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PREFACE

Tae subject of the conference of which this volume eontnins
the proceedings was suggested jointly by Dr. Gregory Pincus
and Prof, G. W. Thorn. The Ciba Foundation had already
devoted 12 of its previous 25 small international conferences
to the consideration of endoerinological prolilems, and the
Director gladly agreed to provide a further opportunity for
discussion of hormonal research, this time on the human
adrenal cortex,

The extent of the material to be considered, and the extreme
difficulty of limiting the membership in so active a ficld to a
number at which informal discussions in a round-table manner
could be obtamed, led to a division of the Colloguimm into two
halves: the first, concerned mainly with histologieal and
biochemical nspects and cortico-medullary  relationships,
being held in April under the chairmanship of Dr. Pincus;
and the sccond, on physiological and pathological aspects
and hypothalamic and pituitary relationships, takg place
in June with Dr. Thorn in the chair. To both the Chairmen
the Director of the Ciba Foundation is deeply indebted, not
only for the original idea of the Colloqumum and for presiding
over it, but also for much nformation and advice on 1ts
organisation,

Though primanly concerned with the human adrenal
cortex, neither the Chairmen nor the Director had any wish
to exclude useful supporting information from animal experi-
ments. The reader will also observe that considerable latitude,
in reference to antmal work and to more general endoerino-
logical physiology, was permitted to the authors who were
considering the influence of hypothalamus and pitustary on
the adrenal cortex.

To those to whom this book serves as an introduction to the
activities of the Ciba Foundation it should be cxplained that
it is an international centre, which is established as an
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educational and scientific charity under the laws of England.
It owes its inception and support to its founder, Ciba Ltd. of
Switzerland, but is administered independently and
exclusively by its distinguished British Trustees.

The Foundation provides accommodation for scientific
waorkers who visit London from abroad, organizes and holds
international sy duets {in con;unctxon mth the
Institut National Hygiéne) a postgraduat
scheme between England and France, arranges informal
meetings for discussions, awards an annual lectureship, has
embarked on a scheme to encourage basic research relevant
to the problems of agemng, assists international congresses
and other scientific societies, 15 building up a hibrary service in
special fields, and generally endeavours to give aid in all
matters that may promote international co-operation in
scientific research,

Leading research wotkers from different countries and in
different disciplines are invited to attend the symposm or
colloguia. The size of the groups is, however, very strictly
limited in order to obtain a frec conversational manner of
diseussion—although the basic timetable of the programme is
strictly observed.  The smallness of the gronps means the
exclusion of many other workers active and interested in the
subjects di: d, and therefore the proceedings of these
conferences are published and made avnilahle throughout the
world.

1t is hoped that the papers and discussions in thus book will
prove not only informative and stnmulatmg, but will also give
g readers a sense of participation in an informal and friendly
oceasion.
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FOREWORD -
by

Proressor A. HaDpow, D.sc., PI.D., M.D.

OF all the branches of physiology and chemistry having a
direct bearing on the cancer problem, steroid endocrinology
holds a key position, and is certain to figure prominently—
possibly decisively-~in the ultimate solution, It is not with-
out significance, and is perhaps prophetic, that the first
example of this physiclogical control of one type of human
cancer, namely the cestrogen treatment of carcinoma of the
prostate, should have sprung from this field. Even if the
present situation is one of extreme complexity, with in-
numerable anomalies and paradoxes, the subject shows every
sign of active growth, with each fresh development having
an immediste impact upon one or other aspect of the tumour
problem. In all these circumstances the Ciba Foundation
conference on Steroid Hormones and Cancer served a valuable
purpose. If recent years have scen advances, as for instance
in our knowledge of the infl of steroid h on the
appearance and behaviour of tumours of the mammary
gland, pituitary and gonads, there is also need for constant
revision, and 1t is refreshing to find, for example, that the
moderately simple interpretation of an anti-androgenic
mechanism 1n the control of cancer of the prostate, so far
accepted, is itself now open to some question. The con-
ference further provided useful discussion of the metabolic
functions of the steroid hormones, of the tumour-host
relationship, and of the nature and significance of alterations
in the steroid excretion, leading especially to the newer view
that the origin of neoplastic disease may be associated with
an adrenal-gonad insufficiency of a hitherto unexpected
kind, We owe a considerable debt of gratitude not only to

xix
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the Ciba Foundation itself and to those workers from the
United States, Canada, the Continent and England who
contributed authontative papers, but also to Dr. G, E. W.
Wolstenholme, Miss M. P, Cameron and Mr. J. M. Garratt
for their work of editorship which has allowed the proceedings
of the conference to be available in permanent form.



PART I

THE INDUCTION OF NORMAL AND MALIGNANT
GROWTH WITH STEROIDS AND RELATED
SUBSTANCES

STEROIDS IN RELATION TO CANCER FROM
THE CHEMICAL ASPECT

C. W. SHOPPEE

Forrowixe the original production of malignant skin
tumours in the laboratory with coal tar by Yamagiwa and
Ichikawa in 1015, the work of Bloch, Passey, Leitch,
Kennaway, Mayneord, Cook and Hieger led during the
decade 1920-30 to the discovery of the carci ic hydro-
cerbons.  L:2:5:6-Dibenzanthracene (1), the first synthetic

inogen, was soon ded in 1988 by 3:4-benzpyrenc
(II) and other polycychc aromatic hydrocarhons. Because
methyl-cholanthrene (IIT) can be regarded as a 5:6:10-
trisubstituted-1:2-benzanthracene, Cook predicted that it
would be ecarcinogenic, and Cook and Haslewood in 1934
showed it to be highly potent. -
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In 1932, the chemical structure of the steroids was eluci-
dated and the formula of cholesterol (IV) settled (Wieland,
Windaus, Rosenheim and King); this formula with the
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addition of the stereochemical detail* shown in (V) is now
completely established by the work of Wieland and Dane in
1933, Reichstein and Sorkin in 1946, and i in 194T by Shoppee
and Cornforth and Robi Stereoc} try is
important 1n relation to biological activity.
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In 1933, Wieland and Dane converted deoxycholie acid
(VI) via dehydronorcholene (VII) into methylcholanthrene
(VIIL). The high carcinogenic potency of methylcholanthrene
and its close structural relationship to the steroids, which was
fully appreciated by Cook even before the transformation
(VI—>VIII) was achieved, led to the suggestion associated
with the names of Cook, Kennaway and Dodds that carcino-
genic hydrocarbons might arise from steroids occurring
naturally in the organism.
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There 15, however, no direct evidence that these reactions,
although attainable in the laboratory, oceur under physio-

- logical conditions. It was reported by Druckrey, Richter,
and Vierthaler in 1911 that benzene extracts of Bacillus coli
cultures gmvm in the presence of dehydronorcholene (VII)
i in rats; this activity is not due

¥

«Full-line and broken-line bonds show the position of groups above or below
1he general plane of the nng system.
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to some transformation product of dehydronorcholene
b this subst which is i ic, is unaltered
by B. coli, as shown by Butenandt and Dannenberg in 1950,
It seems therefore that the transfc tion (VI—-VIII) is
not biologically significant, although (VI) may produce
sarcomas in mice (Kennaway, 1940),

An slternative and smoother path for the conversion of a
17a-hydroxy-20-ketosteroid (IX), of the type produced by
the adrenal cortex, via 8 D-homoandrostane derivative (X)
to a carcinogenic methylchrysene (XI) was suggested by
Shoppee in 1947; the stage (IN—>X} proceeds under
physiological conditions, but there is no evidence that this is
also true for the complete dehydrogenation (X~-sXI),
although analogies may be quoted, e.g. dehydrogenation of
cyclohexanecarboxylic acid to benzoic acid in the liver
(Bernhard, 1945; Dickens, 1048, 1945) and the in vivo dchy-
drogenation of ( {)-cestrone to (+)-equilenin in the pregnant
mare (Girard, 1932, 1933). The saturated hydrocarbon
17a-methyl-p-t drostane corresponding to (X) is not
carcinogenic in mice by painting; the methylchrysene (XI)
appears to be a weak carcinogen, for although it produced
To tumours in mice by painting, by the graft technique of
Horning it caused proliferation of the prostatic epithelium,
accompanted by active mitosis in the glandular epithelium,
with infiltration of the stroma, processes which 1n time might
have led to tumour formation. Nevertheless, 1t would seem
that the transformation (IX—-XI) is not significant in

regard to the develop of “sp us™ tumours,
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The analytical approach to the question of the production
of carcinogenie hydrocarbons from naturally oceurring
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addition of the stereochemical detail* shown in (V) is now
completely established by the work of Wieland and Dane in
1933, Reichstein and Sorkin in 1946, and in 1947 by Shoppee
and Cornforth and Robi Stereochemistry is
important in relation to biclogical activity.
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In 1933, Wieland and Dane converted deoxycholic acid
(V1) via dehydronorcholene (VII) into methylcholanthrene.
(VIII). The huigh carcinogenic potency of methylcholanthrene
and its close structural relationship to the steroids, which was
fully appreciated by Cook even before the transformation
(VI—>VIII) was achieved, led to the suggestion associated
with the names of Coock, I\ennaway and Dodds that carcino-
genic hydrocarbons might avise from steroids occurring
mnaturally in the organism.

“o s

coM o
-H,0-C0, - 16K

A {320°) [} fse, 350°}

w6 N ()

o vy ora

‘There is, however, no direct evidence that these reactions,
although attainable in the laboratory, occur under physio-

‘ logical conditions. It was reported by Druckrey, Richter,
* and Vierthaler in 1941 that benzene extracts of Bacillus coli
cultures grown in the p of dehydr hol {VID)
produced malignant tumours in rats; this activity is not due

*Fulline and brokenune bonds shor the position of groups above or below
the general plane of the ning system.
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this time as to the )} of the ¢ i The natural

estrogenic hormones induce normal growth of the uterine
mucoss, but arc all able to produce mammary cancer in
genetically suitable male and female mice, and also pituitary,
uterine, testicular, sut ytic and bone tumours,
The cestrogenic factor was isolated and identified by Doisy in
1936 as 8:17f-eestradiol, and the original observation of
Lacassagne in 1982 for cestrone has been confirmed by Burrows
in 1985, whilst experimental work leading to tumorigenesis
has been reported for cstradiol (Gardner, 1036), and for
equilenin and equilin (Lacassagne, 1936; Gardner, 1986).
From the chemical point of view, it is not known whether
astrogens cause or mediate in cellular proliferation; their
action is unspecifie, i h as many gens of diverse
and different chemieal types are known, but all can produce
tumours.

Reference must next be made to the striking experiments
of Woolley, Fekete and Little (1940, 1945); ina strain (CE) of
inbred mice, either ovariectomy of females or castration of
males shortly after birth gave 100 per cent yields of adreno-
cortiea! tumours which metastasized and were transplantable.
Nothing extrinsic is adminstercd to the mice and the tumour
arises in a suitable genetic muhicu by hormonal imbalance
probably occasioned by adrenal hyperactivity in compen-
sation for the absence of the gonads. Rhoads, Dobriner and
their co-workers (1947) have suggested that adrenocortical
hormone production and metabolism are very frequently
disturbed in neoplastic disease. They have 1solated from the
ketonic fractions of human urines some 42 compounds, all
steroids, of which at least 27 have been identified; one of these
compounds, 3a-hydroxy-5-isoandrost-9:11-ene-17-one (XV),
appears to be associated with cancer. In Dr. Dobriner’s
words “‘a fair statement would seem to be that this compound
is very significant but not wholly specific for cancer”; from
the chemical pont of view there can be no doubt that it is
derived by dehydration of one of the 118-hydroxy-steroids
characteristic of the adrenal corter and wwhinh cown il etk &
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steroids is by examination of lipoid-soluble material from
tumour tissue, or from unaffected organs or body fluids of
cancer cases; in this way evidence of the occurrence of car-
cinogens in human tissues has been obtained by six indepen-
dent groups of workers (Schabad, 1940; des Ligneris, 1940;
Hieger, 1940; Sannié et al., 1941; Steiner, 1942; Menke, 1942).
The tumours produced by these tissue extracts are generally
of the spindle-cell type resembling those produced by car-
cinogenic hydrocarbons, but no compound or compounds
responsible have been isolated. In an investigation of a
tissue extract from Bantu livers supplied by Dr. Hicger, the
writer found more than 85 per cent of cholesterol, and a
little of the n-paraffin C,Hg,, but the only other compounds
as yet isolated and 1dentified were oxidation products,
probably harmless, of cholesterol, namely cholestane-38:5a:68-
triol (X1II), 7-hydroxycholesterol {XIII), and 7-ketocholesterol
(XIV). It is interesting to note that the triol {XII}) and the
ketone (XIV) are produced when cholesterol is irradiated
with X-rays in an aqueous medium, whilst the diol (XIII}
results from auto-oxidation of cholesterol with molecular
oxygen at 20°C. in colloidal aqueous solution. The main
point in the present connexion is that Dr. Hieger and the
author were unable to detect in the tissue extract and after
removal of the ballast material, i.e. after about a hundredfold
concentration, any substance giving the type of ultra violet
fluorescence spectrum characteristic of polycyclic aromatic
hydrocarbons.

(3 oty [
4 K

(] L} - LS
L B’ HO oM Ho o
an
[0 xm xm)
There is o considerable body of evidence to be presented
at this conference that steroids are directly implicated in the
cancer problem, although probably nothing can be said at
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this time as to the mechanism of the connexion. The natural
cestrogenic hormones induce normal growth of the uterine
mucoss, but are sll able to produce mammary cancer in
genetically suitable male and female mice, and also pituitary,
uterine, testicular, subcutaneous, leucoeytic and bone tumotirs,
The cestrogenic factor was isolated and identified by Doisy in
1936 as B:17f-cestradiol, and the original observation of
Lacassagne in 1932 for cestrone has been confirmed by Burrows
in 19385, wlilst experimental work leading to tumorigenesis
has been reported for cestradiol (Gardner, 1938), and for
equilenin and equilin {Lacassagne, 1986; Gardner, 1936).
From the chemical pomnt of view, it is not known whether
cestrogens ecause or mediate 1n cellular proliferation; their
action is unspecific, innsmuch as many cestrogens of diverse
and different chemical types are known, but all can produce
tumours.

Reference must next be made to the striking experiments
of Woolley, Fekete and Little (1940, 1945); in a strain (CE) of
inbred mice, either ovariectomy of females or castration of
males shortly after birth gave 100 per cent yields of adreno-
cottical t which ized and weve transplantable
Nothing extrinsic is administercd to the mice and the tumour
arises in a suitable genetic milicu by hormonal imbalance
probably occasioned by adrenal hyperactivity in compen-
sation for the absence of the gonads. Rhoads, Dobriner and
their co-workers (1947) have suggested that adrenocortical
hormone production and metabolism are very frequently
disturbed in neoplastic disease. They have isolated from the
ketonic fractions of human urines some 42 compounds, all
steroids, of which at least 27 have been 1dentified; one of these

pounds, B8a-hydroxy-5 drost-9:11-ene-17-one (XV),
appears to be associated with cancer. In Dr. Dobriner’s
words “a fair statement would seem to be that this compound
is very significant but not wholly specific for cancer”; from
the chemical point of view there can be no doubt that it is
derived by dehydration of one of the 11B-hydroxy-sterolds
characteristic of the adrenal cortex, and which are subject to
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steroids is by examination of lipoid-soluble material from
tumour tissue, or from unaffected organs or body fluids of
cancer cases; in this way evidence of the occurrence of cat-
cinogens in human tissues has been obtained by six indepen-
dent groups of workers (Schabad, 1940; des Ligneris, 1940;
Hieger, 1940; Sannié et al., 1941; Steiner, 1942; Menke, 1942).
The tumours produced by these tissue extracts are generally
of the spindle-cell type bling those produced by car-
cinogenic hydrocarbens, but no compound or compounds
responsible have been isolated. In an investigation of &
tissue extract from Bantu livers supplied by Dr. Hieger, the
writer found more than 85 per cent of cholesterol, and 2
little of the n-paraffin C;gHy,, but the only other compounds
as yet isolated and identified were oxidation products,
probably harmless, of cholesterol, namely cholestane-88:5a:68-
“triol (XTI), 7-hydroxycholesterol (XIII), and 7-ketocholesterol
(XIV). Itis interesting to note that the triol (XII) and the
ketone (XIV) are produced when cholesterol is irradiated
with X-rays in an agueous medium, whilst the diol (XIII)
results from auto-oxidation of cholesterol with molecular
oxygen at 20°C. in colloidal aqueous solution. The main
point in the present connexion is that Dr, Hieger and the
author were unable to detect in the tissue extract and after
removal of the ballast material, i.e. after about a hundredfold
concentration, any substance giving the type of ultra violet
fluorescence spectrum characteristic of polycyclic aromatie
hydrocarbons.
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There is a considerable body of evidence to be presented
at this conference that steroids are directly impheated in the
cancer problem, although probably nothing can be said at
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this time as to the mechanism of the connexion, The natural
astrogenic hormones induce normal grewth of the uterine
mucoss, but are all able to produce mammary cancer in
genetically suitable male and female mice, and also pituitary,
uterine, testicular, subeutaneous, leucocytic and bone tumours,
The cestrogenic factor was isolated and identified by Doisy in
1936 as 8:178-cestradiol, and the original observation of
Lacassagne in 1932 for cestrone has been confirmed by Burrows
in 1935, whilst experimental work leading to tumorigenesis
has been reported for cestradiol (Gardner, 1986}, and for
equilenin and equilin (Lacassagne, 1936; Gardner, 1986).
From the chemical point of view, it is not known whether
cestrogens cause or mediate in cellular proliferation; their
action is unspecifie, i h as many gens of diverse
and different chemical types are known, but 2ll can produce
tumours.

Reference must next be made to the striking experiments
of Woolley, Fekete and Little (1940, 1945); in a strain (CE) of
inbred mice, either ovariectomy of females or castration of
males shortly after birth gave 100 per cent yields of adreno-
cortical tumours which metastasized and were transplantable,
Nothing extrinsic is administered to the mice and the tumour
arises in a suitable genetic milicu by hormonal imbalance
probably occasioned by adrenal hyperactivity in compen-
sation for the absence of the gonads. Rhoads, Dobriner and
their co-workers (1947) have suggested that adrenocortical
hormone production and metabolism are very frequently
disturbed 1n neoplastic disease. They have isolated from the
ketonic fractions of human urines some 42 compounds, all
steroids, of which at least 27 have been identified; one of these
compounds, 3a-hydroxy-5-isoandrost-9:11-ene-17-one (XV),
appears to be associated with cancer. In Dr. Dobriner’s
words “a fair statement would seem to be that this compound
is very significant but not wholly speeific for eancer”; from
the chemical point of view there can be no doubt that it is
derived by dehydration of one of the llﬂ hydroxy steroids
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extremely ready loss of the 118-hydroxy] group as a molecule
of water (Shoppee, 1940). There is also the recent evidence
{Hench, 1948} that Xendall’s Compound E, or Reichstein’s
Substance F, commonly known as cortisone (XVI), is highly
effective in the treatment of rheumatoid arthritis, and the
suggestion has been made that steroid hormones may be
implicated quite generally in pathological conditions. These
matters are to be further discussed by Dr. Dobriner and Dr.
Burchenal.
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Since anti-tumour activities of steroids are to be discussed
by Dr. Stock, it will be sufficient to mention the suggestion of
Lipschutz (1948) that steroid balance may be an suto-
defensive anti-tumoural device, and to refer to the work of
Professor Huggins on the effect of androgen withdrawal and *
the administration of cestrogen 1n prostatic carcinoma.
A brief ref to growth inhibition is desirable; it has
been shown by Haddow (1987 ef seq.) that there is some
correspondence between the growth inhibiting property and
the carcinogenic activity of various compounds. These
observations relate to pounds of various chemical types,
* such as aromatic hydrocarbons, aminostilbenes, and both
aliphatic and aromatic mtrogen mustards, but not to steroids;
it is therefore of interest to recall the report of Heilman and
Kendall (1944) on the effect of cortisone in inhibiting the
growth of lymphosarcomata. There seems to be a con-
siderable field of work here in the systematic exammatmn of -
steroids for effects of this kind.

The work at the Royal Cancer Hospital on the m}ubmon
of established tumours suggests thnc the primary effects of

fund

quite diverse ct T may be f Ity
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similar and that inhibitory, cffects result from cross-linking
of the protein fibres of the’ chromosomes, whilst the later
appearance of tumours atises from the subsequent genctic
change. In this connexion it is to be vecollected that the
ll-oxygcn steroids of the ﬂdrcnnl cortex, e.g. cortisone, are

dered to prod their biological effects by infl
protein mctnbohsm (Long, 1942).

To a chemist, perhaps the most striking difference in the
production of tumours by a so-called chemical carcinogen
{e.g. hydrocarbons, heterocyclic aromatic compounds, azo-
dyes, aminostilbenes, or nitrogen mustards) on the one hand,
and by a virus {e.g. the Rous agent) on the other, is the time
factor required; months are nceded by the chemieal careino-
gens, but practically no time at all by the virus. The Rous
agent appears from the available evidence to be a protein;
that it is able to induce the change from normal cell to

* malignant cell at once suggests that this change involves
protein synthesis.

Haddow (1944, 1947) has suggested that a virus may pos-
sibly function as a substitute plasmagene: so that in an
idealized model we have to envisage a bimolecular, cyto-
chemical reaction between two proteins, the chromosome fibre
and the substitute plasmagene, whereas 1f we introduce a
carcmogen, eg: methylcholanthrene, three chemical entities,

and carcinogen are d. The
probability of  termolecular reaction is however about 1,000
times less than that of a bimolecular reaction, and to achieve
the same reaction rate would require a very much lower
termolecular activation energy.

A reaction rate k may be expressed by the relation

l\oceJ—-.eA—

RT

g

where the — AH exponent relates to the heat of the reaction
and the AS exponcnt relatﬁs to entropy. This latter is

d with mol ion; if therefore a bio-
logical reaction requires molecular conformation of the
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extremely ready loss of the 118-hydroxyl group as a molecule
of water (Shoppee, 1940). There is also the recent evidence
{(Hench, 1948) that Kendall's Compound E, or Reichstein’s

Substance F, commonly knewn as cortisone (XVI), is highly |

effective in the treatment of rheumatoid arthritis, and the
suggestion has been made that steroid hormones may be
implicated quite generally in pathological conditions. These
matters are to be further discussed by Dr. Dobriner and Dr.
Burchenal.
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Since anti-tumour activities of steroids are to be discussed
by Dr. Stock, it will be sufficient to mention the suggestion of
Lipschutz (1948) that steroid balance may be an auto-
defensive anti-tumoural device, and to refer to the work of

Professor Huggins on the effect of androgen withdrawal and

the administration of cestrogen in prostatic carcinoma.

A brief reference to growth inhibition is desirable; it has
been shown by Haddow (1937 et seq.) that there is some
correspondence between the growth inhibiting property and
the carcinogenic activity of various compounds. These
observations relate to compounds of various chemical types,
such as aromatic hydrocarbons, aminostilbenes, and both
aliphatic and aromatic nitrogen mustards, but not to steroids;
it is therefore of interest to recall the report of Heilman and
Kendall (1944) on the effect of cortisone in inhibiting the
growth of lymphosurcomntn There seems to be a con-
siderable field of work here in the systematic exammntlon of
steroids for effeets of this kind. -

The work at the Royal Cancer Hospital on the inhibition
of established tumours suggests thut the primary effects of
quite diverse chemical P may be fund Iy
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produced in the orgamism. Dr. Boyland was the first to investigate the
metabolism of this type of compound Dr. Boyland and later we
ourselves were able to show that during the metabolism of the carcino-
gens, hydroxylated derivatives are formed which are not carcinogenic.
The cholesterol metabolites Dr. Shoppee mentioned are also hy droxy-
1ated compounds. . . .
hormones.

Hucerns What bonds do you get between steroids and proteins?

Suorrer' That is & very difficult question. The most obvious answer
15 that the hydroxyl group at position 3 which occurs in all natural
steroids and which 1s known, for example, to tend to form double

seems to be )t As a matter of practieal interest,

it 18 extremely dificult to get a 3-hydroxyl steroid really free from
Rl i e APPSR - i ol St -
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reactants involving loss of molecular degrees of freedom, this
will lead to a low rate of reaction. It seems thus that the
viruses, vegarded as plasmagenes, may fit some part or parts

‘of a normal chromosome with varying degrees of diffi-
culty, and in consequence produce their effects with varying
speeds. Steroids appear especially interesting because they
seem to stand intermediately between a virus, such as the

' Rous agent, and the chemical carcinogens in regard tothe
speed with which their biological effects are produced.
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of sub uld be d by the ratio shown between the
minimal eﬂecﬂ\c dose applied directly to the vagina and the minimal
effective systemic dose. A substance which has not got the two
hyqul gmups mlght conceivably be o pm-mlmgcn. nnd might be

actlv
\hu.uus \Iost of the pro-astrogens are relatively inactive com.
pounds.
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that 1t may be a w-complex.,

PULLINGER' 1 understand ‘that two-thirds of the cestrogen in the blood
is Do the know what that protemn binding
consists of?

Snorerr I don’t think they do.

Hieger: Those who have a chemical background often express a
wistful longing for the 1solation of polyeyche aromatie compounds in
the body as an explanation for human cancer. They need not be
altogether depressed at the failure to isolate such compounds, because
these might only have a temporary existence in the body, and then be
rapidly converted to some hydroxy detoxication compound. It i3
px:obable that atten‘!ion may soon be focused on quite a‘dxtfcrﬂat t)"Ee

The dehy which have been accomphshed
the laboratory are all {n vitro reactions at igh temperature, The one
attempt at an in vwo reaction by Butenandt and Dannenbaum wnh
dehy gave gative results

Sostorerviziz: With regard to molecul s 1
important to determine whether there are in fact mherent structural
related to biok 1 action, for the distance
between bydroxyl groups or hydrogen-bond formmg groups m the
estrogens
SnorpeE: I couldn't agree more that configuration 1s important, In
regard to this theory of the eritical distance of the two hydroxyl groups,
personall Id 't hke 1t. It's far tos mple and speaific. And you can

PRS-t Lol

" ..
Nalure. 161, 809).
OLLEY: \Vc should bear in mmd Emmen’s belief that there are
Ppro- tha inactive th
which ean be converted into &strogens in the body, These two groups
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THE ROLE OF DIETARY TRACE FAGTORS IN
HORMONE-INDUCED TISSUE GROWTH

R. HERTZ .

Tuts paper discusses certain studies on the necessity for
particular dietary trace factors for the optimum tissue
growth response to various steroid hormones, particulatly the
strogens. The general field of the dependence on nutritional
factors for end production of pituitary 1 e and
ovarian steroids will be omitted, because such dietary fatlures
of endogenous hormone production in various nutritional
deficiency states are highly non-specific effects. The dis-
cussion will relate more to the effects of such dietary tracc
factors on the tissue growth response to administered exo-
genous cestrogens when given in dosages which should yield
extreme or maximum tissue-growth responses, Thus, the
hormone in these studies that we will describe is not a limuting
factor; it is the capacity of the tissue to increase its mass
which will be the limiting factor. There were two dietary
factors coneerned: biotin and folic acid.

Biotin is one of the more recently identified factors of the
B-complex on whose physiological significance we have really
very little information.  We first came to know of the exis-
tence of biotin from the fact that when animals are fed a high
proportion of raw egg albumin in the diet they suffer a toxic
syndrome which has been termed the “egg-white injury
response.” Rats which have been subjected to such an egg-
white injury experiment are in cxtremely poor condition,
with loss of hair and general debility; these rats die from
biotin deficiency, The biotin deficiency comes about in-
directly because the egg-white contains a speafic protein
factor which we term avidin, This avidin has the capacity
to combine with the biotin in the diet to form an avidin-biotin

12
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complex. This complex cannot be absorbed from the gastro-
intestinal tract and passes out in the stool, Thus, these
animals become biotin-deficient.

e have found that avidin is present, not only in the albu-
min of the hen's egg, but in the egg of practically every
species of bird that we tested. e tested over twenty of
them, and found that the presence of avidin was not related
to the taxonomic origin of the bird. Avidin was also found
in the ge]ntmous muterml surroundmg the frog’s egg' this
material is the t of the albumi the
hen’s egp.  We also found it i in turtle’s eggs It secmed to
us that here was a substance which warranted further study.

In association with Dr. Fraps and others we undertook an
analysis of the avidin content of the genital tract of the
actively laying hen. We have used as an assay method for
avidin a microbiological test employing a yeast organism
which requires biotin for growth. Avidin will inhibit that
growth, and addition of biotin will restore the previously
inhibited growth.,

The avidin content of the albumin-secreting portion of the
genital tract is extremely high, and when one goes just 1 mm.
beyond the albumin-secreting portion into the shell gland
area one no longer finds avidin. It is found, however, in the

y which supplies the albumin-secreting portion of
the oviduct. We find this distnbution of avidin only if the
hen is actively laying. If the hen stops laying, as a result
of seasonal change or old age, then avidin 1s no longer found
i the genital tract. There is no avidin in a sexually immature
animsl. This supgested to us that we might try to induce
avidin formation in the three-week old chick. I will omit
the experimental details of these studies which are published
elsewhere.

Fig. 1 represents the genital tract of an untreated three-
week old New Hampshire Red chick, This 1s the size of the
structure obtained when one administers stilbeestrol for a
six day period at a maximum dosage of 1 mg. daily, or any
other mstrogen in a comparable dosage equivalent. We have

\cou. ENDOC,—1 N
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increase in the biotin content. In other words, the presence
of avidin in the genital tract does not seem to alter materially
the blood level of biotin under these experimental conditions,
The total biotin activity is shown here, namely the eapacity
of the serum to support the growth of various biotin-requiring
micro-organisms such as Lactobacillus casei, Saccharomyces
cerevisiee, and several others which were used quantitatively
to check our results.

The situation becomes complieated since Trager has
described an additional factor which he refers to as F.S.F.
a fat-soluble factor, which is present in the serum of many
species of animals and which has the capaaty to replace
biotin for the growth of many biotin-requiring organisms.
1t is not chemically biotin (it is fat soluble rather than water-
soluble) and we refer to it as the “fat-soluble factor” or as
“pseudobiotin.”

Now, when cestrogens are given to a bird a very substantial
degree of lipemia occurs. We have found, associated with
that lipsemia, a substantial increase in the amount of this
F.S.F. material. In the case of the genital tract (Table II),
there is a rather interesting situation. If biotin is adminis-
tered to a previously untreated bird there follows some
increase in the biotin content of the genital tract. Also, with

Table 11
Ovipuer BiomiN Levers v Ciiexs

Treatment No of Chicks Tatem Oruduct FEF
None . . o 190 17-0
Stilbeestrol . . 8 250 230
Stilbaestrol, Progesterone 10 270 370 \
Buotn, Stilbeestrol . 8 620 46:0
Biotin, Stilbastrol, Proges-
terone . o 9 256 0 42:0
Botn . . S 5 578 274
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used mainly stilboestrol. The mucous membrane has become
highly proliferated under cestrogen stimulation, and this is
the origin of the avidin. Under stilboestrol stimulation we get
no avidin production whatsoever, However, if we add to
the stilbeestrol 1 mg. of progesterone daily over the same
experimental period, we find extremely highA amounts of
avidin 1n the albumin-secreting portion of the genital tract.
This means that avidin production in the bird is brought about
under conditions which are quite comparable to the luteal
phase of the mammalian menstrual eycle, and that two
hormones are invelved in the induction of this specific
secretory activity. .
These ohservations made us feel that it would be worth
studying what was happening in the blood under similar
experimental conditions, In Table I there are some quantita-
tive data concerning the biotin content of the serum of birds
under various types of hormonal treatment. Again we used
sexually immature birds, about three weeks of age. The biotin
content of the untreated bird is 3-6 mug. per ml. of plasma.

‘Table I
SeruM BroTiv LEVELS IN CHICKS
Number
True Bl
T[NP oz | rogaiie | Trpn
Untreated . B 36 38 13
{8 0-4 2) (2 6-5 0) (1-1~1 7}
Stilbeestrol . . . 12 22.0 15-0 838
(17-30) (10-22) | (5-2-11 0}
Stilbestrol and
Progesterone . 8 21 0 11.0 100
(15-0-31) { (9 0-13-0) | (8 5-13-0}

Under stilbaestrol there is a very marked increase in biotin
activity. If progesterone is added to stilbeestrol, and there is
a reproduction of the endocrine condition in which the anti-
biotin, avidin, is formed, we get no substantial further
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increase in the biotin content. In other words, the presence
of avidin in the genital tract does not scem to alter materially
the blood level of biotin under these experimental conditions.
The total biotin activity is shown here, namely the capacity
of the serum to support the growth of various biotin-requiring
micro-organisms such s Lactobacillus casei, Saccharomyces
cerevisie, and several others which were used quantitatively

to check our results.

The situation becomes complieated since Trager has
described an additional factor which he refers to as F.S.F.
a fat-soluble factor, which 1s present in the serum of many
species of ammals and which has the capacity to replace
biotin for the growth of many biotin-requiring organisms.
It is not chermeally biotin (it is fat soluble ratber than water-
soluble) and we refer to 1t as the “fat-soluble factor” or as

“pseudobiotin.”

Now, when cestrogens are given to a bird a very substantial
degree of lipemia occurs. e have found, associated with
that lipemia, a substantial increase in the amount of this
F.S.F. material. In the case of the gemtal tract (Table II),
there 15 a rather interesting situation. If biotm 15 adminis-
tered to n previously untreated bird there follows some
increase in the biotin content of the genital tract. Also, with

Table IT

Ovipuer Broniy LEvELS IN Chicka

Ovaduct
Treatment No of Ciucka

Dhotin F.S.F
None ¢ 190 17-0
Stilbastrol 8 23 0 28-0
Stilbastrol, Progesterone 0 27 0 a7 0
Biotin, Stilbeestrol s 620 460

Biotin, Stlbastrol, Proges-
terone . . 0 256 0 420
Biotin 5 578 314
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stilboestrol alone, or with stilbeestrol plus progesterone, i.e.
the condition under which we get avidin formation, the pre-
sence of the avidin does not attract from the cireulation any
of the biotin content of the serum and there is no substantial
increase in biotin activity. However, if with stilbcestrol
exogenous biotin is given at the rate of 1 mg. per day (an
excess sufficient to flood the organism) a little more biotin
can be got into the genital tract. Moreover, when stilbeestrol
and progesterone are given and avidin is formed in the
genital tract, exogenous biotin is concentrated in the genital
tract in enormous propottions. In other words, this specific
glyco-protemn substance produced under specific hormonal
stimulation, can, under these conditions, attract a specific
dietary factor mnto the rapidly proliferating and secretory -
tissue. Just what that means we are not able to say at this
time, but from the standpoint of the physiology of tissue®
growth it is extremely interesting.

Our next observations were on the effect of folic acid
deficiency on cestrogen response 1n various species. When
the chick is deficient in folic acid there 1s only a slight growth
response in the genital tract, the tissues being increased three
or four times rather than forty or fifty times, as they would be
in animals on a complete diet. We used animals deficient in
rihoflavin and pyridoxine as controls against such factors as
reduced food intake and general debility, and found that such
debilitating deficiencies interfered only very slightly with the
tissue growth response to maximum doses of cestrogen. We
found also that we could get any degree of quantitative res-
ponse between a complete failure of response and a maximum
response as we restored increasing amounts of folic acid to
the diet, and that there was, therefore, a definite quantitative
interrelationship between the level of folic acid intake in the
bird and the tissue growth response to cestrogens. It is
interesting, however, that in the folic acid deficient animal
. trested with cestrogen, there is lipwmin and hypercaleemia,
metabolic evidence of the utilization of the estrogen, but the
tissue growth scems to be suppressed in some way.
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The monkey failed to show an cestrogen response when it
was on a folic acid deficient diet. In the folic acid deficient
animal there is complete pallor of the perineum, no turgidity,
very little cornification of the vaginal epithelium, and, on
microscopic_section, no proliferative response in the genital
tract despite ten days of treatment with very high dosage of
cestrogen, which in the case of the monkey was cestradiol
benzoate. Dr. Hisaw stated recently (private communica-
tion) that he has been able to carry a monkey along on

oo UNTREATED
e ANTAGOMIST + STILBESTAOL

sl == AKTACOMIST » STILBEATROL  FOLIC

P (MEAN AND 3D OF 10 CHICHS IN EACH EAOUS)

ovibucT weignY

PR TR VU R S YA ST ST S W N N T O
T2 3 4TS & T8 % % 0 e i e
AMING FYEROVL AUTAMIC ACID M MICASCRAMY
Fic. 2. Effect of anunoptenn on cstrogen response In chick
owd

cestrogen to get a prol ive end. rium; he then ad

tered folie acid antagomsts and precipitated menstruation by
the interference of the folic acid antagonists with the utiliza- _
tion of cestrogens m the monkey. Dr. Goldsmith has
shown that the folic acid antagonusts could interfere with the
frog oviduet response to cestrogens.

The chick oviduct is shown to be quantitativi ely inhibited
in its cestrogen resp in the p of g amounts
of folic acid antagonist (Fig. ") A 48-hour chlck oviduct

A
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- test was used which raised the weight of a day-old chick
oviduct from 10 mg. to 50 mg. There is a quantitative inter-
ference with the response. The figure also shows the degree
of restoration of that response when excessive amounts of
folic acid are administered, even in the presence of this dosage
of folic acid antagonist.

In the rat there is a little difficulty because a direct folic
acld deficiency cannot be produced by dietary restriction
because of the bacterial synthesis of folic acid in the intestinal
tract. Therefore, folic acid antagonists have to be used.

. Eight of them have been used so far. .

In the rat there 1s practically the same picture with x-espect
to the uterine response, this time to estradiol rather than to
stilbeestral.  Ovariectomized sexually immature ammals,
whose utert normally weigh 25-30 mg. each, average 80 mg.
after 48 hours under cestrogen. Increasing dosage of folic
acid antagonist brings this weight down almost to the level
of the control. There is a slight residual tissue cedema which
histologically appears to be simply an mncrease 1n interstitial
fluid, thus giving a slight increase in weight. Histologically,
the mutotic induction from the cestrogen 1s completely
inhibited. Here also, when fohc aecid is administered in
excessive dosage, provided the folic acid precedes the
administration of the antagonist, we get a reversal of the
inhibition. It is very essential that the folic acid be given
before the administration of the antagonist, because if the
antagonist, in this case inopterin, be administered first
it seems to become fixed in the tissue and cannot then be
displaced. However, if the organism is previously flooded
with excess folic acid the antagonist seems to have difficulty
getting into its proper place. When the system-is over-
saturated with antagomist the restoration is poor, but just
at the effective level there is practically complete restoration
of response.

