the displacement fraction contawns almost
all the ACTH potency evincng 1 three fold punfication

COMMENTS

Although full charactenzation of ACTH will have to wait upon 1ts 1solatton 1n
pure form there 1s little doubt that the hormone 15 2 peptide with an 1soclectric
point 1n the nerghbourhood of pH g Tts difficult to predict the potency of the pure
product but we behieve that the final punfied matenal 1s likely to possess a potency
Ingher than 400 USP Umits/mg The following ammo acids have been found to be
absent from the purest preparitions hitherto obtaned m this laboratory cystine,
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methionine tyrosine serine threonine, ssoleucine, and histidine The hormonal acti
ity 15 easily destroyed by oxidation and 15 remarkably stable 1 aaid solution The
observation that partinl acd hydrolysis of ACTH preparations sometimes causes
an enhancement of ascorbic acid depleting activity 1s still difficult to explamn Re
actions with ketene mitrous actd and ncetic anhydnde indicate that the free amino
groups are essential for the hormone actiaty

The absence of correlation between the ascorbic acid depleting activity and other
dices of hyperadrenocorticism 1 ammals resulting from the admnistration of
vanous ACTH fractions may suggest the ewstence of more than one adrenal
stimulating hormone However, as 1t has already been pointed out final acceptance
of the existence of multiple ACTH factors must wut upon further experimental
mvestigition It has been demonstrated that partial hydrolysis of the uhole ACTH
protemn preparation with 1eid not only does not & but h
the ascorbic acid depleting potency whereas it imvariably causes a low ening of adrenal
werght mcreasing actinity (AWF) with a corresponding decrease tn ability to mhibat
body growth to depress lymphoid tissues, and to cause eosinopenta and thoracic duct
lymphopema It s notable that Preparation E has 1 low potency with regard to 1ts
effect n causing an eosimopema 1 normal rats despate 1ts high ascorbic acid depleting
activity  while on the contrary some fractions possess good eosmopenic effects but
low ascorbic acid depleting activities The question of whether or not there exists
a separate eosinopenic factor (EF) in the uhole ACTH molecule remains to be
m eshigated
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The Preparation and Properties of ACTH

]
H B I DINON M P STACK DUNMAL and F G YOUNG
Department of Brochemistry, Untuerstty of Cambridge

Lins Dr C H L1 we are uncertain what is the sigmificance of the fall of the ascorbic
aad content of the adrenat glands of hypophysectomized rats trented with ACTH
but unithe Dr 11 we hope 1t means something e hive, 1 fact set out to make
preparations of the fxctor cancerned with the hope that ulumately 1t can be isolated
<nd perhaps synthesied It seems reasonable to call this factor and other factors
which act on the adrenal gland ACTH and this 1s the term that we shall usc
Until ACTH has been 1solated and the active sut pletely ct 1zed,
we ran talk with no certamty about the properties of the actine materral But in the
meanume we can At least say something about the properties of substances which
are not AGTH nd cn also hazard a few guesses about some of the properties
which the actine matenal mw possess

11 and s collaborators showed some years ago that ACTH actvity survived
1n part at least the treatment of so called protein hormone with pepsin or acid under
defined conditions this fed to an intensnve search for synthesizible pepudes with
ACTH actiity In an attempt to fractionate 1 nuxture of pepudes produced by
2c1d hydrolysts by what may be called orthodox methods 1t was observed {in part i
callaboration with Dr H G Khorann of the Department of Chermistry  Unnersity
of Cambndge) that AGTH actisity moved to the cathode 1n an electrodialytic
cefl that 1ts movements n queous phenol chromatograms were retarded in an acid
atmosphere and that when ACTH active matenl was partitioned between hipid
and aqueous solvents the partition ritio was altered 1n favour of the 1queous phase
1w the presence of hvdrochlorie and  These vanous observations suggested the po
sibility that the active matenal might be basic 1n character It was just about this
ume that the results of Payne Raben and Astwood (1950) were published Accord
ing to these authors ACTH actvity could be adsorbed onta powdered cellulose
from dilute acetir acid solution and eluted again with o 1 N HCl Such behaviour
agreed also with the postulate that the active factor might be basic 1n character

The banic protems lysozyme and mbonuclease had been 1solated by means of
resolution on a column of an 1on exchange resin and since Dr Stanford Moore who
had expenence m this type of work was in Cambnidge at the time when st was first
considered that AGTH mught be basic m nature he collaborated with us 1n the
application of acidic 1on exchanse resins to the punfication of ACTH We have
largely used Amberlite IRC-50 a polymer of methacrvhic acid cross hinked with
divinyl benzene In expenments mvolving flow through columns of ton exchange
resins the separation of substances will be expected to depend upon differences 1n
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aaid base properties Almost immedately after adapting son exchange techmque to
the ACTH problem, we were able to separatc from the so called protein hormone
2 fraction which contamed most of the biological activity m a portion yielding only
5 per cent of the total minhydrin colour (Dixon, Moore Stack Dunne and Young
1951) I should emphasize that this separation of the activity from the so called pro
tein hormone had been effected on matenal which had been subjected to no obviously
hydrolytic step and 1t could hardly be accepted that mteraction with 4 carboyylic
1on exchnge resin brought about hydrolysis It therefore scemed that a small fraction,
pre existing 1n a separable form was present 1n the protemn hormone and that no
hydrolysis was needed to seprate 1t from the protein with which 1t was associated
It perhaps should be pointed out that the method of cxtrac'hng ACTH actinity
as a prelimnary step i the preparttion of the protein hormone muolves the use of
neid acetone and 1t was possible that some hydrolysis had occurred durmg the early
stages of the preparation of the protemn hormone It also seemed possible that the
protein hormone was atself of no native sigrificance
While this work was m progress Astwood, Raben Payne and Grady (1g51) de
scribed a single step adsorption of ACTH activity from o 1 N ncetic acid on ovy-
cellulose (10 4 per cent COOH) with subsequent elution by o 1 N HC, which
would again agree with the basic properties of the active matenal
The mechanism of action of erther the oxycellulose or the 1on exchange resin 1s
perhaps uncertain With respect to the 1on exchange resin 1t may well be that at pHs
near 7 ACTH 1s positnely charged, and 1s therefore held back by the negatively
charged resin possibly because of the attraction of the negatrvely charged carboxy!
groups for the positive basic groups of ACTH, and also because the net chatge of
the whole molecule 1s positive At higher pH values, for mstance in the presence of
2 switable sodium phosphate buffer ACTH becomes less positively or even negn
tively charged, and 15 held by the resin much less strongly In such a buffer there 1s
also an excess of sodium 10ns to displace the ACTH active material from the resin
Thus rasing the pH mcreases the rate at which ACTH active matenal moves
down a column packed with the resin We have found by experiment that pHs be
tween 6 6 and 6 8 are switable for retarding ACTH active materral and for allow
g much of the 1nactive protein substance which 1s more acidic and so less positrvely
charged at this pH to move fister down the column and thus to be separated from
the ACTH actnty It 1s clear that iteraction of ACTH active material with
the carboxyl groups of oxycellulose may also follow such a course
But 1t 1s not certain that interaction with the carboxy ! groups 1s the only ymportant
consideration In fact 1t may well be that particularly with oxycellulose some effect
other than mteraction with the carboxyl groups 1s lighly sigmficant since with oxy-
cellulose tn acid medium equilibrium 1s only slowly obtained Presumablyit 1s because
equilibnium conditions are rapidly obtamned with the system that we have used that
we have been able to resolve a complex mrxture into scparable fractions by a relatively
rapid flow through a column of the 10n exchange resin
One problem that anses when 1on exchange resins are vsed for the fractionation
of ACTH actwity 15 the remoral of the buffering salt from the fractions that are
obtamed In order to do this we adjust the active matenal to pH 4 passthe fra;uons
through a column of resin the daid form and then wash the column with dilute
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acetic 1aid  Under these conditions the ACTH 1s firmly held while sodum 10ns
and unretarded phosphate 10ns are washed through the column The column is then
washed through with normal ammomn, and this elutes the ACTH active material
at the front The ACTH activity 15 now 1n solution with only ammonia and some
ammomum acetate and since the latter 1s volatile it, together with the ammonia, can
be removed in the process of freeze drying In this way the active matenalis obtained
free from salts

In many of our experiments we have used, s a starting matenal for further punifi
cation the pitustary extract made by the method of Payne Raben and Astwood
(1950) which mvolves extriction of the acetone dried prtwtary gland with glacinl
acetic acid 1cetone muxture at 70° C followed by acetone and ether precipitation
\Materal prepared by Astwood 1nd his colleagues by this method usually has a
potency of 12 times the international standard, but 1n our hands we rarely obtain
a potency of greater than one times the international stindard By passing materral
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extracted 1n this way through resolving columns of Amberlite IRG-50 we are able
to separate most of the ACTH actiity from the proten material (Fig 1 of
Dixon Moore Stack Dunne and Young 1951) As will be seen from Figure 1, under
these condiions ACTH activrty 1s spread over two zones while a third 1s also
observed There 15 a sharp peah of activity well separated from the bulk of the pro
tein and clearly observable on the chromatogram (Fig 1) there 1s a zone of actiyity
lying between this peak and the mam protem fraction and there 15 a portion of the
active matertal which remains on the column under these condittons but 1s removable
by washing the resm with alkah It will be observed that in Figure 1 there 15 no
obwious peak m the mnhydnn reactron curve {cf Moore and Stemn 1951) at the
pont where the peak of the activity 1s found but when more concentrated prepara
tions are used 1t 15 always the case that a peak in the activity curve 1s associated with
some peak m the ninhydrm reaction curve

When an oxycellulose concentrate of crude corticotropin prepared 1n our labora
tory according to the method of Astwood and s colleagues was passed through a
column of Amberlite IRC—50 the results were essentially sumlar to those we obtamed
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acad base properties Almost immediately after adapting 10n exchange technique to
the ACTH problem, we were ablc to separate from the so called protem hormone
a fraction which contamed most of the biological actisity m a portion yrelding only
5 per cent of the total mnhydrin colour (Dixon, Moore, Stach Dunne and Young
1951) Ishould emphasize that this separation of the actrvity from the so calied pro
tein hormone had been effected on matenal which had been subjected to no obviously
hydrolytic step, and 1t could hardly be accepted that mteraction with a carboxyhic
ton exchnge resin brought about hydrolysis It therefore seemed that 2 small fraction
pre existing 1n a separable form, was present n the protemn hormone and that no
hydrolysis was needed to separate 1t from the protein with which 1t was associated
It perhaps should be pomnted out that the method of extrachng ACTH activity
as a prelinunary step in the preparition of the protein hormone mvolves the use of
acid acetone 1nd 1t was possible that some hydrolysis had occurred during the early
stages of the preparation of the protein hormone It also seemed posstble that the
protemn hormone was itself of no native sigmficince
While this work was 1n progress Astwood, Raben Payne and Grady (1951) de-
scribed a single step adsorption of ACTH actinaty from o 1 N acetic acid on ovy-
cellulose (10 4 per cent COOH) with subsequent clution by o 1 N HC, which
would again agree with the basic properties of the active materzal
The mechamsm of action of either the oxycellulose or the 1on exchange resm 15
perhaps uncertam With respect to the 1on exchange resin 1t may well be that at pHs
ner 7 AGTH 1s positively charged, and 1s therefore held hack by the negatively
charged resin, possibly because of the attraction of the negattvely charged carboxyl
groups for the positive basic groups of ACTH, and also becruse the net charge of
the whole molecule 15 positive At lugher pH values, for instance 1n the presence of
2 switable sodium phosphate buffer ACTH becomes less positively or even nega
tvely charged, and 1s held by the resin much less strongly In such a buffer there 13
also an excess of sodium 10ms to displace the ACTH nctive material from the resin
Thus rusing the pH increases the rate at which ACTH active material moves
down a column packed with the resin We have found by experiment that pHs be
tween 6 6 and 6 8 are suitable for retarding ACTH active materal and for allow-
1ng much of the mactive protemn substance, which 1s more acidic and so less positrvely
charged at this pH to move fister down the column and thus to be separated from
the ACTH actraty It 15 clear that mteraction of ACTH active materal with
the carboxyl groups of oxycellulose may also follow such a course
But 1t 13 not certain that interaction with the carboxyl group 1s the only important
consideration In fact 1t may well be that particularly with oxycellulose sore effect
other than mteraction with the carboxyl groups 1s highly ssgmificant since wath oxy
celtulose 1n actd medium equilibrium s only slow Iy obtained Presumably it s because
equilibrium conditions are riptdly obtained with the system that we hive used that
we have been able to resolve a complex muxture mto separable fractions by a relatiely
rapid flow through a column of the 10n exchange resin
One problem that anses when 1on exchange resins are used for the [ractionation
of ACTH activity 15 the removal of the buffering salt from the fractions that are
obtamed In order to do this we adjust the actrc materiaf to pH 4, pass the Fnct;ons
through a column of resin 1 the acid form and then wash the column w 1ith dilute
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activity and that these represent naturally occurnng entities though of course 1t 1s
not necessary to assume that all substances which naturally occur m the gland are
secreted into the blood streym

Nearly 4 year ngo we put forward the view (Stach Dunne and Young 1951) that
there are at least two factors which should properly be included under the term
ACTH—one concerned with the reduction of 1scorbic acd 1n the adrenal of the
hypophysectomized rt, while the other 1s associated with ability to increase the
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adrenal weight of the hypophysectomized rat We are of the opinion that any pitur
tary factor which c1n increase the weight of the adrenal gland of the hypophysecto
mized rat has claims to be considered as an adrenocorticotropic hormone  We have
d d elsewhere the possibihity that the different eflects might merely be ascrib
able to differences n rate of absorption of fractions from the pentoneal cavity (Dixon
Stack Dunne Young and Cater 1951) and do not wish to labour this pornt again
More recently 1t has been observed that two fractions which differ in adrenal weight
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with our own fractions (Fig 2) In the two cliromatograms shown 1n Figure 2 the
stmilanty of the mnhydrin peaks mn the two different expeniments 15 evident

In order to determine whether the threc fractions we obtatned would behave con
sistently on rechromatography, 1 one nstance we separated the two fractions m
the effluent, desalted them -ind then passed them through other Amberhite IRC-y0
columns at the sme pH (6 65) We found that the position 1n the effluent at which
these fractions emerged was now very similar to that which they had onginally occu
ped (g 3), ind sumilarly the mnhydmn reactive components were still assocrated
with the active peaks Likewise, when the fraction which was not eluted from the
column by the buffer of 6 65 under these conditions but which was removed from
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the resin by dilute alkali was passed through a second column m buffer at pH 6 65
1t agam remained on the column and was again eluted byTalkal

At present the interpretation of all these results 1s not by any means certamn It
seems likely that the different fractions have different basierties, and 1t would be
concenable for mstance that ACTH 1s a basic substance and that the fraction
which remauns on the column 1nd which 1s the most basic of the three we are con
sidenng contuns the substance which we are looking for while the two fractions
which we obtaned 1n the effluent represent complexes between the basic substance
and other matenals of 1 less basic character Clearly 1t 1s also possible that ACTH
18 an acidic substance associated with varymg amounts of basic carner, and a large
number of interpretations of this sort might be considered We do not exclude the
possibility that ndeed there ave 1 number of different substances with ACTH
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and ascorbnc acid activties stll retun thewr differences m this respect when they re
admunsstered as a suspension in 5 per cent beeswax arachis oil, 1ccording to the
method described by Bruce and Parkes (1952) Under these conditions the adrenal
weight increasing activity was twenty times greater than when the material was sn
Jected without the suspending medium, but the difference between the two fractions
withrespect to relative activities in the adrenal weight increasing test and the ascorbre
acd reducing test remamed We feel that the ssimplest interpretation of these results
At present 15 the postulate that different adrenal weight increasing and ascorbic acd
reducing factors exist Recently Dr L1 and his collengues (Rewhardt, Geschwind
and L1 1951) have discussed the evidence that a multiphcity of adrenocorticotropic
hormones exist and their conclusion 15 that ‘the available data are insufficient to
Affirm or deny that the responses produced by ACTH preparations are the result
of multiple ACTH hormones” I am sure my old friend, Dr Li will not mund if
I say that this conclusion 15 a shilful example of sitting on the fence We ourselves
find the top of the fence t0o narrow for comfort, and prefer to attempt to obtamn a
broader seat even though the passage of ime may show th1t the seat 1s hable to
shp We wish to emphastze that although we belteve that the evidence 1s not yet final
and conclusive the experimental findings already to hand appear to us to be most
simply mterpreted on the hypothesis that there are atleast two different factors which
fluence the adrenal gland of the hypophysectomized rat one which 1s capable of
causing a reduction of ascorbic acid content, while the other mcreases the weight of
the gland It would be surpnsing 1f the ascorbic acid reducing factor did not atself
exert some action 1n increasing the weight of the ndrenal gland smce any substance
which increases the metabolic activaty of an organ might be expected to bring about
some degree of hypertrophy It 1s perhaps useful at the present stage to pomnt out
that as Cater and Stack Dunne (1952) have recently demonstrated adrenal weight
increasing prtutary fractions sttmulate mitotic actinaty sn the adrenal cortex, where
1s ascorbic acid reducing frictions even when absorption 1s delayed show only feeble
activaty 1 ths respect This difference may well be of substantial significance
If we may now return to the question of the ascorbic actd reducing substance 1t
will be seen that the evidence that we have obtained together with that published
by Astwood and his colleagues and by Morns and his co worhers pomts to the con
clusion that the active substance 1s a small fraction of the total protemn present mn
crude extracts, of a biological activity much greater than that of the so called pro
temn hormone Much of the evidence concerming the properties of the active substance
1s most eastly mnterpreted on the view that it 1s basic m character
We wish to thank the Trustees of the Nuffield Foundation for 1 grant from the
Olver Bird Fund wiich has made this research possible
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Tae present paper will discuss some methods examuned 1n our laboratory for the
punfication of the adrenal ascorbic acid depleting factor of the anterior prtuttary
gland The question of the existence of different biological effects exerted by the
antenor pitwtary on the adrenal cortex possibly tia different hormones can only be
solved by 1solation of the factors concerned and we do not feel that the evidence 1t
present available enables a decision to be made on this matter The converse of the
question, the existence of several chemical species with identical brological actions
must also await further progress n ssolation The whale question 1s complicated by
the marked tendency of the adrenal ascorbic acd depleting factor to form stable
complexes with a wide vanety of substances Such complexes may and imdeed
probably will show biological effects differing qualitatively as well 1s quantitatively
from the free substance

‘The worh to be described has been carned out almost entirely with extracts of pig
anterior lobes and biological activitses assessed by the method of Sayers Sayers and
Woodbury (1948)

EXTRACTION

Our previous expenence with the solubility of beef ACTH 1n glacial acetic acd
led us to apply a sumilar method to pig glands Pig anternior pitwitary powder pre
pared by acetone dehydration contamns 1n our expenence 0 23~0 31 U ACTH{mg
Sayers et al have found simular values while Raben Payne and Astwood have
found somewhat higher values uptoo 4 I U /mg Such acetone dehydrated powders
appear to be stable for at least a year We have examined the extraction of ACTH
from such powder by acetic acid of varying water content The extraction procedure
mvolved thorough homogenization of the pitwitary powder with a twenty fold weight
of acetic acid 1n a high speed macerator for ten mmnutes The muxture 15 then shaken
mechanically for one hour at room temperature and centrifuged The solid 1s then
re extracted with a further ten fold weight of acetic acid the mrxture 1s shaken for
thirty munutes and again centnifuged During the whole process care 15 taken to
exclude atmosphenc mossture The combined extracts are then carefully treated
with a two fold volume of peroxide free ethyl ether allowed to stand for thurty
minutes at room temperature centrifuged and washed very thoroughly twice with
ether twice with acetone and finally dried 1 gacuo
The results of these experiments are given n Fig 1
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recent work of Ghosh Smmuth and Sayers (1952} indicates however that this 1s not the
only effect, ns ACTH which had been heated mn 1N HCI at 100° C still showed
marked Inbility near pH 7 0 The marked instability of even highly punfied prepar
ations still constitutes one of the major difficulties 1n the chemstry of ACTH

To sum up 1t may be sad that the glacinl acetic acid extraction method offers a
quick 1nd conventent preparation of ACTH of reasonable potency n high yield
Our own studies with beef pitwtary glands indicate that in this case 1t 1s far supenior
to the acid acetone or acid ethanol extraction processes, giving four or five times the
yicld of biological actiity as assayed by the Sayers method

ULTRA FILTRATION

The success of this method applied to beef pituitary extracts (Cortis Jones et al 1950)
led us to examine the ultra filtration of pig extracts prepared by the glacial acetic
acid ether process The results were surprisingly different About 65 per cent of the
biological activity was ultra filterable even at neutrality in contrast to the acid
ethanal beef extracts which were ultra filterable only near pH 2 About 6o per cent
by weight of the acetic acid ether fraction was soluble 1n water and the whole of the
water soluble activity was ultra filterable It proved very difficult to ultra filter the
remaining 40 per cent of the activity but suitable conditions were finally found The
acetic aaid ether precipitate was dissolved m o 2 N formic acid and the ultra
filtration carned out through cellophane 300 membranes at 40 C Under these
conditions go-100 per cent of the biological activity passed through the membrane
accompanied by 20-30 per cent of the weight The formic acid was removed from
the ultra filtrate by exchange agamst acetic acid using the anion exchange resins
Amberhtes IR 4 B or IRA 400 1n the acetate form The resultmg solutions could be
lyophilized without loss of potency yielding a white powder assaymng 5-7 I U /mg
The above results apply only to glacial acetic acid ether fractions which have not
been heated dunng the preparation If such preparations have undergone the short
heating at 100 G mentioned earlier only about 3o per cent of the biological activity
18 ultra filterable even in formic acid at 40 C It s evident that m addition to des
troying the proteolytic enzymes heating brings about some change in the accom
panying protemns which makes 1t more difficult to separate the smaller molecular
ACTH from them Itis also mteresting to note that ultra filtration of acetic acd
ether fractions 1 HCI 1s very mefficient, only about 40 percent of the activity being
ultra filterable The process 15 thus worse than ultra filtration 1n water

The specific effect of acetic and formic acids m faciitating separation of ACTH
both i the iitial extraction and in ultra filtration methods 1s probably to be
explamed by the speafic dissociating effects of these acids on protems Bamford
Hanby and Happey (1949} and their co workers of the Courtauld Research Group
n Mardenhead have shown by X ray diffraction and infra red studies that relatively
small amounts of these acids produce remarkable changes in the structures of syn
thetic amino acid polymers promoting an e keratin 8 keratin type of transformation
Such a change would undoubtedly mduce an ling of protemn chains especially
if we accept the 3 7 residue per turn helix model for Pprotemn structures recently
suggested by Paulng and co workers {1951) Also anomalously low molecular
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It will be seen that while the biological activity 1s extracted almast quantitatively
by 99 75 per cent acetic actd,  further tncrease of water content does not merease
the yield, the total solids extracted increasing steadily with increasing water content
When dealing with freshly Pprepared antenor pituitary powder, which always retains
2 low but definite water content, gg 75 per cent acetsc acd 1s the extraction medium
of choice If however the powder has been thoroughly desiccated gg 5 per cent
acetic acid 1s better

Preparations made 1n this way average 1-1 5 I U /mg, although values up to
28 I'U/mg have occasionally been encountered Such preparations are fairly
stable if kept under arhydrous conditions The stability 1s however greatly improved

ACTIVITY RECOVERED

WEIGHT RECOVERED

07 20 v
Tmel UM
os 0] el
os ol
100 99 58 97 76

% ACETIC ACID

Figure 1

if the extract 1s heated at 100° G for fifteen minutes prior to the ether preciptation
The biological 1ctmty 15 completely unchanged by this process but the chemical
properties arc somewhat altered as will be seen later

Payne Raben and Astwood (1950) have described a simular process i which the
prtustary powder 1s extricted with 9gg-g9 5 per cent acetic acid at 70° G fractionally
precipitated with acetone to remove mactive matenal and finally precipitated with
cther Therr matenial averages 2 1 U /mg and appears to be very stable

It appears likely from the findings of Adams and Smith (1951) that a great deal of
the mnstabihty of ACTH in crude preparations 15 due to the presence of proteinases
1n relatvely Inrge amount n the prtuntary tself The stabihzing effect of heat treat
ment noted 1bove 15 thus probably due to the mactnation of these enzymes The
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(2) Differences in net 1ome mobihity under the conditions used Appheation of the
fundmental moving boundary equation to the determination of the rate of elimima
tion of a given 10n constituent from the centre compartment shows that the rate 15
exponential so that the constituent 15 removed completely only after an mfimte time
Thus the only possibility of fractionation by differences in net 1on mobility 1n a three
compartment cell 1s to take a series of fractions after definite ime intervals from the
commencement of the electrodialysis Since 1ctual separation takes place only within
the membrane 1itself the process 15 1 many ways analogous to chromatography the
electric current replacing hydrostatic flow As the membrane 13 in general very thin
the resolving power of the method cannot be expected to be very lugh The choce of
medium for the separation 1s important Smce morgamc 10ns have net mobilities at
least ten times larger thin most organic 1ons 1t 18 1mpossible to keep pH and 1ome
strength constant 1n the system during the period necessary for separation From this
point of view, weak electrolytes have many adsvantages as electrodralysis mediums
The conductivity 1s low and remains fairly constant throughout the apparatus so that
excessive drops in potential do not occur across any one compartment In con
sequence of the low conductivity heating effects are also small As the net 1on
mobilities in the medium are of the sime order as those of the 10ns being separated
marhed pH chinges do not occur during the perod of separation

From these considerations and the especially favourable properties mentioned
before we have used aqueous acetic acid as medrum This has also the advantage of
volatihity so that the separated fractions can easily be recovered by lyophile drying

In order to make myximum use of the molecular sieve effect (1 above) cellophane
300 was employed for both anode and cathode membranes Smce cellophane 1s
negatively charged 1n aqueous media electrendosmotic flow will take place towards
the cathode At the low pHs employed this 1s not however a serious disadvantage

Under the conditions used all the constituents of the ACTH muxture will carry a
net positive charge and will move towards the cathode The negatively charged
cellophane cathode membrane will thus offer hittle electrostatic resistance to 1ons
capable of passing through 1t The use of a posttively charged cathode membrane was
also considered as the mcreased resistance to cations due to electrostatic forces might
confer ncreased selectivity Subsequent work however showed that this was 1m
practicable

Prelimmary expeniments were carned out using acetic acid ether fractions dis
solved 1n 2N acetic acid It was found that the biological actnity moved to the
cathode compartment under these conditions and loss by electrode reactions was

mconsiderable The rate of movement which was at first rapid soon slowed down
markedly so that only about g0 per cent of the total activity could be recovered from
the cathode compartment the remainder could be recovered from the centre com
partment This effect was soon traced to coating of the cathode membrane with a
thin layer of protemn which although positively charged was unable to traverse the
membrane The latter thus became positively charged and was thus relatively
impermeable to cations The potency of the matenal passing through 1n the early
stages of the process was rather lower than that obtamed by ultra filtration m formic
acd about 3-5 I U /mg Expenments were therefore carrted out on ultra-filterable
ACTH fractions obtamed as described earher In a representitive experiment the
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weghts for synthetic 1mino 1c1d polymers m formic acid have been observed by
Katchalski and co worhers (1951) It 1s perhaps 1 fortunate comncidence that the
V1n Slyke 1mino mtrogen determmation 1s usually carnied out in strong acetic acrd
solutions

Ultra filtration 15 thus 1 relatively simple method of preparing ACTH fractions
of 4-7 1 U /mg The relatively gentle procedures and high actrvity yreld make 1t
unlikely that such products are formed by hydrolysis of a parent molecule, especially
as hydrochloric 1ed 1s 1 less efficient ultra filtrinon medium than 1cetic and formic
acids or even than water

Representitise data on ultri-filtrates prepired 1n different ways are collected 1
Table I

TapLe I
Ultra filtration of ACTH

|
| Percentage | Percentage

(8

Maternl Ultra filtration E Activty Weight  Ufmg
Ultra filtered Medmum | mUF mUF
)
|
(1) acetic ether pre 2 N acetic acid 6o f 27 40
Clpﬂ«’llc i |
(2) acetic ether ppt 2 N acetic acd | 21 I 33 105
heated h | |
(3) acetic ether ppt 2 N acetic acrd ‘ 47 ‘ 34 ‘ 20
heated
(4) acetic ether ppt | 02N formc acd 43 18 3 | 3¢
heated |
(5) acetic ether ppt ! o2 N formic acd 98 22 72
I 40° C | J l
(6} acetic cther ppt f 2 N propiomc actd 34 | 27 20
{7) acetic ether ppt o1 N HCl40°C 40 20 } 20
acetic ether ppt HO ' 53 I 13 40
;

ELECTRODIALYSIS

1n view of the valuable separation from matenal of high molecular weight achieved
by ultra filtration we have also examined electrodralvsss as a separation method for
ACTH using the conventional three compartment cell Itisimportant to be d;ar §s
to the nature of the separations possible with this apparatus Separations of su

e place by two mechamsms
stances of simlar charge can take p!
(1) Dufferences in molecular size so that some components will be unable to pass

through the membranc Separations nvolving this factor will be etmilar to those
brought about by ultra filtration
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activity could be precipitated almost completely from solution but hittle or no con

centration was achieved Trichloracetic acid proved to be an exception Table IIT
shows that tnchloracetic acid present at a final concentration of 15 per cent
precipitates the activity quantitatively from solution, preciprtation being less com

plete at lower concentrations and if any thing es en less complete at lugher concentra

tions At the optrmum concentration of tnchloracetic acid about 8o per cent of the
biological activity together with 20 per cent of the weight was precipitated resulting
1n a four fold contentration Expenments were next carried out to see whether the
biological activity could be preferentually extracted from the tnchloracetic acd
precipitates It was found thata g per cent solution of tnchloracetic acid mn 1N acetic

TasLe 111
Fractwonation of ACTH with TCA under zarous conditions
Total Activity  Activity
Starting Matenal Conc TCA Actrvity ppt Extract
per cent ‘ Recovered  Ujmg Ujmg
(1) Lyophilized nltra 15 7 88 -

filtrate 2 2 U/mg
o 5percent Sol

|
|
Tnchloracetic acid ! 3 per cent m 100 — 1

(2)
ppt 47 Ujmg 1 N acetic acid
Tnchloracetic acid 5 per cent mn 8o — ! 6
ppt 47U m, 1 \ acetic aad
(3) Lyophihized ultra 10 ! 43 — ! 11
filtrate 5 2 U/mg 15 8o — 21
0 5 per cent Sol 20 43 — 12

acid extracted all the activity with about half the weight so that the process gave an
overall ennchment of 5-7 times The tnchloracetic acid was removed from the
extract by exchange for acetic acid using Amberhte IRA 400 acetate and the solu

ton lyophile dned In this way preparations assaying up to 30—40 I U fmg can be
obtamed Such preparations are however extremely unstable and this property has
sertously hindered their further mvestigation However 1t 1s possible that this difft

culty may be overcome Fractions prepared n this way are of course grossly n

homogeneous and 1t 15 our opmion that they contain less than 10 per cent of the
actve principle The purtfication methods described here represent only a very
small proportion of those tried in our laboratory Partition chromatography 1 a
vanety of systems counter current distibution adsorption chromatography on
several adsorbents 1on exchange separations on vanous cationic resins etc have
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matenal was dissohved mn 2N acetic acid and electrodialysed 1 a three compartment
cell at 2 potential of 15-16 volts and currents of 200-250 ma The cathode hgud was
changed continuously and collected for two 20 mun~ periods 35 per cent of the
activity was recovered in the first fraction and 6o per cent 1n the second The material
m the first fraction had a potency of 6 1 U fmg while that 1n the second had a potency
of 15 I 'U /mg The ongmal ultra-filtrate fraction had a potency of 7 T U mg It thus
appeared that the ultra-filtrate fraction contained materral moving faster than ACTH
as well as slower Stmlar results were found when using the Durrum paper 10n0

phorests method on ACTH fractions The electrodalysis method 1s thus capable of
producing 1 2-3 fold punification under fivourable circumstances It 1s however very

Tasre 11
Electrodialysis of ACTH

Time from | Percentage
Starting Material { Start Mins Actaaty Ujmg
| . Recovered
S I
(1) Acetic ether ppt 1 2 N acetic acid ] o-30 ] 45 ] 50
° 10U/mg | 3160 | 13 | 2o
(2) Lyophthzed ultra filtrate 1n 2 N [ 0-10 ‘b 43
acetic acrd 2 2 U/mg | 120 43 o
| 21-30 o
31-30 o
(3) Lyophilized ultra filtrate m 2 N 10-40 J 128 22 0
acetic acid 3 0 Ufmg !
(4) Lyophilized ultra filtrate m 2 N ! o-22 | 48 57
acenc acid 4 o Ujmg 2342 I 8o 153

difficult to control all the varables concerned and studies on different types of
membranes, multiple membrane cells, varying concentrations of medium  etc , have
not yet yielded a rehiable method of operation Potencies of fractions obtamed m this
way have varied from 6-22 1U jmg It appears hikely that the chief source of
vanation 1s the nature of the mdmidual preparation under exammation Some
representative results are given i Table 11

TRICHLORAGETIC ACID FRACTIONATION

The behaviour of ultra filterable ACTH to a vartety of acidic precipitation agents
was exarmuned These mcluded picnc picrolomic, hehanthic, rufianic, flavianic
rhodanilic, trichloracetic and several other acids With many of these the biologicat
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correlated well with the therapeutic response This does not exclude the possible
effects of other factors on potency as patients have mntact pitwitaries which might
contribute to the response

We were nterested m the other factors which may be present 1n crude pituitary
extracts and which m1y madvertently be administered to patients given crude
ACTH In the punfication method illustrated on the shdes corticotropin together
wath a large proportion of the intermedin and adipokinin was concentrated by ad
sorption on oxycellulose and a partial separation of these three hormones effected by
adsorption and distribution methods growth hormone was purified from the un-
adsorbed fraction

C H L: 1 agree with Dr Morns as to the importance of the properties of the mem
brane used 1 electrodialysts expertments

We have reported recently (Hess ez al 7 Am Chem Soc } that electrodlysts of an
actdic solution of the sheep hormone protem using a vegetable parchment in a field
of high voltage gave nse to two mamn fractions of these, the cathode fraction, com
pnsing from 15-20 per cent of the total matenal possessed almost 1l of the hormone
actity In a typical expenment 40 mgm of the ACTH protein were dissolved 1 a
20 cc solution of pH 3 1 and put mto the centre compartment the anode cell
contained distilled water shich was changed at hourly mtervals durning the 5 hour
experiment A current of 10-20 milliamperes was muntatned by switable vanations
of the applied voltage (5001500 volts) The results show that 21 per cent of the
protemn nitrogen mugrated to the cathode and had most of the ACTH poteney the
starting proten had a speaific actiaty of 2 3 US P Units/mg  whereas the potency
of the cathode fraction was found to be that of g 4 US P Unitsjmg It should be
ponted out that 1f the vegetable parchment membrane between the centre and the
cathode compartments were replaced by goldbeaters skin no separation could be
obtamned
C J 0 R Moms Professor L1 am I nght in assuming that goldbeater s shin 15 a
positinely charged membrane?

C H L Itss

C 7 0 R Moms A positively charged membrane 1s obviously best for separating
cations but 1t may be difficult to get any cations through 1t at all

Professor Lt did you say that you adjusted the pH of the centre cell with HCI?
C H L Yes we continuously adjusted the pH 1n the centre cell by the addition of
Hu
C F 0 R Moms HCI being imorganic and having a small molecule 1t will be
rapidly distnibuted to all three cells
C H Li 1agree

C J O R Morns You are bound to get traces of salts in your extract and even small
traces of salts can increase the weight of the extract by 5-10 per cent without of
course any corresponding increase of active materal

In all these ultra filtration techmques 1t 15 always necessary to pre dialyse the

membrane before use preferably with 2 N acetic acid ' as even cellophane membranes
contamn traces of protein and copper
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not yielded any supenor separations The experiments described do however show
that it s possible to obtun preparations of 30~40 I U /mg with very mild separation
methods, so that 1t 1s extremely unlikely that prior hydrolysis of a parent molecule 1s
necessary for the separation of ACTH of relatively Jow molecular weight Ths 1s
certunly true of beef and pig ACTH and the few experiments we have carned out
with sheep ACTH have not in our hands shown sigmficant differences In fact any
procedure mvolsing hydrolysis has in our expenience made subsequent punfication
more difficult

In conclusion we may perhaps add a word of caution It has become so usual to
speak of ACTH peptides that 1t 1s often forgotten that the evidence for ACTH being
of protein or peptide nature rests entirely on enzymatic mactivation experiments As
these have been carnied out on matenal which 1s still quite inhomogeneous, we believe
that 1t 15 better to reserve judgment on the chemical nature of the hormone until
much better preparations 1re available At present all thit cin be said 1s that ACTH
appears to be strongly basic with 1 molecular weight under 10,000 but as mentioned
m the beginning of this paper speculations as to 1ts biologtcal actions and chemcal
nature must awat further progress 1n 1solation
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Discussion

ON PAPERS BY (1) L1 (2) DIXON STACK DUNNE AND YOUNG
(3) DEDMAN FARMER MORRIS AND MORRIS

Chairman E B Astwood

f
L B Astuood For seseral years we have been treating patients with preparations of
g 1n potency by a factor of a hundred and made by different

opIn VAryin
corticotrop! Y d we found that tius test

processes They were all assayed by the Sayers test
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H Heller 1notice, Dr Astwood, that on the second slide, you showed that intermedin
and ACTH have been separated Would you confirm this and perhaps ndicate
what should be thought of Sulman s claim that the two substances are 1dentical?
[ B Astwood 1agree with Dr Morns that it 1s possible to separate mtermedin from
ACTH

F A Lock We can Separate mtermedin from ACTH but n the early stages of
purtfication the maximal actrvity of both occur 1n the same fraction

C 7 0 R Moms With the Landgrebe method 1t 15 possible to separate intermedn
completely from ACTH

W S C Copeman Has anyone any 1dea which fraction of ACTH carrtes the ant1 Rh
and ant inflammation factors? Is 1t the ascorbic acd depletion factor? This would
seem to be the conclusion to be drawn from this discussion, but there are strong
clinical reasons for rejecting this view

C H Lt With regard to Dr Vogts pomt, that any injected protemn can cause
eosinopenta and that therefore ths test 1s not rehiable for indicating ACTH activity
1 would like to say that we consistently use serum albumin as a control protein and
that we have also tried growth hormone as a control, but found that nerther of these
caused eosinopensa hence T think 1t 15 a valid test for ACTH activity

1 was pleased to hear that Dr Lock used a high alcohol wrth hus hydrolysate when
using the charcoal method of separation as the gher alcohol prevents the ACTH
from becomng too firmly attached to the charcoal The solvent used 1n our charcoal
adsorption experiments was 50 per cent ethanol contamng o 1 M HCI

‘With regard to the actual form of ACTH the activity 1s certainly always associated
with fractions which are peptide i nature and there 1s no evidence against 1ts being
a peptide I think the destruction of 1ts activity by proteolytic enzymes supports the
1dea that 1t 13 a peptide

It may be that ACTH 1s present i the gland 1n a latent state perhaps bound to a
protein as1s thyroglobuln but I think that the active prinaiple 15 a peptide

F G Young T agree with Dr Morns regarding the nature of AGTH and think the
most 1mportant evidence s 1ts destruction by protemnases I think we all agree that
the active matenal contains a polypeptide

I think that the adrenal weight mamtaiming factor 1s different from the factor in
pregnant mare s serum discussed by Reiss in hus paper in 1940 I do not think this
factor 1s spectfic for the suprarenals It certamly also works on the gonads but we
have not yet tried 1t on other endocrme glands

With regard to Dr Overbeek s pomnt—we have had very much wider ratios
AAF/AWF 5 000/1 to 1f8 so I think that there must be two factors in ACTH
It 15 perhaps worth emphasizing as a more general observation arising out of
problems of this nature that these hormones have a half ltfe in the airculation which
1s 10 be measured 1n minutes not hours Hence of course delayed absorption may
1n fact mean a greatly increased effective dose

I agree that the activity of acetone dnied extract mn this country 1s o 2 units/mgm
rathfr than o 4 clarmed by Amenican workers Perhaps this 1s the fault of Bntish
pigs
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.

Y Reiss We ourselves have claimed for several years the ewstence of a separate
adrenocorticotrophic growth factor It 1s, therefore, very interesting that Professor
Young apparently has 1solated such a fraction from pituitary extracts However,
during recent years we have become rather more sceptical about the existence of
such a separte fracuon This 1s due to our experience 1 the purification of other
piturtary anterior lobe hormones When preparing thyrotrophic hormene 1t 15 found
that with incrensing purity of an extract, its ablity to increase the weight of the
thyroid duminishes The same holds good for gonadotrophic extracts prepared from
the ptuttary antersor lobe The punfied extracts increase but httle the weight of the
ovaries Before accepting the ewistence of a special adrenocorticotrophic weight
factor one ought to see whether such fractions do not mfluence the weight of thyroid
and gonads in the same way as the weight of the adrenals The existence of a hormone
produced 1n the pituitary anterior Jobe acting as a growth factor for all the subor
dinate ductless glands alihe cannot be excluded We shall show later, however, tht
the endogenous production of a separate ketosterord and a separate corticosterord
mobilizing adrenocorticotrophic factor appears probable

The only conclusion one can draw from the different attempts at punfication of
the ascorbic acid reducing ACTH 1s that the hormone complex can ewst in different
molecular sizes It 1s probable either that a very small hormone complex can be
adsorbed by protein complexes of different molecular size or that a simple prosthetic
group 1s present on carriers of different molecular size The basic character of the
purtfied extracts 1s particularly interesting It seems that when studying the chemustry
of the hormone one will have to pay special attention to the basophil cells of the
anterior lobe

The more recent conclusions of L1 concerning the chemustry of ACTH cannot be
accepted since the slope of s biological standardizations 1s very low, and the
number of animals used per dose therefore too small

G A Ouverbeer With regard to the possible existence of two adrenotropic hormones,
we made comparssons of the tyo types of activity (Sayers and maintenance tests) n
a number of ACTH preparations obtamed by a variety of methods and arrived 1t
the folloning figures (AAF/AWF) 147,223 166 065 142 123 120,005
2 48 (Av = 1 5) These figures do not differ significantly from the average, and
give no mdication of the ewstence of two different factors

With preparations of ACTH suspended 1in beeswax muxtures and sumilar media, the
actwvity asmeasured by the adrenal weight test was augmented more thanten fold This
effect may be due erther to delayed absorption or to mhibrtion of ACTH destruction
7 A Lock We have tned concentration of ACTH by activated charcoal and found
1t very difficult with ox prtuitanes We hydrolysed the extract with pepsin then tnied
the effect of adjusting the pH before using the charcoal techmque and found that we
got maximum protemn yield at lower pHs maximum potency at alkaline pHs and
combining these we found that we got the maximum total yield at a pH of g

1 should like to know whether Professor Li checks the pH 1n his charcoal techmique
A Vogt May I gneaword of warmng about using the eosinopenic test for companng
protemn and non protcin matenal as many protemns alone will cause eosinopenia on

mjection?
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The Suprarenal Cortex
The Structural Background

b
J M YOFFEY
Department of Anatomy The Untersity Bristol

THE suprarenal cortex presents a number of mteresting problems both of morpho
genests and histogenesis but perhaps the most intnguing problems of all are those
which anse out of a consideration of the relationship between 1ts structure and its
fi In this 1 should hke to indicate briefly the lines along which
our own views have been tending to develop

The earliest studies of the suprarenal cortex were chiefly morphological It was
Arnold (1886) who first gave us the subdivision of the cortex on purely morpho
logical grounds 1nto the traditional three zones glomerulosa fasciculata, and retcu
lans These three zones are to be found m most mammals though occastonally one
of them may be disproportionately well marhed or the reverse Thus Bourne (1934)
has shown that the Australian opposum has no glomerulosa a zone which 1s also
poorly developed n the lemur and monkey (holmer 1918) whereas the bat possesses
Iittle or no reticular zone If one takes two common laboratory ammals the rabbit
and the gumea pig the former possesses a relatively narrow reticulans and wide
fasciculata while 1n the latter the reticulansis very well marked and usually exceeds
the fasciculata m width

Once the three zones had been defined an obvious question to anse was that of
the relation between them and also whether they were absolutely distinct from one
another or not At this stage Gottschau (1883) mtroduced the concept of the inward
rmgration of cells from the outer part of the cortex the cells traversing 1n succession
the vanous cortical zones and finally ending in the medulla where they underwent
degeneration  Gottschau did not disungwish clearly between the 1nner part of the
cortex and the medulla but regarded them as a single zone which he termed the zona
consumpliva

‘When 1t became established that cortex and medulla were fundamentally different
Gottschau s hypothests was obviously not acceptable 1n 1ts entirety However ideas
once current are notorntously difficult to distodge and Gottschau s view persisted 1n
a modified form accordmg to which cells were believed to be continually migrating
from the periphery of the gland to the reticulans With this went the 1nference that
the oldest cortscal cells were those nearest the medulla and these were therefore
regarded as senescent or degenerating This concept was substantiated by the find
ings of later workers ¢ g Graham (1916) Salmon and Zwemer (1941) Salmon and
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of cell death, 1t 15 of mnterest that quite a number of dead cells of this nature were
found m the .ona fascreulate Bennett concluded however that ‘these should not be
regarded 1s having become senescent 1 the ordinary way but as having died pre
maturely Further Bennett could find no evidence to suggest that the dying cells
underwent phagocytosis and the precise mode of their disappearance—if they were
present~—remamed something of a mystery
Hoerr (1931) noted that 1n the gunea pig the cells of the reticulans fell into two
mam categories light and dark, of which the Lght cells were often the largest cells
m the glnd lorger than what he considered to be the actively secreting cells of the
zona fe late Ind g the sizmifi of these two cell types he referred to an
earher observanion of Cowdry (1922) to the effect that the large hght and the smaller
darh cells were different functional stages of the one cell type which presumably
could only mean that the cells of the reticulans were constantly discharging and
refiling
With the discovery of the influence of the anteror lobe of the prturtary upon the
suprarenal cortex and the subsequent 1solation of ACTH sigmficant new observa
ons were made on the actinity of different cortictl zones It soon became clear that
the glomerulosa was far less dependent upon the hypophysis than were the other
two zones The glomerulosa seems to function quite well and appears to be more or
less normal whether the hypophvsis 1s present or not but the zona reticulans and
fasciculata undergo atrophy following hypophysectomy Itissigmficant however that
the first obvious change after hypophysectomy 1s 1 the renculars and degeneration
1n the fasciculata only occurs subsequently to this
Thus Houssay and Sammartino (1933) found that in hypophysectomized dogs
the first zone to show degeneration was the reticulans  the fasciculata showed stmilar
changes a little later though even here the inner portion of the fasciculata degener
ated before the outer L atrophie corticale est la consequence de 1 atrophie de la
reticulee puis de la partie mnterne de la fasciculee et en fin de toute celle a1 Par
contre la couche glomerulaire se conserve et dans la plupart des cas s hypertrophie
surtout quand les couches internes de 1 ecorce sont tres atrophiees  The hypertrophy
of the glomerulosa may be more apparent than real but the earlier onset of changes
1 the reticulans seems perfectly defimite and has been substantiated by other workers
e g Crooke and Gilmour (1938) Shumacker and Firor (1934) Thelatter observers
hypoph: d rats and e d the adrenals at varying periods after opera
tion At five days there was some distortion of the reticular zone and the cells m this
layer and in the mner part of the fascicular zone were smaller than normal At eight
days the reticular zone was hardly recognizable, and the fasciculata showed more
marked changes
The results of hypophysectomy then seem to mndicate that the zoma reficulars 1s
the most sensitive of all cortical zones to lack of prtwitary sumulation There 1s also
more positive evidence pomnting in this direction Thus Bergner and Deane (1948)
found 1n rats that mjections of ACTH for twelve days produced hypertrophy of
the reticulars Sonenberg et ol (1951) using ACTH labelled with I'® found that
1t appeared to be localized mainly 1 the reticulari  Nichols and Little {1951) m
vestigated the effect of ACTH upon the oxygen consumption of the various zones
of the adrenal cortex They found that in the resting state slices of the outer part of
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Zwemer used vital dyes to label the subcapsular cells, and they claimed that by this
techmque they could demonstrate the mward migration of these cells beyond ques
twon They even drew up a timetable for the process, and estimated that 1n the rat
20~-30 days were required for the complete magration of cells from the capsule to the
reticulans At a later date Greep and Deane (1949) studied the regeneration of the
cortex after enucleation of the gland Here there appears to be no doubt that the
cortex regenerates by the inward migration of cells from the subcapsular region
though apparently the new cells are formed not from the capsule wself but from tm
mediately adjacent cells which are left behind at the time of enucleation
However, there 1s an umpresstve wray of facts agamst the concept that the reticu
lans 15 a zone of degeneration The vital dye experiments just quoted were repeated
by Calmo and T'oster (1943) and m our own laboratory by Baxter (1946), nesther
of whom was able to confirm Salmon and Zwemers findings It 1s worth noting
mcsdentally that 1t has been somewhat unfortunate that so much attention has been
devoted to the rat It 1s only n a small adrenal that the hypothesis of the mward
mugration of cells becomes really plausible since there would be a relatively short
distance for the cells to traverse whereas in larger adrenals the distance to be covered
by the migrating cells 1s considerably greater, even though apparently the thickness
of cortex does not increase ndefimitely with the size of the ammal Furthermore
the glomerulosa i the rat 1s relatively poorly developed If one looks at the adrenal
of an animal such as the horse, not only are the cells of the well developed glomeru
losa strikmgly different from those of the underlymng fasciculata, but there 15 an
abrupt transition from one to the other, with no suggestion of any intermediate forms
between the cells of the two zones
Mitoses can occur in the reticulans though admuttedly they are not as frequent as
1 the other zones For example Hoerr (1931) 1n a paper which 1s generally adduced
1 support of the view that the retrculans 1s a degencrative zone, found m the
gumea pig that dunng recovery from chloroform poisoning the rencularss contained
on occasion an appreciable number of mitoses In the rat on the other hand,
Mitchell (1948) was unable to observe mitoses in the reticularss In the mouse, Jones
(1950) found tht the zona reticularts was well developed in the adren1l of the normal
parous female but either very poorly developed or even absent in the male In cer
tain cancerous strans the reticulans n the female showed well marhed brown de
generation Though on the whole Jones favoured the theory of nward migration
there were severnl awkward facts which he found difficult to fit m with this theory
and onc 1s left with the feeling that the marked increase of degenération in the cancer
ous strains may well be the reaction of the mnner zone to unknown toxic factors
Ths brings us to one of the difficulies 1n accepting the view that the reticulans 1s
a zone of degeneration, namely the fact that so very often degenerating cells may be
sgularly difficult to detect 1n the reticulans of the normal suprarenal except occt
sionally for a very few close to the medulla The word normal needs to be stressed
In this connection for the reticulans is the most sensitne part of the cortex and 15
most readily damaged by harmful sumuli Wintehead (1943), 1m guinea pigs up to
stx months of age could find no sign whatever of cefl degeneration n the retrculans
Bennett (1940) using the mtravitam trypan blue techmque thought that he could
1 this wy detect dying cells n the reticulans Apart from the v lidity of hus criterza
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of the best examples 1s that reported by Zalesk: (1934) 1n the thirteen lined ground
squurrel, more espectally mn the female during pregnancy In these animals cortical
hypertrophy 1s d with exp of the zona laris (cf Bennett s observa
tions m the cat}, ‘and the differentiation within 1t of a charactenstic lughly developed
outer sub zone termed reticulans A
Whitehead (1g42) 1n the fasting gumea pig found the zona tntermedia—though he
did not name 1t as such—very distinctly brought out after nine days of starvation by
1ts Lipord depletion, giving mise to a ipoid free zone between the fasciculata and the
inner part of the reticularis The so called siderophulic zone (vide Bennett 1940) 15
in the same intermediate position The deep zone of the fasciculata described
by Goormaghtigh (1922) seems to include adjacent strips of fasciculata and ret
culans
More recently Seligman and Ashbel (1951—and earher papers) have used 3
hydrovy 2 naphthorc acid hydrazide for the histochemical demonstration of carbonyl
groups and give reasons for suspecting that this matenal mught possibly be a keto
steroid However therr results were only obtamed in formalin fixed materal
formalin fixation appears to have singular effects upon the cells of the adrenal cortex
(Yoffey and Baxter 1947, Feldman 1950) On the whole many workers have felt
clined to agree with Sarason (1943) that a straightforward hipod stain appeared
to give as much nformation s any of the histochemical tests
Our own group, after numerous trials finally decided to concentrate on the Schultz
reaction for cholesterol which appeared to be generally accepted as the precursor of
the steroid hormones Cholesterol possessed the great advantage of being present 1n
the gland 1 appreciable amounts, unbke the sterotd hormones which were to be
found 1n minute quantities Furthermore the Schultz reaction purported to be an
application to sections of the Liebermann Burchard test generally used by chemusts
for the quantitative estimation of cholesterol 1ts chermcal specificity appeared there
fore to rest on a secure foundauon Vanations in the cholesterol content of the gland
as measured by the intensity of the Schultz reaction mght then be mterpreted as
throwing hight on the conversion of cholesterol nto the actual hormones
In our earlier work (Yoffey and Baxter 1949 Robinson and Yoffey, 1g50) we
obtained results which appeared to be lughly sigmificant It was found for example
that after the injection of cortical extract for several days the Schultz reaction
appeared to be intensified This was mterpreted to mean that 1n the absence of need
for endogenous AGTH and steroid hormone production cholesterol as the precursor
of the hormones accumulited 1n the cortex as such Lo this phenomenon we apphied
the term loading and not mfrequently a similar loading was observed in rats
wsolated for seven days In this latter case the loadmg would presumably be due to
the absence of the normal stress reactions which are no doubt mevitable when
several rats are housed together 1n a single cage
Judging by the Schultz reaction the reticulans certamly contamns much less
cholesterol than the fasciculata though 1t usually contams some with the exception
very frequently of a narrow juxtamedullary zone which may on occasion be com
pletely Schultz negatrve Stress stumuls such as cold or the myection of adrenaline
(Robmnson and Yoffey 1950) seemed to produce quite rapid depletion of cholesterol
from the reuculans which appeared to empty before the fasciculata and m which
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the cortex, 1 ¢ consisting of capsule, zona glomerulosa, and 2 strip of fasciculata had a
higher rate of oxygen consumption than did slices of zona faseiculata and reticulans
However, the addition of ACTH 1ncreased the oxygen consumption of both slices
to an approximately equal extent Ther figures for the oxygen consumption of the
outer slice are close to those of Tepperman (1950) for shces of the whole cortex
Another approach to the problem has been by means of histochemical techmgques
but these on the whole have been singularly disappointing The 1deal procedure 1
obviously that which would demonstrate the evistence and distribution of the actual
steroid compounds, and the ptoneer attempt to achieve this we owe to Bennett { 1940),
who thought that phenylhydrazine could be used as a specific reagent for the staming
of keto steroids He concluded on the basis of his phenylhydrazine studies that the
cortex could be divided nto four zones from without inwards, namely pre secretory
secretory, post secretory, and senescent Compared with Arnold s subdivision the
pre secretory zone corresponded approximately to the glomerulosa the secretory to
the outer fasciculata, the post secretory to the mner fascrculata and the senescent
to the reticulars
However although Bennett described a senescent zone, he was not altogether
happy about 1t ‘When hypertrophy’ [of the cortex] takes place with maturation in
male cats or with pregnancy  the widening of the cortex does not affect the secre
tory zone but on the contrary imvolves the cells of the innermost zones 1e his
senescent area On the basis of the phenylhydrazine reaction these cells could not
possibly be making corticosterones but he thought that they may be engaged 1n
producing other substances or hormones not yet 1dentified
In agreement with several other investigators, we ourselves (Yoffey and Bater,
1949) were unable to accept the speaficity of the phenylhydrazine reaction and
found that with occasional exceptions whose sigmficance we were unable to explain
the phenylhydrazine, the plasmal and the Schultz reactions corresponded on the
whole fairly closely with one another and al o with the ordinary Sudan stams Using
these as non specific stains 1t could nevertheless be shown that depletron and accu
mulation of stainable matter were typical of different phases of gland activity It was
further noted that under the influence of stimul such as ACTH known to produce
raprd output of steroids, 1t was always the reticularis wiuch showed the first signs of
depletion of stamable matter On the basis of these observattons 1t was suggested that
the reticularss was certamly an actively functioming zone posstbly one tn which
hormones were stored filling up again after its depletion with products brought to
1t from the fasciculata
This would make changes 1n the fasciculata secondary to those m the reucularis
If this hypothesis be correct the junction between fasciculata and reticulans should
be on occasion a zone of spectal activity We did 1n fact not mfrequently find evidence
which seemed to indicate a depleted reticulans just begmning to fill up (Yoffey and
Baxter, 1949, p 1 Figs g and 10) and gning nise to a temporary mtermediate zone
between the fasciculata and reticulans
When one surveys the literature 1t 1s mterestng to find how frequently an nter
mediate zone does 1 fact crop up under a Variety of names, between the fasaiculata
and the renculans From 1ts position such a zone has been regarded as either a
specialized outer portion of the reticularss or an inner zone of the fasciculata One
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we frequently thought we could detect signs of cholesterol depletion m as hitle as
five minutes 1fter the exposure to cold or the jection of adrenaline
If the Schultz reaction really were 5o sensitive an indicator of cortical changes, 1t
would obviously have a wide range of apphication It therefore appeared well worth
attempting to correlate the histological appearance with an actual chemical estimation
of cholesterol or cholesterol esters This was done 1 eighty rats (Ashford Robmson
and Yoffey, 1g50—unpublished) with the result that 1t was not found possible to
establish a constant relation between the imtensity of the Schultz reaction and the
cholesterol content of the gland
Apart from the secretion of ny other sterord hormones, the reticulans has been
considered by a number of workers to be responsihle for the production of androgens
An excellent review of the earher work 1s grven by Parkes (1945) Whatever may be
the position 1 the ammnl adrenal there seems to be no doubt that 1n a number of
cases of vinhism in man there 1s undoubted hypertrophy of the zona reficulans A paper
such 1s that of Blachman (1946) seems to establish a relationship between the reticu
tarss and different types of vinhsm very convinangly It 1s of especial interest that
n some of these cases the zona reticulans forms the major part of the cortex and under
such circumstances 1ts ongn from a thin outer shell of cortical tissue seems especially
difficult to accept
On the whole then, we feel that the zona reticularss may well be a morphologically
mdependent zone, that 1t 1s a zone which 1s actively functioning, and that 1t 1s the
first part of the cortex to react to stress stimult 1t does not consist essentially of dead
and dying cells
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I VERZAR
Unnersity of Basel, Switzerland

1 prorosE to discuss pur problem under four man hendings
(1) What hormones are produced by the adrenal cortex®
(2) How do they act in metrbohsm®
{3) On what part of the cell do thev act?