It should be emphasized that the ti growth r
to the steroid hormones are critically dependent and involved
“in a quantitative and specific way with dietary trace factors.
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The important role of such a dietary trace factor as iodine
has been appreciated for years and we know how eritical such
a minute trace factor is in thyroid function. We have come
to appreciate: more that these very potent dietary trace
Inctors have a specific limiting role in the response to both
and steroid sukb ces. With the
rapid develnpment of the field of the antagonists to the
B-complex factors we begin to have some tools for the control
of hormone-induced tissue growth. From the standpoint of
practical applicability we can say, from studies with breast
cancer patients, that the available vitamin antagonists have
. such a narrow mnrgm of safcty that it is not feasnble to ry
to employ this mech lly. However, the b 1
principle is there, and perhaps with thc development of ‘more
readily tolerable antagonists there may be some practical
applications,
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DISCUSSION

Bovranp: I worked for some years on the effect of sulphamethazine
in causing hyperplasia of the testes of cockerels. A couple of years
ago Dr. Hertz suggested that this mught be due to the sulphamethazine
ha\-mg an nntpfohc -acid-| hke nctmn We then tried to reverse this

R R

sulphamethazine.
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purine antagonisis Wwould be worth study in this connection, Dr.
T DTIRCHEES YL PR erkE Study [Jn IS comeeuon, 4

diaminopurine. This may indicate a mechanism by which the cestrogen
induces the tissue growth reaction, We feel that by studying the effects
of various anmgomstw systems we may find additional ml‘ormatmn
on the specific biochemical systems tved m d tissue

owth,
Srock: Is that a true reversnl ‘with adenine, or is 1t lechg?

T P - e Aicima in am 4ha gaeme hacic ac tha weyenca]

Herrz: No

BurcneNaL: T think the citrovorum factor would be very interesting.
It does seem to have more effect 1n preventing the anti-leuksemic effect
of the antifolics. The fole acid always has to be given ahead of time,
Just as m your expenments, whereas with the atrovorum factor you
can get considerable effect if it is given at the same time, or even an
hour aftervards.

Hcrrrz' I understand that it is much more effective in general against
the toxic effects of the folic antagonists

I}m\cm:NAL It seems to be. On the other hsnd nf ‘you lmve got very
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requires an entirely different set of nutritional factors. We have found
hat ldoxme is cnucally requu-cd for nndro n responsc n the semlnnl

et dgirim

speciﬁc‘; respondms end organ requires in higher amounts when respond-
ing to endogenous hormone,

Forrey: We have done some work on the response of the mammary
gland to wstrogen n relation to aminopterin, and we have not been
able to show any interference either with the acuon‘ot endogenous
e beem e etTar 8 Aeis aeer ebmrann NV e Lo

] f .

You use to obtain the results you showed with the rat?

Herrz; An enormous dosage, 10 micrograms.
lFm.uax': And how much ammoptenn would suppress the effect of
that?

HerTz: About 25 pg. would be sufficient to suppress completely the
iological effect.

Your pont sbout the general body growth is very pertwent. In
studying the cluck and the rat we used as controls anmals \n!h  other

Aafidianner cbabnn erenle e

Cerecedo and others, does have deficient lactation, yet there 15 some

FoLrey: Well, the mammary gland 15 certamly very sensitive to

per day and over that period the antagonist 1s 50 toxie that the mts die
of anzerma.
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Vhat other fo’hc acid gonists have p d this of
‘ Qe K

~ .
szgz'tz: I didn’t have time to include the data on 2,6-diaminopurine.
CE < T ST s gama

on the specIne DIOCHUEINICAL SYSLEIS LIVUIVLU 1 WstUpts sismacs s
growth.
Srock. Is that a true reversal ith demne, or 151t hlockmg?
4hn rama hacle ac the reversal
» antago-
of terms.

Herrz No. .

mnrbine

Just as mn your experrments, whereas with the aitroverum Lacwol you
can get considerable effect 1f it is given at the same time, or even an

hour afterwards.
A i T - - -®e-st- e ~apersl] ngainst

. 1ave got very
. * don’t believe

n factor, but
olics on the

Esbn £aden
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PR S I T B Y

Another point is that avidin is a potent antibacterial agent and almost
all organisms require biotin for growth, You can take a frog’s egg out
of a very polluted pond and culture the internal part of the egg and
find it stenile.

BurenexNaw: You mean that besides binding with biotin, keeping it
from being absorbed througlhs the gut wall, avidin also keeps bacteria
from using the biotin?

Herrz: Yes, and that is the basis of our microbiological test for
avidin. It mterferes quantitatively with the growth of any organism
§}uc1| requires biotin, and you get quantitatie reversal with excess of

iotin

Beca: Is there any avidin in the mammalian orgamism?

Herrz: The )! f the albs portion of the hen's
oviduct 1s the middle portion of the Fallopian tube  We tested mucosal
scrapings from the Fallopian tube of the cow, the sheep, the mbbat,
guinea pig, rat, and mouse, and we always found a little biotin, but
never any avidin. Tins ought, however, be due to contamination with
blood, or to techmical difficulties,

Cornen: Did you consider the time of the cycle?

Herrz, In the rabbit, we tested in the post-copulatory period, and
in the other mammals in the post-ovulatory phase of the eycle, .

FoLrey' Is there any avidin in the albumin around the rabbit ovum?

HerTz, We have looked for avidm in the mucosa which secretes the
envelope and have failed to find it
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Herrz: In most of our studies we are dealing with a 2.4 day test
period. In comb growth studies we deal with an eight-day period
in the ehick, and that 1s feasible.

Burenenaw: Could you not scale your dose down?

FoLLEY: We've done that, and 6 pg. a day seems to be satisfactory
for our rats as far as toxicity is concerned, but then you don’t get any
effect on the mammary growth.

Hertz: There are very marked differences in tissues. Dr. Nelson
at Berkeley showed me her studies on the effects of fohe acid antagonists

on the young of Tats, beg & of anta.

gonist eurly n the p y. She has d extreme ab

i ¢t devalonmant fretuses which are some three to four hm'es
\ T eituaty

.
)

tissues,

Wizians. Has anyone tried to apply those substances locally, intra-
vaginally?

Herrz: I don't know of any studies. It should be feasible.

WiLLrams, Do chickens have corpora lutea, and do they produce
progesterone?

Hertz: Dr. Fraps at Beltsville has shown that a second steroid
substance 15 required for ovulation m the bid, and when he gives

- smimmvamancdy $n larpe dosage during the pre-‘av‘xilatnry

F
1
1 .
i
. '
\ t
. 1
e . lone on e dviuad
" - *  serum content of
-t ' - natural source of

. hich Kogl isclated

. . widin to neutralize

CEEE . you make a homo-,
’
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the development of lymphoid tumours in mice yiclded no
uniform results.

The present experiments, which in part had originally been
carried out in 1940 and 1941 and described by Dmochowski
and Horning (1917), were undertaken to investigate the
influence of cestrone alone and cestrone combined with castra-
tion on the lyrophoid tissues of male mice of two partially
inbred but non-homozygous, the so-called Hunt or “H" and
MRC xHunt or “R xH,” stocks. The incidence of lymphoid
tumours in female mice of these stocks 1s less than 1 per cent.
The male mice of each stock were divided into three groups:
those of the first were castrated and then painted with

« cestrone; those of the second were panted but not eastrated;

those of the third served as controls. Mice were castrated when
three to four weeks old. Keto-hydroxy-cestrone in a 0-01 per
cent solution in chloroform was applied twice weekly, starting
one week after the operation, or at a similar age to the males
which were pamnted only. Mice of the Hunt stock were painted
for six months, and those of the “R x H" stock for four months.

The changes induced in the lymphoid tissues of the male
mice of these two stocks were divided into three groups: those
of the lymph nodes and other organs without changes in the
thymus; those involving the thymus gland alone; those of
the thymus, lymph nodes and other tissues and organs. The
results are shown in Table 1.

Tnble l

Errecr or E: on Lymruiotn Tissues
oF MAL: HICE or “Il" AND “RxH" STrAINS

Number fice e with
Seran of Erpersmental Procedure of Muwe '-gw""“‘ Thumus
Surrwing I’tmnhlge Prreenioge
Castration and Pamting 05 585 184
Pamting . 53 13 167
Castration and Pamting 46 698 87-5 |
Pamnting . . 48 188 333




THE INFLUENCE OF THE MALE AND FEMALE
SEX HORMONES ON THE DEVELOPMENT OF
LYMPHOID TUMOURS IN MICE

L. DMOCHOWSKI and E. §. HORNING

TrE influence of the female sex hormone on the develop-
ment of lymphoid tumours 1n mice was demonstrated by the
observations of Mercier n 1938 and of Cole and Furth in
1941 that female mice of some strains have a higher incidence
of lymphoid tumours than male mice of these strains. It was
also demonstrated by the induction of these tumours in male
mice with cestrogens (Lacassagne, 1987; Gardner, 1987),
as well as by an ncreased ncidence of lymphoid tumours as
shown by Gardner, Kirschbaum and Strong in 1940; and
by an earlier appearance of these tumours following acstrogen
treatment (Shimkin, Grady and Andervont, 1941).

In connection with the significance attributed to the female
sex hormone in the origin of lymphoid tumours in mice,
several mvestigators carried out gonadectomy to ascertain its
part in the develog t of these In some experl-
ments such as those of Pybus and Miller in 1942, both ovari-
ectomy and orchidectomy raised the mcidence of lymphoid
tumours. In other experiments, hike those of Murphy (1944}
and Law (1948) orchidectomy significantly altered the inci-
dence, while ovariectomy had no effect. In yet another
series of experiments, those of McEndy, Boon and Furth in
1942, orchidectomy failed to have an effect, and ovariectomy

iderably 1 d the meid while in the experiments

of Gardner, Dougherty and Williams in 1944, and of Kirsch-

baum 1 1944, gonadectomy had no significant influence on

the appearance of lymphoid tumours in mice. This is by no

means a full survey of the available Jiterature, but it can be

stated that the studies of the influence of gonadectomy on
24
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and in the lymph nodes, as well as in other organs such as the
spleen, liver, kidneys, or in the thymus alone, They consisted
of enlargement of the thymus and/or of the lymph nodes with
invasion of the surrounding tissues. Several tumours have
been successfully transplanted, for many generations. There
is no doubt about their truly malignant character. The first
tumours were observed after six months, the latest after 15
months following the wstrone treatment. The difference
between the present results and those of Gardner, Dougherty
and Williarns (1044) who observed no increase of tumours
in their Cy, black strain mice following ccstrone treatment,
may be due to sub-line differences. It should be mentioned
here that Lacassagne considers cestrogens to be of greater

Table 11
Tirrect of (arroNs Parsmng ox Cpp Brack Mice
Control Mice Painted Muce
Ser Number | umber | pegnee [| Swter | Number | guessence
Mce | Tumouss | Percentaze Mce Tumours | DeTeentoge
F 178 24 15 45 [ 133
L M 126 3 23 40 5 12 5

importance than heredity in the development of Jymphoid
tumours, while Gardner and his collaborators are of the
opinion that the influence of sex hormones 1s conditioned
by the genetic factor. We share this latter opinion. The
genetic differences may have been responsible for the differ-
ence between the results of cestrone treatment of Cy, black
mice by Gardner and those of the present experiments.
Although no attempt was made in the present studies to
assess the gradual changes in the lymphoid tissues under the
influence of hormone treatment, there were indications that
the amount of lymphmd tissue was decreased before the
of changes, b in mice which died
durmg the course of treatment, a decrease in the size of the
lymph nodes and sometimes of the thymus and of the spleen
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As can be seen from Table I, cestrone painting alone induces
changes in the lymphoid tissues in the males of both stocks.
The incidence of these changes was higher in the castrated
and painted male mice. No changes were observed in the
Iymphoid tissues of 84 control mice, The changes in lymphoid
tissues varied from hyperplasia to enlargement with invasiont
of the surrounding tissues. The earliest changes appeared
after three months, the latest after twelve months from the
beginning of the treatment.

Change 1n the thymus gland comprised enlargement of the
gland, which consisted of enlarged cells with numerous
mitoses, and was usually combined with invasive growth into

. the lungs, mtercostal muscles, costal cartilages, pericardium,
arteries, and into the trachea and diaphragm. All these
changes were frequently accompanied by enlargement of the
axillary, cervical, inguinal and mesenteric lymph nodes,
combined with infiltration of the liver and kidneys, and with
enlargement of the spleen. In some animals, however, the
thymus was involuted. No changes were found in the blood
of these animals.

It was not possible to establish whether these changes
were of a truly malignant character because attempts to
transplant the enlarged lymph nodes and the thymus gland
were ful, possibly b the two stocks were not
homozygous. -

These experiments were followed up by another study of
the influence of cestrone painting on males of a sub-line of
Cs; black low-cancer strain, They were painted, when four
weeks old, with keto-hydroxy-cestrone in & 0-2 per cent
solution in alcohol every other day for four months. The
results are shown in Table II. As can be seen from the table,
both male and female control mice develop lymphoid tissue
tumours at an approximately equal average age of 12:5

, months, varying from 5-22 months, although female mice
show a higher incid The 1neid of lymphoid tumours
in male and femnale mice was approximately equal following
cestrone treatment. The changes took place in the thymus
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with similar invasive tendencics, and in a second rat we found = local
malignant cystic tumour.

The incidence there is only about 2 in 100 in steroid-treated rats and
none in control rats, so statistically it doesn’t mean very much. The
tumours occurred after two or three weeks of rather intensive therapy,
so the time intervals are extremely small and it is highly unlikely that
they are induced by testosteronc. If anyone has any 1nformation on
thymus tumnours in rats T would be most pleased to have it. I wrote to
Ingle and he could only give references to nhout five of them, and
all of them had been jated with the i of steroid
hormones.

Dyocuowskr: It scems to me that too little attention has been paid
1o the genetic background of these changes. In the case of the mammary
factor, we hnow now that there is a so-called inherited hormonal
influence which 13 quite different from the hormonal factor which we
have learned to know Whether the same type of inhented hormonal
influence may be responsible for the variable results of gonadectomy,
and the fact that some mice give & lhigher incidence of lymphoid
tumours than others I do not know. But I feel that geneticists may help
the biologists and chermsts a great deal.

Hucoins: What was the meidence of these lymphatic changes in
untreated animals?

Dyocnowskr: In the untreated IT and R x H stocks, the incidence was
below 1 per cent, so there was an amazing increase 1n these two stocks.
The results may vary according to the kind of treatment; 1t is possible
that the same amount of strogen supplied over a longer period may
have a weaker effect of the thymus, for example over twelve monthsy
instead of three months, This 1s our observation and it agrees with that
of Dr, Gardner and his colleagues.

Hertz- In view of recent developments on the effects of steroids on
connective tissue mesenchymal structures, might not the actual basis
for the i i b d ility of the ground

b cells, rather than any direct

1

by the lymp
effect on Iymphod tissue 1tself?

Dumocnowssr Yes, It 18 very hkely.

Bece: In rats, while lymphmd elements themselves undergo dis
solution with steroid hormone, the reticular material in the gland
appears to undergo hyperplasia. It 1s difficult to follow because
frequently you dont know whether you're seemg something which is
h and new or ing which s because of

of thy ytes. T reaction gives a stronger
reticular staining i1n the thymus after steroids than it does before.

DoeriNeR: Can you stop estrone application and still observe the
same tissue changes?

DyocEOWSEL: We did not stop the cestrone during the treatment,
but the fact that quite & few of these tumours appeared within 12
months of the cessation of treatment indicates that once the process
passes & certain d it becomes irre 3 i changes
appear v, but st the ing there is, 1f anything, i fon,

oL, ENDOC —1 .
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was noted. Furth (1946) suggested that the mode of action of

cestrogens is to induce atrophy of lymphoid tissue, which is

followed by regeneration. This suggestion and our own

observations may have a bearing on the appearance of some

tumours only 6-12 months after cessation of the treatment.

To conclude, 1t may be stated that the female hormone

exerts a strong influence on the lymphoid tissues of male mice

of a certamn genetic background such as those of the strains

examined, and the male hormone may have an inhibitory

effect on the development of mahignant changes of lymphoid

tissues in these mice.
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STEROID HORMONES AND PROSTATIC
CANCER IN MICE

E. 8. HORNING

Cancers of the breast, uterus and the prostate gland are
of particular interest to the endocrinologist, not only
these are common sites of cancer in the human bedy, and are
organs which are normally under endocmine control, but
because the growth and behaviour of tumours derived from
these particular organs can under certain conditions be
influenced by means of hormonal therapy. Although,
unfortunately, cancer of any of these organs cannot be
permanently cured by this form of treatment, the most
encouraging results have heen demonstrated by Huggins and
Lis school on the control of prostatic cancer in man by the
application of anti-androgemc measures. It was not until
the results of the investigations of Huggins and his co-workers
(1941, 1545) were published that the infl of steroid
hormones in the behaviour of prostatic cancer m man was
fully appreciated.
. In order to determine the effects of endocrine treatment
on prostatic cancer 1n laboratory animals, it was first neces-
sary to have at our disposal a transplantable glandular car-
cinoma of the prostate 1 pure line mice, similar histologically
to those tumours of the prostatic gland which develop spon-
taneously n man. I propose to describe briefly the technique
of subcutaneous homologous grafting by which these mouse
Prostatic tumours were obtained, and secondly to discuss the
factors involved 1n obtaming successful grafts, before
deseribing the 1nft of sterod h on the growth
and behaviour of these transplanted tumours. I should like
to make it clear at the outset that 1t 1s difficult to interpret
these results obtained with mouse prostatic tumours in terms

n
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Dosriner: Have you any information on changes in size o5 mor-
phology of the adrenals n your expeniments?
Dtocowskr: We have no about the hehaviour of the
adrenals. It would be a very interesting study because we do not know
yet whether the action is direct, through the adrenals, or possibly
&even through the pituntary.
Donnnzn It was very interesting to me that n the beginning yougota
tissue, ad suntlar to that desertbed with ad-
renul hormones‘ Dr. Wo oolley has found that adrenal size inereases after
@strogentreatment. It scems tome thatthismay bea compensatory alter-
ation in hormone production by the adrenal. Dr. Huggms, do you thnk
that the @strogen influence on tumours m humans s direct or indirect?
Hueens: It is direct
Bmu‘ In the rat th)mus mvoluuon after administration of steroid
mma)s. As far as the adremd

oceurs in
changes in these animais are d, you do get di
you get Tosses in chol h h“l

practically none "t ascorbie acid.

Herrz: Are cestrogens the only factors which will mnduce thymic
atrophy 1 the adrenalectomized ammsl?

Broa: Alithe sterordh wilt ioninth !
tornized animal,

Doprivgr: Do they not produce oversl decrease in the size of the
tissues? Iy this specific for the thymus?

U I

thymIc mvohman to a degree, aml get chnnge n adrennl size as well.
of the thymus you

enhoned 1 c:m‘t understand why m somc mice we get this marked
enlnrgemen! of the thymas gland, and in other cases the thymus is
just gone, Might it be an mdividual response through the adrenals in
some of the mxcc?

T SUNRPURRIAY SO
n . ! - . ' L.
histologically
e SN - S e s e by
the presence
™. R a0s-

Distocnowsky. Yes
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prostatic cpithelium are obtained from either the dorsal or
ventral prostates of either strain A or strain C;H mice. Under
a dissecting microscope the selected pieces of epithelium are
impregnated with erystals of the carcinogen, which in this
instance was 20-methylcholanthrene, and the whole is
implanted subcutancously with the aid of a Bashford trans-
planting needle into host mice of the same age, sex and strain.
Previous experiments have shown that since this technique
involves homologous grafting, the rcaction between the host
and the graft plays an important role. In mice, the survival
of an homologous graft scems to be dependent on the use of a
closely inbred strain, as stock mice of indeterminate ancestry
will not readily tolerate grafts of this kind. More recent
experiments have indicated that the age of the donor providing
the graft, and the age of the host mouse into which the grafts
are implanted have an important bearing on the problem of
graft survival. Another important factor is rapid vasculariza-
tion of the graft in the subcutaneous tissues of the host
animal.

A number of control grafts of prostatic epithellum without
the carcinogen were implanted under the skin of host mice
of the same age, sex and strain; these 1solated fragments of
prostatic epithelium continue to sccrete prostatic fluid for as
long as six months, provided that the grafts become success-
fully larized. The di ion of the alveoli with fluid
occurs to a degree far in excess of what s typical of the normal
gland in situ, and invanably leads to a pronounced condition
of cystic dilatation. In both the control and experimental
grafts there is evidence that the secretion 15 slowly dispersed
and absorbed within the tissues of the host. It will be noted
that the prostatic epithelium in the control grafts 1s not hyper-
plastic, and hence it 1s important to distinguish as clearly
as possible between growth in the grafts containing the car-
cinogen—this growth being due primarily to a failure in the
relense of the secretion, since ducts are no longer present—-
and proliferation which might be due to the direct action of
the carcinogen,

'

~ -
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of human prostatic cancer—but nevertheless they are of
interest when studying the origin and cause of cancer in
general. These mice experiments have, as we shall sece,
brought to light some facts of interest, amongst which is that
the differences m response to endocrme therapy can be
correlated with the histological structure of the particular
tumour.

The technique of rapidly inducing tumours from adult
prostatic tissues (impregnated with a carcinogen prior to
subcutaneous umplantation into host mice) was described by
Horning in 1946. Since then Pan and Gardner (1948) of Yale
have succeeded, by using the same methods, in indueing
adenocarcinomas from adult mouse uterine epithelia impreg-
nated with 20-methylcholanthrene. Also Boland Hughes
(1949} of Pennsylvania University has obtained transplant-
able carcinomas of the bladder and adrenal cortex from
homologous grafts combimned with a carcinogen.

The mouse prostate gland, like that of the human, arises as
a series of outgrowths from the embryomc urethra near its
point of origin from the urinary bladder. The mouse gland
consists of paired anterior, ventral and dorsal lobes, together
with a small median gland, which may be absent or consider-
ably modified in certain stramns of pure line mice. Unlike the
human gland, the mouse prostate has no uterus masculinus,
nor is 1t encapsulated. A difference also exists in the number
of ducts whieh open independently into the urethra. Thus
in the human there are as many as 32, whilst in the mouse
there are only six The prostatic epithelum is almost iden-
tical in 1ts histology with that of the human. Hyperplasia of
the prostate gland, however, never occurs spontancously in
rodents, as m man, but a simlar condition sometimes arises
in mice following prolonged treatment with cestrogens, which
induces a pronounced metaplasia of the prostatic epithelium
in the dorsal and ventral lobes, involving as in man urethral
obstruction, retention of urine and hydronephrosis,

The hnique of suk neous h log grafting of
prostatic cpithelium is relatively simple. Small strips of
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prostatie epithelium are obtained from either the dorsal or
ventral prostates of either strain A or strain C;H mice. Under
a di ope the selected pieces of epithelium are
impregnated with crystals of the carcinogen, which in this
instance was 20-methylcholanthrene, and the whole is
mnplanted subcutaneously with the id of a Bashford trans-
planting needle into host mice of the same age, sex and strain.
Previous experiments have shown that since this technique
involves homologous grafting, the reaction between the host
and the graft plays an important role. In mce, the survival
of an homologous graft scems to be dependent on the use of a
closely inbred strain, as stock mice of indeterminate ancestry
will not readily tolerate grafts of this kind. More recent
experiments have indicated that the age of the donor providing
the graft, and the age of the host mouse into which the grafts
are implanted have an important bearing on the problem of
graft survival. Another important factor is rapid vasculariza-
tion of the graft in the subcutaneous tissues of the host
animal,

A number of control grafts of prostatic epithelium without
the carcinogen were implanted under the skin of host mice
of the same age, sex and stramn; these isolated fragments of
prostatic epithelium continue to secrete prostatic fluid for as
long as six months, provided that the grafts become success-
fully ) d. The di ion of the alveol with fluid
oceurs to a degree far in excess of what is typical of the normal
gland in situ, and invariably leads to a pronounced condition
of cystic dilatation. In both the control and experimental
grafts there is evidence that the secretion 1s slowly dispersed
and absorbed within the tissues of the host. Tt will be noted
that the prostatic epithelium in the control grafts 1s not hyper- -
plastic, and hence 1t is 1mportant to distinguish as clearly
as possible between growth in the grafts contaning the car-
cinogen—this growth being due primarily to a failure in the
release of the secretion, since ducts are no longer present—
and prohiferation which might be due to the direct action of
the carcinogen.
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The neoplastic changes which occur in grafts implanted
with the carcinogen will now be briefly deseribed. Owing to
the fact that the carcinogen 1s placed in direct contact with
the hiving tissue, there is very little foreign body reaction or
necrosis within the graft. Thus 1t is possible to study serial
“sections of the primary grafts, and to trace each invading
clump of malignant cells back to the individual hyperplastic
alveolus from which it has arisen.

Examination of prostatic grafts of various ages after
implantation has shown tusively that ph are
denived only from the alveolar epithelium which has entered
the exhaustion phase of the secretory cyele. It 1s in these
alveoli that hyperplastic epithelial changes are first seen,

, followmng a phase of mitosis, abnormal cell division and
pycnosis, The hyperplasia is prominent in grafts four to five
weeks old, giving an appearance to the epithelium which is
closely similar to that seen in the human prostate during
benign enlargement of the gland. In no single instance in
any of the numerous grafts examined has the actively secreting
epithelium lining the distended alveoll been the focus of
malignant change. It is therefore presumed that the non-
secreting exhausted alveolar cells are more susceptible to
the action of the carcinogen. The hyperplastic changes in
the mouse prostate are mnvariably accompamed by a pro- .

d i in the fibr lar stroma, and in some
implants there is a lymphocytic infiltration which varies
considcrably in different grafts of the same age. In grafts
six to eight weeks after implantation, the alveoli contain
patches of epithelium which are 10-25 cells in depth, with
ccllular proliferation predominant in the basal Jayers.

At this carly stage 1t is possible to distinguish three distinct
types of epithelial proliferation. By studying the cytology
and mode of growth of these early invasive eells through later
phases of development in older grafts, it was possible to predict
the type of tumours which would have arisen subsequently.
The tongue-like colony of early malignant cells of the Type
A is typical of those tumours which finally developed into
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n 1andul

The Type B proliferation
leads to the formation of a squamous-cell carcinoma in which
alveolar formation is preserved. The more uncommon variety
is the Type C lesion which arises from the duct epithelium
and is characterized by a stratified squamous metaplasia:
in situ. In some grafts two wmctics, types A and C of
malignant change, co-exist in a pnmnry gml't and subse-
quently the tumour 1
which rapidly infiltrates the udcnocarcmomntuus areas until
all trace of the glandular tumour is lost. Both the glandular
and the squamous-cell carcinomas grew on transplantation,
and grew as serial transplants for many generations.

The observation that the focus of malignant change is
restricted to the epithelium of the alveoli in the exhaustion
phase of the secretory cycle is of importance. It would
appear that the non-secreting alveolar epithelium is more
susceptible to the action of the carcinogen than when at the
height of secretory activity. These findings are also of
interest because they support Haddow’s (1947) contention
that chemical carcinogens act more readily on cells following
depression of cellular activity.

In view of the fact that cestrogens rapidly inhibit the
secretion of the prostatic epitheli and nduce
metaplasia of the rodent prostate gland in situ, a series of

. experiments was undertaken to determine the influence of
stilbeestrol alone, and stiibcestrol combined with the carcino-
gen in prostatic grafts growing in strain C;H and strain A
mice. In order to compare the depressant action of the
cestrogen with the contrary action of the male sex hormone,
which stimulates secretion of the prostatic epithelium,
a number of grafts were prepared with the carcinogen alone
and also with the carcinogen in combination with stilbeestrol
and testosterone propionate. The results of these experiments
are set out in the table on p. 36.

It was of interest to note that eight out of the 13 prostahc
tumours induced with the gen alone were gl

The remainder were all sqi cell tumours.
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On the other hand, 23 of the tumours induced with stilbeestrol
bined with the carcinogen were sq cell carci
and the remaining three were spindle cell sarcomas. As the
sarcomas were far advanced it was impossible to ascertain
by histological examination whether the tumours arose from
the stroma of the graft or from the conuective tissues of-the
host-bearing animal. Only three tumours, none of which were
glandular carcinomas, were induced with the male sex
hormone combined with 20-methylcholanthrene. Two were
squamous cell growths, the remaining lesion being a spindle-
cell sarcoma. These results arc of significance inasmuch as
they show that the inhibiting action of stilbastrol on the

TR
Group | Subsances ineluded wxth the graft

1 | 0Methy tchotanthrene | and CofL
| ethvicholanthrene and i
Sulbasrol , A and CH
15 | Methy leholanthrene and ¥
Testosterane propiobate \and CoH

secretary epithelial cells appears to render them more\Sus:
ceptible to the action of the carcmogen. Assuming this td b6
the case, 1t would help to explam why the focus oi? malign nt
change s always restricted to the non-secreting epithehus
The glandul induced from prostatic grafis b
20.methylcholanthrene alone are similar 1n many respec!
to the uterine adenocarcinomas induced by Pan and Gardne
{1948}, who used a symlar caremogen and employed the samel’
technique of tumour induction, except, however, that these
prostatic tumours secrete an enormous amount of fluid
Histelogieally the primary glandular carcinomas consist a;‘
well differentiated alveoli lined by a low columnar epithelium
actively engaged in secretion. Unfortunately these glandular
carcinomss are apt to undergo squamous differentistion
during serial transplantation. A few of these tumours unde
went this change durtag their third passage, whilgt 1010
e
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exhibited no evidence of squamous differentiation until their
tenth generation of serial transplants,

The influence of orchidectomy was determined on the
growth and behaviour of these glandular carcinomas as well
as on those glandular tumours which had undergone squamous
differentiaton  during serial transplantation. In every
instance both types of tumours were transplanted into male
mice of the same strain from which the primary grafts were
derived. Every host mouse regeiving these transplants was
castrated before puberty, and was approximately four to six
months of age at the time of transplantation. The following
sllhouettc chart (Fig. 1) lllustmtcs the nfluence of bilateral

y on the g car

The control groups are shown on the left hand side, which
shows the same tumour transplanted into intact normal mice,
and it was clearly seen that the tumours grew rapidly during
the first five wecks after transplantation, so rapidly in fact
that several of the host bearing mice had to be killed owing
to the size of the tumours. On the rght the effect of bilateral
orchidectomy is seen on this tumour. All the tumours
regressed with the exception of two which grew at approxi-
mubely the safne rate as those mn the controls. Testosterone

was ed to three host mice bearing
rﬂpldly regressing tumours, and 1n one instance the tumour
resumed its normal rate of growth. Further expermments
have shown that the influence of orchidectomy on the
growth of these glandular carcinomas s extremely variable,
and so is their response to treatment with the male sex
hormone,

The next silhouette chart (Fig. 2) illustrates the effects
of castration on the squamous cell growths, and it is of
interest to note that 1n no single instance did any of these
tumours show any marked mhibition of growth when com-
pared with those growing n the intact mice of the control
group. This d tes that withd 1 of androgens does

it % appear to influence prostatic tumours once they have

Carc“\:onc squamous differentiation. It 1s therefore possible
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to corrclate the histological structure of these prostat
tumours with their response to androgens.

It is dificult to say why a secreting prostatic aden
carcinoma, once it has undergone squamous differentiatiol

TRANSPLANTABLE SOUAMOUS CELL

OF THE PROSTATE IN STRONG A MICE

CONTROL. CASTRATED
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should cease to be dependent for sustained growth on :
adequate androgen level. It 1s still more diffienlt to unde
stand why these secreting adenocarcinomas should sudden

undergo diffe 1ation into sq 1l growths. Pulling
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(1949) in a recent paper on “Functional Differentiation in
Mammary Tumours” draws attention to the squamous dif-
ferentiation in these prostatiec tumouts, and compares it to a
similar phenomenon which occurs in the mammary glands of
mice under experimental conditions, She contends that these
changes might be due to an intracellular cestrogen-like steroid.

Summary

(1) The factors involved in obtaining successful sub-
cutaneous homologous prostatic grafts are: (a) The use of &
closely inbred strain of mice in which the grafts are more

« readily ' tolerated than they are in mice of indeterminate
ancestry; (b) The rapid vascularization of the donor graft in
the tissues of the host bearing animal; and (¢) The age of the
donor mouse providing the graft and the age of the host
mouse into which the grafts are implanted; these factors have
an important bearing on graft survival,

(2) Chemical carcinogens act more readily on cells following
depression of cellular activity, In grafts treated with the
carcinogen alone, the focus of malignant change has in every
single instance been restricted to the epithelium of alveoli
which have entered into the phase of secretory exhaustion.

(8) Tumours arise more rapidly and in greater numbers in
prostatic grafts treated with the female sex hormone plus the
carcinogen than they do in similar grafts which have been
impregnated with the male sex hormone combined with the
carcinogen, or in grafts treated with the carcinogen alone, It
appears that stilbeestrol, by inhibiting secretion of the
prostatic epithelial cells, renders them susceptible to the
action of the carcinogen 20-methyleholanthrene.

{4) A number of secreting ad i of the p
induced from homologous subcutaneous grafts of prostatic
epithelium, regress when transplanted into mice castrated at
puberty, and a smaller percentage of these tumours resume
growth when the host mouse is treated with testosterone
propionate. Fumours which at the time of their induction
were diagnosed as squamous grow ths, or glandular eareinomas
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which had underg pont: ) differentiation

during serial transplanation, exhibit no appreciable response

to this form of therapy. These results indicate that only

glandular-cell carcinomns, and not squamous ecarcinomas,

.are dependent for their sustained growth on an adequate

-anidrogen level. This further suggests that the differences in

response of the prostatic carcinomas in mice to hormonal -
therapy can be correlated with the histological structure of the

particular tumour.
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DISCUSSION

Huceixs: What kittle we know of cancer of the prostate has been
learned almost entirely from human beings, there having been no
prr i S G b A e e Nt i T e =t

"o ot .
with no carcinoma, and others in the *“‘exhaustion phase,” developing
carcinoma. 1 would place a Little different interpretation on that. I
have come to believe that the presence of tall cylindneal prostatic
epithelum in an orgamsm s:gmﬁes_‘thnt androgen 1s present in an
et o D Wirgiivg Ry e A bkt u

epithelum. 1 thunk that that 15 functionally better than this thin
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hea afntesea fa pomnlieated by the fact that carcinogen plus st

.
of these types. Stra
has been trested by .
glycolysis in large Mvasuse, tows wp ‘.
the tumour. The normal columnar epithelium has no gerobic plycolysis-
So I tend to think that if cestrogen is in excess the cell is functionally
quite different from when androgen is in excess.
T Seee e e s e et e dhinkg that secretion develops
ndly if he agrees 0 t the
- glly active epithelium.
T PN o2 2 sasler +umaur formstion
ogen
. duces very
raft which
. anges first
i, of primary
grafts and to trace each invading group of malignany ceus wack to the
individual hyperplastic alveolus from which it had srisen; m €very
' - v nalam was the foeus of malg:
i Al T can say is that these
. \ibrting the secretion of the
. LN e susceptible 1o the action
of the carcinogen; T can offer no other interpretation. It should also
be borne in mind that many workers contend that chemieal carcinoges
act more readily on cells following depression of cellular activity, 85
that the depressant action of stilbeestrol in the prostatic epithelit
;I;uglye et T hocor the subject of an extensive eytologiee!
Secondly, Dr. Huggins asks whether I think the alveolar epithebum
n the exhaustive phase of the secretory cycle in the prostate gland 18
pbysiologically active. My answer is, yes. The same phenomenort
oceurs during the secretory cycle in the mammary gland. I both the
prostate and mammary glands of rodents the exhaustion phase of
secretion is followed by a recovery phase, in which the glandulﬂr
;pithelmm gradually enters nto the secretory cycle sgain, As for 8¢
am aware, hittle is known concerning the factors controllmg the cyehe
rh}:sl;x; u‘;{vu:{;gmtq ir; ;ither the prostate or the mammary g ands i
s What is igni M i
@ s}t{ogen—trented p;osmet:?lgmﬂcnnce of this aerobie glycolysis foun in
vcaIns: In general, cells with strong aerobic glycolysis are closer
to the malj Ithough glyco ¥t
acrobio giyoslysrs, not actuslly than cells without
glfcf:;s:i fut there are really normal cells which do have high aerobie
Hugains: It can be debated swhether that 1s not' due to artifact.

'
'
v
[




glycolysis.
Begg: What ab
Sty

.
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Aerobie plycolysis is not specific, but it may be an indication.

Brce But if, for instance, you mve testosterone to a rat you will
find a change in the alkaline phosphatase activity of the kidney. There
is 8 very definite metabolic change in the kidney as a result of giving
the sterold hormone, I don’t think anybody infers from that that the
tissue change has been towards malignancy. I realize that this is a
very debatable point, but I just wondered at Dr. Huggins using this
as a criterfon,

, Hugo: I think Dr. Boyland has expressed my o] i

nion much more

origin.
Lhmmw Are your metabohe results consistent with Boyland’a?
ASSGAME L i Sabti et St et

where you have both potentialities m the cells, for secretion’and for
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wha had escaped from anti i with 1
would like to ask Dr. Huggins and the others here whether they have
had any experience with progesterone.

Hueeins: We did try progesterone in 1940, perhaps 1n insufficient
amounts, but we observed no eff

Hrrrz: Dr. Trunell used 200-250 mg. per day.

Happow: This might suggest that progesterone was effective only
after cestrogens.

Herrz: No, not that 1t is effective only after cestrogens But the
patients he felt justified in studying were only those who had escaped
from the beneficial effect of eestrogen and grchidectomy,

BuncHENAL: We have been interested in the problems of the resis-
tance of tumours to various chemotherapeutic agents, and! was very

castration. Was there any morphological difference m thuse Luliuuls
from the ones that did respond well, and did you try transplanting
those resistant tumours to other mice?

BEgo: It has been suggested that prostatic cancer patients who, after
several years of favourable treatment, suddenly become refractory to
treatment, may be getting androgens from some other source. Is it
possible that even in the mammal there 1s a cellular adaptation to 1ts
environment, Just as we know 15 found 1n bacteria and certain other
organisms, which will change their enzyme systems, and their require-

ments for certam substances, depending on how long they have been
R § Y st bt canhemant nTOstatic
1}

. enly
" 1 veek.
. d to,

d were glandul WANCHL 14U waa BORE

urng t was
also to observe that the glandular tumours which atrophied in response
T -~ to consist of
" None of these

Bece: Have you done any enzyme studies vtk Ligse uuenocarcinomas
that have und lasia? Acid or alkaline phos-
phatase?

Horwing No, so far I have not done so.

Wiraiams I wasn't quite clear about the mahignant change occurring
in the exhaustion phase. Was the exi of secretor i
deduced from cytological evidence, or just from the fact that there
wasn't any secretion 1n the slveolus? Hecause, in the end, malignant
change would prevent secretion.

‘Horning: Whether or not any particular alveclus has entered into
the exhaustive phase of the secretory cycle, is dete’;mined by the

i ical of the dul: i it

he cytolog
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aspect of this problem has been studied extensively by many investi-
tors.
Tvccxs: I want to point out that squamous carcinoma is one of the

i
begun to grow?
Horntne: No, I transplanted these tumours into mice which had
been castrated before pubcrty
Fouips: There is a to some
tumours which I am down to talk about tomorrow. Some of those
mammary tumours were tmnsplnnmhle only into female mice or into

after one or two Passages,

Are these mammary tumours very slow growing?

Fourps: Faily.

Hommm. Prostatic tumours grow very rapidly. In some instances

tummns after they

ceme to become upon for grawth, grow
extremely mpidly.

Becc- In castrated animals are the grafts less vascular than i normal
animals?

HorniNa: These animals were not castrated.

COLLL ERDOC—1 5



CARCINOGENIC ACTIVITY OF STEROLS

1. HIEGER

. Ix ‘1947 we px_x‘b\lishcd o paper the title of whih s
Carcinogenic actl"\t}: of preparation rich in cholesterol” and
m 1949 a paper entitled “Carcinogenic actity of hpad
substances.”’ Sinee only a few new facts are available st
mfoman my remarks will therefore be more in the ptu
of a very m=f résumé of the present state of the investigstiot
It ‘t"‘h“ ;:“;‘3::' 6 necessary ta say more than 8 word or tw0
::enteoéss;x;thet‘i?c subject. We would say that hederely
successful  search cancer-producing cox'npounds}ed Mﬁf
r naturally occurring careinogels br
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of carci weruther tries, who shored B
Yiver, in human tissue otheiy be found glso in pomcanet™
rich {85 per cent) fractions 0ugy, Liver, and in the ehoie
cholesterol was fonnd to be u o vieyes; finally 0™
producing agent. Just before o oans ot 9
Shoppee, who had been with J?I ¢ stage of the I
sunded by Sir Ernest Kennawdd %5 2% g ol sutf
forces working on the problem. £ in 12 w it
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human tissues will induce 4-7 pet ce. ery B9
months, However, if the effective nuq net & 2D
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percentage calculation, that is, the incidence of cancer (sar-
coma by subcutancous injection) in the mice which survive
the average latent period, the ncidence then rises to 20 per
cent. Shoppec’s purest cholesterol produced one solitary
sarcomy in 25 mice. This result very well illustrates the main
difficulty of the work; the incidence is low, hence unless we
make the quite gratuitous assumption that the mice are
identicnlly susceptible (and I fear that many investigators
in cancer research do make this innocent nssumphon), work
with large numbers of experi al Is is

The interesting thing is that the non-cholesterol fraction from
Shoppee's preparations, where the impurities were concen-
trated about ten times, did not produce a single tumour in
30 mice.

Furthermore, simple acetone crystalhization of commercial
cholesterol produced fractions, of which the least acetone
soluble fraction gave tumours in four mice from a series of
20, while the untreated cholesterol gave a yield of two
tumours in 80 mice.

In gll, 27 sarcomas have been obtained from 450 mice
injected with cholesterol not specially purified (the com-
mercial product 15 labelled “re-erystallized”). In conversa-
tion with fellow workers the remark has frequently been
made to me, that the impurities are responsible for the

of chol I This jon has one

Y
serious weakness; there 1s no evidence for it.

At any time, new data might alter one’s perspective mn this
long term investigation, but at the present moment, if we
mught be so rash as to venture a prophecy, I would be inclined
to say that fractionation of cholesterol will not yield any
carcinogen with a potency as spectacular as the synthetic
hydrocarbons; secondly, that individual susceptibility of the
test animals 15 of the first importance; and thirdly, and this
is the wildest guesswork, that the lipordal focus attracts and
kills mobile cells which hberate their fats as acids, and thus

- sets up a permanent subacute inflammatory region leading to
neoplasia,




CARCINOGENIC ACTIVITY OF STEROLS

1. HIEGER

In 1947 we published a paper the title of which was
:‘Carcmogemc activity of preparation rich in cholesterol” and
in 1949 a paper entitled “Carcinogenic activity of hipoid
substances.” Since only a few new facts are available at the
moment, my remarks will therefore be more in the nature
of a very bii=f résumé of the présent state of the investigation.
1t will hardly be necessary to say more than a word or two
on the history of the subject. We would say that the develop-
ment of synthetic cancer-producing compounds led to the
suceessful search for naturally occurring carcinogens by
Russian workers 1n 1937, when Schabad discovered the
carcinogens present in the livers of human subjects who had
died of cancer. The facis were followed up in the next few
years by investigators in other countries, who showed that
sources of carcinogen were to be found also in non-cancerous
liver, in human tissue other than liver, and in the cholesterol
rich (85 per cent) fractions of such tissues; finally, commercial
cholesterol was found to be a by no means mefficient cancer
producing agent. Just before this last stage of the research,
Shoppee, who had been with Reichstein in Basel, was per-
suaded by Sir Ernest Kennaway to come over to join our
forces working on the problem. Shoppee came to the Chester
Beatty Institute, where he prepared very pure cholesterol by
an elaborate series of processes. The more powerful carcino-
gens of the 300 or so synthetic compounds available will
produce cancer in 100 per cent of mice in a very few months,
Commercial cholesterol and the cholesterol rich fraction of
human tissues will induce 47 per cent of cancer in mice in 18
months, However, if the effective number of mice is used for

48 N
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hydrochloric acid In the body, but it doesn’t burn holes in the body.

We have to consider its dilution,

the permanency of its location, and

no doubt many other circumstances,
o . T s -

have a

Happow: I take it that

we

degree of interchange and eonversion gt;ing on all the time, whereas

prvsestot

content must be very low
oo |k af ambns The

and progesterone are derived from cholesterol, but the site of the
transformation (? the adrenal cortex) is not certain. I think it’s
gk sl Yo el g

act that a low
cholesterol, for
. , where the sterol

o

naphthylamine, We injected these substances in the same sample of
olive a1l, obtained from one source. We didn’t get any tumours with

the #-naphthylamine but we got
In control

about 50 per cent of tumours with the

\

with the same olive oil we
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but as to the identity of that sub there is no infc at all.

GARDNER: How are the ch I, or the chol i 3

administered?
HieGeR: A saturated solution in lard is injected subcutaneously. A
.- = e L et fo ndded when
o . * naintain a

e . " llets® We
ot " e dijution
experiments, and so far I have never seen a tumour arouny 4 cholesterol
or a stilbeestrol-cholesterol pellet, although when injected 1n sesame
oil, we have seen tumours.

Hircer: It is quite possible that the solvent plays a part in the for-
mation of tumours, Lard itself gave no tumours when 356 control
animals were injected. We were congratulating ourselves on_this

~m$enl ovnoriment when an animal 1 the next batch of 50 suddenly
Xt be e
. 1 . . .
. P .
1 in 400.

KeLLse: Is the Iled " ¢ch 1 of animal origin?

Hiecer: Yes, from the gpinal cord.

KeLvre: It has always impressed me that in a nermal healthy person
some 200-300 mg. per cent of chalesterol eirculatng through

1ou get
i - Liend otream and that most of the cells of'tlgc body mu.f:".be m
. . = In con-
. . - " - per cent,
- = mour for-

- seems to
N . *  irculating
. . e sshen it 1s
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hydrochloric seid in the body, but it doesn't burn holes in the body,
e have to consider its dilution, the permanency of its location, and
no doubt many other circumstances.

DopriNen: How much did you give?

Hircer- A total of about one-third of o gram was given. They were
infected il y every three weeks—just ns often as was neces-
saty to maintain the nodules under the skin,

Happow- I take it that normally we probably have a considerable
degree of interchange and conyersion going on all the time, whereas
here we have a depot, & good fraction of which remains there without
effective interchange, YVhule Shoppee and Dobriner very much doubt
the ibility of ion of a steroid in vire
toan poly b heless Cook still believes
that the process is feasible. Is it not possible, Dr. Shoppee, that a
conversion of that kind might be greatly facilitated in a local, highly
artificial concentration of cholesterol to wlich, as Hieger sard tumself,
is added such a factor as inflammation? Isit not possible that a sufli-
clently small degree of converston, yielding possibly only a few gamma of
a particular arcmatic substance, might explain the result?

Snor: I think the only available evidence, tr’om tracer a rk, is
Lo kb2 Cante ke af 2] Alaekamad dacmn mans fe 4hn ko s

transformation (? the adrenal cortex) is not certain. I think it's
extremely difficult to express an opinion on your point
Hrecer: Agamnst the degradation theory 1s the fact that a low
- carcinogenicity has been shown by fats other than cholesterol, for
example, olive oil, sesame oll, Jard, wheat-germ oil, where the sterol
content must be very low.

el ecae £t amama o a L - wo
cancers simply because there is an abnormal milieu 1n the tissue. Dr.
Barla and [oo Cmes ~8 Al Tatimn Hamloinn Fncm a3 o Heone © ook ens

Dobrinen: I would like to mention an expertment that was done
about 12 years ago and was never published, We were interested in
the question of the carcinogenicity of aromatic amines. We ohtained
from one of the industrial plants very pure s-naphthylamune and p-
naphthylamine, We injected these substances in the same sample of
olive oil, obtained from one source, We didn’t get any tumours with
the g-naphthylamine but we got about 50 per cent of tumours with the

ylamine, Tn control with the same olive ol we
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SuorreE. I don’t think I can add anything very signsficant to what
Dr. Hieger has already said. There is this serious difficulty of the
di m phibility of indivi , even when large batches are
used. Ithink one must agree that the evidence is conclusive that there
is some substance, or substances, present in this widely distributed
material, cholesterol, which 1s able to bring about neoplastic change,
but as to the identity of that substance, there 1s no mformation at ail.

GarpNER: How are the cholesterol, or the cholesterol denvatives,
administered?

H

GARDNER: Has 1t ever been administered mn the form of pellets? We
h i dilution

have used pellets in with h
experiments, and so far I have never seen a tumour around & cholesterol
or a stil hols 1 pellet, when injected n sesame

o011, we have seen tumours
HieGER. It is quite possible that the solvent plays a part in the for-
mation of tumours, Lard itself gave no tumours when 830 control
animals were injected. We were congratulating ourselves on this
RN - P W Aoeeh 2o rn aAdenTy

1 1n 400. .
Kerue: Is the Iled ) 1 of animal origin?
HIEGER: }’e_s, from the spinal cord. i .

. o P R,
. . . . .
1 \ . . .

Comrmess g0 1 ' ot . .
inistered in the form of & solution in lard, )

ndﬂ:::‘:mu One has to consider not only the substance itself but the

conditions under which 1t is present in the tissues. There is a lot of

) V-
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tration of such a i i d b Weigert's

showed that benzpyrene was very rapidly metabolized enher in liver
or in skin.
SomsERVILLE

v\ouldn". be nccessury to argue '.hc tammtlon ot
. v

. .. e taay .

experiments m.ght bc due to the dll!crcnz mlcs of absorption.
Bece: Have you any evidence that stercids are destroyed in the
tissues?

Foriev: There 13 evidence, wnlich came from expeniments with
labelled acctate, that cholesterol is turned over in the udder; the
cholesterol may be synthesized, and at the same time may be deg'mded
in the lactating udder.
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obtained about GO per cent tumours. We still can’t explain why the
olive o1l with g-naphthylamine didn't give any tumours.

Happow: What kind of tumours were they?

DorrINER They were sarcomas, .

HorN1iNG: Did you ever attempt to transplant these tumours?

DoBriNeR: No, nothing more was done.

Dyocrawskr. I believe Iickens showed that a Higher meidence of
tumours can be obtaned by using mouse fat as a solvent. In view
of the small amounts of active principle in your extract, Dr. Hieger,
might not a more favourable solvent be helpful in obtaining a higher
incadence?

Hircer. Such experiments are 1n progress.

Dyocrowskr: Have any experiments been done on the comparison
of activity of extracts from cancerous livers and normal hvers?

Hiecer Steiner found 1n his first experiments in 1043 that eancerous
hvers were more potent than non-cancer livers, hut five years later he
had to reverse his opinion, and found that the difference was as great
as nine to one. This 1s further evidence that the sensitivity of the
animal is extremely important.

DogrinNer: I think he did the second experiment on a different stran.

HiegEeR: I think he used a number of strains in each case.

DonriNer It seems to be h d to lude that
if one gets carcinogenic material from such drastically treated material,
that the substances were there omginally. Would you have any

comment?
e ot

deomiin n tenmar Aunet o mathad fam tha cananification

. 1 ,
made with extracts simply prepared with benzene?
Munrsock. I can confirm what Dr. Gardner said. T have treated
more than 2,000 mice with cholesterol-cestrone pellets, but I"}‘néwe never
ottt v Theecisno
: - " but
+ nted
by sitosterol or stigmasterol.
Brce: How long do you leave the pellets in?
Mimrsock: One to two years.
Bece: How big are these pellets?
‘Muurpock: One or two mgi_
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tumorigenic action of X-rays is apparently mediated through
hormonal imbalances rather than by direct action upon the
ovary (see Gardner, 1948, for general statements and specific
schema).

In our laboratory we have studied in considerable detail
the responses of mice of seven different inbred strains, and of
many hybrid groups, to prolonged treatment with cestrogenic
hormone (Table I) (Gardner, 1948a).

Table 1
TYPES oF TUMOURS APPEARING AMONG MICE OF DIFFERENT STRAINA WHEN
0 (B

" Mamma etvculor | L Putuva Ytersne,
swun | Momoary | guncdsr | gmew | fuy | Gm
++ + 4+ - - ++
GH | ++++ - +4+ - +4+
CBA +4+ - +4+4 - +4+
o - - +++ +
JK - ++ + - t
PM - - ++ + ++
Tl ++ - * - ++
Mummasy tumeurs ee the galy tumours that occur spontaneoudly In mice of these strains
a0 i gy ko 3 male mice, wheress they sppear {n cstrogen
or pituitary tumours h t been found in ustreated controla L d t urs epj

o
In 3 low percentage of Tl ot al stratan and ierine GrTeal Samotts Ry AMOTE mise SFihe

*+ 4 4+ indicates a relatively high the
Tumones mentioned  Reterenee % oot s inbrates tofermelioes degrees of ‘susceptibility.

In our experience mice of two strains, Cy; and PM, acquire
Pituitary tumours subsequent to ccstrogen treatment, This
response is particularly consistent in sammals of the C,;
strain. In other strams such tumours either have never
appeared, or have appeared with extreme rarity. The
tumours are usually firm and fleshy, although oceasionally
cystic, and hyperplastic. They may become very large,
almost as large as a normal mouse’s brain. They are benign
in that they never metastaslze or mﬁltrate the menmges or
bratn.  Histologically they are_comp d of
cells and have been




THE EFFECT OF STEROID HORMONES ON
EXPERIMENTAL PITUITARY AND GONADAL
TUMORIGENESIS

W. U. GARDNER

In the presentation to follow 1t will be assumed that at
least some of the steroid hormones, notably the cestrogens,
are carcinogenic or tumorigenic. This is an assumption that
may have to be modified in the future. In thewr carcinogenic
activities these substances may act quite indirectly and
through the intermediation of some factors or influences
that at the present time, for the want of a more specific
designation, are termed ‘“‘inherited,” “strain limited,” or
“species limited” factors.

Species and stramn hmitations in tumorigenic responses are
also prevalent to some degree n responses to carcimogenic
hydrocarbons, as well as other carcinogenic substances that
may be somewhat less specific in their action than are the
cestrogenic steroids. It is not our purpose here, however, to
argue the point of whether or not the steroid hormones are
carcinogenic in the same sense as are the carcinogenic hydro-
carbons. Until more is known of the mechanism whereby
these substances modify cellular physiology the discussion
must border on the metaphysical.

The presentation to follow will be concerned with modifica-
tions of the steroid and pituitary-gonadotrophic and possibly
other hormonal balances upon the icidence of pituitary and
gonadal tumours in experimental animals, primarily mice.
In some instances the cestrogens evoke tumours; in other
instances, prevent them. Evidence will also be presented
indicating the tumorigenic action of pituitary gonadotrophic
hormone. Furthermore, evidence will be presented to show
that at least so far as ovarian tumours are concerned the

52
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tumorigenic action of X-rays is apparently mediated through
hormonal imbalances rather than by direct action upon the
ovary (see Gardner, 1948, for general statements and specific
schema).

In our laboratory we have studied in considerable detail
the responses of mice of seven different inbred strains, and of
many hybrid groups, to prolonged treatment with cestrogenic
hormone (Table I) (Gardner, 1948a).

‘Table I

Tyres ov Tmlous APPEARING AMONG MiCE OF DIFFERENT STRAINS WHFN
UBIECTED To (ESTROGENIC HORMONES®

. stunlar hord | Puw Yrerine
Totewer | Lot | iy | B
A - - ++
~ +4+ - 4
- +++ - ++4
- - T+t +
++ + I i
—~ ++ + +4
- + = ++

tumours are the only tunours thut oecur spontaneoudy (n mice of these atrains
by among female mice, whereas they appear in estrogen-treated males

OF Pitultary turmours have not been found In untreated controls Lymphoid lumou l
‘r'"ﬁ low percentage of mice of all strains and uterine cervical tumours only among mice of e

+ + indicates a relatively high
tamaim mebe: Reference + + b #tc ; indicates hicemeie emrecs of -umpnbmty.

In our experience mice of two strawns, C;; and PM, acquire
plt\utary tumours subsequent to cestrogen treatment. This
response is particularly consistent m ammals of the Cg,
stram. In other stramns such tumours either have never
appeared, or have appeared with extreme rarity. The
tumours are usually firm and fleshy, although occasionally
cystic, and hyperplastic. They may become very large,
almost as large as a normal mouse’s bramn. They are benign
in that they never metastasize or mﬁltrate the memnges or

brain. Histologically they are comg d of phobic
cells and have been desig phobe ad The

e
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cells composing them, however, are unlike any cells in the
normal pituitary, :

The pituitary glands of female mice are larger than those
of males. The pitwitary glands of mice of all strains hyper-
trophy somewhat subsequent to cestrogen treatment, but
usually the amount of hypertrophy is limited., The normal
mouse’s pituitary weighs approximately 2 mg. Pituitaries
weighing in excess of 12 mg. have been arbitrarily called
adenomas. In some instances these glands are probably
hypertroplued rather than adenomatous. Occasionally
adenomas are found in smaller glands.

Mice of the Cj; strain transrmt the tendency to pituitary
tumours to their F, hybrids (Gardner, 1948a). Backcrosses
of the F,; hybrids to parental strains indicate that the ten-
dency for pituitary tumours to appear is transmitted as a
dominant character (Gardner, 1941, 1948a).

How cestrogen acts in producing the chromophobe
adenomas in the pituitaries of suitable animals is unknown,
In many ways the hypertrophy resuiting is comparable to
that of the thyroid following the administration of thiouracil.
The gonadotrophin and growth-hormone output by, the
glands is decreased. Evidence of modification of the thyro-
trophic and adrenocorticotrophic hormones is not avamlable.
1t can only be stated that in suitable animals such tumours
occur.

The tumours appear at earlier ages in male than i female
mice and usually attan larger sizes (Gardner, 1041). The
simultaneous 1njection of testosterone propionate inhibits
the formation of pitwitary tumours.

The pituitary tumours grow subseq to transpl ion
into animals of the same strain, So far, however, only about
60 per cent of the tumours that have been transplanted have
grown, and then in only about 20 per cent of the animals
into which they were transplanted. Furthermore, they have
grown only in astrogen-treated animals. When transplanted
subcutaneously the growths first appear after approximately
nine months and then continue progressively. Most of the
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hosts have had, at the time that the subcutaneous transplants
were made, tumours in their own pituitary glands. After
the transplants have started to grow they apparently grow
progressively in the absence of further hormone treatment.

An attempt has been made to determine whether or not
the original lesions of the pituitary are reversible subsequent
to cessation of aestrogen treatment. It is impossible to deter-
mine whether or not a pituitary tumour is present until it
“has reached o considerable size, in which ecase the skull may
be misshapen. Two groups of mice were each divided into
a control and an experimental group. In the contro! group
estrogen treatment was continued. The snimals were over
400 days of age. In the experimental group cestrogen treat-
ment was discontinued. The mice survived for appreciable
petiods of time in both groups and had pituitary tumours of
comparable sizes. From these observations it can be con-
cluded that at least the pituitary tumours do not regress
subsequent to the discontinuation of cestrogen treatment. It
is quite possible that they continue to grow. !

. Ovarian Tumours

Ovarian tumours have been mduced n e‘(perlmental mice
by two 1 (1) the mtraspl t: )} of
ovaries into castrated ammals (Li and Gardner 1947a,
1947h, 1949) and (2) wradiation with adequate doses of
Xerays (Furth and Butterworth, 1936). About three years
ago the hypothesls was made that ovaran tumours in
castrated imals bearing 1nt 1 transplants arose
because of the hormonal imbalance exlstmg {Gardner, 1948b).
The livers of the mice destroy cestrogens (Rush, i press).
Zondek has first shown, about 17 years ago, that the rﬂt’
liver destroyed cestrogens. Sut to
the amount of gonadatrophic hormone in the pitutary 1s
increased (Engle, 1929, Evans and Simpson, 1929). Thus an
ovary placed 1n the spleen, pancreas or other sites drained
by the portal vemn has 1its hormones destroyed by the liver
before they reach the systemic circulation. In such animals

Sa N
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the pituitary gonadotrophin is elevated (Fig. 1). In such
mice ovarian tumours of the granulosa cell type develop
almost invariably. So far in our experience the tumours have
not been strain-limited. Animals of six different inbred
strains and many hybrid groups have acquired such tumours,

UTERIE ANG OVARIAN RESPONSES OF INTACT PARASIONTS
 UNION WiTH A CASTRATE

h

ALL CPERATIONS PERFORMED  CASTRATION ong INTRASPLENIG

4

SIMULTANEQUSLY GRAFTS 3050 DAYS BEFORE
PARABIOSIS
Fo. b * - . ER DIRSN
Ahller o P .
number: -
weights

strated
under-

ins. This obse extends
taken by Dr. Li, in which he showed, by drrect pituitary assay,
that gonadotrophuns were increased in animals with intrasplenic
ovanan transplants.

The tumours first appear approximately six months after
intrasplenic transplantation, although others appear after
approximately 800 to 400 days. .
Ovarian tumours have not appeared in intrasplenic trans-
plants in animals that have acquired adhesions of the
transplants of the parietal peritoneum, in animals that have



. Prrutrary AXD GoNADAL [UMORIGENESIS 57

had one ovary or testis in place, or in animals that reccived
eestradiol or stilbeestrol or testosterone propionate in adequate
amounts {Li and Gardner, 1037a, 1047), 1019),

. The tumours are predominantly granulosa ccll tumours
although luteomas, which I believe should be called luteinized
granulosa cell tumours, arc not infrequent. Many of the
tumours produce active substances of westrogenic or andro-
genic type in such amount ot of such quality that they by-pass
the liver and produce effects upon the accessory reproductive
organs of the host. If the tumours are permitted to grow to
a large size the incidence of hepatic extension and pulmonary
metastases becomes quite high. The tumours grow, in most
instances, subseq to t plantation into the subcu-
taneous tissues of hosts of the same strain. The percentage
of takes and the rate of growth differ with different tumours.

Hypervolemia was observed by Dr. Furth in animals
bearing transplanted ovarian tumours (Furth and Sobel,
1947). A similar condition has been seen in our laboratory
and has been studied, especially by Dr. Wolstenhol The
liver and adrenal glands may be increased in size several
times by dilatation of the sinuses. The blood volume vas
greatly i d. Dr. Wel hol (1950) has d
strated that this condition 15 reversible, subsequent to
the removal of the tumour, and that the active substance
will not by-pass & parabiotic union. The cause of hyper-
volemia cannot be associated with the ability of a tumout to
produce any of the known hormones. It is rarely found in
animals having other than gonadal tumours.

One might ask why do not granulosa cell tumours occur
more frequently in ageing ammals? In advancing age the
ova and follicles are depleted and presumably, also the

, hormone-producing capacity of the ovary. In such circum-
stances as after the menopause the ovary should be in an
environment of augmented gonadotrophic hormone. In
collaboration with Dr. Li (Li and Gardner, 1050) experiments
were undertaken 1n which young ovaries were transplanted
into old mice and old ovaries transplanted into old mice and

.
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old ovaries were transplanted into young mice. Few tumours
occurred in the intrasplenic transplant in the castrated mice
of the first two groups but old ovaries transplanted into
young mice became tumorous as frequently as did young
ovaries transplanted into young mice, It thus seems that the
ageing organism does not produce an environment as con-
ducive to ovarian tumorigenesis as does the younger organism.
Dr. Fern Smith in our laboratory (Smith and Gardner, 1949)
has observed that the level of gonadotrophic hormone, as
determined by the capacity of the pituitary to produce
uterine stimulation in young assay ammals, is decreased
with advancing age after the age of 400-500 days. It is thus
probable that gonadotrophic hormone production decreases
with advancing age more or less in relation to the decrease
in ovanan function. .

Ovarian tumours also occur subsequent to X-irradiation.
In preliminary experiments undertaken in collaboration with
Dr. Li and Dr. Kaplan it was found that the mjection of
testosterone propionate n doses of 1:25 pg. weekly and
cestradiol benzoate prevented the appearance of such tumours.
Mare recent experiments, however, n which mice of the BC
strain have been used, indicate the testosterone propionate
in the amount administered does not prevent ovarian tumours;
in fact the d has been hat higher than in the
irradiated mice given sesame oil (Gardner, 1950) (Figs. 2
and 8). This, however, is 1n part due to the fact that tes-
tosterone propionate inhibits the leukeemogenic action of
X-rays (Fig. 3). (Estradiol benzoate, however, completely
prevented the appearance of ovarian tumours in irradiated
animals, and also prevented the pre-tumourous changes
observed subsequent to X-irradiation (Fig. 4). Experiments
under way indicate that larger amounts of testosterone
propionate will also prevent ovarian tumorngenesis in mice
of the BC stock.

Testicular Tumours -
Interstitial cell tumours of the testis appear m mice of the
A strain subsequent to the injection of cestrone, cestradiol or
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its esters, and stilbaestrol (Gardner, 1938b). Such observa-
tions have been made in several laboratories in England and
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A strain, also acqure such tumours subsequent to cestrogen
treatment. ' In our experience testicular tumours have
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occurred with extreme rarity in cestrogen-treated mice of
- other than the A strain, or in untreated mice of any strain.
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It has been assumed, but is as yet unproven, that in mice of
the A stmir} the ndministration of cestrogenic hormones
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Recently it has been found that mice of one group, CCy
which never acquire interstitial cell tumours subsequent to
the injection of other cestrogens (Gardner, 1941) did so
subsequent to prolonged treatment with tri-p-anisyl chloro-
ethylene (TACE). Forty-six of 92 animals treated weekly
with 50 or 100 ug. of this synthetic cestrogen had testicular
interstitial cell tumours at death (Fig. 5). It is hoped that
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the above observation may provide a method for determining
how cestrogens may act in inciting interstitial cell tumours.
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Summary

The tendency for pituitary tumours to occur in cestrogen-
treated mice is strain-limited and is transmitted by both male
and female mice of the C;; strain to their first generation
hybrids. The tumours are not completely autonomous, in
that they grow only, and then not consistently, in cestrogen-
treated mice of the same strain  Prolonged quiescent periods
have always preceded the growth of the tumours. .

Ovarian grafts transplanted to sites drained by the portal
circulation in castrated hosts give rnise to granulosa cell
tumours. These tumours can be prevented by the injection
of estradiol benzoate or testosteronc propionate. Ovarian
tumours occurring after irradiation (X-rays) can also be
prevented by the injection of testrogen. Ovanan tumours
arising under both conditions are probably attributable to
the gonadotrophic hormones produced.

Testicular interstitial cell tumours occur 1n wstrogen-
treated mice of the A strain. Again, the tendency for such
tumours 1s transrmtted by both males and females to the
first generation hybrids. A synthetic cestrogen, tri-p-anisyl
chloroethylene, has induced tumours in mice (Cs xCBA)
previously not showing such tumours.
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DISGUSSION

PuLLiNGER. In the intrasplenic ovarian tumour experiment, can you
transplant those tumours into intact animals? And 1n the prtuitary
tumour i s, can you L the tumours into castrated
ammals? That would show ! of h in the
two cases? ’

Garpner. We have not attempted to transplant all of the ovarian
tumours, but about 60 per cent of the tumours we have tried to trans-
plant have grown subsequent to transplantation into intact animals,
The incidence of take at the first transfer generation is variable, With
some of the tumours there was evid that p: i d
the percentage of takes and the rate of growth. That has been published
by Dr. Pan and Dr, Cliffton. After the first transfer, however, most of
these tumours will grow i almost 100 per cent of the amimals into which
they are transplanted, whether male or female, or castrated,

T have not tabulated all the data, but the percentage of “takes” is
Iigh. As for the mtuitary tumours, we have transplanted them to
castrates, into normal males and females, and into cestrogen treated
males and females. The only “takes” we have seen so far have been
in the ccstrogen treated animals, and even among those there has been
a ly low f tumours p: ding “takes,” and a
comparatively low number of “takes” with any one tumour transfer,

We have not been able to carry any of them beyond the fourth transfer

generation, that 1s, a span of Six years.
Muntsock: In answer to Dr. Pullinger’s question, T have l:een study-

[ e e e D ZVL Y ta il
=1

but it requires a longer time in the castrated ammals than in normal
males.

Tap == b Sn famaTng

Geon ! , ; . o . .
much of their specificity for the hormonal environment in which they
develop. I think that the hormone environment which 1s best for
their growth varies from tumour to tumour.
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l\wmocxi The principal cause for the development ::l oll these
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the pituitary using immature animali Dr. Fern Smith did some
experiments on the nge change in the pltuilm;ly, using both castrated
and intact mice, She found that after 500 days the gonadotrophic
hormone content of the pituitary decreased. She took pituitaries from
mice from 800, 400, 500, 600 to 700 days, macerated them, injected
them subcutaneously into infantile mice, and then weighed the uten
of the assay animals. Castrated immature nmmals were used as
controls, The stimulation of the uterus is indirectly through the ovary
and hence phic h content is i at around 500
days, and decreases thereafter. Dr, Miller in our department put in
parabiosis a pair of animals, one of which was castrated 30-50 days
before the parabiotic union, and weighed the ovaries and the uteri of
the intact parabiont aftér 14-21 days; the uterus weighed about 73-3
mg. Then he did the same thing with animals with an intrasplenic
ovarian transplant, with the same effect. The intrasplemic ovarian
transplant did not produce enough hormone to prevent the pitwtary
of the d with the plt ovarian graft from
producing 2n abnormally large amount of gonadotrophin, stimulating
the ovanies and hence the uter of the intact pnmbignt. ‘When Mller
3 er. . DI SN . woe s

80-50 days the gonadotrophic hormone was high enough to produce a

sudden effect in the intact The same exp is being
done using animals with irradiated ovaries,

Munrgock: There must be a difference between rats and muce,

Mat i Tt thers e pn ineearine peoniet of 201

very big ovaries but there are no tumours.
Garprer, Have you put them in parabiosis with males? .
Moarsock: Yes, with males and females of pure strain mice and
hybrids The females which are very susceptible to cestrone production
died, because of retention of the bladder and nephrosis indicating that
there must be a great amount of cestrogenic hormone production.
After parabiosis of several months, sections of the ovaries show the same
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picture you find after the of the_: teini h 5 very

e
1t indicates tt .
treacherous tc
not proven. *
and FSH differentially,
Mrmenore The strain of mice is important for the development of

i
[}
NRE LU SHUW. S5 3o Wt sy ap g
jrot reproducedl. Would you call that a tumour?
. A *

- v

Uiu g

old mice. and’ we have studsed a fanly large number of unuudis.

s Itver would nactivate

the hivers of mice that
were subjected to chrome estrogen iresunent and castrated as well
showed less activity, about 6 5 pg. per mg, per hour, I have often
wondered whether the occasional mouse that shows these minimal
ovarian changes might really have some deficiency in the cstrogen
destroying mechamsm,

Dyocrowsxr In which strain did testosterone have an inhibitory
effect on Iymphoid tumours?

GaroNER: The data presented today were for mice of the BC strain,
and that has since been confirmed 1n another semes of ammals. We
find the same thing in both the males and females, but I showed only
the data on the females. Earher expernments on eestrogen treated

ctemslan racnbte

. mphoid tumoursn,
Ganu N h} : done only intact

males and fernales.
Is there a diff 1n the between females®

*and males? . . .
GarpNER: Not in this stram. It 15 interesting, becsuse in general,

female mice show a higher incidence of leukeerma than male mice,
The incidence tn ths sirain 1s only about 3 per cent.
Duociowskr: Yet, inspite of that, testosterone seems to exert an

inlubitory effect?

P
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GARDNER: Yes, and the normal testis will largely prevent the
i d incid f ia after diati ‘The finci in

o

the sesame oil tfeated X-rayed females was, as I recall, 53 per cent;
the incidence in the sesame oil treated X-rayed males was 14 per cent,
just the same s that of X-rayed females that got testosterone, so the
testes are just as effective ns 125 mg, testosterone propionate in

tumours,

e

A seemban

. ' . T
The incidence, with large doses of cstrogen, goes up to about
25 per cent, whercas in the control 1t was 1-3 per cent. If »e

KorTEWEG: You have shown that the possibility of growing pitmtary
tumours probably has something to do with hormones, and is also
genetically determined. Did you find any correlation between this
probable “hormone factor and the genetically determined hormone
v L s el LG e LT e

GArDNER That’s & very umportant pomnt that I have thought about
agreat deal In my expenence these tumours have occutred frequently /
mn ammals of what we call the BC, a Jow mammary tumour strain,

1 .
If reciprocal hybnidization 1s done, most of the animals will develop
mammary, tumours and pituitary tumours. So far as our own obser-

vations are concerned, I would think that any possible relationship
with respect to the lugh meidence of pituitary and mammary tumours

\ .
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after s just T have not, however, seen
the tumottrs in the R-IIT nmmals Wluch are susceptlhle to mammary
tumours.
KosTeEwEG: Did your CBAs with tumours have the milk influence?
GarpNER: Yes. Our CBAs are just like the C;Hs in this respect,
KorTEWEG. Then we can understand the fact that in the F, C,y X CBA,
there are no mammary tumours, and in the reciprocals there are
mammary tumours. Did you find that there was a posmve correlation

hetween the of the 1 factor
and the appearance of tumours of the pituitary gland and of other
organs?

Garpner: Of course, we couldn’t get results when we had the milk
influence there because the mammary tumours developed so early that
the aumals didn’t live long enough. I showed a slide [not repmduced]
of one _expermment 1n wh!ch we hybudxzed mice of the C, H szrmn




PART H
THE MAMMARY GLAND

SOME EFFECTS OF STEROIDS ON THE
MAMMARY GLAND

8. J. FOLLEY

I po not work in the tumour field, but Professor Haddow
asked me as an endocrinologist specially interested in lacta-
tion to contribute to this symposum in view of the out-
standing importance of the mammary gland i cancer
research. I thought that perhaps he would like me to give
some general account of the effects of steroids on mammary
growth, with special reference to the work that we have been
doing in our laboratory at Reading.

Methods for Studying the Growth and Development
of the Mammary Gland

First of all, I think one should emphasize the urgent need
for some objective methods for studying the effect of hormones
on mammary growth (see Richardson, 1947). For many
years there has been a tendency among workers in this field
to regard the study of only one mammary gland from each
of a group of hormone-treated ammals, either 1n the form of
whole mounts or sections or i both, as a suffici
basis for drawing rather far-reaching conclusions about the
effeet of various hormone treatments on the structure of the
mammary gland. This is admittedly a time and labour
saving procedure but its deq may easily lead one
astray. In the last few years we have, in our laboratory,

69
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, been trying to develop more objective methods for studying
mammary growth, and our aim has been to make them as
quantitative as possible. It should be emphasized, however,
that this is proving rather difficult with the mammary gland.
1 shall begin by giving a brief account of the methods which
we have been using, and which we hope contnually to
improve, for studymg mammary development under experi-
mental conditions, I hope that these methods may be of
interest and perhaps of some use to cancer research workers.

In species such as the mouse, rat and monkey, in which the
mammary glands are relatively flat (flat, that 1s, in all repro-
ductive phases except late pregnancy and lactation) and can
be stripped off m a thin sheet of connective tissue and made
up into whole mounts, one objective measure of mammary
growth 1s given by the rate of increase in the area of the
mammary gland (bounded by the shortest line jomning the
periphery of the duct system). We have recently been carry-
g out studies mvolving measurements of the total area of
all the mammary glands of the rat. Whole mounts are
prepared, their images projected on to squared paper and .
their outlines traced. In this way the total mammary gland
area for each ammal can be computed. It should be empha-
sized that measurement of the mammary gland area, though
affording an objective and quantitative method for studying
the dynamics of mammary growth, only gives a general idea
of the rate of growth of the duct system. It gives no infor-
mation about morphological changes occurring within the
periphery; it fails to detect increases n the degree of arbores-
cence of the ducts, or the formation of new alveoli. .

The most smtable and usual type of animal for studying
experimental mammary growth is the immature animal which
has been gonadectomized when sexually immature. Such an
animal is, of course, still growing during the experimental
period, and in studying the rate of increase of mammary
area one has to take into account the concomitant increase
in the body surface. This can be done by means of reIative
growth analysis (see Huxley and Teissier, 1938) which
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enables a comparison to e made between the rate of growth
of the mammary gland and that of the body surface.

The law of simple allometric grow th of Huxley and Teissier,
3 =bx* (where y is the size of the organ under consideration,
x the size of the reference organ—often the body as & whole—
and b and a nre constants), may be written log y =a log x+
log b. So that if the law is obeyed, a plot of log y against
log x gives a straight line the slope of which is a, the equili-
brium constant. If « is greater than 1, the organ 1s growing
faster than the body (positive allometry), which is to be
expected if it is a target organ responding to its specific
hormone, If a=1, then the organ 1s merely growing at the
same rate as the body as a whole (1sometry), and any observed
inerease in the size of the organ must be discounted. This
method of analysis was, I think, first applied to the mammary
gland by Professor Zuckerman and myself in studies on the
breast of the rhesus monkey some years ago (Folley, Guthkelch
and Zuckerman, 1939). It has also been used i France by
Dubois (1944) in some unfimshed work which was unfor-
tunately interrupted by his untimely death, and has been used
m our laboratory more recently in studies on the mammary
gland of the rat (Cowae, 1949).