{4) When are they produced?

(l\ WHAT HORMONES ARE PRODUCED 8Y THE ADRENAL CORTEX?

Thus first question 15 easier to answer to day than 1t was even a year ago It has been
known for Jong that of the twenty mine or more corticosteroids 1dentified 1n cortical
extracts only aboutsixare active Desoxycorticostezone (DGA) 1s present in the cortex
only in small amounts but the synthetic substance has been freely available for some
1sme, nd differences in action between 1t and the cortical extracts were early noted
DCA 15 sull the substance which keeps adrenalectomized ammals alive in the
smallest quantities The properties of cortisone, on the other hand were not apprecy
ated for some time and 1n fact hendall m 1934 regarded st as unble to mantam
1ife 1 adrenalectomized 1mmals winle 1t even decreased the body weight of normal
animmals

Advances i analytical methods mainly paper chromatography have now matle
possible a direct attach on the problem Bush (1951} has shown that the blood con
tans only corticosterone and 17 hydroxy corticosterone The proportions of these
substances vary in different species ranging from 1 10 1n the rabbit, to 10 110
the monkey Stimulation of the adrenals by ACTH does not alter these proportions
{Pincus  1g51)

1In the urme of man only 11 oxycorticowds have been found by most tnyestigators.
Like others we found with paper chromatography in the urine of man about soy/day
whtle when using formaldehyde or other reduction methods up to 1000 y/day are
assayed certainly different substances I know of only one group {Staudinger and
Weissbecker) who claim to differentrate between DCA and 11 oxycorticonds 1n the
urne

Pregnanediol 15 the excretion product of BCA as also of progesterone It 15 present
1 the unne of femalts, and not of males, but 1t appears after the myection of DCA 1
about 10-20 per cent of the quantity ijected This also makes 1t improbable that
DCA 15 excreted as a normally occurring hormone

Thus the actual determmation of corticords i blood and unne 15 clearly not
accord with the view that 11 desoxy corticords the so called mineralo corticonds, are
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Dauscussion
Chairman  H Heller

S Quckerman Professor Yoffey, can you tell us anything about the x zone and 1its
relation to the mner part of cortex?
JF M ZYoffs We have concentrated on the adult cortex and have not as yet investt
gated the developing gland so I am unable to answer your question

The difference between foetal and adult cortex, as suggested by Blackman in 1946
1s probably not so great as 1s generally thought
Celestino da Costa 1 am 1mpressed by the importance of the intermediate zone

1 thmk that the different response of the different zones 15 due to local conditions

1n the gland
The different zones vary markedly from ammal to animal e g the glomerulosa
1s absent 1n bts, and hence I think that 1t 1s dangerous to generalize about them
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products of steroid synthes:s or breakdown sn the adrenal cortex? Itas clear that the
‘sexotds ~1s they have latterly been termed-—of the adrenal cortex cannot have n
important physiological role, for the symptoms of castrition always supervene after
gondectomy 1f on the other hand cats are adrenilectomized nd hept alive for
vears with DCA, thewr sexunl behaviour and powers of reproduction are unchanged
as we showed ten years ago Henee we conclude that androgen production 15 not a
physiological retrvity of the adrenals but might become a pathologieal one

Hstologienl studies have often encouraged the 1dea that there e several adrenal
hormones There s no doubt that the cortex of most mammals possesses three distinct
layers, zona glomerulosa, fascenfata and retnularss This appears to it m well wath the
triple hormone theory But histol have repeatedt d that thus may be
1n acadental differentiation  probablv caused by the growth of the cells from
vanous directions (Celestimo da Costa, rg50 1951}

1f we Jook o Iittle further afield at the adrenal cortex of birds reptides and amplubia
we see no such dfferentiinion of the cortex nto three lavers, but nevertheless the
production of cortical hormones seems to be the s1me as 11 mammals

Afier Groliman {1936) first suggested that the < zone of the mouse s adrenal pro
duced sex harmones the same thing was held to be true for the cona reticulars which
1s however a dfferent structure The x zone 1 foetal adrenal tissue which disappears
1n different animals at varous stages of development The presence of 17 hetosterowds
m the ora ret cularis could be mierpreted a, proof of sex hormone production but
even 1f undoubtedly present they could be regarded a> mtermeditry corticords as
already mentioned

Swmlar comphcated proofs have bern brought tn <how that the zona glomerufosa
produces the mineralo corticoids or electrolyte hormones Greep and Deane (1g49)
came to this conclusion because 0 the hypophysectomized rat 1t 15 only the zona
Jascurluta and reteudarss which undergo atrophy while 4t the same time the Naand k.
content of the blood are normal Hence the zona glomerlosa was reparded as the stte
of production of mineralo corticoids while the two other zones were held responsible
for the production of carbohydrate corticords

But 1 the hypophysectoruzed ammab all metabolic processes are dimnished
while ACTH increases them all Tewss (19421 Ingle (1047), and Levin (1949)
showed that when ACTH 15 produced m response to stress the metabolic changes
mnvotve all spheres of metabolism (Bush 1951}

{2) HOW DO CORTICAL HORMONLES ACT IN METABOLISYS?

We are thus confronted with the question

How do the adrenal cortical hormones act on metabolism of there arc at feast two
different hormanes or groups of hormones namely mineralo and glnco corticords®
Or alternatively if there be only one hormone how can 1t influence so many vaned
processes?

Trom a histoneal pornt of view 1t was precisely this multiplicsty of activsties which
afforded the main re ison for supposing that several hormones exist Increase of urea
in the blood plsma was taken to mean a disturbance of protein metabohsm or
hidney function Increase of glycogen was explaned by the ction of carbohydrate

41l



F VERZAR

normnlly present m the blood though they might concervably be so under patho
logical conditions As far as £ know however, this has not yet been demonstrated

Selye (1951) holds a different view, nd 1n the $ympostum on Sterods (p 18) states
Since there can be no doubt about the normal occurrence of desoxycortione (or
17 hydroxy 11 desoxycorticosterone Reichstemn s Compound ) 1n the adrenals we
may safely conclude that naturil mneralo corticords do possess toxic effects upon
the kidney and the cardiovascular system 1t appears highly probable that
desoxycortisone and desoxycorticosterone lihe “mimeralo corticord compounds,‘play
an ymportant role i physiology and pathology * Dobriner ibid p 23) agrees that
Compound 8 1s an important drenal hormone I beheve that Compound S
(constitutes) a sigmficant fraction of the steroids sccreted by the adrenal (Sec
however the new work of Taut Simpson, and Grundy, 1952 )

Fresh hight has been thrown on the problem by experiments on the fate of DCA
m the body Pincus and Ius co workers (1g49-50) showed that DCA, perfused
through solated adrenals 1s oxidized to 11 oxycorticoids Dorfman s group (1949)
showed that shces of adrenal cortex i wtro can oxidize DCA to 11 oxycorticords,
which are recogmized by ther ‘carbohydrate activity  Subsequently Kahnt and
Wettstem {1951) demonstrated the same change with Iner hidney and other tssues,
desoxycorticosterone becomes corticosterone, Compound S becomes 17 hydro<y
corticosterone, and 1t has been clatmed (Seneca ef af, 1951} thit homogemzates of
hiver hidney, testis and ovary will even produce cortisone 1t 15 clear then that 1
Jected desoxycorticosterone 1s oxidized 1 2 number of tissues to 11 oxycorticoids
This 15 1n accordance with the view which we ourselves have put forward for many
yenrs, that there 15 no quahtati e difference between the action of desoxy and other
corticosterones  but that the desoxy compounds merely act more slowly than the
other substances mto which they are ultimately transformed

The findings of the past few years make 1t much easier now to discuss the question
of the multiplicity of cortical hormones The mamfold changes occurning in the body
after adrenalectomy gave nse at first to the view that they could not all be due to
lack of a single substance This view was strengthened by the observation that there
were differences 1n action between vanous cortical frictions, 1n addrtion to the drffer
ence already noted between DCA and 11 oxy compounds Thus there were recog
nized 2 kidney factor (Kendall) a Na factor (Hartmann) 2 carbohydrate factor
and a hfe mamntaining factor 1n the amorphous residue There were E 8 nd N
bormones while DCA became the prototype of the mineralo corticords  since i
was mnactive 1n a s1x hour test on glycogen production whereas cortrcosterone or
cortisone were active, and thus became glycocorticoids  But since we now hnow
that only 11 oxycorticoids are present in the blood and that 11 desoxy compounds
are only intermediate cortical products which are finally oxtdized to 11 0%y com
pounds  the so called mmeralo corticoids can no longer be rechoned as true cortical
hormones

A third group of cortical compounds to be considered re the sex hormones There

15 no doubt that adrenal cortical tumours or hyperplasnc adrenals may produce
Jarge amounts of androgens, and furthermore that the normal Adrenal cont-uns large
quantities of 17 ketosterards, some of which may be androgemi¢  Arc they the N hor

mones of Albright with protem anabolit ety ? Or are they merely intermediate
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for direct use 1 energy production If there 1s enough glycogen present in the muscle,
then this 1s used, if glucose 15 needed, however, and glycogen 1s not present, then
protesns are used for the production of glucose or even fatty acads The main action
of the corticoids then appears to be to prepare glucose for the hiberation of energy
surplus glucose bemng stored as glycogen or fat The corticoids therefore may be en
wvisaged 75 possessing 1 ‘switchboard function, leading esther to a glycogen — glucose
or protein — glucose transformation on the one hand or glucose — glycogen, glu
cose — fat on the other, according to the availability of glucose or the need for 1t
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Fiure 1 Glhcogen metabolism of diaphragm of rat Each column represents the middle
value of a senies of experiments ( for detarls see the paper of Mentha Vo th and
Verzar 1948) Black columns wathout white columns with the addition of desovy
cortcosterone  Each series contains experiments uathout wath 100 and with 400
m,, per cent glucose 1 ork experiments are done wath direct thythmical shmulation
MNotice  all ralues with adrenalectonuced ammals are smaller than with normals

I beleve therefore that all the energy production of the cell catabohc as well as
anabolic 15 connected with the activity of this hormone

All this however 1 only one side of the action of cortin It has been known for
about twenty five years that adrenalectomy 15 followed by major disturbances of Na
and K as well as water metabolism Na decreases in the blood plasma K increases
and these changes are reflected in the urinary excretion of these minerals Water and

sodium are partly moving nto the cells while potassium 1s leaving muscle fibres and
probably other tissues also
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factors Na decrcase 1n the blood plasma, or the adverse behaviour of K after adrenal
ectomy, was attributed to lack of an electrolyte factor It was 1n 1941, when we kept
adrenalectomized cats alive with DCA for over a year, that we first began to doubt
this quahtatnve differentiation, allowing of course for quantitative differences 1n the
veloaity of the reaction Yet 3f only one hormone 1s produced, how can one explam
so many drverse effects? I think adrenal cortical research has now led to a decper
understanding of, 1f not the essential unity, at any rate the intimate connection be
tween metabolic processes of such widely different types

There 15 no doubt about the disturbance of glycogen production in the adrenal
ectormized ammal It 1s completely corrected by adreno cortical extracts, rapidly
by cortisone and rather slowly by DCA Adrenalectomized ammals hept alve by
DCA have normal glycogen content This was shown by us, in 1941 (Verzar et al )
and agam 1 1949 (Sass hortsak, Wang and Verzar 1g4g) Segaloff (1g51) has
recently shown (1s had Derman with us i 1946) that the phlonizin diabetic ammal
after desocycorticosterone excretes increased quantities of glucose But 1t 15 also true
that in the six hour test of Remneke and Kendall (1943) no activity of DCA can be
seen

Long (1949) and his school thought that 11 oxycorticoids induced protemn break
down with the formation of glucose 1n the starving amimal since together with glu
cose N also 1s excreted in the diabetic rat But it was found by Engel ef a/ (1949) that
no protemn will be brohen down 1f amino acids or glucose are given together with
cortisone Similarly 1n an experiment with Wang (1949) we showed that glycogen
production from glucose given by stomach tube, was also mcreased by cortisone
The action of 1t oxycorticoids 1s thus either directly on glucose or on glycogen pro
duction, but not necessarly on protemns It has long been known that even fatty
acids can be used as glycogen producers {Thaddea 1938, Stetten, 1945-46)

It was with some embarrassment therefore that we found that the isolated mam
mahian muscle of normal or adrenalectormzed ammals did not produce glycogen,
but that a distinct wnhibition was seen mn every phase of glycogen metabohsm
(Mentha, Vogth and Verzar 1948) (Fig 1) Thisinhibitton might be explamned asa
non speafic steroid effect, or as a competitive hibition, or else one might scarch for
parallels 1n other observations such as the obvious antagonmism between 1nsulin and
cortin m normal animals The former mcreases glycogen production 1n muscle the
latter decreases 1t In the ntact ammal 1nsubin hypoglycaemia 1s counteracted by
corticords Minced muscle or liver tissue i sitro break down glycogen by phosphory
lase activity This glycogenolysis 1s d hed 1n the adrenal, d ammal and
can be restored with corticoids (see Verzar 1951)

Ingle (194g) working with eviscerated rats concludes The data emphastze the
mhibitory effect of cortical hormones upon carbohydrate utilization rather than its
posttive effect upon gluconeogenesis “Adrenal steroid drabetes 15 an overdosage
phenomenon and ‘there 1s some evidence that the cortical hormones favour the
storage of fat

Ve have therefore the impression that the inhibition of glycogen production by
corticonds 1s not an artefact, but has to be worked 1nto the picture of their mftuence on
carbohydrate metabolism Corticords do not directly sncrease glycogen production
or protemn breahdown but they further gluconeogenesis the formation of glucose
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cell and more N1+ outside There 1s an exchange with Na+ 1ons 1f ht leaves the
cells and with Hodghin (1947) one may speak of 2 Na pump which drves Na out
of the cell durtng recovery after 1t had temporanly replaced k. The contrary 1s
beheved by Shanes (1951) who emphasizes that the primary change 15 the escape
of h which occurs even when Na cannot enter because of 1ts low concentration out
side the cell or fibre The restoration of polanzation, the reabsorption of k. depends
on carbohydrate metabolism 1f glucose 1s added, h re enters and Na leaves the cell
but 1f carbohydrate metabolism 1s mhibited by possons such as 10do acetic acid
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muscleof themouse (After Ver.arand Leupn 1951 )

this change does not occur We have discussed elsewhere (V erzar—Mushelkontral,
tions theorie 1943) the decsive role of potassium in the excrtatory process in muscle
(See also Fleckenstein 1942 1950 )

Returning to the adrenal cortex 1t seems obsious that the changes in K and carbo
hydrate metabohsm are basically connected with one another and should not be
considered as ssolated phenomena It seems probable that the basic disturbance 1n
the metabolism of glucose so essential for energy production 1s also responstble for
the changes 1n potassum and 1n addition probably for the altered metabolism of
Na and water

It was primantly the direct analyses of blood which convinced us that 1t does not
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Now 1t 15 certamly a mustake to regard these changes as general disturbances of
mumeral or clectrolyte metabolism, because Na and K have such completely different
roles in metabohsm while Na s present mainly 1n the body fluids and only 1n minute
amounts in the cells, the contrary 1s true for potassium Changes i the Na content
of the blood plasma occur mainly for osmo regulatory purposes Thus if water passes
from the blood plasmn mto the tissue cells, Na 15 mmmedately excreted by the hid
neys

One can consider the changes of water and electrolyte metabolism after adrenal
ectomy erther from the point of view of the tissues—as we do—or as a result of a
primary change of the activity of the kidney, possibly under the influence of the anti
diuretic hormone of the posterior pituttary—as Gaunt {1949, 1951) has done There
s no doubt that osmotic changes m the blood might sumulate the secretion of the
antiduretic hormone which might then lead to the decrease 1n water excretion by
the kidney followed by an increase 1n excretion of the surplus NaCl

However, we think that the pnimry changes after adrenalectomy are in the tissues
( extrarenal factors of Gaunt) These are metabolic changes which lead to an uptake
of water nd a release of potassium by the body cells This 15 the site of action of the
hormone

This water movement after adrenalectomy leads to the haemo concentration
which 15 the most decisive factor 1n the acute crisis of the adrenalectomized animal
cusing death through airculatory fallure The haemo concentration can be counter
acted by giving additional NaCl However the excellent results of such therapy have
led to the erroneous behef that NaCl can keep adrenalectomized antmals alive and
mt good health indefimtels Lewis ef af (1942) Rachter (1948) Ingle (rg50) and
Sayers (1950) have all pointed out that these animals are not normal and cannot
withstand stress To this we would add that their growth 15 normal only for a short
tme, not longer than two months after which 1t dechines 1nd the animals die showing
the same metabolic disturbances as the untreated adrenalectomzed amimals But
about 30 per cent —n our rat colony—survr.e and after some fune grow even more
rapidly than at the beginmung of the experimental period, finally they survive even
without extra NaCl The NaCl therapy has allowed time for the regeneration of
accessory adrenal tissue McFarland (1945) and Gaunt (1g49) made simular observa
tions We had the same kind of result in adrenalectomized rats d with
DCA which could be discontinued after a while without detnment to the animals

The role of k 1n the body 1s completely different It 15 intracellular, but leaves the
cell during penods of activity, as 1s well known 1n the case of muscle and nerve It

should perhaps not be forgotten that it was largely through the adrenal cortex that
attention was drawn to the relation betw cen carbohydrate metabolism and the move

ment of potassium (1943) Potassium moves nto 1solated yeast cells leucocytes

(Palver and Verzar 1940) or muscle fibres (Leupin and Verzar 1950} 1f glucose 1s
metabolized to glycogen but leaves the cells agamnif glycogen 1s broken down (Fig 2)

Conway (1945) and Roberts (1949) have ihroudn hght:)n this mechanism  the latter

a fructose—dip phosp urmng ler

dcflf}:lxis]:::%cnon 1s of especial mterest to day, when polarnization of the cell mc;-nl;_rl';mc
1s regarded as the basis of excitability or energy production in nery e}:’xildomus:s;kl t;‘cc
and probably other cells Polanization means that there are more h+1ons.
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The formation of glucose from proteins lends equal importance to the work of
hochakian (1950), who showed that arginase activity m the hiver decreased after
adrenalectomy He doubted the connection because of the time relations but this
need not be an insuperable objection The mhibition by corticoids of glucose oxida
tion (Gordan and Ellott 1947), 1nd of D amino oxydases (Dorfman ¢f ol , 1950)
ponts also to activities related to carbohydrate metabolism and 1s especially stnhing
1n view of the inhibition of glycogen metabolism by corticords 1 the whole muscle
Oxydo reductions may pliy a part 1n the rebuilding of the phosphorus donor ATP
but bittle 15 known about 1ts connection with corticords
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Figure 3 dlkaline phosphatase of the duodenum and
Jegunum of the rat  (After Vercar and Saler 1952 )

1t 15 perhaps too soon as yet to be dogmatic about the enzymological side of the
problem but 1t 15 our behef that the further study of enzymes may well lead to an
understanding of the basic reaction which 1s influenced by corticoids In 1939 I said
We see m cortin a hormone mfl g cellular bohism 1n a basic way Itis
connected with oxido reductive phosphorylations Metabolic processes depending on
these are disturbed To day we might add The phosphorylating enzymes of carbo
hydrate metabolism are also responstble for the polarrzation of the cell membrane and
thus for energy production It s here that the corticords seem to act and here too
15 to be found the hink between the metabolism of carbohydrate/protemn on the one
hand and of electrolytes (k/Na) on the other Sayers (1950) 1s also of the opinion that
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contain two distinct ty pes of sterord hormone namely mineralo and gluco corticouds
Clearly the changes i Na, K, H O, carbohydrate, and other metabolites must be
due to qualitatively similar hormones  Hence 1t has been particularly mmportant to
be able to demonstrate (a) that the prototype of the so called nuneralo corticods,
desoxycorticosterone, has a distinct action on carbohydrate metabolism both mn the
wntact ammmal and on 1solated tissues, (5) that the 11 oxy steroid cortisone, the best

known gluco corticoid, restores Na and K to normal in the adrenalectomized animal
(Wirz 1950-51)

Only three years ago 1t was anathema to believe that all active corticoids have
qualitatively similar actions, but 1 am glad that this view 1s now also held by Ingle
(1949) who said “There 1s considerable overlapping of effects and there 15 a good
deal of evidence that there are basic relationships between the disteibution of m
orgamc 1ons and the metabolism of organic compounds which relate to adrenal
cortical functions  Even Selye (Symposum on sterods 1951, p 25) admtted I
certamly agree that there 1s no such thing as a pure glucocorticord compound

(3) ON WHAT PART OF THE CELL DO THE CORTICAL HORMONES ACT?

Analysis of all the evidence leads us therefore to the concluston that under physio
logical circumstances only 11 oXy corticords are produced, and that the various meta
bolic changes influenced by withdrawal (adrenalectomy) or adminstration of corty
couds are inter connected through a basic cellular process on which the hormone acts
QOur next question then 1s to discover what this process 1s

An analysis of carbohydrate metabolism has led to the conviction that corticouds
act on some basic cellular enzyme process This concept ongmated m experiments
on the actiy e passage of hexoses through a single epithehal layer, the selective absorp
tion of glucose and galactose 1n the ntestine Simce this was inhibited by enzyme
mhibutors such as 10do acetic acid, and by phloridan (Lundsgaard 1933, Bruckner
1951) and since we found the same decrease of selectrve absorption 1n adrenalecto
mized ammals even when kept alive with NaCl (Verzar and Sailer, 1952) (though
there was some disagreement about this) 1t was thought that phosphatases might
be the enzymes concerned

The alkaline phosphatase content of the mntestinal mucosa (and of the absorbing
epithelium of the ldney tubules), 15 considerably decreased after adrenalectomy
(Kutscher and Wust, 1942), and restored by corticords (Verzar Sailer and Ruchtenich
1952) (Fig 3) Ths 15 clearly shown i the histological demonstration of alkahne
phosphatase by the Gomor: method as used by Verne (1948) for the ntestinal mucosa
and 1n our own laboratory for the mtestine (1952) (Fig 4) and for the renal epithe
lrum (Tissieres 1948) Both the depletion and reaccumulation of alkaline phospha
tase m the intestine was demonstrated It has further been shown by us both 1n
muscle and Inver that phosphorylase activity 15 decreased after adrenalectomy (See
my summary of 1951 )

Trom the work of Conway (1946) 1t would appear that the actruty of muscle
glucomutase 15 diminished so that the proportion of glucose 1 phosphate to glucose
6 phosphate changes from 1 2to2 1 and Conts group (Sutherland ez al 1941)
has shown that hexokinase 15 antagomzed by corticords i zitro
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Vost (1943} showed that adrenahne simulated the production of corticords, and
thought that 1t acted directly upon the cortex wheres Long (194g) beheved that
drenaline acted by lating the anterior prtastary to release ACTH Sayers
(1950) pointed out that t number of stimuls might first lead via the sympathetie to
the production of wdrenaling, winch m twrn would incrense the output of corticords
cither directly or by means of ACTH Ita5 also possible that simubi reach the antertor
prtwtry from hypothalamc centres erther through nersous pathways or by means
of a portal system Patwitary transplants to the antenor chamber of the eye may well
provide the finsl answer
Whether or not the adeenal cortex can be directly sumulated i the vanous ways
mentioned there can be no doubt that the most powerful sumulus 18 ACTH to which
the cortex reacts very rapudly by the release of corticosds, as w ell as with hypertrophy
if there 15 continued stmulation with ACTH What then 1s responsible for the secre
tion of ACTH? Is 3t only adrenahine® One 1s reminded of the discussions on the
role of adrenaline tn Cannons work (1914} on psychic stress { major emotions’)
There also the question arose whether the physiological concentration of adrenaline
m the blood was hich enough to give nse to continuous sumulation
‘The mam stimutus for the release of corticonds seems to be the concentration of
corticards in the blood 1t 15 still not perfectly clear whether this acts only via the
ntertor pitantary or also on the adrenal cortex directly Lowermg of the blood corts
cotds after umlateral adrenalectomy leads to by pertrophy of the remarming adrenal
If an adrenalectomized animal 15 hept alive wath small doses of DCA  accessory
adrenal bodies will hypertrophy On the contrary large doses of cortisone lead to an
atrophy of the adrenal cortex
Increased muscle retnaty (Beznak of al 1943} oxygen lach (Sundstrom and
Michaels 1941} and many other siress sumubs use up free cortical hormone after
which fresh hormone 15 discharged followed by hypertrophy with increased produc
uon But even glucose grven by stomach uses up so much corticord that mcreased
production follows as can be seen from changes in the lymphocytes {Dougherty ang
White 1g944) This s certanly not stress and shows that physialogical factors which
stimulate carbohydrate metabolism may also lead to mcreased output of corticods
There 15 ro doubt that all these reactions are absent m the hypophy sectomized
ammals o adrenal cortical hypertrophy can accur without ACTH But 1t s wrong
to assume that corticord production 1s ouly a reaction to stress that s to excessive
stumulatian The metabolism of rest needs corticords also Their continucus use seems
10 be the lus for therr prod If there 1s 1nereased expenditure
of energy under physwlogical conditions more cortical secretion 1 used up More
1s needed also for the excessively inereased energy production of exhaustion or the
rebinlding of destroyed tissue In these ar the ation of corticords
mn the blood decreases to such an extent that a powerful new secretory sumulus
spreads to the adrenal cortex antenor pitustary, and hypothalanuc centres quite
probably to all three
The production of corticords 15 thus a © candition of bahe actvaty
and corticords are betng contunuously produced and used In the words of Ingle (1951)
they play a supporting role, and not a prepotent regulatory role If ¥ understand
him nghtly he dentes (1951 p 668) the primary rale of the adrenal cortex
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corticords nfluence the actaty of all the body cells Ingle (1951) has recently ex

pressed a stmufar view, and believes that further adyvances may well come through
enzyme research
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Figure 4 AlLaline phosphatase 1 the epytheltum of the inteshinal mucosa
Gomort s method ( fler Verar Saver and Ruchterich 1952)

(4) WHEN ARE CORTICOIDS PRODUGED?

What are the sumuli leading to the production and release of the adrenal cortical
hormone? Such sumul may act dircetly on the gland or indivectly

We cannot yet say whether the gland can be drrectly stimulated It has been
asserted that changes in the Na/k ratio in plisma stimulate mneralo corticoid pro
duction by the zona glomerulosa and that this sttmulus 1s operativ€ exen after hypophy
sectomy (Swann, 1940, Greep and Deane 1949} hendall (1938) and Ingle (1951)
have both reyected this concept Similarly 1t has been theug bt that the production
of carbohydrate hormone might be smulated by low ering of the blood sugar Miller
and Ruddle (1941) described cortical hypertrophy after insulin hypoglycacrma, but
others were unable to find any proof for this
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stress’ The anterior pitwitary and the adrenal cortex have rather a homeostatic
role  We are thus m agreement (p 670) that the adrenal cortex 1s not necessary
for the stress (alarm) reactions but for the state of the tissues 1n which these reactions
occur

There 1s another important point which requires consideration Ingle (19,1) and
others have alrendy emphasized the fact that so far only ene ACTH has been demon
strated  Hypopituwitanism leads to decreased metabolism of protemns and carbo
hydrates, as well as electrolyte disturbance Bush has shown that stimulation of the
adrenal cortex with ACTH leads to increased production in unaltered proportions,
of the normally occurnng 11 oxycorticords However, Selye (1951) stil adheres to
his views concerming muneralo and gluco corticoids, and traces the control of their
secretion to the pritwstary The somatropic hormone of the antertor pituttary {(STH)
1s said to stimulite mineralo corticord actinaty while AGTH controls gluco corticords
(See also the discussion by Conn Sprague and Bauer 1n the Symposum on Sterod
Hormones, 1951)

There are many ways i which the adrenal cortex mteracts with other endocrme
glands The depressant action on the thymus—as well as lymphord tissues generally
—1s one of them, while the inhtbition of the thyroid with 1ts mtense catabolic activty
1s another A full analysis of the problem of the adrenal cortex would involve detailed
consideration of these and numerous other activities

The basic charactenstic of hife 1s the power of adaptation to continually changing
environmental sumul, ranging from those producing a phystological response to
others leadmg to exhaustion and tissue destruction An orgamsm with madequate
production of corticords 1s basically 1ll, and cannot adapt 1tself normally Just as the
adrenal medulla 1s not the gland for emotional stress , as was believed thirty years
ago so the cortex exists not merely for stress reactions, but for the marntenance of
normal cell metabohsm, and i this way subserves the capacrty for adaptation of the
whole organism

In my opimion the main beauty of this field of worh 1s that because of the funda
mental nature of the action of the adrenal cortex, we are being led to 2 synthesis
and correlapon of a number of metabolic processes of the body which were formerly
not related to each other

An attempt has been made 1n this communication to outhne such a synthesis
Many problems have been touched upon both solved and unsolved I conclude by
hoping that the experimental biologist should not be led away by the attraction of
dralectic solutions, but should continue along the old and hard, but much safer road
of experimentation
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Discussion
Charrman  H Heller

J Groem Almost two years 1o Professor Borst and his co workers demonstrated that
extract of hiquorice contains a substance which works hke desoxycorticosterone 1n
normal indiduals Since then we have proved that because of this property extract
of hquorice can be used n the treatment of patients with Addison s disease We have
now four cases that are being hept 1n electrolyte equihbrium by the use of hquonce
only, and we have been able to show that the <ctne prinaiple 15 glygrrfume and
This 15 a gl de ¢ of two molecules of glucouronic acid and one molecule
of a tnterpene called ghomhetic and The physiological action 1n man 15 enbrely
comparable to that of desoxycosticosterone 1t produces sodum and chlonde reten
tion and potassium excretion If given in too high amounts the patients put on weight,
deselop pitting oedema hypertension increased venous pressure and may even go
nto paroxysmal nocturnal dyspnoea  There are however two differences (1) hquorice
and its component. are active when given by mouth, whereas DCA 1s not, and (2)
these substances do not seem to work mn the rat whether normal or adrenalectomzed

These substances act only on electrolvte metabohism They have none of the pro
perties of glucocorticords, and have no mfluence on the mtrogen balance or on the
co mnophific cells nor do they produce a remission 1n rheumatord arthnius

G A Guerbeck 1f desoxycorticosterone acts by being transformed nto other substances
why 15 1t 50 much more actnve than many of them®

DCA only has an effect on glycogen storage when it 15 given over several days
during which ume the rats have to be fed 15 the glycogen storage not just due to
1mtestinal absorption of carbohydrates?

F Verzar The trinsformation of DCA to other steroids 15 slow and there 15 probably
also a summauon effect The carbohydrate effect 15 slow 1n starting and s long
Iisting

As regards glycogen storage bemng o feeding effect we cannot keep these adrenal
ectomized rats ahive by forably feeding them with glucose!

F F Tait The results of a bioassay developed by Mrs Stmpson and myself at the
Middlesex Hospital Medical School has some bearing on Professor Verzar s paper
This method specifically tests the action of corticosterords on the mineral metabolism
of adrenalectomized rats (Lancet Jan 1gth, 1952)

The collection pertod was very short leading according to Professor Verzars
theary to the maximum effect of such sterowds as cortsone Although our results agree
quahitatvely with his theory 1 50 far as cortisone acts m the same direction as DCA
and adrenal extract, the quanutative results show that the speaific actiity of cortisone
1s only about 6 per cent of that of DCA and 1s much lower than even crude adrenal
extract This extract fractionated by Zaffarom s method of chromatography shows
2ll the rmmneral activity comadent with cortone for short runs However if the
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The Nature of the Adrenal Cortical Secretion

H Heller 1should like to ask Dr Nelson what the state of the ammals in hus expen
ments was as regards annesthesin

D H Nelson {1) The dogs were under a general anaesthetic, {2) The cow had local
anaesthesia only and appears to be perfectly happy, (3) The pattents were at rest in
bed m some cases and 1n others ambulatory

P Fourman Admttedly one hormone may account for both mineral and carbohydrate
effects and both effects can be shown with Compound F But 1t 15 worth recalling
the difficulties 1n accepting this view

(1) Itisdoubtful whether doses of glucocorticords adequate to control carbohydrate
metabolism 1n Addison s disease will maintain salt balance,

(2) The amorphous fraction has the most potent effect on sodium metabolism and
1t 1s distinct from the glucocorticonds

(3) Dean and Greep s work on the zona glomerulosa of rats 1s difficult to get round
1t may not be applicable to man but Harnson 1s said to have confirmed their work
1n some other anmimals
H Heller T would like to draw nttention to a recent paper by Roberts and Pitt who
have shown that large doses of cortisone can maintain the sodium balance
L W essbecker 1f one injects Addisoman patients with DCA there 1s an increase 1n
the mineralocorticords 1n the urine but there 1s no increase of the glucocorticoids
so there must be some conversion disturbance 1n the body related to the msufficiency
of the adrenals
F Verzar 1have no experience with humans, but 1t 1s posstble to maintam the sodium
and potassium balance m animals 1f cortisone 15 given 1n small doses every six hours
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chromatogram 1s run for longer distances, the activity completely separates from the
cortisone and does not give the typical chemical tests for this steroid

Although there 1s undoubtedly a highly active mineralocorticord present in extracts,
1ts secretion by the gland sull remains to be proved
D H Nelson Dr Samuels, Dr Reich and I have been attempting to determine the
blood content of ndrenalcortical steroids, particularly 1n the dog We have found
three fractions I, II, III, all of which show absorption at 240 mp and are probably
therefore e, 8 unsaturated steroids We have not been able thus far to get any further
with fractions I and III from the dog but we found that fraction II contaned large
amounts of Compound F, and we have later found 1t also contains Compound B and
probably A Bush has isolited Compound E from adrenal venous blood 1n small
quantities, as well as Compound F and Compound B

The amount of these steroids in the adrenal venous blood of a dog are of the order
of 10-20 y/ml of plasma With the help of Dr Gassner we have cannulated the
suprarenal vein of cows under local anaesthesia and obtamed some gallons of adrenal
venous blood We haveisolated a fraction from this blood w hich shows defimte andro
genic activity by the chick comb growth method There are compounds 1n this frac
tion which give a positine Zimmerman reaction for 17 ketones shaw 240 mu absorp
tion for a, § unsaturated compounds, and also by nfra red have free hydroxyl groups
present We have however not been able defimtely to assign a structure to the andro
genic compound which 1s being secreted

We have carried out a number of studies on blood levels of 17 OH corticosteroids
m humans By our method we find that normal levels are approximately 5-20 yf100
ml plasma A single mjection of 15 mgm of AGTH will causc a nse to levels of
30-40 y per cent 11 one to two hours Continuous intravenous ACTH 1mjections will
raise the blood levels to 8o-120 y per cent 1n twenty four hours Patients with Adds
son s disease consistently show no 17 OH corticosterods in their plasma and do not
respond to ACTH Three patients with Cushing s Syndrome have had values ranging
from 35-80 y/100 ml plasma The highest value was found i @ man who had an
adrenal carcinoma
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Conirol of the Secretory Activity of the
Adrenal Cortex

with special reference to the isolated preparation
by

MARTHE VOGT
Department of Pharmacology Unuersity of Edinburgh

‘THE role of the adrenal cortex 1n homoeostasis poses the question as to what enables
this gland to ruse 1ts production of hormone whenever an unfavourable environment
or some nternal disorder requires the increased activity of one or many of the organs
of the body Since we know that the rate of cortcal secretion 15 decisively controlled
by the activity of the anterior pituitary there are two aspects of that question

(1) what 1s the nature of the stumul which activate the release of ACTH by the
anterior lobe and 1s there one or are there several such stmuls?

(2) does the adrenal cortex when depnived of pitwitary control, secrete at all and
1fs0 153t capable m any way of adapting 1ts secretion to the demands of the organism ?

An examunation of the conditions causing a release of ACTH reveals that the
majonty of these so called conditions of stress which provohe the release of ACTH
are accompanted by a strmulation of the splanchme nexves and thus a secretron of
adrenaline (and nor adrenaline) from the adrenal medulla This activity of the splan
chnic nerves cannot be without effect on the cortex smce mtravenous mjection of
adrenaline 1n doses of the same magnitude as those liberated on splanchmc stimula
tion accelerate cortical secretion This was demonstrated m the dog the cat the rat
and 1n man (Vogt 1944 Long and Fry 1945 Recantefal 1950) The effects are
rapid large and long lasting and are presumably produced by a release of ACTH
since they disappear after hypophysectomy Is however circulating adrenaline
essential for the release of ACTH m conditons of stress® The question can be
answered by experiments on animals in which the adrenals have been erther dener
vated or demedullated The latter procedure consists in bilateral enucleation of the
adrenal glands If a sufficient interval 1s allowed to elapse after the operation, there
15 regeneration of the cortical tissue 1n the complete absence of medullary cells” Such
expeniments have shown that smul like hypoglycaemia or haemorrhage exposure
to heat or cold injection of histamine or of B tetra hydro naphthylamine cause a
release of ACTH whether adrenaline 1s being released or not (Gelthorn ¢t al 1949
Gershberg et al 1950 Gordon 1950 Recant et al 1950 Vogt 1947 and 1g51a)
‘Under these conditions therefore adrenaline though 1t contrnibutes to the secretion of
ACTH by the antertor lobe 15 not an essential link in the chain of events constituting

59






Control of the Secretory letuidy of the Adrenal Cortes

We do not know whether the three mechiusms  arculiing adrentdine stunula
tion of hy pothdamec centres and metabobic chrnges hwz 2 final prthway m common
Expeniments on transplants (Tortier, 1951) wnd expenments on animls with hypo
thrlame lestons (Hume 1951) e 2t present not be reconcrled and further evidence
will have to be wwuted Foruer s sugzestion howeser that only emotional stimuly
produce their effect via the hypothlamus whereas all other sumult act on the an
tenor lobe directly since they remun effective i pitantary transplants posaibly pro
vides the night answer

I et us now conwder the second question and sk what duties the adrenal cortex
can perform when deprived of putntary control In ths field care has to be taken to
woid generalizitions since there exist considerable species differences Whereas for
mstance 1t s true of the rat that hypophysectomy hohshes the response of its rdrenal
cortex to damage by formaln or to injections of snsulin this 15 not 50 1n the pigeon
mn which hypertrophy of the drentl can be mduced by these same sumul after
exurpation of the pitutary (Milter and Riddle 1942) Differences are also obvious
when the speed of trophy of the 1drenal cortex following hypophysectomy 13 com
pared for eximple 1n the rit and i the dog 1t ttkes about four times as fong 1n the
dog as 1t does in the rat for the same degree of atrophy 0 develop

The obsersations on this question (Pickford and Vogt 1951 Vogt 1gsre) which
form the remaining part of this talk were 2ll made on cats and dogs One sentes was
made on perfused glands the left or both 1drenals bemng 1solated and perfused with
blood from a Dale Schuster pump In other experiments adrenal blood was collected
2 sife from the otherwise normal or from the hy pophysectomized dog

Assay of cortical hormone was carried out 1 the adrenal effluent by myecting
nto adrentlectormzed rats exposed to low temperature Fig 1 shows a companson
of cortical secretion per min and per g adrenal by adrenal glands m suv and o
lated perfused glands The umit 13 arbitrary  representing the activty of 1g beef
gland extracted by a commercial process for the preparation of medicinal adrenal
extracts AR figures are only 1pproxumitions since the potency of the extracts s
not the same throughout all wssays nor s the assay method verv accurate The
results of the comparnison depend on the state of the givnd 1 i chosen for compan
son If as was done in the experiments of this table the secretion 15 measured after
driding the splanchnic nerves and allowmg an terval of not less and preferably
mare than thirty nunutes to elapse tll samphag s begun there 1s very httle difference
between the secretion rate of the gland i 1w and that of the perfused gland which is
deprived of any control by the pitartary  The secretion fom an wolated dog s adrenal
remains constant for about two hours if contsnuously suppled weth fresh blood In
terms of Compound L its secretion per g uissue and per mun 1s about 4 pg (Bibile
195°) Addstion of ACTH to the perfusing blood greatly mcereased the hormone
yield Does this mean that the dog s adrenal will secrete 1w the absence of ACTH?
In order to establish thus pomnt the presence of ACTH 1n the perfusing blood has to
be excluded This was done 1 the expeniments marked H by perfusing with blood
collected from a hy pophysectomized donor Later however stwaslexnt that this pre
caution may have been unnecessary since m alt expenments the perfusing blood was
withdrawn from the antmal and circulated 1o the pump for about two hours hefore ob
tumngthesamples and ACTH probably does not heep 1n blood under these conditions
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the adreno cortical response to stress Its contribution to the response varies with
the type of sumulus Thus 1t 1s neghgible 1f an ammal s exposed to cold environmental
temperature, but lnrge in the trauma of an abdominal operation 1t 1s easy to demon
strate that the rate of cortical secretion 15 higher duning an abdommnal operation in
which the splanchuic nerves have been left intact than if they were cut at an
early stage of the operation In emotional stress, the part played by adrenaline 15
very large indeed In fact, 1t has been suggested (Gershberg et ol , 1g50) that release
of ACTH 1n emotional stress may be entirely caused by circulating adrenaline This
15 however, an over ssmphfication The adrenal cortex of the demedullated rat ac
celerates 1ts secretion during emotronal stimuli, though 1ts response 15 greatly dimin
1shed 1n comparison with the normal gland Neither need the emotional stimulus be
severe mn order to ehicit the response the mere taking of the rectal temperature
rats unaccustomed to this procedure will release ACTH 1n the demedullated ammal
(Vogt 1951b} The mechanism involved 1s probably that demonstrated by de Groot
and Harns (1950) 1n the rabbit In this animal, an emotional sumulus causes 2
lymphopema which s the expression of an accelerated secretion of cortical hormone
following the release of ACTH Localized damage to the postertor part of the hypo
thalamus abolishes this reaction, whereas electrical sttmulation of that same regon
produces a lymphopenia The adrenal medulla or the sympathetic chamns are not
mvolved 1n that response, so that 1t follows that the excitation of certamn diencephahic
centres represents a second mechanism which 1s able to release ACTH

Emotional stimuli can obviously not be made responsible for the majority of adrenal
Tesponses to stress, and we have to look for yet another factor which might actvate the
antertor lobe whenever the body 1s subjected to some damaging agent Sayers and
Sayers (1947) have suggested that mcreased utilization of cortical hormones by the
stressed tissues reduces the blood levels of these hormones and that this low level of
arculating corticoids 1s the stmulus causing the cells m the pitwitary to produce
ACTH Ths attractive theory 1s founded on the observations made by Ingle and by
the Sayers that excess cortical hormone, admimistered parenterally, will depress the
secretion of ACTH under conditions of stress It has however, been much more diffi
cult to provide evidence for a stimulation of piturtary activity by low levels of crrculating
hormone In one extreme condition such evidence has recently been obtaned by
Gemzell, van Dyke Tobias and Evans (1951} These workers were able to demon
strate mncreased blood levels of ACTH m adrenalectomzed rats which were, of
course, completely lacking 1 circulating cortical hormone On the other hand estt
mation of cortical hormone i peripheral blood 1n man by Nelson et al (1951), dd
not provide any evidence of the hypothesis put forward by Sayers and Sayers In
monbund patients, mn fact the blood levels of cortical hormone went up, not down
It may, of course be that under those conditions the regulatory mechamsms are nlt:
longer operating normally or that the techmques 2re not sensitine enough to picl
up small fluctuations in hormone concentration .

Though 1t 15 not certain whether the sumulus causing acceleration of the re ez;?e
of ACTH 15 1n fact, a fall in the level of circulating cortical hormone, 1t 1s generally
hat some metabolic disturbance must underhe all those conditions 1n which,

agreed t
s he absence of emotion or adreno medullary secretion the pitwmtary releases

even m tl
ACTH
6o
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ACTIVITY PER MIN PER_q ADRENAL

IN SITY PERFUSED
No_ “gGLAND No g GLAND
67 33 176 46
7 50 194 54
57 57 130 6 2N
69 60 262 75
64 68 133 89
77 73 212 34
73 150 200 8 OfH
264 o
M 70 M 6 75
Fryure 1

Another factor found to influence the secretory rate of perfused adrenals was a
change n the Na/h ratio of the plasma When thus ratio was lowered from the normal
figure of approximately forty five to between nine and seven acceleration of cortical
secretion occurred 1n the perfused gland The decisive factor 1n such expenments
mught be the lack of Na the excess k. an additive effect of these two factors or the
altered Na/R ratio Since the result of adding hCl was the same as that of
replacing some of the sodium by potassium whereas the substitutton of sucrose for
Na did not change the rate of secretion of the cortex the effect must have been due
not to N lack but to excess k or to the decreased N/K ratio

Has this ph any phystol 1 implications® The fact that regulation of
the mineral metabolism appears less disturbed by hypophysectomy than by adrenal
ectomy and the production of hstological changes in the adrenal of the hypophy-
sectormized rat by a sodium deficient diet (Deane ez @/ 1948) would tempt us to such
a conclusion and to the assumption that changes 1 the blood electrolytes have a
direct effect on cortical secretion The necessity however to reduce the Na/k ratio
to figures as low as from 7-g 1n order to obtamn effects on the perfused adrenal renders
this interpretation doubtful Such a low Na/K ratio does not occur 2 2120 except m
adrenalectormzed ammals so that these expertments cannot be considered to prove
the physiological importance of 2 mecham m which may only be called mto action
under extreme pathological circumstances

Of the drugs tested only histamine was occastonally found to accelerate the secre-
tion of the perfused adrenal Because of the inconsistency of this effect however 1t 1s
likely that under natural conditions circulating histamine acts entirely by means of
the release of ACTH
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Hechter (1949) has reported that perfused beef adrenals secrete practically no
hormone unless ACTH 15 added to the blood The difference between Hechters
results and those on perfused dogs glands are most Iikely nat due to the use of another
species but to differences in perfuston technique, since the possibility of avoiding even
temporary anovia when perfusing a dog s gland should contribute greatly to s
better functional performance

Since acute deprivation of ACTH does not mterrupt the secretory actwvity of the
adrennl cortex of the dog, 1t was of interest to investigate the effect on cortical secre
tion of hypophysectomy performed days and weeks before collecting adrenal s enous
blood In hypophysectomized dogs which were not mamntained on ACTH, cortical
hormone was invanably found 1n the adrenal effluent The tests were carned out
up te one month after hypophysectomy

It follows from these observations that the dog’s adrenal sccretes measurable
amounts of corticords whether acutely or chronically deprived of ACTH Issucha
gland, however, stll capable of adapting 1ts secretion to the varying needs of the
body? Since the adrenal cortex has no nerve supply, any control of 1ts speed of hor-
mone production would have to be effected by changes in some constituent of the
blood which might act as a stimulus to cortical secretion A number of metabolites
were tested for such activity by adding them to the blood supplying a perfused
adrenal In the same way a few drugs were tested for 2 possible action on cortical
secretion

The substances examuned on the perfused preparation were

Glucose Adrenaline
Sodum lactate Nicotine
Glycine Histamine
Alamne Colchicime
Cystine Morphine

Sodum ascorbate

Organic and 1norgame
phosphates

Adenosine

Naand b

OF the metabolites only certain phosphoric acid esters produced an mcreased out
put of corticords This mcrease outlasted the period of mjection by about fifteen
Ad nphosphate and creatine phosphate were both active whereas
adenosine adenosine di phosphate and sodium phosphate were not Since the adrenal
cortex contams practically no store of hormones but has to manufacture 1ts secrenon
as 1t pours 1t 1nto the blood, 1ts oxygen uptake and energy requrements arc high
and 1t 1s perhaps the supply ofreadily av arlable energy which accounts for the accelera
tion of secretion by artenal mfusion of those esters which carry high energy phosphate
bonds Support for this hypothesis 1s g1 en by the work of Gemzell (1948) who fom_if\d
that ATP 1s present i normal adrenals and that the admumstration of ACTH
causes an increased rate of uptake of P* by the adrenals of rats myjected with

Na HP20,
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Savers G and Savers M (1g947) Regulation of pitwitary adrenacorticotrophic
activity during the response of the rat to acute stress Endecrinology 40 26,

Voot M (1944) Observations on some conditions affecting the rate of hormone
output by the suprarenal cortex J Physiol 103 317

Voer M (1947) Cortical ipids of the normal and denervated suprarenal gland
under conditions of stress F Phystel 106 394

Voer M (1951a) The role of hypoglycacmia and of adrenaline 1n the response of
the adrenal cortex to msulin 7 Phiswol 114 222

Voot, M (1951b) The effect of emounon and of 8 tetrahydronaphthylamune on the
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Dascussion
Chairman § Zucl erman

F Verzar The adrenalcortical hormone 1s secreted continuously as a condition of
normal metabolism and not only 1n response to stress Adaptation 1s the most normal
function of Iife It 1s not only under conditions of stress that one needs the suprarenal
hormone and ACTH they are needed continuously for normal metabolism For
mstance if one feeds a rat one gram of glucose one gets also a lymphopenta lasting
for many hours

M Pogt After all every meal 1s a stress of a kind

G D Kersly Dr Vogt mentioned sumulation of the pitwitary by hypoglycaemia to
cause mncreased production of ACTH 1 have attempted to use this in rheumatord
arthntis 40-50 per cent of the patients showed definite improvement and all these
showed an eosinopenta How does this work?