Relative growth analysis is also very sutable for studying
the dynamics of teat growth sinee the length of the teat can
be readily measured and compared with the length of the
body. As an example I might mention some work carried out
in our laboratory some years ago, on the effect of androgens
on the growth rate of the gumea-pig teat; this work showed
that unsaturated androgens such as test and andro-
stenediol caused the teat to grow allometrically while satu-
rated androgens such as cis-androsterone and dihydrotestos-
terone had no effect (Bottomley and Folley, 1938). Another
example of the use of this method in teat growth studies 1s
provided by our work on the normal and cestrogen-induced
growth of the teat 1n the virgin female goat (Folley, Scott
Watson and Bottomley, 1941). The teat of the normal virgin
female goat begins to grow allometrically quite soon after
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birth. The allometric phase is, however, eventually super-
seded by a period when the teat ceases to grow, and this
oceurs, curiously enough, just when the cestrous cycles of the
goat’s first breeding season begin. At the end of the breeding
season, when the cestrous cycles cease, allometric growth,
however, sets in once more. This curious phenomenon, whieh'
is the exact opposite of what one would expect at first sight,
would clearly repay further investigation.

The mammary gland also grows by densification of the duct
tree and develops by the differentiation of lobule-alveolar
tissue. Therefore, in addition to the use of relative growth
analysis in conjunction with measurements of mammary
area, we have attempted to devise methods of obtaining -
objective measures of the increase in the arborescence of the
mammary duet system and of the formation of alveoli. This -
problem has been attacked by devising a scoring system,
applied to mammary gland whole mounts, which gives
numerical scores susceptible of statistical analysis, thus
providing a semi-quantitative if still somewhat subjective

* measurement of mammary development (Cowie and Folley,
1947). Dr. Dora Jacobsohn of Lund has also used our method,
apparently with success (Jacobsohn, 1948).

The features which we score according to a pre-determined
subjective scale are: the degree of arborescence of the duct
system, the presence or otherwise of club-shaped end-buds
(which usually take stain deeply and are constdered to be &
sign of active duct growth), and the status of the gland
regarding the differentiation of side-buds and alveoli. The
total whole mounts from each group of rats in an experiment
are randomized and seored independently by two observers,
the mean score for each feature being calculated for each
group. The results can be submitted to an analysis of
variance, thereby affording, we believe, a more valid picture
of hormonal responses than 1if one gland only from each rat
is studied microscopically in the usual way.

The third method I wish to describe is applicable to species
that have “thr i jonal” y-glands, i.e. udders
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or breasts. It has been developed in collaboration with Mr.
K. C. Richardson of the Anatomy Department, University
CO“{gC. London, who has been associated with us in these
studies for a number of years. It has been used by us solely
in studies of the goat udder, but in theory it could be used not
only fOl: the udder of the cow (though technical difficulties
1n working on such a relatively huge mass of tissue would be
rather great) but presumably also for the human breast. In
studying the structure of the caprine or bovine udder, it is
very lit.lle use excising a small piece of tissue and fixing and
sectioning it in the usual way, because it is apt to be full of
milk, and as soon as the udder is cut the milk drains out and
the whole organ collapses. The collapse of the distended
alveoli precludes the possibility of getting a true picture of
structural relationships. Morcover, in our experience,
experimentally developed udders in the goat present a far
fmm uniform histological picture so that a small piece of tissue
1s unlikely to be a representative sample.

In applying the method devised by Mr. Richardson, my
colleague, Dr, A, T. Cowic, removes one half of the udder
(one gland) from an anmsthetized goat—rather an exacting
Operation since the slightest puncture of the gland cistern
15 precluded otherwise the whole organ collapses—and as
soon as it is taken off it is perfused with fixative under
Ppressure. Later, in Mr. Richardson’s laboratory, it 1s sliced in
a horizontal plane into slices about 1-5 em. thick, and fixing
is continued. The slabs are finally mnfiltrated with collodion,
and sections cut at 100 p are stamned and mounted as whole
sections of the entire gland. The sections can be studied by
suitable 1 pli hods for “porosity™ (the
number of alveolar spaces per unit area, which is related to
the mean alveolar diameter), and also examined micro-
scopically.

With the help and advice of Mr. Richardson, an essentially
similar method has also been applied by Dr. Cowie and Dr.
M. H. L. Macaulay to the guinea-pig, which we have used as
a pilot animal for the goat. The reasons for the choice of the
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guinea-pig as pilot animal are (a) that its two mammary
gland.s are “three-dimensional” of a form rather like udders
n miniature, and (b) like the goat udder, the guinea-pig
mammary gland responds with extensive alveolar develop-
ment to the action of cestrogen alone. The whole animal is
fixed under anesthesia by perfusion through the aorta, the
mammee removed and serial sections prepared after collodion
mfiltration.

Mammogenic Effects of (Estrogen and Progesterone

In turning to consideration of our studies of the effects of
steroids on mammary growth, it should first be emphasized
that the common species of experimental animal can be
divided into two main classes. First, there are those in which
cestrogen alone evokes not only growth of the mammary
ducts, but also considerable alveolar development, These
include the guinea-pig, the monkey and the farm ruminants.
The case of the rhesus monkey 1s of some interest. Earlier
work (Folley et al., 1989; Gardner, 1941) did not lead to
unanimous agreement as to how far cestrogen alone would
cause develop t of the ry alveol in the rhesus
monkey, particularly the male. However, the recent valuable
monograph of Speert (1948), who has had access to much
more prehensive experi tal material than earlier
workers, leaves no doubt that the monkey must be mcluded
in the species in which ccstrogen alone causes extensive
lobule-alveolar growth. As regards the ruminants, the cow
and goat, in which we ourselves are mainly interested,
numerous experiments on the hormonal induction of lactation
(reviewed by Malpress, 1947) testify to the extensive alveolar
development which can be obtained by cestrogen treatment.
Fig. 1 shows a complete section at 100 p. of one half of the
udder of a virgin goat which had been given 1-0 mg. hexcestrol
daily for 96 days, that is a period about equal to one half of
the gestation period (Cowie, Folley and Richardson, unpub-
lished). The extensive lobule-alveolar system developed by
this treatment is shown very clearly. However, in considering
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experiments'which appear to demonstrate alveolar growth in
response to cestrogen in the absence of the ovary, there is a
complication to which I drew attention ten years ago (Folley,
1910), namely, the possibility that, under the influence of
administered cestrogen, the adrenal cortex may scerete
progesterone which, as is well known, is a mammogenic
agent the action of which is closcly related to the growth of
alveoli. There scems to be no obvious way of overcoming
this technieal difficulty.

The second entegory, which includes the mouse, rat and
rabbit, consists of forms in which, at any rate at physiological
dosage levels, extensive alveolar growth requires progesterone
as well as astrogen. The position as far as the rabbit is con-
cerned is very beautifully illustrated by the elegant work which
Dr. Lyons has done on the optimal ratios of cestrogen and
progesterone y for the exper 1 develop of
the lobule-alveolar system (Lyons and McGinty, 1941; Scharf
and Lyons, 1941).

Goat. In our earlier studies on experimental udder growth
n the goat, the mediocre lactational performances of the
experimentally developed udders quite soon led us to suspect
that although extensive udder growth regularly resulted from
the administration of synthetic cestrogens alone, the alveolar
tissue so obtained might not enly be deficient in amount but
might also exhimt morphal 1 ab lities, both of
which features could perhaps be corrected if progesterone
.were administered as well. Indeed, Mixner and Turner (1943)
in the United States have shown, in preliminary experiments
with the goat, that udders grown with cestrogen tended to
exhibit cystic alveoli in which papillomatous epithelial out-
growths were often seen, but 1f progesterone was given as
well, the alveoli were smaller and the histology of the tissue
more nearly normal In view of these considerations we have
been investigating for some time the use of varwous ratios
and absolute levels of cestrogen and progesterone for evoking
artificial udder growth in spayed goats. So far only a brief,
preliminary account of this work, which is still in Pprogress,




76 5. 1. Forrey

has been published (Cowie, Folley, Malpress and Richardson,
1951).

In choosing the most likely gravimetric ratio for the best
results we took into consideration the work of Dr, Lyons, just
mentioned, in which he investigated the optimal ratios in the
rabbit. On the basis of his results and using Dr. Corner’s
calcnlations of the output of progesterone by the rabbit’s
corpus luteum (Corner, 1937), and our own measurements
of the size of the goat corpus luteum (Folley, Greenbaum and
Roy, 1949), we calculated that daily doses of 40 mg. of
progesterone and 1 mg. of hexcestrol were worth trying first
in our search for an experimental régime capable of mimicking
in the spayed goat the effect of pregnancy on the udder of the
normal female. The hormones were injected in oil daily for
20 weeks (approximately the gestation period in the goat}
and, since mammary growth largely takes place during the
first half of pregnancy, some animals were injected for 10
weeks only.

In preliminary experiments the indications were that com-
bined treatment with cestrogen and progesterone developed
alveolar tissue histologically more normal than that obtained
m response to wstrogen alone.  Ifowever, subsequent experi-
ments on a larger scale did not always bear out this indication
though the resuits suggested that the combined treatment
grew udders often capable of giving larger milk yields than
ndders grown with costrogen alone.  Alveolar “porosity”
measuremnents made on sections prepared from udder halves
removed from these animals at the peak of lactation were very
variable and no statistically significant differences were
ascribable to the different treatments.

For various Teasons it scemed possible that the cestrogen
doses used in these experiments were too high and that more
significant results might be obtained with lower dosage levels.
In this connection it may be noted tlu_zt Clarke and Selye
(1943) have reported that o given ratio of.u:stmgen fmd
progesterone will evoke d\!fcrent responses in the Vﬂglfml
epithelium of the rat according to the absolute level at which
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the two hormones are given, vaginal cornification resulting at
one level of dosage, and an entirely different response at a
higher level. It scemed possible that the same might apply
to growth responses of the mammary gland, We are therefore
carrying out at the present time a preliminary experiment on
four spayed goats in which a much lower dose of cestrogen
(0-25 mg. daily) is being given, but at the same time we have
raised the progesterone/cestrogen ratio to 400.1 by weight.

A very interesting effect has been observed in these latest
experiments. The two goats receiving hexcestrol alone,
towards the end of the injection period of 20 weeks developed
remarkably large udders—as large as those of high-yielding
pedigree goats in full milk. These udders were so turgid as
to necessitate the initiation of milking before the end of the
treatment period. By the udder develog t in the
two goats recerving cestrogen and progesterone was much less
striking, A+ feet et b ermeass e £ ahn LISl AL Tage of
Pprogestero . “the
alveolar t - = tamn
unti] the rather laborious histological studies on the udder
halves removed at the peak of lactation are completed by
Mr. Richardson. It is worth noting that Dr. Lyons found
evidence of inhibition of alveolar growth by high progesterone/
cestrogen ratios (just over 600:1) in his rabbits (Lyons and
McGinty, 1951).

As regards the effect of steroids on the male mammary
gland, though 1 many species, well known examples of which
are the guinea-pig and the monkey, the male gland 1s equipo-
tential with the female gland, our experience as well as that
of others indicates that this is not so in the ruminant. In our
experiments, castrated male goats subjected to prolonged
cestrogen treatment have never shown any but the most

L P T - e

cotL ENpOC —1 7
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restricted y development, the experimentally grown
glands never extending beyond the base of the nipple, though
containing some alveoli (Folley et al., 1941), Dr. Malpress
and I in similar unpublished experiments on steers, to which
we gave cestrogen and progesterone, obtained very similar
results (see Melpress, 1947).

Guinea-pig. Our experiments on the hormonal induction
of udder growth and lactation in goats which are being carried
out with a view to eventusl practical application, are very

expensive in animals and he As was stated earlier
we arc at the same time mnvestigating the optimal progesterane,
cestrone ratios and levels for 'y alveolar devel t

in a much less expensive pilot nmimal, the guinea-pig. In
experiments involving the administration of various daily
doses of progesterone and cestrone to spayed virgin guinea-
Ppigs, set up according to n factorial design (for which we are
indebted to Prof. C. W. Emmens), Dr. Cowie has found that
in the guinea-pig, progesterone is necessary in addition to
eestrogen for normal and full alveolar development, The
type of result obtained is illustrated in Fig. 2. The dosage
ranges, given daily for 68 days (the gestation period) for the
best responses have been narrowed down to 50-100 pg.
cestrone and 0-5-4+0 mg. progesterone and these ranges are
being studied more closely. When the optimal progesterone{
cestrone ratio for mammary growth in the guinea-pig has been
worked out it is intended to try this on the goat.

Rat. T would like now to consider some experiments on
the rat, which, along with the monse, has been widely used
for studying effects of ids on y devel t
We have applied relative growth analysis to

. e o et

As jrabic. v . ' .

obtained from & élut of the mammary sarca against age in
young enimals is limited. Such curves, for instance, give no
information about the age at which the ovary first hegins to

secrete enough testrogen to change the isometrically growing
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gland to an allometrically growing one.  Using relative growth
analysis, however, Dr, Covwie has shown that in female Norway
rats from our colony the mamme grow isometrically from
birth until 21-22 days, when an allometric phase sets in, the
constant a assuming a value of approximately 3. It therefore
appears that the ovary first begins to secrete enough cestrogen
to affect the growth of the mammary gland at 21-22 days.
If the females are spayed at 21 days, 1sometric growth
(a=1) continues (Cowie, 1919).

Mrs. M. Silver, in our laboratory, has been investigating the
effect on the equilibrium constant, a, of various dosages of
cestrogen given to spayed females. The immediate object was
to find out whether 1t is possible, by the administration of
sufficient cestrogen, to induce faster relative mammary growth
than is observed in normal females (e=3). Some of the
results obtained so far are shown in Fig. 8.

The results so far obtained show that with doses of 0-25 pg.
wstradiol dipropionate every two days a value of a of about ,
the same magnitude as that observed for the intact female is
obtained. Increasmg the dose to 1-0 pug. every other day did
not i tly. It therefore seems that excess of
cestrogen dces not cause the mammary duets to grow much
faster than the normal rate, which may represent about the
maximum growth rate attainable. When we have determined
the minimum dose of cestrogen which just gives an « value of
3, it may be that we would be justified in thinking that
we have an upper limit for the cestrogen output of the rat
ovary. In these experiments the value of a found for un-
treated, spayed controls was 1-3, which is somewhat higher
than the value of unity required for isometric growth and
which was obtamed in previous experiments with rats from
the same colony (Cowie, 1949). It is believed that this dis-
crepancy 15 connected with the fact that in these experiments
the animals were spayed at 10 days, whereas 1n the previous
experiments of Dr Cowte they were spayed at 22 days, ie.
immediately before observations started. It may be that in
the interval of 11 days between removal of the ovaries and
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the start of observations in the present experiments, there
was some activation of the adrenal cortex by a hypophysis
released from the control of the ovary, resulting in the pro-
duction of small ts of i ids, perhaps
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TFio. 8. Effect of estrogen on the relative rate of increase in total
mannary gland area i the young femate rat.

® Normal intact fernales receiving 0:1 ml Arachis oil sub-

cutaneously on aiternate days.

Spayed fcmales recerving © 1 mi Arachis oil subeutrneously

on aitemnate days,

Spayed females sectiving 0403 pg. costradiol dipropronate

in 01 ml. Arachis ail subcutaneously on alternate days.
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astrogen. A more clear-cut, hecause Jonger term; example
of this phenomenon was described hy Fekete, Woolley and
Little (1941). In support of this interpretation, Mrs. Silver
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bas found that in thesc early spayed animals the adrenals at
sutopsy were slightly heavier than normal for their age.

Similar results were obtained with male rats. Like the
females, males gonadectomized at 10 days and killed at
intervals from 21 days on, gave an e value somewhat greater
than unity and the explanation is probably the same as for
ferales, Admimstration of various doses of cestrogen gave
much the same results as in the female rats.

This series of experiments has also included an investigation
of the effect of aminoptern, a folic acid antagonist, on
mammary growth as studied by this method of analysis.
Hertz and Tullner (1949) have shown that administration
of aminoptenin ta the spayed female rat virtually abolishes
the uterine weight increase evoked by cestrogen treatment
and have concluded that folic acid plays a part in this cestro-
gen-mduced response. We therefore felt 1t to be of interest
to see if there was any evidence that folic acid 1s concerned in
mammary duct growth responses to cestrogen. However,
we have so far been unable to demonstrate any inhibitory
action of amopterin on mammary growth, either in the
normal intact female during the allometric phase or in the
spayed animal receiving just sufficient cestradiol to cause
allometric mammary growth,

Mammogenic Effects of Androgen

Rat. Coming now to the effects of androgens on the rat
mammary gland as shown by relative growth analysis, it has
been found that the mammary gland grows isometrically in
mtact males angd that castration does not alter the a value,
dicating that androgen at any rate at endogenous levels has
little or no effect on the growth of the mammary duets (Cowie,
1949). A study of whole mounts, however, 1llustrates the
Iimitations of this analysts because whole mounts show that
androgenic factors indeed have a remarkable effect on the
mammary gland of the male rat In confirmation of the
findings of earher workers (e.g. Astwood, Geschickter and
Rausch, 1987), Dr. Cowie has found that though the mammary



82 S. J. Foriey

duct system in the young male rat remains restricted there is
a striking development of clusters of alveoli at some time
between 30 and 60 days. The mammary gland of the intact
adult male rat thus has quite a characteristic structure; the
duet system is restricted in extent but is covered with dense
clusters of alveoli.

Rhesus Monkey. Just as in the ease of the response of the
mammary rudiment to cestrogen, so with androgen, species:
differences must be taken into ideration. 'Thisis pli-
fied by the case of the rhesus monkey. In experiments which
I carried out with Dr. Van Wagenen ot Yale some years ago
we found that in the spayed female monkey androgen would
only cause alveolar development if alveoli were already
present (Van Wagenen and Folley, 1939). In these circum-
stances testosterone propionate was capable of cousing the
development of dense alveolar tissue while andrasterone was
innctive, reealhinp the effects, mentioned enrlier, of these
two endrogens on the guinea-pig teat. Another observation
which we made, confirming effects which Professor Zuckerman
and I had described earlier (Folley et al., 1939), was that
papillomatous projections of the alveolar epithelium into the
lumen were often present after androgen treatment in the
monkey. Inthe monkey we have not succeeded in demonstra-
ting growth of the duct system in response to androgen; the
only noticeable effect was that the ducts were dilated with
secretion. On the other hand it 1s well known that in the
mouse admmistered androgen does cause duct growth (Van
Heuverswyn, Folley and Gardner, 1939).

Since this 1s a conference on tumours, X feel I ought to con-
clade with a few words about cancer. In our work on the
monkey mammary gland, Professor Zuckerman and I des-
eribed some animals which had received regular treatment
with natural cestrogens for periods ranging from over 365 to
038 days (Folley et al, 1939). Although considered in
relation to the normal life-span, this period of time is small
in comparison with the period for which cestrogen is commonly
administered to mice in order to induce mammary cancer,
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it may be noted that we never saw any neoplastic or other
abnormal conditions in these mammary glands when the
animals were finally brought to autopsy. We felt at the time
that this might provide some reassurance for the clinical
use of cestrogen in women.

$dighad avnaeimnmtn Jacaetbad
'

Cow o . 1 -
and to Dr. J. H. Wilhams of the Lederle Laboratories Division,
ican C; id Co. for i
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PISCUSSION

L¥ons: I do net think anybody would thank me for dragping in the
horsmones of the antepor pitujtary at tlus time in connection with
sterord fanction; but they do play very important roles i determmng
the response of the mammary gland 10 the svarian steroids,

PyLLmoer I have often thought, ke Dr Folley, that the mammary
gland vesponse mught finaily tell us the physioloment level of arstrogen
in these anitmals, I teke it there 1s no other way of estimating what 15
the physiological amount of cestrogen crculating 1n the animal?

Fowiey: No, T don't know of any. ¥ belleve Carl Hartmann has
prop 2 methad of estrogen on A micro seale i blood,
but I don’t know that si has ever come inte wide use. Perhaps Dr.
Gazrdner could tell us more nbout 1t. It seems to me that this method,
when we've got more dsta, mught well give uy some iden of the physio-
logient autput of the rat ovary, provided one can grow the gland faster
experimentally then it grows From our exp s, Bt the
moment it looks as though the daily output is betneen & 623 and 8 123
rucrograms of eutyndiol & day, which 18 rather soiall

Bsse: Won't you tually have to use adrenal jzed ovariets
tomized ammals?

Forugy: X suppose we should, but it 15 very difficnlt to keep the
adrenslectomized animals ahve ot an cestrogen regime.

Brae' Have you used salt?

Foriey: Dr. Cowte didn't find sult very effectsve in our rats.

Beos How abouy salt and DCAY

Cowe: Then you would be addmg a steroid which might affect the
snammary growth.

Forrey: DCA, as Dr, Gardner and I showed yenrs ago, does possess
mammogentc activity, That was later canfirmied by Speert i the
monkey,

GagpNeEr Did you use eny smmals, such as the dog, m which
wstrogen bad no cffect on the growth of the mammary gland, or very
very shight effect ?

Fourey: No, 1 didn’t use thase.

Ganpnrn: There ic another class, 1n addition to the two elasses you
wentioned, in winch wstragens has & very humted effeet. D, Trentin
has recently found that with astrogen pius progesterane the dogy'
mammary glands do very well,

In this analysts of growth of the mammary gland I nondered sbhout
the tan with d dases of pen. We have observed
in our laboratory that lazge doses of festropen inhidat mamoary growth,
hisproportionntely to total body size. It wmhility genernl growth foo,
hut 12 we give cride pitistary extradt 1o keep body growth comparable
ter normat body growih, estrogen sl iahibits mammaty growth. 1
don't know just where that would fall as far as dosage level is catvernied.




- GENERAL DiscussioN 85

1 am sure that the dosages you were using here were much below that
inhibitory level, S TR

area of alt mammary glands in each rat, and, for controls, using other
rats. We don’t use glands taken before treatment begins from the
experimental animals for our controls. Judging by our curves, that
T ey e e ,, -

A gbmnamhs 1o

ammal.

Bovranp: Have you done any experiments with sheep? Sheep
should be convenient ammals because they are cheaper and more
uniform than goats.

Forrey. I don’t think they're so much cheaper if they are pedigree
animals

Sosnervice: I think that Dr, Folley would agtee that when trying
to deduce physiological hormone produetion m studies in
which the steroid hormones are admunistered, 1t would be wrong to
neglect the possibility of shifts in the intermediary metabohsm which
might alter the whole picture. There is evidence for this in pregnancy
where there may be an ncrease in progesterone secretion but, on the
other hand, there may be shifts in the intermediary metabohism of the
hormone reflected in unnary steroid excretion.

Fouzey, I think that's an interesting and important pomnt and one
that we obviously have to consider. I think that many of these con-
clusions are rather tentative and subject to considerations of this sort.
Would you think that by giving very low physiological doses to spayed
ammals you may get shufts?

SommERVILLE: I should think 1t 1s less hikely.

ForLey: In our expertments the doses were of the order of 0 025 pg
a day, and such factors should be at a mimmum under these conditions.

Hertz Absorption may be a critical factor m your ealeulations
comparmg the biological effect of an imjected dose and endogenos
productjon.
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Forrey: [ agree that that is possible,

1 In all your experi the injections were started at
the nge of 20 days?

Forrrv: Yes.

Mumipock: Have you any experience with earlier treatment?

Forrry: Neo, we want to try that i due course.

Munwpocxk: I have done some experiments to develop the mammary
gland in mice in the early days, 2nd there I found no growih. X began
the treatment on the first day of bfe and I continued for 18-20 days,

Puriineen: I agree with Dr, Muhlbock.

Fourgy. We suspect that the mammary pland may not be responsive
to cestrogen below a certam age. Dr. A, Reynaud of the Tnstitut du
Radwum m Pans has been workang on the effects on the fretus of stesaids
adrmunistered to the mother, and he believes that the mammary gland
is not responsive mn late pregnancy. He wrote to us to ask if we had
any evidence of what happens during the early period of lactation, from
rth to 20 days, and we do intend mvestigating that.

Hirrre: There must be o marked species difference, because at bivth
in the human mfant there is frequently stmulation.

Forsey Yes, 1 think Dr. Lyen's work on the bormonal basis of
“witches mik” 15 interesting in this connection,

Lyvoxns I think about two-thirds of all new-born wnfants of bath
sexes show mammary swelling due to growth of the parenchyma, and
not simply to and sbout b Jurds of these secrete
milk or colostrura.

Beeo. ¥sn't the human faetas bologicnlly more advanced at birth
than the rat or the mon!

Lyons: 1 think the difference might be sn the response of the foetsl
meramary glands to the hormoenes of the placeata.

Foiwey: Some goats have little udders at tieth.

Dopriven: I would hike to ask Dr. Folley whether he has studied
other h He joned the Have you tried the
effect of any of the 11 5 d steroids on y growth?

Foriey: Not yet. Unfortunately, we haven't been sble to get any
eortisone so far, But Dr. Gardner and I showed some years ago that
deoxycortone acetate causes mammary growth, We bave investigated
the effects of adrenalectory, and concluded that {n normal mammazy
growth the adrenal cortex doesn’t seem to be ymportant. Inother words,
one can by experimental means mduce more or less the same depree
and rate of v growth in ad: ired antmals as in pormal
ones.

Dosnivgn The question of DCA is a very trcky one because one
of the next mt i in i s We have
evidence that it 1s very easy to reduce the 21-hydroxyl.




LE ROLE DES HORMONES STEROIDES
DANS LA CROISSANCE NORMALE ET
PATHOLOGIQUE DE LA GLANDE MAMMAIRE

A. CHAMORRO

L’opser de cette communication ne sera pas, comme le
titre pourrait le faire supposer, de présenter une mise au
pmnt de I'état actuel de nos sur les fact
ho qui déterminent la i le de la
glande mammaire ou qui interviennent dans sa pathologie.
Tout dernitrement des mises au pomt ont été publiées par
Folley (1947), sur le ole end: du dével
phy gique de la lle, par Nathanson (1947), sur la
relation entre les hormones et la pathologie mammaire, et
par Lacassagne (1948} sur les hormones et leurs relations avec
le cancer et sur la position actuelle du probléme de P'action
cancérigéne des substances cestrogenes (1949). La biblio-
graphie sur les thémes que nous allons traiter se trouve dans
le snotes que, sur la glande ire, nous avons pré é
depuis 1940 aux Sociétés de Biologie et d’Endocrinologie de
Paris.

Nous présenterons une vue d’ensemble des recherches que,
sur le role des hormones stéroides dans le développement
normal et pathologique de la glande mammaire, nous avons
réalisées au cours de ces derméres années. Nous rﬂpportemns
aussi des expéri encore inédi et lesp
d’autres en cours d’éxécution. Nous femns, au préalable,
une esquisse de Pévolution de nes connaissances sur le
déter 1 de la cr physiologique de la
glande mammaire qu a passé par deux étapes: dans la
premutre, Povaire a été considéré comme le centre trophique,
dansla deuxiéme, 'hypophyse détient Je role le plus important.

87
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La Mamelle sous le Contrdie Hormonal de I'Ovaire
On sait que le développ et I’ t physiol
giques de la mamelle sont liés au se‘(c féminin, mms les
données scientifiques sur In subordination de cette glande &
Ia séerétion interne de I'ovaire ont ¢été seulement apportées

au cours du dernier demi-sitcle, .

Le retentissement que Vextirpation des ovaires a sur fa
manmelle, a é1¢ signalé par Roberts dans son journal de voyage
de Delhi & Bombay: des femmes ayant été castrées avant I
puberté et examindes par lut & I'age d'environ 25 ans, pré-
sentaient une aplasie de la glande mammaire et du mameion
ainsi qu'une strophie des organes génitaux. Poth, en 1777,
ayant extirpé & une femme les deux ovaires devenus tumorans,
observa que la menstruation cessa et que les seins, tris
développés, s'affaiserent. Keppler (1890), ayant renlwé Ia
castration de 46 f & cause de maladies gy
constata une dimnution du volume des seins qui ressemblaient
& ceux de 'homme, ainst qu’une dimnution de Ia pigmentation
de P'aréole et du mamelon.

La premiire observation expérimentale de Vinfluence de
Tovaire sur In mamelle o été mppnrtée par Hegar en 1878,
Cet auteur ayant extirpé un ovaire 4 une truje et les deu
ovaires & une autre, constals que chez In premibre, les

{les étaient tou) micux dével que chez In
deuxibme. Cette constatation est confirmée par Halban
(1900) chez le cobaye et par Foges (1905) chez la lapine
impubgre chez lesquels la castration empéchait le développe-
ment normal des mamelles. Les cffets de Pextirpation des
ovaires sont complétés par les expériences de greffe réalisées
par Knauer, Halban et Steinach. Knauer (1899) réalise Ia
transplantation d’ovairc chez la lapine. Dans le cas de
transplantation autoplastique, la greffe prend et les mamelles
se développent; dans le cas de transplantation homoplastique,
la grefle ne prend pas, Povaire est résorbé et les mameiles
s'atrophient, Talban (1900) chez le cobaye, constate que
Ia greffe autoplastique d’ovaire provoque un développement




STEROIDES ET LA GLANDE MAMMAIRE 89

normal de la mammelle. Il admet que l'ovsire produit une
substance spécifique ire pour le développ et le

de la lle et dtre Povaire comme son
centre trophique. Steinach (1012), qui réalise 'implantation
d’ovaire chez le cobaye male castré, signale que les mamelons,
I'aréole et 1a glande mammaire prennent la forme et le volume
de ceux de la femelle normale.

La dépendance de la mamelle & Povaire ayant été établie
par les observations climques et expérimentales, Ancel et
Bown (1909-1911), dans leurs expériences chez la lapine
en pseudo-gestation, mettent en lumiére le réle important
joué par le corps jaune dans le développement des acim
mammatres.

Aprés la constatation des cffets de la castration et de la
greffe d’ovaire, la troisitme phase expérimentale, I'étude de
Taction des extraits glandulaires, est réalisée par Fellner
(1913), chez la lapine castrée & I'side d’extrait ovarien et par
Herrmann (1913), chez les lapins miles ou femelles castrés
par administration d’extrait de corps jaune. Ces auteurs
constatérent que ces extraits ovariens stimulent la mamelle.
Allen et Doisy (1923) en injectant du liquide folliculaire ou
de Textrait de liquide folliculaire & la souris castrée, ont
aussi stimulé la croissance de la glande.mammaire.

L'isolement, dentification chimique et la préparation &
Pétat pur des deux hormones stéroides de Povaire, ont permis
aux expe'umentateurs Tétude de la part qu revient & la
folllculme et a la progesterone dans I’édification et les change-
ments phy giques du réseau ire.
expériences ont établi que la folliculine devcloppe les tubes
mammatres et que Paction synergique de celle-c1 et de la
progestérone développe les acini. Les études histologiques de
la glande mammaire de la femme ont révélé des changements
cycliques de I'épithéhum e et leur parallél avec
le cycle sexuel.

La Mamelle sous le Contrdle Hormonal de I'Hypophyse
Les observations de Cushmg (1909) et de Aschner (1909)
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sur P'atrophie de Pappareil génital conséeutive & I'hypophy-
sectomie, et celles de Zondek (1926), de Aschheim (1926) et
de Smith (1926) sur l'action stimulante des implantats
@’hypophyse sur Yovaire, romenent Phypophyse au rble
dirigeant dans le systéme endocrinien. L’hypophyse contrdle
Povaire et, & travers lui, Ia glande mammaire. Mais ce role
de Ihypophyse ne se limite pas & Paction exercée par voie
indirecte. En 1985, Selye, Collip et Thomson signalaient que
Yadministration d'cestrone & des rats femelles hypophysec:
tomisés n’empéchait pas Vinvolution de Ia mamelle conséeu-
tive & Popération. Lyons et Pencharz (1986) et de nombreux
autres expérimentateurs, & leur suite, constatérent que les
cestrogénes étajent incapables de stimuler la mamelle
atrophiée par hypophysectomie ou d’entretenir Phypertrophie
provegquée par les cestrogénes avant opération.

Les hormones stéroides séerétées par V'ovaire sous Vinfluence
de Thypophyse ont encore besoin de I'action de Phypophyse
pour étre actives sur le récepteur mammaire.

ACTION EXPERIMENTALE DES HORMONES
STEROIDES SUR LA CROISSANCE NORMALE ET
PATHOLOGIQUE DE LA GLANDE MAMMAIRE

Croissance Normale

Hormones Stéroides de la Gonade
Dans P'édification du résean mammaire, I'hormone cestra-
gine était it comme  resy ble de développ
i t les tubes galactoph Cependant, chez dif-
férentes espéces d'animaux {sours, rats, cobayes, lapins et
singes castrés), on a obtenu expérimentalement la formation
&acini par Ia seule administration d’une substance cestrogine.
L'hormone du corps jaune en synergic avee la folliculine
était considérée comme chargde de former les scini. Mais,
ar Padministration de p seule, an rat male adulte
castré, nous avons provoqué la croissance des tubes et Ia
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formation d’acini. La mamelle, par son extension et sa con-
figuration est aussi comparable & celle de 1a femelle. Pour
obtenir cette action éne, il faut cepend: une
administration journalitre de 10-15 mg, d’hormone pendant
environ 8 semaines. La souris se montre, dans nos expérien-
ces, comme étant b p moins ible & I’action -
gtne de la progestérone. Par contre, chez le cobaye et le
lapin castrés, nous n'avons pas obtenu une action stimulante
de Ia mamelle par la seule administration de progestérone
méme & des doses importantes.
Les androgénes possédent sussi une action stimulante sur
lle, ce qui expliquerait I'existence, chez certaines
espéces animales, d'une mamelle relativement développée
chez le mile. Expérimentalement, nous avons constaté que
seulement dans les espéces animales oli la mamelle du male
est assez développée, les androgé {sans f cestrogéne)
ont une action stimulante. Chez la souris, le cobaye et le
lapin méles o1 la mamelle n’existe qu'a I'état de rudiments,
le propionate de testostérone ne montre pas d'activité
mammogéne. Par contre, chez le rat male castré ol la
mamelle normalement est assez développée, le propionate des
testostérone ou la méthyl-testostérone provoquent une stimu-
lation ire. Cepend une diffe pparait entre
les rats males et femelles adultes, castrés. Chez les premiers,
Pandrogéne agit sur les tubes sans provoquer la formation

la

d’acini; chez les deuxié le propi de t é agit
sur les tubes et développe les acini.

Bien que Ia prog et le propi de
stimulent 1a glande mammaire, leur action est fondamentale-
ment différente. La p féminise la I

Agissant sur une mamelle de mile atrophiée par castration,
elle. stimule les tubes, provoque I'appantion de bourgeons de

& Pextrémité périphérique du réseau mammaire qui
dépasse ses limites primitives, et développe des acini. Le
propionate de testostérone ne féminise pas la mamelle: il
stimule les tubes pré-formés, provoque leur ouverture et
méme leur élargissement, mais 11 est mcapable de provoquer
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Ia néo-formation de tubes par apparation de bourgeons de
croissance ni la néo-formation d’acini mammaires; chez la
femelle oft les acini existent, 1l les développe. 1 n'agit, en
somme, que sur les parties de Porgane pré-existant 4 I'état
d'ébauche, en provoguant leur hypertrophie et leur dilatation,

Hormones Stéroides Cortino-mimétiques
La désoxycorticostérone a été considérée, par différents
auteurs, comme une substance capable de stimuler la glande
mammaire, mais dans les expériences que nous avons réalisées
chez In souris et le rat, ce pouvoir sc montre trés faible et
mconstant malgré les fortes doses administrées. Parfois,
chez les rats, un animal isol présente une légire stimulation.
»Comme pour la progestérone et les androgknes, il existe une
différence de sensibilité selon I'esptce animale envisagée.
Chez le cobaye femelle castré, nous avens obtenu un déve-
par Padministration d'acétate de

désoxycortlcostémne.

La synergie qu’on obtient avec Passociation d'un cestrogéne
et de la progestérone peut &tre auss: constatée en remplagant
cette dernitre par Vacétate de désoxycorticostérone. Nous
avons observé cette action chez le cobaye et le lapin castrés.

L'expérimentation a détruit la conception classique selon
Iaguelle les cestrogénes provogualent exclusivement h forma-
tion des tubes galactophores, et D’ iation @’ et
de progestérone Dappanition d’acini. Cependnnt pour
obtenir, par une seule hormone le développement complet de
1a mamelle, il faut employer des quantités non physiologiques,
parfois massives, de ces hormones. Clest avee I'associntion
synerg\que de faibles doses d’cestrogene ct de progestémnc
qu'en obtient le plus facik le développ t physio-
logigue de Ia glande mammaire.

Antagonisme des Hormones Stéroldes
sur fa Croissance Mammaire
Le fat que les substances eestrogénes et androgénes s’op-
posent dans leur nction sur le vagin, o suggéré la recherché
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d’un antagonisme des hormones stéroides sur le récepteur
i 11 faut cepend quer que cet antago-
nisme ne consiste pas dans une inhibition de Paction de
Pcestrogéne, mais dans une transformation de son action qui,
d’eestrogéne, se mue en p ive, I'action kératini:
se transformant en une action mucifiante. D’autre part, en
raison du mécanisme spéeial d’action des stéroides sur le
récepteur mammaire, celui-c1 ne peut étre assimilé 3 d’autres
récepteurs comme le vagin, la muqueuse utérine ou la prostate.
Sur ceux-ci, toute acfion des hormones stéroides agissant
seules ou assocides (stimulation, synergie ou antagonisme) se
réalise directement et peut étre mise en évidence chez les
ammaux privés d’hypophyse. Par contre, pour toute action
des hormones stéroides sur la mamelle, 1l faut le concours de
Thypophyse. Le probléme de 'ant: i des I
sexuelles sur la glande mammaire doit étre envisagé
en tenant compte de cette nouvelle acquisition que toute
action des hormones stéroides dépend, en définitive, de
T’hypophyse.

Pour la glande mammaire, de nombreux essais expérimen-
taux et thérapeutiques ont été réalisés pour mettre & profit
cette action ant: i '} mile et femell
prophylaxie et trait: de Tad i ire
spontané ou provoqué par l'cestrogéne, chez la souris; traite-
ment de I'hyperplasie kystique et du cancer mammaires chez
Ia femme; et prophylaxie de récidives de ce dernier.

Pour tacher d’éclaircir le mécamisme de Paction d’inhibition
des androgénes, recherché sur la cellule mammaire cancérisée,
1l était intéressant de préciser sl serait possible d’inhiber, par
un androgéne, la croissance normale de I'épithélium mammaire
provoquée par un cestrogéne. Pour ceci, de fortes doses d’une

bst drogéne ont été opposées & de faibles quantités
d’oestrogine, suffisantes cependant pour provoguer un
développement mammaire.* Nous avons choisi comme
ammaux d’expérience la souris, le cobaye et Ie lapin males,
chez lesquels, au préalable, nous aviens constaté que de

*Expénences iédites,
COLL, ENDOC,—1
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fortes doses d’androgéne restaient sans action sur les ébm
mammaires des animaux castrés,

Eazpériences chez la souris: Un groupe de souris méles
a été traité avee 10 pg. de benzoate d’eestradiol, admin
deux fois par semaine, par la voie sous-cutande. Un deux:
groupe, en plus de eestrogéne a regu simultanément une «
200 fois supéricure de méthyl-testostérone, Toutes
mamelles des animaux ont été étudides in fofo, B trois, st
huit semaines d'intervalle. Jusqu’a trois semaines, on eons!
une inbibition partielle de la croissance, Yaire mamm
est plus réduite et les bourgeons de croissance moins
breaux, mais dans les délais de six et huit semaines, le trat
ment associé s'est transformé en une action synergig
semblable & celle qui s'obtient avec In progestérone; I'a
mammaire est plus étendue, les acini sont beaucoup ot
nombreux;, la dilatation des tubes est plus modérée.