We took two groups of patients with rheumatord arthnitis and treated them by
msulin hypoglycaermia and allowed them to improve to therr maxumum extent
Then m the first group we gave 60 mgms cortisone a day the cortisone being given
after they had recovered from their daily hypoglycaemia All these cases showed
further improvement In the second group we carned on with the insulin giving the
cortisone at the same time so that there should be no corticord deficiency duning the
hypoglycaerma All these patients deteriorated

1s evidence suggests that the sumulation of the pitmitary by msuhn hypogly
caerma 1s due to reduction of the circulating corticonds
\f Vogt There 1s some recent American work that insulin and cortisone have no
effect when they are given together
1 V Neale T would like to ask Dr Vogt whether she has found any substance which
diminishes secretion of cortical hormones In particular what 1s the effect of anaes
thetics etc ?
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To sum up, the perfused adrenal carries out its synthetic actmaty efficiently, but
at a steady rate The only physiological mechamsm found to accelerate its secretion
15 the addition of ACTH to the perfusing blood Other means found capable of sumu
{ating the output of hormone from the perfused ¢land appear too drastic to be likely
to be of physiological smportance
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Control of the Secretory lctivaty of the Adrenal Cortex

and had an associated low blood potassium and chloride We wondered whether the
tugh blood corticord level was associated with a rather severe alkalosis resulung from
the electrolyte changes We ad ed p chlonde to one of these patients
and found that 1n two dys the blood comcoxds fell to normal levels and the patients
showed marked clinical improvement These are the only untreated patients we have
seen with high cortical steroid levels with the exception of terminal cases who
generally show incrensed levels of these sterords Patients with acute pneumonins and
other infections do not generally have increased levels of 17 OH corucal
sterords

H Dale Is there any posstble direct connection between the pitustary and the hypo
thalamus which would allow of the mntervention of adrenergic substances?

M Vogt Hume and Wittenstein tried to produce cosinopema by the admimstrition
of adrenalie to animals with hy pothalamic lesions and failed We do know of course
that there 1s a high concentration of sympathin 1n the hypothalamus but 1ts role
1s as yet uncertain

S Zuckerman 1 believe Hume and Wittenstemn were trying to make lesions in the
tuber cinereum  Sayers obtuned positive responses with the anterior piturtary trans
planted to the anterior chamber of the eye

M Vogt agree, but to get an effect on the transplants via the blood stream would
require the release of greatly increased amounts of the active material The trans
plants ar¢ far from normal as they do not adequately maintain the gonads and the
adrenals This renders mterpretation of the results on transplants difficult

D ¥ Ingle T have been properly criticized 1 the past for ignoning the fact that one
can never be certain that one has removed all the secreting cells of the pitustary Thrs
can be said of any endocnine gland extirpation experniment It 1s true that in the dog
1 order to get suprarenal atrophy one has to remove the tuber cinereum and 1n
fundibulum along with the pitwitary

I am not 1mprcsscd with the role playcd by adrenaline 1n adaptation as one can
get T ble adag on 1n the d d animal In condrtions under wlach
adrenaline will cause adaptation phenomena in the anterior piturtary adrenal cortex
axis other substances wall produce the same results ¢ g both adrenaline and hista
mine affect the transplants of pitary m the eye

With regard to the adequacy of the pitwitary transplants I was successful m carry
g this out 1n 1936 and the ammals remamned alive for many months I have also
transplanted the pituitary under the czpsule of the ovary and this seems to be a better
site. The suprarenal cortex in these amimals was partially maintamed but did not
react to stress Recently several other investigators have made transplants mto the
eye and found that the response of the suprarenals to stress as measured by the as
corbic acid depletion method was maintained, but this 15 not wholly convincing as
there were no concomitant morphologic changes 1n the suprarenals

Harns showed recently that when the pitwitary transplant was remote from the
hypothalamus the suprarenal cortex w1s poorly mamtained but when 1t was placed
under the hypothalamus so that vascular connections were established between the
graft and the hypothalamus  the suprarenal again reacted normally to stress
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M Vogt 1 know of no substance which will cause 2 dimunution of secretion of the
cortical hormones Inhalation anaesthetics increase this secretion whilst ntravenou,
barbiturates are without effect
S Quckerman 1 was nterested to hear about Professor Verzar's views on conversion of
one sterowd to another, and I wonder Dr Vogt, 1f 1n your expeniments you always
got the same substances secreted by the 1solated suprarenal whatever the sumulus, or
do different sumuli give different results?
M Vogt Bibile and 1 tned to stmulate the 1solated suprarenal with potasstum
chlonide and ACTH The difficulty 1n answerng your question arses from
maccuracy of the bioassays We used two techmques, (1) the eosmopemc test
which we thought should test for the 11 axy corticowds, and (2) the cold test which
15 also sensitive to small doses of DCA and should therefore show up DCA like
mineralo corticoids 1f such occur naturally We did find that these two tests gave
different results to DCA but with our perfusates the results of the two tests always
correlated welt

The order of magnitude of the steroid secretion by the isolated gland was the
equivalent of four micrograms of Compound E/min/grm of gland
J M 1offs One of the perplexang anatomical problems 15 why the cortex and
medulfa are so closely related, 1t scems difficult to regard this as a purely acadental
assocration I believe it was Cramer who did some work on the anastomoses
between the medullary sinusords and the capillaries of the reticulans and suggested
a functional implication

Can Dr Vogt throw any light on the fact that the demedullated cortex responds to
cold and hypoglycaema to a lesser degree than n the normal ammal?

M Vogt The companson of cortical response before and after demedulintion or
denervation 1s rendered difficult by the fact that by depriving the ammal of the
adrenaline normally released by cold or mnsulin we make what appears to be the
same stress very much more severe With the depletion of the sudanophilic cortical
lipoids as a test for cortical activaty before denervation a great depletion of these
hpoids occurred 1n response to msulin, but after denervation there someumes was
much less depletion This ws only a qualitative test For quantitative purposes the
adren il ascorbic acid depletion test was used, but this unfortunately will not answer
Professor Yoffey s question as mere fasting caused depletion of the adrenal ascorbic
acid 1n the demedullated (and not the normal) ammal and so the baseline for
quantitative companson was changed In the denervated gland the ascorbic acd
depletion after msulin was equal to that of the normal gland

F A Lock The giving of 1 grm of glucose to a rat 1s equivalent to giving 1 man
about 350 grm of glucose on the basis of bady weight I should thinh that this s 1
considerable stress \What happens when one administers 1 mor¢ normal dose?

F Verzar The rats m our laboratory eat about ro grms of food a day so I do not
think that 1 grm of glucose 1n about 2 cc of water 1s an abnormally large amount

D H Neison Dunng our investigations of the blood levels of 17 hydroxycorticoster-
ords, we came across two patients who while under the stress of 1 severe infection, hrd
s ery high blood lev ¢ls of cortscords similar to the levels one finds in Cushing s Disease
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by

S ZUCKERMADM,
Department of Anatomy Unuersity of Bumingham

‘Txe first indications that the adrenal glands may undergo changes 1n relation to the
reproductive cycle and correspondingly that changes m the adrenal glands may
affect the accessory reproductive organs 1nd secondary sexual characters were pro
wided by morphological and chimcal studies more than fifty years ago * Since then
we have learnt that the changes which occur 1n the adrenal cortex in parallel with
the phases of the oestrous cycle affect not only 1ts total size but also the nature of 1ts
cells We also know about the existence of sexual differences m the size of the adrenal
cortex about changes 1n the cortex after gonadectomy and about the presence of a
so called x zone 1n certain species It has also become obvious that under certain
conditions the gonads secrete substances which affect processes normally associated
with the secretions of the cortex and zice zersa + The extensive literature dealing with
this overlap 1n endocnne function has been adequately summarized by a number of
worhers mcluding 1 the years since the war Goldzieher (1915) Parkes (1945) and
Burrows (1949} The facts pose an extremely complex problem even though—as
Wiesel first pomnted out 1n 1899 and as Vanmin: {1951) has forcibly argued recently
—1t 15 not surpnising that there should be a functional interrelationship between two
secretory structures that are embryologically denved from contiguous parts of the
msermediate cell mass
The straightforward subdivision of the problem nto such compartments as {a)
the assumed production of cortical hormones by the gonads () the apparent pro
duction of gonadal hormones by the adrenal cortex and (¢} the presumed overlap
1 the function of gonadal and cortical steroids provides a useful catalogue of the
main facts of the interrelation But two essential questions dominate any attempt to
understand the catalogue They are first the posstbiity that the trophic control
exercised by the adenohypophysis over other endocrine organs may not be as specific
phrysiologically as would be indicated by the behaviour of such pure chemical pre
parations as ACTH gonadotrophin thyrotrophin etc 1 experimental tests and
second  the ikehhood that biclogically active steroid molecules may undergo very
metabolic changes m the body with the possible consequence of alterations
Eg Sullings (1898) ob rvat on that the adrenal glands of the p geon nerease n size at the t me of
© ulat on and Bulloch and Sequ 1ra s (rgo5) suggest on that the condition we now recogn ¢ as the adreno-
gen tal syndrome was p obably lated to tumours of the adrenal co tex or to the presence of adrenal rests n
relation to the male accessory glands
tEg the influence of gonadal harmones on electral tabal st the the Tutewsn on
the surival time of adrena! ctomu ed ammals the apparent production of androgen by the cortex
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F Verzar We always test for remains of pituntary after hy pophysectomy by measuring
the uptake of radioactive 1odine by the thyroid and discard any ammals that show
1odine concentration

A Vogt Only a minute part of the dog's anterior lobe or of the pars tuberalts will
mamtain the suprarenals in a normal conditton

§ Zuckerman If we have to remove the pars tuberalis for complete hypophysectomy it
will be quite impossible mn rats
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whatever 1ts value to, say taxonomy or comparative anatomy, there could be little
fi to the al study of an arbitrary fragment of a humerus
The endocrinologist who 1s not a chemst needs to be assured that the specific and
separate chemical substances which are defined for lum as hormones do not, 1
effect correspond to such arbitrary fragments

At the outsct we should therefore come to some agreement about the cntena by
which we define the specific nature of the pure hormones now being 1dentified by
chemicl methods 1 should like to suggest here that the fundamental consideration
15 that of biologacal function Qur knowledge of any hormonal response necessanly
begms with the recognition of a phystological reaction in which a tissue suspected to
have endocnine function exercrses an effect on some target organ As our under
standing 1ncreases the facts of the physiological reaction become clearer and so,
too the chemical charactenstics of the hormonal substance or substances that are
mvohved The behavtour of a punified chermeal extract can be taken as representative
of some physiological hormonal reaction when the two are idenucal Thus we equate
the function of the adrenal medulla with that of the effects of an 1njection of say
synthetic adrenalin and noradrenalin because 1n so far as can be determined the
effects of the imjection are 1denucal with the funcuon of the medulla as determined
m physiological expertments Moreover 1n this mstance we find no difficulty m
attnbuting multiple effects (e g vasoconstnetion and glycogenolysis) to the action
of the same molecule It seems to me a 1¢ that the specifi of a hormone
must, 1n the first instance be based upon an appreciation of the integrated physio
logical response for which 1t 1s responsible

Yesterday Dr Nelson stated that after the admmstration of ACTH to 1 cow the
blood flowing from the adrenals contained an androgemc substance whose chermcal
nature had been 1dentified Professor Young mn referning to this observaon gave
as his opinion that 1t constituted more convincing proof for the view that the adrenal
cortex can elaborate androgen than any he had previously heard I find this difficult
to understand for 1t makes me ask 1n what logical sense the rmportant evidence pro
vided by Dr Nelson differs from the kind that was already available Dr Nelsons
new mformation as I see 1t relates to the chemical identity of the substance 1n the
adrenal venous blood—a substance which he was able to show was similar to previ
ously defined androgens Biochemusts however have not yet ascertained the partt
cular features of a molecule which underlie androgenic function And since biochem
cal knowledge 15 not mn this sense predictive Dr Nelson s inference that the substance
he 1solated was androgemic denves essentially from the biclogical definition of an

d {e g asub: which stimul growth and fi of accessory repro
ductrve organs of the male)

1 have chosen this example to 1llustrate the thess that the criterion by which we
Judge the punity or speaifiaity of a given hormone must 1n the final analysis be bio
logical m nature ACTH whatever its chemical structure 1s recogmized as the
adrenocorticotrophic hormone by virtue of 1ts biological properties and 1t will con
tinue to be 5o defined until such time as the chemists can explam to us the molecular
characterstics upon which the adrenocorticotrophic function depends 1 take1t too
that this general proposition apphes equally to gonadotrophins sex hormones and
corticords and that the concept of hormonal specificity implies that tissue differentia
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i their physiological function It 1s to the former question 1n partrcular that the
Ppresent paper 1s 1ddressed

THE DEFINITION OF SPECIFICITY

The question of the chemical specificity of pituitary hormones was an underlying
theme of the papers and discussions of yesterday morning, and endocrinologsts of
Ml shades of opmion cannot but be affected by the views of brochemsts on this
problem Yesterday s papers were essentially concerned with revealng to us chemical
preces of the jig saw we are trymg, to fit together at this meeung and to indicate the
separate identities of various hormonal substances Dr Li referred to hormonal
contarmnants of ACTH, and provided evidence to show that the ascorbic acid
depleting factor was something distinct from the pituitary factor responstble for the
growth of the adrenal cortex The 1dea of specificity, although not necessarly the
same 1s that propounded by Dr L1, was mmplied 1n Professor Young s observation
about a small ighly actrve fraction (ACTH) which ‘pre existed 1n separable form
n crude corticotrophin - And Dr Morrss s view s that the problem of the umty or
muluphcity of adrenocorticotrophic hormones can only be settled by the solation
of specific chemical substances
It seems to me essential that endocrinologists who are not chemusts should appre
anite the wider implication of certan spects of the chemical approach T sav this
because of the danger that 1n the final analysis, the 1solation of a pure chemical
substance which exercses specific effects may represent so great a disarticulation of
7 ntegrated physiological reaction that the specific effect or effects by which the
pure substance 1s biologically defined may, n fact, never occur n 1solation m the
body To take a speafic example I feel that we have to ask ourselves whether the
ascorbic acid depletion of the adrenal cortex 15 a process distinct from stimulation of
the whole cortex or merely a phase of such a sttmulation—which as I understand 1t,
15 a view favoured by Sayers (Sayers and Sayers 1948) If the former 1t 1s obviously
profitable to search for separate hormones mediating the different functions If the
Itter 1t becomes necessary to decide what brological significance should be attached
to the ndividual adrenocorticotrophic hormones with which the chenmst mav pro
vide us n so called pure form *
These considerations are 1 no sense opposed to the view that an understanding of
1 process as a whole necessitates » knowledge of its separate parts or stages The
contnbution of the biochemust 1s here similar to that of the anatomust when let us
say he studies the characters of a bone disarticulated from the Iimb of which it1s a
part The muscular control of the movements of the arm could never be fully under
stood unless the anatomical characters of the humerus had been properly defined
On the other hand the anatomical characters of the humerus have no functional
sigmificance except 1n relation to the movements which the arm can make Moreover
It s cancewable that pu tfication of a ho mone rnay 1n some cases have great practical pharmacofogical
sewportance at the same £ me 26 1t docs not lead 1o any great adyaace in phys olog cal knowirdge Hec it 13
| orth noting that the purest preparat on of FSH which has a far been descr bed by Dr Lt (Moon an
19s2) ssmuch I ss effective b ologically we ghtforw  ght than the umpure preparat dns normally used Thus

he ovanes of test i ec ngnifh
reas a8 much as 5 mg of the pure p eparation was necessary to enlarge Il
rahnctly anequ alentincrease wasobta ed in ratswith as httle s o mg o the FaH described by Fraenket

Conrat Simpson and Exans m 194>
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sense that androgen ‘dvmps down the adrenocorticotrophic as well as the gonado
trophic function of the adenohypophysis and by so doing leads to involution of the
adrenal cortex

THE TROPHIC CONTROL OF THE ADRENAL CORTEX

There 1s the further possibility that the indirect and depressive effect 15 due not just
to the suppression of ACTH but also of gonadotrophin and that this trophic factor
also has a direct effect on the adrenal cortex This 1dea appears to have been first
advanced by Martin (1930 1932) who suggested that the disappearance of the x
zone as a resuft of the administration of gonadal hormone 1s due to the suppression
of the gonadotrophic as well as the adrenotrophic potency of the anterior pituitary
the imphration beng that the x zone of the adrenal cortex 1s under the control of
the same trophic factor(s) of the pituitary as are the gonads This view has been
given a considerable amount of substance lately as a result of an extensive cyto
chemical and experimental study by Jones (1949) According to this worker main
tenance of the x zone 1s a function of a gonadotroplin posstbly LH 1n nature, the
well being of the zona fasciculate depends completely on ACTH while the <ona
glomerulosa which pexsists m the adrenal cortex of hypophysectomized ammals 1s an
autonomous zone although the presence of acetone soluble sudanophilic material
within 1t stll depends on ACTH Jones s experiments were carefully planned and ¢
mvolved groups of intact virgin female mice  hy pophysectomized virgin female mice
hypophysectomized virgin female mice given gonadotrophin spayed non hypophy
sectomized mice given gonadotrophun 1ntact mice given ACTH  hy pophysectomized
mice given ACTH etc If the conclusion to which hus experiments point 1s sustained
and if at the same time we accept the view that the chemical or laboratory speaifiaty
of ACTH FSH and LH implies phystological speaificity we have to infer that to
some extent at least the adrenil cortex 15 controlled by the pitwitary factor(s)
responsible for the mamtenance of normal gonadal function
This conclusion 1s not entirely consistent with certain observations on dwarf mice
that have been pubhshed by Deanesly (1938a) Neither the male nor the female of
this geneuc stran develops an < zone and the zona reficulars 1s only a narrow band
of cells around the medulla Castration, which 1n young normal mice leads to the
persistence or reappearance of the x zone has practically no effect on the adrenal
glands of the dwarf mouse even though 1t 1s followed by imvolution of the accessory
reproductive glands Since as was shown by Smuth and McDowell (1930) the under
lysng defect 1n the dwarf mouse 15 a hypo functioning of the adenohypophyss m fote
and since 1t 1s the gonadotrophic function which 1s the least suppressed Deanesly
argues that while the absence of the x zone strongly suggests that 1t 1s dependent
on some secretion of the prtuitary deficient in dwarf mice 1t 1s hardly likely to be the
gonadotrophic hormone
In sprte of this observation the facts before us suggest first that gonadal hormone

(eg androgen) may have a direct and sumulating effect on the adrenal cortex
second that at least part of the adrenal cortex (1 e the x zone) may be under the con /
trol of gonadotrophic hormone and third that this region of the adrenal may also

be under the control of a second pitwstary secretion which by defimtion would not
be gonadotrophic
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tion, 1n the embryological sense, 15 assouiated wath a competence to react specifically
to specific hormonal substances Where a tissue has no specific competence 1 this
sense, there 1s no specific hormonal action

THE DIRECT AND INDIREGT EFFECTS OF ANDROGEN
ON THE ADRENAL CORTEX

Any attempt to eluadate the problem of the mteraction of the prtuitary gonado
trophins and ACTH must begin with a consideration of the effects which gonad
ectomy and the sex hormones have on the adrenal cortex Here our knowledge
derves mamly from work on the rat, and the central facts appear relatvely straight 1
forward Thus the removal of the ovaries in the mature female leads first to a trans: |
tory increase and then to a partial involution of the adrenal cortex In the gonad
ectomized male only a shght mncrease 15 observed In both sexes these changes can
be prevented by means of androgenic hormone which, when given to intact female
rats leads to a shght decrease n the size of the adrenal glands !

These observations are in accordance with the thesis that androgen 1s 1n some w1y
antagonistic to the adrenal cortex* and the thesis 1s also con istent with the well
established fact that the x zone 1 young male mice disappears when the testis begins
to secrete androgen, whereas 1t persists in the female until late 1n the first pregnancy
It can also be correlated with the observation that both young male and female mice
lose their x zones when treated with androgen

Untl recently 1t was widely held that gonadal hormone exercised 1ts effects on the
adrenal cortex indirectly by way of the pitwtary (e g Selye, Collip and Thomson
1935, Ellison and Burch, 1936) the implication bemg that an excess of androgen
the body fluids not only ‘damped down the gonadotrophic function of the adeno
hypophysis, but also that of ACTH—the basophil cells being responsible for the
production of both hormones (Marshall M951) To day there 15 reason to doubt this
view Thus both Cutuly Cutuly and McCullagh (1938) and Leonard (1g44a) have
shown that testosterone gnen to hypophysectomized rats partially prevents the
adrenal atrophy which follows the ablation of the pitwitary Leonard (1944b) has
also shown that androstenediol (3 a 17 trans and 3 8 17 trans) has the same action,
and that 1ts effect 1s greater if the steroids are admmustered immediately the pitwitary
1s removed rather than after a post operative period of ten or more days Corres
ponding results have been obtained more recently by Zizine Simpson and Evans

1950]
( E’}Tﬁhgse observations suggest very clearly that androgen can directly mfluence the
cells of the adrenal cortex nnd that ats direct effect 1s that of sumulation On the
other hand they do not exclude the possibility that 1n addition to a direct effect
some spectest, a depressive effect 15 also mediated indirectly 222 the pitwitary n the

The results of similar experiments  1th oestrogen ha € niot been as elea ~cut (as a rule ocstrogen leads t
an increase 1n the size of the adrenals) and it should also be ob erved that all the mammal an species tested
do not appear to ceact ta castration and androgen i the same way as does the rat (e g Svean ham ter

J  heyes 1919 tn which the adrenal cortex decreases in size alter castration)
£ The dircet action of androgens on the adrenal cortex of hypophysectom cd an ma) may not apply to all
speaies Thus Zalesky Well Overhol er and Gomez (1941) found that in the ground-«qu rrel testosterone
j fails to present or repair the snvolution of the adrenal cortex that follows hypophysectomv whereas o ad
\rophinwill nat ¢l - marntain adrenal function but even cause cortical h -pertrophy
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The first of these posstbilities 1s suggested by Davidson and Moon s (1936) obsernva
tion that adrenotrophic extract can bring about an increase m the weight of the
accessory reproductive organs 1n castrated male rats Davidson (1937) later showed
that this tesponse does not occur 1n the absence of the adrenals and gonads and
Moon (1937) made corresponding observations on immature spayed female rats
whose vaginal closure membrane broke down after admimstration of adrenotrophic
extract, whereas it remained mtact in the uninjected controls Nelson (rg4r) also
found that 1t 1s possible to induce growth in the accessory reproductine organs and
mammary glands of gonadectomized rats of both sexes with adrenotrophc
hormone The response occurred m the absence of the hypophysis but not 1n that
of the adrenals In so far as gonadectormzed animals were used 1 these experiments
the implication s that the adrenals under the mfluence of crude adreno
trophic extract will secrete a sterod which can sumulate growth 1n the accessory
glands of both sexes Whether or not the ACTH used m the expenments was a pure
Ppreparation 1s of little consequence to the concluston to which they pont The
essential fuct 15 that growth in the accessory organs occurred afier gonadectomy m
ammals given presumed ACTH The only possibility that argues aganst the con
clusion that the adrenal cortex can produce a secretion w hich stumulates the accessory
reproductn ¢ organs m the same way as do gonadal hormones would be that some
other extra gonadal tissue has been stimulated to produce an androgen—a possibility
which would seem to be excluded by Nelson s obser ations

The second proposition that ACTH may sumulate the gonads to produce cortical
hormone 1s indicated very clearly by the interesting observations that have recently
been reported by Clayton and Prunty (1951) and to which bnef reference has already
been made These workers have shown that the development of granulation tissue
m mice 1s inhibited by preparations of ACTH that lack any detectable gonado
trophic action They found that the gonads are essenttal 1f inhibrtion 15 to occur and
also observed that the mhibition occurs 1 adrenalectormized mice born at the begmn
ning of the new breeding season 1n pregnant muce and 1n those treated with chon
onic gonadotrophin Therr view 15 that the gonads and adrenals are normatlly jomth
responstble for the effect produced by ACTH whereas the adrenals are an messential
Iink m the chain when luteal tissue 1s present or when the gonads are under the mflu
ence of LH The implication of therr expenments isthat ACTH free of gonadotrophin
has a direct action on the gonads stmulating them to produce some steroid substance
(which probably does not fall mto the class of gonadal hormones) which sub
sequently exerts a speaific penpheral effect on granulation ti sue

The thurd possibility that gonadotrophun may stimulate the adrenal cortex to
produce sex hormones 15 suggested by the fact that what may be called sub threshold
oestrous cycles continue to occur 1n spayed female rats (hostitch and Telebakovitch

1929 Mandl 1g51) and presumably monkeys (Zuckerman r1g41) Woolley (1950)
has also shown that the accessory reproductive organs of cancer stramn mice which
had been ovanectomized soon after birth and which developed nodular hyperplasta
of the adrenal cortex matured 1n the normal way These arumals not infrequently
underwent irregular oestrous cycles and they mated freely Corresponding obsera
tions were made on gonadectormized male mice which had also developed nodular
hyperplasia of the adrenal cortex The mmplication of these observations 1s that the
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These conclusions, which at first sight may appear discordant, are not necessanly
mcompatible Qur knowledge of prtuitary function has not yet reached the stage
where an apparent complexity of control 15 suspect simply because 1t conflicts with
the belief of interactions between specific pitwitary secretions and spectfic target
organs

THE INFLUENCE OF ACTH AND CORTISONE ON THE GONADS

So far I have considered only the possibility that the gonadal and pitwitary hormones
hwe a direct effect on the adrenal cortex The complementary proposition, that cort:
c1l hormones and ACTH have a direct effect on the gonads, also needs to be discussed
The evidence that bears on 1t 15 slender

Part of st 15 summarized 1n a recent review by Sprague (1951), who also idscates
1ts very equivocl nature and who suggests that such effects of cortisone and ACTH
as have been observed on the gonads and nccessory organs of rats and mice usually
of 1 suppressive character may have been a reflection of the catabolc effects of the
treatment rather than of a speaific effect on the reproductive tract Other reviewers
regard the evidence as implying a more direct achion Thus there 15 the possibility
that the injection of adrenal cortical hormone 1nto normal young ammals may m
duce precocious sexual matunty (e g Corey and Britton, 1931, who used adrenal
cortical extract, and Aterman and Greenberg, 195, whq used cortisone) As no one
scems to have tried the experiment esther on sexually mature or immature hy pophy
sectormzed ammals 1t 1s 1mpossible to say whether the gonadal effect 1s direct 12
direct, or both On the other hand ACTH large doses of which are smd to depress
the testes m normal ammals (Selye 1951) 1s reported to stimulate the preputial
glands i adrenalectomized or even gonadectomized antmals (Selye 1951) Clayton
and Prunty (1951) also report 2 number of observations suggesting that a pure ACTH
1n which no gonadotrophic potency could be detected can stumulate the gonads 1n
the absence of the adrenals (see below), while Asling Reinhardt ind Li (1g51) have
observed that the testes may partially descend and increase 1n weight in immature
rats treated with punfied ACTH ( regression occurs 1n uninjected hypophysecto
mized controls)

HETEROLOGOUS TROPHIC CONTROL

These facts about the mfluence of ACTH and cortisone on the reproductive organs

are clearly too few to allow of very definte conclusions The indications, however,

are that we are dealing with a set of responses which are the reciprocal of the re

action of the adrenal cortex to androgen and gonadotrophins It 1s therefore of

mterest to examine the further proposttions

(1) that what we define as ACTH may sumulate the adrenal cortex not only to
produce adrenal cortical hormones proper but also sex hormones

(2) that what we define as ACTH may stmulate the gonads to produce cortical
hormones

(3) that what we define as gonadotrophic hormone may stmulate the adrenal cortex
to produce sex hormones and

(4) that what we define as gonadotrophic hormone may stimulate the gonads to
produce cortical hormones, as defined biologically as well as sex hormones
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weak, and susceptible to a vanety of condrtions which can be tolerated by the normal
individunl Under Selye’s nfluence these charactenstics of adrenal insufficiency
hve been related to a common picture the adaptation syndrome and to the three
phases which he has defined—shock adaptation or resistance and exhaustion Ac
cording to Selye (1947), the whole syndrome 1s fundamentally related to the concen
tration of pitwitary function on the adrenal cortex In his words there 1s a shift in
pituttary hormone production which necessitates a decreased secretton of other hypo
physeal principles 1n order to permit maximal corticotrophic elaboration  According
to lum, too the alarm reaction 1s always associated with a decrease in the elaboration
of gonadotrophin an inference which might be regarded s dernving primanty from
the well known observation of the involution of the reproductive organs in Addison s
disease, or 1n 2nimals deprived of their adrenal glands In his most recent statement
on the subject Selye (1951} reaffirms his belief in what he describes as a shuft 1
hypophyseal hormone production as the central hormonal characteristic of the stress
Tesponse
Recent observations made 1n my own department suggest however that not only
the adrenal glands but lso the ovanes mncrease i weight 1 a vanety of traumatic
conditions (e g surgical procedures homografting of vartous tissues application of
corrosive flurd to uterine horn) All such conditions accordmng to Selye s thesis would
be expected to result 1n the secretion of excess AGTH and a decrease in the output
of gonadotrophin Intherat however both the adrenal glands and the ovanes hyper
trophy 1n these circumstances (¢ g after unilateral or bilateral hysterectomy [Mandl
and Zuckerman 1951]) A relevant observation (Mandl and Zuckerman 1952) 15
that the breakdown of the vaginal closure membrane occurs sigmficantly earhier 1
young rats aged twenty to thirty days exposed to cold than in theirr undisturbed
litter mates (other less drastic treatments resulted in no such precocity) Where the
breakdown occurs precociously the most hikely explanation s that the piturtary 1s
secreting an excess of gonadotrophin which 1n turn stimulates the production of
ovanan oestrogen This inference helps to dispose of the possibihity that the increase in
ovanan werght after operations of the hind mentioned above 1s due to hydration and
not to functional hyperplasia or hypertrophy of cellular elements That hydration
1s not the explanation 1s also indicated by the experiments of Swingle Seay Perlmutt
Collins Fedor and Barlow (195ta 1951b) These workers subjected young rats to
prolonged electrical siumulation of the cerzex uter: a treatment which 1n Selye s langu
age can hardly be regarded as anything but stress They found that this treatment
m prepubertal animals accelerated the onset of sexual maturation as measured by
utenne hypertrophy They suggest that the stmulus apparently causes the anterior
prtuitary to secrete sufficient FSH and LH to bring about oestrogen release from ova
rian follicles In seven g2 day old rats the ovanes contained well developed corpora
lutea Daily ad ration of dib hibited the effect of the stimulation
suggesting that the pitwitary of the immature rat 1s able to secrete LH as a result of
neurogemc stimulation mn the same way as has been shown for the rabbit following
copulation (Sawyer Markee and Townsend 19
In other expeniments Swingle e al (1951b) subjected adult female virgmn rats to
vartous types of non specific stress e g 1jection of fresh tissue homogenates adrena
hne formaldehyde etc The utert of these ammals previously traumatized by the
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adrenal cortex 1s able to produce hormones which by therr brological action can
only be defined s gonadal hormones The facts are, however, msufficient to show
whether the adrenal cortex functions auto ly 1n these cire ances and if 1t
does not, whether 1t 15 pituitary gonadotrophin or ACTH, which stimulates the
production of sex hormones

The fourth proposition, that the gonads, under the influence of gonadotrophic
sumulation can produce a hormone which by biological definttion should be regarded
as adrenocortical 1s suggested by the well known observation that the survival rate
of adrenalectomized ammals {eg rats and dogs) 1s prolonged when functional
corpora lutea are present in the ovaries (1 ¢ m pscudopregnancy or pregnancy) Further
proof that the ovanes can produce a substance which prolongs the life of adrenalec
tormzed animals 15 provided by the experiments of Emery and Schwabe (1936)
These workers removed the adrenals from two hundred rats at about the age of
thirty days, and then treated them with pitwitary extracts They found that normal
females in which corpora lutea were induced survived very much longer than spayed
females or males Corresponding results have been obtamed by a number of other
workers (sce Burrows, 1949) While the usual interpretation of such cxperiments 1s
that progesterone 15 the agent responsible for the prolongation of Iife the possibility
that the activated ovaries also produce some sterord more 1mmedately related to
the secretion of the adrenal cortex cannot be excluded

The work I have reviewed so far indicates a reciprocal nteraction of gonado-
trophins and ACTH on the one hand and of the adrenal cortex and the endocrine
clements of the gonads on the other Although we are accustomed to suppose that
the pituitary controls a number of distinct functions by means of a number of distinct
and specific hormonal secretions, the question that 1t 1s of interest to ash now 1s
whether ACTH and gonadotrophins are as independent phystologically as they
obviously are chemically

PHYSIOLOGICAL LINKAGE OF ACTH AND GONADOTROPHINS

I have elsewhere referred (Zuckerman, 1952) to the parallelism of gonadal and adre
nal changes as they relate to the onset of the breeding pertod m seasonal mammals
The evidence which I brought together indhcated fairly clearly that the same environ
mental changes which stimulate the gonads are simultaneously 1ssociated with the
activation of the adrenal cortex The mteraction, or parallel action of AGTH and
gonadotrophm 15 also mamfested 1n those physiological conditions which st has be
come customary to describe under the general terms stress or alarm reaction as
defined by Selye These two terms have 1n practice come to denote almost anv set
of conditions i which the equilibrium of the orgamsm within its environment 15
altered beyond what, for present purposes can be called normal limuts

THE BEHAVIOUR OF THE OVARIES IN RESPONSE TO STRESS

1t has Jong been known that adrenalectorized ammals are very sensttive to toxins,
mfections, vanous drugs 1naesthetics etc 10 the same way as 1t has long becn
common knowledge that patients suffering from Addison s isense become extremelv
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addition to the removal of the adrenals had their ovaran artery and nerves divided
survived until such time as the ovarnes were removed, when death immedintely super
vened These animals did not undergo cestrous cycles after the operation, and histo
logical exammation showed the ovaries in these animals to be very small, and to
possess only an occastonnl follicle or corpus Juteum

If by adreno cortical or corticoid hormones we understand a sterord which main
tains Iife 1n an adrenalectormzed ammal 1t follows that some such substance w1s
being secreted by the denervated ovanes of Hills mice On the other hand, 1t 1s
known that progesterone will also the life of adrenalectomized animals
and even though the stological structure of the denervated ovanes hardly suggess
that ths steroid was bemng secreted the possibility that 1t was this substance which
was responsible for the longevity of Hill s adrenalectomized mice cannot be excluded
Other obsersations relating to the of adrenal d ammals by
means of progesterone are referred to below

EVIDENCE DERIVED FROM EXPERIMENTS
IN WHICH HORMONES WERE INJECTED

The observations which I have reviewed suggest very clearly that the adrenal cortex
and the secretory elements of the gonads are not as sharply differentiated in the func
tional sense as one would infer from the differences m their definiuve structure—any
more than they are embryologically * In s detailed review of the subject Parkes
(1945) gives many other mstances of the lack of specifictty of gonadal tissue and the
adrenal glands
Unfortunately the analysis cannot be carried further 1n any precise way by a con
sideration of the effects of injected sterord hormones We know for example that
crystallme p one 1s able to the hfe of adrenal d ammals and
that chemically pure sex hormone such as oestrone has e a powerful effect on electro
Iyte metabolism and one which can be likened to that of the deoxy sterords Butan
essential question which suggests itself when we review experiments i which an over
lap n function between the gonads and adrenal glands 1s inferred from the effects of
njected hormones 15 whether these effects are due immediately to the sterord sub
stances that were njected 1nto the body or to some other steroid into which they mav
have been transformed Parkes (1945) makes the same point when discussing the andro
gens and simlar substances that are found in the urine of normal and gonadectormzed
men and women While they may be wholly of adrenal onigin he pornts out that
there 15 no proof that they are secreted by the adrenal as such and that they may
well be excretion products of the cortical hormones proper since there 1s nothing
inherently improbable i the 1dea that gonadal and cortical hormones hayve common
excretion products Sayers {1950) makes an identical pomnt when he talks about the
conversion of cortical hormones to androgens by the liver or other tissues
A great deal 15 known about the metabolism of sterord hormones and much about
their rates of turnover We know many 1f not all, of the tissues 1n which the steroid
molecule 1s metabolized and we also know that the rates at which the transformations
Stru ture wh ch ha _ an equally close embryolo

g cal relat onship usually become completely diff
. pletely differen
l;:,;:g;..z:??h ;:;1,; and functionally from each oth ¢ g dorsal root gang] a and adrenal medulla  para

79




5 ZUCKFRMAN

wnsertion of threads, showed large, well formed deciduomata Swingle and hss colla
borators consequently conclude that any vigorous non specrfic stress 1s able to bring
about LH release from the prtustary in rats of all ages This conclusion agrees with
that derived from the expeniments carried out 1n my own laboratory, but neither
set of findings corroborates Selye s thesis that gonadotrophin output necessanly falls
when excess ACTH 1s secreted by the pitustary as a result of ‘stress

The hkelihood that conditions of the Lind that have been classified by Selye under
the heading of stress may be assoctated not only with an mcreased discharge of
ACTH but also of other piturtary factors, 1s supported by Brolin s observations (1946-
47) that exposure to cold stimulates not only the secretion of ACTH but also that of
thyrotrophin  These effects are paralleled by certan cytochemical changes 1n, and
hypertrophy of the basophil cells of the pituitary It may also be noted that Saxton
and Greene (1942) have observed that, 1n the rabbut, the stimulus of mating results
not only n a greater concentration of gonadotrophin 1n the pitwtary but also of
thyrotrophin and possibly of ACTH as well

Contrary to Selye's rather ngid formulition of a ‘pituttary shift, these varous
observations lead to the general conclusion that many conditions that can be classt
fied under the general term of stress may be assoctated with the hiberation of two or
more trophic principles of the adenohypophysis I am not, of course suggesting that
all conditions of stress are associated with an increase 1n the size of the gonads My
purpose 1s to show that mn many circumstances of stress the adrenal glands and
the gonads ppear to respond n a corresponding way

THE SPECIFICITY OF THE TARGET ORGANS

The observations that I have reviewed argue m fayour of the 1dea that under normal,
nd under at least some abnormal conditions, the adrenocorticotrophic and gonado
trophic powers of the pituitary are not physiologreally disarticulated from each other
‘The constderations to which I drew attention n the earlier part of this paper suggest
that these two trophic principles can, 1n fact, act on both sets of target organs, and
further that the latter can elaborate both homologous and heterologous hormones—
that 15 to say, the adrenal cortex can produce sex as well as cortical hormones and
the gonads cortical as well as sex hormones

The lick of any final hormonal specificity in the gonads 1s even more clearly 1llu
mmated by the experiments carried out by Hill on mice (Hill 19372 b 1941 195!
and Hill and Strong, 1938) Hull first showed—and his experiments have been amply
confirmed on rats by Deanesly (1938b) and other workers (e¢ Lampton and
Mller 1941)-—that ovanan grafts 1o the ears of castrated male mice can produce
androgens and that in this respect their behaviour can be controlled by regulating
the externil temperature He also showed that the grafts produce oestrogemic hor
mones, as ndicated by the growth of the rudimentary mammary glands of the male
hosts More recently (1951) he has shown that the denervated and solated ovary of
the mouse can produce a hormone which mamntains Life after adrenalectomy In these
aments he cut the ovanan 1rtery and its attendant nerves and then removed

1 animals in which the ovanan pedicle was not touched
mals which, m

€Xpe:
both adrenal glands In control
mortality was practically 100 per cent The majonty of the am
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of the molecules occur vanies between different tissues and 1 different physiolegical
states of the body (for example, there 15 1 sixfold 1ncrease mn the excretion of choles
terol mn the bile of hyperthyroid rats Rosenmann Friedman and Byers 1951) Some
thing 15 also known about the reactnvation and interconversion of sterord hormones
(e g hochakian 1946 Samuels, 1949, Soffer Gabrilove and Jacobs, 1949 Hechter,
Jacobsen, Jeanloz, Levy, Marshall, Pincus and Schenker, 1950, Hechter, Zaffaron,
Jacobsen, Levy, Jeanloz, Schenker and Pincus 1951} Thevery rapid turnover rate
of intravenously myected hormones has also been studied by many workers

To one who 1s not a chemust, the central conclusions to which these biochemical
studies seem to point are, first that a biologically active sterord may be rapidly trans
formed within the body to some other hologically active substance, and second,
that we do not know the nature of the biologically active hormones at the cellular
level

CORCLUSION

The adreno gemtal relationship appears to resolve itself, not mnto any clear pcture of
specific mteractions but into the vague outlines of 1 concept whose central feature 1s
community of control and community of response It 15 a picture wholly different

< from the view we get of the mterrelationships of other endocrine organs Thus the
question never anses whether the thyroid or parathyroid glands elabarate, mn any
physiological or pathological condition, those hormones which are produced esther
by the adrenal glands or the gonads any more than we find ourselves debating whe
ther gonadotrophin or AGTH acts on the thyroid, and thyrotrophin on the adrenal
glands and gonads This 1s not to say that under normnl conditions the adrenal glands
and the gonads are not distinct tissues subserving distinct functions What 1s implied
by the facts 1s that these distinctrve functions may be interrelated at every turn, the
secretory elements of the gonads being able to serve, 1n certain conditions as acces
sory adrenal tissue and the adrenal cortex in 1ts turn as tissue not disstmlar from the
secretory tissue of the gonads Moreover, these accessory functions of the two organs
appear to be controlled 1n the same way as the matn functions to which they are
secondary This seems the only view one can take 1n the absence of any evidence
which shows that the substances which have been crystallized as gonadotrophins
and the one(s) prepared as chemically pure ACTH, 1ren fact secreted as such, and
mndependently by the antenor lobe of the pitmitary

REFERENCES

Asuing & W, Rewvnaror W O and Li, G H (1g51) Effects of adrenocortico
trophic hormone on body growth visceral proportions, and white blood cell counts
of normal and hypophysec i male rats Ende logy 48 534-547
g Atervan K and Grernbirc S M (1952) Cortisone induced *precocious puberty
n rats Laneet 1 545 N
Brouwy, S L (1946-7) A study of the structural and hormonal reacuons of thc
pituntary body of rats exposed to cold (illustrating the regulatory influence of the
anterior lobe on the thyrowd gland) Acta Anatomica 2 Suppl 11T 1-16,

as




The Adreno Genital Relationship

Savers G, and SAvers, M A (1948) The prtwitary adrenal system Recent Progr
Hormone Res 2 81-115

Sevve, H (1947) Textbook on Endocrinology Montreal Acta, Inc

Serye H (1951) Annual Report on Stress Montreal Acta, Inc

Serve H Coiure, ] B and Tuowson D L (1935) Effect of oestrin on ovaries
and adrenls Proc Soc exp Bl N'b 32 1377-1381

Surrn P E and McDowetr, E C {1930) An hereditary antertor prtwitary defict
ency 1n the mouse Anat Rec 46 249-25

Sorrer L J Gasritove,] L and Jacoss, M D (1g49) Further studies with the
salt tolerance test in normal individuals and 1n patients with adrenal cortical
hyperfunction J clin Imest 28 10g1-1093

~SpracuE R G (1951) Effects of cortisone and ACTH Futam and Horm g 263~311

Sticuvg H (1898) Zur Anatormue der Nebenmeren 4rck mikr Anat 52 176-195

Swivete W W Seay P Perimurr J Corrmns E J Fepor E J and BarLow
G Jr (1951a) Effectofelectrical sttmulation of uterine cervixuponsexual develop
ment of prepuberal rats Amer § Physiol 167 599-604

Swingte W W Seay P Perimutr J Coruins E J Barrow G Jr and FeEpor
E J (1951b) An expenimental study of pseudopregnancy in rat dmer F Phystol

167 586-592
Vannmnt E (1951) Organogenese des gonades et determumsme du sexe chez les
} et les La diffe sexuelle chez les verfebres 113-131

Pans Centre national de la recherche saientifique

Wieser J (189g) Ueber accessorische Nebenmeren am Nebenhoden berm Menschen
und uber Compensationshypertrophie dieser Organe ber der Ratte S B Akad
Wiss Wien Abt III 257280

WooLLey G W (1950) Expenmental endocrine tumors with special reference to
the adrenal cortex Recent Progr Hormone Res 5 383-405

Zaessy M Werts L J Oversorser M D and Gomez E T (1941) Effects
of hypophysectomy and replacement therapy on the thvrord and adrenal glands

\jof the male ground squirrel Endocrinology 28 521-530

1zve L A Sweson M E and Evans H M (1950) Drrect actton of male sex
hormone on the adrenal cortex Endocrinology 47 97-101

ZuckerMaN S (1941) Periodic uterine bleeding i spayed rhesus monkeys igected
daily with a constant threshold dose of cestrone J Endocrinol 2 263267

ZuckerMaN S (1952) The nfluence of environmental changes on the prtuitary
Ciba Foundation Conference Coll on Endocrinology 4 213 227

83



: 5 ZUCKERMAM

\/j0N£s I C (1949)] The relationship of the mouse adrenal cortex to the prtuitary
Endocrinology 45 514~536
KReves, P H (1949) Adreno cortical changes 1n Synian hamsters following gontd
ectomy Endocrinology 44 274-277
KocHArIAN C D (1946) The protein anabolic effects of steroid hormones Fitam
and Horm 4 255-310
hosrtrren, A and TeLeBAROVITCH, A (1929) Sur un rhythme vaginal chez les
ammaux ovariectomises C R Soc Brol Pans 100 51-54
Laveron, A b and Miller A J (1941) The mfluence of temperature on the in
ternal secretory actvity of transplanted ovartes n the female rat 7 Urol 45
5527557
Leonarp 8 L (1944a) Partial maintenance of adrenal weight i hypophysecto
mized immature male rats by testosterone injections Proc Soc exp Bl A ¥ 51
302-303
v Leonakp, 8 L (1944b) Effect of some androgenic sterords on the adrenal cortex
of hypophysectonized rats Endocrinology 35 83-90
Manpl A M (1951) Cycheal changes in the vaginal smear of adult ovanectomized
rats 7 exp Bl 28 585~592
Manpr. A M, and Zuckervan § (1951) Ovanan hypertrophy after unilateral
hysterectomy J Endocrinol 7 339-343
Manpr, A M and ZuckermaN S (1952) Factors mfluencing the onset of puberty
m albmo rats § Endocrinol 8 357 364
MarsnaLr, J M (1951) Localization of adrenocorticotrophic hormone by histo
chermcal and tmmunochemical methods ¥ ¢xp Med 94 21-30
Marmiv S ] (1930) Effect of certain endocrne secretions on the x zone of the
adrenal cortex of the mouse Proc Soc exp Biol N1 28 4142
MarTiN, S ] {1932) The effect of complete suprarenalectomy on the oestrual cycle
of the white rat with reference to suprarenal pituitary relationsup dmer J Phystol
100 18o-1g91
Moon H D (1937) Lffect of adrenocorticotroptc hormone on the sexual develop
ment of spayed rats Proc Soc exp Bl N1 37 36-37
Moov H D andLi C H (1952) Effect of follicle sumulating hormone on gonads
of immature C 57 black mice Proc Soc exp Biwl N1 79 505-507
Netson W O (1941) Production of sex hormones m the adrenals Anat Rec 81
Suppl 97
aRhes A S (1945) The adrenal gonad relationshup Plysiw! Rer 25 203-254
Rosenmany R H, Friepvan, M and Bvers S O (rg51) Changes biliary
cholesterol i abnormal thyrotd states Sezence 114 210~211
Samuers L T (1949) The metabolism of androgens by tissues Recent Progr
Hormone Res 4 65-83
Sawvir C H Marnee J E and Townsenn B F (1949) Cholnergic and adre
nergic components in the neurohumoral control of the release of LH 1n the rabbit
Endocrinology 44 18-37
Saztov J A and Greene H S N (1942) Changes ;n hormone content of the
female mbhit hypophysis after maung Endocrinoloey 30 395-398
Savers G (1950) The ~drenal cortex and homeostasis Physiol Rer 30 241-320

e



The Adrenal Cortex and the Mammary Gland
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THE ADRENAL CORTEX AND LACTOGENESIS

TuE pattern of the hormonal control of the imuation of lactation 1s more complex
than was believed when the anterior piturtary lactogemic hormone prolactin was
first discovered It soon became evident that punfied prolactin will not by itself
mtiate k m hypopt d ammals though unfractionated anterior
pituitary extracts are effective Thus lactogenes:s proved to be a change mfluenced
by more than one antenior pituitary hormone That the pituitary adrenal cortex
1 15 also Ived mn lactog was shown by the fact that lactation can

be mitiated 1n hypophysectomized gunea pigs by treatment with punfied prolactun
together with ACTH  adrenal cortex extract or as eventually shown by Nelson
Gaunt and Schwerzer (1943) cortisone

1t 1s for this reason that we have included cortisone among the hormones whose
effects on the metabolism of mammary gland shces 2 z1fro are being studied 1n our
laboratory Respiratory studies have shown that lactogenests as ordinanly under
stood 1€ the imtiation of copious milk secretton i the rat at partuntion 1s accom
panied by an ncrease above umty of the respiratory quotient (R Q } of mammary
gland shces 1n the presence of glucose or glucose + acetate (Folley and French 1949
1950) In general accord with these findings measurements of the time course of the
total pressure changes (composite respiration curve) when rat mammary gland slices
were mcubated 1n bicarbonate sahine 1n equilibrium with oxygen CO, and con
taming glucose + acetate have shown that the metabolism of shices from pregnant
rats (twenty days) 1s such that the overall pressure slowly falls while that of slices
taken from lactating rats results in a progressi e nise in overall pressure (Balmain and
Folley 1952) We have used this convement techmgque for pilot studies of the effects
of hormones t zitro on mammary gland slhices since a change from a composite
respiration curve of negative slope to one of positive slope may be expected to
accompany the imtration of secretory changes 1n the tissue

In experiments on mammary gland slices from twenty day pregnant rats (Balmain
and Folley 1952) prolactin added to the medium has so far had no detectable effect
on the composite respiration curve which at thus stage has a negatne slope Cortisone
on the other hand markedly affected the pressure curve the shees 1n presence of the
coricord giving a curve with the positive slope characteristic of lactatmg tissue
Thes would at first sight appear to permit of the iterpretation that the hormone had
mmuated metabolic changes in the direction of lactogenesis Addition of both prolactin
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Jactting rs recening 3 0 mg DCA daily are abnormal 1n that the water content
of the tssue 1s sigmificantly greater than that of controls (Folley and Greenbaum,
1948 @)

The superionity of DCA over 11 oxysteroids for supporting lactation after
adrenalectomy 1 our rats was maimntained even when the dietary proten was raised
to 50 per cent with 1 view to fivouring the action of the glucocorticoids (Cowie and
Folley 1947), and also mn face of considerable changes m the dietary Nafh
rato (Cowie Tolley, French and Greenbaum 1947 Cowie (1952) though
Nagaredn and Gaunt {1948) found that rither extreme variations m the dietary
uptake of Na and k did alter the lactation mantaming abtlity of DCA m thewr
rats However n more recent unpublished experiments 1n our laboratory, Dr A T
Cowie (1942) has ob d virtually plete lactation 1 our adrenal

d 1 rats by ad ation of cortisone (implantation of 2 ¥ 11 mg
pellets vielding o 85 mg [dvy) together with DCA (implantation of 1 x50 mg
pellet yielding 0 36 mg /day)

We have carried out biochemcal studies wath the object of learning more of the
relation between the adrenal cortex ind milk secretion The mammary tissue of the
rat and mouse contans apprecrable quantities of arginase dunng lactation In these
species the enzyme seems to be closely related to the secretory function of the gland
because i the rat the enzyme level which 15 low dunng pregnancy and lactation
begins to rise at about the fourth or fifth day and thereafter mcreases steadhly to a
level some five to si¢ times higher at the twentieth day (Folley and Greenbaum 1947)
Adrenalectomy at the fourth day of lactatton largely prevents this increase so that
the mammary gland argtnase levels of rdrenalectommzed rats killed m full lactation
are sigmficantly depressed compared with pair fed controks (Folley and Greenbaum
1948 b) The argmase levels of the liver hidney and intestinal mucosa of lactating
rats are also depressed by adrenalectomy (Folley and Greenbaum 1948 Folley and
Watson 1951)

Folley and Greenbaum (1947) interpreted their results on the basts that the mam
mary gland argimase 1s part of a system which effects giuconeogenesis from protern
{or ammo acrds) mn the gland the deamimzed residues being available as milk
precursors or as a source of energy The nise i the arginase level of the rat mammarv
gland during Jactation was thus believed to reflect an increase 1n the rate of gluco
neogeness from protem as the secretion rate increases Accepting this and given also
that the adrenal cortex, through the 11 oxysteroids regulates gluconeogenesis in the
mammary gland as well as the hiver then the depressimg effect of adrenalectomy on
lactation would be mediated through the resulting decrease 1n the supply of deamin
1zed ressdues However the importance of gluconeogenesis m the mammary gland
m ammals other than the rat and mouse 1s doubtful since 1 lactating mammary
tissne from herbivorous amimals (guinea pig rabbit cow goat sheep) Folley and
Greenbaum (unpublished) have found very ttle argmase and 1 this conne ction 1t
should be pomted out that the effects of adrenalectomy on lactation i herbivorous
ammals are not known Moreover the actual bioloscal role of the mammary gland

arginase n the rat atself must now be regarded as obscure since we have recently
found cortisone to be far more acuve than DCA 1n re toring the depleted tissue
argmase levels following adrenalectomy (Folley and Watson 1951) aresult which s
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nd cortisone had no greater effect than cortisone by iteell so that no synergtstic {
effccts of the two hormones m 2ure have yet been observed !