Expériences ches le cobaye: Chez le cobaye, on administ
soit 20 pg. de benzoate d’cestradiol, soit I méme quantt
d'eestrogine associé & une dose 200 ou 00 fois supérieure ¢
propionate de t trois fols par semaine.
mamelles sont ¢tudiées aprés trois, six, neuf et douze semaine
de trmtement. Au terme de trois semaines, on constate
comme chez Ia souris, une inhibition de la croissance de:
tubes qui sont aussi plus dégarnis. A partir de six semaines
on ne remarque plas de différences dans Vaire mammaire des
deux groupes et les {les, trés hypertrophiées, présentent
des tubes et des acini remplis de séerétion. ,

Expériences chez le lapin: Chez le lapin, nous avons oppose
4 In dose d’estrogine, une sutre mille fois supérieure de!
propionate de té 5 ug. de't d'eestradiol et
1a méme dose associée & 5 mg. de propionate de testostérone,
sont adminitrés, six fois par ine. La deuxitme pdire de
mamelles des animaux du groupe recevant seulement l'cestro-
géne et du groupe A traitement associé, o été dtudiée in tofo
apres deux, trois et quatre semaines de traitement. Au bqut '
de deux i Ies iles du itme groupe, Paire
étant similaire, présentent un réseau de tubes plus serrés et
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moins dilatés. A la troisiéme semaine, on constate une aire

mammaire inférieure dans la plupart des snimaux, mais le | _

réseau de tubes est toujours plus serré avec des bourgeons de
croissanee plus nombreux. A la quatritme semaine, I'aire
mammaire est parfois inférieure, d'autres fois égale ou
supérieure & celle des animaux traités par I'cestrogéne seul.
Chez les animaux ol Paction synergique apparait, celle-ci
se traduit ou par 'augmentation de l'aire msmmaire, ou
par la qualité de la réaction qui ressemble A celle qu’on obtient
avec un traitement associé d'cestrogine et de progestérone
ou par l'association de ces deux facteurs (Fig. 1).

L’action d’inhibition de croissance constatée & la troisitme
semaine, chez les trois espéces animales, se transforme en
action synergique.

Avec ces mémes doses d’cestrogéne et de progestérone, nous
n’avons pas pu mettre en évidence l'action antagoniste sur la
mamelle du lapin qui a été observée par Lyons et MacGinty
{Fig. 2).

L’expérimentation ne permet pas de conelure & un véritable
antagonisme entre cestrogénes et androgénes. L’association
de ceux ci fait apparaitre que I'androgéne agit 4 1a fagon de la
progestérone.

Inhibition de Ia Croissance Mammaire par les
Estrogénes
Les substances cestrogénes admimstrées d'une fagon réité-
rée, ont la propriété dinhuber la séerétion de certaines hor- ¢
mones hypophysaires: somatotrope, gonadotropes et thyréo-
trope. Etant donné que les cestrogénes agissent sur la glande
ire avec Ia pération d’un facteur hypophysaire,
on congort la possibilité d’agir sur I’hypophyse pour essayer
d’inhiber, par de fortes doses d’cestrogéne, la séerétion de
cette substance hypophysaire mammogéne. Gardner a
signalé que 50 pg. d’cestrogéne, par semaine, avaient un
pouvorr inférieur pour stimuler la mamelle de la souris que
des doses plus faibles. Nous avons confirmé cette observation
chez les rats males castrés, chez lesquels 25 pg. par jour d’une
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substance aestrogéne provaquent un développement supérieur
& celui obtenu avee 250 pg, par jour.

L’action thérapeutique de fortes doses d’cestrogéne, que
Haddow et ses collaborateurs ont observée sur le cancer
mammaire de la fermme, pourrait s’expliquer par cette action
indirecte par voie hypophysaire. -

Croissance Pathologique

Expérimentalement, Uadministration réitérée d’une sub-
stance cestrogéne aboutit 3 Ja formation d’une hyperplasie
kystique de la mamelle. Cependant, toute hormone stéroide,
capable de stimuler la mamelle, ne produit pas cette action
pathologique. Nous avons constaté que Péthinyl-testostérone
ou pregneninolone, stéroide synthétique, ayant des propriétés
cestrogéne, progestative et androgéne, est capable rapidement
de féminiser la mamelle de la souris méle, mais cependant,
n’aboutit pas 3 provoquer la dégénérescence kystique. La
progestérone, admimistrée d’une fagon réitérée chez les rats
ot elle est active sur la mamelle, ne provogue pas non plus
d’hyperplasie kystique. Les androgénes, par contre, adminis-
trés chez les rats males castrés, aboutissent, aprés un traite-
ment réitéré de plusicurs semaines & provoquer des tubes
dilatés d’aspect kystique.

Depuis que Goomaghtigh et Amerlinck (1930), par l'ad-
ministration d’extrait de liquide folliculaire, ont produit des

formations adénomateuses et I'hyperplasie kystique de 12
- - < WU e tis ahealn A

" ] . . 0 '
femme. Mazer (1984), pensant 3 l'antagonisme hormonal,
a suggéré de traiter cette maladie par les androgénes, et a la
suite des résultats cliniques rapportés par Desmaret et
Capitain (1937) cette thérapeutique de la maladie de Reclus
est courament employée.

Nous avons essayé de voir si cette thérapeutique pouvait
stre basée sur des données expdrimentales. Pour cela, des
rats femelles castrés ont regu une quantité d’cestrogénc
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suffisante pour provoquer une hyperplasie kystique et &
d’autres, nous avons associé 4 ce traitement le propionste de
testostérone,* Les animaux ont regu, soit 10 ug. de benzoate
d'cestradiol par jour, pendant 4-6 semaines, soit la méme
dose d’cestrogine associde 4 une dose de propionate de
testostérone 100 et 200 fois supérieure. L’étude des mamelles
in tofo et en coupes montre qu'au liew empécher I'apparition
de Thyperplasie kystique, le propionate de testostérone agit
d'une fagon sy que en provoq des hypertrophies et
hyperplasies plus importantes. Il semblerait donc que, si le
propionate de testostérone agit d’une fagon salutaire sur la
mastopathie kysthue, ce soit par un mécamsme nutre que
celui de I'antag! entre gt et

(4

ROLE DE L'HYPOPHYSE
DANS L'ACTION DES HORMONES STEROIDES SUR ~
LA GLANDE MAMMAIRE

Action des Hormones Stéroides Seufes ou Associes
en Absence de I'Hypophyse
Depuis la premitre constatation négative de Selye, Collip
et Thomson, de nombreuses recherches ont été réalisées pour
ticher de stimuler la glande mammaire des animaux hypo-
physoprivés, par I'ad ion isolée ou iée d’hor-
mones stéroides. La plupart des auteurs, dans des expérien-
ces réalisées chez la souris, le rat et le cobaye, ont constaté
des résultats négatifs. Cependant, dans ces dermires années
des travaux ont encore attribué aux cestrogénes ou aux
& une action stimulante sur la lle du rat
hypophysectomlsé, Nous avons réalisé des expériences
successives afin d'étudier I'action que les hormones stéroides
seules ou associées, I'extrait d’ovaire et la séerétion du propre
ovarre de Pamumal pourralent avoir sur la mamelle du rat
hypophysectormsé,
*Expénence médute,
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Nous avons signalé qu'une association d’cestrogéne ‘et
d’acétate de désoxycorticostérone provoque une stimulation
mammaire chez le rat méle hypophysectomisé. Cette expé-
rience a été confirmée par Gardner chez la souris hypophy-
sectomisée. Mais cette stimulation est relativement faible et
il faut la ramener & sa vraie place. Parmi les nombreuses
expériences que nous avons réalisées, nous en avons retenu
certaines qui, 4 cause du long traitement et des hautes doses
administrées, permettront de se rendre compte de I'importance
toute relative de cette stimulation. Les détails sont consignés
dans le tableau ci-joint Table I.

De Panalyse de ces cas, 11 résulte qu’une stimulation peut
étre obtenue chez le rat hypophysectomisé par I'administra-
tion d’un cestrogéne naturel ou par I'association de cet
cestrogéne et de progestérone ou d’acétate de désoxycorti-
costérone. Mais, cette stimulation reste limitée au terntoire
des gros tubes collecteurs aboutissant au mamelon et est
trés faible, étant données et la durée du traitement, et les
doses massives admunistrées. Or, avec des doses trés in-
férieures, chez 'animal eastré, on provoque d’énormes hyper-
plasies et méme des phénoménes pathologiques. 11 semble
que Pépithélium mammaire des gros tubes collecteurs abou-
tissant au mamelon, soit un épithélium de transition jouissant,
en un certain degré, de la propriété de réagiv comme le
mamelon réagit chez les animaux sans hypophyse. Nous
n’avons, par contre, jamais constaté de stimulation du réseau
mammaire secondaire situé au dela de ces gros tubes collee-
teurs. Avec de trés fortes doses d’un cestrogine artificiel,
nous n'avons méme pas observé cette achion stimulante
limitée 3 la zone proche du mamelon, Il semble qu’ une
différence se manifeste entre cestrogénes naturels et artificiels
dans ce cas particulier.

Action des Extraits Ovariens en Absence de
I'Hypophyse
11 nous a semblé intéressant de vérifier si un extrait d’ovaire
n'avait pas, pour stimuler la mamelle, de capacités diflérentes
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Nous avons signalé qu'une association d’eestrogine et
d’acétate de désoxycorticostérone provoque une stimulation
mammaire chez le rat male hypophysectomisé. Cette expé-
tience a été confirmée par Gardner chez la souris hypophy-
sectomisée. Mais cette stimulation est relativement faible et
il faut la ramener & sa vraie place. Parmi les nombreuses
expériences que nous avons réalisées, nous en avons retenu
certaines qui, & cause du long traitement et des hautes doses
administrées, permettront de se rendre compte de Pimportance
toute relative de cette stimulation. Les détails sont consignés
dans le tableau ci-joint Table I.

De I’analyse de ces cas, il résulte qu'une stimulation peut
étre obtenue chez le rat hypophysectomisé par Padministra-
tion d'un cestrogéne naturel ou par Passociation de cet
cestrogéne et de progestérone ou d’acétate de désoxycorti-
costérone. Mais, cette stimulation reste limitée au territoire

. des gros tubes collecteurs aboutissant au mamelon et est
trés faible, étant données et la durée du traitement, et les
doses massives administrées. Or, avec des doses trés in-
févieures, chez Panimal castré, on provoque d’énormes hyper-
plasies et méme des phénomenes pathologiques. Il semble
que I'épithéllum mammaire des gros tubes collecteurs abou-
tissant au mamelon, soit un épithélium de transition jouissant,
en un certain degré, de la propriété de réagic comme le
mamelon réagit chez les animaux sans hypophyse. Nous
n’avons, par contre, jamais constaté de stimulation du réseau
mammaire secondaire situé au deld de ces gros tubes collec-
teurs. Avec de trés fortes doses dun cestrogéne artificiel,
nous n’avons méme pas observé cette action stimulante
limitée 3 la zone proche du mamelon. II semble qu’ une
différence se mamfeste entre strogénes naturels et artificiels
dans ce cas particulier.

Action des Extraits Ovariens en Absence de
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4 celles des hormones stéroides cristallisées. Cette expérience,
qui a été réalisée en collaboration avec Girard et Sandulesco,
est restée & I'état de premier résultat,* et une étude appro-
fondie avec des extraits concentrés et fractionnés n’a pas été
réalisée. Toutefors, un extrait brut d’ovaire de truie a été
administré, chez le rat male hypophysectomisé, 3 mamelles
atrophiées, et nous avons constaté une faible stimulation
mammaire qui, & I'inverse de celle qui a été obtenne aupara-
vant avec les hormones synthétiques, se localise dans les
tubes du réseau périphérique. Etant donné qu'il s'agit d'un
extrait brut, la dose des substances actives est certainement
faible, et sans aucun rapport avec les quantités trés impor-
tantes d’hormones stéroides cristallisées que mnous avons
administeées dans 'expérience précédente.

Action des Hormones Stéroides Secretées par I'Ovaire,

sous PlInfluence de la Gonadotrophine Sérique de

Jument Gravide, sur la Mamelle des Animaux sans
Hypophyse

Les substances cestrogénes, méme & des doses peu élevées,
administrées journellement, provoquent 'amaigrissement des
animaux normaux. Mais leur action toxique devient con-
sidérable si elles sont administrées 2 des animaux sans hypo-
physe. Ces animaux supportent mal le traitement et méme
quand on réussit & les maintenir en équilibre, il en résulte une
chute de poids plus considérable que chez les témoins, une
perte plus importante de Pappétit et une baisse plus accentuée
de la température rectale profonde. Cette baisse de tempéra-
ture qu, chez les ani hypophy isés témoins
atteint 2~8 degrés, se chiffre de 5-7 degrés chez les animaux
traités par des substances cestrogénes. Dans les expériences
réalisées avec des extraits bruts d’ovaire, Ia solution huileuse,
administrée en quantités importantes, se résorbe mal, bien
que les animaux se maintiennent dans un état gén(ral plus
satisfaisant.

*Expénence inédite.
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Nous avons constaté par contre que I'administration de
gonadotrophine, chez les animaux sans hypophyse, nétait .
suivie ni d’amaigrissement, ni de chute de température plus
considérable. Nous avons done envxsagé de stimuler I'ovaire
par_une gonadotrophine, pour voir ln répercussion que ce

aurait surla lle des sans hypophyse.
Nous avons choisi la gonadotrophine du serum de jument
gravide, active sur les ovaires des animaux sans hypophyse,
et d’origine non hypophysaire, puisque sécrétée par le pla-
centa. D'autre part, la propre sécrétion de Povaire de 'animal *
allait agic sur la mamelle. Pour ceci, de jeunes rats femelles,
vierges, d’un poids de 100 4 150 g. ont été hypophysectomisés,
Environ trois jours aprés 'opération, avant que ovaire et la
mamelle n’entrent en régression, on commence le traitement
par voie tanée ou intra-péritonéale. matin et soir, &
1a dose journalitre de 20 3 30 unités-rat, pendant une période
de 84 semaines, Les ovaires des animaux traités atteignent
des poids considérables de 200 & 483 mg. s sont remplis de
gros follicules parfois hémorragiques et de nombreux corps
jaunes. Les ovaires des témoms peésent de 10 & 15 mg.
L’étude comparative, in lofo et en coupes, des mamelles de
ces deux groupes d’animaux, montre, que chez les animaux
traités, I'involution mammnu‘e est empéchée (Fig. 8). Siun
tel trai est p i d plusieurs
Yovaire devient réfractaire & I stimulation, entre en involu-
tion et la mamelle régresse.

Ce résultat pourrait étre attribué i une action synergique
de la gonadotrophine et de la sécrétion ovarienne. Or, chez
les rats castrés et hypophy: és, 1'administration de
gonadotrophme associée 4 un stéroide cestrogéne et progestatif
n’a pas empéche linvolution mammaire. 11 faudrait inter-
préter cette constatation en admettant, ou bien que la -
séerétion du propre ovaire de Panimal se montre plus actif
sur la mamelle, ou bien que le bon état général de celui-c1
favorise la réactlon mammere.

PRSI AT Ve




102 A, CraMorro

Action, sur fa Glande Ma ire, des Implant
. d'Hypophyses
I’,a.l-rm tatation que les substance troce sont inactives
. R : o ‘Tumer et ses collaboras

' ' L *existence d’hormones
. ' . . et qui stimuleraient
directerent la mamelle. Une hnrmone mammogéne serait
séerétée sous linfluence de la folliculine et provoquerait I
cmxssance des tubes, une deuxiéme serait sécrétée sous
Ui de Ia progestérone et produirait Ia prolifération
d’acin, la folliculine et Ta progestérone n’ayant d’autre réle
que d'exciter Phypophyse. Cette hypothése prenait assise
sur la constatation expérimentale que les hypophyses des
animaux sowmis & un traitement cestrogine et celles des
animaux gravides étaient senles capables de stlmuicr ia
lle des ani x castrés-hypophy
Nous avons réalisé des expériences pour déceler l’exnstence
de ces hormones hypothétxques,
A des rats males hypopt isés, & lles atrop
' naus avons fait des implantations répétées de trois sottes
d'hypophyses provenant de rats normaux, de rats casteés ou
de rats ayant subi au préalable un traitement cestrogéne
pendant trois mois. Les deux premitres sortes d’hypophyses
provoquent une stimulation mammaire. Par contre, les
hypophyses de la troisitme catégorie ne pmdulsent qu'une
trés faible stimulation, Dans les deux premiers cas, les hypo-
physes implantées ont stimulé les testicules, dans le troisiéme,
les hypophyses, pauvres en hormones gonadotropes, les ont
4 peine stimulé, Si Ia mamelle, dans cc dernier cas, n'a pas
été stimulée, il semble que ce soit 3 cause du manque de
sécrétion d’hormones stéroides par In gonade, d’olt manque
d’un des éléments néeessaires pour I'action synergique. Pour
vérifier cette interprétation, chez fes rats castrés-hypophy-
sectomisés, des hypaophyses pmvcmmt d’ummaux cestro-
génisés sont implantées en leur ion

d'une h 1d g Dans ce cas, on




Fi6 3 A Mamelle atrophiée de jeune rat femelle ncrge u
semmnes apres Uhypophysectomie B 1dem.
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Actlon, sur la Glande Mammaire, des Implantats
d'Hypophyses

La constatation que les substances cestrogénes sont inactives
en Pabsence de Phypophyse, & conduit Turner et ses collabora-
teurs, & émettre Phypothése de Vexistence d’hormones
spéeifiques séerétées par Phypophyse et qui stimuleraient
directement In mamelle. Une hormone mammogéne serait
séerétée sous Pinfluence de la folliculine et provoquerait la
croissanee des tubes, une deuxi®me serait séerétée sous
P'influence de la progestérone et produirait la prolifération
d'acini, la folliculine et la progestérone n’ayant d’autre role
que d’exciter I'hypophyse. Cette hypothise prenait assise
sur la constatstion expérimentale que les hypophyses des
snimaux soumis 4 un traitement wstrogine et cefles des
snimaux gravides ¢taient senles capables de stimuler la
mamelle des animaux castrés-hypophysectomisés.

Nous avons réalisé des expériences pour déeeler Iexistence
de ces hormones hypothétiques. N

A des vats miles hypophysectomisés, & atrophiées,
nous avens fait des implantations répétées de trois sortes
@’hypophyses provenant de rats normsaux, de tats castyés ou
de tats ayant subi au préalable un trajtermsent cestrogine
pendant trois mois. Les deux premitres sortes d'hypophyses
provoquent une stimulation mammaire. Par contre, les
hypophyses de la troisitrne catégorie ne produisent qu'une
trés faible stimulation. Dans les deux premiers cas, les hypo-
physes implantées ont stimulé les testicules, dans le troisi¢me,
les hypophyses, pausres en hormones gonadotropes, les ont
& pewe stimulé.  Si la mamelle, dans ce dernier cas, n’s pas
été stimulée, il semble que ce soit & canse du manque de
sécrétion d'hormones stéroides par la gonade, d’olt manque
J’un des éléments nécessares pour 'action synergique. Pour
vérifier cette interprétation, chez les rats castrés-hypophy-
sectomisés, des hypophyses provenant d'animaux cestro~
génisés sont implantées en leur associant Yadministration
d'une b éroids & Dans ce cas, on

n







Fic. 4, A Mamelle de jeune rat mile castré, 110 hours uprés
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constate une trés nette stimulation mammaire (Fig. 4). Cette
expérience montre que 'hormone stérolde est nécessaire pour
obtenir une stimulation mammaire plus importante,
Cependant les hypophyses des rats normaux possédent I
capacité de stimuler la mamelle du rat hypophysectomisé et
castré.  Mais dans ce cas, Ia stimulation est faible et se
caractérise par Papparition de petits bourgeons de croissance.
L'action devient plus intense si, en plus des hypophyses, on
administre une hormone stéroide mammogéne. Llinterven-
tion dans la réaction d'autres glandes endocrines n'est pas
& éearter puisque si, & des rats castrés, & mamelle atrophide,
on extirpe la thyrolde et ls surrénale, et on réalise des im-
plantations d’hypophyses, la stimulation mammaire est nulle
ou trés faible. D'autre part Lacassagne et Dubois n’ont
pas observé un pouvoir particulier des hypophyses des souris
gravides pour stimuler la mamelle de la souris castrée.
SiThypophyse secréte une hormone spécifique pour stimuler
i 1a glande ire, cette hormone doit se
trouver dans le sang des ani 4 glandes ires forte-
ment développées. Nous avons essayé de la déceler dans le
erum sanguin des ammaux soumis 3 un traitement réitéré
par les cestrogénes et dans le serum de jument gravide et de
lemme enceinte. Ces produits admimstx:és & dfes rats castrés-
Aypophysectomisés n’ont pas donné de stimulation mammaire, *
Ces expériences montrent q‘l‘xe Phypophyse e‘t les hoEmones

RYI

lussi contredite par les constatations de Mussio-Fournier,
Albrieux et Bufio (1987) et Lyons et Sako (1940) sur Pactivité
les cestrogénes en application loczfle.

Synergic des fractions hypophysmr.es'et des hormw!es stéroides
nammogénes. La synergie des ’dlxﬂ'erentes fractions hypo-
shysaires avec les cestrogénes a été recherchée en utilisant le
at castré-hypophysectomisé. Nous avons essayé les fractions .
ronadotrope, thyréotrope et la prola.actme., et seulement cette
lernitre associée & Dcestrogéne stimulait la mamelle, Ce
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d'hypothyroidisme crée un terrain favorable & une action
intensifie des hormones stéroides qui conduit 3 I'apparition
des Iésions pathologiques mammaires.

Dans une série d’expénences, nous avons mis cn évndence
le role de la thyroide dans le déclanch t des p
pathologiques mammaires par les hormones stéroides.

(i) L'administration & des rats castrés-thyroidectomisés
d'un stéroide mammogene provoque une action plus intense
que chez les rats seulement castrés.

(ii) Des rats femelles adultes sont thyroidectomisés et
traités par une gonadotrophine & la dose de 10 u.i. par jour,
pendant quelques jours. Tandis que chez les animaux
normaux traités, on constate une légére stimulation mam-
maire, chez les thyroid isés, les lles sont le sitge
d’une hypertrophie et d’une hyperplasie qui prennent parfois
un caractere kystique (Fig. 5).

(1ii) Nous avons ensuite étudié la répercussion mammaire de
la production chez les rats femelles adultes, 4gés d'environ
14 mois, d’'un état d’hypothyroidisme léger. Les animaux
ont été soumis & Fadmmstration sous-cutanée de faibles
doses de propyl-thiouracile et les mamelles étudides in fofo
et en coupes i des délais variant de 4 A 10 semaines. Nous
avons é dans les p & ines une prolifération
d’acinl et ensuite Pappantion de phénomenes d’hyperplasie
kystique. Parfois, il s’agit seulement d’une extréme dilata-
tion des tubes; d’autres fois, de prolifération de grappes
d’acini devenus kystiques, parsemés dans la glande; d’autres
fois, d’apparition de grands kystes isolés (Fig. 6). Ces mani-
festations rapellent les différents degrés de la mastopathie
Kkystique chez la femme.

(iv) Dans une autre expérience, nous avons étudié quel
serait Peffet sur la glande mammaire, de Pablation de la
thyroide* chez le rat femelle adulte, 4gé de 14 & 18 mois.
L’examen des mamelles est réalisé & des délais de 4 4 10

e
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résultat o ¢t¢ aussi rapporté par différents auteurs avec les
fractions de croissance et corticotrape.

Toutefois, ces expériences ont seulement une valeur
d’orientation et I'existence d’une hormone mammogéne ne
pourra &tre prouvée que lorsqu’on disposera d’hormones
hypophysaires & I'état pur.

Mécanisme de I'Action Stimulante des Hormones
Stéroides sur la Glande Mammaire

Le méeanisme d’action des hormones stéroides sur I
croissance normale de Ia glande mammaire se présente, &
I'heure actuelle, comme un problime complexe trés loin de
1o simplicité de Ia tion p: d'un d e
ovarien, Les substances mstrogencs ne sont actives sur Is
glande mammaire gu'avec ln coopémtlon hypophysam-

Mais le mécani de cette p jon n'est pas éclairel. |
Cette action associée peut s'expliquer par:
(2) une action préparatoire ou dangnge, exercée par

T'hypophyse sur Pépithélium mammaire.

(b) une synergie entre une substance hypophysaire et
Ihormone stéroide.

{¢) une transformation de la constitution chimique de In
substance stéroide produite sous I'influence de hypophyse et
rendant celle-1a active sur Pépithélium mammaire.

Le métabolisme de I't ide serait provoqué in
situ par des enzymes contrdlés par I'hypophyse. Chez les
isés, ces enzymes disparaitraient ou
devnendrment muctlfs, d’olt manque d'activité de l'cestragéne
introduit dans la ciculation générale ou appliqué in situ.
Cette hypothése permettrait un accord entre le role joué pn!’
I'hypophyse et Iaction locale exercée pat les cestrogénes. *

INTERVENTION DE LA THYROIDE DANS L’ACTION
DES HORMONES STEROIDES SUR LA GLANDE
MAMMAIRE

Dans la coopération de 'ovaire et de I'hypophyse pour agir
sur la croissance mammaire, la thyroide intervient. Un état
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semaines aprés l'opération et nous avons constaté, chez la
plupart des animaux, une dilatation des tubes, une proliféra-
tion d’acini, des formation adénomateuses et I'apparition
d’acini kystiques, soit en grappes isolées, soit généralisés &
toute la glande, IL'administration de thyroxine empéche la
réaction mammaire (Fig. 7).

(v) Chez le rat femelle castré, I'administration d’une
quantité de benzoate d’cestradiol de 2+5 pg. trois fois par
semaine, capable, & peine, d’empécher Pinvolution de la
mamelle, produit chez Ie rat castré-thyroidectomisé, Ia
dilatation des tubes et une abondante prolifération d’acini en
grande partie kystiques. Si les rats castrés sont soumis 4 un
traitement par le benzoate d’cestradiol & une dose de 5 pgs
trois fois par semaine, on obtient, au bout de six semaines (!c
traitement, des manifestations trés modérées d’hyperplasic
Lystiques; si & ces mémes animaux, on ajoute un traitemf?nl
par la thyroxine, on empéche I'apparition de toute stimulation
normale ou pathologique (Fig. 8).

(vi) Dans cette expérience, nous avons étudié I'action que
le propionate de testostérane pourrait aveir sur la mamelle
dans un état d’hypothyroidisme (expérience inédite), Desrats
femelles adultes agés de 14 A 18 mois sont eastrés et t\:m!.és'
soit par le propionate de testostérone, soit par une association
de propyl-thi ile et de propionate de one, soit
thyroidectomisés et soumis au traitement par le propionate
de testostérone. Le propyl-thiouracile et I'androgéne ont
€16 administrés aux doses journalitres d'un ou deux mill-
grammes.

Les femelles castrées traitées par le propionate de testos-
térone, présentent une stimulation mammaire qui dépasse
Pétat normal, avec élargissement des tubes. Chez les animaux
des deux autres groupes, propyl-thiouracile ou thyroidectomi¢
associés & Pandrogéne, la mamelle est hypertrophiée et hyper-
plaside avec signes de dégénérescence kystique (Fig. 9.
Microscopiquement, on observe une dilatation des tubes et des
acini qui contiennent une séerétion; des proliférations épithé-
liales de type papilliforme et une desquamation épithéliale




pus 6 se-

raite par le propionate de
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Fic 8 A, Mamelle de rat femelle adulte casteé, aprés adminestra-
tion de 2 5 ug de benzoate d'westradiol, 3 fois par semarne, pen-
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abondante contenant des cellules spongieuses A Pintérieur
des tubes et des acini, ainsi qu'une réaction conjonctive péri-
glandulaire, parfois intense, toutes ces lésions étant semblables
a celles qu'on observe dans la maladic kystique, chez la femme
{Fig. 10). La muqueuse utérine de ces animaux présente
aussi une hyperplasie kystique,

D'apris ces expériences, dans les états d’hypothyroidisme,
les androgénes peuvent agir d’une fagon pathologique sur Ia
glande mammaire. Il faudrait rapprocher ces résultats du
fait que, dans Ia clinique, la mastopathie et le cancer mam-
maire apparaissent le plus souvent A un fige ol la fonction
thyroldienne est & son déclin et ot la séerétion androgine de
I'ovaire augniente.

Le méeant: de production expérimentale de Phyperplasie
kystique par les cestroglnes serait le suivant: les substances
westrogénes agissent sur Phypophyse en y provoquant une
diminution et, & la longue, unc suspension de la séerétion
d’hormone thyréotrope, d'ott un état d’hypothyroidisme qui
permet & 'estrogéne de produire des lésions pathologiques
sur la glande mammaire. Dans le eas d’hypothyroidisme
expérimental, ce processus s’abrége. L’hypothyroidisme
spontané, en climque, scrait un terrain favorable & I'éclosion
de la mastopathie.

Cet ensemble de vésultats montre que Ia déficience de la
thyroide joue un réle important dans la production, par les
hovmones ides, des lésions pathol de ln 1l

RESUME
1. Les hormones stéroides capables de stimuler In glande
mammaire, montrent des différences dans leur action qui

Fic. 10. Différents aspects microscopiques qu'on observe dans lea mamelles
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un état d’hypothyroidisme ou inhibée par administration de
thyroxine. -

Dans un état d’hypothyroidi expéri 1, les andro~
génes déclenchent rapidement une hyperplasie kystique de
la mamelle.
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dépend de leur constitution chimique et de Pespéce animale
chez laquelle elles sont administrdes. Les cestrogénes et
progestérone provoquent In eroissance des tubes et la forms-
tion d’ncini mammaires, mais Factivitd de Ia progestérone
est trés faible. Le propionate de testostérone stimule les
tubes et les acini pré-cxistants, mais ne produit ni de bour-
geons de croissance, ni d'seini. La synergie qu'on obtient
par Padministration simultande dwstrogine et de progesté-
rone peut &tre aussi obtenue par d’autres hormones stéroides
ayant une action progestative, comme I'acétate de désoxy-
corticost et In test one. Le dévelopy t le plus
rapide et complet de la plande mammaire est cbtenn par
Pretion synergique de faibles doses d'cestrogéne ot de pro-
gestérone,

Les hormones stéroides séerétées par la surrénale ne jouent
pas un rble appréeiable dans la eroissance normale de I
glande mammaire.

I n'est pas possible, expérimentalement, de mettre en
évidence un véntable antagonisme entre cestrogénes et andro-

genes, sur la lle. L'ad; de ces
hormones stéroides donne une action synergique. .
2. Lesh stéroides n’agi: surla glande re

quavec Ia coopération de Phypophyse. Ii sagit d*une syner-
gie sur le récepteur. Mais le mécanisme intime de cette action
Rest pas encore €clairei, Bien que implantation dhypo-
physes produise, chez les ammaux castrés et hypophysecto-
misés, une certaine stimulation mammaire, cette action est
trés venforcde s1 en associe un stéroide mammogéne. La
coopération des hormenes stéroides et de Vhypophyse est
nécessaire pour obtenir un développement complet de Is
glande mammaire.

8. La thyroide joue un réle de protection eontre Paction
pathologique de certaines hormones stéroides. Un état
d’hypothyroid expéri s} favorise Papparition d’hy-
perplasie kystique de la mamelle.

L’hyperplasie kystique de la mamelle, provoquée par Pad-
ministration de substanees eestropines, peut étre favorisée par
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DISCUSSION

Purninger: Do you find this eystic disease in rats spontaneously?
In mice, although you can produce the cystic disease with non-physio-
logical large doses of @strogen, I never saw jt occurring spontaneously
in the R-III strain. I have seen it in the Simpson stramn, Does ¢l
condition develop in mice which are simply thyroidectomized and not
treated, as opposed to Tats?

CHAMORRO' We have not done these experiments on mice.

GARDNER: I am smazed to find that the testosterone when given with
testrogen has augmented the growth of the mammary gland as much 8%
Dr. Ch: as described.  In our long-t p we have

derabl idy that the -y growth was
impaired by the addition of testosterone in the ratio of 1:1000. We have
not, however, used animals of the R-III strain. This has been done
primarily using animals of the C,H strain.

FouLEy: Do you behieve that the effect of thyroidectomy on mammary
development in non-spayed females is due to an effect on the metabolism
of endogenous cestrogen? Does 1t mean that in thyroidectomized
animals the cestrogen is not inactivated so rapidly as it 1s in an mtact

anjmal?

et LERE R
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in the thyroidectomized animal could be produced with a fraction of
the minimal effective dose of cestrogen in an intact amimal, and that
thyroidectomy does incrense the sensitivity,to a given dose of estrogen
intherat, Inclinieal observations we have attempted to sce whether in
ot St Ao R SR A IO e

‘whatsoever,



THE EFFECGT OF STEROIDS ON THE INCIDENCE
OF MAMMARY TUMOURS IN MICE

0. MUHLBOCK

T anmglad to have the opportunity to discuss with you some
experiences we at Amsterdam have bad in investigating the
effect of certain steroid hormones on the development of
mMammary cancer i mice, Qur experiences do not include
all steroxd hormones but are mainly concerned with the
influence of sex hormones. Before giving the results, I should
like to say a few words on the technique of administration.
All experiments were made with hormones in the form of
pellets of 1-2 mg., administered subcutaneously. Pellets of
pure progesterone and pure testosterone propionate were
given. Preliminary tests showed that the application of
pure cestrone produced too high a mortality; 25 per cent
cestrone mixed with 75 per cent cholesterol is tolerated and
effective. In order to clarify the results of our experiments,
a survey of the strains and hybrids used in the experiments, .
and the abbreviations of their names, is given in Table L. -

‘Table T N
Srrams axp Hyprins Exaymven

d=Dulute-brown-(Little) . .+« « . . hgh-cancerstramn
'ss Black-(Little} N . « . low-cancer-stram

20-Leeuwenhoehhus . .o . low-cancer-strain

A=A Strong . . . cancer-stram

AB—F, (g dilute brown xg C,, Rlack)

d0=F, (¢ dilute brownx g 020)

In the first experiments normal females of the d-strain were.
treated with hormone pellets (Table II). Table II and the
next ones are arranged in the following manner: “No.”
represents the number of animals at the beginning of the

ne
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experiment; “No, living at tumour age” includes only those
that survived to tumour.age, as determined by the age of the
first animal in the particular group to develop a tumour.
For your convenience the mammary-tumour-incidence is
always given as a percentage. “Tumour age” in the next
column means the nge when tumours were first palpable.
“Non-tumour age” means the age at death of non-tumorous
mice.

Table II
FEMALES OF THE D-STRAIN TREATED WrrH loRrMONE PELLETS
Percentage Non-
Ao, Iu I
No | affumour | mammary | TS | tumour
e | tnevdence | Bone ) yjonens
Virgins untreated . . - 87 59 18 18
Breeders . . 122 59 15 19
(Estrone at one month of
age L) s 26 02 18 15
Estrone first day of Ife . | 49 29 43 14 16
Propesterone first day of
hfe . . . 17 15 53 13 14
Testosterone first day of
hfe . (SN -7 8 25 18 18

The first group of untreated females acted as controls.
The tumour percentage was the same in breeders and virgins;
the average tumour age in breeders, however, was three
months earlier. (Estrone treatment at the age of one month
showed the same percentage of tumour incidence, the tumour
age corresponding with that of breeders. Treatment at the
first day of Iife gives the same result. There is no significant
difference in the mcidence between the two treated groups.
The mortality in the treated groups was very lugh. Treat-
ment with pure progesterone pellets on the first day showed-
the same effect as treatment with cestrone. As could be
expected, testosterone given as pure testosterone propionate

\
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pellets had an inhibiting effeet, but the mortality was so high
that no safe conclusions could be drawn,
The next experiments were made on males (Table ITI).

Table I

Na, licir Percentage E Non-

No. | i o | mammary || Vi | tamass

e | incudence | MO | pgonihs
gd . . .. 8 14 4 14 17
ad castrated . 7 64 14 12 14
9d virgns untreated . . 87 59 18 18
gdB . .o 20 19 21 15 " 21
3dB castrated . . 8 8 75 15 20
9dB virgins untreated 80 67 19 21
340 . N 4 20 40 10 16
3dO castrated ., 21 21 71 12 24
9dO virgins untreated 73 93 14 16
3A castrated . 27 26 16 10 10

Table III shows the results in normal and castrated males
treated with cestrone pellets at the age of one month as
d with the incid of y tumours in virgin
females. Three groups were investigated: d, dB and dO.
The incidence of eancer in normal males is considerably lower
than in untreated virgin females. This is especially striking
in the normal males of the Dilute-brown strain, in which
only a few mammary tumours oceur. The mortality of the
treated d-males is rather high. Only 44 of the 78 d-males
reached the tumour-age. The average tumour-age in the
treated males is earlier than in the virgins.

The first question which arises when determining the cause
of these low figures in normal males 15 whether the mammary
gland has been developed sufficiently as a result of the treat-
ment. Therefore in treated normal d-males, whole mount
mammary preparations were made of 84 animals after varying
periods of treatment. In only 9 per cent could the mammary
gland be idered to be satisf: ily developed.
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An antagonistic action of the testes is first considered when
seeking the cause of the absence of growth of the mammary
gland in these males. Gardner found an antagonism between
wstrone and testosterone in respect of the development of
the mammary gland. We showed this antagonism in the
following manner: we used the method of Turner and Lewis
to determine the threshold value at which cstrone evokes the
first signs of growth in the mammary gland; these first signs
are formations of club-shaped swellings at the ends of the
ducts; the swellings are accumulations of cells, among which
many mtoses are to be found (4cta Brevia Neerlandica, 1948,
16, 1).

Comparison of the threshu]d values of normal and castrated
males shows & d ially 1n males of
the d-strain: 1 pp. cestrone in castrated against 50 pg.
non-castrated ammals. No such large difference was observed
in the two other strains (B and 020) investigated. With the
same method 1t could be shown that testosterone is capable
of counteracting the influence of cestrone on the mammary
glands.

The next experiment was therefore carried out on castrated
males (Table ITT). In the d-strain the frequency after castra-
tion remams low; lower than 1n castrated males of the A-
strain. Expetiments on non-castrated males of the A-strain
have not yet been completed. However, Bonser has recently
proved that the percentage of mammary tumours in the
castrates of this strain is higher than in normal males. The
results in the hybrids indicate that the incidence is higher in
the castrated animals. In the dB-group the difference is
significant, but 1n the dO-group the significance 15 doubtful.

‘Whole mounts of the d-strain were examined to determine
whether the mammary gland had developed in cestrone-
treated castrated males. Seven of the 11 glands examined
had developed well. Despite a better development of the

ry gland, the freq: y of turnours was not higher,
The next experi were designed to find a t
which gives a higher incidence of mammary tumours in
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castrated d-males. Firstly we tried progesterone. I think
it is agreed at present that progesterone alone may also stimu-
late the development of mouse mammary gland. I beleve
that Gardner was the first to prove this some years ago.
Itis also agreed that progesterone requires much higher dosage
than does cestrone.  Using the method already mentioned, the
threshold value for the first signs of mammary growth in”
castrated males of the d-strain was determined. Proges-
terone provokes the same first signs of growth as cestrone
does. The threshold value for progesterone was 500 pg.
which 1s 2,500 times that of cestrone (0-2 pg.).

A combination of cestrone and progesterone was tried 1
castrated Dilute-brown males so as to determine the possi-
bility of prod g better ry d t, 1€, 2
higher tumour frequency (Table IV).

0. MinLsock

P

Table IV
MAMMARY-TUMOUR-INCIDENCE IN D MALES CASTRATED AND IMPLANTED
witH (ESTRONE+PROGESTERONE PELLETS
W No.twng at | mammasy poerage, | Nontumowr
g mour
fumour age | tumour Months Months
3d 32 ' 24 I 3 ] 14 j 18
‘Mammary development 1n 10 whole mounts
No grouth Little grouth Deweloped
0 2 8
V5 sth Progesterone only
» No hon ety | verage | Nowtumour
Ve umour age .
° tumour age | tumowr, Rionths Moniha
3d 2! 58 o — 16
Mammary deselopment 1n 19 twhole mounts
No grouth I Lutte growth l Deweloped
S
1 ’ 18 f 0
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Table IV shows that the expected rise was not produced.
1t is doubtful if the mammary gland developed better than
after cestrone alone. It is therefore not surprising Hmt
implantation of pure progest pellets alone
without effect. Mammary development was only slight.

In an experiment carried out by Korteweg many years ago,
in which ovaries were grafted into castrated males of the
d-strain, the cancer pereentage was higher than after hormone
treatment, This experiment was repeated (Table V).

Table V
Percentage Non.
o | A | ety | Temme | oy | Pergyene
e e | Dfonihs M";;m‘ lwing
dd a7 36 (2] 13 13 22

Dilute-brown males were castrated and grafted with ovaries
of their sisters at the age of one month. The cancer percentage
was shown to correspond with that of untreated females.

Thus, hormone treatment under the conditions of our
experiments cannot equal the effect of grafted ovaries in
males of the d-strain.

H tr in the exp ts mentioned so far
was started at the age of one month, as it was assumed that
the earlier hormone treatment is started, the higher is the
frequéney of the mammary tumour. The next experiments
were done to test the influence of the age at which the hormone
treatment was started.

Table VI shows the results in normal males treated at the
age of 6 and 12 months, In the d-stram, of course, no results
can be expected. Comparison of tumour frequency i hybrids
treated at one and six months shows the percentage to be
httle Jower when treatment is started later. The average
;x:)mour age is later, as was clearly demonstrated in hybrids
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Table VI
NorsaL Mares TreaTeD wirn (ESTRONE

Beginming No living | Percentage

treatment Neo o ot hsidianid e

a age .y AMonths
3d ] 25 10 10 18
ad 12 63 [
3d 1 78 a4 4 14
3dB [ 41 a8 16 17
3dB 1 20 19 21 15
340 [ 25 18 a3 17
340 1 27 20 40 10

Table VII gives the results of treatment of castrated males
at a later age. Of course nothing can be expected from the
But neither does ovarian grafting

treatment of d-males.

at the age of 12 months give rise to tumours. In this experi-
ment the d-males were castrated at the age of one month and
at the age of 12 months ovaries were grafted from one month
These ammals showed good mammary

old d-females.

Table VII

CASTRATED MaLES TREATED WITH (ESTRONE

Beginntng P
T | | S | S | re
Months age sncwdence | Monihe
gd 6 82 7 18
ad 12 21 — o
3d 12 20 — 0
grafted
with
ovanes
340 [ 28 24 20 18
3do 1 21 21 7 12
dB 12 38 0
gdn 1 8 8 75 15
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development, often with hyperplastic nodules, but no mam-
mary cancer was observed. In the group hybrids dO,
castrated and implanted with hormone pellets at the age of
six months, the tumour percentage found was 29 per cent,
as against 71 per cent found when treatment was begun at
one month. The average tumour age was six months later.
Treatment begun at 12 months gives no cancer in dB-hybrids.
Thus treatment begun at a later age than one month results
in a decrease in the percentage of tumour incidence.

In the next experiment treatment was started as early as
possible, i.e., on the first day of life.

There was no difference in the cancer incidence with treat-
ment begun on the fitst day of life and treatment begun at
one month in female d (see Table II), Table VIII gives the

‘Table VII1
Femare avp Maze Op Fostenen nl\: FeMALE D PrOY THE E1cETR DAY OF
are

s Percentage Non-
Ne Iuang Tumour
No | athumous | mammary bamour
age incwdence | Monthe | pfonins
‘untreated
gl v 32 3z 100 13
’é @strone  from .
b the first day 26 11 21 11 )
£ jestrone at the
S| nage of one
month 21 26 80 1 20
g {& impl cestrone
5 first day ct
E] nfe 24 13 62 8 1B
P
5
5 | estrone one
%o month 17 17 ke 11 23

tesults in male and female hybrids Od. These hybrids are
free from the mammary-tumour-agent, therefore they were
fostered by a d-female from the elghth day of life. One of
three female Iitt ; the second was
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treated with cestrone pellets on the first day, and the third
with cestrone at weaning age. The same treatment was -
carried out with male littermates; the first group was treated
with cestrone from the first day; the second group received
asstrone at the age of one month, Both groups of males
were castrated at the age of one month. There was no
diffevence 1 tumour incidence between the various groups.
Comparison of the tumour-age in the females shows no
difference whether treatment 1s begun at the first day cr ot
the first month. Whole-mount preparations of the mammary
gland in the females treated on the first day with cestrone
showed no development after three weeks; 1n fact, there was
little if any difference with the mammary glands of untreated
females of the same age. Perhaps the administration of
cestrone to these very young animals gives no mammary
development because the hypophysis is not yet functioning.

In the males there is a difference in the average tumour-agé
between the two groups. Whole-mounts show that there is 1
the treated group some slight mammary development, which
of course is lacking in the untreated males at one month of age-

It remains unexplamed why there is a difference in the
average tumour age between females and males treated on the
first day of life. This matter is still under investigation. =

This is a short review of the results of some of our exper®
ments. These results confirm that steroids have an effect on
the develop t of y-t in mice, but they
clearly show that a variety of factors have to be taken into
account 1n the evaluation of these effects.

DISGUSSION .
GaroNER: Did you implant yust one pellet of cestrone and cholesterol
and one pellet of progesterone? How long did these pellets Jast in the

ammal? .
‘MunLBock. (Estrone and cholesterol lasts 13-2 years, but progesterone

varies. After some months you cannot find the progesterone pellets
Bece: Have you any evidence that there was still cestrone m the
ellets, not just cholesterol?

F M Ul‘l’LEOL‘}{' Yes; after one and a half years Thave extirpated the pel]!}'l!

and put them into castrated there ry growth.
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ForLry: You used pure progesterone?
MunLsock: Yes.
o

e T LTt Lo as et e Faeadame ikt et

from the pellets.

Munrsock: But they had been getting some progesterone, becausc
we found of the y gland 1n ically all of the
animals,

FoLiry: You might get the beginning of development, but you
wouldn't get full mammary development untess you had a pretty large
dose of progesterone.

th eront

N .
of the goat with pellets to get enough progestcrone uptake to have any
effect on the udder. That’s why we have to use injections to admmster
amounts of about 40 mg. a day.

Brec How does a tiny pellet last so long?

Hzrrz The cholesterol holds 1t up. What 1s the concentration of the
wstrogen?

MunLBock 25 per cent. I tried some other cong.entmnonz,'b‘ut ir

to six weeks.

Fougy We have found that 50 mg, pellets of cestradiol in humans
will last for over a year.

- SO A

working as well,

Duocrowskr: I was interested in the very low meidence of mammary
cancer mn males of stran d In connection with what Dr. Pullinger
Just mentioned, as we now know that males of high-cancer strans
contain the mulk factor 1n their tissues, and that they are susceptible,

/”\
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then it is the third factor, the hormonal, which does not seem to be
effective. Have you any suggestions why the incidence was so low?
As far ns T am aware, no experiments have been carried out comparing
the amount of milk factor in males of various high-cnnce: strains.
e e e @ TLLLI et caen af alimin

1 . .
experiments carried out in the United States and in this country, the

id of ancer following cestrone ia always
very high in males of the high concer strain and comparable to the
incrdence in females of the same stram,

Mitnrpock: X will deal with your second point first. In the hybnds
I found practically the same jncidence in females and treated males.
However, Dr. Bonser, who has treated A Strong male mice, has found
only one or two mammary cancers after treatment, I think that
probably 1n this d-strain the margin between the effective dose and
the tovic dose is too narrow. Maybe I would get a higher incidence if I
gave more cestrone, but the mortality would be stul higher than it is
with 25 per cent.

Hucains, To what do you attrnibute th: mc'rensed efficiency of the

. L L SR S Tl walac®

Lo . :
- ¢

Dxocaowskr I am not aware that this has been done, but a uv v
see ahy reason why they should be inactivated. .
Happow: You have zssumed, Dr. Muhlbock, that the influence 18

not direct?
Mt es, + t is present in castrated

8
and in pregnant female mice, although there is much more hormone

in the Iatter.” )
AsTBURY: But no one has simply tested an extract of these virus

particles to see if they're directly influenced chemically by
harmones’ i ) el

! ad

= ' : . ay
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Fusrarn: Yoo thas fo thn Tomnddacte

umquely different from the other mxce thnt were mentioned in that
they do show adrefial tumours after the gonads have been removed for
a long time, whereas I know the C,; does not. In the males of the
ce strain, they have cccasionally found a mammary tumour as well as
the adrenal tumour,

MonLuock: Our subline of the DBA straln does not show any adrenal
tumours,



HORMONAL RESPONSES OF MAMMARY
TUMOURS IN MICE

L. F. FOULDS

I pEcane mvolved in the study of mammary tumours by
following a procedure designed specifically to avoid them.
1 bred hybrid mice, using Cg, black females and R IIT males,
and found an appreciable number of tumours in the F;
hybrids although they ought not to have had any milk factor
from their C;, black mothers. I thought it might be interest-
ing to see if there was anything peculiar about the tumours
as shown by transplantation, and I made a few experiments
to see if milk factor was present.

1 will pass over these second experiments very quickly:
They show that mulk factor is present. Where it comes from
is another matter, which I don’t propose to go into. 1 should
like to emphasize now that all the mice to which I shall have
occasion to refer this morning, so far as all the evidence
goes, do possess the Bittner milk.factor.

One of the experiments consisted in breeding from those
¥, mice which developed mammary tumours. I have inbred
from some of those mice now for 12 or 13 generations, and the
offspring provide many of the tumours which I shall describe.
The remaining mice are the reciprocal hybrids of the Fi
generation, that is, they have R III mothers and Cs; black
fathers. Most of the observations have been made on one of
other of these hybrids.

The tumours, when transplanted, grew very well in normal
female mice. They did not grow at all, or they grew only
after a long delay, in intact male mice and they did not grow
in castrated male mice. In males which recewved pellets f!f
stilbeestrol 1n cholesterol, the tumours grew as well as in

, normal females. In one or two experiments the pellets weré
o -
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removed from males after the transplanted tumours got well
going. Sometimes there was a slight arrest of growth, but
it was temporary, and eventually the tumours went on grow-
ing. So the action of cestrogen seemed to be mainly on the
initial tnke of the tumour rather than on its continued growth.

There were two other bits of evidence for hormonal action
on these tumours. Some of them were very conspicuously
milky, When they were cut they oozed a milky or even
creamy fluid from their surface and they often had milky
cysts. This was found only in pregnant females or in cestro-
genized males; in males from which the wstrogen pellets had
been removed the tumours were no longer milky. It occurred
in a minority of the tumours which showed the difference
in transplantability in males and females, The second point
is that tumours of two stramns grew during pregnancy and
tended to regress, though not completely, after parturition,
which is the reverse of the usual experience of the effect of
pregnancy on transplanted tumours. One other thing T
should say about these phenomena is that they were tem-
porary; when one went on transplanting, then sconer or
later the tumours grew equally 1n males and females. Some-
times this occurred after the first or second passages,
sometimes after half a dozen or more.

When the experiments on transplantable tumours had got
to this stage, spontaneous tumours began coming up in the
breeding expenments, and I did not follow up the trans-
plantation experiments but con: d on
tumours. Sc the tumotrs I am going to descnbe now are
spontaneous tumours growing in their orlgmal hosts.

‘When tumours began appearing in the b g experi .
it was noticed that & tumour found one \'veek couldn’t be
found the next week, When that had happened a few times
1 looked into the matter and found that about two-thirds of
the tumours grew during pregnancy and regressed very
rapidly after partunhon. The tumours were measured
regularly, and their size was plotted against time. The course
of the familiar type of spontaneous mammary tumour, which

CoLL, ENDOC— 1t
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I call “unresponsive,” as it grows without any regard to preg-
naney or parturition, was rer ted by an spproximatel
straight line. The other tumours, which were in o majority
and which I call “responsive” tumours, were represented by
waves whose peaks corresponded approximately with the
times of partumtion in successive pregnancies, There were
two main types of “responsive’ tumour. In one type, the
tamonrs reached about the same peak size in successive
pregnanctes and regressed, often completely, between pregs -
nancies. In the other type, the peak size inerensed steadily
in ive preg and reg between preg

was sometuncs complete, but often only partial. Regression
after parturition was often remarkably abrupt. Tamours of
substantial size {¢ g., 1-5 %10 em.) often disappeared within
24 hours. The responsi i persisted through
many pregnancies over a long time.  Thus, 1n & mouse under
observation for 21 weeks, one tumour reached the same size
in six ive p ies and reg d after partuntion,
whilst another grew gradually, showing s Iittle fluctuation
about the time of each partuntion. Sometimes there wasa
much bigger swing and t hed a substantial size,
the maximum being about 2+5 cm. m dizmeter, whilst still
responsive to pregnancy. If breeding were stopped by
removing the male, the tumours disappeared and, as 2 rule,
they id not eome back agnin until the male was brought back
and breedmg resumed. Then they promptly reappeared.
Some tumours maintained the same type of behaviour
throughout thewr clinical course, but others changed their
course often abruptly; in particular, tumours which previously
had grown only during preg 'y lost thewr depend on
the stimulus of pregnancy and then grew steadily and pro-
gressively without regard to reproductive activity. When,
as was multiple responsi were present,
the change to unresponsive behaviour oceurred wm only 0pe
of them, Forexample, two tumours appeared simultaneously
in one moust and o third developed later. The three tumours
followed parallel courses, growing during pregnancy and
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tegressing thereafter until the ultimate pregnancy; then the
three tumours grew parallel up to the time of parturition,
whereupon two tumours promptly regressed, whereas the
other continued to grow steadily. The tumour that con-
tinued to grow was one of the pair that had appeared first.
I think that this and other similar observations can only mean
that & change occurred in one of the tumours;'had the whole
snimal changed, all the tumours would have been affected
equally. I have described the change as “progression” by
which I understand an irreversible qualitative change in the
tumour ltself whereby the tumour, previously responsive to

unresp: and grows progressively
untll it kllls the animal, whether the animal breeds or not.
Sometimes a tumour does recur in the absence of pregnancy.
For example, the male was removed from a mouse with three
tumours and no more pregnancies occurred during the period
of observation. The three tumours disappeared; one of them
recurred after three weeks and grew steadily and progressively
without any stimulation. That tumour had changed from
the responsive to the ponsive type, irrespective of
pregnancy. My suspicion is that, in general, pregnancy is
not essential for the occurrence of progression although it often
brings it to light.

T can’t go into details very closely, but the peak of growth
was reached, as a rule, during the last two or three days of
pregnancy. Regression began, I suspect, a little before the
actual time of parturition—it is difficult to be certain—but it
was pronounced within the first 24 hours. Recurrence was
usually obvious during the second half of the next pregnancy,
but I think it probably started considerably before then, and
there were some indications that the recurrence possibly
started during the first week of pregnancy.

One of the main problems to be followed up 1s: what is
the hcrmonnl mechamsm involved? My colleague, Mr.

0 :
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I call “unresponsive,” as it grows without any regard to preg-
nancy or parturition, was repr d by an approximatel

straight line, The other tumours, which ‘were in a majority
and which I call “responsive” tumours, were represented by
waves whose peaks corresponded approximately with the
Itimes of parturition in successive pregnancies. There were
two main types of “responsive” tumour. In one type, the
tumours reached about the same peak size in successive
pregnancies and regressed, often completely, between preg-
nancies. In the other type, the peak size increased steadily
in successive pregnancies and regression between pregnancies
was sometimes complete, but often only partial. Regression
after parturition was often remarkably abrupt, Tumours of
substantial size (e.g., 1-5x 10 em.) often disappeared within
24 hours. The responsiveness sometimes persisted through
many pregnancies over & long time, Thus, in a mouse under
observation for 21 weeks, one tumour reached the same size
in six ive p ies and reg d after parturition,
whilst another grew gradually, showing a little fluctuation
about the time of each parturition. Sometimes there was a
much bigger swing and tumours reached a substantial size,
the maximum being about 2+5 cm. in diameter, whilst stll
responsive to pregnancy. If breeding were stopped by
removing the male, the tumours disappeared and, as 3 rule,
theydid not come back again until the male was brought back
and breeding resumed. Then they promptly reappeﬂ}'Ed~
Some tumours maintained the same type of behaviour
throughout their clinical course, but others changed their
course often abruptly; in particular, tumours which previously
had grown only during pregnancy lost their dependence on
the stimulus of pregnancy and then grew steadily and pro-
gressively without regard to reproductive activity. ‘When,
as was multiple responsive tumours were present,
the change to unresponsive behaviour occurred in only one
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bulbous extremities, There is usually a lumen in the
columns, but, as a result of the very great epithelial prolifera-
tion, the lumen sometimes becomes quite inconspicuous, At
the height of their growth these epithelial masses contain
many mitotic figures, and they are separated from each other
by a very cellular, very loose and vascular connective tissue
with no collagen. Soon after parturition a breaking down of
these epithelial masses is seen, The tubes are now lined only
by a single layer of epithelium. The bulk of the epithelium
is desquamated into the lumen. As I can’t find much sign
of phagocytosis or cellular reaction either in or around these
tubules, Ip that the desq d masses are extruded
by way of the mammary ducts. VWhen the epithelial degenera-
tion begins, the connective tissue also changes and collagen
forms between the epithelial columns, Two or three days
after parturition, we find empty tubules with a single-layered
epithelial ining, and a certain amount of shrinkage, compres-
sion, and collapse of the tubules and fibrous collagenous con-
nective tissue between them. This process goes on to produce
a nodule with a peripheral part of quite dense fibrous tissue
with collapsed, compressed, epithelial tubules and often a
central area of loose fatty tissue containing some ducts.
Many of the tumours which regressed after parturition
disappeared completely; one couldn’t find them either by the
naked eye or with a di ing mi pe. What happ
to those I cannot say, but possible transitions were found.
For example, at the site of a tumour which had regressed 1n
a mouse which had not been pregnant for about three months
previously, there was a fibrotic plaque which was obviously
mcomplete; 1n the animal it looked a distinct well-outlined
plaque; histologically, patchiness of the fibrous area was
conspicuous. In another mouse whose tumour had regressed
about seven months previously, one could see by the naked
eye a fairly distinctly outlined plaque, but histologically
there was only a thin rim of fibrous tissue around the edge,
enclosing tissue resembling normal breast. Jt is possible to
imagine this process going on a little further so that one would
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against in dosage, and the balance in dosage of different
hormones. So far, we have no clear indication that it is
cither a purcly wstrogenic effect or a progesterone effect, or
even acombination, although I mustadmit we haven’t enough
information with balanced doses to draw firm conclusions.

The unusual behaviour on transplantation and the growth
in relation to pregnancy were quite unexpected and raised
the question whether the tumours differ in some way from
those with which we are familiar in most mice. The final
big tumour which kills the mouse, so far as I can see, is no
different from the ordinary mammary tumours of inbred
or cross-bred mice which have been described in the last 40
or 50 years. The early stages do seem to be different. Unfor-
tunately, it was not possible to keep the histological work in
Line with the experimental observations or to do whole-mounts
on the breasts, and, to tell the truth, I did not foresee at the
time how useful they might have been. All that I can say
now is that the hyperplastic nodules which have been des-
cribed by Dr. Gardner and others, and which are common in
most high tumour strains, are, at least, not conspicuous in
these mice, and I don’t think the tumours develop from them.
The first sign I see is a flat disk or a plaque n the subcu-
taneous tissues. A characteristic feature is that there are
usuzlly one or more fairly normal-looking ducts in the centre,
sometimes even a fairly distinet division between a “medulla”
and a “cortex,” with tubules often radiating from the centre
towards the periphery. Some bigger tumours are made up of
several lobules of the kind which make up the small one.
The histological appearances arc extremely varied and com-
plicated and I do not pretend to have analysed any but the
simpler ones.

There is one kind of tumour, however, in which the sequence
of changes is, I think, faurly convincing, The small tumours
near the end of preghancy and at about the peak of growth,
have a centre occupied by small duets and columns of epithe-
lial tubules radiating outwards. There is a certain amount of
Yom A e alace radistine columns. which often have
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It seems to me that the essential histological feature of
these tumours is that the type of growth is essentially
organoid; it is not a mere cell proliferation. The growths
imitate, to a greater or lesser extent, the development of the
normal breast and, to some extent, though not exactly, they
react to similar hormonal conditions. 1 would point out one
difference, that immediately after parturition the responsive
tumour is quite out of step with the surrounding normal
breast: the normal breast 1s full of secretion and active whereas
the tumour is already, within a few hours of parturition, well
on the way to disappearance,

I rather suspect that the phenomena I have described may
correspond to something which occurs only occasionally in
other strains of mice; what 1srare in most strains is the usual
and commonplace feature in these particular hybrid strains,
I am less interested m their application to the particular
problems of mammary tumours m mice than to the more
general probl of resp to h and pro-
gression from a responsive to an unresponsive state, both of
which I think are hughly relevant to our discussion to-day.

DISCUSSION
Happow: There 15 no doubt this 1s & very impor
JATe m o et e B ATy,

observation,
poserran

pregnancy, whereas in any case it would have appeared about that timé.
Fourps. The time of recurrence in our muce was quite erratic. It
varied by some months,
Happow: Willis, I think, described a case of the development of a
Ty CANCEr 1 a young woman during pregnancy. For other
Teasons, fha pregnancy was terminated and the mammary carcinoma
regressed and absent untila
in which 1t reappeared.
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not be able to see anything at all by the naked eye, In sarly
pregnancy, the seq of changes which I described for
regression goes in the reverse direction: the tubules begin to
swell up, the fibrous tissue loosens, the collagen disappéars
and the tumour reverts to the active plaque which I described
before.

Most of these tumours regress whether or not the mouse
nurses 1ts young. A few, however, do not regress while the
animal is nursing, though they may regress later, and some
at least of these during the nursing period have the structure
of secreting adenomas. There is also a trace of the archi-
tecture which I described in the other tumours, with branching
tubular duct-like formations. A

There 15 a little evidence about the mechanism and the
histological basis of what I call “progression,” that is the
change of propertics of the tumour during observation. In
some regressed tumours the regression is patchy, with sur-
vival of some small pateches of epithelal tubules which have
not regressed 1 step with the bulk of the nodule; or whilst
the bulk of a tumour is degenerate and becoming fibrous,
one lobule is obviously different and retains the structure
which we normally find during pregnancy. This I interpret
as altered tissue which probably goes on to form a pro-
gressively growing, unresponsive tumour. In some regressed
plaques there is sometimes a central, sometimes a peripheral
nodule of what 1s recognizable as fairly typical mammary
tumour. These nodules again, I think would have given rise
to a progressively growing, unresponsive tumour. The fact
that these ponsive t become app t very often-
at the end of a pregnancy may, I think, be due to a vascular
effect. The nodules from which they start in non-pregnant
mice are enclosed sometimes 1n a quite dense fibrous tissue
and may have a very poor blood supply. When pregnancy
occurs and the whole surrounding tumour becomes better

v larized, then the nodules get going, and once they have
acquired a good blood supply they continue to grow
indefinitely.
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closdy related to Compounds E and F‘ On the other hand, there
appear in the unne some new steroids whose nature is not known.
t has been on

of
human males? halfadozen
males with prostate cancer who hnve deve]upcd breast tumours under
@strogen treatment.
Happow: I think there are four papers describing development of
breast cancer in the male after mstrogen treatment.
Hucormns: It 19 not certain whether it’s breast cancer or prostatic
cancer whlch hn! metamslzcd to the bre:\st-
- S Y

.. F .

and oervlcal cancer. Perhapsa mlmbu of Qh:se people who have been

treated with cestrogens for prostatic cancer chnically presented

their prostatic cancer before they presented their second primary

breast cancer. X don’t think you can jump to the conclusion that there

1sa cause-eﬁu.-t relatlonshlp.
n S

P L .

The bone mmstases dld not, have 2 hxgh ﬂcxd phosphatase content.

T* ennemad 4n

as to the recurrence of these tumours. Far the last two years we have
had an :xpenment sct up on sm:u]ar lm&s o those of Dr. Foulds.

FOULDS: Une trancnlantad $omane erng rwemeie-3 Sa W p
Hs presen - - e P
offspring ¢ .

incidence * . .
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GanoNen: T have been extremely interested in this work which D
Foulds has described. On one oceasion I saw, I think, three turmour
. . N G © O e et e agg

) . il

. . - .. . ro
. P . at

B - )

' . .
) oW s
tissue. How does the metabolism differ from that 11 Lie Iiasuunary
plands that do not disap ? 3 ol p seems tc
be the same as in human tumours that disappear under cestrogen
treatment.

HEerrz: It is paradoxical that the histology of tumours disappearing
under i i should be to these,
which are regressing in the period of withdrawal of the high hormonal
level of pregnancy.

Happow: We had a few very striking cases at the Cancer Hospital
of very active clinical regression on withdrawal of cestrogen.

Herrz: We've seen that in cases that I'll talk about tomorrow, I
which we continued to get very marked degrees of regression after
stopping testrogen in older patients with breast cancer who were no
longer responding to therapy.

Brac: Chaically, the mstrogen regression would depend on whether
they are pre- or post-menopausal, wouldn't 1t? ,

Hertz: That 18 a generahzation that has been made, but I don't
know if it’s too well established What do you think, Dr. Haddow?

Hapnow: I think 1t's part of the truth, but not all. In the early
days we had a jomnt clmeal trial by about 12-14 people, all of whora
‘worked independently for about a year and then came together. About
balf of these investigators had had ths very distinet impression, and
when they all came together it seemed to be much more than that,
although not the whole truth,

Beea: Won't 2 woman with breast cancer have a flare-up dunng

pregnancy?
Hapnow: Apart from any specific effect, the question of blood

supply is important.
Dosriner: Does testosterone have any effect on the tumours?
Fouros: We haven’t tried The sort of i we've

been doing is to remove the males, let the tumour regress, and then try

to bring it back artificially.
Dosrver: It is very interesting that you have a host-tumour

- * TT4-Ihefn Anvondant an the hormonal environ-

i T " L ma} changes in mice

. - there are two Taajor



PART III

STEROIDS IN CANCER THERAPY

ANTI-TUMOUR AGTIVITIES OF STEROIDS IN
ANIMALS

C. CHESTER STOCK

Tris report includes the studies of several of my associates
in the Experimental Chemotherapy Division of the Sloan-
Kettering Institute and represents only one of a number of
mvestigations on steroids being conducted at Sloan-Kettering,
The Chemotherapy Division programme* includes tests of
a number of steroids agamst the chick embryo by Dr.
Karnofsky (Karnofsky, Stock and Rhoads, 1950), against a
variety of transplantable tumours 1 mice and rats by Dr.
Sugiura (Sugmura, Stock, Dobriner and Rhoads, 1950), and
against mouse leuk by Dr. Burchenal (Burchenal, Stock
and Rhoads). The mouse leukzma studies will be presented
by Dr. Burchenal at this conference. Clinical and metabolic
studies will be reported by Dr. Dobriner. Other aspects of
the Institute’s biological studies on steroids include Dr,
Woolley’s jons on the inft of ids on organs
and tumours in mice, and Dr. Money’s studies on steroid-
induced changes m the rat and the mfluence of steroids upon
the uptake of radioactive iodine by the thyroid.

The classical experimental and clinical studies of the
ifluence of steroids on tumours by Gardner (1947), Huggins
(1942-1946), Nathanson (1947), Haddow (1844), and Adair

*We wish to uclmuwledge the valuable assistance of Dr. Konrad Dobriner
in this programm

185
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LI T " . £
carry milk factor obtained somehow or other, and the tumour-free Fy
animals, which are in the majonity, do not. .
Dsocrowskr: I think that the picture is even more complicated. I
believe that our observations agree with those of Dr. Andervont from
‘Washington, that not all of these tumours, as far as biological tests are
concerned, contain the milk factor, We have 20 at the moment that
are being tested biologically, and I can say for ger'iiin that some :f
.

T LY iin 41nl fa ALIn bemn of hepact énmanT

breeding. It seems to us that forced breeding may produce w0 types
of tumonr, one which contans the milk factor, and the other which does
not seem to possessit. Experiments are being carried out at the moment
to elucidate this point.
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(1946, 1949) are well known. These and other published re-
ports have been excellently supplemented by the studies
i at this conf

Our results with cortisone were foreshedowed by those of
Heilman and Kendall (1844} on the inhibition and regression
of n mouse lymphosareoma, and by Murphy and Sturm (1944}
on the inhibition of the devel of t itted Jeukemi:
in rots by adrenal cortieal extraets. Clinical studies with
cortisone and ACTH were under way in patients (Pearson,
Eliel, Rawson, Dobriner and Hhoads, 1949) ot the time our
experyments with steroids on transplanted tumours in mice
and rats were initiated. We were interested in determining:—

(1) Whether the lymphosarcomas in our chemotherapy
programme, under the test conditions employed, would
respond to eortisane.

{(2) Whether types of turmours other than those of lymphoid
origin would be affected,

(8) Whether there are differences in patterns of activity of
different sterords en different tumours,

It was soon npparent that some steroids would be available
in amounts teo limited even for preliminary trials in the
animal. As & result, studies were initiated in the chick
embryo and, since cortisone showed n marked activity against
the embryo, all available steroids have been screened in the
chick embryo (Karnofsky e al, 1950). The experiments
with cortisone revealed such striking effects that a diseussion
of them and the results with other steroids seems wm-mn‘ted
prior to a discussion of the activities of steroids against
abnormal growth.

Landauer (1947} first reported that an extract of adrenal
cortex would inhibit the growth of the chick embrye. In
Karnofsky’s experiments cortisone acetate has exerted 2
marked inhibitery effect on the growth of the chick embryo.
Initially, aquecus suspensions of 2-4 mg. of steroid were
injected into the yolk sac of the four-day-old embryo. The
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embryos surviving to 18 days showed moderate to severe
stunting with generalized baldness. The effect was explored
in more detail and a range of growth inhibition was found.
The range of effects has been divided into four categories as
illustrated in Fig. 1. The embryos dying before the 18th
day are small, pale and cedematous, have unusually large
eyes in relation to body size, and are often eviscerated. Those
surviving to 18 days present a characteristic syndrome. The
embryo is small; the yolk sac and chorioallantoic membrane
have not formed completely, and there is consequently free
yolk and albumin present which is not enveloped by mem-
branes. The embryo adopts a characteristic, curved position
and the ammon is drawn tightly around it. The embryo is
pale and the feathers are practically absent; evisceration is
common. In Karnofsky’s experience other types of chemical
agents have not produced a similar stunting. At lower doses
are seen intermediate changes, consisting of diminished
feather formation with baldness, clubbed feathers, and vary-
g degrees of stunting in body growth. Embryos showing
the intermediate effects may survive until 21 days but they
do not hatch.

The effect of cortisone on the embryo was quantitated at
four days and at eight days for yolk sac injections and at
eight days for the chorioallantoic route of admi jon. In
the latter the maximum effect was obtained with 2 mg. of
cortisone acetate and larger amounts were required by the
other route (Table I). The relationship of time of dosage
to the effect was studied and the data in Table II indicate
that inhibition has been obtained by both routes of adminis-
tration until the 12th day. The physiological significance
of this observation may be clarified by histological studies
still 1n progress.

The assay of steroids for cortisone-like activity has been
developed as follows:—

The steroid solution or suspension is placed on the chorio-
allantoic membrane of the eight-day-old developing chick
embryo. Ten days later the embrvo is sacrificed and rraded
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for effect. ¥With this
technique a number
of steroids have been
tested with the re-
sults presented in
Figs. 8, 4, 5 and 6.
Fig. 8 shows the
approximate minimal
amounts of com-
pounds E, F, A and

corticosterone needed Fio.2.
to achieve definite in- "™

#CH0CCHy
1 1!

®G=0 0
e

0%

ACETATE

189

11~ DERYDRO-17-HYDROXYCORTICOSTERONE

hibition of the embryo. The greater effectiveness of Compound
Fis striking. In Fig. 4 the activities of Compound § and DCA

. #zG-0H #2-C-0H
¢s0 d=0
o, OH o, <OH
o o
72 Wvonony
COMPOUND € COMPOUND F
ACETATE 4 OSmg. + 002mg,
FREE
oM Ha-C-on
¢ 14
Q. Ho,
o7 o
“
(xENOALL'S  COMPOUND &)
ACETATE  + O2mg
FREE +02mg

—

¥r6. 8. Formuler of compounds with approximate munimal
to inhibit the devel S .

Y
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Table I

AVERAGE Risurts of E¥Fecrs oN Cuick EMBRYO FROM VARIOUS AMOUNTS
or CORTISONE ADMINISTERED BY SEVERAL ROUTES
AcTIvITY of CORTISONE: ACETATE IN THE Ciick Euzryo

4-day yolk yac 8 day yolk sac 8 day charioallaniols
Eabrya Embrya B
Dose fect | Weght, effect | Werghs, ffect | Pewht, ¢
og legg 14, (mwrmg {14, {average) (i-4, {average)
average average) el
(Sacrificed at 17-18 days)
0.2 o(s 169
0-5 {40 8(5)*] 145 0(4) 174 [ 42:7(7) ] 109
10 [+18(2h)} 1830 [+1 04| 138 [+2:52 108
20 |+24(19)] 108 2 8(11)) 88 |+4:0(8) 52
40 [+4°0(3) 101 4:0(3) 44

*Number of embryos,

The effects are graded from 1 to 4 2 presented in Fig 1.

AcTviTy oF 24a/Eca OF CORTISONE ACETATE INJECTED INTO
SAC AND ON CHOAIDALLANTOIC MEMBRANE {0-15 Days of Act)

Table IT

l Route
Yolk sac Chorsoallantow
Time of
mpection
i Embryo -t Weght, g, Embryo ot Weaghs,
14, az'c:{ll;:) (a:c‘mge') -4, av:gg‘:] (avmt5
Saervficed 17-18 days
P
0 +2-1{6)t 100 — -
2 +2 1(6) 113 - -
4 +1 8(7) 10-7 - ~
6 +2 1(8) 10-0 - -~
8 +2.8(8) 84 +4-0(8) 52
10 +2 2(8) 100 +8 8(4) T4
12 +3 1(14) 71 +2 8(9) 7-5.
15 (9) 175+ 0(9) 15 8
Controls (16 to 21 g)
*Sacnficed, 19 days
Number of embryos

The effects are graded from I 1o & s presented in Fig 1

TRE YoLx
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for effect. With this
technique a number
of steroids have been
tested with the re-
sults presented in
Figs, 8, 4, 5 and 6.
Fig. 38 shows the
approximate minimal
amounts of com-
pounds E, F, A and
corticosterone needed
to achieve definite 1n-

hilntion of the embryo.

139
ncHz OCCHy

i
-c =00

t1-DERYDRO-17-HYDROXYCORTICOSTERONE

ACETATE
Fio.2. F
system

Dstedinthetables

The greater effectiveness of Compound

Fis striking. In Fug. 4 the activities of Compound S and DCA

. HyG-OH H2C-OH
=0 =0
Q oH HO, <OH
07 0%
COMPOUND E COMPOUND F
ACETATE 4 0Smg. + 0o2mg
FREE
Ha-g-oH Hp-E-OM
cr0 )
o, Ho,
0¥ o
"
(KENDALL'S COMPOUND a)
ACETATE  + O2mg
FREE +02mg

Fic, 8. Formule of compounds with sppraximate mummal
amounts required to nhibut the development of the chick embryo,
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are compared. It is of “interest that DCA has a definite
activity although it lacks an 1l-oxygen function. The
markedly decreased activity of Compound § is worthy of
note. With progesterone (Fig. 5) there appears to be little
difference due to the presence of the 17-OH group, nor has
the activity been lost with the loss of the 21-OH group. In

Nz-ll:-OAc Hz-ll:—oAc
C=0 Cc=0
< OH
o 0

N ~DESOXY -17& -HYDROXY-

CORTICOSTERONE ACETATE DESOXY CORTICOSTERONE ACETATE

(REICHSTEIN'S COMPOUND $)
ACETATE ,
+ Smq + 025mg

Fio. 4.
CH3 GH3
C=0 G=0
O, QOH o
fold o*
11-KETO-17 £-HYDROXYPROGESTERONE II-KETO PROGESTERONE
+ 0 3mg +03mg

Fic. 5
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Fig. 6 it appears that several pounds of the prog one
and APpregnenolone series have an activity quantitatively
similar to that of Compound S. Over twenty other steroids
have been tested at 5 or 10 mg. levels without showing any

CH: H;
CH3 i 3
<=0 =0
< OH
o 07
PROGESTERONE 17 -HYQROXY PROGESTERONE
CH =G~
CH3 Ha-C-0Ac
€=0 =0
HO- HO-
A’-’!EEH!MELDNE 2I-ACE'aXV-l’-PI!GN!NGLONE
POSHTIVE Smg/EGG

Fio. 8,

Figs. 4, 5, and 6. Formulas of compounds-with approvimate
munimal amounts required to inhibit the development of the
chick embryo,

nhibition of the embryos. In Table III these are listed by
name and g d g to certam aspects of
structure.