The conclusion that the ligh R Q of shces of lactating mammary gland sigmfies
that the tissue 15 capable of effecting net fat synthesis from small molecules m zitro
{Folley and French, 1g50), has been confirmed in cxperiments i which the acetate
or the glucose was labelled with G!* and radioactive fatty acids 1solated from the
shices (Balman Folley and Glascock, 1952 6 and further unpublished work)
Therefore 1n order further to investigate the meaning of the effects of cortisone on
the composite respiration curve of mammary shees from pregnant rs (twenty days)
we have studied the effects of cortisone and prolactin 1 z1tr0 on the incorporation of
C* mto the fatty acids of such shces mcubated with [earboxy C¥] acetate +
glucose In view of the respiration results already mentioned we wére not sur
prised to find that the relrtively small but nevertheless defimite incorporation of
CH,C*OONa nto the fatty aads of the shces at this stage was quite unaffected by
prolactin in the medium (Blmain and Folley unpublished) Cortisone, however,
significantly decreased nstead of increasing the radwactivity of the fatty acds
a result which was quite unexpected (Balmain Folley and Glascoch, 1952 a) The
cenclusion from these preliminary results must therefore be that cortisone 1 nitro de
presses the utihzation of acetate carbon for fatty 1cid synthesis by mammary gland
shices from pregnant rats

At present 1t 1s hard to reconcile this action of cortisone with ats effect on the
composite respiration curve of non lactating tissue and also to interpret it in relation
to the intervention of the pitwatary 1drenal mechanismn lactogenesis It would seem
that the change from a falling to 1 rising overall pressure curve evoked here by
cortisone must be due to stimulation of some phase of mammary metabolism other
than fat synthesis The lack of effect of prolactin on the metabolism of the shices at
this stage 1s also surprising sice we have found that just after partunition (days 1-5)
the ussue responds to prolactin n the medum with an increase m the slope of the
compostte respiration curve (Balmain and Foltey 1952) 1t may be that mammary
tissue needs conditioning with corticoids before 1t 1s able to respond to prolactin

THE ADRENAL CORTFX AND THE MAINTENANCE OF LACTATIOM

It has long been known that adrenalectomy of lactating amimals causes a marked
depression of lactation Pured feeding experiments on rats indicate that though this
decline mn secretion rate 1s tn part due to the reduction m food 1ntake resulting from
adrenalectomy, part must be 1scribed to loss of the adrenals per se (Cowie and Folley
1948 Cowie, Folley French and Greenbaum, 1949) Gaunt, Eversole and hendall
(1942) reported complete mantenance of lactation 1 rats adrenalectommzed on the
day followng partuntion by regular admimstration of adrenal cortex extracts of
cortisone, deoxycorticosterone acetate (DCA) being much less effectne In our
laboratory, on the other hand DCA (3 o mr /day) proved more cffective than
11 oxysteroids (subcutaneous doses up to 1 0 mg n ol daily) :n mamtamng lac
tation n rats adrenalectomized on the fourth day of lactation, though the restoration
due to DCA was usually not complete (Folley and Cowie 1944 Cowie and Folley
1947) Itss worth noting 1 this connection that the mimmae of adrenalectomized
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mammary tissue from the rat, and 1t 1s of nterest that an antagonsm between
cortisone and 1nsulin s apparent when both hormones are added together
(Balmwun, Folley and Glascock, 1952 a and further unpublished work)

1t 15 hoped that these expeniments which are still i progress will throw further
light on the biochemical nature of the relationship between the adrenal cortex and
the mammary gland It 1s too early to say whether this effect of cortisone 1s medated
through changes 1n the permeability of tissue cells to substrates as postulated bv
Elliott 1nd Yrarrazaval (1g52) for hver and bramn slices, or whether the hormone
more directly influences the enzyme systems concerned m hpogenesis In any event
these observations may have a general sigmficance 1n respect of the biological action
of cortisone and other 11 oxycorticoids

For the gmift of matenials used 1n the unpublished experiments referred to m thys
commumication I am indebted to the following Dr R W Bates of Messrs E R
Squibb and Sons for punified prolactin, to Dr R T Mnyor and Dr C C Porter of
the Merch Institute for Therapeutic Research for crystalline cortisone and Compound
A to Dr Abraham White of Chemical Speciahities Co Inc  for Compound B, and
to Dr W J Haines of the Upjohn Company for Compound ¥
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not 1 agreement with the relative lactation mamtaiming activities of these steroids
n the same rats
Since of the mamfold synthetic activities of the mamma, most 1s known about the
brosynthesis of milk fat (see Folley 1952), we have also sought for a relation between
the adrenal cortex and fatty acid synthesis n mammary tissue In unpublished
expenments in our laboratory, Dr R F Glascock and Mr W G Duncombe found
that the ratio of the specific radioactivties of the volatle and non solatle fatty acid
fractions 1solated from the mammae of rats given [carboyy C1] acetate before
2utopsy at the seventeenth day of lactation was sigmficantly increased by adrenal
ectomy at the fourth day This indication that loss of the adrenals had caused some
disturbance 1n the mechanism of fatty acid synthesis 1n the mamma suggests some
general relationship between the adrenal cortex and hipogenesis
Expeniments on mammary gland shces from lactating rats, as well as those on
slices from pregnant rats already mentioned have confirmed the cxstence of such a
relationship  We have found that in presence of cortisone the posttie slope of the
composite respiration curve resulung from the metabolism of mammary gland
shices from fully lactating rats (substrate acetate -+ glucose) 1s markedly decreased
(Balmain Folley and Glascack, 1952 a) an effect directly opposite to that observed
when insulin 15 added to the medium (see also Balmam, French and Folley, 1950)
In further preliminary experiments we have found that corticosterone 1s even more
actne m this respect than cortisone since 1t exerts a simlar effect in smaller concen
trations while Compounds F and A have so far proved much less actny e (Balmam and
Folley unpublished) The msulin effect 1s undoubtedly a reflection of an increase
m R Q which in turn stems from an acceleration of ipogeness from small molecules
{Balmain and Folley 1951, Balmam, Folley and Glascock 1952 4) It therefore
scemed probable that, conversely the decrease 1n the slope of the composite curve
evoked by cortisone reflects a depression of lipogeness assocated with 1 decreased
R Q Actual R Q measurements have indeed shown that cortisone added i zitre
lowers the R Q and acetate uptahe of mammary tissue shices from lactating rats
thus providing additional and less equivocal evidence that cortisone mhibits hipo
genesss from small molecules (Balmain, Yolley and Glascock, 1952 @) It may be
noted in passing that by contrast with the situation regarding mammary tissue tahen
from rats just before or after partuntion changes n the slope of the composite
respiration cunve of fully lactating ussue may with fair confidence be regarded as
reflecting changes in R Q, which 1n turn are related to changes 1n the rate of lipo
genesis
The most conclusive evidence of the nhibitory effect of cortisone on lipogenests
1n lactating mammary gland shices has come from studies wath labelled glucose and
acetate Studying mammary gland shees from rats 1n early lactation {days 2-4) we
have observed that cortisone i utro marhedly inhibits the incorporation of G 1nto
the fatty acids of shces incubated 1n glucose X [rarboxy €14 acetate It should be
noted that 1t does this without appreciably affecting the composite respiration curvc
at this stage (Balmam and Folley, 1952) Slices from rats m full lactation (days 12-15)
have been mcubated with CH glucose + tntio-acetate as substrates and we have
found that cortisone significantly decreases the incorporation of both 1sotopes into
the fatty acids of the shices Insulin as stated above potentiates lipogenesis an lactating
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of chorionic gonadotrophin 1s increased by ACTH pretreatment and decreased after
adrenalectomy

Hghly punified ACTH preparations m our expenence never showed gonado
trophic stmuliting or inibiung activity It 1s very mteresting that stress can cause
gonadal hypertrophy However 1t must not be overlooked that thyroid actwity also
can be constderably increased by stress

D J Ingle The same stimulus does not always produce the same response as there
are many conditioning factors mvolved I do know 1n contradiction of Professor
Zuckerman that prolonged severe stress can cause atrophy of the gonads presumably
due to suppression of gonadotrophin

C H L: In 1936 Davidson and Moon (Proc Sor Exp Biol Med 35 281) found that
1 prtwitary extract rich in AGTH and prolactun caused enlargement of the seminal
vesicles and prostates of castrated rats We have failed to confirm this during the
last ten years experimenting with punfied ACTH preparations We also tried 1n
Jecting the animals with ACTH admunistered along with other hormones (luteimzing
hormone follicle sumulating hormone prolactin ete ) still wath negative results 1
am wondering whether the observations of Davidson and Moon were possibly due to
another factor which his not yet been eluadated

Therefore I feel that there 13 no evidence at the present time to mndicate that
ACTH stumulates the suprarenals to produce a hormone which has an effect on the
accessory reproductive organs

F I G Pruny It s true that without the biologists the chemusts do not know what
to look for, but the process of disarticulation 1s of great importance It has to he
remembered that compounds may have a synergic action However the chemusts
are limited by therr methods and must work on 1solated compounds They must be
guided by the findings of biologists when selecting compounds on which to work

A lot of work has been done on the adrenal ascorbic acid depleton factor and yet
we do not really know whether 1t exists in the intact ammal or what sigmficance 1t has
ACTH should for the present be defined very generally

‘Wath regard to the expeniments of Dr Clayton and myself quoted by Professor
Zuckerman—mouse granulation tissue 1s an excellent test object for ACTH There
was no mhibition of the granulation tissue by ACTH 1n adrenalectomized ammals
unless they were at the beginning of the breeding season pregnant or pre treated
with chonionic gonadotrophin This 15 1n agreement with Hill s work on the survival
of adrenalectomized animals with an active ovary Progesterone had a shght effect
similar to that of ACTH but had to be given 1 very large doses We sugrest that the
gonads are capable of responding to ACTH under the mfluence of luteimzng
hormone

ACTH promotes the inhabiting effect by the ovary more than can be accounted for

by the progesterone secreted Dr Hoagland s slide suggests how progesterone may by
metabolized to corticoids

F G Young AsIsaid yesterday we have not yet obtamed apreparation of the adrenal
weight increasing factor which fails to stimulate the gonads of the hypophysectormzed
rat when admumstered 1n large doses
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Discussion

ON PAPERs By (1) ZUCKERMAN, (2) FOLLEY
Chairman  Dwight 7 Ingle

Af Ress 'We have lately shown, i collaboration with Bnmblecombe nd Halkerston
that pretreatment of inmnture female rats with ACTH suppresses to a tugh degree
the follicle sumulating action of the g opic hormone co! 1 pregnint
mare s serum ‘This action 1s decreased after adrenalectomy The lutermizing 1ctivity
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respect to the adrenal corte, I shall hesitate to assume as more than a possibility the
idea that the gonads normally secrete corticords
$ RZuckerman Dr Reiss s expenments m which I understand he used preparations
of ACTH free of demonstrable gonadotrophun, enlarge the area of interaction which
1 have discussed and—so far as I can make out—support my general conclusions So
t00, do the observations made by Dr Prunty, 1s well as Professor Young s reminder
that his purest preparations of the adrenal weight increasing factor are also to some
extent gonadotrophic Dr Lis remarhs are of great interest but even 1f he mterprets
Iis own expeniments as implymg that ACTH cannot sumulate the adrenals to produce
a steroid which acts on the accessory reproductive organs and even 1f he believes
that Davidson and Moon s results were due to some factor other than ACTH the
fact remans, as I have already pointed out that these workers, as well as Nelson
observed change 1n gonadectomized ammals which can only be mterpreted as
showing that some tissue presumably the adrenal cortex, can 1n the absence of the
gonads and 1n response to some pituitary hormone secrete gonadal hormone
With Dr Ingle I agree completely My observations 1n no way conflict with his
statement What I have been concerned to show was that in certain conditions which
Y have defined stress may be associated with hypertrophy and not involution of the
gonads Moreover I was careful to emphasize that under normal conditions the
adrenal glands and the gonads however interrelated they may be, have quite
separate endocrine functions
This brings me to Professor Young s main remarks The essential point I tried to
make 1n the first part of my paper was that generally speaking biochemistry 1s not a
predictive science 1n the sense that 1t allows us to forecast the hormonal action of
some unknown compound denved from the prtuitary from a knowledge of its
molecular configuration Such being the case so I argued the essential critera by
which we define the specific nature of so called pure hormones must be based on a
knowledge of biological function I was careful to draw the bulk of the evidence with
which I supported this thesis and that of the interaction of the hormonal activities
of the adrenal cortex and gonads from experiments the significance of whose results
did not depend on the punty or otherwise of preparations of pituttary hormones
For example 1t 1s largely arreles ant whether the experiments of Nelson and of Moon
and Davidson to which Dr Lz has referred were carried out with pure ACTH or
not Grven that their findings arc reproducible what 15 relevant 1s the fact that
changes were induced by pitwitary preparations in the accessory reproductive
organs of ammals whose gonads had been removed
Dr Nelson has adduced strong evidence 1n favour of the view that the adrenal
cortex can produce androgen But I disagiee with Professor Young 1f he really
beheves that this evidence 15 dufferent m terms of saentific method from that
which Woolley has provided Both workers assume that 1t 1» an androgen which 1s
produced because the hormone sumulates the male accessortes of experimental
ammals Thefact that Dr Nelson knows exactly what the androgen 1s from the chem
cal pomt of view 15 interesting But 1t 1s of no consequence to the diagnosis of the
molecule s androgemic properties unless Professor Young really believes that one
can overlook the fact that sucha d either depended on hiol L experiments
carried out by Dr Nelson or by some other worker who established the biological
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With reference to Dr Nelson’s observations, I believe I am night in saying that he
not only 1solated a substance from adrenal vein blood which he showed chemcally
to be a sterord, but also demonstrated n switable tests that the 1solated substance
was androgemc It seems to me of great importance that m the blood flowing from
theadrenal glands of a normal antmal (I assume that the cow cnwhich Dr Nelson oper
ated may be regarded as normal) there has been shown to be present an androgentc
steroid To me this 15 much more convineing evidence that the adrenal gland can
secrete androgens under normal conditions than the biological arguments put forward
by Professor Zuckerman, interesting and suggesti e though they be I was not previously
aware of the experiments of Woolley which Professor Zuckerman quotes 1n this
connection, but howeyer interesting such biological arguments may be I still prefer
Dr Nelson s direct and biochemical approach to the problem

T was mterested 1n Professor Zuckerman’s general 1deas about the relationship of
chemistry and biology but regard them as rather dangerous The biologist sometimes
uses preparations of hormones of biologicnl ongin provided by the biochemist as
though they were pure chemical substances to be used as ordinary chemical reagents
One surely should regard as doubtful or at least as provisional the mterpretation
which the biologist provides for the results of his experiments until such time as the
substances themselves have been clearly characterized chemically and preferabls
synthesized m the laboratory, and brological activity obtained with the arufically
synthesized matersal This 1s particularly true for the so called protemn hormones of
the pituitary gland

At present I do not try to assess the physiological significance of the ascorbic acid
reducing piturtary substance and I do not regard the effect obtained with 1t as more
than 1 swtable one for the control of the solation of a chemical fragment from the
antertor pitwtary gland When ultimately enough of such separated chemical
entittes—such disarticulated frag have been ob d and therr chemical
natures determined and once we have analysed 1n biochemucal terms the metabolic
activity of the anterior pitustary lobe both in general and with particular respect to
the production of these separable entities and the control of their production, then
and only then shall we be able to rearuculate our chemical and biological fragments
mto a pattern of general physiological sigmficance At present we can make guesses
about the nature of parts of the pattern but until we have more chemustry and
biochemistry we are hable to be dangerously musled

1 agree with Professor Zuckerman that for some time the evidence his been strong

that the adrenal cortex can secrete androgens but to me the evidence has not been
convincing that such secretion takes place 1n the normal ammal But I do accept the
results of Dr Nelson s direct and biochemical approach to the problem Until
evidence of this Jind has been provided with respect to the production of cortisone
or other corticords by the gonads T shall continue to hesitate to assume that such 1
production normally occurs I beheve that the gonads may be able to sccrete sm;‘ll
amounts of many hormones since 1 prefer to think of hormones as mctabol;:cs—-t c
products of cell metabolism in a general way There 15 good evidence that ll y;oun;
can be produced in small amounts m tissues other than the thyroid glan arl)

3t may well be that all cells provide all hormones 1n minute quantitics l};ut n nhc
absence of direct experimental evidence of the hand provaded by Dr Nelson watl
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respect to the adrenal cortex I shall hesttate to assume as more than a possibility the
1dea that the gonads normally secrete corticords
S Zuckerman Dr Rewss s expeniments, n which 1 understand he used preparations
of ACTH free of demonstrable gonadotrophin, enlarge the area of interaction which
1 have discussed and—so far as I can make out-—support my general conclusions So
too do the observations made by Dr Prunty as well as Professor Y oung s remimder
that his purest preparations of the adrenal weight increasing factor are also to some
extent gonadotrophic Dr Lis remarks are of great interest but evenif he interprets
Tis own experiments as implying that ACTH cannot late the adrenalstop
a sterod which acts on the accessory reproductive organs and even if he believes
that Davidson and Moon s results were due to some factor other than ACTH the
fact remains as I have already pointed out, that these workers, as well as Nelson
observed change m gonadectormzed ammals which can only be interpreted as
showing that some tissue presumably the adrenal cortex can 1n the absence of the
gonads and 1n response to some pituitary hormone secrete gonadal hormone
With Dr Ingle I agree completely My observations n no way conflict with his
statement What I have been concerned to show was that in certamn condrtions which
I have defined stress may be associated with hypertrophy and not mvolution of the
gonads Moreover I was careful to emphasize that under normal conditions the
adrenal glands and the gonads however imterrelated they may be have quite
separate endocrine functions
This brings me to Professor Young s main remarks The essenttal pornt I tried to
make 1n the first part of my paper was that Ily speaking b Ty Isnot a
predictive science mn the sense that 1t allows us to forecast the hormonal action of
some unknown compound derived from the prtuitary from a hnowledge of 1ts
molecular configuration Such being the case so I argued the essential criteria by
which we define the specific nature of so called pure hormones must be based on a
knowledge of biological function I was careful to draw the bulk of the evidence with
which I supported this thesis and that of the interaction of the hormonal activities
of the adrenal cortex and gonads from experiments the significance of whose results
did not depend on the punty or otherwise of preparations of piturtary hormones
For example 1t 15 largely 1rrelevant whether the experiments of Nelson and of Moon
and Davidson to which Dr Li has referred were carried out with pure ACTH or
not Given that therr findings are reproducible what 1s relevant 1s the fact that
changes were induced by pituitary preparauons m the accessory reproductive
argans of ammals whose gonads had been remaved
Dr Nelson has adduced strong evidence 1n favour of the view that the adrenal
cortex can produce androgen But I disagree with Professor Young if he really
believes that this evidence 15 different 1n terms of scientific method from that
which Woolley has provided Both workers assume that 1t 1s an androgen which 1s
produced because the hormone stimulates the male accessories of experimental
ammals The fact that Dr Nelson knows exactly what the androgen 1s from the chem
cal pomnt of view 1s interesting But 1t 15 of no consequence to the diagnosts of the
molecule s androgenic properties unless Professor Young really believes that one
can overlook the fact that such a d erther depended on biol | experiments
carrred out by Dr Nelson or by some other worker who established the biological
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properties of the compound with which Dr Nelson 1dentified the one he found To
my way of thinking too, there 1s nothing essentially different 1n the mental processes
which led Woolley on the one hand, and Nelson on the other, to the belef that the
androgen was actually produced i the adrenal cortex, and not in some other tissue
Dr Nelson reached this conclusion because he obtained the matersal he tested from
the adrenal vemn, and Woolley from 1 very extensive set of biologicil experiments on
gonadectomized animals which allowed of no other conclusion

If all this were otherwise 1 would happily follow Professor Young 1 his optimism
that the physiologtcal pattern we are discussing will only be properly discerned when
we have more laboratory made chemucal fragments of the antenor pitustary 1n front
of us Hs 13 not a dangerous 1dea—its main charactensuc 1s simpheity  Clearly we
shall all be richer 1n knowledge 1f more recent developments in the chemustry of the
pituttary hormones can help give the pattern we know better shape—especally 1f at
the same time they succeed 1 transforming endocrine chemistry into what I have
called a predictive science But at present 1t 1s salutary to recall that the essential
outlines of our knowledge of prtwitary function were established long before the stage
of the pure preparations we are talking about
P Fourman 1 am surprised Dr Folley that DCA should be mare effective than
cortisone m mamntammg lactation 1n adrenalect.mized rats, could this be attributed
1o the similanty between DCA and progesterone® What s the effect of pregesterone ?
Can you throw any light on the occasional breast development in Addisonian
patients under treatment with DCA or cortical extract®
§ F Follyy Progesterone, 1n the rat at any rate has no mhibrtory effect on lactation
in doses as high as 15 mg daly In our earlier experiments DCA proved morc
effective 10 mamntaimng lactation after adrenalectomy 1n our rats than such doses of
cortisone as we were able to give at the time Since cortisone has become more readily
avalable we have shown that 1t 1s about as effectrve as DCA when given mn equl
dosage but neither hormone alone completely restores lactation 1n our adrenal
ectomzed rats

Breast development m Addisonian patients recewving DCA or cortical extract
1s mtelligible 1n the light of our finding some years ago that DCA exhibits maimmo
genic activity m the mouse
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Some Observations
on the Uninary Adrenocortical Sterords

by
G F MARRIAN
Department of Biockemustyy Unseersity of Edinburgh

21 DEOXYSTEROIDS AS METABOLIC PRODUCTS OF THE Cyy
ADRENOGORTICAL HORMONES

APART from the 17 ketosteronds interest in the unnary steroids of adrenocortical
origin has hitherto been largely confined to the C;, 21 hydroxy compounds and both
brological and chemical methods for their quantitative determination m urinary
extracts have been widely used for the assessment of adrenocortical actvity 1n man
However there are reasons for supposing that C,; 21 deoxysteroids {1e 20 methyl
steroids) may not be unimportant metabolites of the adrenocortical hormones and
1t seems possible that the determination of the urmary excretion of such steroids might
provide a useful additional means of assessing adrenocortical activity

A number of different G, 20 methyl steroids have been isolated by vanous
workers from the unine of human subjects with adrenocortical hyperactivity (see Table
1) and although such urmary sterords may anse i part from 20 methyl steroids
secreted by the adrenal cortex there 1s some reason to believe that they might also be
formed by metabolic reduction of the pnmary hydroxyl group of 21 hydroxy steroids

Thus Cuyler Ashley and Hamblen (1940) and Horwitt Dorfman Shipley and
Fish (1g44) wsolated pregnane g3a  20a diol from the urmne of human subjects after
the admumstration of 11 deoxycorticosterone acetate Mason (1948) 1solated preg
nane ga  20a diol 11 one after the admmistration of 11 dehydrocorticosterone
while more recently pregnane ga 17 diol 11 20 dione has been 1solated after the
admunistration of cortisone acetate by Lieberman Hamton Stokem Studer and
Dobnner (1951) It seems possible therefore that reduction of the 21 hydroxyl group
of the adrenocortical hormones to methyl may be a general metabolic pathway of
these hormones m the body and 1f this 1s indeed the case the three 17 hydrowy
adrenocortical hormones might all be expected to yield metabolic end products with
17a 20 dihydroxy 20 methyl side chamns thus

CH,OH CH,

[
C=0-> H_C—_OH

\

|
C OH C OH
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A method for the quantitative determination of such 17 20 dibydroxy 20 methy!
steroids 1n alkals washed chloroform extracts of urine has recently been elaborated
by Cox (1952) This method involves oxidation with periodic acid And determination
of acetaldehyde by the colorimetnic method of Barker and Summerson (1941), and
1t permuts of the simultaneous determination of formaldehyde formed from formal
dehydogenic substances present The accuracy of the method has been tested by
expeniments i which pure pregnane 3¢ 172 20a triol was added to alkah washed
extracts of unne from normal men The problem of hydrolysing quantitatrvely wath
out loss the conjugated forms of the uninary 17 20 dehydroxy 20 methyl sterods
has yet to be solved, and 1ccordingly 1t cannot be claimed that the procedure permts
of the quantitauy e determination of these sterords in urine In ths respect the method
1s probably nerther better nor worse than the chemical and biological methods m
general use for the determination of the 21 hydroxy adrenocortical steroids in urtne

In the course of this work Cox detected the presence of small but not insignificant
amounts of acetaldehydogenic materal 1n control extracts of urine to which no
pregnane §a  17a  20a triol had been added and an attempt to 1solate this matenal
15 at present in progress This work 15 only at a preliminary stage but a small amount
of a crystalline acetaldehydogemc substance has been isolated from g glucuromdase
hydrolysed urime of normal men and the chromatographic behaviour of this sub
stance suggests that it may be pregnane 3¢ 17a  20a triol

HYDROLYSIS OF THE CONJUGATED ADRENOCORTICAL STEROIDS IN URINE

Undoubtedly the biggest unsolved problem in connection with the quantitative
determmation 1n urine of formaldehydogeme reducing or glycogenc steroids 1s that
of hydrolysing the conjugated forms which are present in unne completely and with
out loss prior to their extraction Although the 17 deoxy adrenocortical steroids are
not rapidly destroyed by treatment with hot dilute acid, the 17 hydroxy ones are
accordingly boiling the urine after acidification cannot be employed as a hydralytic
procedure However 1t 1s well established that the yields of extractable corticoid,
determined as formaldehydogenic, reducing or glycogenic matenal, can be sigmfi
cantly mcreased—usually about two fold—if the unne 1s acidified to pH 1-2 and
either extracted immediately or extracted after standing at room temperature for
twenty four hours Both of these methods of mild acid pretreatment have been widely
employed 1n the quantitative determination of the urmary adrenocortical steroids
but they are open to certain serious objections

Furstly 1t seems clear that the mcreased yield of extractable reducing or formalde
bydogenic materzal which results when unne 15 extracted immediately after aadifi
cation cannot be due to the hydrolysis of conjugates since the effect of acidification
can be reversed by neutralization before extractton {Heard Sobel and Venmng
1946 Paterson Cox and Marnan 1950) Rather this increase would seem to be duc
to the extraction 1n the unionized form of some type of unhydrolysed conjugate which
1s not a glucuromide (Paterson and Marrnian 1951)

Secondly, 1s shown by Paterson Cox and Marnan (1950) allowing the unine to
stand at pH 1 for several bhours at room temperature may result in considerable loss
of extractable formaldehydogenic matenal as determined by peniodate oxidation
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This loss 15 not seen 1n all urine specimens and recent work suggests that 1t may be
due to causes other than an inherent acid lability of any of the formaldehydogeme
steroids 1n urine However, 1t seems clear that whatever may be the true explanation
of the apparent destruction of extractable formaldehydogenic matenal, this 1s poten
tially a considerable source of error mn determinations in which acidified urimne 15
allowed to stand for several hours pror to extraction

Thirdly the work of hinsella Daisy and Glick (1950) Cox and Marnan (1951),
Vennmg (1951) and Cohen (1951) has shown that the yields of extractable reducing
formaldehydogemc or glycogenic matenal which can be obtamed from urine after
incubation with preparations of 8 glucuronidase are sigmificantly greater than those
which can be obtained after mild acid pretreatment

The above mentioned work on the enzymic hydrolysis of the conjugated reducing
formaldehydogemc and glycogeme material 1n urine 1s of considerable importance
1n so far as 1t has focused attention upon the deficiencies of the widely employed
methods of acid pretrcatment On the other hand 1t would be dangerous to assume
that 1t has yet provided a satisfactory method of hydrolysing the conjugated unnary
corticoids which 1s suitable for routine quantitative work Thus the possibility that
urine may contain variable amounts of 8 glucuromdase mnhibitors 1s by no means a
remote one and furthermore the work of Paterson and Marnan (1g51) has shown that
urme may contain appreciable of cony { formaldehydogenic material
which 1s not hydrolysed by g glucuromdase preparations

1t may be remarked that in the pubhished work on the enzymrc hydrolysis of the
conjugated urmmary corticoids there 15 little evidence to justify the claim that the
effective hydrolytic agent in the relatively crude enzyme preparations employed
15 indeed 8 glucuromdase It has now been shown (Cox and Marnan unpublished)
that the hberation of both free formaldehydogemc and free acetaldehydogemic
matenal from butanolic extracts of urine on incubation with ox spleen preparations
15 largely mhibited 1n the presence of saccharate Since saccharate 15 a powerful
mhibitor of 8 glucuromdase (harunaratnam and Levvy 1949) this finding provides
a measure of support for the belief that the hydrolysis of the conjugates 1s effected by
this enzyme

TasLe 1

20 methyl steroids isolated from the urine of human
subjects with adrenocortical hyperactiuity

Steroid ‘ Condition of subject l Authors

Pregnane 3o 17a 20a tnol | Adrenocortical hyperplasta | Butler and Marrian

(1937 1938)

Pregnane 3a 172 20a trol | Adrenocortical hyperplasia | Mason and Kepler
Adrenocortical tumour (1945)
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TaBLE 1—continued

Steroid

Condztion of subject

Authors

Pregnane 3¢ 174 diol 20 one

Pregnane 3¢ 174 diol 20 one

Adrenocortical hyperplasia
Adrenocortical tumour

Licherman and
Dobrmer (1945)

Adrenocortical hyperplasta

Miuiler and Dorfman
(r950)

Pregn 5 ene 38 170 20a
triol

Adrenocortical tumour

Hirschmann and
Hirschmann (1g00)

Pregn 5 ene 38 17 diol 20

one

Adrenocortical tumour

Hirschmann and
Hirschmann {4917)

Adrenocortical hyperplasia

Lieberman et af

Pregnane 3o 20a diol 11 one

(1950)
Pregnan 3a ol 11 20 drone Adrenocortical hyperplasia | Lieberman et al

(1950)
Pregnane 3¢ 17a diol 11 20 | Treated with ACTH Lieberman et al

dione (1951)
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A Puck 1 should like to report briefly some preliminary results obtaned dunng an
Investigation 1nto adreno cortical function 1n cases of carcinoma of the uterus

On the one hand 1t seemed possible that in malignant disease the organism might
be subjected to stress in response to whrch hyperfunction of the adrenal cortex nught
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occur On the other hand the fact that sex hormones not frequently have a benefi
cal effect 1n uterine carcinoma appeared to suggest the reverse possibility of hypo
function or perhaps dysfunction of the cortex, so that the admmstration of hormones
would be a form of substitution therapy We therefore have mvestigated 17 Letoster
ord excretion—as 1n dex of cortical function—in a senes of cases, using a modified
Zimmermann Callow techmque and mnking final colormmetric measurements with
the Pulfnich Stufen photometer

In a control series of healthy women, of the same age range as our carcinoma cases,
we found an average excretion of g mg per day varying between 7 to 12 mg The
results of many other investigators, using a varniety of methods, give figures ranging
from 4-16 mg per day Our own data on 17 ketosterord excretion are based
on 135 separate determinations mn tw enty cases of carcmoma of the uterus It
will be seen that 1 most of these cases the keto sterord output 1s reduced some
times very marhedly As compared with an average daily excretion 1n healthy
women of g mg per day, the patients with cancer of the uterus excreted an average
of 4 8 mg per day

These figures show a greater fall than has been reported 1n other types of malignant
disease Thus Dobriner e al found 1 a vanety of malignant discases {cancer of
larynx, prostate stomach, and lymphatic leukaemra) an average reduction of about
20 per cent as compared with normal controls Raymond 1n Switzerland found only
A shight decrease mn different types of malignant disease, not mcluding carcinoma of
the uterus Our figures then fit in better with the hypothesis of dimmished adreno-
cortical function rather than with that of a stress response assoctated with hyper
function
R I S Bayliss It 1sclear from Professor Marnan s remarhs that our lack of knowledge
as to the best methods of hydrolysing the various conjugated steroids i urine does
not wmsprre confidence m the results obtained by any of the procedures now used
for estimating the urinary corticosteroids In an attempt to evolve a practical tech
nique for hydrolysing and extracting the so called free steroids and their conjugates
which so far have been recogmzed as being present 1n unne a number of expen
ments have been carried out using a modified Daughaday formaldehydogenic method

(Bayliss 1952)
Shde 1 shows that urine extracted drately after 1 1ons to pH 10
usually yields a greater of formaldehydog L than urine extracted

at pH 7 4 It s said that at neutral pH free steroids are extracted In practice 1t is
difficult to collect a twenty four hour spectmen of unne free from bactenal‘con

tamimation Bacteria may hydrolyse glucuromde conjugates and the amount of ‘free
steroid obtamned may be influenced by the extent and type of bacterial contamina

tion

The greater yield at pH 1 0 may be due to the rapid hydrolysts of a comjugated
compound, and shde 2 shows that there 15 no substantial advantage 1n first extract

1ng unmne at neutral pH and then re extracting 1t at pH 1 0 The yield from the
double extraction procedure does not differ sigmficantly from the value obtaned
from a single extraction immedately after acdification This must mean that there
1s no appreciable destruction of free steroid present m neutral unne w hen the unine
ss acidhfied to pH 1 0 and extricted immediately
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Prolonged acidification at pH 1 o may decrease the yield of formaldehydogeme
substances {shde g) This sort of result 15 not always obtamned Paterson et al (1950}
found that alihongh the yield after four hours’ acdificition decreased, 1t rose agaw
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and 3 1t would <eem that most of the free steroids and those liberated from the
conjugate rapidly hydrolysed at pH 1 0 were acid Jabile and destroyed by audifica
ton for twenty four hours On the other hand m unnes 7 and g there was les
destruction of the free substances because the values obtamed after acidification to
PH 1 o for twenty four hours were greater than those obtamed when the urtne was
cxtracted for the second time
None of these procedures causes appreciable hydrolysis of glucuromde conjugates

After urine has been acidified and extracted immediately, and then left for twenty four
hours and extracted agam, considerable amounts of formaldehy dogemic substances
can be obtained by hydrolysis with 8 glucuromdase The yeld after enzymic
hyvdrolysis 15 often large but the amount of glucuromide conjugates excreted vanes
widely from one day to another Unnl the reason for these apparent fluctuations 1s
forthcoming the routine use of enzymic hydrolysis alone 1s not sausfactory

G F Mamman 1 should hike to ash Dr Bayliss whether he washed the chloroform
extracts

R IS Bayliss Yes

G F \Marrian 1 entirely agree with Dr Bayhss that the destruction of formalde
hydogenic sterord 1n acidified unne 1s vanable and 1s not always observed Itis clear
that we are here dealing with a phenomenon the nature of which we do not under
stand

C L Cope 1 have been interested 1n the extraction problem but from a rather
different angle I took the view that the output of biologically active steroid mn the
urmne was lihely to reflect the concentration of such steroid presarhng in the internal
environment Among the nert steroid metabolites which form at least go per cent

of the total may well be some which have never had any biological activity With
Miss Hurlock I have studied the effect of hydrolysts with £ glucuronidase on the
yield of bologically active hormone which 1s presumably composed of cortisone and

Compound F
We have been examimng a sertes of hum<n urnmnes for their content of bmlogxcalll
1
active hormones as tested by their production of e P 1m adry

mice We compared the level of activity of the extract obtained by a single extraction
after twenty four hours hydrolysis at a pH of 1 o with that obtained by a tnple
extraction procedure consisting of forty eight hours glucuromdase treatment fol
lowed by adjusting the pH to 1 o and finally hydrolysing at this pH for twenty four
hours extracting with chloroform at each successne step and finally pooling the
resultant extracts as adsocated by Bayliss (1gy2) As control for the possible pre-
sence of 1ctive steroid 1n the glucuromdase the unne from a case of Addison s disease
was used and was found to gne a negative result The trple extraction procedure
using glucuronidase approximately doubled the yield, as compared with the single
extraction method after pH 1 0 hydrolysis at all levels of sterord output from
to around @ mgm daily
“O’I“'rh‘i‘ngrcnscd yaeld of bgmlogncal activity varsed from 20-150 per cent “l.c n:\rcr
got a ten to twenty fold increase such as has been reported by some worhers for

formaldehydogenic steroid
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L R Broster This work 15 of the greatest importance to the chintcian and has revo
lutiomzed one aspect of surgery

The urine analysts of the ketosteroxds 15 of great assistance 1n differential dragnosis
For mstance 1t 15 the only certain way that adrenal and prtwitary Cushing s syndrome
can be differentiated It 1s essentral too in assessing cases of sexual precocity and
intersexuality The urinary ketosteroids have become an mmportant yardstick in
drignostic surgery

G A Ouerbeck Professor Marnan a vast amount of data has been published 1n the
past on the amounts of corticosterords 1n the unine In view of your results what must
we now think of these figures?

G F Marnan 1 believe the value of much of these data 1s questionable

F G %ounr Dr Puck, have you eximmed the unmary sterowds mn any cases of car
cinoma of the uterus with diabetes?

A Puck No

M Funkelstern While T do not think that anything could be added at present to what
Professor Marrian has said about the problems of hydrolysis I would like to make a
comment i connection with the extraction and estimation of uninary sterotds

In the early thirties Professor Marrian observed that oestrogens develop fluores
cence on being heated with sulphuric acd A few years ago we described a fluoro
metric method for quantitative determination of urimary oestrogens using phos
phonic acd for development of the fluorescence Recently we have undertaken an
mvestigation of both the phenolic and neutral urnary fractions using this method
‘We have observed that the neutral water soluble fraction also exhubits a relatively
strong fluorescence on being heated with phosphonc acid This phenomenon has
been shown by all samples of urne tested by us so far The urinary excretion of this
fluorogenic substance was about 700y-1200y/litre n the human female and about
1500y litee 1n the male exps d for reasons of convenience 1n terms of 17 hydrovy
corticosterone  During this investigation we came across two ¢ ises of female pseudo
hermaphrodites 1n which the excretion was about go0oy-5000y/litre urine We
performed a large scale fractionation of urine of these two patients and we have
asked Professor Reichstein to undertake an investigation of the neutral water soluble
fraction with a view to 1solation of crystalline sub Professor Rexck ssolated
several crystallme compounds out of this fractton and one of them showed the
charactenstic fluorescence  These substances are apparently different from the
steroids hutherto 1solated from unine If these compounds prove to be steroids 1t
seems that they escape detection 1n the current methods of urinary steroid analysis
This 15 not surprising smce after all these methods determime specific groups n the
sterord molecule These groups are not necessanly present 1 every unmary sterord
and there may be many other steroids present which have not yet been 1dentified







The Role of the
Adrenal Glands wn Infection and Intoxication
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It has long been suspected that the adrenal glands play an important role in the
defence mechamism durmg infection and intoxication This opinion has been based
upon a number of observations, including the fact that removal of the adrenal glands
results 1n a profound decrease 1n the ablity of animals to survive infection or survive
exposure to noxious stimult 1n general (Marmorston Gottesman and Perls 1931
Marmorston Gottesman and Perla 1932 Marmorston Gottesman, Perla and
Vorzimer 1939) Moreover the adrenal glands are known to undergo a number of
morphologic and chemical changes as a result of infection or intowucation (Gold
aicher 1929) These vary from 2 mid non speafic cortical hypertrophy to severe
destructive lestons charactenzed by oedema haemorrhage and necrosts Loss of
liprd and ascorbic acid frequently accompany these morphologic changes

In view of the foregoing observations many mnvestigators were of the optmon that
adrenal cortical extract (ACE) might find therapeutic use 1n the treatment of human
infectious diseases Few studies of this nature hayve been made, but favourable effects
following the mjection of cortical extract have been observed partcularly n
ameliorating the ext and lar astk {Wenner and Cone 1934)
Marmorston and Perla have reported beneficial effects with cortical extracts n
humans for the treatment of influenza upper resptratory mfections and pneumonia
The effects observed were 2 definte mcrease 1n the sense of well being sumulation
of the appetite and shortemung of the convalescent period {Perla and Marmorston
Gottesman 1941) However large amounts of ACE had no apparent effect on the
survival rates of ammals infected with 2 vanety of pathogemc micro organisms It
should be noted however that mn most cases the ACE was tnied 1n acute over
whelming infections and that under such circumstances munor alterations 1n the
defence mechanism would be difficult to detect

Except for certamn special studies the adrenal cortical hormones attracted httle
further attention until the epoch making discovery of Hench and Kendall 1n 1949
concerning the effects of cortisone 1n rheumatord arthntis This discovery stimulated
research m pracucally all fields of medicine and interest 1n the problem concerning
the role of adrenal cortical hormones in infection and mtoxcation was again revived
In view of the potenttal use of adrenocorticotropic hormone (AGTH) and cortisone
in patients for the treatment of rheumatoid arthritis the effects of these potent
physiologic agents on mfection acquired new and added sigmificance
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A number of experimental and clinical reports have appeared describing the effects
of ACTH and cortisone 1n various infectious diseases icluding certain experimentsl
bactenal, viral rickettsial protozoan, and fungus diseases

One of the first chnical papers to appear was that of kass, Ingbar, and Finland
(1950) describing the effects of ACTH 1n preumonia These authors reported that
Ppatents with viral and pneumococcal pneumonia experienced a sense of well being
and a sharp drop mn temperature within twenty four hours after the mjection of
ACTH Howesver, the dramatic improvement m the signs and symptoms of the
Patient was not accompanied by 1 corresponding 1mprovement mn the infectious
state since the patients suffenng from pneumococcal pneumonta continued to have
a bacteraerma In rats and rabbits infected with Diplococcus pneumontae, the survival
rate was definitely less favourable when large doses of cortisone or AGTH were
administered (Robinson, 1951, Glaser et al , 1950, Glaser et al , 1951, Robinson and
Smuth to be published) Essentially the same deleterious effects have been reported
1n pneumoma and other infections n rats and rabbits due to Streplococcus hemol ticus
(Mogabgab and Thomas 1950, Mogabgab and Thomas 1950, Hahn et o , 1951)

Studies on expenimental tuberculosis 1n the mouse, rat, rabbut, and gumnea pig

(D Arcy Hart and Rees 1950 Michael, Cummings and Bloom, 1950, Spain, 1951
Luneetal , 1951, Cummings and Hudgins 1951, Ebert, 1951, Karison and Ganer,
1951, LaMustre and Tompsett 1951) show that cortisone and ACTH tend
to enhance the disease and increase the mortality from the infection Because of
the deletenous action of these hormones m experimental tuberculosis, and the
evidence along sumilar hines observed in man (Leading article, Lancet, 1950 Popp,
Ottosen and Brasher, 1951 Commttee on Medical Research of the American
Trudeau Society 195t hlemnschmdt and Johnston 1951, Fred et al 1951), 1t has
been recommended (Commuttee on Medical Research of the American Trudeau
Society 1951), that these hormones not be used 1 patients with tuberculosis until
such time as further 1nvestigation has shown such admunistration to be safe It 1s
mmportant to remember, however that very little 15 known about the effects of
small doses of cortisone or AQTH on expertmental or human tuberculosis In this
connection, the recent work of Lurie (1951) 15 of particular interest This author
reported that tuberculosis 1n rabbuts 1s accompanied by marked hypertrophy of the
adrenal cortex Furthermore the degree of hypertrophy of the adrenal cortex of
natively resistant rabbits 1s much greater than that of susceptible rabbuts stmilarly
mfected Lurie, like others noted however, that doses of cortisone which produce
mtense physiologic effects 1n rabbits enhanced the number of tubercles resulting
from the mhalation of human tubercle bacilh On the other hand, the spread of
the disease to the tracheo bronchial lymph nodes and also to other organs, was
markedly reduced by cortisone and this author concluded that cortisone ¢in
transform a rabbit of high genetic susceptibihity to tuberculosis into one that
shares some of the essential pathological responses charactenstic of natively resistant
rabbits
Relatiely lttle has been published regarding the effect of cortical hormonesin
but the few reports that have appeared are extremely interesing Tumer
of cortisone, syphilomas 1n
fatton of % p Hrch

syphilis,
and Hollander (1950) found that under the n;\ﬂuencc

duced 1n rabbits by intradermal or intr:
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show striking changes conststing of a conversion of the firm lesion 1nto a soft, spongy
mass There was excessive accumulation of a mucord materzal, tentatwvely 1dentified
as hyal aund The trep were {ly abundant and the prod

of Wassermann reagin seemed to be inhibited In nine cases of mterstitial keratitis
due to congemtal syphilis cortisone acetate applied locally as eye drops 1 conjunc

tion with procaine pemcilhn 1 ail given intramuscularly, appeared to exert a
beneficral effect within twenty four hours m all but one case (Simpson et a/ 1g51)

A number of reports have also appeared concerning the effects of ACTH and cor
usone. in various viral infections 1n amimals and humans Some of the virus 1nfections
studied to date include Japanese B encephalitis i mice (Vollmer and Hurlbut
1951) pohiomyelitis in mice (Shwartzman 1951) humans (Conell ¢f al, 1950)
expermental herpes stmplex heratiis 1n rabbits (Thygeson, Geller and Schwartz
195t Hallett et al , 1951), Coxsackre virus n mice (halbourne and Horsfall 1951)
and the Lee PR8 and mumps virus 1 eggs (halbourne and Horsfall 1951) In
general these hormones tend to ncrease the titre of viruses in tissues of wnfected
ammals In man cortisone has generally failed to produce improsement in ocular
wfections of viral ongm and may 1n same cases be deleterious (Thygeson 1951)
A study 1n human pohiomyelitis nvolving seventy cases revealed that cortisone had
no beneficial or adverse effect on the disease as judged by the usual criterra for
measunng the seventy of this disease {(Corell ef o/ 1950)

Other 1solated reports concerning these hormones and nfection 1nclude the effects
of ACTH or cortisone on typhoid fever (Woodward et al 1951, Smadel, I ey and
Diercks 1951) cocaxdhosts immtis nfection n rats (Cavallero and Sala 1951)
trypanosomiasis in rhesus monkeys (Wolfetal 1951) brucellosis (Abernathy 1951)
trichmosis (Luongo Reid and Weiss 1951, Rothenberg 1951 ) and mularia (Schmide
and Squires, 1951)

To date cortisone and ACTH have been given to thousands of patients and
except for tuberculosis and certain infections of bactenal and viral ongin myolving
the eye the incrdence of sertous complications resulting from ntercurrent mfection
m man has been surpnisingly low The reasons for the contrasting results 1n animals
and man are not known at present and hence the ultimate role of cortisone 1n the
treatment of infectious disease of humans must await farther tudy

The deleterious effects of Jarge doses of ACTH and cortisone on the resistance of
animals to certain nfectious diseases offers an excellent device for gaining further
nsight 1nto the factors influencing the process of infection and host resistance In
addition knowledge acquired i uch studies mght a1d 1n elucidating the mechanism
of action of these hormones in other diseases Therefore the present study was imtiated
to determine the effect of ACTH and cortisone on 2 standardized infectious proces
using a pneumococcal cellulitis 1n rabbits as a working model This expenimental
disease permitted exarmmation of a number of defence reactions important to the
survival or death of the infected host

MATERIALS AND METHODS

Details of the procedures employed 1n the studies heremn described have been pre
sented elsewhere (Robson and Smuth to be publshed)
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Infecuion was produced by mnjecting o t cc of a diluted virulent Type I pneumo
coccal culture intradermally into the shaved abdomen of white male rabbits Fhe
culture was grown for sex hours at 37° C in brain heart infuston broth cotitamnung 5
per cent defibnnated blood Seral ten fold dilutions of the culture were made n
broth through 10 % immediately before animal moculation This quantity of culture
contained approximately 250 000 to 300,000 pneumococer determuned by plating
the cultures 1n blood agar Varnous laboratory tests were performed accordmg to
standard methods as described elsewhere (Robison and Smith, to be published)

RESULTS

Effect of large multiple doses of cortrsone and ACTH 1In these experiments suffictent
cortisone and ACTH were given to produce intense physiologic effects on the carbo
hydrate, fat, and protemn metabohsm This was evidenced by the hyperglvcacmia
Ipaemra, and ncreased excretion of mtrogen In addition the adrenal glands and
Iymphord tissue were atrophied and the liver markedly enlarged as a result of the
deposition of fat and glycogen Cortisone treatment was imtiated five days before the
bacterial myjection and consisted of daily subcutaneous ayections of 10 mg ot
cortisone per rabbit In the ACTH studies a range of doses from o 1 to 1 0 mg »as
employed This substance was adminstered subcutaneously every hour mght and
day 1n order to maintun maximal physiological effects Treatment began two and a
half days before mfection was mmtiated and contimued for three days after the bac
terial injection
Surizzal of infected ammals Almost all of the control ammals survived the infection
over the ten day observation period On the other hand only 2o per cent of the
cortisone treated anumals Iived and none of the ammals recenving AGTH survived
(Figure 1) In both treated groups deaths began to occur within forty eight hours
after the pneumococcal mjection Studres with hydrocortisone produced the same
results as those described for cortisone Control toxicity experiments with ACTH and
cortisone showed that the hormones were not lethal to non nfected rabbits when
given i the manner descnibed above
Skin lesions The gross appearance of the skin lesions m the control nd treated
Animals was markedly different In the untreated rabhuts the lesion developed slowly
over a forty eight hour pertod ind at this ttme was char 1 by the n O
an elevated oedematous pouch usually confined to an area of go-50sq cm (Figure2)
Thereafter the lesion remained essentially the same for the next four to five days and
then gradually subsided over a fifteen to twenty day pertod In the cortisone or
hydrocortisone treated rabbits the skin lesion developed much more rapidly
Withn forty eight hours 1t attuned an area of approximately 120 sq ¢m and had
the appeatance of a diffuse, thickened somewhat elevated erythematous plaque
The skin lesions m the ACTH treated ammals i contrast to those mn erther the
control or the cortisone treated animals, made therr appearance slowly md were very
small flat areas approximately 1—2 sq cm i diameter There was Ittle or no
ma surrounding the mjection site

cr‘{\‘gecroscopxc rxamxgnatlonjof the skin lesion 1 the vanous groups of ammals
revealed marked differences In the case of the control amimals there w1s an early
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wnfiltration of polymorphonuclear leucacytes These cells made their first appearance
within five to ten mnutes following the bactenal mjection Within twelve hours
there were large numbers of polymorphonuclear leucocytes present many of which
were already undergoing necrosis {Figure 3) Numerous phagocytized pneumocacc
were noted and there was a moderate amount of oedema fluid distributed throughout
the area In the cortisone treated animal there was a marked delay 1n the influx of
polymorphonuclear leucacytes In fact, the early lestons mn these ammals were
relatively acellular areas containing considerable oedema flnd and many unphago
cytized pneumococal (Figure 4) However eighteen to twenty four hours after the
mnjection large numbers of polymorphonuclear leucocytes and some macrophages
were also found 1n the shin lesions of the treated ammals and many pneumaocacct
were seen within the white cells At this time 1t was difficult to distingwish mcro
scopically between the lesion i the control and the cortisone or hydrocortisone
treated groups

The lesions m the ACTH treated ammals were essentially free of oedema fluid and
as mn the cortisone treated ammals the cellular components were essentially absent
However there were large numbers of pneumococcs seen lying free in the intercellular
spaces

Blood culture studies The untreated rabbrts developed a transient bacteraerma of
low magnitude which had 1its onset approximately four hours after the mtradermal
mjection of the pneumococcr and reached a peak within a seventy two hour pertod
(Figure 5) Thereafter the number of bactenal cells slowly decreased and in most
animals the blood was stentle at the end of the five day observation period Ammals
recewving cortisone or hydrocortisone evidenced a positive blood culture somewhat
earlier than the control rabbits and 1n these amimals the bacteraemra increased so
rapidly that within twenty four to forty erght hours there was overwhelming sepsis
Essentially the same results were obtained with ACTH treated amimals Occastonally
mfected rabbuts treated with ACTH died as early as ten hours following the bactenal

jection and 1n such cases large numbers of pneumococer were found n the blood
and tissues

Temperature response It has been reported that cortisone has an antipyretic effect in
rabbits given pneumococcal vaccine or a pyrogen isolated from a pseudomonas
culture (Recant Ott and Fischel 1950) It will also be recalled that 1n man one of
the strikung effects of cortisone m mfectious disease 1s the marked fall m temperature
withmn twenty four hours following the intttation of ACTH or cortisone therapy In
the present studies 1t was found that the febnle response of the mfected rabbits was
essentially the same 1n the control and cortisone treated antmals This 1s of interest
1n view of the considerable difference m the seventy of the infection m the two groups
of animals (Figure 6) Both groups of ammals remained essentially afebnle for the
first ten hours following the bacteral myection and thereafter the temperature rose
rapidly and was mamntamed at about 105° F over the next four to five day perod
The temperature was not measured 1 the ACTH treated ammals

Erythrocyte sedimentation rate In the control amimals the erythrocyte sedimentation
rate gradually increased reaching a maumum of about 4o mm per hour six days
following the mfection and thereafter gradually returned to normal withm the next
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few diys The sedimentation rate in the treated ammals mereased rapdly and
reached a peak at the time of death Thus value in the treated animals averaged 125
mm per hour (Figure 7) The erythrocyte sedimentation rate appeared to parallel
the seventy of the infection

Blood prcture studies The blood picture in normal control rabbts treated with saline
was quite uniform except for the eosinophils which occasionally disappeared from
the perspheral blood for reasons not known at present In the non infected ammal,
cortisone produced a lymphopemia, eosinopenia and a granulocytosts The lympho
pema and granulocytosis occurred simultaneously and hence the total white blood

TasLe 1
Haematology Studies in Non Infected Cortisone Treated Rabbuts

Total Cells Per mm?