In addition, a group of Cy, steroids were without inhibitory
effects. Included were testosterone, adrenosterone, Af-
androstenediene-3,17, 17-ethinyl testosterone, A#%-andro-

di 38,17 and 2. y acetate.

coLL. Ivpoc —1
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‘Table IIT
STEROIDS INACTIVE a$ TESTED AGATNST THE CPick EMBRYO

Compounds wuh an 11 oxygen function and @ saturcted A and B ring N

Atz dos et

11-keto-pregnanolone acetate L e
8, 11, 20-triketo-4, zl-dmcetoxy,lmo}! pregrume . . — B0

Dlhydm-comsnne acetate PR —10-0
Compounds without an 11 ozygen function and @ saturated A and B ring l
3z doe el

el mg 1g

Allo-pregnandlone . L S50
20- "S(CmpL). . =50
Pregnane.3a, 12a, l-tnnl-'.'p-one. 21 acetate . . =50
A compound wxthout an 11 oxygen funchon and an unaaturation at Cs

Mazx, dose leve
mud e ltu

AM17 hydroxyprogesterone . . . . . ..
Compaunds wuhout an 11 ozygen Junchion and no carbonyl group of Cue

A compound wuthout an 11 ozygen function and unsaturoted at Cu
. dose bevel
mmt mgltu

AF.pregnadiene-3g-ol-20-one scetate . . . . .

To sum up, certain steroids have been found to inhibit
chick embryo development at the following levels:—

02mg. - . . . CompoundF

0-2-0-5mg. . . . Corticosterone
Kendall's Compound A
Cortisone
11-ketoprogesterone
11-keto-17-hydroxy-progesterone
DCA
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5 mg.. . . . . Reichstein’s Compound S
progesterone
pregnenoione

The effects observed differ from those caused by X-rays and
those caused by the antagonists of folic acid and other
vitamins; however, the exact nature of the activity is yet to
be determined. It is believed that this will offer a useful tool
for detecting small of certain biologically active
steroids, though the steroids active agamst the chick embryo
may not duplicate those showing any other type of-biological
activity, It will be seen that the number of steroids active
against certain mouse tumours is more restricted than the
number active against the chick embryo.

The studies of the action of steroids against the chick
embryo are being extended to include newly hatched chicks
(2-3 days). So far, there have been observed inhibitions in
weight gain, measured at 10 days, a pronounced effect by
compound F, shight effects by DCA and cortisone, some
lesser activity from Compound S, progesterone, and testos-
terone and none from dihydro- and tetrahydro-cortisone
compounds A and L, and ACTH (Karnofsky, unpublished,
data). .

The remainder of the report consists of the studies of the
action of ds against transpl ble tumours in animals.
The technique has consisted of daily subeut injecti
for one week of saline suspensions, starting one day after
subcutaneous mmplantation of the tumour implant. The
tumours are measured in two diameters by calipers one week
later and at subsequent weekly intervals. The results obtained
with cortisone agamst a vartety of tumours is included in
Table IV. The maximum tolerated dose has been 87-5 mg. [k/
day (0-75 mg./mouse/day) and 1t has shown delayed compli-
cated metabolie side effects. The strongest inhibitions have
been obtained with the ly i

AL )

and 2!
'y EO 771 has been
ly, while 180 has not been affected

S 3
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Table 111
STEROIDS INACTIVE A$ TESTED AcamsT ToE Chick Eymrvo

Compounds wuh an 12 oxygen function and a saturated A ond B nng

nlne

11-keto-pregnanolone acetate . e pad 50
3, 11, 20-tnketo-4, 21-diacetoxy,! o pmgnane « + v —450
« 0 =100

Dnhydmccmsone acetate . . . .
Compounds without an 11 erygen function and a saturated A and B ring

e
g (e
Allo-pregnanolone. . . . . . . s 15
, 17, 20. “B(Cump.L) S50
Pregnane-3a, 12¢, 21-tricl-2p-one, 21 acetate . ~50
A compound wathout an 11 azygen function and an unsoturanon at Cy

Max, dose level
tested, mg. !I‘ds

A'17 hydroxyprogesterone . . . .
Compounds wuhout an 11 arygen function and no carbonyl group ot Cu

Ab-pregnene-triolone
dketo- A< pregnane-178-20, ox t

A compound without an 11 oxygen funchon and unsatureted ot C

e terind
=
A.pregnadiene-38-0l-20-one acetate . . . . . . o

To sum up, certain steroids have been found to inhibit
chick embryo development at the following levels—

«02mg. . . . . Compound F

0-2-0-5mg. . . . Corticosterone
Kendall’s Compound A
Cortisone
11-ketoprogesterone

11-keto-17-hydroxy-progesterone
DCA
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aspects of these compounds arc listed in Table V. Table VI
presents similar details for a group of steroids which have not
inhibited the lymphosarcoma even though most of them have
been tested at 5-10 times the maximum dose level for corti-

I EFFECT OF CORTISONE ON OSTEQGENIC SARCOMA IN MICE
COR’ INE CONTROLS
ki 14 2t 28 k1 @ 21 28 days!
RE¥ Y
1

.
2 ¢ o« o« 8 |2z e ..
30 0 0 @3 e .O
4 . AN B .g
s . e .' 5 e .‘f
s« o @ ‘ 6 .e
T e s s s |T e .0
8+ o+ o« e |8 . ..~
5 . s o« @ | v @ .'
o« o o @ {10 . .o.

T
P

sone, Although the inactive compounds in Table VI show a
number of variations in structure, all of them lack an 11-
oxygen function. So far, 1t appears that the active steroids
require an 11-oxygen function, and a 8-keto group with the
At conjugated unsaturation. The 17-hydroxyl group is not
essential but appears to increase the effectiveness. A 20-keto
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Table 1V

ErrECT or CORTISONE oN Variovs Tusours 1y Mice

Dose S Sar
Sar Sar Car, EO0 n-p
maikal | 350 | Mo | o | ara | WOS

= wdicates no effect, + Indicates slight mhibrtion, + indicates modefate fnfubition
+ + wndicates marked intubition

EOmT1 = Mammary Adenocarcinoma EO771
H-Pmel = Harding-Passey Melanoma

WOos = Wagner Osteogenie Sarcoma

ROS Ridgway Osteogeme Sarcoma
PLS = Patterson Lymphosarcoma

MLS = Mecca Lymphosarcoma

at the maximum tolerated dose. The degrees of inhibition
of the lymph and osteog are illustrated
in Figs. 7 and 8, In the case of the lymphosarcomas an in-
erease in survival time is also noted. Thus far, the histo-
logical studies of the inhibited tumours have not revea!ed
more than a mixture of viable tumour cells and those with
degenerating nuclel.
The results with cortisone encouraged the study l'lf
* numerous steroids in the spectrum of tumours with emphasis
upon the lymphosarcomas and osteogenic sarcomas. These
studies have offered some information on the relationship
of steroid structure to inhibition of the lymphosarcoma
(Stock, 1950; Sugiura et al., 1950). Compound F is nearly a5
active as cortisone, whereas two to three times as much
compound A 18 required for comparable activity. 21-desoxy-
cortisone has a very slight activity, probably no more than
one-twentieth to one-fiftieth that of cortisone. Dihydro- and
tetrahydrocortisone have shown no activity. The structural
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Table V
STRUCT URAL ASPECTS OF STEROIDS TESTED AGAINST MOUSE LYMPHOSARCOMA

147

) Dose | a4 17. | 21
Compound makg] | Aty bio| OFF 1%&« o Ot | 85 | B3
Cortisone . .} 875 + Ll el e S I I
Compound ¥ . .| 375 + |+l + |+ - +]+
Compound A
(17 desoxy corti-
sone} . - 125 + Fl=t+i+H-—-1+
21-desoxycortsone . | 875 |—tox| + | — |+ |+ ] —|+] -
Dihydrocortisone . | 2375 ~ {(F{=f-fF L+
11-keto pregnano-
lone .. 150 - +|=-1-f+1{+}=1-
Compound 5
(11-desoxyeorti-
sone) . 450 - -l =+ +f=-]+1+
Desoxycorticosterone
(11, 17-desoxycor-
tisone) . . .| 375 -~ —l=1+1+|-1-1+
Table VI
STRUCTURAL ASPECTS OF STEROIDS INACTIVE AGAINST MOUSE LYMPROSARCOMA
Dose
-l are fze- o5 far {20, | a1
Compound melkel AR AR A A
Testosterone . . , . | 500 + -] -1+]-
Progesterone . . 800 - + + | - —
Ab-preguenclone . 0 || = [+]+]|~|=]~
A‘-“-pregntnolone ool ) - 4 P
one. .| 875 | —| + |+]—]|~|—14+
21-011 pl'egnenolone coeles | o+ |+ - +
17a OH-progesterone (A% | 250 | — [ + [+ | — |4 ~
l'm OH-progestmme (AN} 250 |~ |+A |+ | =]+ =1}=
178 OH-progesterons 1O {1 4+ ) -] -
17a_OH-: sllopregnanolone
(Cmpd L) R Sl Sl B o el
17a, 21-OH-progesterone
(Cmpd. Sy ., BRI AR
I7atmolone . ., | 300 | —| 4 —{ =
Wtnolone . . . L f 20 | 4 |~} — i 1 I




* group has been present ini the active steroids, but there has
not been an opportunity to test the 20-hydroxy compounds.
The 21-hydroxyl group is quantitatively very important, if its
presence is not essential,

EFFECT OF CORTISONE
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Our studies upon the anti-tum

a survey of the
tigating these ¢
with an anti-tu

organ changes.

our effects have not included
Dr. Woolley has been inves-

flects and has reported that the cnmpouvnds
mour activity in mice depressed the weight
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DISCUSSION

Suorree. 1 was rather surprised to see that in the egg yolk sac
expenmanls Kendall's Cumpo\md 1‘ showed about 10 hmes tl\c ivity

I .

secondary di-aleohols suggests that they are not metaholized very
rapidly.

Hanpow: How reproducible are these different runs

S'rocx. ‘They have been very satisfactonly xeproducnble. but I don't

' .
process for the human orgamsm. Birds are very different from mam-
mals, and one has to be extremely careful about jumping to conclusions
about humans from work on birds, Maybe Dr. Stock can say a few
words about the actions of Compounds E, F and A.

Stock’ In our initial experiments with Compound A4, it was found
active even though somewhat larger amounts were required, and we
had the impression that the metabolic side effects were not as bad.

Dr. Karnofsky has been interested to se¢ whether the results in the
egg would be carried over to the young chick. He injects the chicks
wth various doses, usually of the order ef 1 mg. per day per chick,

L. wvureuendr nas tested a few of these materials 1n his mouse
Jeukzmia, He hasn't had the opportumty to test a lot of them because
the ltegm\que he has used required larger amounts, which were not
available,
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of the spleen to one-third normal, and the weight of the
thymus to one-tenth normal; also they decreased the size of
the mesenteric lymph nodes, of the adrenal cortex and
of the pituitary. Dr. Money has made similar observations
in rats.
Summary

It has been found that cortisone inhibits the development
of certain transplantable mouse tumours, osteogenic ones
and lymphosarcomas, whereas other tumours are less affected
or not at all. Differences in the degree of inhibition of the
lymphosarcomas by various steroids suggest relationships of
structure to activity. It is believed that the chick embryo
and the mouse tumour studies offer methods of screening
steroids for biological activity which are both rapid and
economical of material. These may be nseful for selecting
steroids for clinieal trial in cancer.
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which is of us:rul stemuis by
fung, They are interested 1 thxs tst as a possible method of picking
up activity,
Gross: Did you try ACTH too in this test?
stk It Miprtie Bttt

demonstrating any possible activity,
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tw v . .

Stock: Yes. Ior one of our controls we have had animals on a starva-
tion diet where there has been a comparable loss 1n weight without
tumour inhibition. There isn’t any question that there is some toxiaty.
In a few of the experiments nearly all the animals died at the end of
the second week from delayed toxicity. .

BEGG: I'm a it uneasy about using this egg embryo test as a screemng
method. For le, I believe Dr, Ki showed some activity
for Compound S in epgs, yet none at all in the tumours.

Stock: 1 certainly wouldnt propose this as the ultimate test, but
we're not too worried about a few false positives, just as long as there
aren’t too many of them. It was not expected that the egg test and
the tumour test would necessanly yield paralle] results.

~Brce: I wondered if we are not seeing examples of the fac} ‘ﬂmt

Stock’s studies on pre-natal chicks, we have used the costrogens 25 3
magmfying glass to bring out differences in tissue growth effects on the
gemtal tract, and, as I showed you yesterday, have found that proges-
terone has a marked 'y effect on g duced tissue
growth 1n the genita’ - - 1: W hawa carsened
a considerable numkt .

and there 1s a very
embrye as opposed

T L S L

same. It may well be that some of them are effective by conversilt

- rious
. it be

st

combnation of several tests

Sorpre; Have you tned to correlate your different degrees of
activity, not so much with the actual functional groups present, but
simply with the number of oxygen atoms, as an indreation of solubibty

in tissue fluids?
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Stock: We've thought about the possible influence of solubility but
there seems to be no correlation,

Forrry: I think that you will find that anhydrohydrovy progesterone
{ irol or ethinyl dthough it contains two
oxygen atoms, is one of the most insoluble substances yet tested by the
pellet implantation technique. You can’t detect any loss in weight in
ayear

muxtures, Only a small amount of matenial 1s needed. We know one

which 1s i d 1n the di of useful steroids by
fungi. They are interested in this test as a possible methed of picking
up activty.

Gross: Did you try ACTH too in this test?

Stock- 1 don't think 1t’s been properly tried out. It hasn’t shawn
much activity. In the amumal tests we didn’t give 1t quite frequently
enough, We didn't have the opportumty of injecting “around the
clock,” and I understand from Dr. Woolley that that’s essential for
demonstrating any possible activity.




THE ANTI-ANDROGENIC CONTROL OF HUMAN
CANCER

CHARLES HUGGINS

By anti-androgenic control is meant modification of the
internal environment by orchiectomy or administration of
cestrogenic compounds,

Anti-androgenic measures are of certain effectiveness in
two human tumours: (1) cancer of the prostate; (2) eancer of
the male breast. It is likely that this small list will be
extended in the future.

As chemotherapeutic agents the sex hormones have one
great advantage over all of the other medicines used in the
treatment of cancer in that they are not toxic and if they do
no good they wreak no great or immediate harm to the patient
with cancer. In the treatment of cancer by sex hormones,
the aim is to increase the resistance of the patient to his
disease,

I shall talk mostly about prostatic cancer because perhaps
more is known about this tumour than about any other.
The development of the treatment of this lesion by medicines
was not empirieal; 1t was deduced from a series of laboratory
observations which were carried out, I am afraid, very slowly
and at a low intellectual level. The results by good fortune
happened to have a sharp focus because the prostate glands
are relatively simple, bemng acted upon, so far as is known,
by only two types of hormones, the androgenic and cestrogenic
compounds.

Actually, anti-androgeme control of some cancers was
devised'as a by-product of experiments on dogs in which a
quantitative assay technique was instituted. The prostatic
secretion is the end product of the male genital hormone
complex in which the anterior pitwitary, certain hormone

152
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producing cells of the adrenal cortex and testis, and the
prostate itself are involved. The prostatic secretion was
collected at frequent intervals for rather long periods of time
and the effects of substances w1th endocrine activity on the
output of the gland were invi d In brief, orchiect

and tion caused a d of secretwn
But androgemc substances initiated, and maintained an

d prostatic il

It has been said that in any successful experiment there is
an element of luck. The good fortune in this work (I do not
assert that it was strikingly successful) was the selection of
the dog as the subject; this species is the only one other than
man to develop spontaneously tumours of the prostate. It
was inevitable that sooner or later old dogs with these lesions
should be encountered. As a matter of fact, after a short
period of vexation because the lesion was mterfering with a
physiological study, a search was made specially for dogs
with this condition.

Tt was observed that anti-androgenic measures caused a
rapid regression of this canine neoplasm whilst androgen
1nereased its size. It was obvious that these effects must be
investigated with respect to the malignant and the benign
tumours of man, and distinct effects were observed in both
conditjons, but were more obvious in prostatic cancer.

Now, m science the method of proof is often of greater
mterest than that which is proven. The effects on dissemina-
ted cancer of the prostate were proven by chemical means,
namely through a study of the acid and alkalme phosphatases
of serum. Acid hatase, a in
human prostatic eplthelmm in rich concentratlon, had been
found, by Gutman and Gutman in 1938, to be increased in
the blood serums of certain patients with disseminated pros-
tatic cancer. Now prostatic cancer frequently metastasizes
to the bones, 1n which tissue it flourishes, evoking an over-
growth of the osteoblasts, and Kay had shown in 1629 that
when the osteoblasts are stimulated the alkalne phosphatase
of serum increased. We could then make a synthesis of these
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facts (1941) and study the course of the disease by determining -
the levels of these enzymes ot frequent intervals; of coutse,
acid phosphatase indicated the activity of the malignant
cells, while the quantity of alkaline phosphatase indicated the
renctivity of non-malignant tissue which was the host of the
cancer, In brief, the administration of t terone i d
the activity of the tumour, and anti-androgenic measures
caused a decrease of acid phosphatase toward or to normal.
Also when the lesion was brought under control there was
at first a rise of alkaline phosphatase, indicating a stimulati
of osteoblasts (frequently due to a filling in of the bone lesions
in the healing process) with a return to normal after some
weeks.

The results of anti-androgenic control are of interest from
several standpoints. The effect of control is often catastrophic
to the tumour and of course beneficial to the patient. There
occur an increased appetite and intake of food, and relief of
pain. Protein synthesis begins at a rapid rate. The vicious
circular chain is broken and the invalid is relieved. Now the
striking feature about all of this is its speed; improvement
may be detected by chemical means within 24 hours.

The minimal effective Gasage of stilbeestrol needed to bring
about control has been determined; it is between 0+25 and
0-3 mg. a day of diethyl stilbcestrol administered intra-

fatly, thus establishing the fact that control lies within
the physiological limits. Diethyl stilbcestrol happened to be
the fitst non-radionctive substance which was found effective
against widespread cancer in man,

Statistically, about 95 per cent of patients with prostatic
cancer obtain some relief, which is usually considerable.
However, a relapse occurs in sbout 75 per cent of the patients
after 6-18 months and these we designate as the failure cases.
On the brighter side 20 per cent of patients in our first series
are alive and in good health after 10 years, without evidence
of disease by chemical or clinical methods. In these people
the control certainly has been fairly extensive and moderstely

long.

\
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In the failure cases certain factors may be discerned.
(1) In some of those who relapse there is production of
androgen in extra-genital depots which have been identified
as the suprarenal glands. (2) Certamn of the cancer cells
acquire or retain the property of androgen-independence. We
conceive of control as the withdrawal, n effect, of androgen
from certain cells which require it as an essential nutritive

mai lves in the plete absence of and
so that escape from control 1s inevitable.

It should be mentioned that the results from orchiectomy
are clinically superior to those obtained from cestrogen
administration. In fact, the two methods of androgenic
control are in certain ways fundamentally different. After
orchiectomy the hypophysis 1s stimulated and there is
much to suggest that the consequent increased adrenal
activity 1s beneficial. Oestrogen in man, on the contrary,
depresses the pituitary and this seems to be less heneficial
to the patient. Excision of the gonads 1s the only method
known to mcrease the activity of the pituitary gland for long
periods of time.

Since these studies were published, Farrow and Adair have
shown that orchiectomy often causes massive regression of
the rather uncommon condition of cancer of the male breast.
These fine observations of the Memorial Hospital workers
have been confirmed 1n many quarters.

In summary, 1t may be stated that modification of the
internal environment of the host is capable of effecting long
continued control of certain widespread cancers of human
beings.

DISCUSSION
FoLiey: You showed a shide of the weight of the dog prostate in
which the dog was starved and given testosterone and the prostate
grew. You smd that you thought it was probably due to waste tissue
coming from the catabolism of the body. Have you ever done that

in an dog?  As you know, ad:
euts down tissue catabolism. . ¥ adrenatectomy
Hucgys: No, we haven't done that, This is & rather widely diversi-

fied activity of tissues of the genital tract. The salmon, for example,

element. Some of the prostatic cancer cells find ways of _
e th
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p the river exhausts his proteins but turns out a magm-

SeLlivls 100K TnueiL the same?

Hucums: I don't go on sections.

Bunrnows: Does the innocent prostate react towards cestrogen in
the same way as the malignant ones?

Huceins: Yes, it does. It tokes quite o lot longer to react, Tttakes,
say, 90 days, whereas & malignant prostate wiil react in one or two
Aave  Quite o it e o0 L e S pecause
. . r still maintain

‘ . oped following

a

L . P ‘.
[ L) . i
studied them from the standpoint of acid y;hosphams; content. I'm
not entirely persuaded that these are not metastatic nodules to the
breast, whose soil has been prepared by cestrogen,

Beee This might be a manifestation of multiple tumours. Somedne
once showed that if you remove the breast cancers from mice who
Aayalan thame quanbemiaent = sl = 2041 \ 4 0 a1 a1 - 3 acten
1 .. . . .
1. A
« H . . " . 0 .
and gets a breast cancer that the stilbeestrol necessarily caused the
cancer.

Hrrrz: It is well established that those who have one primary
carcinoma have a greater susceptibility to a second primary than the

rest of the population. .
Do i sn dogs ever form metastases in

the bones?

Hucerns: They are mostly henign tumours  To the best of my
knowledge, £p i has never been observed in the
living snymal, Histologically we find that the incidence of carcinoma
in these dogs is about 2 per cent, but they have not metastasized.




ADMINISTRATION OF MASSIVE DOSAGE OF
(ESTROGEN TO BREAST AND PROSTATIC
CANCER PATIENTS; BLOOD LEVELS ATTAINED

ROY HERTZ, JOHN PAUL YOUNG
and W. W. TULLNER

Nusmerous clinical reports have established the definite
though limited effectiveness of cestrogen therapy in selected
cases of prostatic and breast cancer (Huggms, Stevens and
Hodges, 1941; Nathanson, 1947).

The transient character of the therapeutic effect of cestro-
gens in prostatic cancer has been noted by many observers.
In breast cancer, both the relatlve infrequency and the

of g duced regressions con-
stitute deﬁmte hmutations to the practical usefulness of this
form of hormone therapy. Nevertheless, the decisive clinical
effects obtained with cestrogens in both prostatic and breast
cancer command further study aimed at fuller knowledge of
the optimum conditions for obtaming such favourable effects.

‘We have considered the factor of dosage as of paramount
importance. By dosage, we do not simply mean the total
amount of drug given to the patient, but rather refer to the
amount given 1n relationship to the maintenance of an
effective blood level for a stated period of time. In antibiotic
therapy, these phases of the dosage problem have been greatly
clarified, and the role of massive dosage in the management of
such otherwise non-responsive conditions as subacute bacterial
endocarditis has been deﬁned The present report represents
a first step in our to d whether
similar principles of dosage and blood level are applicable to
the problems of increasing the effectiveness of cestrogen
therapy In cancer patients. Moreover, our studes afford data

con ENGOC—1 157

12



158 Rov HERtz, Jouy PauL Youne anp W, W, TULLNeR

concerning the tolerance to, and metabolic fate of massive
cestrogen dosage,

The diagnosis in all of our cases was initially established

by biopsy. Only those patients who were not amenable to
any of the established methods of clinical management were
selected for these studies. The progress of these patients was
followed by constant clinical observation in a research ward.
Evidence of alteration in their lesions was recorded by initial
and periodic photographs under fixed conditions of illumina-
tion and magnification. Toxic reactions to administered
cestrogens were continuously assessed by appropriate bio-
hemical studies including such determinations as cephali
flocculation, br Iphalein retention, serum bilirubin, pro-
thrombin time, eosinophil response to adrenaline, serum
caleium and phosphorus, acid and alkaline phosphatase, and
frequent urinary and haematological analyses. Radiological
study of the progress of osseous lesions was carried out when
indicated.

We have employed in the major portion of these studies an
injectable concentrate of naturally occurring conjugate‘d
cestrogens prepared from pregnant mare’s urine* In addi-
tion, & more limited number of studies has been done with
orally admunistered ethiny! cestradiol.t

We have recorded previously (Hertz, Tullner, “:estiall,
Morrow and Emge, 1949) our preliminary studies on 4 series
of breast and prostatic cancer patients. Our current body of
data represents observations in fifteen prostatic cancer

- patients and thirty-six breast cancer patients. Our experience
to date includes the admnistration of 168 ntravenous
nfusions of from 100 mg. to 1,000 mg. equivalents of cestrone
sulphate, and 312 subcutaneous infusions of 50-1,000 mg.
equivalents of eestrone sulphate,

#The preparation used was “Premarin” (ipjectable) kindly supplied by
Ayerstel\li’clgenm & Harnson Ltd , through the courtesy of Drs. G, H. G
McKeown and E. C. Retfenstein, Jr. )

1 1 cestradiol was obtained through the Committee on Therapeutic
w\ﬁf }:\‘?{hz “A M.A, and from Ciba & Co., through the courtesy of Dr.
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We have determined the cestrogen blood levels at varied
intervals following the administration of a wide range of
dosages given subcutaneously, intravenously, and orally.’
These blood levels are determined by assaying the biological
effect of the patient’s serum on the weight of the uterus of
ovariectormzed infantile rats, according to the method of
Lauson, Heller, Golden and Sevringt {1939). Determina-
tions of blood levels of cestrogens have been made at varying
intervals following 87 intravenous infusions, 40 subcutaneous
mfusions and 21 oral treatments. All assay values are
expressed 10 mierogram eguivalents of cestrone sulphate per
ml, of the patient’s serum.

As an example of our quantitative studies of the relation-
ship of dose, injection route, and blood level at varying
intervals following treatment, we have selected for presenta-
tion here our pocled data obtaned from patients given a test
dose of 800 mg. of cestrogen. Fig. 1 shows the blood level
curve after intravenous infusion of this dose in about 80
minutes in a total volume of 300 ml. A mean blood level of
85 pg. per ml. is obtained and this rapidly falls away with only
& very occasional patient showing a sigmficant blood level at
the end of 24 hours, The bars indicate the range of variability
of the determinations and the number of parentheses indicates
the number of determinations made on a given point.

We also studied the effect of giving 800 mg. subcutaneously
1 800 ml. volume over about one hour’s time. The blood
levels attained are of about the same order and these blood
levels are maintained for a somewhat longer period of time.
Nevertheless, the 24 hour blood level, although somewhat
more variable, is only shghtly higher than that seen after
intravenous infusion.

Oral admimstration of doses of both crystalline ethinyl
cestradiol and of conjugated cestrogens, which approach the
limit of gastric tolerance, have afforded much lower blood
levels. For example, the highest blood level observed follow-
g orally admunistered conjugated cestrogens was 8 ug. per
ml, and this resulted from the wngestion of a total of 8-¢ g
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in 29 days. Similarly, after the ingestion of 10 mg. per day
for 19 days of ethinyl cestradiol a blood level of only 5 pg.
per ml. was observed.

Thus, our data afford useful information regarding the
relative lack of toxicity of dosages previously considered to
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Fio 1. Blood level of cestrogen after intravenous infusion of
800mg cestrogen 1n 800 ml, solution over 30 minutes. Pooleddata.

exceed the limits of tolerance. In addition, the blood level
data indieate the practicability of procuring by parenteral
admunistration blood levels which exceed any that have been
obtained by oral administration so far, However, the rapidity
with which even the highest blood levels fall away suggested
that almost continuous cestrogen administration would be
required to maintain a consistently high blood level.
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Accordingly, we have made some preliminary stuc!les,
employing intravenously placed plastic catheters, of continu-
ous intravenous infusion of large doses of injectable cestrogen
in seven patients with advanced cancer of the prostate. '?lns
limited experience has indicated that such prolonged infu_smns
may prove a practicable method of maintaining a }ugher
blood level for a longer period of time than is otherwise possible.
Fig. 2 shows the record of a twelve hour continuous infusion
of a total of 2,830 mg. of cestrogen in the case of a debilitated
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Fic, 2 Blood level of eestrogen 1n prostatic cancer patient
dunng 12-hour infusion of 2,330 mg, of cestrogen,

prostatic patient. The amount infused at various time
intervals is indicated in parentheses and the blood level of
cestrogen is graphed against time, Fig. 8 represents our most
prolonged infusion to date; it lasted for 72 hours. This
mvolved the administration of 13-8 g. of cestrogen and the
almost constant maintenance of a blood level of 400 pg.
per ml

Toxie side effects of such intensive cestrogen administration
have proved less severe and less frequent than had been
anticipated. (Edema of significant degree was seen in our
entire experience 1 only three patients and this subsided
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upon interruption of the cestrogen treatment for three to four
days and with the use of a salt-free diet. Nausea of vnrymg
degree was a recurring complaint of almost all patients in
whom a high blood level was maintamned for any length of
time. In the prostatic cancer patients receiving the more
prolonged intravenous infusions, vomiting occurred in all
seven but could be controlled in those patients given a liquid
diet during the course of the infusion.

In addition, an aged debilitated woman suffering from
widely metastasizing breast cancer and severe hypertension
died about five minutes after the intravenous infusion of only
400 mg. of cestrogen. The clinical features suggested a cere~
brovascular acaident.  However, a careful autopsy, including
complete examination of the brain, showed no apparent basis
for her death other than extensive carcinomatosis and hyper-
tensive cardiovascular disease. Also, one of the prostatic
cancer patients, 62 years of age, who had been given 40 hours
continuous 1ntravenoils infusion of injectable cestrogen
abruptly presented a picture of peripheral vascular collapse
necessitating discontinuation of the infusion. His pulse
‘became rapid and thready and his blood pressure was uncb-
tamable. His abdomen was noted to be distended and rigid
and epigastric tenderness was elicited. Since he had had in
the past a perforated peptic ulcer requiring surgical interven-
tion, it was considered that he then was again suffering from
perforation. During the ensuing two days, he responded
quute well to transfusions and other supportive measures and
2 blood urea nitrogen of 44 mg. per cent was reported. On
the third day, he became comatose and irrational and died.
Autopsy revealed an intact gastro-intestinal tract. The
kidneys showed a diffuse parenchymatous swelling associated
with lower urinary tract obstruction due to extensive carcino-
matous invasion. It was considered that death had occurred
from urzemia.

Hence, desp\te careful autopsy examination in these two
cases, it remains difficult to determne the role of the uestrogen
as & toxie factor. However, in view of the lack of major
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toxicity in numerous patients much more intensively treated
than these two, it is reasonable to consider that the fatal
course ir thest two paticats can be more readily attributed to
other phases of their advanced diseasesstate,

Laboratory studies referred fo above have indicated no
evidence of hepatic, renal or hirematological damage in any of
our cases,

Our data so far are admittedly of more pharmacological
than therapeutic mterest. We have scen significant thera-
peutse effect from massive mstrogen dosage in five prostatic
cancer patients and in five brenst cancer patients. In the
prostatic concer patsents these favourable effeets included:
{1} s rapid reduction sn syze of the palpable prostatic mass
(2) rehef of severe bone pain with an asseciated abrupt drop
m serum a01d phosphatase levels; {8) general clinieal improve-
ment as regards weight, appetite and feeling of well bemng.
In the breast cancer cases, these cffects have included: (1)
prompt and marked regression 1n the visible breast lesion; (%)

ked suppression of pleural eff ; (8) decisive relief of
pain from bone metastases; (4) reduction in size of metastatic
Iymph nodes; and (5} general clinical rehabilitation of the
patient.

Tag, 4 shows the treatment record over a period of 49 days
of X.B., 2 75 year old white female who had received no prior
treatment for her breast cancer, One thousand milligrams
of cestrogen subcutaneously were given almost daily through-
aut the entire period, Fig. 5 shows the mitial appearance of
the breast lesion 1n contrast to its appearance when treatment
was discontinued seven weeks later. The gross regression
which was accompanied by a marked rehabilitation of t!}e
patient is apparent. Fig. 6 shows the course of this lesion in
greater detasl at about two week intervals during therapy.
Sush rapid and decisive clinienl effects as this have stimpulated
sur interest in further evaluating this intensive form of hor-
mone therapy.

In conclusion it should be emphasized that this report
is offered to ipdicate only some initial progress toward
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toxieity in numerous patients muckh more intensively treated
than these two, it is reasonable to consider that the fatal
course in these two patients ean be more readily attributed to
other phases of their advanced disense-state,

Laboratory studics referred to sbove have indicated no
evidence of hepatic, renal or hxmatological damage in any of
our eases.

Our data so far are admittedly of more pharmacological
than therapeutic interest. We have seen significant thers-
peutic effect from massive astrogen dosage in five prostatic
caneer patients and in five breast cancer patients. In the
Pprostatic cancer patients these favourable effects included:
(1) a rapid reduction in size of the palpable prostatic mass;
(2) relief of severe bone pain with an associated abrupt drop
in serum acid phosphatase levels; {8) general ehnical improve-
ment as regards weight, appetite and fecling of well being.
In the breast cancer cases, these effects have incladed: (i)}
prompt and marked regression mn the visible breast lesion; {2}
marked suppresston of pleural effusion; (3) decisive rehef of
pain from bone metastases; (4) reduction in size of metustatic
lymph nodes; and (5) general chnical rehabifitation of the
patient.

Fig. 4 shows the treatment record over a period of 40 days
of E.B., & 75 year old white female who had received no prior
treatment for her breast cancer. One thousand milligrams
of estrogen subcutaneously were given almost daly through-
out the entire pertod. Fig. § shows the initial appearance of
the breast lesion 1n contrast to its appearance when treatmffnt
was discontinued seven weeks later. The Bross regression
which was accorpanied by o marked rehabilitation of the
patient is apparent. Fig. 6 shows the course of this lesion in
greater detail at about two week intervals during therapy.
Such rapid and decisive chinieal effects as this have stunulated

ur interest in further evaluating this intensive form of hor-
mone therapy.

In conclusion it should be emphasized that this report
is offered to indicate only some initial progress toward
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better.

I'm not at all persuaded that tremendous doses of these things are
what“is needed, I think, from my Limited experience, that minute
Ahmachald dnpnan fotrui Skt G At A -

Herrz: In the two patients who died in the course of these studies
the adrenal was not unusually large; they had extensive carcinomatosts,
And we have also followed very carefully the eosmophil reactivity to
an ‘n‘dmlmiite‘:ed dose of adrenalne o.l t!.:; pati'e'lgu during the course

amounts of i tenal

DosriNer: There are a number of reports that in mice, rats and
rabbits the adrenals increase in size after treatment with cestrogens,
b\l& this may not alb involve an increase in adrenal function.

sllow a cancer cell to adjust to the cestrogen by teasing 1t with small
dosages we may be able to suppress 1t more effectively

Hapnow: Qur experience st .tlze London Cancer Hospital in both
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establishing a quantitative base line in cestrogen therapy of
cancer so that more effective forms of hormone therapy may
ultimately be evolved. Our data are to be interpreted as
indicating: (a) the feasibility of massive parenteral cstrogen
administration; (b) the quantitative limits of the blood levels
attained; and (c) sufficient clinical therapeutic effect to justify
further exploration of massive cestrogen therapy under
controlled conditions of clineal study.
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DISCUSSION

Herrz: I failed to mention that we have used progesterone effectively
and have seen no toxic side effects, except in one patient who was
sensitive to the ofl vehicle and showed an allergic reaction, so that
we felt that progesterone was sufficiently inert to allow us to go up to
very high dosages. Other steroids will have to be approached much
more cautiously.

Stock: Although progesterone showed marked activity in our tests,
I would not have expected it to be effective necessarily mn chnical
trials, because we would have anticipated that there would be false
positives.  On the other hand, we may be missing activities in ;nm:

Sm DAt e DLl L B siea o brmane and W

N .
> we

1ave

1 fear
hat
the clearing was of renal origin ?

Herrz: Yes, We haven't completed our studies, but we know that
80-50 per cent of the administered cestrogen given n such massive
dosage 15 found ir the urine in the next 26-86 hours. However, even
when such an enormous dosage is given, we still can’t account for x‘t gall,

erhaps there 1s an additional i i
:Yr:g ix}:aciliavl;tmg capacity of other tissues. There may also be loss from
the bowel, and we are intending to study that. 3

HuceiNa: At one time we thought it would be a good idea to syn-

thesize stilbcestrol phosphate because it is a water-soluble ester. I,
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one because of the small amount of sulphatase, other esters might be
better,

I'm not at all persunded that tremendous doses of these things are
v:hxt is needed. 1 think, from my Llmutzd experience, thit minute

| L S S

Hegrz. In the two patients who died in the course of these studies
the adrenal was not unusually large; they had extensive carcinomatosis.
And we have also followed very carefully the eosinophil rea:l:ti\nty to
P Phiiie 4 ore [R Tt eu

initial eostophit level, which would be low if the adrenal were activated.
The biochemical studies on the urine are limited by the presence of
Dapdridion

Fremandamg mmen swbe 8 ba oo o

. 1

Hertz's results ‘The only similar investigation I know of 15 one carned
out by Dodds. It was not published, although [ think there is 2
reference to 1t in the annual reports of the Bntish Empire Cancer
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Campaign two or three years ago. He administered amounts of the

order of grams of one or more water-soluble derivatives, Perhaps

Boyland could remember which ones?
4 i

o P TN 33s Peet o4 Thmobenl eulnhate and hevestrol

" H . there's

- ® yection

. . a con-

1 . 7 would

have to convert it into a wat [ubl before tiotl

and the blood 1on would be maintained. In general, 88

Albert has stressed, i the b of & very
ly reduces the t ical activity.

Hxrr2: We have studied the blood levels in patients who were carry-
LRl - 5 = ~F hnth atithenctro] and sterond types of
. *Jur working hypothesis

we can attain a blood
get a therapeutic effect

. " . » whether or not it 18
biologically active, the vaginal smears 1n these patients show very
definite cornufication. .

Beca: Did you show inhib: of -induced
tissue growth in the mammal? .
Hertz: In the 1 in 3! ly low dosage p is
0 the growth-sti action of in terms

Yt t
of weight increment in the genital tract. However in some of our
studies, when we used large dosages, 3~ mg. a day, we found the same

¢ L vt ceeans

' " rogesterone did you notice any
b Trentin has recently observed

" sice that have received, over &

- s - Jf progesterone & day. Itisa
rather significant increase in weight, more than you can get in these
animals with testosterone, He hasn’t had 1t analysed for fat or protein

et.
¥ I think that Dr. Folley mentioned that the mammary glands,
- ¢ = -=ttemsma e dienvonartionatelv, end there I3
the monkey’s”
. . fect for & Jong
far, I think it
‘ies or organ to

nt very closely and have
weight due to improve:
ve have been concerned
" 1e as seen in pregnancy
sreflected to some extent

. For that reason we
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studied the histidine exerction in these patients, and found that pro-

gesterone, even in these large doses, will nat give the histidinuria,

whereas wil, P di jon, a3 done by S

ville and Marrian’s method, has been within the expected range of

normal recovery, indicating that we're not dealing with any great
ity in steroid lism in these patients.