Tume :n  |Haemoglobin

|

Hours | WBC f L [ PMN ‘ E
o* 140 11,000 ( 6534 3,878 332

12 140 11 200 6734 3876 334

6o 5 9,000 3780 4,770 o

72 115 9 400 2,914 6,016 [}
84 5 10,300 3 296 6,605 | ]
g6 1o 10,500 3,570 6930 | o
108 12 0 9 8oo 3 o6g 6 731 [
116 ;5 10,000 2 828 6,767 [
132 110 10,700 3 200 6 890 [
140 1o 10,870 3,587 6956 o
156 1t 0 9,250 2 812 5735 o
170 11 o 10 200 2 346 7,548 [
228 1o 11,080 3 765 6758 o

* Cortisone started—10 mg per rabbit per day
L=1 PMN = Polymorp 1 Is E=E 1

cell count was essentrally unchanged (Table 1) Cortisone also produced a mild
rmocytic hypochromic anaemia in these rabbits
m)In tl::Z mfcc)tl:d saline treated control rabbts 2 leucocytosts developed which had
1ts onset within forty eight hours after the pneumococcal mjection and reached a
peak of 23,750 white blood cells per cu mm i mnety six hours (Table IT} The
differential counts revealed a moderate transient depression 1 lymphocytes and 1
rise mn granulocytes duning the foregoing leucocytosis  Moreover, the cosmop‘l:uls
were found to disappear from the peripheral blood “,nthm' seventy two hours after
the bactenal inj A possible explanation for the lymphop and penit
mght be presented on the basis of mcreased adrenal cortichl hormone secretion
brought about by the stress of infection
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When the animals receiving cortisone were fected, a transient, mild leucocytosis
also appeared shortly after infection, but within forty exght hours after the bacteral
imjection the count returned to normal and remarned normal until shortly before
death when all blood clements fell to a subnormal level as frequently reported to
occur 1n cases of overwhelming sepsis (Table IIf) The white blood cell differential
studies 1n these ammals revealed essentially the same picture of a lymphopema and
granulocytosis as reported for the non nfected cortisone treated ammals

TasLe 1T
Haematolovy Studues 1n Saline Trealed Infected Rabbuts

Total Cells Per mm *

Timemn |H lobin" T
Hours " WBC L PMN E
) 14 11 560 7,860 3136 ! 231
12 14 11 Boo 7 920 { 3 200 220
24 14 12 100 7,623 3751 121
36 14 \ 12 200 6 8go 4 680 390
48 14 | 11100 6 438 3835 | 11
Hours Post Infected
Infection
o | 135 12 400 7316 | 4463 | 124
6 1 14 0 9 900 4554 4752 | 99
18 135 11 000 5 500 4 510 110
24 13 5 11 200 5488 4256 | 112
48 130 15 300 6118 5712 1 266
72 130 15 850 9 510 4818 o
96 140 23 750 9737 11946 o
120 l 120 15 500 6975 7750 | o
|
L = Lymp PMN = P E = Eos nophils

EFFECT OF CORTISONE ON OTHER DEFENCE MEGCHANISMS

Virulence and path tyof p Frequent 1on of the pneumococcal
cells 1solated directly from cortisone treated animals dying as a result of overwhelm

mg generalized mfection showed that the pathogemoity and virulence for rabbats or
mice were not altered by cortisone Pneumococer grown 1n blood contatmng cor-
tisone or cultured 1n blood obtamed from rabbits undergoing intensive cortisone
treatment were 1dentical wath the parent cells wnsofar as morphology staiming pro

perties or virulence were concerned Therefore the altered response of ACTH and
cortisone treated rabbits to pneumococer does not appear to be related to changes n
the pneumococc:
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Phagocytosts Phagocytosis by the macrophages or fixed histiocytes of the reticulo
endothelial system represents a major feature of the host’s defence against infection
When 1 moderately heavy noculum of Type I pneumococe: was injected ntraven
ously mnto normal rabbts the bactenal cells were raprdly cleared from the blood and
the ammals survived the infection When cortisone treated ammals were gnen a
simular bacterial mjection, some of the pneumococer were removed from the blood
but apparently many bacteria escaped destructton and began to multiply and

TasLe IIT
Haematology Studses 1n Cortisone Treated Infecied Rabbts

]
Total Cells Per mm?

Time 1n i Haemoglobn

Hours WBC ) L l PMN } E
]

o* 130 13,280 7,825 4,640 265

12 j 12 6 13 300 7,845 4,600 225
24 ] 110 I 700 5150 4,740 o
36 11 0 13,000 4,290 8 obo o
48 | 105 . 12660 3615 9,222 o

Hours Post Infected
Infection

o ! 100 12,200 | 3290 8,630 o

6 110 10 720 3,220 6 765 o

18 10 5 12,430 3 740 8 460 o
24 105 15 450 4 160 10 855 o
48 95 9830 2,260 7,274 °

72 10 5 9 350 2,150 7,106 ! o
96 100 g 6oo 1,008 8,400 | o
120 ' 6o 4 6oo 322 3,910 °

Cortisone started—10 mg per rabbit per day
= Lymph PN = Polymorph E=

reappear 1 large numbers 1n the bloodstream (Figure 8) This eventually led to;
generalized infection and death However, 1f the animals were passively immumze
by the intravenous mjection of small g of Type I p cal antiserum,
the cornisone treated anmmals were capable of rapidly removing and destroying the
pneumococct

Development of protectie anhibodies Studies concerming the effect of cortisone cx}
antibody formation scemed of particular interest in view of the posstble effects o[
cortisone on lymphocytes and the suggested relation of the Jatter to the formation o:
antibodies It has been reported that under certain conditions carhsoner\»;‘ll dcprcsz
antibody formation (Bjorneboe, Fischel and Stoerk 1951) The results of the presen
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study confirm previous reports and show that there was a defimte delay n the ap
pearance of protectrve antibodies 1n the sera of the cortisone treated mfected rabbits
{Figure 9}

Effects of smaller doses of cortisone Having established that moderately large doses of
cortisone will Jower resistance to this infection 1t seemed 1mportant to determue the
effects of smaller doses Doses ranging from 0 005 mg to 10 mg per rabbit per day
were given subcutaneausly once daily as in previous experiments and treatment was
mhated five days before the pneumococcal mjection Observations were made
regarding the shin lesion size onset and degree of bacteraemia and mortality With
doses smaller than 2 5 mg per rabbut per day, the results are vanable mnsofar as the
skin lesions are concerned (Figure 10} However, the blood culture studies reveal that
doses smaller than the 0 5 mg level may even enhance the resistance of rabhits to
this mfection since the bacteraemia with the smaller dose levels was of shorter dura
tion and smaller magnitude than that 1n the control ammals (Figure 11} The sig
mficance of these findings 1s presented 1n the discussion

Chemotherapy in cortisone treated amimals It has been clearly shown that large doses of
cortisone lower the resistance of rabbits to a pneumococcal infection and that ths
deleterious effect mvolves both cellular and humoral mechanisms Chemothera
peutic agents such as pemallin are known to exert their effect directly on the mvad
g micro orgamsms and do not require the participation of the host mechamism
except for the important subsequent step of eiminating bactenia which have been
mhibited but not destroyed In view of the practical sigmficance of this problem 1t
seemed 1mportant therefore to determune 1if the cortisone treated amimals could
combat infection successfully when the imp 1 defence 1 was supple
mented with pemcillin When doses of 3 000 umts of pemcilin G per day were
injected subcutaneou ly mnto cortisone treated rabbuts infected with pneumococer 1n
the usual manner all the rabbits survived and there was no evidence of infection as
Judged by the shin lesion and blood culture studies (Figure 12) Therefore pentciilin
will eliminate mfection 1n cortisone treated ammals despite the mmparred host
response Studies to be reported elsewhere show however, that greater amounts of
penicillin are required to control infection 1n cortisone treated animals

DISCUSSION

A review of the iterature reveals that ACTH and cortisone exert a deleterious action
in certam expenimental infections On the other hand thousands of patients suffering
from rheumatoid arthnitis have been treated with cortisone without evidence of
serious complications from intercurrent infection The reasons for the difference 1n
animal and human studies are not known at present although a number of possible
explanations are worthy of consideration For the most part the animal studies deal
with induced infections and usually large or massive doses of the hormones are
admumstered There are many experimental infections which are not altered by
cortisone but frequently negative findings of this type are not published Prelimmary
animal studies suggest that the effects of cortisone 1n infectious diseases will vary with
the ammal species the mvading micro organism  the pathology of the infectious
lesion and the amount of cortisone ad d (Robinson published data)

1
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Phagocytosis Phagocytosis by the macrophages or fixed histiocytes of the reticulo
endothehal system represents a mayor feature of the host s defence against infection
When a moderately heavy moculum of Type I pneumococct wag jected mtraven
ously 1nto normal rabbuts the bactenal cells were rapidly cleared from the blood and
the animals survived the mfection When cortisone treated animals were given a
similar bactenal mjection, some of the pneumococer were removed from the blood
but apparently many bacteria escaped destruction and began to multiply and

Tapre 111
Haematology Studies in Cortisone Treated Infected Rabbuts

[
Total Cells Per mms3

Time /Hasmoglobm

Hours WBC . L } PAIN } E
o* i 130 13 280 7,825 4,640 265

12 12 6 13,300 7,845 4,600 225
24 | 110 11,700 5,150 4,740 o
36 110 13 000 4,200 | 8,060 ]
48 | 105 , 12,960 3615 | geze o

Hours Post Infected
Infection

[ | 00 12 200 3,290 8 630 o

6 11 0 10,720 3,220 6 765 0

18 105 12 430 3,740 8,460 o

24 105 15 450 4 160 10,855 °
48 95 9,830 2,260 7,274 o
72 10 5 9,350 2,150 7,106 4
96 10 0 g 6oo 1,008 8,400 1 o
120 6o 4,600 322 3910 | °

* Cortisone started—ro mg _per rabbit per day
L Z'Lymptorytes PAG o fonueliar neutroph s E = Eoswophls

reappear 1n large numbers 1n the bloodstream (Figure 8) This eventually led to 2
generalized infection and death However, 1f the animals were passively immumzed
by the mtravenous myection of small quantities of Type I pneumococcal antiserum
the cortisone treated 1mmals were capable of rapidly removing and destroying the
pneumococcl
Derelopment of protectue antibodres Studies concerming the effect of cortisone 01’;
antibody formation seemed of particular mnterest m view of the possible effects or
cortisonc on lymphocytes and the suggested relation of the latter to the form1tion of
antibodzes It has been reported that under certain conditions cortisone will depress
antibody formation (Bjerneboe Fischel and Stoerk 1951) The results of the present
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SUMMARY

1 A survey of the hiterature indicates that large doses of cortisone, hydrocortisone
and ACTH lower the resistance of ammals to certain infectious diseases The present
study confirms and extends these findings but also shows that small doses of cortisone
may have the reverse effect and actually benefit the defence mechamism

2 The adverse effects of large doses of ACTH and cortisone appear to be due to
the mability of ammals to mobilize polymorphonuclear leucocytes and macrophages
at the site of the bactenal injection There also appears to be a depression 1n the rate
of antibody formation and a decreased activity on the part of the lustiocytes of the
reticulo endothelial system 1n removing and destroying the pneumococar These
effects may be related to the action of these hormones on protein metabolism

3 Pemallin 1s efficacious 1 the cortisone treated animal despite impairment of
the defence mechamsm

4 Much information remains to be obtained regarding the effect of these hor
mones 1n expenmental and human infection Until such data are available, defimte
conclusions cannot be drawn regarding the value of ACTH or cortisone in the therapy
of mfectious diseases To date numerous patients have recerved ACTH and cortisone
for the treatment of rheumatord arthritis and the number of reports citing the
occurrence of intercurrent infection has been negligible
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Therefore, 1t 1s not possible to generalize regarding the effect of cortisone on
fections Each disease must be treated as a separate entity msofar as the mfluence of
cortisone 15 concerned

In the case of tuberculosis the data seem faurly clear, and strongly suggest that
cortisone and ACTH are contra indicated m this disease Howeser here agam
nothing 1s known about the effects of small doses of the adrenal cortical hormones and
more experimental information 15 required before final conclusions can be drawn
Prelimimnry climical results indicate that pauents with severe preamonta expenience
a sense of well bemng 1nd have an increased appetite following AGIH or cortisone
treatment (Kass Ingbar and Finland 1950) Ifsuch beneficial effects can be brought
about without lowering the resistance of the host, these hormones may find utality for
the treatment of infcctious disease 1n combination with chemotherapy

The results of the present study show that cortisone hydrocortisone and ACTH
definitely lower the resistance of rabbits to a Type I pneumoccocal nfection when
the hormones are given in doses which produce intense physiological effects The
deleterious effects appear to be the result of an alteration in a number of important
defence mechamsms of the host These mclude 2 decrease n the ability to form
anttbody, nability to mohlize polymorphonuclear cells and macrophages at a
normal rate, and a decreased actinty of the fixed histiocytes of the reticulo endo
thelial system  All three factors are of pnme importance to the host n combating
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may aid rather than hinder the defence mechamsm

Finally, the present paper shows that pentaillin 15 capable of combating mfection
n cortisone treated Antmals even though some actrons of the defence mechamsm are
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deficrent diet have been reported to develop diffuse oedematous shin lesions and a
depression 1n circulating antibodtes Furthermore, blood cultnre studies and mor
tality findings 1n the protesn deficient animals appear to be stmilar to those observed
tn our cortisone studies Silber and Porter (personal communicanion) and Clark
(personal commumcation) have found that the mtrogen loss resulting from cortisone
adnunstration 1s mamly at the expense of peripheral sheletal muscle and shin The
mitrogen content of certamn internal organs such as the hwver, 3 actually inerensed
These observations suggest that further study concernmng the effect of co;‘:nonc or}
protemn metabolism may be extremely wnportant n elucidating the mechanism o
action of these hormones 1 infection
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ultimately involved the elbow joint There was no infection at the mjectton sttes and
the only antecedent mnfection was a mild blepharitis with one or two small pustules

1 should like to hive the views of the meeting as to the source of these metastatic
abscesses

H ¥ Robmson The inaidence of ey infections after AGTH 1s extremely low although
they do occur I should not have thought that the mmld blepharitis in ths case could
have been the chuse of the trouble

The danger to which I referred i connection with eye inflammations was that of
the indiscrimumate local use of cortisone and ACTH without proper diagnosts

M Ress When introducing ACTH and cortisone mnto therapeutic practice, far too
Iittle attention has been paid to the dosage It was fortunate that when msuhn was
mtroduced 1ts ability to decrease the blood sugar was used as 1 basis for the thera
peutic dose Had insulin been used 1n the way ACTH 15 being used at present in
many disease entities the use of msulin would have been discredited It 1s very un
fortunate that a basic cnterion for their action 1s still not available 1n assessing a
correct therapeutic dose when cortisone or ACTH 15 adminstered

In cases of rheumatism ACTH and cortisone are given in pharmacologic doses
which are considerably higher than the amount crculating normally in the body
flds or produced at the time given by the glands m question It would be very
nteresting to see whether much smaller doses of cortisone or ACTH within the
physiological range of these substances as they circulate in the body fhnds, do not
produce the opposite effect

H 7 Robwnson If time permts I should like to make a few remarks regarding cortt
sone and mtercurrent infection and to present some work which 1s now 1n progress
concerning the mechamsm by which cortisone and AGTH alter host resistance
First, with regard to the effects of cortisone and ACTH on ntercurrent mfection
we noted that about 80 per cent of our mice treated with large doses of these drugs
developed an mnfection which was mawly due to Copnebactermum pseudotuberculosts
murizm We discovered that the reason for this was that following the customary
laboratory procedures m working with rats we did not use strict aseptic techmque
and hence we were spreading the infection from a relatively small number of ammals
which developed an mtercurrent mnfectton to all of the amimals 1n a given group
‘When we substituted an aseptic techmque or when cortisone was admnistered
orally the incidence of mtercurrent infection was markedly reduced

Both the protewn defictent and cortisone treated rabbits develop a spreadng cellu
hitis with early and overwhelming sepsts There 1s evidence that cortisone causes a
nitrogen deficiency which 1s mainly at the expense of peripheral tissues such as skhin
and skeletal muscle Actually the protein content of certan internal organ  such
as the liver 15 increased despite the overall negative mtrogen defiait The question
arses as to whether the penipheral protewn deficit may account for the suppression of
inflammation which n the case of the cellulstis m rabbats 15 detrimental to the host
whereas 1n the case of theumatoid arthritis the suppressed inflimmation relieves the
Jomt pam associated with this disease

T mught also add that our prelimmary studies regarding the effect of somatotrophic
hormone on intercurrent infection mduced by cortisone treatment have not confirmed
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Duscussion
Chairman G R Cameron

G R Cameron We have just heard of the fulmmatine infections that can occur after
cortisone and ACTH Fortunately for us, neither the dosage levels nor the infections
are comparable with those we meet with chmeally, but it should serve as a warming
that each patient and each mmfection should be considered on its merts and that
no generalization 1s possible
J M Zoffy Dr Robinson 1n your cases did you still get the normal blood changes
that one gets with cortisone 1n spite of the infection?

H J Robwnson Yes, cortisone produces essentially the same effects 1 mfected animals
as 1t does 1n non mnfected animals

R R H Loell Inflammation s usually regarded s a defensive mechanism Dr
Robinson has shown how this tissue response may be suppressed and the consequence
of such suppression Though septicaemia sometimes develops in patients on cortisone
or ACTH 1t 1s not such a common event as these animal experrments might suggest
and the question of hormone dosage may be relevant here In Professor Pickering s
untt we have been studying the effects of cortisone and ACTH on experimentally
induced inflammations in the human skin Response to tuberculin and to manganese
butyrate which 1s a tissue srritant are both reduced by cortisone and ACTH the
tuberculin response bemng most conspicuously affected The dose of cortisone neces
sary to produce these changes 1s about 200 mg daily and of ACTH about 150 mg
daily These are higher than are generally used therapeutically

P Ellman I had a case about exghteen months ago which 1s relevant to this problem
She was a woman aged fifty two with polyarthritis bilateral pleural effusion, fever,
eosmophilia leucocytosts and a rased erythrocyte sedimentation rate Mr Broster
trsed an adrenal 1mplant but 1t was without effect We then gave two small doses of
ACTH intramuscularly and she developed multiple metastatic abscesses one of which
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were at the bcgmmng of the therapy The disease process may progress without
sy or under a blanket of hormone There 1s certainly
some X ray evidence that the bone lesions continue to progress whilst the patient 15
symptomless under cortisone therapy The simulanty between the protein deficient
and cortisone treated ammals 1n their inflammatory response also would suggest that
we are merely suppressing the host s reaction to an njurious agent
H 7 Robinson 'The suggestion of mune that cortisone works by causing a tissue pro-
tem deficiency was only a theory and has not been proved

The immediate effect of cortisone on rheumatoid arthrnitis patients 1s without doubt
beneficral and welcomed by the patient
G R Cameron We are certainly debating the most debatable of topics mn this discus
ston We are still at the fact gathenng stage and 1t 1s impossible as yet to make dog
matic statements
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the report of Sclye This, however, may be due to the presence of different flora in
our ammmals and also to a difference n the somatotrophic hormone

G R Cameron With regard to this danger of secondary infection with cortisone treat
ment One of my staff has been domg some expeniments on the healing of tendons in
rats His operative techmquewas such that he never got infecton of the wound site
When he gave cortisone to these ammals 1n large dosage, many showed mfection at
the operation site We have also had an epidemic of typmmurium infection 1n rats
treated with cortisone

The bactenaenua one sometunes gets with cortisone might suggest that there may
be some change 1n the reticulo endothehal system or, perhaps, in the lymph node
Is there any evidence of this?
H J Robinson None that I know of but perhaps Professor Yoffey can help us with
this

T have carried out some expenments with an 1solated perfused spleen We mocu
lated micro orgamsms into the perfusing fluid and measured the rate of removal of
the micro orgamsms from the flid before and after the addition of cortisone Corti
sone produced ats effect within an hour which 1s probably too short for a pathological
change so 1t may be merely a functional one
F M Yoy The problem is probably, in part, that of the freedom with which bac
teria can move 1n the connective tissues If they can move frecly, they will enter
lymphatics and after passing through one or more lymph glands reach the blood
stream Drnker and his colleagues, some years ago, were faced with an analogous
problem 1n connection with the spread of type IV pneumococc: i the rabt They
found that after dropping susp on of these p et 1nto a rabbit s nose they
rapidly passed through the mucosa, entered the cervical lymphatics and passed
through one or more glands to enter the blood From the blood they passed through
the walls of capillaries 1n vanous parts of the body to reach the connective tissues
and thence via the lymphatc vessels and lymph glands found‘thclr way back to the
blood The connective tissue, lymph vessels and glands thus formed an extravascular
reservoir from which the blood was being constantly re infected even though for
time the blood could be emptied of pneumococer by giving antt serum In these
particular experiments the easy spread of the type IV pneumococci was a property
depending on their virulence In the case of cortisone the spread of bactena 1s pre
sumably facilitated by the action of cortisone on the connective tissues and not by
augmentation of bactenal virulence
F T R Duthie Thus s the first sesston of the Sympostum at which pharmaco]ogl!:;!l
studhes of the effect of ACTH and cortisone on mfl 1on have been d
We must beware of this possibly artificial disunction between the Collagen discases
and inflammation the cause of which we know It seems to me that when we do not
Lnow the cause of an mflammatory process, we say this process 1s bad and must be
suppressed, but when we do know the cause we say that this 1s a bentgn reaction and
should be encouraged It may be that the inflammation mn the former group may be
beneficial to the patient and we may be depriving hum of Ius defence reaction I have
been much concerned with the condition of theumatoid arthntis patients alter “;]lh
drawal of the hormone therapy Many of them seem to be mn a worse state than they
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Adrenal Sterowds and Personality Disorders

by
HUDSON HOAGLAND
The W orcester Foundation for Experimental Biology Shrewsbury Mussachusetts

SOME CONSIDERATION OF BRAIN FUNCTION IN RELATION TO THE
ACTION OF ADRENAL STEROIDS

A consirraTION of possible effects of adrenal steroids on mental disorders muight
well start with an inquiry into what action 1f any these substances exert on bramn
physiology Without attempting a systematic review of this subject I would hke to
describe some recent unpublished expeniments from our laboratory relevant to this
matter It had previously been demonstrated independently by Gordan e¢ a/ * and
by Hayano and Dorfman? that certam steroids mn relatively large amounts mntubit
the oxygen consumption and glucose utilization of rat brain homogenates through
action on specific flavoprotemn entities of the electron transfer system

However Bergen and Hunt 1 our laboratory m extensive studies of rat brain
homogenates and slices from normal and from adrenalectonuzed rats found no group
differences 1n i sutro oxygen consumption The inhibitory effects 1n so far as they are
produced by adrenal steroids were not seen i the normal physiological range i
these expertments It 1s well known that the frequency of the electroencephalogram
15 reduced 1n Addison s disease and restored by cortisone adminstration® and Bergen®
hasd rated that adrenal slows the EEG of the unanaesthetized rat and
that this slowed frequency 1s restored three hours after mjection of adrenal cortical
extract Since slowing of the EEG may result from decreased oxygen and glucose
utilization of the bram® ¢ 1t occurred to us that the 11 oxysterotds may have effects
i 1o not detectable by w utro expernments and that a key to this problem mght
restde 1n the action of the adrenal steroids on the cerebral circulation Levine et al ?
have demonstrated that adrenal cortical extract re estabhishes a more normal blood
flow 1n adrenalectormzed antmals and thus facihitates the work output of muscle
L0

It seemed posaible therefore that the slowed EEG of adrenalectomized animals
kept 1n good condition on salt mght result from slowed cerebral circulatron and
accompanying oxygen deprivation and data have been obtamed by John Bergen and
Charlotte Hunt to test this hypothesis Our # w220 studies mdicate a reduction n
blood flow through the brain of 61 per cent 1n adrenalectomized rats and show that

* The studies of adrenal stero d metabolism and phys ology d scussed in th s paper have been a ded by a
co-operatt ¢ p oject with th Nat onal Inst tut_of Mental Health US Publ ¢ Health Service Federal
Security Ag ncy by a contract wath the Office of Naval Resea ch and by grants from the Williams Waterman
Tund of the R ‘search Corpo b n The Scottsh Rite Committee for Rescarch on Dementia Praccox The

George I Ald n Trust Th_Theodore Edson Pa ker Foundat on G ant No 2563 of the phys ology scction of

the'U'S Public Health Service and by the co-operat on of the Research Service of the Worcester State Ho patal
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apparently an mmportant mtermediate 1n the synthesis of the adrenal cortical hor-
mones from chol; ol ACTH s y for the conversion of cholesterol to
As pregnenclone which then at a rapid rate and without further action of ACTH,
15 converted to progesterone by modification of nng A

Progesterone 1tself1s rapidly converted along several pathways to a vanety of cort:
cods including among others DCA compounds A, B E and F In the case of the
restorative action of A5 pregnenolone on bramn blood flow bramn oxygen consump-
tion and the EEG of adrenalectormzed rats the effect 15 probably a direct one since
we know of no tissue other than the adrenal capable of converting this substance to
oxysteroids of the adrenal type

Slocombe 1 our laboratory has recently made cathode ray oscillograph records
of the primary electrical response of the rat somatic sensory cortex following electrical

Tasre I1

Brawn blood flow wath standard errors and median brain wave frequencies m normal and
adrenalectomized rats and in adrenalectornzed vats guen replacement therapy

D Sig EEG Diff Sg
No Blood from of o | medan | from of
of flow contrals Diff of free controls df
rats mifmn mlfmin P rats | ~fscc ~fscc P
Normal 8 |r65 torz| — - 130 440 — —
Adex 19 |06s Xo7i| 100 | <oooy |16 378 62 |<oot
Adrx_plus not not
ACE 17 {169 +o1g| oop sg 1 422 18 sg
Adrx plus not not
pegnenolone| 13 |134 =zowr| o3t sg 21 427 13 sig
Adrx_plus -
DCA 16 105 Lo 060 <oor 23 365 75 <o ot

stimulation of the foot Adrenalectomzed rats kept in good condition on salt show
mn comparison to unoperated controls slowing of conduction time of this response
by 19 per cent Table III 1llustrates these data The difference of 3 6 ms 1n conduc
tion time 15 primarily due to central delay since a 19 per cent reduction n velocity
of conduction 1n the peripheral nerve could account for only approximately 1/4 ms
of this difference The slowed conduction 1s restored after three days of daily 1myec
tion of the adrenalectormzed rats with 0 25 ml of hipoadrenal extract (equivalent
to o 25 mg compound F) Slocombe also finds that the exctability of the scatic
nerve i sifu 15 decreased about 150 per cent by adrenalectomy as measured by tn-
crease of Hill s excitation time constant The excrtablity 15 partially restored three
hours after injecting adrenal cortical extract

In summary these studies with rats indicate that timing of events 1n the nervous
system as measured by synaptic delays of the somatic sensory response and of the

ilrcu)lts medrating the EEG are effected by the oxycorticoids (and by a5 pregneno-
one
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the bram recenes only 54 per cent of the normal amount of oxy gen mn these ammals

This corresponds to a reduction of 46 per cent 1n bram oxygen consumption and the
dufferences are sigmificant (P<o 005) According to Greene® the postersor factal vemns
of the rat drain the bram sinuses The rate of blood flow from the left anterior facial
vemn was measured after Iigating venous return from the head excepting the verte-
brals Artenial venous differences i blood oxygen content were made by the Rough-
ton and Scholander method While more oxygen 1s removed by the bram from the
slowly flowing blood 1 the adrenalectomzed rats the total reduction 1n blood flow
1s sufficiently great substantially to reduce the tissues’ oxygen supply (See Table I}
The admimstration of 0 50 ml of Upjohn s hpoadrenal extract (equivalent to 0 50
mg of Compound F) to adrenalectomzed rats restores completely the blood flow
and oxygen consumption to normal 1n three hours The blood flow 1s restored by

half of this amount of the extract but this smaller dose was not tested on the EEG

We also found that 250 gamma of A5 pregnenolone restores bran blood flow and
oxygen consumption, but DCA even m twice this dose has only a small restoratne

Tasre I

Bran blood flow, artenal and venous oxygen walues and standard errors tn normal and
adrenalectomzed rats hept in good condition on salt

Arterial | Venous | AV Per cent
No Blood | No | oxygen otygen &t | Oygen | decr
of flow of ol vol Vot | consumed | with
rats | mljmin rats | per cent | per cent |percent | per mm | adrx
Normal rats | 8 |165 201 | 10 |149 +064|813 4o48] 68 0113 —
Adrx rats J 19 |abstoo71] o |18 toBo|54 £ofy| 94 | oobto | 54

action Cortisone (250 gamma) also restores bramn blood flow and oxygen consump
tion to normal in three hours

Table 11 and Figure 1 summarize some of these findings and tndicate that the EEG
15 slowed 1 adrenalectormzed rats as a result of anoxia brought about by reduced
bramn circulation This 15 seen from the parallehsm between the action of substances
that restore blood flow and correspondingly restore the EEG The restorative action
of cortisone on blood flow and of As pregnenolone and adrenal cortical extract
(ACE) on oxygen consumption are not shown 1n the figure or table since these re-
sults were obtained just before my departure for this conference

The restoratrve action of A5 pregnenolone on the EEG 15 of special interest since
we? 10 11 hayve shown that this substance when taken by mouth has anti fatigue action
1 man and ficantly f psy performance This was demonstrated
1n studies of several hundred factory worhers and aviators engaged 1 exacting and
measurable psychomotor tasks when taking 50 to 100 mg per day of A5 pregneno-
lone m companson to their performance on placebos As pregnenolone 1s not an
alpha ketol It hasa methy! group at C 21 an hydroxylat C3anda double bond
between carbons 5 and 6 It lacks oxygen at C 1t and C 17 Perfusion studies of the
beef adrenal carried out 1 our laboratory!# have shown that A5 pregnenolone 15
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have not been specifically identified but probably include androstanediol pregnane
diol and etiocholanediol

Figure 3 illustrates the lesser output of unnary adrenal corticoids m schizo
phrenics measured both as neutral reducing lipids and as formaldehydogenic sub
stance Work from several laboratories has shown that the total cortsicord output of
arthntic patients 1s not different from that of normal controls, and 1n this figure
the arthritic and schizophrenic pattents belong to comparable age groups Follow
1ng adminsstration of 100 mg of cortisone daily for one week we see that the controls
show an mcreased output of corticoids 1n terms of both types of measures but no
sigmficant changes are seen in the corticord output of the schizophrenic patients
We think that thus indicates the utthzation of the added cortisone by the patients
uissues leaving no excess of alpha ketols for excretion The low output of corticoids
by the patients suggests this interpretation

Chre phic published) of urinary corticosteroid output show
that schizophrenics produce 1n companson to controls a higher percentage of polar
corticoids about the same percentage of corticowds of the corticosterone and cortsone
type and a relatively smaller percentage of the less oxygenated corticoids We refer
here to percentages of the total corticoids compared to percentages of normal sub
jects It should be recalled that the total output of corticoids by the patients 1s less
than that of normals

ADRENAL STRESS RESPONSES OF SCHIZOPHRENIC AND NORMAL MEN

When schizophrenics are experimentally stressed and relative per cent changes from
pre test levels are measured 1n 17 ketosteroids urinary sodium potassium unic acid
and urnary phosphate as indices of adrenal response we found that approximately
two thirds of the patients are relatively unresponsive compared to criteria established
by normal persons undergoing the same stresses'*

Qur standard stress tests have involved the mgestion of sugar by the Exton Rose
sugar tolerance test procedure the operation for one hour of a purswmitmeter and a
peychological frustration test the Rotter Rodnuch target ball test® Urine and blood
samples were collected before the test and immediately after (at the one hour period)
and agamn two hours later (three hours from the start of the test) Responstvity of our
adrenal indices to 1njected hpoadrenal extract have shown no sigmficant differences
between schizophrenic patients and normal controls indicating that tssue meta
bolism 1n response to the action of the steroids 18 not the source of the difference 1n
the stress responses A comparable degree of unresponstvity 1s also seen following
standard test ijections of ACTH thus mdicating that the defect hes at the level of
the adrenal cortex 1tself These findings of responsivity to ACTH of schizophrenic
patients are 1n general with those of Hemphill and Reiss! and have been
confirmed by Faurbye Vestergaard ete! * Hospitalized psychoneurotic patients have
been shown by us and by others 1n studies of adrenal responsivity to stress and to
myected AGTH to display normal responses’ o that hospitalization feer 5¢ 13 ot the
factor at 1ssue These findings are consistent with the view that the schizophrenic
patients adrenals produce abnormal types of sterord substances and that their adrenal
responsivity both to endogenous and to mjected ACTH 15 abnormal The abnormal

K

129



HUDSON HOAGLAND

ADRENAL GORTEX FUNCTION IN NORMAL AND PSYCHOTIC MEN

In recent years a number of investgators at the Worcester Foundation hase been
engaged 1n a series of studies of the response of the normal human adrenal cortex to
workaday stresses We have demonstrated that such stresses as flying aeroplanes,
operating machines, the taking of exammnations, exposure to heat and cold, and the
ngestion of sugar result 1n an enhanced output of adrenal cortical hormones as
measured by the excretion of urinary corticords 17 hetosterads, potassum, sadim
and urc acd * 1 16 18 Accompanymg these urinary changes following the stress
are charactenstic declines 1n circulating lymphocytes and eosinophiles resulting
from the heightened activity of 11 oxycorticords This very general response to quite
non specific 1nd often mild stresses has indicated to us fluctuations 1n the demand of
tissues for sterord hormones as a part of one s adjustment to the social and physical
environment
Schizophrenie patients are persons who have notably failed to meet life’s day to

day stresses and have developed bizarre behaviour patterns which usually require

TasLe III
Conduction Time Foot to Somatic Sensory Corlex

|

No i Cond Time Per cent
ooof (ms ) ncrease t P
| rats ‘ and SE above normal
Normal 9 I 192 4085 i — r — { -
)
Adrx I 15 228 4og8 J 19 2 74 002
|

hospitalization Nine years ago n collaboration with mvestigators at the Worcester
State Hospital, we began a senies of experiments which are still continuing to
examine the adrenal cortical physiology of schizophremic patients with the thought
of testing their responses to some of the same stresses we had used with our normal
subjects Approximately two hundred male panents and three hundred normal male
controls have been examned 1n a vanety of test sitnations

Compared to normal controls of the same age levels the patients excrete, under
fasting conditions, on the average approwimately the same amount of total 17
ketosterods, potassium, uric vad and creatimmne but excrete only about two thirds of
the normal amount of corticord (C-21) sterords and 1n excesstve amount of sodium
and urinary water * The patients excrete only about one half of the normal amount
of inorganic phosphate,’® and only about two thirds of non ketonic steroid substances
compared to normal controls 17 duced b

Figure 2 shows the marked reduction of urinary non Letonic steroids pro lucer : Y
nmeteen schlchhrcmc patients 1n companson to thirteen normal controls of the

same age range These non hetomc steroids measured by the SbCL, colour reaction,
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In view of these derations 1t occurred independently to Dr Charles Huggns
of the Unnersity of Chicago and to us that total adrenalectomy of schizophrenic
patents and therr maintenance on cortisone and salt mught prove to be a thera

Ily beneficial p dure Huggins and Bergenstal®s had successfully adrenal
ectormized patients suffcnng from prostatic and breast cancer and 1n thurty cases to
date they have encountered no adrenal insufficiency when the patients take 25-50
mg of cortisone per day by mouth and 3 to 4 grams of salt tablets As Dr Hugains
has aptly phrased 1t he proposed to remove possible sources of abnormal adrenal
hormones from the schizophremics and substitute a normal adrenal balance

Six chrome schizophremc p were accordingly selected by Dr Nathansel
Apter and Dr Maunce L:pton of the Psychiatry Dcpartmem at the Unnversity of
Chicago family per i and total ad were performed
1n Chicago 1in September xg_—,l by Huggns and Bergenstal These patients since main
tained on oral cortisone and salt are all in excellent physical health and metabolic
balance at the present ime The patents have been under careful psychiatnc and
psychological observation by Doctors Apter Lipton and Ward Halstead from several
weeks before the operation to the present time

Dr El Romanoff of the Worcester Foundation was present at the operattons and
mounted the adrenals m a perfusion apparatus immediately after their removal
perfusing them for eight to ten hours with human blood Test injections of ACTH
were also administered to the glands and the ability of the adrenals to convert certam
sterords to 11-oxysteroids was also tested The perfusates are being studied and com
pared 1n our laboratory by paper ch phy and other p dures with perfu
sates obtamed from other human adrenals taken from non schizophrenic subjects
for the rehef of cancer and hypertension By these and simular perfusion studies we
belzeve 1t will ultimately be possible to be quite specific about the nature of sterordo-
genesss of schizophrenic patients

At this ime we are not prepared to discuss the results of the perfusion studies or the
psychiatnic effects of the procedures These latter will be reported upon at a later
date Suffice 1t to say that the results are sufficiently encouraging mn the opimion of all
of those concerned to warrant extending this operative procedure to other schizo-
phreni. patients
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responses are not corrected by feedmg the patients a protein and vitamm nch
dict?® In passing we wish to emphasize that mn the three stress tests described above
and 1n our test injections of ACTH and of adrenal cortical extract we have not
found per cent changes in lymphocytes or eosinophiles or corticords to differentiate
between patients and normals Our group differences in this series are reflected only
1n per cent changes n the unnary vanables other than corticoids

Broster and Allen®! have described cases of hyperadrenalism in patients d
as schizophrenic who some months after the remotval of one overactive adrenal,
showed complete remission of symptoms Psychosis as we mentioned has frequently
been described as a consequence of Cushing s syndrome and the adrenal gemtal syn
drome and as a result of overdosage with ACTH and cortisone 1n patients hitherto
non psychotic?  We have found that the more normal the responsivity of schizo
phrenics’ adrenals to ACTH the better their subsequent prognosts when given electro-
shock therapy ? As we have seen, adrenal sterords normally exert action on the cen
tral nervous system 2 ruo as measured by aspects of 1ts electrnical actmaty and 1ts
metabolism In view of all of these observations 1t has scemed to us that the over
production of abnormal steroids or therr metabolites may play an important role in
the acetiology of schizophrema, and this hypothesis 1s now under inestigation

We wish to make st clear that we do not beheve that aberrant adrenal physiology
1s necessanly the cause of schizophrema Rather we think it may be one of several
important factors mvolved mnats actiology Other types of psychoses may also molse
disturbances m adrenal function We have found some evidence for this in a study of
ten women suffering from involutional depressions®* These patients showed improve
ments of adrenal responsiity following successful electroshock therapy Hemphill
and Reiss!® havg also presented evidence of abnormal adrenal physiology 1n psycho
tics other than schizophrenics If abnormal adrenal stress responsivity exists before
the development of symptoms 1t may constitute a predisposing factor for the disease
Psychosis may never develop 1n such persons 1f their Iives present few problems but
m the face of life s batterings they may be unusually vulnerable to this form of per
sonality disturbance It 1s of course possible that the adrenal abnormality occurs
concomtantly or secondanly to the development of psychosis Our data at present
cannot settle this matter

Jd

CONTINUING STUDIES

T would like here to emphasize several matters reviewed above
(1) Schizophrenic patients display abnormal steroidogenesis as reflected by their

urnmary data

(2) Their adrenal responstvity 1s subnormal both to stress and to mjected ACTH

(3) Some persons not hitherto psychotic develop psychoses following prolonged
over-dosage with cortisone and ACTH

(4) Psychosis sometimes accompanies adrenal hyperplasia and 15 rehieved follow
ing remoyval of one overactive adrenal

(5) Pauents with adrenals more normally respon 1ve to ACTH have a better

rognosis when given electroshock therapy
P ((gi) Amumal studies show that adrenal steroids help regulate central nerous

processes 1n terms of iming of nerve messages via synaptic conduction
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URINARY ADRENAL CORTICOIDS
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Changes wn Suprarenal Cortex Function
i Shock and Hormone Treatments

b

R E HEMPHILL
Bristol Mental Hospitals Department of Pgychatry, Bristol Unuersity

Tais commumecation on changes n adrenal cortex function m shock and hormone
therapies 1s a presentation of the work of some of my colleagues (including Dr Max
Ress) and myself at the Bristol Mental Hospitals

The expression shock therapy refers to epileptic convulsions induced by electrical
sumulation of bramn {a usual method of treatment 1 psychiatry) or to msulin hypo
glycaemic treatment {vsed pnnoipally in scmzophrema) It 1s necessary to pomnt out
that the phystological effects of these shock treatments in normal subjects are totally
unknown for these treatments have practically never been appled to volunteers, or
1f applied occasionally have not been repeated

Since there 1s evidence of endocrine disturbances 1n many psychiatric disorders or
1 phases of them changes i endocrine function produced by shock treatments
must be relative that 33 they may be modified by the endocnine state dunng the
1llness preceding the shock The effect of the shock treatment on the endocrine system
would depend upon the endocrine condition when 1t was imtiated

The adrenal cortex 1 psychiatric illness has been studied by Hoagland and his
co workers, Altschule Cleghorn ourselves and others In our hospital it has been of
interest since ACTH was used therapeutically in mvolutional melanchoha about
twelve years ago (Hemphill and Rewss 1942 1944 Herphll, 1g946)

It cannot be clarmed that the various modifications of the Thorn test used are
entirely satsfactory and we do not pretend that any conclusions drawn will be
anything Iike definite but the present state of knowledge suggests that 1n a high
proportion of cases of chromc schizophrema there 15 a degree of adrenal cortex
unresponswvity the actnity of endogenous adrenal cortex secretion seems often to
fail 1 psychotic subjects and phasic alterations are seen 1n some cases of mamc
depressive psychosis

‘We have nvestigated adrenal cortex responsivity to mgested glucose and to
jected ACTH 1n about eight hundred cases It seemed undesirable to combine the
fall 1n eosmophil count the 1ncrease m 17 ketosteroids and the alterations 1n unc
acidfcreatimine ratio 1n a single index We have studied the responsivity n the form
of eight reaction types (Table I) (Rewss Hemphill et ol 1951)

In a first senies of 360 patients 1t was seen that no particular response type was
specifically related to any psychiatric group (Figs 1 and 2 ) There were differences
between acute and chronic schizophrema and in male anwety the adrenal response
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Tasre I

Types of reaction to wyectron of glucose, and imjection of ACTH Reto]Cr = ratio
of urinary keto steroids to creatimne UnicjCr = ratio of unic acd to ereatinine
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Figure 1

psychotic cases In no single case of chronic male anxiety was

ften worse thinn
here disturbances of res

there a completely posiive response to glucose On the whole
ponstvity to mjected ACTH were less frequent and less severe
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Some evidence that ACTH of the pituttary lobe might be mobilized by electro
comvulsive therapy was advanced by us 1n 1942 (Hemphill Macleod and Ress)
and by Hoagland, Parsons Nikkelsen and others mn later years Using response tests
we have compared the responsivity of the adrenal cortex to one electnically induced
conyulston with the response to 25 mgm ACTH and toangestion of 150 gm glucose

Fi, 1

¢ l“’ewe)r patients show response to one electro shock treatment than to one mjection
of ACTH Reaction type 5 seldom seen after ACTH and never after glucose, was
the most common reaction to ECT A completely negative response did not occur
after ECT, and rarely after ACTH Therefore our investigations show that ECT
even 1n schizophrenia, provokes adrenal response
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Figure 2

Hoagland ¢t al (1g50) described m schizophrenia a sigmficant correlation 1n
adrenal response to injected ACTH and to ECT They noted that a subconvulsive
electric shock produces an adrenal response and this has rased the question whether
convulsion with the circulatory and metabolic changes 1t implies 15 essential or
whether 1t 15 the application of the electric current to the bramm This question has
Yet to be answered

They suggested further that mnsulin and electro shock represent stresses which act
therapeutically by activating endogenous production of ACTH, and consider that
Prognosis m msulim and electro shock therapy 1s related to the adrenal cortex
Tesponsivity of the panent prior to treatment This 1s 1n heeping with our experience

137



R E HEMPHILL

to some extent, but 1t must be stressed that EGT 1s practically neffective in chrome
schizophrenta, m contrast to depressive psychosis

Adrenal cortex responsvity, usually constant 1n healthy mdwiduals, sometimes
changes markedly 1n psychiatric cases as the chmcal conditton alters Table II shows
results i eleven treated and two untreated patients In patient No 1, EGT was
meflective and his adrenal response deterorated No 7, treated first with ACTH and
later wath msulin, did not improve, and adrenal response detenorated No 8,
treated with ACTH, did not 1mprove, and response was unchanged No 6, treated
with ACTH, improved and response to glucose mmproved Nos 2, 3 4 and 5
treated with ECT, 1mproved, with corresponding alteration 1 response tests Nos

TasLe 11
Changes i Adrenalresponsinty after Treatment

‘Types of Response to
Weeks — Chneal
No{ Patient | Sex|Age Diagnosts Treatment | between ACTH ' Glucose change
the two ——— between the
tests Btforc,Af:er Before | After|  two tests
1| MMB| F | 66| Paranod ECT 7 1| o o] o |Nomprow
AFW | M Schryophre raved
2 42 | Schizophrema | ECT 12 X o | o | Improve
3 LIS |F |45/ Depresson | ECT 4 s 131 8|6 |improved
4| SVM | M| 2; | Neurosis ECT 6 v | 6 o | 6 | Improved
5| GEL | F |61 | Depression ECT 5 3| 7 2 | 6 | Improved
6| AMK|F | 30| Depersonal | ACTH 31 2] o s | Improved
1zation
7|PB M} 26 | Chronicschs | ACTHand | 36 7| s 7 | © | Nomprove
zophrenia wsultn ment
8| WEG | F | 52 | Depersonal | ACTH 1o 5|5 3 | 3 | Nommprove
1zaton ment
9|ELD | F |36 Depression Testosterone| 8 21 9 o | 7 | Improved
i implant
10| LR F | 62 { Depression Testosterone}  to 5 7 1 6 | Improved
11| IMB | F | 42 | Depression Testosterone| 16 1 7 o | 3 | Improved
12| WTR | M| 17 | Schizophrema | No treat 6 1 | 5| o | 7 | Spontaneous
ment m'Aprchmm!
13| PHJ | M| 42 | Depression No treat 10 1 7 o | o [ Spontancous
| ment |mprovernent
g, 10 and 11, treated {ully with showed d adrenal cortex

responsivity
e have carried out determimation of ACTH content 1n blood of patients (usmg

Sayers’s method) before and after ECT Withun the reliability of the method, 1t would
appear that changes m ACTH blood content three mmnutes after electro shock are
mostirregular Table 111 shows how there may be anncrease in ACTH three minutes
after ECT, or 1n some patients an ncrease after the first shock and a decrease after
the second there are patients 1n whom there 1s a decrease after the first shock Thus
to study adrenal cortex function alone cannot throw much lght on the mechamism
of shock treatments but the mode of acuon becomes clearer when the endocrine
relationships and total endocnne equlibrium are considered
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Response tests themselves may have a therapeutic effect exther through the mo
bihzation of ACTH endogenously or by the push given to the endocrine equilibrium
by mjected ACTH used 1n the test dose, and this hmits their usefulness We have
observed ane case of mild recurrent mamic depressive psychosts in which the phase of
depression was immediately altered 1n the direction of normality or mama by a single
test mjection of 50 mgm ACTH and we have had expenence of a small number of
cyclothymuc patients 1n the mildly depressed phase whose attack was termmated mn
the same way This appears to represent something of the effect of a mummal electro
shock treatment, adequate for altering a minor depressive phase but meffective in a
more severe disturbance

Tasce I
ACTH content of blood before and after ECT

| mU ACTH per 100 ml Blood

Patient No of ECT
Before ECT ' 3-5 mun_ after ECT
Mrs EV 15t 7 110
grd 120 50
Mrs V K 1st 4 14
2nd 42 o
Mrs P 15t [ ]
2nd o 8
3rd o 70
Mr H 15t 30 5
Mrs H st 9 ]

Adrenal function 1n depression 1 relation to the intervals between electro shock
treatments has not been studied adequately Normally the first four or six treatments
are given at intervals of a day or two and relapses are usual if the 1nterval 1s too long
Repeated applications of ECT at ntervals of more than a week may lead to reduc
tion of adrenal responsivity In one case of unequvocal periodic depression who had
been treated in this way and m whom ECT was without effect the response to in
Jected ACTH and to glucase was exceptionally poor

In spite of the disadvantages determination of the prtuttary adrenocortical
Tesponsmaty has at present an important place in psychiatric research The tests
seem to give information about the state and seriousness of the clinical condition and
permit some prognostic conclusions and the results can be used as an objective
critenion 1 therapeutic research agamnst which one judges improvement
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The results communicated allow some conclustons to be drawn about endocrine
physiology The fact that electro shock may produce qualitatively different adreno
cortical response from mjection of ACTH or mgestion of glucose suggests that
different ACTH fractions are mobilized by these different agencies There appears
to be a separate fraction mobilizing reducing neutral hpoids and a separate fraction
mobilizing 17 ketosterosds
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In some patents, changes 1n reducing nentral hipoid and 17 ketosteroid excretion
can take place independently of each other The excretion curves in Fig g relate to
2 manic depressne patient, 1 whom reducing neutral hpods and g ke\ostcrmd?_
were inversely related the peaks of thclll'orm;r Occu;nng 1n mama and the peaks o

depression (Reiss Hemphill ez al 1
‘th'lhn:“::s‘;‘ - ption (that psych 'PD I stress pe or impairs adrefr;ial fun‘c
tion and produces thereby an alteration 1n the psychiatric picture xsd di xcu‘t “t:
_]usuf) Inactivity may constitute a mental stress in some patients and acthvy Y

others
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It appears to us that the hallucinations that disturb the acute schizophrenic are a
form of stressful thinking while the mdifference displayed by the chronic schizophre
nic 1o apparently the same psychological disturbances 1s i keeping with an impaired
adrenocortical responsivity Many schizophrenics seem unable to preserve a stable
endocrine balance as mdicated by day to day vanations 1n ketosteroid output and
variattons 1n adrenal responstvity This 1s 1 our experience a bad prognostic sign,
and no doubt accounts for some of the contradictory results found by every worker

The pomnt has been reached when 1t 1s necessary to define more precisely the
psychiatnic enteria for illnesses under investigation, to determine more precisely
than formerly the psychatnc response 1o environmental changes and to develop
methods 1n which the subjective element 1s less promment than at present

So far all research workers have accepted the fact that we are practicaily 1gnorant
of the sigmificance of the duration of psychiatric 1linesses and we have no means of
measuring their severtty The terms acute and chronic are used for convemence
but so loosely and with so much overlapping that they are almost without meanmg
except at the extremes

SUMMARY

1 Varnous forms and degrees of disturbance of adrenal cortex responstvity are
found m psychiatnc illness

2 Poor responsiity 1s often associated with a poor prognosis and zice tersa

3 Electro convulsive and other shoch therapies do influence responswvity of
adrenal cortex but mm a complex and varable way 1bout which we can only
speculate

4 ECT produces considerable alterations in the ACTH levels in blood measured
by bayers s method but 1ts effect 15 hughly vanable and the level in some cases may
even be reduced

5 ACTH 15 not a therapeutic substitute for ECT but m some cases of mild
pertodic depression 1t appears to operate 1n a similar fashion

6 There 15 evidence that 1n severe chronic anxiety states adrenal cortex res
ponswvity may be seriously disturbed and 1t 1s improbable 1n spite of spectfic treat
ments that the climcal condition will improve much as long as the adrenal cortex
TESPON € remains poor

7 Smce we understand clically more about anxiety states than any other
psychiatnic disorder the evidence that adrenal cortex function 1s seriously disturbed
1n these conditions should invite particular study
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in the Endocrine Equilibrium of Humans

b
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ONE of the most important charactenstics of living orgamisms 15 their ability to mamn
tain mternal equibnum The more complex the orgamsm the more difficult does 1t
become to maintamn this equilibrium  disturbance of which leads first of all to disease
and then if sufficiently severe to death

The ductless glands are among the most important regulators of equilibrium Dis
turbance of the hormone balance always leads to pathological changes of which
but a few are sufficiently circumscribed to permit of accurate analysis and descnip
tion In the present state of our knowledge 1t 1s posstble to deal only with major
endocrine imbalance The endocrine equilibrium depends first upon the hormone
demands of the body under different conditions second upon the abihty of the body
to produce 1ts hormones and third upon the mteraction of the vartous hormones

HORMONE DEMAND AND HORMONE PRODUGTION

Qur general 1deas about hormone demand and production are based on animal
experiments, and are still somewhat crude But even 1n animal experiments one can
see that the relation between supply and demand does not always follow the same
pattern neither 1n the same species under different circumstances nor m different
species under the same circumstances If we compare for example the thyroid
activity (Fig 1) of hedgehogs and squirrels in winter and summer we see that in
winter the activity of the squirrel thyroid 1s at 1ts highest whule that of the hedgehog
15 at 1ts lowest The decisive difference 1s that the hedgehog 1s mbernating and does
not require wmcreased oxidation owing to the cold weather, whereas the squirrel does
The one to four day old rat which needs the ammal warmth of the mother shows _
as can be d by the phosphorylization of the adrenal an enormous ncrease ™
n1ts activity as soon as 1t 1s removed from the mother and kept at room temperature
for even half an hour This ammal reacts to a temperature difference of about 16 G
(between 36° and 20 C) whereas the adrenal of an ammal about fourteent days old
nolonger reacts to such small dafference mn temperature {Reiss and Halkerston 1950)
Many similar differences can be found n human endocrinology dunng matura
tion particularly 1n old age when the demands for the hormonal regulator seem to
decrease and 1n spite of there being no chimcal disturbance noted a post mortem
exammation will occasionally reveal the partial atrophy or even complete absence
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of functioning adrenal or pitwitary tissue Constitutional type also decides the extent
of the hormone demand under certam environmental or stress condttions, and there
fore also, the seventy of the disease mamfestation consequent upon functional dis
turbances of the glands One of the most important facts however m determiming
the hormone demand, 1s the relatve sensitivity to hormone of the body tissues
Disturbed sensitvity to a special hormone can probably, 1n many 1nstances, force
the gland to ever increasing production and so result 1n the development of hyper
functional states

INTERPLAY OF PITUITARY ANTERIOR LOBE HORMONES

Experimental mvestigation of the different anterior lobe hormones has shown the
existence of antagonisms between the individual hormones ACTH for mstance 1s
antagonistic to growth hormone TSH and gonadotrophic hormone—and TSH 15
antagonstic to growth hormone and gonadotrophic hormone Considering that the
anterior lobe hormones are continuousty produced, TSH and ACTH 1n particular
1n accordance with demands made by the environment, 1t can be guessed how com
phlicated 1s the mterplay between the hormones Small causes can disturh the equilt
brium and this disturbance soon leads to disease

Investigations carried out 1n our laboratories about the mfluence of electro shock
on the piturtary anterior lobe of mental patients (Reiss, Hemphill Maggs Haigh
Reiss 1951) show how varted the hormone response can be to the same stimulus
Hjyperthyrotic patients often show a decrease and hy pothyrotic patients an mcrease
m therr thyroid actrvity after EGT Some patients show an increase m the ACTH
content of the blood others a decrease after ECT (Reiss Hemphill, Halkerston
Badrick 1952), some show an 1ncrease 1n their corticosterord or hetosteroid excre
tion while others do not

One of the main drawbachs 1n endocrine research 1s that rmost investigators restrict
themselves to the study of a single gland or even one special function of the gland,
and arnve at conclusions which however prove untenable when the total function
of the gland or the role played by the gland n the total equilibrrum 1s considered
In this connection Selye s theory about diseases of adaptation must be mentroned
Owing to 1ts sumphcity this theory readily commends itself to the non specialist but1t
15 superficial and may become positively musleading ifincluded pathophystological
concepts which are to form a basis for climcal therapy

DISTURBED HORMONE EQUILIBRIA IN HUMAN PATHOLOGY

Investigation of different climcal disturbances and changes in the biochermcal equilt
brium changes accompanying chmcal deterioration and chinical improvement offer
ample opportumties for study of disturbed hormone equilibria and the mechamisms
of their regulatton This 1s only rarely possible in an animal experiment, since 1t 13
very difficult to nvestigate ammals for many days or months under standard condt
tions 1n order to get a base line for the study of subsequent changes (spontaneous or
nduced) m the hormone equiltbrium

One of the most wteresting nstances of disturbed equlibrium 1s seen 1n a great
number of hallucinated acute schizophrenic patients Fig 2z shows an example of
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the ketosterord excretion of one normal subject and one hallucinated schizophrenic
Both these examples are typical of a great number of such excretion curves mvesty
gated dunng the last twelve years It can be seen that the day to day, week to week,
and even month to month vanation of normal individuals does not exceed 115 per
cent A schizophreme, on the other hand can show day to-day varations of +50
to 4200 per cent These wide vanations are apparently an expression of a disturbed
equilibrrum of the adrenal cortex, which 1s the main producer of ketosteroids The
equihibrium 1n the production of corticosterords 15 disturbed 1n a similar way and 1t
15 feastble to assume and will later on be shown that this 1s the expresston of a much
more involved disturbance of the total hormone balance This disturbance 1s appar
ently connected with the mental state of the patient In Fig g 1s seen the ketosteroid
excretion duning different phases of treatment of such a pauent Dunng treatment
with ACTH the upper imuts of the eacretion rates are increased 1n this patient but
the fluctuations 1n the excretion rate are unchanged No improvement of the mental
state of the patent 1s achieved Electro shock treament shows no therapeutic mfiu
ence either and no change i the fluctuatons The fluctuations are also seen at the
beginmng of the msulin treatment but become less and disappear finally when the
msulin treatment 1s stopped This patient shows a complete mental remssion The
cessation of the fluctuation was taken as a sign of restoration of the hormone equih
bnum Other patients who did not improve after msulin also showed unchanged
fluctuations 1n the excretion rate after treatment Simular correlations between bio
chemical change and mental state can also be seen occasionally when other kinds
of treatment are used Fig 4 shows agamn the treatment periods of a schizophrenic,
who was treated first with testosterone mjections No change mn the fluctuatons 15
scen durning the two months of this treatment and only occasional shght mental
improvement which however was never maintaned The patient then recenved a
testosterone 1mplantation The fluctuations ceased and the patient showed a com
Plete and lasting remussion

More nteresting are the di turbances in the equilibrium m the thyroid adrenal
mnterrelation Fig 5 shows extreme cases of such disturbances ketosterord and cortin
excretion rates are considerably decreased thyroid activaty 1s above the normal range
Patent 1 an acute schizophrenic boy Patient 2 15 a woman suffermng, from puerperal
depression Repeated 1nvestigations of ketosteroid and cortin excretion rates showed
how both started to r1se spontancously and some tume afterwards both patientsshowed
a st Re gation of thyrowd activity during the remission
showed that 1t had decreased to within the normal range It may be added that the
responsiveness of the pitwitary adrenal system was disturbed at the start of the obser
vation 1 both cases and constderably mmproved when re investigated at the ume of
the biochermcal and mental improvement Such simultaneous changes can also take
Place the other way round Before admssion patients may show 1ncreased ketosteroid
excretion rate and decreased thyroid activaty whereas after hospitalization their keto-
sterord excretion rate starts to go down mto the normal range while their thyrod
activity rises to normal values Such changes are also accompanied by remission of
their mental disease It has become the custom m our laboratory to mvestigate some
Patient groups from this iewpont and the disturbed equilibrium in the adrenal
thyroid 1nterrelation and n case the mterrelation 1s disturbed to wait for one to
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two weeks to sec whether any spontaneous changes occur If this 1s not the case, one
studies what treatment can mmprove the hormone equilibnum  Electro shock and
also deep wsulin therapy can occastonally do 5o but much more nteresting are tnals
where such an tmprovement 15 achieved by less dramatic means, as 1s shown for
mstance m Fig 6 where Vetosteroid and cortin excretion rose and remamed steady
at normal level after testosterone treatment, while the ongmally increwsed thyrod
actrity became normahzed So alo did the ongmnally disturbed adrenal cortex
responstveness and the patient recovered from severe depression

It would be tempting to include in the descriptton of the adrenocortical role 1n
the hormone equmhibrium another most important counter actor, the gonads which
are functionally antagonists, i some directions, to both the thyroid and the adrenal
cortex The atrophy of the testicles seen 1n schizophrerua  the detertoration i mental
condition 1n relation to different stages of the menstrual cycle, and the disturbance
of this cycle accompanying disturbances of the thyroid activity already give us many
hunts about their important role 1n the hormone equilibrium But there are, at present
not yet enough reliable and i particular measurable data known

The antagomsm between thyrotrophic and adrenal corticotrophic hormone has
been hnown to us for many years (Reiss and Peter, 1938), and has only lately re
ceived more attention, stnce ACTH has come nto the limelight Its investigation
should become very productive i a great many not only psychatrie chmcal syn
dromes There 1s no need to mention here the well known symptomatolosy of
Addison s disease and the well known dilemma a clinician has sometimes to over
come, when he sees states ot emaciation which over actraty of the thyroid and the
differential diagnosis of adrenal cortical under function has to be fuced Too rarely
15 attention paid to the involvement of the adrenal cortex activity 1n cases of thyre
toxicosis

I have discussed 1n this paper a few simple examples of not uncommon changes 1n
hormone equlibria This has been done deliberately 1 order to counteract the one
way traffic 1n thought and research progress which was started by Selye s voncept
of the so called general adaptation syndrome, and was subsequently intensified by
the populanzation of ACTH Many valuable developments in research arehlf:
danger i, relating too many symptoms to the adrenal cortex alone we forget tl af
1t plays but a proportionally modest role mside the total hormone equitbrium o
the body
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Figure 2 Changes 1n the 24 hr 17 ketosterord excretion rate
of a normal male control and of an acute male schi.ophrentc
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on the ketosterord excretion rate of an acute schizophrensc male
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Figure 5 Spontancous changes n the 17 ketosterord excretion
rate the corticosterord excretion rate and the thyrod actinty
dunin, spontaneous improvement of two mental patients
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Dascussion

ON PAPERS BY (1) HOAGLAND, (2} HEMPHILL, (3) REIS

Chairman A 'V Neale

A Faurbye 1 am reluctant to comment on three such excellent papers There 1s no
doubt that the adrenal cortical hormone does have an effect on the brain and thus on
the psyche I am looking forward with much interest to hearng the final results of
drenal 1n sch 1

I agree with Dr Resss that 1t 15 1mportant to view the entire hormone equlibrrum
of the patient and not just to study one gland

I think that electroconvulsant therapy has a direct effect on the brain and that
this direct effect 1s more important than the indirect one through the hypothalamus
pitutary suprarenals etc The direct effect of ECT on the bram 1s well shown by
the loss of memory which patients expenience This may be very temporary or persist
for months or years Also 1t 15 sometimes possible to cure a psychotic patient by ECT
‘without getting any response from the suprarenal cortex In this I thik Dr Hemphull
will agree with me

4 Segaloff 1 am disturbed by much that has been said today It seems to me we are
<rring 1n mterpreting some of the data on adrenal function with relation to specific
disorders We are applying muluple tests to patients suffenng from certamn cond:

tions finding abnormal results and then interpreting them as being speafic for that
disease However simular findings with regard to adrenal physiology have been seen
m other chrome 1llnesses It appears to me that the essentral question 1s whether or
not we have ssmply proven by these findings that schizophrema is a chrome illness

In other words 1s 1t fair to compare these results to those obtamed i normal healthy
individuals or must we use as controls patients suffering from some other chromc
llness? Thus basically the problem 1s a matter of what constitutes an adequate
control group-of such studies

A4V Neale The EEG of Addisonan patients 15 restored to normal by cortisone, do
'you know whether 1t 15 merely the water retention that 1s causing this?

The reduced cerebral blood flow 1n these patients 1s also restored to normal by
<ortisone 15 1t merely the increased blood pressure that brings about this change?

H Hoagland 1 am unable to answer Professor Neale s question and know of no data
about Addisonian patients along these lines

Levine has done work on the blood flow 1n the mesoappendix of rats 1 which he
has shown that cortisone acts on the artenioles and that norepmephrne acts syner
gistically with 1t to produce constriction In ammals adrenalectomy has been
Teported to increase capillary permeability to produce bradycardia and to lower
Systemic blood pressure
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R E Hemphll The question of performing adrenalectomy on psychiatnic cases
raises very sertous sssues, much wider and wath a greater degree of responsibility even
than with psycho surgery I'should like to ask Dr Hoagland some practical qutestions
about the procedure adopted

1 What 1s the method of selection of the patients for the operation? Is 1t on purcly
psychiatric grounds or as the result of chemscal hormone analysis?

2 What were their ages, and was this taken into consideration?

3 Were they males or females?

4 Are the relatives fully 1nformed of all the pros and cons, and 1fso do they really
accept responsibility for the eventual care of patients 1n the event of improvement
and discharge?

I know 1t 1s much too early to offer any figures about success or fatlure but I
should have thought that as pauents cannot be regarded as expenmental subjects
under any conditions at all when they are not capable of giving their full and free
consent, the prognostic value of the operation would have to be taken mnto considera
tion when obtaming consent

H Hoagland The pauents for bilateral adrenalectomy were selected by the
psychiatrists They were chronic schizophrenics hospitalized for an average of ten
years Two of the patients had carcinoma with metastases One woman had car
canoma of the breast and one man had carctnoma of the prostate The four other
patients were non cancerous schizophremcs who had made good premorbd adjust
ments I regret to say that none of the Chicago patients were selected on the basis of
adrenal function stuches Of course an important determining factor was the ability
to obtain enlightened consent from famihies The patients ranged in age from thrty
four to sixty five years, three were women and three were men The relatives were
fully informed of the nature of the operation and 1ts likelihood of success

There are other cntenta besides studies of steroid metabolism which nfluenced
our decision to perform bilateral adrenalectomy on schizophrenic patients Prolonged
heavy dosage with cortisone and AGTH sometimes produce a psychosis 1n patients
hutherto non psychotic, and Cushing s disease and suprarenal neoplasm are fre
quently accompamed by psychosis Mr Broster’s cases in which the removal of one
hyperplastic suprarenal has reheved psychosis diagnosed as schizophrema should
also be borne 1in mind Our bolic studies ind a derang: of steroid
metabolism 1n schizophrema Removal of such adrenals and the admunsstration of
suttable replacement therapy has been our objective
M Rass In reply to Dr Scgaloff re controls The normal range of twenty four
hours urmary ketosterod excretion rate 1s well known About the normal range of
thyroid activity see Reswss, Haigh Hemphill J Endocrinology 8 1 1952

T should like to repeat that 1t 15 vital to get some criterra on which to control the
dosage of ACTH and cortisone
L. R Broster T have been fascmated by this discussion I have recesved criticism 1n
the past for my surgrcal work on the suprarenals, but I took the long view and now
most of the criticism has been silenced by recent work Nobody knew very much
about the suprarenals when I started operaung on them, but now the suprarenal
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function 1s being examined 1n detail and Dr Hoagland has made a good start 1n
using the results

The case he referred to was a girl whose suprarenal I removed some ten years ago
for a p ychotic condition She now works mn the Post Office 1n London and has been
quite well ever since except for a recrudescence of her symptoms at the menopause
almost leading to her certification but this has now settled down agamn (Allen ef af
BMJF 1 1220 1939)

I was fascinated by Dr Vogt s paper and feel we must tackle these psycho somatic
conditions The next twenty years should give us the answer to many of the suprarenal
problems facing us today We seem to be reaching the hypothalamus 1n stages
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A Survey of Tissue Responses to ACTH
and Cortisone

by

G R CAMERON
Department of Morbid Anatomy Unwersity College Hosprtal Medical School London

It s my task to present to you the facts which have accumulated about tissue re

sponses to cortisone and ACTH They are numerous often disconnected apparently
unrelated and sometimes 1tl defined but I beheve that already some sort of gmding
principles are emerging from which fundamental conclusions can be drawn and future
mvestigations planned I would ask you to keep i mund the reservation that [ am
approaching this discussion as a pathologist, one who devotes us time to the study
of reactions of iving matenal to injury m the broadest sense Such an approach has
its hrmtations though these perhaps, are mherent 1n all brological nvestigation

Sooner or later we are thrown back upon the umts of hife for the answer to our ques

tions  this has certainly proved to be the case with my own mnquiry

I ACUTE INFLAMMATION AND ALLIED GONDITIONS

Cortisone 1n therapeutic doses dumunishes the active mflammatory responses in human
subjects with rheumatoid arthnins (Hench et af 1949 1950 and many others) asa
result oedema decreases 1n and may disappear from joints muscles and other art:
cular tissues with lesseming of tenderness stiffness and pamn Senal biopsies from
patients under treatment show dimmnution of inflammatory exudate and cellular 1n
filtration  This response takes a few days to develop persisting or even ncreasing
with treatment but relapsing when treatment 1s stopped or the dose of cortisone falls
below a certam level (Cameron 1951 )

Rheumatord nodules become smaller or disappear, enlarged lymph nodes decrease
n size the acute lestons of many collagen diseases such as dermatomyositis lupus
erythematosus and penartentis nodosa show rather slow healing (Shich ef al 1950
Drury etal 1951) ‘A decrease in the cellular mfiltration of the affected areas of the
lver 1n 1nfective hepatitis after cortisone treatment has been recorded by Hanger
and Colhins (1950) So too a varety of severe hypersensitnvaty reactions may be
suppressed by ACTH or cortisone (Bordley ef al 1949 and many others)

Equally clear evidence of d hed it Iy resy comes from expen
mental studies Fractures 1n cortisone animals exhibit much less fluid exudation and
fibrn than 1n untreated ammals (Blunt ef al 1950 Sissons and Hadfield 1951)
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The traumatic infl tion that accomp the healing process of skin autografts
in rabbuts 1s suppressed when cortisone 15 grv en 1n large doses (Billingham et ol , 1951)
Selye (19492) demonstrated considerable reduction by cortisone of penarticular
nflammation induced 1 rats by localized formalin injections but other workers have
not been able to confirm his results (Parkes and Wnigley, 1951) The exudate and
fibrin of skin wounds 1s greatly lessened by the exhibetion of cortisone (Spamn ¢t al,
19504, b, Michael and Whorton 1951, Coste et al, 1951) as 15 also the case with
allergic skin responses (Selye 19494, Long and Miles 1950 Derbes et al, 1950,
Harns and Harns, 1950, Bangham—unpublished) Shwartzman etal (1950, see also
Shwartzman, 1950) showed that the local reaction produced in rabbits by myecting
intradermally memngococcal culture filtrate followed twenty four hours later by
the ntravenous mjection of a large provocative dose of the matenal can be
mhibited 1 most cases by a previous intramuscular injection of cortisone Confirma
tory results 1n a vanety of alhed inflammations have been obtamned by Dougherty
and Schneebeli (1950) and by Armstrong and Irons (1g51)

The elegant experniments of Biegel (1951) and of Ashton and Cook (1951) clearly
demonstrate that cortisone mhibits the formation of plasmord aqueous and fibrinous
collections 1 the 1njured antenor chamber of the rabhut’s eye and 1n the damaged
cornea Jarvinen (1g51) has shown that the sensitivity of the human shin to radiant
energy can be much reduced by cortisone, the mmmal exposure required to give
an observable reaction bemng approumately doubled under such circumstances
Vascular dilatation 1s reduced, and blistenng 1s less prominent Jarvinen therefore
suggests that cortisone suppresses some kind of protective mechamsm Obviously the
question of vascular response needs further study In all of these experiments the
outstanding result has been the reduction of oedema and therefore of fibnin forma
tion and of cellular exudate both polymorphonuclear leukocytes, macrophages
and lymphocytes The mtial vascular hyperaema too, has been descnibed as
diminished by some observers

2 PERMEABILITY EFFECTS

Since the mechanism of inflammation 15 so closely bound up with the problem of
permeability of tissues and blood vessels 1t 1s not surprising to find that a search has
been commenced for an mfluenee of cortisone on permeability Some success has
already been achieved 1n the following fields

A Spreading factor

It has been shown that the increase of permeability of connective tissue and blood
vessels induced by hyaluronidase (spreading factor) whereby the mntradermal spread
of India ik and the lerhage of dyes such as T 1824 or trypan blue from the blood
into the tissues 1s speeded up can be mhibited or suppressed by local or systemic
cortisone therapy (Opsahl 1949, Seifter et al 1949, Shuman and Finestone 1950,
Benditt ef al  1950) Since cortisone has no action on hyaluronidase n zatro 1t must
surely exertits effecton the tissue and endothelial cells or their ground substance or

possibly by means of some indirect reaction but we know nothing about these

possibilities as yet
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B Vascular permeability factors

L ofinfl y exudate pomnts indirectly to an alteration of the capillary
permeability for plasma proteins and other colloids This view 1s supported by an
observation that we owe to Armstrong and Irons {1951) who found that ACTH
greatly lowered the protemn concentration of vesicle fluid from a patient with sclero
derma

Up to the present, evidence that cortisone or ACTH may modify the capillary
permeability of healthy ammals 1s wanting but there 15 reason to beheve that m
creased permeability may be reduced and brought back to a normal level through the
actron of cortisone This may well be the explanation mn part of the therapeutic action
of the hormone since a great deal of the improvement 15 due to subsidence of inflam
matory oedema 1n the affected regions The action of cortisone on the permeabulity
1ncrease, s shown by leakage of large molecular dyes from capillaries in the presence
of hyaluromida e has already been mentioned Studies with histamine the agent
which 1s largely responsible for exudation of flutd at sites of inflammation show that
1 rabbuts large doses of cortisone can reduce capillary permeahility (Bangham 1951)
Sumular results have been demonstrated agan by Bangham with the leukotactic
peptides of Spector (1951) these too, are hberated when tissues are mjured and
provoke several of the infl Y Tesp Theant1 b e action of cortisone
has not been demonstrated m human subjects given therapeutic doses of the hormone
but some observations suggest that the abnormal histamine sensitivity of the asth
matic 13 lowered by ACTH

G Capallary permeabslity in the eye

The transfer of fluorescein across the blood 2queous barrter of the eye 15 2 measure
of the captllary permeability rather than of the rate of blood flow (Duke Elder and
Ashton 1951) 1t 15 therefore sigmficant that cortisone leads to no alteration
fluorescein transfer 1n the rabbit or human normal eye (Leopold et al 1951 Cook
and MacDonald 1051) In contrast are the findings of the latter workers 1n the 1n
flamed eye where the capillary permeability 15 greatly increased Admunstration of
cortisone either locally by the mstillation of drops or subconjunctival imjection or
parenterally, reduces the permeability to the normal level True the effect 1s a tran
sient one and the eye soon returns to 1ts abnormal state but there can be no question
that cortisone has 2s 1t were come between the agent responsible for the inflamma
tory alteration 1n the vessels and the capillaries

3 REPAIR

Prior to the 1solation of cortisone 1t was suspected that the adrenal cortex produces
hormones which influence adversely the healing of wounds Fosdoba (1934) showed
that prolongation of healing occurred 1n animals with homotransplants of adrenal
tissue or when the adrenals were simulated observations which suggest that mcrease
m the amount of circulating adrenal hormones 1s responsible for this ph

Ragan Grokvest and Boots (1949) found poor wound healing in patents with
hyperadrenalistm and slow repair of open wounds 1ncised abscesses and bopsy sites
m subjects under treatment with AGTH Credutor etal (1950) Plotzet al (1950a and
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5), Behrman and Goodman (1950), Videback et al (1950) have also demonstrated
1n man the suppression of granulation tissue i skin wounds by ACTH and cortisone

Experimental studies have, for the most part, afforded confirmation of human
expenience Ragan ef al (1949) depressed the formation of granulation tissue 1n
rabbits’ ears with ACTH, Baker and Whitaker {(1950), Shapiro et al {1951) and
Bangham (1g51) tn the rat, Spain ez af (19504) 1n mice Plotz et al (19508}, Creditor
et al (1950), Ragn et al (1950) Stinchfield (1950) and Banghim (1951) m the
rabbit have obtamed similar results with large doses of cortisone * Species differences
are pronounced, the rabbit responding best the gumnea pig least, to these hormones
In successful instances granulation tissue shows fewer and smaller blood vessels and
there 1s sparse fibroblastic prohferation In other words, the inhibition 1s quantitatine
not qualitative and so far as cin be determined by histological methods reparatie
tissue 1s normal 1n structure and function though greatly dimimished 1 amount

Stmilar results have been recorded with the healing of frictures 1n cortisone ant
mals (Blunt et al, 1950, Plotz et al, 19506, Sissons and Hadfield 1951) Callus
forms 1n less amounts and union 1s delayed Retarded healing has also been described
sn wounds of the stomach (Plotz ¢f al , 19508) 1n the primary healing of pinch grafts
and skin autografts n rabbuts (Bilhngham Krohn and Medawar, 1951), followmng
the myection of turpentine 1n rats (Taubenhaus and Amromin, 1950) and i the
peritoneal reaction 1n the rat to talc (Ducommun and Mach, 1950), and to finely
powdered quartz (Magarey and Gough 1952) The latter workers found clear evt
dence of mhibited fibrosis in the mouse and rat temporary mhibrtion 1n the rabbit
but no inhibition 1n the guinea pig, Less fibrous tissue formatton has been clumed n
the spleen and lungs of rts infected with Coccrdiordes immutis and treated with cortisone
(Cavallero and Sala, 1951) and 1 the liver of rats imjected repeatedly with carbon
tetrachlonde (Aterman, 1950 Cavallero ¢ al 1951)

Some 1nteresting results have also been recorded m the eye Inhibited wound
healing 15 found n the cornea of rabbits the effect depending on the concentration
of cortisone 1n the amimal § body flurds and on the route and period of admmstration
(Leopold ¢t al, 1951, Ashton and Cook, 1951) These experiments are of especial
interest since corneal healing after such wounds may go on without the intervention
of new blood vessels so that the delay with cortisone cannot be attributed to vascular
mterference (Duke Elder and Ashton, 1951) On the other hand, eye experrments
show quite clearly that cortisone can exert considerable mhibrtory influence on the
formation of new vessels Jones and Meyer (1950) injected sodium hydrode into the
cornea of rabbits and found that vascular 1nvasion was subsequently depressed when
the ammals were mjected subconjunctivally with cortisone Confirmatory results
have been obtained by Lister and Greaves (1951) and Ashton, Cook and Langham
(1951) The cause of the depression of vessel mvasion has not yet been discovered
though the demonstration by Ashton and Cook (1951) of cortisone mhibition of the
healing of the endothelal himng of Descemet s membrane suggests a direct action on
endothelsal cells

All of these observations, both in man and experimental ammals, combine to show
¢hat cortisone 1 large doses retards the healing of inflammatory lesions whether

*Dr Robert Buck of my department has recently shown that fibrous tissue regeneration in tendon s
sabibited quantitatrvely 1 the rat by large doses of co tizone
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they be aseptic or mfective triumatic or chemical Both endothelial cells and fibrous
tissue cells form 1n smaller numbers though 1n normal pattern so that the difference
1n repair 1n cortisone and control animals 1s quantitative only

Information about epithehal regeneration so far has been confined to wound heal
g and 1s contradictory Most observers agree that epithelium grows over the sur
face of a wound 1n normal fashion even though there be substantial retardation of
granulation tissue (Spamn et al , 19504—mce Creditor ¢f al , 1950—rabbits Ragan
et al, 1950—rabbits Bangham 1g51—rabbuts rats, Baxter ef al 1951—man
Ashton and Cook 1951—rabbits corneae Lister and Greaves 1g51—rabbits
corneae) * Dirminished eprthehiahizanon of wounds has been clarmed by Howes ¢t af
(1950) Baxter et al (1951) 2nd Leopold et a/ (1951) We badly need information
about the action of cortisone on vanous kinds of epithelial regeneration as in the
claim of Green and Ghadially (19,1) that cortisone 1s a powerful mhibitor of mitosis
1 the prophase 1n the epidermts of the adult male mouse

4 ACTION ON GELLS

Some of the facts that have already been mentioned suggest that cortisone may exert
a direct action on cells This seems to be the case with fibrous tissue cells especially
when they are participating m repair and endothelial cells 1n the early as well as
therep e stages of infl ton With all such observations however we cannot
exclude the posstihity of an mdirect action of cortisone We are mn urgent need of
mvestigations 1nto the divect action of the hormone on cells but these are dufficult
to carry out because of the physical and chemical properties of cortisone Tissue
culture methods are being employed but results again are contradictory Inhibition
by large doses of cortisone of the growth of fibroblasts and macrophages 1 utro 15
claimed by Barber and Delauney (1951) Cornman (1g51) and Holden ez a! (1951)
Steen (1951) however finds no such inhibitory effect 1n concentrations of cortisone
comparable to and even twenty five times greater than the usual therapeutic levels
Growth was mhibited by doses far i excess of therapeutic concentration but other
factors most likely were responsible Clearly the subject needs further cntical study

More suggestive evidence comes from experiments on ammals There 1s reason to
believe for mnstance that macrophage structure may be altered and phagocytic
actvity mhibited (Gordon and katsh 194g) that lymphoid cells within the great
lymphocytic depots—thymus spleen and lymph nodes—are destroyed through the
action of cortisone and ACTH (Ingleetal 1938 Wells and khendall 1940 Heilman
1945 Ingle 1950 Stebbins 1950 Wilkins et al 1950, Winteretal 1950 Antopol
etal 1951), that eosmophilic Jeukocytes are depleted and that prolonged admmmstra
tion of the hormones leads to withering of adrenal cortical cells as the result of disuse
atrophy Neoplastic lymphoid tissue 1s also destroyed by cortisone (Helman and
Kendall 1944 Pearson ef al 1949 1950 Stoerk 1g950) We have mentioned the
observation of Green and Ghadrally that mitosis 1 epidermal cells of male mice can
be mhibited by cortisone Billinghamt ef o/ 1 confirmmng this observation suggest
that ibibition 15 due to the action of cortisone on blood vessels of the shin

Regen ration of tracheal epithel wm wn the sat has been shown by Dr D Wailhelm 1 my department to
beunaf cted by cort sone T 7 v o
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Linked with cell disturbance may be the inhibition of body growth with which 1s
assocated increased protein breakdown, reflected i the 1ncrease of unnary non
protemn mtrogen (Wells and kendall, 1940, Marx et af, 1943, Baker ¢f o, 1948,
Hench et al, 1949, Ingle, 1950) Browne (1g51) suggests that cortisone and other
corticosteroids stmply make the body proteins more easily mobilized Storage of gly
cogen n the liver cells 1s also a prominent side effect of cortisone, while fat absorption
and depot fat storage may be sumulated in certamn localittes The mcreased excre
tion of potassium associated with cortisone or ACTH administration suggests a cellu
lar disturbance (Sprague ef al, 1950) resulting n loss of potassum Some evidence
from studies of muscle electrolytes of patients 1s 1n favour of this view (hepler et al,
1948, Eliel et af , 1950)

Finally, the action of cortisone on antibody production and resistance may,
for the time being, be associated with cellular factors A httle evidence has been
collected that antibody production mn acute mfectious diseases 1s nhtbited or prevented
by cortisone in massive doses (Germuth and Ottinger, 1950, Glaser ¢t al, 1950,
Bjorneboe, 1g51) but agam the evidence 15 conflicting It has also been estabhshed
that cortisone accelerates or ntensifies the development of chromc diseases such as
expenmental pneumococcal or streptococcal pneumoma (Glaser e al , 1950), sub
acute streptococcal mfections (Lewss ef al, 1g51), tuberculosis (D’Arcy Hart and
Rees, 1950, Spamn and Molomut, 1950, Block ef af , 1951), brucellosts (Abernethy,
1951), syphilis (Wolf et al | 1951), trypanosomuasis (Soffer et al , 1950) and expen
mental malana (Schmdt and Squires 1951) We have already mentioned the depres
sive action of cortisone on a varety of allergic responses, themselves, mn turn, cellular
mongmn Insome of these examples altered resistance 1s clearly ascociated with deple
tion of cells such as lymphocytes and macrophages well known to be devoted to the
protection of the organism against infection * Here, again, 1s a fertile subject forn
vestigation

DISCUSSION

From thus mass of nteresting but often disconnected facts we may select certain guid
ing prinaiples for further thought and research
1 Cortisone mhibuts the response of tissues to mjury as a result we find at the
affected ate
A Lessened vascular hyperaemia
B Less exudation of flmd 1 ¢ less cedema
C Tess fibnn deposiion
D Dimtnshed cellular migration and mfiltration
2 Cortisone retards the early stages of repair
A By inhibiung fibroblast formation
B By reducing the formation of new capillanes and lymphaties
C By depressing phagocytic activity and thus delaying the removal of by
products of tissue damage
D By destruction of lymphord cells and eosinophils
E Possibly by inhubiting mitosts 1n certamn reparative cells
rob:
s e o et i oy el g S T Y
flare up of bartonellosis 1n rats
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3 Cortisone 1n large doses lowers the resistance of the orgamsm
A Through depression of antibody production
B By depression of hypersensiuvity reactions
C By a genernl depression of resistance to many acute and chronic diseases

4 Cortisone mahes cells especially endothehum less sensinve to agents which
normally increase permeability to protemns, especially spreading factors, histamuine
and leukotactic peptides

5 Cortisone mhibits growth 1ncreases protemn breahdown mncreases storage of
carbohydrate 1n hiver cells and encourages fat absorption and storage

It should be emphasized that many of these effects are the outcome of large doses
of cortisone, but that others are encountered with therapeutic doses Taking 1nto con
sideration the well known variation 1n response to hormones drugs and poisons
ammal species 1t seems reasonable to accept the above list for guidance n a study of
the biological potentialities of cortisone Clinicalstudies too indicate thattheresponse
needs a few days to develop and that relapse with recurrence of symptoms 1s inevitable
when treatment 15 stopped or the dose of the hormone falls below a certain cnitical
level We are thus led to the conclusion that cortisone mhibits certain tissue responses
Jfor a time especially those caused by imjuries of various kinds and particularly the
fundamental disturbances common to all types of inyury Cortisone damps down these
responses, 1t does not modyfy the primary cause of the pathologrcal reaction We must therefore
turn to the hving elements, the cells and therr dervatives and components, 1f progress
1 the mvestigation of cortssone 1s to be made The surface action of cortisone must
be studied since permeability 1s 1n the first anstance a surface phenomenon Such
effects as decreased leakage of plasma from capillartes and transfer of norganic 1ons
and water between extracellular and mtracellular phases (Kendall 1941}, lessened
fibrin production inhibition of mflammatory responses interference with phago
cytosts growth and lowenng of resistance to vanous infections may well reflect a
common disturbance of surface activities of cells brought about by concentration of
cortisone 1n the hpotd mosety of the cell membrane
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Sterord Hormones and Skin Grafting

by
P L KROHN
Department of Anatomy Unwersity of Birmingham

As a rule, skin cannot be grafted from one human being to another or from one
ammal to another Within a relatnvely short time the eprdermis of the graft 1s des
troyed and although the more nert tissues of the dermis may continue for a little
longer the whole graft finally disappears Orthotoprc grafts survive only 1n the fol
lowing carcumstances

1 Grafts between monozygotic twins

2 Grafts between members of stramns so highly mbred as to be wirtually
monozygotic

3 Grafis between dizygotic twin calves The analyss of the blood groups of such
twins shows that haematoporetic cells which persist mto adult ife may be trans
ferred from one embryo to the other presumably via the placental circulations which
are usually conjoined Such exchanges of tissue might well desensitize the recipient
and enable 1t to tolerate a graft of foreign skin

A close study of rabbuts [Medawar (1944 1945)] has shown that for the first few
days after grafung homografts behave m the same way as autografts They heal as
well acquire 2 new blood supply and start on a stmilar period of intense mitotic
actmity But between the sixth and ninth day after grafting they become very
mflamed They swell, harden and become discoloured The surface eprthelium can
be scraped off as a wet paste, the edges Lift away and the grafts fimsh as hard mush
Toomung scabs connected to the graft bed by fibrous stalks

Microscopic exanunation shows that the process of decay 1s associated with oedema
of the tissues  tagnation of the arculation and cellular mamly lymphocytic
mfiltration The walls of the blood and lymphatic vessels lose their integnty and
become disrupted

There 15 a considerable amount of evidence to suggest that this degenerative
Process 1s the outward sign of a systemic immumty response which develops to the

omograft tissue Attempts to 1solate the presumed antibody or to demonstrate any
effects of a medium contammg 1mmune serum on tissue cultures of skin have
however so far faled

Cortisone has a powerful mfluence on the tissues which are probably responsible
for smmunity reactions and has been shown to affect the buildng up of immumnty
to dafferent types of antigen We* have accordingly studied the mnfluence of cortisone
on the homograft reaction on the assumption that 1t too 1s a mamfestation of an
acquired (Bilhingh Krohn and Med 195t ¢ b)

and experments seported in this paper fep esent tho comb ned work of R E Bl ngham P L heohn
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METHOD

In the first senes of expeniments a suspenston of cortisone was admmistered system
1cally by subcutaneous mjection {10 mg daily of cortisone acetate {Merck)] In
Inter experiments cortisone was applied locally The general plan of experiments was
the same throughout

Adult rabbuts of either sex were used, the donor recipient pair bemng of different
breeds The aim of this selection was to ensure the maximum genetic diversity and
m this way (a) to mtensify the homograft reaction, and () to make the test of
cortisone as severe as possible

The grafts were full thickness pinch grafts about g mm 1 diameter, taken from
the dorsum of the ear They were transplanted—mn open style, autografts and
homografts alternating 1n chesshoard pattern—on to a rectangular raw area on the
side of the chest This area was prepared by stripping off the skin, the panniculus
carnosus muscle bemg left intact The techmque has been described i detail by
Bilingham and Medawar (rg51)

The dressings were removed for nspection of the grafied area on the sixth day
after operation and subsequently at three day ntervals An accurate assessment of
the time at which a graft has completely broken down cannot be made on the basis
of naked eye appearances alone Biopsy specimens were therefore removed at three
day ntervals for histological examimation

THE EFFECTS OF TREATMENT WITH CORTISONE

Operation areas

The wound normally heals by spread of epithellum outwards from the autografts,
by ingrowth from the edges of the wound 1n which thick granulation tissue develops
and by a generalized contraction of the surrounding tissues The process can be
estimated from measurements of the dimensions of the wound

Cortisone inhibits all these normal changes Granulation tissue develops very
sparsely, the finest vessels in the panmiculus remamn visible, and for many days the
raw areas appear as 1f only recently prepared Contraction 1s shght and the dimen
sions of the rw area decrease very slowly Normally the sites on the ears from which
grafts are removed scab over, and are soon re epitheliahized Only a very thin weepy
coagulum was found 1n the cortisone treated ammals

Autografts

The grafts healed much more weakly than normal grafts and they were much less
vasculanized The burst of mitotic activaty that usually occurs about six days after
grafung was very reduced, and the outward spread of epithehum was dimimshed
This inhibition of mitosis could presumably be stmply a consequence of the m
adequate development of a new capillary blood supply The possibility of a direct
ant1 mitotic effect of cortisone cannot however be excluded The growth of new
hairs and re pigmentation was also delayed

Homografts
The effect of the treatment was to convert the normal acute progressive reaction
slow chromc process The inflammation was moderated and the lymphocytic
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wfiltration was curbed In general, the result was to dimimish the intensity of the
reaction but not to change 1ts character The most tmportant effect was that the
grafts judged by histologic il critena, survived three to four times as long as usual

THE EFFECT OF LOCALLY APPLIED CORTISONE

It was clear from the above results that cortisone admimstered systemically can
prolong the hife of shin homografis though the grafis do not survive indefimtely A
second series of expeniments showed that local application of cortsone 1s also
effecive Five mg of the ordmary suspension of cortisone acetate was smeared ovyer
the raw area with a glass rod at the time of operation and every third day afterwards
Tt 1s more than likely that this 15 not the most satisfactory way of applying cortisone
locally but even so the treatment doubled the life of the grafts and had the expected
effects on mutosis, burld up of granulation tissue and wound healing A simlar
dosage of cortisone given exther systemically or by local application to a second raw
area prepared on the opposite stde of the body was without effect on the homografts,
mdicating that the mfluence of cortisone was essentrally local

THE MECHANISM OF THE ACTION OF CORTISONE

The effect of cortisone mught be due to one or more of several factors (1) interference
with the local tissue reacttons at the site of interaction of graft antigen and antibody
or (2) to dimimshed ability of the grafts to elicit an immumty reaction or (3) to
mterference with the rabbit s normal production of antibodies

If a rabbut that 1s not treated with cortisone 15 given a second set of grafts from the
same donor, the behaviour of the grafts 1s modified, and they break down more
rapidly than the first set The reciptent has already developed an immunity and the
reaction to the new set of homografts begns without any delay Cortisone given
ather systemically or locally to such pre immumzed ammals failed to prolong the
survival of the grafts

In another series of experiments a set of homografts was grafted to each side of a
tabbit and cortisone applied locally to one side only The grafts treated with cort1
sone did not live as long as they would have done had all the homografts been treated
with cortisone and the difference between the survival time of grafts on the two sides
was small This observation suggests that the immunty that was provoked by the
untreated grafts led to the destrurtion of the homografts on the cortisone treated side

From both these experiments therefore it would appear that corti one does not
interfere with the anubody antigen reaction The effectiveness of cortisone apphed
Iocally to a first set of grafts as descnibed earlier ndicates that what might be called
the afferent side of an immunity reflex arc 1s affected It 1s not known whether treat
ment with coartisone dimimshes the supply of anugenic material from the grafts to
thesite of antibody formation But the decreased vasculanty and dimimnished cellular
probiferation that are mduced by the local or systemic admnistration of cortisone
rught have this effect

There 15 ample evidence that the level of ant: bactental antibodies falls rapidly of
cortisone 1s admmstered Since the gradual removal of passively admunistered

169



P L KROHN

antibody 15 ot accelerated by cortisone (Fischel, Stoerk and Bjrneboe, 1951), 1t 18
assumed that the synthesis of anttbody 15 impeded Whether this 1s true of the
unmune response to homograft tissue 1s not known If cortisone can have such an
effect, prolonged treatment of an antmal that had already become ymmune 1n
response to a first set of grafts would provide ume for the removal m the ordinary
way of existing antibody, and at the same tme prevent the formation of any fresh
antibody In such circumstances the usual reaction to a second set of grafts would
not occur, and provided the treatment was continued the grafts might survive as
long as first set grafts An experiment on these lines 1s being carnied out at present,
cortisone being given to rabbits for twenty days before the second set of grafts are
transplanted The results are not clear cut but they seem to suggest that the cus
tomary reaction to the second set of grafts may be impeded If this result should be
confirmed 1t would follow that the effect of treatment with cortisone depends both
on 1ts interterence with the afferent side of the immumty process and on anttbody
production, but not on the local results of antibody antigen mnteraction

THE EFFELCT OF ACTH AND OTHER HORMONES ON THE
SURVIVAL OF HOMOGRAFTS

Several attempts have been made to see 1f treatment with AGTH would reproduce
the effects of treatment wath cortisone Doses of up to 10 mg (equivalent LAIA)
three times daily, have been given subcutaneously without producing any consistent
mcrease 1n survival time of the grafts

It seemed possible that treatment of rabbits with ACTH mught stumulate the pro
duction of adrenocortical steroids which could antagomze the effect of cortisone
Accordingly we have carned out experiments in which oestradiol dipropionate,
testosterone propionate, progesterone or deoxycorticosterone acetate have been
gven systemically, either independently or in combmnation with cortisone There
was no evidence that any of the hormones by themselves nfluence the homograft
reaction nor did therr admumstration concomitantly with cortisone consistently
prevent cortisone s effect either on the grafts or graft bed The atrophy of the adrenal
cortex and hypertrophy of the liver that follow treatment with cortisone were also
unaffected An unexpectedly short survival ime (in only one rabbit of several given
DCA and cortisone) may possibly indicate that there 13 some antagomsm between
these two hormones

DISCUSSION

A number of American workers [e g Weisman Qumnby, Wight and Cannon (1951)]
have been unable to demonstrate that the reactton to skin homografis can be
nhibited by cortisone or ACTH Morgan (1951) working on rabbits and Cannon
and Longmure (1952) using chicks have on the other hand reported findings simular
to our own In attempting to account for the discrepancies 1n the results of different
workers, 1t 15 apparent that most negative findings relate to expenments in which
guinea pigs were given ACTH The skin grafng techniques have also been different
Our colleague Miss Sparrow (1952) has found that guinea pigs are extremely
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msensitive to cortisone and that very large doses are needed to demonstrate even a
moderate effect on the homograft reaction Papers which report failure to maintain
homografts often note too, that granulation tissue, wound healing and the behaviour
of autografts were normal Such remarhs would seem to provide further evidence that
the dosage of cortisone was inadequate The failure to obtamn positive results with
ACTH serves to underline the view that cortisone and ACTH should not be re
garded as two interchangeable substances with equivalent effects

This paper has discussed only the particular problem of grafting homologous skin,
where the difficulties i the way of successful grafts seem to be primanly due toim
munological factors There are however, two other fields of interest that should be
mentioned The first relates to the conditions that deterrune the survnval of trans
planted endocnne tissues Successful grafting of endocrine glands depends to a large
extent on factors which are summed up n ‘Halsted s law  and which are concerned
espectally with the hormonal environment and only secondarily with immunological
relationships The second relates to the study of immumity responses in pregnancy
In a sense, the foetus tn ufero can be considered as a large homograft and 1t may be
that changes 1n adrenocortical activity durmng pregnancy are related to the need for
controlling the normal reactions of the body to such a homograft Both problems are
Dkely to be elucidated best 1f the expenmental approach 1s based on a combination
of endocrinol al and logical methods
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Dascussion
ON PAPERS BY (I) CAMERON, (2) KROHN

Charman T F Hewer

T F Hewer We have heard a Jot about the effect of ACTH in depleting adrenal
ascorbic acid, can anyone tell me 1f there 15 any connection between this effect and
the delay m wound healing seen 1n patients with ascorbic acid deficiency

G A Trowell Professor Cameron has pomted out the fundemental importance of
finding out the action of cortisone on different cell types
We have worked out 1 techmque for studying the lethal effect of cortisone on
lymphacytes in 120 We take 1-2 mm lymph nodes from young rats and culture them
m a small perspex chamber 1n an atmosphere of oxygen, the nodes bemng supported on
cotton wool moistened with serum sahne These cultures wall survive for four days
without increase 1n the number of pyknotic cells above the baseline of 1-2 per cent
We mamntain them for two days and then transfer them to 1 medium contamng
cortisone, and examne the nodes five hours later In the first senes of experiments
we hept the time constant at five hours and plotted the cortisone concentration
against the number of pyknoue cells
Ihe minimum level of cortisone necessary to produce 2n effect was 0 1 microgram/
ml, but mereasing the cortisone concentration by a factor of 10 did not have very
much more effect We then fixed the cortisone concentration at 1 mucrogram/mi
and examined the nodes at different times We found that one gets a muumum
effect after about forty six hrs m cortisone So we re tested at this time with varymng
corusone dosages
If one now plots log dosage aganst pyknos:s using a probit scale one gets a straight
hine Even at high cortisone concentrations only about 50 per cent of the cells are
killed Compared with X radiation mitrogen mustard and cyamde the lethal effect
of cortisone 15 2 delayed one
By this method 1t 1s possible to detect 0 or microgram of cortisone i 0 5 ml of
medium
F M Zoffy The work of our own group seems to run counter to the general trend
which has so far emerged 1n this session We started off by trying to repeat some
experiments of Dougherty and Wiute (1945 4m F Anat 97 81-116), on the effect
of cortical extracts upon lymphocytes m blood and lymphoid tissue We were unable
to repeat this work, and 1n fact with the cortical extract used we scemed to get an
actual hypertrophy of lymphord tissue (Yoffey and Baxter 1946 J drat 8o 132-8)
Swce that ttme Dougherty and White have withdrawn their onginal claims for a
destructive effect of 11 oxycorticords on lymphod tissues Nevertheless some effect
there 1s undoubtedly and we continued our studies directing attention to the level
of the blood lymphocytes
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There are two ways of trying to mvestigate the factors controlling the level of the
blood lymphocytes One 15 to attempt to estimate the numbers entermg the blood
another to track down those which are leaving the blood Reinhardt and Li (1945—
Seence 101 360) adopted the first method, as we also did at first (Yoffey Reiss and
Baxter, 1946 Nature 157 368 ) However we soon transferred attention to possible
sites 1t which lymphocytes might be leaving the blood and since ACTH and 11 oxy
steroids appeared to be having effects on several of the formed elements of the blood
we turned to the bone marrow 1nd attempted to devise a quanuitative techmque for
the assessment of changes 1 1t

The first expeniments were performed with single njections of ACTH and cortical
extracts It was foand that there was no sign of dumnution of lymphocytes in the bone
marrow but on the contrary an increase {(Yoffey Metcalf Herdan and Narrn 1951
BMJF Vol 1 660) This result wag| unexpected and so we next tried repeated
myections of ACTH giving mjections once a day for seven days (Hudson, Herdan
and Yoffey 1952 B M F Vol 1 p g99) There were no sigmficant changes in marrow
lymphocytes but the cellulanty of the marrow as a whole was increased the change
involving both the myeloid and the erythroid series but the latter more than the
former In view of these findings 1t seemed advisable to perform a much larger
number of experrments using individual sterotd hormones Thirty gumnea pigs were
gven 5 mg of cortisone daily for seven days ten were given a similar dose of Com
pound F and ten Compound A Agan there was a tendency to increased cellularity
of the marrow, mvolving both myeloid and erythroxd cells but especially the ery
throid The speafic gravity of the marrow was sigmficantly increased but there was
10 signsficant change m the marrow eosinophils or lymphocytes Compound A
seemed to act as a more direct sumulus to granulocyte formation and granulocytes
appeared to be forming directly from reticulum cells with a short circwiting of the

typieal myeloblast stage (Yoffey, Ancill Owen Smuth and Herdan unpublished)
Inshort, ACTH and Compounds E F and A seem 1n the guinea pig—despite the
Statements usually made about the guinea pig beng refractory to these substances —
to have a stimulating effect on the marrow Whether, 1if the experiments were pro
longed the erythroporetic stimulation would finally culminate in the development of
2 polycy thaemma such as 1s not frequently encountered 1n Cushing s syndrome we
cannot yet say
K Aterman Professor Cameron has manly dealt with the effect of cortisone on acute
tssue changes Although the inhibitory effect of cortisone on inflammation 1s well
fnown Y feel that thus cannot be the full answer I have therefore approached the
question from another angle The continued admimistration of carbon tetrachloride
torats over a prolonged period of time leads to varying degrees of fibrosss of the liver
I therefore gave carbon tetrachloride to two groups of rats over a period of about two
months At the end of that time and whule stul receving carbon tetrachlonde one
Broup was grven cortisone for about ten days Despite the continued mjection of
carbon tetrachlonide the degree of fibrosss 1n that group as seen on histological
Sxamination was appreciably smaller than 1n the group not recerving cortisone
(& Aterman Lancet, 1951 p 517) I hope Professor Cavallero s group will bear me
Outon this point From ths I can only deduce that although the chromic inflamma
tory Changes Present were also decreased a resorption of fibrous tissue must have
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tahen place Not only has no new fibrous tissuc been formed, but there has been a
decrease of the fibrous tissue that had already been depostted T h1ve repeated these
experiments 1n rats which were given carbon tetrachlonde for about six months, but
my results are only in the prelimmary stage OF interest 1s that some of these rats
died while recerving cortisone I am now trying to study the effect of cortisone on the
fibrous tissue quantitatively to see 1f I can detect differences in the collagen content

G H Bourne 1 should hike to give some information in answer to Professor Hewer s
inquiry Connective tissue in an ammal under treatment with cortisone does seem to
undergo changes stmilar to that scen m ammals with scurvy In the healing of a
wound there 1s

1 A delay in the conversion of precollagen to collagen
2 A delay in the migration of phagocytes

3 A delay in the phagocytic process itsell

4 A delay i the migration of fibroblasts

In scurvy there 1s 1 reduction of the tensile strength of healing wounds In rabbuts
with cortisone dosage similar to that given by Professor Cameron, we found that the
tensile strength of a wound was reduced from 270500 grms 1n the control, to 100~170
grms in the treated animals There was no overlap in the results, and we found that the
admimstration of very large doses of ascorbic 1c1d had no effect on these results This
suggests that the mechamsm whereby cortisone produces these connective tissue
changes 15 different from that which produccs them 1n vatamin C deficiency

I gather that Dr Smart has the impression that patients treated with cortisone
even six months previously showed diminished tensile strength i wounds

G A Smart 1 would not base too much on that suggestion It was merely that a
surgeon had told me about two recent cases 1n each of which the abdominal wound
hnd burst open, and who had both, some time previously, been receiving cortisone
or ACTH therapy I personally cannot accept this as evidence since 1t might well
have been a coincidence

G L Montgomery I agrec that the mamn effect of cortisone 1s on the cells and this s
seen particularly i acute mflammation R Curran of my department has been
working on the effect of cortisone on the tissuc reaction to fibrogenic quartz dusts

He found that the ijection of such a dust into the peritoneal cavity of 2 mouse
gives an acute inflammation within twenty four hours and 1t 1s this acute mffaa
matory response which 1s infubited by cortisone Phagocytosts also 1s depressed Mice
given daily doses of ¢ mgm cortisone still had the dust frec in their perttoneal cavitics
three weehs later 1 2 control ammal most of the dust 1s phagocyted 1n a few days
The onset of fibrosis was also delayed but once the fibrous tissue had formed, further
cortisone failed to produce any effect on 1t
G Sala Dr Cavallero and I have confirmed 1 many tests the mnhibitory effect of
cortisone on mesenchyml cellular proliferation which has been stressed by Professor
Cameron

In our expertence cortisone inlubits also epithelial cell proliferation 1n fact we
showed that 1 CCl, mtoxicated rats, cortisone  while reducing the fibross, as Dr
Aterman reported nhibits also the proliferation of parenchymatous hepatic cells
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Another remark I wish to make concerns the effect of cortisone on bone marrow—
we showed that 1n rats cortisone (5 mg daily for twenty days) strikingly reduces the
number of erythroid and myeloid cells The discrepancy between our results and
those of Professor Yoffey could be due to the different doses used

K Aterman 1 can only repeat what I have said before I am not farmhar with your
experrments but from my findings I have drawn the conclusion that under certain
arcumstances at least fibrous tissue that h1s been deposited can be made to decrease
under the influence of cortisone It should be ponted out that in my expertments I
first induced the fibrous tissue formation and then gave fairly big doses of cortisone
for about ten days
L R Broster It 1s always a source of worry to the surgeon in carrying out skin
grafting to find enough skm My Registrar Mr T Hansen, 15 using amnion grafts
1 cases of varicose ulcers with excellent results I suggest greater use should be made
of these grafis
G R Cameron 1 should like to congratulate Dr Trowell To have obtained results
with such small amounts of cortisone 1s wonderful Thus sort of research is extremely
valuable

We transplanted small amounts of spleen into the antenor chamber of the eye and
found that 1n a few weeks a mumature spleen had formed there With by Trowell s
standard relatively large doses of cortisone the mumature spleen turned yellow and
had many pyknotic cells in about twenty four hours

I should like to ask Professor Y offey what critera he used for the identification of
Iymphocytes

Dr Aterman did you stop the CCl; mjections whilst you were gving the cor
tisone?
K Atermen ¥ did continue the carbon tetrachloride injections
G R Cameron harunaratne and I showed that the fibrosis in rats Iivers produced by
carbon tetrachlonde will melt away on cessation of the mjections provided that they
were not continued for too long I believe six months was the hmt
J M toffy In reply to Professor Cameron our cnitenia for the identification of
lymphocytes were morphological We hope soon to publish our results i full
together with photomicrographs depicting the different cell types
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Tris paper 1s concerned with the following question  What are the metabolic con-
sequences of the mereased secretory activity of the adrenal cortices when the organ
1sm 15 subjected to nowous stimult {stress) ?

The size and secretory activity of the adrenal cortex are controlled to a major ex
tent by the amount of corticotropin released by the antenor pituitary  The anterior
prtuitary adjusts 1ts output of corticotropin to meet the physiological need of the
organism for cortical hormones This need 1s mimmal under non stress conditions
but 15 mcreased by any type of stress During stress the antenor pituitary releases
larger amounts of corticotropin and the secretory activaty of the adrenal cortices 1s
mcreased 1n proportion to the seventy of the stress The mechamsms controlling the
secretion and release of corticotropmn are also sensitnve to cortical hormone overdosage
so that the release of corticotropin 1s inhibited and the adrenal cortices become 1n
active and atrophue This over simplified account of the mterrelationship between the
antertor piturtary and the adrenal cortex 15 shown i Figure 1 I'he mechamsm of
control of corticotropn secretron and release by the antenor prturtary 1s not known
but 1t 1s probable that both neural and humoral components are involved 1

SIGNS OF HYPERCORTICALISM

Expenimental hypercorticahsm can be induced by giving the organism an excess of
erther exogenous adrenal cortical hormones or of exogenous corticotropin  During
severe hypercorticalism the morphology and function of most if not all tissues of
the body are affected Among the general changes there are mhibttion of growth
decrease 1n carbohydrate tolerance redistribution of fat and electrolyte and water
mibalance Hypercorticalism was first produced by nature When malgnant changes
in the adrenal cortex cause it to secrete wildly Cushing, s syndrome may ensue Most
of the features of Cushing s syndrome have been found to occur n some patrents with
theumatoid arthnitis or related diseases wha are given pharmacologic amounts of
either cortisone or corticotropin over periods of weeks and months

Expenimental hypercorticalism 1n the normal rat 1s 1llustrated by the glycosuna
and the negative mtrogen balance induced by the admnistration of cortisone and
of hydrocortisone (Figure 2)

~
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Do the adrenal cortices of the rat have the capacity to secrete amounts of hormone
which will cause comparable changes® Indeed so! Figure 3 illustrates glycosurra and
a negative mitrogen balance i normal rats given corticotropin by continuous sub
cutaneous mjection * We have estimated ¢ that the adrenal cortices of the rat can
secrete the activity equivalent of at least 10 mg of cortisone acetate or 50 cc of beef
adrenal extract per twenty four hours The adrenal cortices of either rats or man can
secrete amounts of hormones sufficient eventually to cause death

CHANGES IN REQUIREMENT FOR CORTICAL HORMONES DURING STRESS

An amount of the cortical hormones which causes signs of hypercorticalism under
resting conditions may represent adrenal cortical msufficiency during severe stress
In our laboratores we have obtamed indirect evidence that the adrenal cortices of
the normal adult male rat secrete the activity equvalent of 3 to 5 cc daily of beef
adrenal extract under non stress conditions Two criteria have been apphied 4 When
the mildly diabetic male rat on 4 constant food mtake 1s adrenalectomized, there 1s a
striking decrease i the level of urinary glucose From 3 to 4 cc daily of beef adrenal
extract are required to restore the glycosuria to 1ts preadrenalectomy level B The
presence of one mtact adrenal inhibits the regeneration of a contralateral enucleated
adrenal 1n an otherwise normal male rat In sumilar rats having one enucleated
adrenal with the other adrenal removed an average of 5 cc daily of beef adrenal
extract 1s required to mhibit regeneration of the enucleated adrenal as effectively
as does the presence of one intact adrenal gland ¢

Durimg severe stress the adrenalectorized rat requires much greater amounts of
adrenal cortex extract or of sterords to sustan optumal resistance We? have studied
the requirement for cortical etract m adrenalectonuzed rats subjected to faradic
stimulation of the gastrocnemius muscle When the hormone was given by continuous
mtravenous njection, 20 cc of beef adrenal extract per twenty four hours were
required to sustain a normal output of work Under sumilar conditions, 4 mg of
cortisone or 2 mg of hydrocortisone per twenty four hours are required to support
the maximal output of work that can be attained with these steroids

‘When amounts of exogenous cortical extract or of stexords such as are required
to maimntain optimal resistance to stress are admnistered to either tact or adrenal
ectomized rats under non stres conditions, signs of hypercorticalism ensue The
amimal develops a negattve mitrogen and potasstum balance and loses weight there
15 extensive regression of the thymus and a lesser response n the other lymphord
organs, there are marhed changes 1n certan blood elements the amimal may develop
a glycosura ats resistance to mfection 15 lowered, and some anmals develop gl‘OSi
pathology such as renal lesions and ulcers mn the glandular portion of the stomach

ROLE OF THE ADRENAL CORTEX IN SOME OF THE
METABOLIC CHANGES DURING 5TRESS

It 15 apparent that during severe stress the adrenal cortices secrete amounts of hor
mones which are capable of causing metabolic upsets when given during non stress
conditions Does the mnereased outpouring of these hormones only suffice to meet an
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ncreased need during stress or are some of the metabolic effects of stress caused by
the increased amount of the cortical hormones® We have carried out several expen
ments 1n our laboratories which relate to this question and provide a basis for a tenta
tive answer

A Large doses of oestrogen are novous to the rat and cause stmulation of the
adrenal cortex via the discharge of corticotropin by the anterior pitwitary Oestrogens
cause exacerbation of glycosurza i the partially depancreatized force fed rat This
response does not occur 1n the adrenalectomized depancreatized rat Activation of
the adrenal cortex by the admimstration of exogenous corticotropin adrenal cortex
extract or 11 oxygenated steroids causes exacerbation of glycosuria m the partially
depancreatized rat On the basts of these observatons 1t was postulated that activa
tion of the adrenal cortex mediates the effect of oestrogen upon glycosuna The fol
lowing experiment?® was carried out Partially depancreatized rats which were with
out spontaneous glycosuna, developed glycosuna during the injection of o 1 mg
daily of diethylstilboestrol and the glycosunia disappeared when the mnjections were
stopped The ammals were then adrenalectormzed and treated with a subdiabeto
geme amount (3 cc daily) of adrenal cortex extract Glycosurta developed when
diethylstilboestrol was injected and disappeared when the mjections were stopped
When the animals were mamtained by treatment with erther 11 desoxycorticoster
one acetate or by dninking 0 g per cent sodmum chlonde, the diabetogenic effect of
the oestrogen was exther slight or absent The data are shown in Figure 4 The study
was repeated!® on adrenal d hypophy: 4, partially dep 1zed
rats mamtained on subdiabetogentc amounts of adrenal cortical wnd anterior pitws
tary extracts The administration of drethylstilboestrol caused hyperglycaema and
glycosuna 1n all of the test ammals which were without glycosuna durning the control
pertods, and m ammals having spontaneous glycosurra 1t became more severe when
the oestrogen was admimstered These data show that the oestrogen has a diabeto
gemc effect which 1s not mediated by a change 1n the secretory actvity of the adrenal
cortex but that the presence of cortical hormones 1s essential for the support of this
metabolic response

B A stmilar problem has to do wyth the effect of oestrogen upon the growth of
harr The systermc admumstration of large doses of oestrogen over a period of several
weeks suppresses the growth of hair in rats Harr growth can be simutarly inhibited
by large doses of adrenal cortex extracts 11 oxygenated steroids or of corticotropm
It 15 known that large doses of oestrogen cause stimulation of the adrenal cortex via
corticotropin  Hair growth 1s accelerated by adrenalectomy n the rat and 1s not
nhibited by the admumistration of oestrogen 1n the adrenally sufficient rat A test
was made of the hypothesis that the hair growth mhibiting effect of the oestrogen
was mediated by an increase 1n the secretory activity of the adrenal cortices Here
agan 1t was shown'! that the cortical hormones play a supporting role for when the
adrenal glands of rats were removed and the ammals treated with adrenal cortex
extract the hair growth inhibiting effect of the ocestrogen was sustamned The results
are illustrated 1n Figure 5

€ Among the metabolic responses to mmjury there 1s a rise in the excretton of
mitrogen and a temporary mhibition of the excretion of sodium and chloride Since
the adrenal cortical hormones can sumulate nitrogen loss and cause sodmum and
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chlonde retention, we tested the hypothesis that these responses were due specrfically
to an ncreased outpouring of adrenal cortical hormones dunng the stress In one
expenment'? 1t was shown that following fractures the charactersstic rse 1n unnary
mitrogen fails to occur 1n adrenally insufficient amimals, but 1t does occur full blown
in stmilar ammals maintained on adrenal cortex extracts In a subsequent study',
1t was shown that the adrenalectomized rat treated with a umform mntake of adrenal
cortex extract throughout the experiment responds normally to fractures by anam
mediate, but temporary, retention of sodium and chlonde and a nse 1n unnary mtro
gen These results are summanzed 1 Figure 6

D The 11 oxygenated sterods of the adrenal cortex are drabetogemc It has been
postulated that the increased secretory activity of the adrenal cortices during stress
should cause exacerbation of diabetes The hypothesis was tested by comparing the
responses of adrenalectormized and nonadrenal d rats to the ad ration
of solutions of formaldehyde!* Male rats were made mildly diabetic by partial pan
createctomy and were force fed a medum carbohydrate diet Fifteen rats were
adrenalectormized and treated with adrenal cortex extracts 1n amounts which sus
tamned the preadrenalectomy level of glycosunia An equal number of nonadrenalecto
mized rats were studied 1n parallel The subcutaneous injection of solutions of 1 5
per cent formaldehyde, 1n doses of 0 25, 0 5 and 1 cc twice daily for seven days
five rats per dose level, caused some decrease 1n the glycosurta of the nonadrenalecto
muzed rats and a much more striking decrease 1n the glycosuna of the adrenalecto
rmzed rats When the injections were stopped, the glycosuna was re established atats
premjection level The data are shown in Figure 7 It seems probable that the n
creased output of cortical hormones during the stress did have a positive effect upon
the level of urmary glucose 1n that it tended to prevent the marked decrease 1n glyco
suna which occurred in the adrenalectormized rats These adrenalectomized rats
which were on a fixed mtike of cortical extract—an amount which represented full
replacement under non stress conditions—became adrenally insufficient durning the
mncreased need for more hormone, and the glycosuna fell sharply as 1s charactenstic
of adrenal cortical insufficiency These data add further support to the concept that
the increased secretory activaty of the adrenal gortices during stress tends to mamntam
homeostasis rather than to cause hypercorticalism

COMMENT

Accordmng to our tentative conclusion the excursions 1n adrenal cortical actiaty
which occur 1n response to various nowous stimuli serve to meet changing needs of
the orgamsm for these hormones and do not cause hypercorticalism The metabolic
responses tostress are not caused primanly by an increased outpouring of the cortical
hormones although the presence of the cortical hormones may be necessary for the
respense to occur

This concept that corticotropin and the hormones of 1ts target organ the adrenal
cortex play a supporting role rather than a prepotent regulatory role 1n metabolic
adjustments has been supported by a number of other observations which have been
seviewed and extended by Engel's and by Sayers's

There may be exceptions to the above generalizations It 1s probable that the
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regression of lymphoid tissue, and the fall m blood eosmophils and lymphocyte
which occurs during stress 1s due to actnation of the adrenal cortices However,
these signs of adrenal cortex response to stress are not effected exclusively by the cort:
cal hormones

Selyel? has postulated that the adrenal cortex response to stress may be an impor
tant etiologic factor n many diseases This concept will not be discussed 1n detail
here There 1s no doubt that the presence of the adrenal cortical hormones 1s essential
for the overt manifestation of such diseases as dribetes mellitus hypertension pro
static cancer, etc It may be posstble to explamn much of the evidence which Selye
offers in support of his hypothesis in terms of the permussibility of cortecal hormone
acuon In any case there are major gaps 1n the evidence for the interesting concept
that derailment of adrenal cortex function 1s an important cause of frequently
occurning diseases
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chloride retention, we tested the hypothesis that these responses were due specifically
to an increased outpouring of adrenal cortical hormones during the stress In one
experiment'® 1t was shown that following fractures the charactenstic nse m urnary
mtrogen fails to occur in adrenally mnsufficient ammals, but 1t does occur full blown
mn simular ammals mamtained on adrenal cortex extracts In a subsequent study?’?,
1t was shown that the adrenalectormzed rat treated with a uniform ntake of adrenal
cortex extract throughout the experiment responds normally to fractures by an im
mediate, but temporary, retention of sodium and chloride and a rise in urary mtro
gen These results are summarized in Figure 6

D The 11 oxygenated steroids of the adrenal cortex are diabetogentc It has been
postulated that the increased secretory actvity of the adrenal cortices during stress
should cause exacerbation of diabetes The hypothesis was tested by comparing the
resy of adrenal d and nonadrenalectormzed rats to the admimstration
of solutions of formaldehyde'* Male rats were made mldly diabetic by partial pan
createctomy and were force fed a medium carbohydrate diet Fifteen rats were
adrenalectormzed and treated with adrenal cortex extracts in amounts whch sus
taned the preadrenalectomy level of glycosunia An equal number of nonadrenalecto
muzed rats were studied n parallel The subcutaneous mjection of solutions of 1 5
per cent formaldehyde n doses of 0 25 © 5 and 1 cc twice daily for seven days
five rats per dose level caused some decrease in the glycosuna of the nonadrenalecto
mzed rats and 2 much more striking decrease 1n the glycosuna of the adrenalecto
muzed rats When the mjections were stopped, the glycosuria was re established at 1ts
premjection level The data are shown i Iigure 7 It seems probable that the 1n
creased output of cortical hormones during the stress did have a positive effect upon
the level of uninary glucose, 1n that 1t tended to prevent the marked decrease i glyco
sunia which occurred mn the adrenalectormzed rats These adrenalectomized rats
which were on a fixed mtake of cortical extract—an amount which represented full
replacement under non stress conditions—became adrenally msufficient during the
ncreased need for more hormone, and the glycosuna fell sharply as 1s charactenstic
of adrenal cortical msufficiency These data add further support to the concept that
the increased secretory activity of the adrenal ¢ortices during stress tends to maintain
homeostasis rather than to cause hypercorticalism

GOMMENT

According to our tentative conclusion the excursions mn adrenal cortical activity
which occur n response to vanous nowuous sttmuli serve to meet changing needs of
the orgamsm for these hormones and do not cause hypercorticalism The metabolic
responses tostress are not caused pnmanly by an increased outpouring of the cortrcal
hormones, although the presence of the cortical hormones may be necessary for the
response to occur

This concept that corticotropin and the hormones of 1ts target organ, the adx;cx:'ll
cortex, play a supporting role rather than a p regulatory role tn
adjustments has been supported by a number of other observations which have been
reviewed and extended by Engel* and by Sayers'®

There may be exceptions to the above generahzations It is probable that the
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The Influence of the Suprarenal Cortex
on Mneral and Water Metabolism

by
H HELLER
Department of Pharmacology, Unuersity of Bristol

THE effects of adrenalectomy and the admnistration of cortical steroids on muneral
balance have already been mentioned by previous speakers But httle has been said
about the mechamisms underlying these effects The kidney 1s the mam organ con
cerned with the regulation of the electrolyte and water metabolism and attention
will therefore naturally be first focused on renal function
Fig 1 shows the effects of adrenalectomy on glomerular filtrauon rate (= GFR)
renal blood flow (= RBF) tubular secretion (as measured by clearance techniques)
and water diuresis It will be seen that all these functions are considerably depressed
 the adrenalectormized dog and simular results have been reported 1n rats (Fried
man, Machenzie and Friedman 1948 Boss Birme and Gaunt 1949) The relation
ship between changes m systemic blood pressure and the state of the renal vessels
and the decrease of GFR needs further exploration Nor 15 1t possible to decide to
what degree the decreased tubular secretory function 1s due to circulatory changes
Tm, or Tm,,, (= maximal rate of tubular excretion of diodone or p ammnohippuric
aad) 1n the adrenalectomized or adenohypophysectomized dog 1s low enough to
make one suspect that factors other than vascular will have to be adduced but this 1s
doubtful 1n other species e g mman Fig 1shows further that qualitatively adeno
hYPOphysectomy has the same effects on the renal function under review as removal
of the adrenal cortices Fig 2 summanzes data on renal function and water dresis
n pattents suffering from Addison s disease and hypopttuttarism It will be seen that
the changes produced by these diseases are very stmlar to those observed 1n adrenal
ectomized and hypophysectomized ammals It should be noted that the data given
m this and the preceding figure are for various reasons to be regarded as mdicating
1o more than the order of magnitude of the changes observed by several groups of
lnvestigators Evenso the similarity between the results in patients and experimental
antmals suggests that 1t 1s a farr procedure to use the latter for evaluation of prepara
ton intended for substitution therapy n the diseases mentioned A survey of the
iterature leaves one wath the impression that such work has been done to a lesser
extent than seems desirable In fact 1t would seem at present that more comprehen
sive data on the effects of adrenal preparation in cortical deficiency are available
from chnical trials Ther nterpretation 1s not only complicated because doses
administered and duration of treatment vaned from nvestigation to nvestigation
ut also because the degree of deficiency varied from patient to patient
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fluds and perhaps chiefly of the extracellular flmd {Smith 1951) have been pos
tulated and 1t 15 concewvable and even likely that changes in renal sodium and
potasstum excretion are mvolved m this process However the evidence at present
available 15 msufficient to assess this possibility and until 1t comes forth one wall T
feel, do well to remember how difficult 1t 1s to gauge primary extrarenal changes in
the presence of alterations of renal function

Since 1t has been shown that injections of cortical extract contro! the effects of
adrenalectomy and Addison s disease on the electrolyte metabolism the question
anises to which steroid or steroids this action should be attnibuted Lack of ime does
not permut the discussion of this problem Suffice 1t to say that one group of very
recent investigators {Tait Stmpson and Grundy, 1952) comes to the conclusion that
the activity of adrenal cortical extracts on electrolyte metabolism 1s due to some
factor other than the known crystalltne cortical sterords while others (Roberts and
Pitts 1952) have reported that electroly te balance 1n adrenalectormzed dogs together
with other impairments of renal function can be restored by cortisone provided only
that sufficiently large doses of ths steroid are given for a suffictently long period

In conclusion some remarhs on a problem which has raised much controversy m
recent years I mean the question whether the decreased water diuresis due to
creased tubular water reabsorption (Wirz 1945 Roemmelt Sartorius and Pitts
1949 Lotspeich 1949, Boss Birnie and Gaunt 1950} 1n adrenal corucal defictency
can be related to the posterior prtwitary gland Conceptually several mechamisms or
their combinations may be nvoked to account for such a change in endocrine
balance The disturbed water bol m adrenal i may lead to
increased release of the antidiuretic hormone In favour of this possibility are the
results of Gaunt and hs co worhers who found a higher antidiuretic potency 1n the
heart blood of adrenalectomzed rats than mn intact controls However Fig 4 shows
that ether anaesthesia which was used by these workers may apparently act as a
secretory strmulus  (Ginsburg and Heller 1952 ) Moreover we have evidence that the
removal of large quantities of blood by heart puncture also favours the release of the
antidruretic principle It may thus be argued that the results of the American
Investigators are due to an increased response of the neurohypophysis to noxious
stimult after adrenalectomy The matter requires remvestigation with more sensitrve
methods of assay and m other species It cannot be solved by determining the antr
durretie potency of penpheral blood since 1t cannot be excluded that adrenal
dcﬁcxcncy lowers the rate of activation of the antidretic hormone This possibility
has been postulated by Birnie (1950) who found that the liver of adrenalectomized
Tats 1 less potent than that of normal ammals 1n actnating vasopressm Fig 5 shows
that 1 110 not only the liver but also the kidney participates 1n the removal of in
Jected vasopressin and results of my colleague Dr Ginsburg (Fig 6) indicate that
the removal of injected vasopressin 15 slower m adrenalectomuzed ammals These
€Xpeniments are open to the objection that the doses of vasopressin myected (100
mulhunits per roo g rat) were unphysiologically high and that the endogenous

Ormone may behave differently But they would be in accord with those workers
(Corey Silvette and Brtton 1939 Birme Eversole Bos Osborne and Gaunt 1950
Lockett 1952) who found that the sensitivity of adrenalectomized animals to small

95es of vasopressin 15 1ncreased Chalmers and Lewis (1951) on the other hand
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Fig 3 shows that treatment of Addisonian patients with salt, deoxycorticosterone
or commercial adrenal extracts does not have a consistent effect on such renal func
tions as RBF, GFR, tubular secretion or tubular water reabsorption The amounts
of deoxy corticosterone or adrenal extract may have been insufficient or the duration
of admimistration too short, but against this 1s the fact that disturbances of the sodrum
and potassium metabolism were controlled with these doses and that the chinical
state of the patients had much improved Another possibihty has been considered,
viz, that the renal impairment had become irreversible by the time therapy had
been started That scems unlikely 1n view of recent reports that ACTH given to
patients with hypoprtuitarism raises GFR and RBF sigmificantly (Hellman Weston,
Escher and Letter 1948, Levitt and Bader, 1951) 1nd brings water diurests almost
to normal (Chalmers and Lews, 1951, Oleesky and Stanbury, 1951), whereas
admmmstration of deoxycorticosterone to such cases does nerther In Addisons
disease cortisone has been shown to ncrease water diuresis very substantially
(Chalmers and Lewis, 1951) and Roberts and Pitts have reported qurte recently
(1952) that prolonged administration of large doses of cortisone to adrenalectomized
dogs restores GFR and elevates RBF Moreover an increase of GFR and RBF and
water drures:s after cortisone has been reported (Ingbaret al , 1950, Levitt and Bader
1951) to occur 1t subjects not suffering from adrenal or pituttary tmpairment

It 15 generally accepted that the renal excretion of electrolytes and m particular
that of sodium and potasstum 1s disturbed m adrenal deficiency sodium excretion by
the kidney 15 mncreased and pe excretion 1s d. h

How are these alterations 1 renal function brought about? Are they due to the
curculatory changes already discussed ® T hese may be a fctor 1n gross adrenal deficiency
but changes m the rate of sodium and potassium excretion persist 1 well stabilized
anumals with GFR values as high as in ntact controls The plasma concentrations of
sodium and potassium cannot be regarded as decisive since excesstve sodium excre
tion continues at subnormal plasma levels and retention of potasstum at mcreased
ones Does the lack of cortical secretion lead to tnterference wath the unknoun metabolic
processes underlyng actue 1on trangfer m the renal tubules? This hypothesss 1s difficult
to reconcile with the results of Roemmelt Sartorius and Pitts (1949) who have shown
that the adrenalectomized dog when given salt 1s able to reabsorb a greater per
centage of sodium than the mtact animal The evidence on potassium 1s less clear
Tubular secretory processes may be involved m potassium excretion at fugh plasma
levels and 1t has already been pointed out that the secretory tubular transfer mechan
1sms are inpared 1n adrenal deficiency It remans to consider whether the changes
1n the renal excretion of the two cations are the result of the distortin of the extracellular
Jhud space and the { electrolyte distrib Such ch have been repeatedly
demonstrated m adrenal msufficiency (Swingle Parkins Taylor and Hays 1936,
Harnison and Darrow, 1938 Flanagan and Overman 1949 Gaudino and Lewitt

1940) and 1t has been concluded on the basis of these findings and as a result of
observations on the effect of adrenal cortical extracts and corticosteroids that the
adrenal cortex exerts 1ts primary nfluence on cell permeability (for reference see
Davis Bass and Overman, 1951 Levitt and Bader 1951 Overman Dav,sl?nld Basii
1951) and henceon the equilibrium distnnbution of flurd bctwee? t:c c‘alraccc \;Fll;z:;

intracellular phases Renal mechanisms for the regulation of the volum y
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- = normal D = Addison s disease
22

I

ypopitustansm



H HELLER

fatled to find an ncreased anudiuretic response to vasopressin 1n patients suffering
from Addson’s disease or hypopituitansm, but 1t must be considered that comparn
sons of antidiuretic effects produced by vasopressin are very difficult when the rate
of water and electroly te excretion differ markedly Howes er, even assuming that an
ncreased response to the antidwretic prneiple can be estabhished 1n adrenal cortical
defictency 1t may still be unrelated to the rate of tnactivation of the neurohy pophysial
hormone but may be due to a change 1n the responsiveness of the tubular effector
cells to the hormone Finally, the mcrease of tubular water reabsorption 1 adrenal
deficiency may not be linked with the neurohypophysis at all but mav be the result
of some undisclosed changes 1n the hidney The problem 1s thus an open one It has
recently been further complicated by (unpublished) results of my Itahan co wotkers,
Drs C Cavallero, E Dova and L Rossi, who found a sigmficant depletion of the
neurchypophysis in adrenalectormized rats However, 1t remarns to be seen whether
therr findings mean more than that the neurohypophysis after the release of hormone
due to the stimuls of anaesthesia (see Fig 4) and surgical measures, 15 more slowly
repleted i the adrenalectomized ammals than i sham operated controls

fig 1

w te
bt

B2 3 Tmg

Frgure | The effects of adrenalectomy or kypophysectomy

w dogs on glomerular filtratwon rate” (= GFR)

effecttee renal blood flow (== RBF), maximal tubular

transfer of diodone (= Tmp) and water dwresss Data

Sfrom pagers of White Hanbecker and Rolf (1042

1947) Hewnbecker, W hate and Rolf (1943) ‘and Pick
Jord and Ritchte (1945} were used

- = normal [:j = adrenalectomized
= Iypophysectomzed
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Fig §

Fgwe & The clearance of intra enously tny cled
Laspressin from the arculating blood Anaesthetszed rats
:lm wected nlra enously wath 100 mullumts of
;;f;’u";“" ber 100 g body uerght and small volumes
&l ‘um withdraun from a cannulated carotid artery
umm' wtervals after ‘the smpection The antidwretic
5 ’fmJ‘;:I] these samples (and that of control samples taben
o e wmection) were estunated by smmediate wira
iy Em'um nto unanaesthetr ed rats with fagh water
theh ’hmlf: are shoun for ntact ammals ammals 1n
S ¢ &er was excluded By hgaton of the cochac
Wk bﬂ';!;r;nlmc and infertor mesenlensc artertes rats i
btb e idneys had been vemoved and rals tn which
pud mn.eraml the kidneys had been excluded from the
< fhe "l dlw results shown are of 4 — 5 expersments
= me: andard exror The ordwnate shows onalo anth
e concentration of antidretic actualy in terms of
o the mm”;“”ﬁm:m per ml blood It will be seen that
aty 2 arimals the antidwretic actuaty ceased to be
oftig e :{ﬂglﬁv: minules after ingection The clearance
o uai cle [laxapu.\‘.nn was markedly delared when the
il t;r uded from the circulation and even more so

tdngys “had been eliminated (Ginsburg and

Heller - unpublished)

Fiyure 6 The experiments uere done in the same manner
as those described tn Froure 5 Means with ther standard
error are shoun The dose of vasopressin gt en was again
100 millwrts per 100 g rat Bulateral adrenalectomy
(== ADX) had been performed forty e ht hours before
the tngection of tasopressin It uall be noted that wn the
adrenalectom.ed tals myected rasopressin was cleared
Jrom the blood at a significantly lower rale than in the
controls (Ginsburg unpubhsned)
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Figure 4 Companson of the antiduretic effect of blood
obtatned from an unanaesthetrzed rat and after (he same
anmtmal had been anaesthetized with ether The blood
samples were withdraun from a polythene cannula tn th
donor 5 right external jugular vern and were ynmediately
inpecied nto @ vecyprent with a sumlar cannula
reciprent was kept af a fugh rate of water duresis &
repeated doses of water by mouth

A =0 3 ml external jugular blood from unanaesthetsed
rat

B =03 m exlemal yuguler blood from seme donor 18
cther anaesthesia

C = o 2 mllunits vasopressin (per ammal)

D =0 1 mllmis vasopressin (per anymal)
{Ginsburg and Heller unpublished)
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Duscussion
ON PAPERS BY (1) INGLE (2) HELLER
Chawman G F Marnan
G F Maman 1 should like to ask Dr Ingle whether he used any natural oestrogens

0 his experiments

D 7 Ingle Yes we tried oestradiol oestrone and synthetic oestrogens of different
chemical structure and we found that anything oestrogentc had the same effect on
the carbohydrate metabohsm

Dr Aterman Dr Ingle s interesting paper prompts me to report an unusual manifesta~
tion of hy percorticalism 1n the rat which may have some bearing on a disease sign 1n
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mgm per day the tolerince test :improved and after threc months treatment with 50
mgm per dy, a nearly normal curve was obtained

The Iast case 1s another example of diabetes 1n a bearded woman The drabetes
was slight, no sulin was given Under a first cortisone treatment the blood sugar
decreased The patient was then put on 6 25 mgm cortisone without effect Treat
ment with 25 gm , brought agam a reduction of the fasting blood glucose and an
mprovement int the glucose tolerance test But mncrease to 50 mgm was followed by
a definite aggravation of the diabetic condition

We think that these cases may be examples of steroid diabetes and that the exo
genous cortisone admimstration temporanly inhibited the endogenous output of
sugar hormones

G 4 Smart The mineral regulating effect of the suprarenal cortical hormones has
been related by Professor Verzar to a primary effect on carbohydrate metabohsm
He thought that the sumulation of cellular carbohydrate metabolism resulted n 2
transfer of the potassium to an mtercellular position and suggested that the electro
Iyte effect was entirely secondary to this

T would Itke to ash Professor Veerzar if he could explam the followmg clmical find
ngs Tt 15 common to find cases of Addison s disease who are adequately controlted
as far as their mineral balance goes, but who have spontaneous hypoglycaemia One
such patient whom 1 saw recently was over controlled as shown by sodium retention
and oedemna but still had hypoglycaemia

We have been mn estigating the total body potassium of normals of patients with
Addison s disease and of patients with Cushing s disease using the radioactive potas
Sium technique, 1n which one mnjects a known 1mount of radioactive potassium waits
for equilibrium to take place and then estimates the total body potasstum from the
equiibrium condition between radioactive and natural potassum This procedure
ako grves one some 1dea of rate of diffusion of potassium as measured by the time for
equlibrium to take place, between the mjected and tissue potassium

We found the normal level of p to be 45-46 millieq per kilogramme
of body weight which agrees quite well with Corsa et al at Boston who found levels
of 37-51. We have had two cases of untreated Addison s disease 1n which the levels
were 56 ind 57 milliequvs respectively 1if Professor Verzar s theory were correct
surely mtracellular potassium levels should be lower than normal > We had two cases
of Cushing s disease who had body levels of 29 and 31 mulliequivalents of potassum
Tespectively It 1s true that people with Cushing s disease are fat and we do not know
the potassium level of fat but this finding would agree with the fact that the muscle
Potassium 1s low m Cushing s disease

The time talen to reach equilibrium, which may be some measure of cell membrane
Permeability 15 about eighteen hours 1 norm-ls and m Addison s disease but seems
to be a good deal more than twenty four hours in Cushing s disease
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the human T refer to expenimental exophthalmos which has only rarely been reported
n the rat
The work reported here was undertaken 1n association with Dr § M Greenberg
of the University of Southern Califorma 1 first observed marked bilateral exophthal
mos about a year ago i one of my rats (with carbon tetrachloride fibrosts of the liver)
which had been treated for five days with cortisone On the sixth day 1t showed
definite proptosis confirmed by three observers On the eighth dav, however, the
proptoss had disappeared Since 1n the rat exophthalmos cannot be measured I
decided to mvestigate this problem in the guinea pig which 1s a more suitable amimal
When Dr Greenberg and T undertook a study on the effect of the prolonged
admnistration of cortisone on the weanling male rat, we again noticed that a good
proportion of our animals recerving 1 5mg of cortisone datly for six days a week for
four weeks showed what we took to be proptosis At first we had to rely entirely on
photographic records but with increasing expentence we found it possible to assess
the exophthalmos faurly accurately without photographs Three of us, Dr Greenberg,
myself and my asustant were handed animals of which we knew only the numbers
‘We assessed the proptoss mdependently and then compared notes I should like 10
add that the proptosis was bilateral, frequently persisting but occastonally disappear
g agamn
One animal proved to be of great interest It had developed bilateral exophthalmos
rather early but on the thirteenth day of its treatment with cortisone 1t showed un
mustakable unilateral proptosis, which must have occurred quite rapidly At first we
thought that the proptosis was caused by a tumour or by some infection but on histo
logical examination of the retro orbital tissues we could find no evidence of erther,
and we therefore conclude although rather hesitantly, that this unilateral proptosts
may be analogous to the well known but rare unilateral endocrine exophthalmos
P A Basteme I would like to give a short report of three cases of diabetes mn which
cortisone treatment had a paradoxical effect
The first patient was a seventy year old woman with an Achard Thiers syndrome
(diabetes 1n bearded women) Her diabetes was slight and was eastly controlled with
twelve umt ansulin She suddenly developed subacute rheumatic arthritis with fever
and increased sedimentation rate Cortisone was given 1 doses of 100 mgm per day
In view of the unammous reports on aggravation of the diabetic condition in the few
cases which have been so treated, the blood sugar was checked daily To our great
surprise 1t decreased together with the glycosuna
After fifteen days treatment without increasing the msuhn doses the fasting glyco-
suria had dropped from 170 to 130 mgm per cent The day after treatment was sus
pended, 1t went down to 110 mgm After ten days rest treatment with ACTH was
given, 50 mgm per day for ten days The blood sugar went up at once acetone
appeared in the urine and the doses of nsulin had to be doubled After a new control
penod, a second course of cortisone treatment was given After a short 1mtial nse
the blood sugar decreased again, reaching 140 mgm on the tenth day of treatment
and falling to go mgm  on the fiftcenth day after stopping the treatment
The second case was a patient with rheumatoid arthntis She was obese had
hypertension but no beard There was no actual diabetes but the glucose tolerance
cunve before treatment had a diabetic Iikeshape Under treatment with cortisone 100
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The fleubility of the system 1s not restored by DCA wlhich only corrects the 1m
pared soduim reabsorption of adrenal deficiency without restoring the diuretic re
sponse or the power of the hidney to concentrate These functions are restored by
cortisone 1nd by the adrenal steroids formed under the stimulus of ACTH

D j Ingle Tam afrard I cannot add much clanty to the proceedings I do not think
these suprarenal hormones have an obligatory effect on metabolism Under certain
conditions the response will go in one direction and under other conditions the direc
tion of the response may be reversed

Years ago I carned out 1 senes of experiments i which moderate doses of adrenal
extract admimstered to partially depancreatized rats caused a small temporary de
crease 1n the glycosuna of some of the rats We interpreted this as due to a decrease
mn adrenal secretion of glucocorticords In another study I found that the admumistra
tion of large amounts of DCA to diabetic animals exacerbated the drabetes whlst
smaller doses decreased 1¢

T agree that these hormones affect both the mineral and carbohydrate metabolism
but at different dosage levels and to different extents It 1s impossible to dissociate
muneral from carbohydrate metabolism 1n different experiments because of the basic
mterrelationships between organic and morganic metabolism

H Heller 1 welcome the very nteresting concept of Dr Lewis though 1t 15 partly, as
he emphasized himself founded on Homer Smuth s iterpretation of the function of
the renal tubular segments, with which not 11l of us are 1n full agreement
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F Verzar T 2m not at all sure that work on patients with Addson s disease can be
directly compared with work done on adrenalectomized rats A physiologst tries to
worh on a relatively simple system The facts on which I based my Jecture yesterday
were that m 1solated organs, € g yeast cells, and leucocvtes there 1s a parallehsm
between the carbohydrate and mneral metabolism Dr Ingle’s experiments were
rather sumlar to ours Nerve and muscle physiologists find a simlar parallelism All
the 1sofated suprarenal hormones have some effect on both the carbohvdrate meta
bolism and the mmeral balance

Is 1t not posstble that the discrepancies are due to the fact that the carbohydrate
and mineral activittes may not have the same time relationships?

H Heller Tdo not think one should really rely too much on the plasma levels of
potassium, as potassium readily moves from one compartment of the body to another
The absolute amount 1n the body may depend on the relative sizes of the various
body compartments

4 A G Lewrs In adrenal deficiency, there 1s a fulure of the normal diuretic response
to ingested water This also occurs 1 hypopitwitansm, and Dr Chalmers and 1
{Charmers, T M and Lews, A A G (1951) The effect of adrenocorticotropic
hormone on the diuretic response to water i panhypopituttarism Lancet 2 1158
60] have shown that ACTH will restore the response in this condition But this
failure of the kidney to secrete a large volume of dilute urine 1s not the sole defect
these patients cannot pass a very concentrated urine when deprived of water We
have evidence that ACTH and cortisone will restore this capacity also

There 15, therefore a lack of fleubility 1n the renal response to demands for water
excretion or conservation It 15 ths that has led us to reject the theory that increased
activity of the anti diuretic hormone 15 the only cause for the absent diuretic response
m adrenal deficiency

In the normal subject, 18 mEq of sodum 1n 120 ml of water are filtered at the
glomerulus every minute If we take Homer Smith s views of tubular function as a
working hypothests (and they are supported by a good deal of evidence) about
15 mEq of this sodium are reabsorbed 1 the proxtmal tubule, apparently indepen
dently of hormonal influence 100 ml of water are here reabsorbed secondanly, as
the result of osmotic forces The distal tubule therefore receves about 3 mEq of
sodium a mnute, 1 20 ml of water Here, further sodium reabsorption takes place
under the nfluence of cortical hormones, but water reabsorption no longer occurs
solely as a consequence of this—it 1s controlled by a separate hormone, ADH This
separation of distal tubular water and sodium reabsorption and the control of cach
by a distinct hormone, means that they can be varied independently of one another
thus during a water diuresss the volume of urine formed per minute rises and falls
while the sodium excretion remans unaltered or falls siightly Flewibilsty 1s thus im

to the system

P ‘8163' suggesnyon 15 that 11 oxysterods are necessary for this differentiation of distal
tubular function—in their absence, the sodium reabsorption leads to water reabsor]la
tion, and possibly vice versa, the function of the distal tubule comng to resc;nb e
that of the prosamal much more closely 1n this respect The volume cfurl;;lc 1s there
fore reduced and much less vanation n 1ts sodium concentration 1 posstoic
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Surgery of the Adrenal Gland

L
L R BROSTER
Charng Cross Hosputal, London

THE surgery of the adrenal like that of the other endocrine glands 1s mamnly con-
fined to the overactive states If by chimical correlation and obsersations on the reac

ton to treatment 1t has opened up 1 wider field for specialized study then we may
regard 1t a5 having served a useful and ntroductory purpose

HISTORICAL

Changes 1n sex have been recorded from tume immemonal and no review of this
subject and 1ts ramuficanons 1 complete without some reference to its hustorical
background Cawadias (1943) states that according to Hippocrates the ancient
Eastern peoples regarded them with superstitious awe and reverence and as exam-
Ples of divine will and 1ntervention

The Greeks were more rational and discarded these supernatural 1deas although
m Sparta monstrous children were put to death From Roman times to the Renass—
sance these indviduals were regarded as mamifestations of divine anger and the
harbingers of national calamuty and 1n order to propitiate the gods they were put
to death Indeed, 1n 1803 when the hung Henry VII chapel at Westminster Abbey
was being restored, among some hundred figures that of St Wilgefort was found
intact She 1norder to escape an unwelcome marnage prayed thatshe might become
ugly and grew the beard with which she 1s shown Her father the hang of Portugal
Was so irate that he had her cruafied!

Literature art and sculpture are full of such representations real fantastic and
mythologacal The reaction of modern society although more tolerant and enhight-
ened 1s stull one of reserved iloofness Some of the perversions are demed equal
legal status and there 15 no organized scheme for dealing with them

From long observation based on our own out patient department 1t would seem
that many of these patients are the hineal descendants of Pandora carrying the genes
real or potential of all the human distempers contamed m her box There 1s no
human spectacle more distressing or pathetic than the indrvidual otherwise healthy
who 15 condemned through no fault of lus own to live the b of a soctal parah or s
chamed to an environment 1n which he 15 a complete musfit On the other hand there
are some who contend with therr adversity, with a courage and steadfastness that
would rank high among the human virtues of Prometheus The imutators rather
than the genumne cases are those which ment our contempt

In medical science sex changes have long been obser ed m assocration with adreno
cortical tumours In thys country Bullock and Sequeira (190;) added important
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harbingers of national calamity and in order to propitiate the gods they were put
to death Indeed in 1803 when the kang Henry VII chapel at Westminster Abbey
was being restored among some hundred figures that of St Wilgefort was found
intact She 1n order to escape an unwelcome marnage prayed that she might become
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From long observation based on our own out patient department 1t would seem
that many of these patients are the hineal descendants of Pandora carrying the genes
real or potentral of all the human distempers contained i her box There 18 no
human spectacle more distressing or pathetic than the individual otherwise healthy
who 15 condemned through no fault of hus own to live the hfe of a ocial parah or s
chamed to an environment 1 which he 1s a complete misfit On the other hand there
are some who contend with their adversity, with a courage and steadfastness that
would rank high among the human virtues of Prometheus The imtators rather
than the genume cases are those which ment our contempt

In medical science sex changes have long been obsers ed 1n assoctation with adreno
cortical tumours In this country Bullock and Sequerra (1905) added important
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contributtons to the pathology, and Holmes (1g25) published the case of the first
successful removal of adenoma However, the important problem was to find the
reason why some of these tumours produced sex changes, and others did not It was
from this point that our inquiry started

CIINICAL

The adrenal cortex produces sex changes in three different directions, and the degree
of change depends on the time of onset, and on whether the lesion 1s a hyperplasia or
1 tumour Clhimcally the most common condition 1s the masculimzation of the
female Femimzation of the male 1s very rare, sexual precocity in children 1s un~
common Although the adrenal syndrome may remain predominant 1t 1s essenttally
polyglandular 1 nature for sooner or Inter secondary mamifestations may arise from
the other glands

THE ADRENOGENITAL SYNDROME

In this syndrome two changes take place concurrently female development and
function are suppressed whle the secondary sex characters of the male become
supenimposed Here we recogmze four different groups according to the time of
onset {Broster ¢ al , 1932)

T When the changes occur either before or at puberty the ferminine characters
and functions are completely suppressed, and the figure of the girl resembles that of
a bov

II In the following groups a girl passes through puberty normally, then usually
within the next two decades the changes commence msidiously, and are as a rule
ushered 1n by the appearance of hair of the male type and an upset in the feminine
function

III In the third or Cushmg group the onset 1s similar, but instead of remainmg
muscular and virle, secondary changes of a metboli type set i resulting m
adiposity a high blood pressure a low sugar tolerance polycythaemia, cutancous
discoloration and stnae (Brester, 1940)

IV To these may be added the menopausal group the bearded old Indies so
commonly found n asylums

The more detailed signs and symptoms of the adrenogemtal syndrome may be
summarized as follows

a Male changes

Haur of the male type and distribution begins to grow and baldness may supervene
later The texture of the subcutaneous tissuc and skin coarsens and acne spots ¢
common The bodily contour tends to become masculine, with broad shoulders and
narrow hups In the sexual sphere the voice deepens and the chitons 1 enlarged

ale changes
¢ ';‘;\’:re 15 a ggcncral retrogression in the feminme characters The breasts do n‘ot
grow the external gemtalia are poorly developed the uterus may be mfanule the
ovaries become cystic and degenerate The menses may never start, or they may
become 1rregular scanty and cease Fertility 1s decreased
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¢ Associated with these somatic changes are certan psychological reactions The
majonty have headaches and are depressed, retinng and self conscious Some suffer
from a sense of infenionty and avod the society of men Others develop an ascendency
over women folk and become homosexual A few develop psychosis of the paranod
type The mneaidence of psychosis in these women has been about 17 per cent
contrist to the normal incidence of about 1 per cent

FEMINISM

We have observed a few cases of this type where there has been a retrogression of male
characters after puberty The external gemitalia are small the shin 15 smooth and
harrless, the beard does not grow the voice does not crack the limbs are long and
spindly there 1s tapering of the fingers and fat 1s deposited on the chest and buttocks
(1941)

ISOSEXUAL PRECOCITY

In children 1sosexual precocity of adrenal origin 15 due to carcinoma It must be
stressed that carcinoma may ansein a solitary gland These sexually mature children
with their childish minds the so called pochet Herculeses and Venuses are pathetic
products of humamity They are dusky complexioned with torsos out of proportion
to their imbs They appear to compress a decade of development into each year of
therr hfe

Boys develop pubic and somatic harr at an early age the voiceisdeep the genrtalia
aver developed and they are precocious n thewr overtures to the oppostte sex Girls
develop breasts pubic hair and menstruate early Their coy and coquettish be
haviour before a class of students may produce consternation among adult females 1n
award Isosexual precocity may beidiopathic, ordue to hypothalamic tumour Ingirls
thecal tumours of the ovary and in boys mterstital tumours of the testis may also be
the causative factor

TUMOURS

In tumours of the adrenal cortex the sex changes are as dramatic n thear appearance
as 1n their disappearance after removal of the tumour

The most satisfactory are the rare and simple adenomas Carcinomas may not
Tun true to clintcal type In children apart from isosexual precocity there may be
also h 1 precocity especrally when the opposite adrenal 1s present

In the adult carcanoma may give nise to Cushing s syndrome, marked hursutism
only m the female (Broster 1950) or femimsm 1n the male (Sumpson 1938} It s an
mteresting reflection that these tumours in their notous change of structure should
retain thetr physiological function which 1s also present m therr secondary deposits

Surgucal treatment by adrenalectomy was started at Charmng Cross Hospital 1
1926 and we soon became mnvolved n matters of cause and effect In the first place

we had to find what the cause was and in the second place to explan the amelhora
tion n the condition after operation
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PATHOLOGY

In 1931, Professor Vines took over the pathological study of the adrenal glands
removed at operation, and found that by means of the Ponceau Fuchsin stan the
hyperplastic cortical cells 1 vinhism stamed a vivid red colour 1n contrast to the
blue stamn present i normal controls (1933) That this reacton bears a qualitative
and quantitative relation to androgemc activity 1s seen 1n this series of 1llustrations,
where the mtensity of the stam 1s compared with the clinical picture

Furthermore, he also showed that this stain was present 1n the cortical cells of the
foetus of both sexes It 1s more marhed 1 the male embryo between the tenth and
seventeenth, than 1t 15 1n the female between the eleventh and fifteenth week Ths
transient ‘male phase may be regarded as the latent prototype, activated by the
stramns and stresses of post natal endocrine life, of the sinular starn found mn cortical
cells of adults suffering from virihism

In pomt of time this male phase 1s closely associated with the integration of the
foetal endocrine system and probably plays an important part in the determmation
of the various forms of intersexuality (Broster et al 1938)

BIOCHEMICAL

This Fuchsin stain naturally suggested that the cortical cells were concerned with
the elaboration of male hormone or 1ts precursor, and that these substances mught be
recovered from the urine In 1932 Professor Patterson undertook this brochemical
mvestigation His urmnary extracts injected into capomzed cockerels by Professor
Greenwood 1n Edinburgh showed the presence of a comb growth productng sub-
stance as also that the comb growth was less after adrenalectomy

This bological capon test was extremely laborous and time consuming, and mn
1937 Professor Patterson began to exploit and deselop the colonmetric test for
ketosterords (1942) About the same ume urmnary assays were sent to Professors
Marnan and Butler i Toronto, who found pregnane triol, a new substance spectiic
to vinlsm On further analysis of this compound, among other denvates, 150
androsterone was recovered In all these investigations the androgen output was
decreased after operation In 1945 by further elaboration of this colour reaction
Professor Patterson found a test for differentiating between simple and mahgnant
tumours of the cortex (1947}

A general survey of our ketosteroid results based on an analysis up to 1946 may be
summarnized as follows The normal excretion rate for an adult female ranges from
7-14 mgm jdiem and for a male ro-zo mgm /diem In postpubertal vzrilism 2hlc
awerage was 17 6 mgm jdiem varymg from normal to about 30 mgm Jdiem mt;
hyperplastic glands ranging from 2 3 to 8 8 grammes The effect of unilatera
adrenalectomy 1s to reduce the ketosterotd output by 50 per cent, and the bcsdt
climcal results were obtained where the reduction was more than 50 per cent an
where the post operatrve output was lowest This 1s seen in Table ¥ of

In prepubertal vinlism the figures are more difficult to qnalyse, bcc:ms; ;n:(m) o
the panents may be young cluldren and the size of the glinds each varied betsccl

10-48 grammes In these pauents the Letosterord output may be very high exceeding
)
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100 mgm [diem and nises even higher as they go through puberty, even in spite of
unilateral adrenalectomy In seven patients ranging 1n age from five to twenty two
the pre and post operative levels were 37 and 23 mgm [diem, a drop of less than
50 per cent

These biochemical figures have since been 1mproved by subtotal adrenalectomy

TasLe

Group II Cases (vinilism) ireated by unmilateral adrenalectomy
Relation betucen climcal resull and ketosterord output

— 1
Climcal results Urtnary ketosteroids in mg per day

Before operation After operation

|
Good 175 ‘ 68
|

|
1
Improved 19 1 99 \
Unchanged 151 84 i
Average keto- ‘
steroid output of 176 85
41 cases l

In one patient with fermnism submutted to umlateral adrenalectomy the hyper
plastic cortex gave a positive fuchsin stamn The average preoperative hetosteroid
output was slightly reduced by operation from 7 7 mgm a day to 5 6 mgm a day
and paradoxically the man 1mproved clintcally (1941)

In tumours the androgen excretion may be prodigious An early adenoma the
size of a walnut produced 30 mgm /diem a 51b carcinoma 400 mgm /diem and a
palpable tumour associated with hypoglycaermc fits just under 2 000 mgm /diem

SURGICAL RESULTS

The general result of adrenalectomy 1s to inhibit or reverse the biological processes
whtch give nise to the syndrome In the tumour group clinical changes are dramatic
and complete In hyperplasias they are partial and the benefits of operation vary m
their emphasis on particular aspects of the syndrome

Tumour

In tumours the hair falls out somatic and sexual development revert to normal
but return when secondary deposits make their appearance Itis necessary for these
tumours to be diagnosed early by close chnical observation and ketosterord test
when the surgical nisk and the possible recurrence rate are at a munmmum In all
c1ses the presence of the opposite adrenal should be established
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Hyperplasias

The detailed results of the adrenal hyperplasias were published 1n 1946

In children of the prepubertal group, with adrenal glands the size and the colour
of a norm: spleen, and with a high androgen output, which mses rapidly during
puberty, unilateral adrenalectomy 1s wnsuffictent We have obtamed better results
with subtotal adrenalectomy Without the ad of cortisone we have succeeded 1n
removing three quarters of the total amount of adrenal tissue These patients are
serious surgical nisks, and are prone to develop sudden and unetpected Addisomn
crises withun three days of operation Several of the older and less marked cases have
been satisfied with unilateral adrenlectomy followed by hormone therapy and have
grown up useful citizens

The majonty of patients belong to the postpubertal group I have now operated on
about 130 with no mortahty, and 2 follow up of 88 cases 1 1046 showed the fol-
lowing results

TasLe 11

Post operatue sesulls of 88 patients wath post pubertal rinlism after unilateral adrenalectomy
Auerage age 26, obserted over 16 years (1946)

1

\ P wn
Results ' FatTCus)ung / Psychological
| | vpe ] changes ‘
—_—————— | | f
Good , 16 / 2 5 i
Improved 45 [ 31 8 i
Unchanged ! 10 1 2
Deficient information | 14 — — .
Died from other cuses 3 — / — '
Total 88 1% l I5*

*Included un the total of 88

These young women are often prepared to go to desperate lengths to mprove their
condition, and an mdependent analysis stated that i well selected cases the opera
won 15 undoubtedly successful 1n the amelioration of symptoms  While the general
health, headache, depression, sterlity and sexutlity were v nably mmproved the
effect on the hair, periods and obesity was more vanable although the majonty
satisfaction with such benefit as they had recened
adrenal from 2 patient, whom we subsequently regarded
rome, the same year 1 which Cushing published his
bsm (1932) We were not tmpressed with this result,

expressed
In 1932, I removed the
as a case of Cushing s type synd.
classical monograph on Basoph
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and 1t was only by encouragement from Harvey Cushing himself that we persevered
with more encouragmg results The prognosis 1n this group 15 not good, and two of
our old patients have returned with marked cardioyvascular disease from hypertension
The surgical tendency, especially 1n Amenca, 1s to be more drastic, and a bilateral
o subtotal adrenalectomy 1s being performed for these cases
In all these groups, until these clinical manifestations can be sausfactonly treated
by hormenal means, operation 1s the treatment of choice

PSYCHOLOGICAL

Disraeli once remarhed that man 1s born to observe but when he falls into psycho

logy he learns nothing This I presume 1s another way of staung the difference
between the objective and subjective forms of study Clifford Allen and I have
observed several cases of abnormal behaviour and published one case (1939) with
paranoid psychosis that has remained well twelve years after adrenalectomy, except
for a muild recrudescence of her psychosis during the menopause The increased
madence of these psychological vanatons 1n adrenal work 1s too ymportant to be
dismussed as unproven clnical observations when they promuse to lead to a more
direct and objective study of the lower reaches of behaviour Tinbergen (1g951) quotes
Hess who has produced complete mstinctiv e behaviour patterns by direct sttmulation
of the hypothalamus The work of Dle on synaptic chemcal buffers ketosterard
changes after leucotomy and other work suggesting high hormone levels m the
central nervous system all show a trend of thought serving to emphasize the im

portance of biochemical vanation with mtensification of response and sensitivity to
stimuli 1n the transmssion of nervous impulses

HORMONAL TYPES

At the present moment we are engaged i the study of making hormonal assays
from blood taken from the hving adrenal gland during operation wmn the different
climcal types of the adrenogemtal syndrome This work has only just begun and I
would Iike to quote the results of Dr Bush who has undertaken this work He finds
that there 15 a defimte difference in the type of steroids secreted in different forms
of adrenal hyperfunction

GRAFTING

The surgery of the adrenal cortex will not be complete without some reference to the
experimental work of grafung whole glands nto patients suffering from Addrson s
disease In 1946 a case of this kind was published The patient has been under
constant supervision now for seven years and both the chmical result and the chem-
1cal tests show that she 1s free from Addison s disease As Dr Gardiner Hill 1s present
at this meeting I am sure you would be d to hear his independent opinion
and observations

In view of the relationship between the prtwtary and the suprarenals the question
arises whether pituitary grafts could be employed m order that thew ACTH my, ht
stinulate under-active suprarenals to an mereased output of sterords Unfonunatiy
the pitwtary presents spectal problems of blood supply which add greatly to th;

ons
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dufficulty of successful grafting operations Harns and Jacobsohn (1951) have been suc-
cessful with pitwtary transplants placed 1n the subarachnoid space near the prtuttary
stalk They find that 1n these animal experiments the transplants become revascularized
and functional
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Dascussion

Chairman R Milnes Walker

G H Bourne Has Mr Broster any hnowledge of what the fuchsmophile matenal 15
1n the suprarenal or any information about 1ts distrbutton? I had the good fortune
some years ago to be able to exammne sections of the suprarenals from two cases of
adrenal vinhsm and I found that the number of mitochondna 1n the suprarenal cells
was marhedly increased

In view of the recent association of mitochondria with the processes of aerobic
respiration 1n the cell this suggests that there 1s an increase of metabolic activity
the cortical cells of such cases In view further, of the fact that mitochondria are
fuchsinophilic 15 1t possible that the fuchsin staiming matenal descnbed by Mr
Broster 1n the adrenal cortical cells 1n cases of adrenal virtlism may have been mito
chondna?

L R Broster 1 am sorry I do not know the answer

J Groen Have there been amongst your adrenalectomy patients any instances of the
syndrome described by Stem and Leventhalinthe U S A which has recently attracted
the attention of several investigators mn the Netherlands This syndrome 1s considered
by some as being caused by the over production of androgemc substances by the
ovanan theca cells which have been reported as increased in this condition In fact,
the syndrome has been ascribed to kyperthecosts

The evidence avatlable at present however 1s insufficient to warrant this conclusion
More particularly one would like to know if the adrenals do not participate 1 some
way m the production of the syndrome

So far as 1s known no post mortem reports of this condition are available There
fore 1f Mr Broster has ever operated on such cases 1t would be very valuable if he
could give us any information about macroscopic and microscopic appearances of
the adrenal gland

L R Broster Dr Vines found follicular cystic degeneration of the ovartes in these
cases of hyperthecosis, a syndrome described by D' A Du Tout as consisting of poly
cystic ovaries menstrual disturbances and hirsutism This syndrome appears to be
an early phase of the adreno gemtal syndrome

I myself wrote a paper on the effect of'genetics ovanes and adrenals on hair growth
American workers have described an androgenic cell 1 the oy ary

E B Astwood I was mterested n the Stemn Leventhal syndrome discussed by Dr
Groen At our hospital Dr George Mtchell a gynaecologist has found many large

pale ovanes 1n apparently normal healthy women and doubts the exstence of this
syndrome
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H Gardimer Hill T thrl, 1f one had to sum up, one would say that we were dealing
with three main groups of cases

1 Adrenal pseudohermaphroditism This 15 a developmental anomaly Twenty
years ago we published one of these cases in which Mr Broster had removed an en
larged adrenal The lnrsutism mmproved for a time but the patient never menstru
ated and ultimately relapsed, presumably due to hypertrophy of the other adrenal
Gordon Holmes reported a case of adrenal vilism due to an adenoma cured by
adrenalectomy

2 Gases of adrenal carcinoma In these the disease 15 nearly always advanced and
m my experience little success attends removal of the growth

3 Cases of prtuitary ongin 1 e Cushing s syndrome In these adrenalectomy from
the very nature of the condition primanly a pitwitary disturbance, cannot be expec
ted to do much good
A Faurbye It1s very interesting that 25 per cent of Dr Broster s patients with supra
renal tumours had psychoses

In a survey of 450 female schizophrenic patients we found that 6o per cent had a
hypertrichosis and increased urmnary ketosterords as compared with g6 per cent
the surgical wards of the hospital

Hugh Jolly Iwould Ithe tosuggest that surgery has no place in the treatment of adrenal
hyperplasia My nterest 1s particularly in congemtal adrenal hyperplasia on account
of a study of sexual precocity which I have made The consequences of congemtal
adrenal hyperplasia depend on the sex of the child  thus 1 the male sexual precoaty
becomes evident shortly after birth while the girl 1s born a female pseudoherma
phrodite In both sexes the admmnstration of cortisone reduces the high lesel of
17 ketosterouds to a more normal figure and with this the symptoms are improved

When I was in America recently I saw a number of Lawson Wilkins patients at
Baltimore who are undergoing this form of treatment He was treating six female
pseudohermaphrodites between the ages of eight and a half and etghteen and a half
years and breast development had taken place i all while menstruation had occurred
1n three It 1s essential that this form of therapy should be commenced as early mn life
as possible since 1f the bone age 1s already advanced the giving of cortisone immedt
ately brings the sexual age forward to the bone age and therefore may precipitate
adolescence Thus 1n one girl aged six years with a bone age of fourteen years the
admumstration of cortisone caused an immediate puberty

After seeing Wilkins work I feel quite convinced that prolonged cortisone adnmn
istration to mamntain a low level of 17 ketosterowds and not surgery 1s the correct
treatment for these cases Bilateral partial adrenalectomy 1s a dangerous operation
and although 1t may produce some immediate benefit yet this 1s temporary and the
condition will relapse owing to the recurrence of the adrenal hyperplasia Ifcortisone
1s not available, 1t 13 far preferable to give no treatment, and 1 necessary bring some
of the female pseudohermaphrodites up as boys rather than subject them to
surgery One can only hope that cortisone will soon be available mn sufficrent quant
ties 1n this country to allow of the treatment of all these children |

I have some mteresting data on a case of prepubertal vinlism

ngga(\)e fcrﬂgagffﬁ and there was no change m her electrolyte balance or eosinophil
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count but a marked nse in urinary 17 ketosterond excretion On admunsstration of
cortisone there was 1 fall in 17 ketosteroid excretion finally down to almost normal
levels and a concomitant fall in eosmophil count

I think that the pnimary action of ACTH 1s to stmulate the adrenal cortes to
break down cholesterol to C1g and C21 compounds which are respectively the pre-
cursors of the adrenal androgens and corticoids The comverston of these precursors
into the active hormones 1s not under prtuttary control If one or more of the e inter
mediate stiges mn the synthess of corticords 15 defective there will be a decrease 1n
the amount of these hormones secreted although the formation of precursors will be
normal On account of the lack of corticords the secretion of ACTH will be enhanced
and accordingly the rate of elaboration of androgens by the adrenal increased, lead
1ng to the chimcal symptoms of vinlism

In agreement with this hypothesis we found that this patient was excreting re
latively large nmounts of adrenal ascorbic acid depleting factor mn the urine

G 1 Ocerbeer We have been trying to produce Cushing s syndrome m monheys by
the admimstration of large amounts of vanous sterols eg DCA cortical extract
oestradiol testosterone propionate etc but without results When honever we
gave the mixture without the oestradiol we got a weight increa e and an erythrocyto-
sis the face went red and the fat distnbution seemed to change to that of Cushing s
syndrome Testosterone alonesableto cause thiseffect and the simultaneous adminis
tration of oestradiol cures thts condition

1 should like to ash Mr Broster whether he thinks that there is any possibility of
treating some of his cases of adrenal hyperplasia with oestrogens

H Hoagland Huggms tn Chicago has done a series of thurty bilateral adrenalectomres
for carctnoma usually of the bronchus or prostate In allca es the men had previously
had bilateral orchidectomies The operative misk 1s not high not higher than for
cholecystectomy In all cases there was regression of the prumary carcinoma and of
the secondaries with rehef of pain The patients appeared to be very fit though some
of them got recurrences after one year The mmportance of the nght mamtenance
dose of cortisone and salt must be stressed One patient continued to work whilst he
had influenza and got an acute cortical msufficiency The average maintenance dose
15 50 mgms cort: one and 4 grms of salt 2 day by mouth at a cost of about 75 cents
Many of these patients can live a normal healthy Iife

L R Broster 1t has taken us twenty years to reach the himits of pure surgery in adrenal
disease and I entirely agree with Dr Jolly that cortisone appears to be the treatment
of choice 1n these rare cases of pre pubertal viriism but we still do not Lnow the
Lmitations of hormone therapy and 1t may take us some tume to find them out In
1936 1 myself was disappomted m the partial success of surgery 1n Cushmg s syn
drome but I was advised by Harvey Cushing himself to carry on and I feel 1t has
been of benefit to some patients I beheve that the operative risk 1s quite reasonable
nowadays and surgery has certamnly stimulated a lot of work 1n this field

In answer to Dr Overbeek we have been able to produce menses and breast
growth m some of these cases with oestrogens
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THE efficacy of corticotropin and cortisone 1n the treatment of a great vanety of
diseases 15 now so well known as to require no emphasis The diseases which respond
favourably are well defined and the metabolic as well as the overdosage effects of
therapy are famihiar to all It has been clearly established that only a hmited number
of acute conditions are cured 1n the sense that the disease process subsides while
treatment 1s being given and 1t 1s known that most of the chromc pathological con
ditions, though they may be completely reversed by therapy promptly relapse when
treatment 1s withdrawn So far there has been no clue as to the mechanism of action
nor has the response of these vanious diseases to treatment led to an understanding of
their aetiology Furthermore there 1s apparently no single feature common to the
diseases which are amenable to this form of treatment The most general statement
that can be made 1s that those diseases which respond best are those in which some
allergic phenomena seem to be operative The allergic component 1s apparent
such conditions as asthma sensttivity reactions to drugs serum sickness dermatitis
venenata and urticana It1s also generally conceded that hypersensitivity 1s somehow
mvolved mn the pathogenesss of d 1 lupus eryth Ppenartentis
pemphigus dermatomyositis and the 1diopathic mflammatory diseases of the eye
Some sort of allergic response has long been suspected as aetiologic m the rheumatic
diseases the acquired haemolytic anaemuas and n various diseases of the shin and
gastrointestinal tract It 1s tempting to assume therefore that the disorders which
respond to adrenal cortical therapy are those in which an allergic response of tissues
1s an 1mportant factor i pathogenesis
From another aspect the treatment may be regarded as primanly antiphlogistic

mflammation whether brought about by infective allergic chemical or physical
agents 15 inhibited or suppressed According to this alternative view the diseases
which respond most faourably are those 1n which the host reaction to the nosous
agent 1s more destructive than the agent tself There are other effects how ever be
yond the apparent antt allergic or anti mﬂammatory action Fever from most
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causes 1s abolished, the erythrocyte sedimentation rate 1s reduced malatse 1 rehieved,
and some types of pain unrelated to inflammation are reheved The local and syste
mie mantfestations of nfections may be largely abolished though the proliferation
nd spread of the micro orgamisms are not impeded Many of the renctions of the body
to trauma, physical as well as chemical, are mhibited, the lymphoid tissues even
when neoplastic are caused temporanly to regress connective tissue growth 1s sup
pressed and mdeed there are few pathological processes which are not modified
one way or another

During the past year the clinical applications of cortisone and corticotroprn therapy
have been detalled 1 numerous contributions to medical literature and several
extensive reviews htve been prepared (Mote, 1951 hansell, 1951, Sprague, 1951)
A few of the advances which seem at present to be of especial nterest include the
mntroduction of new sterowds, especally hydrocortisone and corticosterone  the local
apphcation of steroids to 1solated areas, the use of cortisone 1n the treatment of adre
nal cortical insufficiency and the adrenogenital syndrome, and the development of
better preparations of corticotropn for clinical use

CORTICOSTERONE AND HYDROCORTISONE

These sterords have been available for inv estigation in limited quantities only but they
could readily be produced as well as, or mstead of cortisone 1f they proved to be
sufficiently prormsing as therapeutic agents (Carlisle 1952) Both compounds are
hike cortisone, effective when given orally, but unlike cortisone, they are constdered
to be normal secretory products of the adrenal cortex Corticosterone shares the pro
perties of both cortisone and desoxycorucosterone (Conn, 1951), but, as judged by
the responses of patients suffering from Addisen s dnease, 3t 15 not more than one
quarter as active as cortisone and perhaps only one fiftieth as active as desoxycortico
sterone 1n these two respectie activities Its use m therapy 1s therefore restricted to
the treatment of adrenal msufficiency and even here 1t may not be as widely apphic
able as a mrxture of the above mentioned compounds

Hydrocortisone would appear to be the most important hormone secreted by the
adrenal cortex Examnation of the steroidal metabolic products mn human urne
(Mason 1950) the steroids mn perfusates of the adrenal gland (Hechter et al 1951},
1 adrenal vein blood (Reick Nelson and Zaffarom: 1950), and those formed by
adrenal fissue tn uitro suggest that hydrocortisone rather than cortisone 15 the cl:ncf
physiologically active sterordal secretion Its metabolic actions closely resembie those
of cortisope In most animal tests st 15 shightly more active (Ingle) while mn man 1t
extubits all of the propertics of cortisone and, 1n addition, 1t possesses a somewhat
greater capacity to cause water and salt retention (Conn, Louts and Fajans 1;gg:)
Though hydrocortisone 1s a more polar compound than cortisone 1t 15 absorbed at
a remarhably slow rate when a suspension of the acetate 1s deposited 1n the hssue]s
The repeated mtramuscular imjection of large doses of the acetate gives ris¢ tg on‘)l
~ minimal response whereas the free sterol 1s somewhat more quichly ubsorb;r ';m
after oral administration both compounds are rapidly absorbed and highly effective

(Conn e al, 1951)
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TREATMENT OF ADRENAL INSUFFICIENCY

Since cortisone acctate has become readily nwailable the management of Addison s
disease has been rendered simpler and more satisfactory Cortisone 1s most consent
ently given 1n the form of tablets by mouth, and the dosage required 1 Addison s
disease 15 small enough to make prolonged treatment economically feasible There
seems to be general agreement that if the dose of cortisone be large enough 1t can
be used as the sole form of treatment 1n this disorder doses of 50 milligrams a day or
more not only correct the disturbance 1n organic metabohsm but cause a sufficient
effect on salt and water excretion to muntain electrolyte balance A smaller dose
may be used if supplemented by extra dictany salt or by desoxycorticosterone acetate
(Thorn et al, 1g51) When this 1s done the average daily intake need be only about
25 mlbgrams, usually grven in two doses twelve hours apart One may perform
specnal tests to determme adequacy of dosage but for practical management 1t 1s
often sufficient to be guided by symptoms body werght blood pressure tendency
to oedema and perhaps by an occasional determmation of the concentration of
sodium 1 the serum Desoxycorticosterone acetate may be given erther in the form
of sublingual tablets 1n a dose of 2 to 4 milligrams datly by the implantation of pellets
or by the daily subeutaneous imjection of an oily solutton Just recently, desoxycortico
sterone trrmethyl acetate has been introduced 1n the form of an aqueous suspenston
containmg 30 milligrams per cc A single injection of 1 or 2 cc will exert an effect for
several months and satisfactory management can be achieved by injections every
four weeks (Thorn 1952) On the average 50 milligrams of this preparation monthly
with 123 milhgrams of cortisone mormng and evening provides satisfactory control
Corticosterone though possessmg properties both of cortisone and of desoxycortico
sterone must be given 1n large doses and 1s at present not practicable Furthermore
m some cases such large doses are needed that the salt retaiming effects become pro
mmnent before the other desirable actions are achieved
Hypoprtwitanism 15 another condition where substitution therapy 1s attended by
great benefit Small doses of cortisone are remarkably effective and when the appro
prate sex hormone and sometimes thyroid are also supplied the pattents are main
tamned 1n a good state of health The appearance of patients thus treated 1s still ab
normal suggesting that some other essential pituntary factor 1s still lacking
Bilateral adrenocortical Byperplasia It 1s now possible for the first time to suppress the
<xcessive androgen secretion of patients suffering, from the adrenogenttal syndrome
In adults doses of 100 milhigrams per day or less and 1n children daily doses of 25
mithgrams suppress to normal or below the excessve unnary excreton of keto
steroids Correspondingly there 1s chmical evidence of decreased androgen action and
ovanian function may become normal (Wilkins et a! 1951 Forbes and Albnght
1951) As these patients may exhibit mild or severe manifestations of deficient adrenal
sterord secretion the treatment provides substitution therapy as well
Bulateral adrenalectony "This operation has recently been performed for the treatment
of Cushing s syndrome hypertension and carcinoma of the prostate (Huggins and
Bergenstal 1951) The procedure presupposes that ensung adrenal insufficiency can
be satisfactonly controlled by substitution therapy In the case of Cushung s syndrome
the procedure may be hfe saving and 1n this 1nstance a subtotal adrenalectomy 1s
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apparently feasible The small remnant of adrenal tissue may sometimes regenerate
and lead to recurrence, sometimes 1t does not survive and Addison s disease super
venes, but1n a significant proportion of cases normal adrenal finction results Though
bilateral adrenalectomy has been carmed out supplementary to orchidectomy as
palhatrve treatment for carcinoma of the prostate, experience has not yet been suffi
cient to show whether such a procedure 1s beneficial Therapy with cortisone for the
mnduced adrenal msufficiency may in part be resp ble for the symp 1c benefit
for some pauents with prostatic carcinoma experience symptomate relief from cort:
sone therapy alone The procedure 15 adopted because 1t 15 assumed that the adrenal
cortex produces an androgen which might promote the growth of the prostatic neo
plasm This assumption 1s open to question for, though the adrenal cortex secretes
substances which give nse to ketosterords 1 the urine, there 1s reason to believe that
the adrenal cortical secretions are not androgenic under normal circumstances
Some encouraging results have been obtaned from bilateral adrenalectomy in
patients suffering from hypertensive cardiovascular disease (Wolferth ef al, 1951)
In ths instance many of the patients are 1 a crytical condition at the time of opera
tion and substitution therapy and postoperative management may be beset with
difficulties Advanced renal farlure appears to be one contra indication to this form
of treatment because of increased hazard of the procedure and the added problem of
subsequent management
The treatment of patients undergomng adrenalectomy imvolves the administration
of cortisone 1n doses of about goo milligrams darly parenterally for two to three days
prior to operation with continued dosage on the day of; and for a few days after, the
surgrcal procedure Intramuscular admimstration 1n this way will ensure a steady,
slow absorption over many days It 1s advisable to provide this depot because the
patient may be unable to take the hormone by mouth, and at present there 15 no
stmple way of obtaining a rapid response to cortssone except by the oral route This
emphasizes the need for a preparation of cortisone which can be safely groen intraven-
ously Subsequent management of these patients 1s simdar to that i Addison s
disease It 1s beleved that patients with hypertension should be mamntained on 2
rnimal dosage of salt and desoxycorticosterone substitution being provided m so
far as possible by cortisone alone Conversely some have claimed that, 1n the manage
ment of patients operated upon for carcinoma of the prostate the dosage of cortisone
should be kept down 1n order to obtain 2 mummal excretion of unnary Letosteroids
It should be recalled howeser that cortisone 1s not androgenic nd there would seem
to be no contra mndication to 1ts use 1 this condttion
Preoperative therapy with cortisone has also facthitated surgrcal treatment of pitw
tary tumours Here of course corticotropin could be used nstead, corticotroprn hav-
g the advantage of rapid action when cortisone cannot be given by mouth
Substitution therapy 1n Addson s disease and following total adrenalectomy can
not be regarded as entirely effective One has no hnowledge of the hormone requure
ments dunng stress and though one may 1ncrease the dosage by some arbitrary
amount 1n the event of infection, trauma exposure or staniation the adrenalecto
t lives @ precarous existence Should the therapy be inds ertently omit
days or should 1t not be promptly mcreased at times of illness or stress,

tmzed patien
ted for a few
sudden death may occur
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LOCAL STEROID THERAPY

Probably the most ideal condttions for this new form of treatment are those which can
be treated by the direct 1pphication of cortisone or hydrocortisone to the localized
area of disease Here the quantity of steroid needed 1s small and intensive therapy
can be given with no fear of systemic overdosage effects Local therapy finds its widest
applicatron n various mflammatory diseases of the eye (Olson et al 1950) The ster
oid 15 applied as a solution or suspension 1nto the conjunctival sac at frequent inter
vals or by the subconjunctival mstillation of a small deposit of the crystals The hor
mone appears to penetrate the deeper tissues of the eye for not only do superficial
il tions, such as mitis respond but also certan mflammatory re
actions myolving parts of the uveal tract More extensive inflammntory processes
require systemic therapy however

Skin lesions have been treated by the local application of various omtments con
taming the sterols, but thus far the effects have not been great Generalized dermato
logical conditions are more efficiently treated by systemc therapy but there some
times remain himited areas of the body showing an mcomplete response which seem
to benefit from addttronal local applications The local instillation of cortisone or
hydrocortisone into affected joints has been shown to be effecive Here hydrocorty
sone appears to be the more effective (Hollander e a/  1951) and this may be related
to the slower absorption of hydrocortisone Apparently both rheumatord and osteo
arthntic jownts show rmprovement and the treatment has also been applied with
success 1 gout and m bursitts The duration of action of a single iyection varies
widely from a few days to several weeks In this case too local therapy of one or two
unusually troublesome joints can supplement systemuc therapy

Local therapy of asthma by the inhalation of cortisone m the form of an aerosol
has been successful (Gelfand 1951) and consideration has been given to local applica
tion to such areas as the nasal mucost as well as to the bladder the vagina and the
colon

CLINICAL USE OF PURIFIED CORTICOTROPIN PREPARATIONS

Until very recently routine therapy with corticotropin was carried out by the intra

muscular or subcutaneous mjectron of aqueous solutions of crude extracts at srx to
eight hour mntervals The potency of commercial preparations varied from less than
one to two or three unts per milhigram The remarkable observation was made that
the continuous nfusion of crude corticotropin intravenously mduced a much more
marked effect than a sumilar amount given intramuscularly (Gordon 1950) Some
preparations were as much as twenty times as effective by the mtravenous route
When purer preparations of corticotropin were used chmcally 1t was immedately
apparent that they were more effecttve than would have been anticipated on the
basis of therr biological activity (Rosenberg ¢t @l 1951) and when extracts (Ast

wood Raben Payne and Grady 1g51) contaimng 8o to 100 units per milhgram
were employed a very striling enhancement in clinical effectiveness was apparent
(Raben Rosenberg Westermeyer and Astwood 1952) The ntravenous infusion
of these purer products did not greatly enhance effectiveness and thus 1n effect

purification accomplished the same result as continuous intras enous infuston of crude
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material The reason for this added effectiveness 15 not entirely clear, but one explana
tion 1 olves the local destruction of the active principle n the crude extracts at the
site of injection It 15 known that standard preparations of corticotropin contan pro
teoly tic enzymes and that these extracts lose nctivity 1n neutral solutton (Adams and
Smuth, 1g51) It would seem likely, therefore, that some destructive agent might
account for the nefficiency of the crude solutions Presumably the yjected matenal
would approach the pH of the body flutds before all of 1t 15 absorbed 1nto the circula
tion Furthermore 1t has been cJumed that many of the cruder Preparations are
destroyed on admixture with blood, while punfied corticotropin 15 not, suggesting
that there 15 an additional factor present 1n the blood acting 1 comunction with
something 1n the crude extracts which promotes the destruction of corticotropin
(Pincus Hophins, and Hechter 1952)

These findings might explam the earher failures when attempts were made to
develop efficient long acting or depot type corticotropin preparations Perhaps if the
extract were efficiently held at the site of injection 1t mght suffer still greater destruc
tion and be less effective than 1f 1t were given 1n simple 1queous solution Punfied
corticotropin on the other hand, lends 1tself well to depot type therapy Upon ad
mixture with any one of several media designed to retard absorption, the materal
appears to become more efficient so that smaller daily doses are required Gelatin 1s
one suitable retarding medium for human use 1nd a satisfactory product contains
4o umits (about 0 5 milligram) of punified corticotropin 1 1o per cent gelatin solu
tion Most patients can be treated by once daily myections of 0 2 to 1 0 cc of this
solutron subcutaneously the dose beng related to the severty of the condition under
treatment This added effectiveness which attends purification and incorporation
mto retarding media extends the vailable supphes of pitwitary glands and should
reduce the cost of therapy An average daily dose of o 3 milhgram would be derrved
from about 15 milligrams of crude extract which m turn would be obtained from
r20 mulligrams of pow dered antertor prtwitary—the approximate dry weight of one

hog hypophysis

RELATIVE MERITS OF CORTISONE AND CORTICOTROPIN

When 1t became hnown that cortisone 1s effective when given by mouth 1t seemed
Tikely that 1t would soon supplant corticotropsn in chmeal practice oral therapy was
more com entent than parentesal, especially as the later mvolved intramuscular in

jections of crude matenal at six hour intervals Cortisone was found to have the added
advantage of mducing less retention of water and salt than corticotropin and ws
preferable for those patients with impaired circulation or dimmushed renal funcuonal
capaaty [t soon became apparent, however, that some conditions did not respond
as well to cortisone as to corticotroptn  severe asthmatic attacks could not be inter

rupted even with as much as one half gram of cortisone daily and comparably large
doses were needed m other severe d such as pemph perartents, dis

sernated lupus and acquired haemolytic anacma Individual cases of rheumnt;)(l‘d
arthntis and other less severe conditions were also found to respond more quic! ')
and more completely to corticotropin When punfied corticotropin became mall

able in 2 form permutting delayed absorption therpy could be provided by 1 single
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subcutaneous mjection every twenty four to forty eight hours, panents could ad
mmster the small volume of o 2 to 1 0 cc themselves usaing a fine hy podermic needle
and a steady effect could thereby be achieved The large differential of conventence
was thus greatly reduced and some patients prefer corticotropin taken in this way
to cortisone taken throughout the day and mght by mouth

Tt seems likely, too that for some years to come corticotropin therapy will be less
expensive than treatment with adrenal cortical sterords A mimmal daily dose of
100200 mulligrams of cortisone now costs the patient 1bout £1 per day and 1t seems
unlikely that this cost will be greatly reduced mn the immedhate future It should be
possible however to reduce greatly the cost of corticotropm  One pound of pituitary
powder at the current mrhet price of £40 should provide enough purified cortico
tropin for four thousand treatment dvys If the cost of preparation did not greatly
exceed the cost of the raw material the expense to the patient should be about one
shilling per day Currently 1n the United States therapy with purnified corticotropin
1 gelatin costs an average of $1 0o per day and 1t 1s anticipted that this figure will
soon be reduced
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Clinical Responses as Illustrated
by Treatment of the Rheumatic Diseases

by

G D KERSLEY

Rheumatism Research Unat of the South VW est and Oxford Regions
Rosal Natwonal Hosptal for Rheumatic Diseases Bath

OWING to the need for brevity 1t 15 quite impossible to discuss the climical responses
to cortisone of all the large number of conditions for which 1t has been used The
reason why acquired but not congental acholuric jaundice 15 controlled  the ethucs
of the use of cortisone 1n acute leukaemma and 1ts mode of action and 1ts theoretical
dangers of spreading tuberculosts when u ed 1 sarcoidosts are all most mnteresting
questions There 15 no time even to touch on these I will confine myself to the prin
caples governing the practical uses of cortisone llustrating them by reference
especially to the rheumatc group of diseases and then comment on chmeal resistance
to these hormones

BASIC CONDITIONS GOVERNING THERAPY

Cortisone as we have heard has a penipheral effect possibly after 1ts alteration in
the body to hydrocortisone or some stmilar compound and also a central effect in
combating shock It controls hyper ergy and reduces the formation of new scar
tissue Its action as we well know 15 only temporary In order to give a clear answer
as to the value of cortisone 1 any particular case a consideration of both the seed and
the sotl 15 necessary By seed 15 denoted the varous physiologtcal effects of cortisone
and by the soil the patient We must constder the disease under treatment the stage
of the disease and 1ts normal natural history and also any other disease from which
the patient may suffer and which may be affected by undesirable side effects of
cortisone—peptic ulceration drabetes, tuberculosts or psychosis Hyper ergy may
kill annoy or protect and the same may be said of scar tissue The effect of cortisone
on these processes may therefore be either beneficial or detnimental Sweeping
statements as to the value of cortisone and ACTH are not warranted and each case
requires consideration on 1its individual merits

The ltkening of cortisone to an asbestos suit, which temporanly protects but
neither puts out the flame nor deals with the ashes 15 well known Another useful
sumile 1s the recharging of an accumulator as this brings out the necessity for keeping
the headlights turned off 1f the recharging 1s to produce the desired effect
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EXAMPLES OF USE

In ophthalmology cortisone may save sight by holding up a hyper ergic mflam
mation which wsould be follow ed by vasculanzation, but it has been proyed to preyent
or delay healing In burns 1t may be of value i the shock phase and later to pres ent
scar formation but use of antibiotics and antiseptics are then doubly mportant In
generahized lupus large quantiies for a long time are essential if treatment 1s to be
worth while, yet in a difficult case of Addison’s disease a very small quantity used
physiologically, together with DCA will make all the difference to adequate
control

In rheumatic fever, ACTH and cortisone are said by some to have a ssimlar action
clinically to the salicy lates—while removing jomnt symptoms fever and tachycardra,
cardiac lesions and nodules have been known to develop

In rheumatoid arthritis symptoms are usually erther controlled or much modified
temporarly by these hormones and on these grounds they have been proved to be of
value (1) to control an 1cute onset or cxacerbation due to a temporary or removable
cause (2) to assist i rehabilitation of the more chrome case that 1s just fuling to
make the grade of worhing or caning for himself—w1th physical treatment encourage
ment and modification of the mode of Ining or working, many such cases can be
helped matenally by a short course of treatment, (3) for use, uken necessap, after
surgery m active theumatord arthritis—it should be remembered that in some cases
the shock of the hnife seems to reduce the actwaty of the diease, (4) to cover mam
pulative treatment to straighten flexed knees and reduce other contractures—wc
are at the moment engaged on a sertes of such cases under the auspices of the \uffield
Foundation and the Medical Research Counail, and the immedtate results appear to
be encouraging 1n so far as the patient has less reaction and pan after the mampul
tion
Work 15 at present being carried out here 1n a combined operation with the Bath
and Bristol orthopaedists to see whether cortisone will improve the results of cup
Arthroplasty of the hip It 1s too early to assess the results but so far there have at
least been no untoward results

In long term treatment the value 15 much more debatable, and the tendency
towards peptic ulceration drabetes tuberculosts thrombosis or psychosts s a defimic
contra indication The large majonty of cases relapse when treatment 1s stopped and
when more than 50 or at the most 75 mg of cortisone per day 1s required to pro
duce a reasonable control of symptoms, comphcations are such that prolongation
of treatment 15 usually not advisable There 15 also a danger of taking the brake
off * with cortisone and hence actually mcreasing joint damage

It1s of interest that ACTH like effects have been claymed for mitragen mustard and
aminoptyrtn  both presumably acting hike the hypoglycacmia we have been 1n
vestigating here as stressors stunulating the pitwitary adrenal axis They alco are said
to cause an cosinopenia and an mncrease in 17 ketosterowd excretion

RESISTANGE TO TREATMENT

flect of ACTH and cortisone on rheumatoid arthntis [ said the

ng of the e
In speabing but ths 1s not imvan1bly the case

symptoms could usually be controlled temporanisy
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and clinical response does not always comncide with laboratory responses especrally
with regard to the depression of the circulating eosmophls

Our first evidence of lack of correlation w1s obtaned 1n our attempts to sumulate
the pituitary wath hypoglycaemsa and here we found n excellent eosinophul response
almost nzariably but only 44 per cent showed a defimite clintcal improvement

Stnce then we have observed two cases that have been completely and one almost
resistant climeally to ACTH 1n large dosage They had nerther signs nor symptoms
of adrenal fulure Keppler tests were normal and other brochemical responses
appeared normal One case was also completely resistint to cortisone

A study of such failures may help to elucidate further the mechanism of action
the successes In the enzymology of the tissues and their control by other organs
possibly the spleen and Inver the answer may rest Iwould Iike to cite two examples

G B male aged twenty two had suffered from severe and very active rtheumatoid
arthnts for four years His ES R was 113 mm (Westergren) He was completely
achlorhydric Dunng control 1mjections and with 100 mg ACTH there was no
change 1 his chnical condition or 1n his excretion of 17 hetosteroids or oxysteroids
‘With 200 mg cortisone however there was a good chnical response a drop in the
unnary ketosteroids and a possibly sigmficant increase 1n the cortins After this test
a pertod of four months elapsed duning which time a splenectomy was performed
He then had another period of control mjections and 400 mg ACTH per day with
no chmeal change but a shght increase 1 cortins on the fifth day As it was felt that
non absorption of ACTH mught be the cause of the absence of clinical response he
was then ginen ACTH intravenously—20 mg on the first day by dnp over an
exght hour period and 100 mg on the second day again without response

The uric acd creatimne ratio 1n the urine showed no sigmficant change at any
time during the expenment Throughout there was a satisfz y Thorn test—with
the mtravenous ACTH the drop n eosinophils being g2 per cent Nerther ascorbic
acid nor small doses of thyrowun affected the chinical result

TS 2 male aged thirty seven had suffered from active rheumatoid arthnitis
for three years ESR 57 mm (Westergren) This patient agan was achlor
hydric With 200 mg ACTH per day there was no response climcally or 1n unnary
steroid excretion With 400 mg again there was no chnical response but a shight
mcrease 1n the 17 ketosteroids After a rest penod he was then gren 500 mg
cortisone per day with no chinical rmprovement at all but there was a doubtfully
significant decrease 1n 17 hetosterords and icrease i unnary cortins Intravenous
ACTH 20 and then 100 mg again was without effect As in the previous case
there was no sigmficant vanation in the urnic aaid creatmme ratio The eostnophil
respon e throughout was satisfactory averaging about 70 per cent decrease when
1t was exarmined Ascorbic acid and thyrowun agam failed to potentiate the AGTH

By courtesy of Dr Ress the thyroid index was estimated with radio odine and
found to be 2 6 1e within the low range of normalrty

This patient was then given two intra articular myjections of 50 mg cortisone
and then two 1njections nto an mnflamed wrst Jomnt of 50 mg hydrocortisone
acetate with no general or local smprovement or €0S1nOPEnIC response

The absence of climeal response 15 perhaps not surprising since cortisone and
ACTH are not specifics for rtheumatord arthritic and strilar €xceptions occur to

223



G D RERSLEY

the rule that pregnancy temporanly reduces the activity of this disease—in a few
cases 1t appears even to aggravate the condition

The absence of correlation between the climical response and eosinophil depression
mght actually be expected, m view of Professor Young s recent work on separate
adrenal weight increasing and ascorbic actd depleting fractions of ACTH

To summarnize the position one may state that, though there 15 so much we do not
know about the fundamental action of cortisone and AGIH, we are 1n this country
formulating an opmmon of its chinical value The enthusiastic swing has returned
to the vertucal and there are signs i some quarters of an over swing 1n the other
direction The therapeutic value of cortisone n ophthalmology 1s acknowledged
even by the most sceptical, and 1t 1s finding 1ts place 1n the treatment of many other
conditions, not as a cure, but as a useful tool We feel, however, that its uncontrolled
use may well be a danger, especially m suppression of symptoms of other disease
and infection In long term treatment, 1ts side effects including those on wound
healing and thromboss, and 1ts withdrawal symptoms and their psychological con
sequences may become a serrous menace

Duscussion

ON PAPERS BY (I) ASTWOOD (2) KERSLEY
Charrman C B Perpy

Dr P Ellman 1 should hike to congratulate both Dr Astwood and Dr hersley on
thewr excellent papers and to ask ther advice on a case of rheumatord arthritis with
adrenal nsufficency Incidentally only five other cases of this combination have
been reported 1n the hiterature three in France in 1947 and two 1n Amerca in 1950
and 1951 The patient was 1 woman aged fifty three with a history of acute poly
arthritis i 1947 which was successfully dealt with by six weeks routine treatmentmn
bed and a course of gold mnjections In 1949 a recurrence of the condition was treated
in the same way In 1950 she devcloped lobar pneumonta from which she made a
good recovery but she now has dizziness attachs of severe yoriting at Jeast four times
a weck, and has bronzing of the face chest and arms In September 1951 2 diagnosis
was made of adrenal nsuffictency with rtheum=tord disease

We investigated the different effects of treatment with ACTH, cortisone DCA
and the combined effects of cortisone and DCA implant tn relation to the patient s
eosinophil count nght hand gnp, E S R, weight, water diresis blood pressure,
serum electrolytes urinary chlorides, urinary 17 ketosteroids, shin colour, and the
amount of wnist pain and swelling

Treatment with 45 mg of ACTH a day caused dumnution of the wnst pamn
and swelling with improsement of the nght hand gnp and disappearance of the
rochlear gland The eostnoplul count was lowered but the LS R and body
pnchanged as was the shin colour There was a feeling of well being and
blood pressure rose from 6o to 80 mm of mercury The serum chloride

epits
weirght were
the diastohc
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increased to 550 mg per cent while the unnary chlorides fell to less than 10 mg
per cent there being no change 1 the water diuresis or 17 ketosteroid excretion
Cortisone 1n doses of 25 mg a day for three days, followed by 50 mg a day for
ten days and finally 75 mg a day for - further ten days caused almost complete
relief of the joint symptoms with a corresponding :mprovement in the right hand
gnip and disappearance of the epitrochlear gland There was marked euphona, the
diastolic blood pressure was 8o mm of mercury and the ES R fell to 10 mm 1n one
hour The skin became highter 1n colour but there was no mcrease 1 weight The
eosmophil count rose to 200 per cu mm  the serum sodium to 346 mg per cent and
the serum chlonde to 562 mg per cent while there was no increase in the urmnary
chlonde which remained below 10 mg per cent The maximum water diurests was
1,080 ml and the patient felt much stronger
Qn reducing the cortisone dosage to 25 mg a day by reason of shortage of supply
the pam recurred and on withdrawal of the cortisone altogether the patient became
depressed, lassitude and fatigue appeared on the second day, and by the fourth day
the epatrochlear gland was again palpable
Dr Bishop then suggested giving 5 mg of DCA and 6 grs of salt per day
The response was favourable as far as the adrenal symptoms were concerned so an
mmplant of 300 mg of DCA (approumately equal to a daily dose of 1 5 mg)
was carried out The wrist symptoms increased and the nght hand grip became wea
ker whilst the epitrochlear gland became palpable The patient was depressed and
there was a shght fall m weight The ES R rose to 20 and the blood pressure at
first falling to 60 mm diastolic soon rose agam to 80 mm The unnary chlondes
remained below 10 and the total diuresis at no time exceeded the nocturnal spect
men
After the DCA mmplant the patient was discharged for two weeks She was re
admtted as soon as further cortisone supplies became available The response to
DCA as far as the jomts are concerned was very disapponting but 1t was thought
that a smaller dose of cortisone would now be needed to mamtain her joints in com
fort and to restore the water diuresss to 1ts previous level ©On readmusston her wrists
were puffy the emtrochlear glands were large and painful the nght grip was 30 mm
Hg The patient was depressed and fatigued The skin colour was good
We then studied the combined effects of cortisone and DCA smplant 25 mg
of cortisone were used by myection for eleven days and followed ubsequently by oral
doses not exceeding 50 mg 2 day Improvement m wnst joints occurred on the
eighth day of this regime and was associated with a feeling of well being The rght
grip rose after mnal fluctuations to 60 mm Hg Gradual nse of the diastohe pres
sure to an average of go mm Hg became apparent 1 the second week This was
assocrated with some sodtum and chloride retention and a further fall 1n urinary
chlondes The water diuresis became modified and nearly normal towards the end of
the 50 mg perod The ES R fell from 20 to 5 The eosinophuls gradually climbed
from 10 to 56 The weight remained constant and there was no change 1n the daily
excretion of 17 ketosteroids The haemoglobin Ievel mmtially 12 5 grams reached
14 g grams at the end of the course
The patient was discharged on a maintenance dose of 25 m
day by mouth She contnues an thus dose 2nd remasns extxefnelyg w:lf; corusone per
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—

She 15 a contact of her husband who has open tuberculosis 1nd her own Mantoux
15 posttive although she has no active disease 1 should bke to sk

1 Are we justified i conttnuing the treatment m spite of the tuberculosis risk?

2 Are we likely to get more of these combined cases with more effictent treatment
of Addison s disease? .

3 What 1s the prognosis in this case?

G [ Kersley In reply to Dr Ellman s inquiry about the treatment offus T B contact
with rheumatoid arthritis, 1f the patient 1s controlled on 25 mg of cortisone a day
and she has no obvious lesions 1n her lung I think you can carry on with the treat
ment Dr Robimson has shown that one has to give dosage of the order of at least
200 mg a day before there 1s any risk of the disastrous spread of infection that some
times occurs At this low dosage level I feel that the effect will be enurely beneficzal

L W erssbecker T agree with Dr Kersley

‘We have found that from 6-8 per cent of theumatoid arthritis patients ful to react
to erther cortisone or to ACTH Could this be due to a disturbance 1n 1ntermediary
sterord metabolism? In thirty cases of theumatord arthnitis we found that they had
a rused unnary ketosteroid level and a reduced urmary glucocorticord level The
admmistration of DCA to normals caused the 17 Letosterods to fall and the unnary
glucocorticords to nse, this may be an example of the conversion of DCA to a gluco
corticoid Posstbly the trouble with theumatoid cases that do not respond to cortisone
1s that they are unable to ‘interconvert their steroid hormones, particularly mn the
case of a desoxy oxy transformation

A similar mability to carry out this converston has been found in Addson’s disease
and 1n several cases of ulcerative colitis
G Sala In the course of the last two years, Dr Ballabio aad I have treated one hun
dred rheumate patients with cortisone and we are rather optimustic about the results
Most rheumatoid arthntis patients respond well to a daly dose of 50-75 mg of
cortisone and at this dosage level we do not usually get side effects In rheumatic
fever coruisone appears to have a beneficial effect on the general condition en the
wthritic symptoms and on the pericardial and myocardial conditions The effect
on endocarditss 1s still under study Therefore we think that cortisone treatment may
be msttuted 1n every case of rheumatic fever and i most cases of theumatord arthrt
us
H F Ttest Iwould like to tell you of two patients with rheumatoid disease whom we
treated with cortisone for more than 1 year

The first was a man aged forty exght After six months treatment, averaging 50
mg day, he developed for the first time symptoms of a duodenal ulcer At the end
of a further srx months he had a severe hacmatemesis This was treated in the usal
way, his cortisone being now given by the mntramuscular route nstead of the oral
A month Iater the ulcer was removed It was of medium size, deep and of long stand
g The thrombus i the large vessel which had bled was orgamized and already
partly recanalized apprrently unaffected by the cortisone p -

The second patient a man of twenty eight with unusually severe an cnpps g
rheumatoid disease, had a hver biopsy which showed no amyloid sublsta;cc (bﬂ
months later he began taking cornisonc After a year on 1n average daily dose (by
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mouth} of 75 mg (and a high protein diet) his Iiver weighed 6,470 grams and wa
g5 per cent amylord

C Bruce Peryy Dr West, how did you manage to learn the werght of this patient s
hver?

H F West Thatis another story  After a year s treatment he felt well in himself ind
chose a supper of fried potatoes (not usually avulable) to celebrate the occasion
‘Two weeks later he became 1l during the mght He vomuted and had some abdom
mal pain His blood pressure fell from a somewhat raised level to about 70/40 His
blood electrolytes were normal at this ttme In spite of additional cortssone and a
blood transfusion Iis blood pressure did not recover and he died on the fourth day
1n the early stages of uraemia His adrenals were replaced almost entirely by amyloid
substince The kidneys contaned very little deposit indeed

Now I expect I had better tell you how we obtamned the ulcer from the first case
He recovered from his haematemests but stopped taking cortisone on the twenty
fifth day after the haemorrhage On the thirtieth day at noon without premonitory
symptoms of adrenal insufficiency he fainted regained consciousness for a minute
vomuted anddied A post mortem was performed wathin four hours Nothing was found
to explain his sudden death Professor Yoffey has since reported the adrenal cortex
to be hustologreally normal Sections of the heart showed marked myocardial fibrosts

P P Lambert AsDr Kersley has reported on the .dmiistration of msulin m patients
with rheumatoid arthnitts I only wish to say that two years ago we performed some
sxm:lar trals Our patients recerved no more than 120 mg of AGTH in three davs
fter we started drately with 1nsubin in order to prolong the effects of

these small doses of ACTH Insulin was given mtravenously o 1 nmt per kg of body
weight three times a day at the proper time before meals

Inten 1ty of hypoglycaemia and eosinopentc effects were tested every morming—
nsubin was continued for about three weeks

Of the mine patients treated two had a rapid relapse one of them quickly develop
ing severe urticarta  one patient who had relapsed very rapidly after a three days
pertod of ACTH without insulin was successfully treated fifteen days later with
ACTH followed by msulin In the six other patients there was no relapse for sixteen
to twenty days after suppression of ACTH Some climcal benefit could be observed
during the insulm period for instance the time taken to walk a defimite distance
decreased or rt d constant sed 10n rate and plasma fibnnogen remamed
low for a few days then went up without reaching the pretreatment level In most
cases after three weeks of treatment insensthility to insulin appeared which was
demonstrated by a very low response 1n the eosinopenic test and this seemed clearly
associated with the clinical relapse

We do not think that hypoglycaemta 1s a good treatment for rheumatoid arthritis
We merely feel that 1t helped to avoid the severe relapses frequently observed after
short periods of treatment with ACTH

P A Basteme Dr West s patient died of hypoglycaema
C B Pery What 1s the posinon of ACTH and cortisone 1 regard to sarcoid ?
J M lofy Whats the present attitude towards the effects of ACTH and steroids
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on leuhaemic conditions, and also 1n anaemia® Our own bone marraw work n
guinea pigs seems to suggest 2 defimite erythroporetic action
E B Astuoed 1 have no authonty to speak on blood disease but I have seen seieral
of Dr Dameshek s cases Cases of acute }ymphatic leuhaemia in children respond
temporartly quite well but 1n adults leukaemia scems to be aggravated by cortisone
Cases of acquired haemolytic anaema seem to do very well 1 have only seen two
cases of sarcoid and 1n neither did at have any effect However other observers have
obtamed more promising results particularly 1n sarcoid disease of the lung

In connecnion with the resistance of some patients to ACTH, Dr Thorn says that
be has seen many cases resistant to commercal preparations but all of them were
responsive when purified preparations were used

As regards Dr West s 100200 mg of cortisone a day for a year—it would sutely
cause marhed metabolic disturbances mcluding presumably atrophy of the supra
Tenal cortex Dr Vest has shown dramatically one of the greatest disadyantages of
cortisone that 1s the nduced adrenocortical msufficiency
Hugh Jolly Inthe Umted States both ACTH and cortisone are used 1n the treatment of
acute leuhaemia mn children and my expenence was that indnaduals vaned in therr
preference as 10 which of these drugs was used However 1 almost ail centres one
or other of these drugs 15 given and nowhere did I find the attitude that the children
should be permutted to die without attempted therapy Both in terms of the blood
picture, and the general chinieal condition 1t 1s usual to obtam an immediate re
sponse which may last for a few weeks and someames months I was parpcularly
tmpressed by the ymmedzate disappearance of bone puns, which are often severe
with this form of therapy

Once the condition relapses it 15 usual to turn to ammopterin and when this drug
loses 1ts effect to turn back to ACTH or cortisone The longest survnval that I heard
of on this reqme was three years
F F R Duthie In theumatord arthrus the dose of cortisone which 15 required to
suppress the inflammatory process frequently cuses signs of hyperadrenalism This
would suggest that the hormone 15 not metabolized by the tissue on which st acts as
signs of hyperadrenalism appear with equal frequency 1n cases with many jomnts
affected and those with mummal signs of activity It may be that the hormone acts
1 stages or that 1t 1s metabolites which are active mn suppressing mnflammacon
E B Istuood Direct observation refutes the 1dea that large areas of mflammation
necd large doses of hormone The hormone does not appear to be used up asyt works
and there does not seem to be an mncreased utihzation of the hormone by the diseased
tssues  Severely 11! patients extubit overdosage effects with the same quantity of
hormone as do normal persons
F Verzar 1wasvery impressed by Professor Cameron, who seems to have come (o the
same answer as the physiologists that 1t 1s 1 change in the metabolism of the tissue
cells that occurs after cortisone therapy What 1s this change? Isat that the carbo;
hydrate metabolism 1s altered and that this causes secondary changes i the muner

?
lance of potassium and sodrum
haHom do !I;rgc dases of cortrsone relies ¢ ¢he pawn 1 theumatord arthnits? It may be
that 1 the muscle etc thereis an enzyme disturbance of carbohydrite metabolism
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so that large of p 1 late outside the cells If potassium s
Lewis s pam substance xts presence intramuscularly may be the cause of the pam
Large doses of cortisone may restore the enzyme system to normal and cause the
excessive extracellular potassium to return to the cells This 15 of course, pure
speculation

H Hoagland Should not DCA be pain relieving m this case? When 1t 15 mnjected
into a joint?

F Terzar No DCA mght only work after its relatively slow transformation mnto
11 oxy compounds

H Hoagland 1 have seen some very rapid results with DCA

H F Robinson Two years ago 1t was fashionable to publish the good effects of cortr
sone or ACTH therapy, now 1t 1s becormung more fashionable to publish the 1l effects
of therapy The latter 15 partially due to the fict that 1t 1s no longer news to publish
on the therapeutic value of cortisone in rheumatoid arthntis etc However 1tis news
to pomnt out that one patient 1n a thousand develops a prolonged clotting time I
beleve that eventually a happy medim will be reached and cortisone and ACTH
will enjoy wide usage 1n chinical medicme

A G Bakie Dameshek s suggestion of increased erythropolesis due to cortisone or
ACTH 13 apparently based on work done on acquired haemolytc anaemra Wintrobe
and others have been unable to show any effect of cortisone or ACTH 1 cases of
aplastic anaemia etc There 1s no evidence of these hormones having a sigmficant
erythropoletic effect except 1n cases where there 15 an antigen anttbody reaction In
these cases there 1s often a dramatic response

J M Zoffy There ss always a muld hypochromic anaemia mn rheumatord arthritis
and I believe that these hormones have 1 marhed effect on that

F F R Duthie That s true but intravenous 1ron may also correct the anaemia 1n
some of these cases One can get a change of haemoglobin from 60-go per cent
without altermng the degree of haemoglobination of the individual cells In one or
two cases of rheumatoid arthritts with a severe degree of anaemia we have found the
Coombs test to be positive and the possibility exsts that the anaemua 1s due to m
creased destructron of red blood cells

L VW essbecker In Fresburg we have noticed a reticulocytosis of from g0-60 reticu
locyes per 1 000 red blood cells m cases of rh d arthnts treat
ment with cortisone or ACTH We have also noticed a thrombocytosis
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