Borcnenas: 1 would hike to support Dr. Hertz’s theory about the
value of large dosage. We've certainly scen that with cortisone 1n acute
leukzmia. A child given 50 mg. a day, which will work with some
chuldten, may go on for two months with no improvement at all; then
you increase the dose to 100 mg. a day snd even with that you get no
improvement; but if you get it up to 200 mg. a day, you may see a
apid betterment of the general condition and a reversion of the bone
martow to normal.

Gross: Can you observe the same kind of regression with testosterone
in cervical cancer?

HErrz: We have not studied the effect on cervical cancer.

Dosriver: I think we have to correct our thinking about dosage.
The amounts one used to call “veterinanan” are produced by humans.
For therapeutic application, I think one has to see what an adequate
amount is. It 13 possible that there is a maximum dosage, and an
increase doesn’t help. e have to pay much more attention to the
blood level, One reason that Compound E, for instance, is given 1n
four or eight doses per day is that one has to attain a certain blood level.
‘The same thing may be true for the cstrogens and testosterone. I
think that Dr. Hertz is on the night track when he uses such a high dose.
If we could release the hormone steadily and imutate the action of
the glands, I think our therapy would be very much more successful.

Hanpow: At the Cancer Hospital we had almost stopped considering
any more the use of large amounts of hormones, but Dr. Hertz’s paper
:‘nakes’m think about them agamn. T am particularly impressed by the

[PATNAtin mameonetam cebbs omcep ki serf b dm et




THE MODIFICATION OF TUMOUR-HOST
RI%LATIONS BY STEROID HORMONES

R, W, BEGG

I. Systemic Effects of Tumours in Rats

SystEMIC effects of tumours are regarded as the changes
produced in tissues of the host which are remote from the
tumqur, and in which no evidence of metastatic malignant
cells is found, They may be anatomical, of a nature described
by .Pn!'sons (1947), or of the type of biochemical change
reviewed by Greenstein (1947).

It has been suggested on histological grounds that the
clinical state of malignant cachexia is due to hypofunction
of the adrenal (Dalton, 1944) and this view may be supported
by certain clinical studies (Potor et al., 1948; Reifenstein et al.,
1948; Young et al., 1948). In view of the number of metabolic
factors known to be influenced by the adrenal cortex (Thorn
and Forsham, 1949), the possibility that some systemic
effects could be explained by a primary action on the pituitary-
adrenal system was investigated.

Liver catalase activity was chosen for the study as a well
established systemic effect (Adams, 1950; Appleman,
Skavinski and Stein, 1950; Dounce and Shanewise, 1950;
Greenstein, Jenrette and White, 1941); adrenalectomy leads
to a diminished activity of liver catalase (Begg and Reynolds,
1950). Heamoglobin and liver catalase have a common
prosthetic group (Theorell, 1947) and anemia has been
related to tumour growth (Taylor and Pollack, 1942) and to
the adrenal cortex {White and Dougherty, 1945).

The enlarged adrenal, low in ascorbic acid and cholesterol,
which has been deseribed in the tumour-bearing animal
(Savard, 1948; Haven, Bloor and Randall, 1948} would be
compatible with exhaustive hypofunction of the adrenal

170
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cortex (Sayers and Sayers, 1948), particularly in conjunction
with the diminished liver glycogen deposition (Young,
Kensler, Seki and Homburger, 1947) and lymph node hyper-
trophy (Homburger, 1948) which have been demonstrated in
tumour-bearing mice.

It was decided to study these multiple systemic effects in a
single animal at different stages of tumour growth, and the
Tat was chosen to provide the required amount of tissue.
Thymus weight was followed as an example of lymph tissue,
for it was assumed to react to experimental procedures in a
manner similar to lymph nodes (White, 1947).

Young male Sprague-Dawley-Holtzman rats were mam-
tained on a diet of Purina fox chow and tap water in a room
maintained between 72 and 78°F. 'The rats were bred in the
laboratory or supplied by the Holtzman Rat Company, the
latter being adapted to the animal room for at least ten days
before use. Bilateral grafting was done aseptically when the
Tats were approximately six weeks of age, a tumour suspension
being used. The Walker 256 carcinoma was grafted either
sub ly or intra larly, but only the latter method
was used for the Jensen sarcoma. Normal male rats served
as controls and were killed at the same time as tumour-bearing
Tats. Twenty hours before sacrifice the rats were placed in
clean cages without food but with water supplied ad libitum.
At this time hemoglobin was determimned on tail blood
(Evelyn, 1936).

The rats were injected intraperitoneally with sodium pento-
barbital in warm normal salne at a dose level of 5 mg. per
100 g. body weight. Under anzsthesia the abdomen was
opened, the right adrenal transferred to formol-saline and the
left placed in a dish of ice-cold normal saline. A second
Operator removed g piece of liver for glycogen determmation
(Good, Kramer and Somogy1, 1933). This was rinsed in 1ce-
cold saline, blotted dry, weighed and introduced with mini-
mum delay 1nto a tube of hot 80 per cent potassium hydroxide.
Meanwhile the left adrenal had been freed of adherent fat,
blotted dry, sectioned with a razor blade and weighed on a
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torsion balance while wrapped in cellophane. One piece was
introduced into trichloracetic acid for estimation of ascorbic
acid (Roe and Kuether, 1943). The other half was homo-
genized with a loose pestle in a tube containing acetone,
and an equal amount of absolute alcohol added for the
extraction and determination of cholesterol (Sperry, 1948)
The remainder of the liver was ground and extracted for the
estimation of liver catalase activity (Greenstein, 1942) and
the thymus weighed on a torsion balance. After 48 hours
fixation the adrenals were washed in running tap water for an
hour, sectioned on a freezing microtome and stained with
Sudan 1V (Conn, 1946),

The body weights recorded are those prior to sacrifice
and include both tumour and carcass weight. The tumours
were measured 1n two diameters and are presented as the mean
diameter of both tumours. Tumours were not weighed in all
cases, but sufficient data are available to state that in the
20 mm. group they formed approximately 5 per cent of the
body weight, in the 80 mm. group, 15 per cent and in the 40
mm. group 30 per cent of the body weight. With the sub-
cutaneous grafts the tumours attained 10, 20, 80 and 40 mm.
diameters n one, two, three, and four weeks respectively.
The intramuscular grafts grew at a somewhat faster rate.

Values of P in the ¢ test of Fisher are regarded as significant
at the 0-05 level and highly significant at 0-01 (Snedecor,
1946).

Results 5

The Walker and Jensen tumours gave comparable systemic
effects and the results obtained from rats bearing these
t have been bined .

The mean body weights of the different groups are given in
Table I. There is no significant difference between the mean
weights of the groups, and the adrenal and thymus weights
are thus regarded as subject to valid comparison between
groups. 3

Thymus and adrenal weights are presented in Table 1L
There is a progressive increase in adrenal weight and 2 fall in
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thymus weight after the turhours have attained n size of
20 mm.

The results of the estimation of hemoglobin and liver
catalase activity are tabulated in Table III. Hemoglobin

‘Table T
Bony WeionT or CovNTROL AND TUMOUR-BEARING RaTS

Tumour nze '

~ Body weght (¢}
Control , . . . . . . . v e v e 1704

omm . . ... L L < - . 1607(16)
20mm, . . ., . NN .o .. 181E7(0)
omm. . ..o, L . -« .« . . . 173E100)
Omm . ., L e e e e ... 182H12(10)

2 Standard error of the mean.
Number of observations in brackets. !

Table 1I
Errecr oF Tusours oX ADReNAL AND Trvuus WeicET
Tumour mze Adrenal weht (mg ) | Thumus ewght

Control . .. P 15:44-0 8(7)

mm. ., ., . . 17:51:0 4(16)t
Wmm. . . ., . . . .} 18 8X0-3{10)*
Wmm, ., ., ., . .. 21-3+2 0(10)}
Wmm,. ., . . . .. 30 2+4-0(0)*

E5tandard ervor ot the mean,

¥ of
SEimmon it
1P<0 05 in ¢ test

Table IIT

Errect oF Tumours on HeMOGLOBIN AND LIVER CATALASE ACTIVITY

Luver Catalase Actunty
Famozlob "
Tumout mee ik (xcige gt 01 mg
.. . 15 440 8(7) 1570 +74(6)

. . .| 16 2%x0 8(15) 20791132(16)%

. o | 1msE1 (10 [ 13863119(10)

o v . 10 741 1{10)* 1332-£125(10)

e . 8610 5(10) 753 181(10)*

2Standard | spror of the mean.
_ Number of rrations ia brackts
W o
12<0 03 1n ¢ terk.

COLL, ENDOE,—L
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falls progressively from the 20 mm. tumour to attain a pre-
agonal value of approximately 50 per cent. . The loss of liver
Cﬂtfl]!ilse activity is of the same order. The increase in catalase
activity in rats bearing small tumours has been reported
{Greenstein et al., 1941) and js significant jn this serfes.

Table IV
EFFecT OF TUMOURS ON ADRENAL CHOLESTEROL AND ADRENAL ASCORBIC

Tumour size Adrenal cholesterol. Adrenal aworbwc st
{mg [100 mg ) (mg /100 mg }

Control . 4 6840 52(7) 0 41340 012(7)

- 4 1610 38(16) 0 8720 012(13)f
8 79£0-52(10) 0 32440 O17(I01*
8-253.0 45(9) 0 31430 022(9)*
2 70 (10} | O 23830 027(9®

Standard error of the mean

Number of observations in brackets

*P<0 0] ini test.

1P< 0 05 in ¢ test

In Table IV the effects on adrenal cholesterol and ascorbic
acid have been recorded. The values for cholesterol and
ascorbic acid fall to 60 per cent of the control at the 40 mm.
stage.
Histologieal examination revealed a loss of sudanophilia
from the adrenals of the tumour bearmg rats. The loss of .
sudanophiha paralleled the loss of cholesterol from the
adrenal.

Discussion

The Walker 256 carcinoma at an early stage of growth
reduces the food intake of the host, and as the tumour in-
creases 1n size the carcass loses weight (Mider, Tesluk and
Morton, 1948). The suggestion has been made that this may
be a factor in the loss of hver catalase (Dounce and Shanewise,
1950). Experiments have been reported which indicate that
i the forcibly fed tumour-bearing rat no loss of carcass
weight occurs, but systemic effects are present (Begg, 1930)
Thus, failure to record food consumption m this study does
not render the results invalid.
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The present experiments are not i agreement with the
statement that tumours forming 5 per cent of the body weight
cause a diminution in catalase activity (Greenstein, 1947) but
do agree with observations that half the iver catalase activity
is lost from animals bearing tumours of 15 to 30 per cent of
the body weight (Dounce and Shancwise, 1950). The catalase
effect appears to be biphasic, as has been reported by Green-
stein (Greenstein et al., 1941) 1n rats but not noted by Adams
(1950), who found an asymptotic relation between tumour
weight and percentage of inhibition of catalase, in mice.

The earliest significant effect produced by a tumour in this
investigation is the hypertrophy and loss of ascorbic acid
from the adrenal at the 10 mm. stage, followed by anemia
at the 20 mm. stage. That the degtee of anemia s a consistent
and reprodueible finding in tumour-bearing rats 1s suggested
by the fact that comparable groups of rats bearing the Walker

yielded h globin values of 9-84--0-49, 8:50 +
0:40 and 8-03-£0-44 £./100 ml at intervals of six months,

It was suggested that diminished liver catalase activity
and anemia might be associated with hypofunetion of the

.adrenal cortex in the tumour-bearing rat. Anwemia has been
produced by adrenalectomy 1n mice (White and Dougherty,
-1945), and 1t has been d trated that adrenalect
lowers liver catalase activity n the rat (Begg and Reynolds,
1950). But the diminution m catalase activity n the rat
from which the adrenals are remaved is only half as great as
in the tumour-bearing ammal  Thus it 1s unlikely that hypo-
Tunetion of the adrenal cortex 1s a major factor in the produc-
tion of anmmia and loss of hver catalase activity in the
tumour-bearmg rat.

The observed involution of the thymus in the tumour-
bearing rat might be regarded as mdicative of hyperfunction
of the adrenal cortex (Selye, 1936) or manition (Reinhardt,
1943). Extrapolation to another spectes should be done with
caution, but thymus involution and lymph node hyperplasia
have been observed in tumour-bearing mice (Homburger,
1948; Suvard, 1948) and appear to be independent of the

'
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pituitary (Savdrd and Homburger, 1949). This throws some
* doubt on the interpretation of the present data, and further
studies should be done to investigate the response of lymph
nodes as well as the thymus to the presence of a tumour in the
rat, and the role of the adrenal (White and Dougherty, 1947).

The results obtaned from the study of adrenal weight,
adrenal ascorbic acid and cholesterol, and sudanophilia, might
be interpreted as following the pattern of the stress reaction
as exemplified by the Type IIT adrenal response of Sayers
(Sayers and Sayers, 1948), on an extended time scale. This
could be the result of an mitial stimulation of the adrenal
cortex being maintamed and leading to eventual cortical
exhaustion,

The progressive fall i adrenal cholesterol and ascorbic acid
would suggest that the host was approaching the stage of
adrenal cortical failure (Sayers and Sayers, 1948). In the
absence of the determination of peripheral effects known to
be influenced by the secretions of the adrenal cortex, these
changes in the adrenal are difficult to interpret. The deter-
mination of liver glycogen in rats starved for sixteen hours
gives such low results, and the data are so variable, that these
experimental findings have not been presented. A plot of
mean percentage change does indicate an initial increased
storage of glycogen, with a diminution in the amount of liver
glycogen n the terminal state, This problem should be
studied with the use of intraperitoneal glucose (Young et al,
1947).

Tt 15 probable that a state of adrenal cortical deficiency does
oceur 1 the tumour-bearing animal 1n the terminal stages of
cancer, but further experimental substantiation is required.
All of the systemic effects cannot be explained on the basis
of this deficiency, and some other mechamsm must be
responsible for many factors known to be altered in the
tumour-bearing host. ‘

As the result of the present and related investigations 1t is
necessary to explain how the presence of a tumour at & remote
site brings about a stimulation of the adrenal cortex, 3



Tusour-Host RELATIONS 177

diminution in the amount and activity of heemoproteins and
an involution of the thymus. Neither hormonal nor nutri-
tional explanations seem to be adequate.

In his original studies on hver catalase in tumour-bearing
rats Greenstein suggested that “the effect of the transplanted
tumor on the liver catalase is elicited by a toxic substance
produced in the tumor and carried by fhe blood to the liver”
(Greenstein et al., 1941). A recent sbstract reports that such
a substance can be extracted from a tumour (Greenfield and
Meister, 1950). Adams (1950) favours the release of some
substance from a tumour as an explanation of the diminished
Liver catalase activity of mice. A consideration of the sys-
temic effects of tumours may lead to the revival of the concept

. of a cancer toxin and stimulate further research along this
line,

A claim for specificity in relation to mahgnant tumours
cannot be made for the observed systemic effects, and no
explanation is available to t for these ck istic
effects in tissues remote from a tumour. At the same time
they are manifestations of the profound metabolic changes
produced in the host, and s such it 15 felt that they play an
important part in the fatal outcome of cancer.

1L Sterold Hormones and Tumour-Host Relations

1t has been d d that propi in
ol causes an i in h globin and liver
activity in the normal rat, but that the administration of the
sterold in large doses could not overcome the characteristic
anemia and loss of hiver catalase activity in the tumour-
bearing rat {Begg, 1949). It was of interest to see if these
effects might be ] d by the admi ion of a more
potent androgen,

The use of pellets of testosterone propionate provided
another app h to the problem. Impl d 1n the sub-
cutaneous tissues these would give a slow steady absorption
Pf.the hormone which might be of greater effect than daily
injections in oil.
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A pattern of the systemic effects of tumours has been
descr.ibcd and evidence presented to suggest that rats in the
terminal stage of cancer may be in a state of adrenal cortical
insufficiency (Part I). If this reasoning were valid it might be
anticipated that an exogenous supply of hormones of the
adrenal cortex would modify the response of the host to the
tumour. *

Methods

A group of young male Sprague-Dawley-Holtzman rats
bearing intramuseular grafts of the Walker 256 carcinoma 1n
both thighs was used as test ammals. On the ninth day of
growth, when the tumours had attained a diameter of 10 mm.,
injections were begun or pellets implanted, The animals
were maintained on Purina fox chow and tap water in a room
controlled at 72-78°F.

Testosterone cyclopentylpropionate* (TCP) was gven
two 5:0 mg. doses, one on the ninth and one on the fourteenth
day of tumour growth. Lipo-Adrenal Cortext (LAC) was
administered 1n daily mjections of 0-5 ml ncreasing to 1°3
ml., different groups receiving 240, 860 and 420 rat units
respectively as a total dose. Control ammals were given
appropriate amounts of cottonseed o1l. Pellets of testosterone
“propionate} (TPP) were implanted over the scapular region,
five pellets per rat, each placed at a discrete site. At autopsy
the pellets were removed, dried and reweighed for the deter-
mination of total absorption,

Hzmoglobin was estimated on tail blood on the aftern
preceding sacrifice (on the twentieth day of tumour growth),

oon

*Testosterone cyelopentylpropionate was provided by the Upjohn Company
through the lindness of Dr. B F Halman. The Upjohn Company Feport
that this compound has a more potent and prolonged androgenic activity

than testosterone propionate
R T

+ellets of testosteront propienate were provided by the courtesy of De
1.7, Frank of the Ciba Pharmaccutical Company (Canadaj. They weighed
approvimately 15 mg esch and were known fo give, an absorption of about

02 mg per petlct per day
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control rats being killed at the same time. The two androgen
groups were given access to food and water till the end of the
experiment, but the LAC group were starved for sixteen hours
and given 400 mg. glucose intraperitoneally two hours before
sacrifice. .

Tissues were removed under nembutal anmsthesia and
analysed by methods described in Part 1.

Tumours were measured 1n two diameters of each tumour
and are expressed as the mean of the four diameters. In
these experiments the tumour weight corresponds to approxi-
mately 25 per cent of the body weight.

Results
Testosterone Cyclopentylpropionate
Table V indicates that the only slgmﬁcant difference
between the control and treated groups is increased thymus
atrophy in the rats given TCP. The mean adrenal weight is

Table V
LreecT OF T CYCLOPENTYL on Tusour BEARING
Rats
Control TCP Lad

Rody weight, g 245 147 3(10) | 242 8138 4(9) >0 03
Tumour diameter,

mm. .. 39 01 0(10) 39 141 3(11) >0-05
Adrenal weight, mg | 28 550 7(8) 26 511 2(11) >0 03

Thymus weight, mg | 103 4320 7(8) | 105 2+14 0(11) | <0 01
meonlehm, 2100
B 0340 43(10) | 7 6740 72(11) | >0 03
Lwer catalase,
x1 1963 4142(10) 2053 £213(11) >0 03
Adrenal cholesterat,
m {100 mg. 2 2340 28(8) 1730 20(11) | >0 05
Adrenal ascorbic
acd mg /100 mg | 0 81540 028(8) | 0 81540 017(11)[ >0 03

\umkr of obsersations In brackets
reor of the mean
‘l'wh-buny inttest <0 05=Elgmuhcant
< 0 01=hghly sigmficant,
smaller mn the treated group, but the variation considerable;
& stmular response 15 noted in adrenal cholesterol. The farlure
te influence hemoglobin and Liver catalase activity is evident.
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Testosterone Propionate Pellets
As indicated in Table VI there is no apparent effect on

Table VI
Errect oF TESTOSTERONE PROPIONATE PELLETS oN Tumous BEARING Rats

Control Pellets
Body weight, g. . | 245 147 3(10) | 230-248 2(11)
Tumour diameter,
mm. . . . .| 39041 0(10) 88 6:£1-0(11)
Adrenal weight, mg. | 28 530 7(8) 25 530-9(11)

Thymus weight, mg. | 193-43-20 7(8) 50 8%4 6(11)

Hxmoglobin, g/100
ml, 8 0340 44(10) | 8 3940 70(11)}
Liver catalase,
X104 . 1064 4142(10) 2309 £118(11)
Adrenal cholesterol,
mg /100 mg, .| 2-24+0 28(8) 1 09£0-23(20)
Adrenal aseorbic
acid, mg /100 mg | O 8150 029(7) | 0 30640 018(11)

Number of observations in brackets,
& Standard ermor of the mean,
by n ¢ tes

<0 01=highly mgmifiant,

adrenal ascorbic acid but adrenal weight and cholesterol are
both significantly lower in the treated group. The pellet
treated rats showed a marked 1nvolution of the thymus but
there was no significant effect on liver catalase actvity or
hzmoglobin.

The average absorption of testosterone propionate from the
pellets was 0-99 mg. per rat per day.

Lipo-Adrenal Cortex

An examination of Table VII demonstrates tha't the
injection of adrenal cortical extract produced significant
changes only in thymus weight, hzemoglobin and body weight.

The mean weight of the two groups was the same at
the beginning of the injections. It is difficult to interpret the
decreased 'gain in body weight in the treated group as ﬂ:le
animals were not tube fed, and the reduction in we'lght g;hm

may be a reflection of a d d food e
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h 4, 1

istic loss of sudanophilia in the of tumour-
bearing rats was not so marked in the treated as in the contral
group.

Table' VII
SpRAGUE-DAWLEY RaTs BEARING WALEER 256 Canrcrvoua

Control Lipo-adrenal cortex P
Dody weight, g . | 823.447 2(11) 209-3+5 1(12) <0-05
mour dismeter,
mm. . . . .| 46-312 0(12) 45 81 2(12) >0 03
Adrenal weight, mg. | 29 431 6(11) 27 4X1 5(10) >0 05

o(
Thymus weight, mg | 207 oin 8(11) 88 0:£6 0(10) <0 01
Hamoglobin, g/100
ml ..l sstosay 10 44:0-5012) <a 0
Liver mu\l:\se,

Kx10:3 933.£94(11) 759:4+123(10) >0:05
Adrenal cholcsteml
mg {100 mg_ . 2 6140 30(11) 3 2810 44(10) >0 05

Adrenal ascorbie
acid, mg /100 mg. | 0 314::0 016(11) | 0 2010 015(10)| >0 05
Lier glycogen,
- mg {100 mg.} 0 1440 05(11) 0 43+0 06(10) >0 05

Narber of gbervations fn brackets.
#Standard error of
ebabity Tnt test < 0”8 —slgnifica
© 1SRy seattcant.
xpressed gy glucore, o hours after 400 g _ghingse intraperitoneally

Timined gn & live extract pleplred by grinding with and In a mortar Thua procedure
@ven {omet Terulta 1ban sn extract 2 8 W blender, g i the o experic
‘pets, but th Tt S utio oF nctiviay by e Bvers of contvay AL timous bearing rat i the sarne 14

It will be noted that in no instance was tumour growth
inhibited, and histological examination of the tumours from
the treated animals did not show any variation from the
control group.

Discussion

The magnitude of a systemic effect is related to the size of
the tumour (Part I). For thus reason it is essential in any
attempt to modify systemic effects that there be no difference
in the growth-rate and size of the tumours in the control and
treated groups.

Steroid hormones have been shown to affect the growth of
mammary tumours in the human, and the response of the
host to the tumour (Therapeutic Trisls Committee, 1949).
In the rat bearing the Walker 256 carcinoma there is no effect
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on the tumour and only a slight influence on tumour-host
relations, Haddow (1950) has directed attention to this
discrepancy of the cffect of chemotherapeutic agents in the
laboratory and 1n the chnic.

‘The experimental demonstration that TCP is a more potent
androgen than testosterone propionate does not mean that it
would necessarily have a greater effect on hemoglobin and
liver catalase activity. Studies on the metabolic effects of the
androgenic hormones do not permit yet of a correlation
between action on enzyme systems and protein synthesis
and the effects on the seminal vesicles and prostate of the
castrated immature rat. Kochakian (1947) has demonstmte‘d
that some steroids with a very weak or absent androgenic
activity may have a moderate influence on alkaline phospha-
tase and thymus involution.

The thymus involution in tumour-bearing rats implanted
with pellets of testosterone propionate is the greatest that has
been observed. The gland is reduced m most instances to
a small thread-like structure. This marked involution 15
produced by the absorption of 1 mg. per day from the pellets,
and exceeds that resulting from the injection of 2 mg. » day
of the same steroid in o1l

Adrenal hypertrophy was reduced in degree by pellets of «
testostcrone propronate, and 1t mught be inferred that this
was the result of nlubition of release of ACTH from the
pitwitary (Bartter, Forbes, Jefferies, Carroll and Albright,
1949; Faloon, Owens, Broughton and Gorham, 1950). If this
were true, an increase mn adrenal ascorbic acid might have
Deen expected but was not demonstrated.

Unpublished experiments mdicate that pellets of tes‘h)S'
terone propionate do not alter the urinary excretion of nitro-
gen, sodium and chloride n tumour-bearing rats.

The extract of adrenal cortex was able to reduce the degree
of anemia but had no influence on the loss of liver catalase
activity. It has been reported that an aqueous extract of the
adrenal mereases hemoglobin 1n the rat (Yoffey and Baxter,

1946).
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There appears to be some variation in the response of
tumours to sterolds of the adrenal cortex (Sugiura, Stock,
Dobriner and Rhoads, 1950), but an inhibjtion of growth of
the Walker 256 carcinoma has been reported (Ingle, Prestrud
and Rice, 1950). This occurs in the presence of an inhibition
of body growth more marked than in this series.

The failure to affect the adrenal by the LAC may be in the
design of the experiment. The mean weight of the adrenal
1 the treated group 1s smaller and the cholesterol content
higher than m the control. If the series were expanded to
include larger numbers of animals the differences might
become sigmficant. Such a possibility is supported by the
fact that LAC did have a sparing action on the loss of adrenal
sudanophilia, which has been correlated with cholesterol
(Sayers, Sayers, Fry, Wiite and Long, 1944).

The failure to produce anticipated effects may be more
fundamental, and may be due to an inadequate dosage of LAC.
It has been estimated that the daily output of the adrenal of
the rat 1s the equivalent of twenty-five mullilitres of an
aqueous extract of the adrenal cortex, based on the amount
required to permit normal performance of the work test in the
adrenalectomized rat (Ingle and Nezamis, 1948).

Summary

Tumour-bearng rats exmbit enl. of thead 1, with
loss of ascorbic acid and cholesterol, atrophy of the thymus,
diminution m liver catalase activity and progressive anemia.

The thesis that rats bearing large tumours are in a state
of hypofunetion of the adrenal cortex requires further sub-
stantiation, and in any event such a state would not explain
the observed systemic effects.

Pellets of testosterone propionate reduce adrenal hyper-
trophy 1n the tumonr-bearing rat, and an extract of the
adrenal cortex diminishes the degree of anerma. No effect
was noted on the growth of the Walker 256 carcinoma.

The author 1s indebted to Dr. I. P. Rusch of the McArdle Memonal
Laboratory for donor rats carrying the Jensen sarcoma and the Walker
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256 carcinoma, and to Mr, T, E. Dickinson, B.Se., and M, D. G.
Withery for technical assistance, The work wway begun during the tenure
of a British Council Scholarship at the Sir Willam Dunn School of
Pathology, University of Oxford,
This work was pided by grants from the Donner Foundation, the
National Cancer Institute ‘of Canada, and the Nova Scotia Division ¢t
. the Canadian Cancer Society.
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arginase in tumour-bearning ammals.

Brea: Greenstein supported that view,

Happow: I am always a lttle anxious that effects of the kind Dr.
Begg described are not sccondary. We may have minor degrees of
infection which do not substantially hold up the tumour but maybe
responsible for some of these effects. Iave you any view on these
possibilities?

Beae: I think ft's very difficult. e have tried to limit our results
to cases where the tumours were the same size and of standard mcro-
scopic appearance. If youw're studying tumour-host relations, you
must keep to a standard size, otherwise you would get a greater of less
amount of catalase simply from a larger or smaller tumour.

Henyz: I think this matter of the mystery regarding the mechanism
of death of cancer patients has been very much ovcmm}}hnsmd
R I ot Aete i af nnma o ann miye SOME

' e . 1
eventually die, m_how many would you expect to get hxmorhage,
intestinal obstruction and so on? .

JIERTz: The experimental situation 1s different from the clinical.

BeGe: Clhinically, althougth a large proportion of patients have lmd.
some metastases to the Jung and some to the hver, there are many
people who have much greater destruetion from old tuberculosis and
old cirrhosis and hve quite happily.



N PART IV

CLINICAL AND METABOLIC EFFECTS OF ACTH AND
CORTISONE IN NEOPLASTIC DISEASES

STEROID HORMONES AND CANCER
KONRAD DOBRINER

THE relation of steroid hormones to the cancer problem has
been investigated for more than 40 years in both animal and
clinieal studies. The results have been reviewed at intervals
by a number of authors {Lacassagne, 1939; Allen, 1940;
Gardner, 1947; Nathanson, 1947; Lipschutz, 1950). Even
before knowledge of the structure and the physiological
action of the steroid hormones was available, keen observa-
tions by Lathrop and Loeb as early as 1916 indicated that
gonadal function was concerned in the w=tiology of cancer.
,These workers reported that early gonadectomy eaused a
marked reduction 1n the meidence of spontaneous mammary
cancer i mice. After the 1solation of eestrone by Doisy and

dt 1n 1929, L (1932, 1939) mn 1932 found
that admimstration of pure female sex hormone produced
mammary cancer in male mice of high cancer strains. Since
then, 1n a great number of nvestigations, the role of the sex
hormones in the ®tiology of cancer has been explored by the
removal of the gonads as well as by the admmstration of
male and female sex hormones  Gardner (1947) in his review
of the steroid hormones in expermmental carcinogenesis,
summarized the present view by stating that cestrogenic
hormones and genetic factors have independent wtiological
significance 1n several types of experimentally induced
lymphord, mammary, testicular, and hypophyseal tumours
of mice,

187
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In the period from 1935 to 1942, the hormones of the
adrenals have been isolated by Reichstein, Kendall, and
Wintersteiner, who demonstrated that the adrenal hormones
were closely related in structure ta the male and female sex
hormones (review by Reichstein and Shoppee, 1948), During
the same period, it was established that the adrenal hormones
were y for life maintenance, and in addition were
intimately concerned with protein, carbohydrate and electro-
lyte metabolism (Ingle, 1950). They influence the lymphatic
tissues in o very significant way. Dougherty and White
(1943) demonstrated involution of lymphatic tissues when
adrenal function was increased and showed that this effect
was coincident with nitrogen loss (White, 1950). In the same
period, Kenyon (1944) and Kochakian (1950) demonstrated
that the sex hormones functioned in the anabolic phase of
nitrogen metabolism, while Albright (1947) showed that the
female sex hormones play an impottant role in calcium meta-
bolism and bone formation. These were notable discoveries
since they d rated that the biclogical actinty of the
“sex steroids'” was more far reaching than their influence on
the secondary sex characteristics. The metabohe function
of these hormones emphasizes a dual role in their action.

* In1944, Hell and Kendall d ated that an adrenal
hormone, cortisone, produced regression of lymphoid tumour
tissue in mice, and Murphy and Sturm (1948)found a decreased
susceptibility to transplanted leukmemias under the influence
of adrenal hormones. Dalton {1944) found evidence of mor-
phological changes in the adrenal gland with the devr:]o‘pmenc
of tumours. These ohservations indicated that steroid hor- .
mones influenced abnormal growth, It may be suggested
that the animal does not preduce enough hormone 'to preV?ﬂt
‘tumonr formation and that this failure of hormone production
is due to a disturbed or decreased adrenal function in these
animals. This problem has not been well studied with labor?i
tory animals, but in our own investigation, which 1 wil
diseuss Iater at this mecting, we were able to show that
adrenal function is abnormal in many patients with neoplastic
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growth, In 1944, not enough adrenal steroids were available
to test the concept that adrenal hormones would be useful
in humans with disease of the Iymphatic tissues. The hope
of obtaining large enough amounts of the adrenal stimulating
hormone, ACTH, the isolation of which was reported at this
time by Li et al. (1943) and Sayers et al. (1943) failed because
industry was engagcd 1 the emergency of war and because
there was no prom1se of a cancer cure.

There 1, he 1, the possibill that L 1
imbalance might be involved in the production and growth of
tumours. This hypothesis was supported by the work of
Woolley (1950), who observed that endocrine imbalance
produced by gonadectomy resulted in a nodular hyperplasia
of the adrenal cortex that in certam instances led to adrenal
tumours. The nodular hyperplasia was accompanied by
pituitary tumours in these animals. 1t is of great significance
that the administration of either male or female sex hormones
to these gonadectomized mice before adrenal hyperplasia
oceurred prevented the adrenal and pituitary tumours. This
close relation of endocrine 1mbalance, tumour formation,
and prevention by steroid hormone administration, was
supported and extended by the observation of Gardner (1947)
that in certain low tumour strains of mce, testicular, pituitary,
lymphoid, cervical and mammary tumours occur after
cestrogen admunistration and that the incidence of these
tumours can be decreased by the simultaneous administration
of it Consequently, the major Tusi may be
drawn that carci: g is 15 on h 1 im-
balance of several origins, mvolvmg a disturbed function of
the gonads, adrenals, and pituitary glands.

The evaluation of endocrine factors in the wtiology of
human cancer is much more difficult, since experimental
conditions cannot be made equal to those available with

1s. Theh are duff ly metabolized in &
and in lower animals, and it may weIl be that their function
and interplay is similarly varfable. That the steroid hormones

play a role in the wmtiology of human cancer is strongly
ot g0t
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suggested by certain observations, for example, the failure of
eunuchoids and eunuchs to acquire prostate cancer is probably
due to the Iack of testicular hormone production (Moore,
1944). The incidence of human cancer increases at the time
of endocrine changes, especially near the menopause 1
females, The age incidence in human cancer may well be
linked with d rable endoerine imbal or deficiency.
We thercfore investigated in patients with neoplastic
disease whether there were quantitative and qualitative
changes 1n steroid excretion, in order to establish the facts of
hormone production (see literature cited on p. 222). The
results were compared with those obtained from normal
subjects of the same age group. We concluded from o
results that o decreased gonadal function and an abnormz_ll
adrenal secretion existed when cancer was present. This
abnormal glandular function was established n three patients
more than three years before cancer was diagnosed. If we
look at these facts, 1t is clear that the decrease of gonadal and
adrenal hormones is of major importance in cancer and that
to influence the disease, 1t is necessary to restore a more
normal glandular function.
As a consequence, substitution therapy was applied in the
hope of restoring a normal hormone balance, and thus
influencing abnormal growth. The administration of cestro-
gen and androgen in cancer of the breast (Nathansor, 1947)
and the withdrawal of hormones by gonadectomy and
adrenalectomy in cancer of the prostate (Huggins, 1946,
1950) have been reported as beneficial in these diseases. The
mechanism of action on the abnormal process may be partly
direct local action on the tumour as well as the profound
general effect of these hormones on proteins and clectrolyte
metabolism in normal and abnormal tissues.
Another factor to be considered 15 the change these hor-
mones cause in the endogenous production of the glands, Whlc.h
may in turn influence the neoplastic growth. Changes 12
dog production of | can be illustrated by three
examples (Dobriner and Lieberman, 1950): (1) The prolonge!
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administration of testosterone changes the endngenous pro-
duetion of the pr of and wti
since the urinary level of these metabolites decreased markedly
after the treatment {Fig. 1). (2) The prolonged administra-

FATE OF 90 mg TESTOSTERONE
2 CONTROL PERIODS W EXPERIMENTAL PERIOD

2| | L

< e e

F1o; 1. The quantstative excretion of five sterid metabolites

=~ post-testosterone control period. ot

tion of very small amounts of adrenal extract decreased the
production of both 11-desoxy and 11-oxygenated hormones
(Fig. 2). (3) Removal of the testes decreased the excretion

of andr and wtiocholanol the metabohtes of the
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suggested by certain observatiohs, for example, the failure of
eunuchoids and eunuchs to acquire prostate cancer is probably
due to the lack of testicular hormone production (Moore,
1844). The incidence of human cancer increases st the time
of endocrine ch pecially near the pause i
females. The age incid in human cancer may well be
linked with demonstrable endocrine imbalance or deﬁciency.

We therefore investigated in patients with neoplastic
disense whether there were quantitative and quafitative
changes in steroid excretion, in order to establish the facts of
hormone production (sce literature cited on p. 222)- The
results were compared with those obtained from normal
subjects of the same age group. We concluded from ow
results that a decreased gonadal function and an abnormal
adrenal secretion existed when cancer was present. .Thlf
abnormal glandular function was established in three patitnts
more than three years before cancer was diagnosed, If ve
look at these facts, it is clear that the decrease of gonadal and
adrenal hormones 1s of major importance in cancer and that
to influence the disease, 1t is necessary to restore & more
normal glandular function. .

As a consequence, substitution therapy was applied in the
hope of restoring a normal hormone balance, and thus
infiuencing abnormal growth. The administration of cestro-
gen and androgen in cancer of the breast (Nathansom, 1947)
and the withdrawal of hormones by gonadectomy and
adrenalectomy in cancer of the prostate (Huggins, 1946,
1950) have been reported as beneficial in these diseases. The
mechanism of action on the abnormal process may be party
direct local action on the tumour as well as the pmfoﬂnd
general effect of these hormones on proteins and electrolyte
metabolism in normal and abnormal tissues.

Another factor to be considered is the change these hot
mones cause in the endagenous production of the glands, “'h’c,h
may in turn influence the neoplastic growth. Changes 1t

dog production of | can be illustrated by three
examples (Dobriner and Lieberman, 1950): (1} The pmlongtd
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apparent from the known reactions of these hormones on
lymphoid tissues that the major attempts in humans should
be directed toward disease of the lymphatic organs. The
clinical aspedts of this work were conducted by Dr. Pearson,
Eliel, Burchenal and others* (Pearson et al., 1949; Pearson
and Eliel, 1950, 1951; Pillers ef al, 1951). The complete
metabolic balance studies were made by Dr. Pearson, Eliel
and others in the department of clinical investigation
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Fio. 8. The effect of orchiectomy on the excretion of five
steroid metabolites by two men with cancer of the breast The
values are expressed m mulligrams per 23 hours,

(Pearson and Eliel, 1951), and in many of these patients the
steroid excretion patterns were established, as I shall show
later 1n this conference.

About 70 patients have been treated with 100 to 500 mg.
of cortisone, or 100 to 400 mg. of ACTH per. day for various
lengths of time. Marked temporary regressions occurred in
chrome lymphatic lenk Jymy coma, acute lym-
phatie or granulocytic leukzmia, plﬂsma cell myeloma and
Hodgkin’s disease. No effects were observed 1n patients with
chronic myelogenous leu.kaemla, acute mxcmcytlc leukeemia,”
Ewng tumour, L

#Dir. Burchenal reports the clinicat findings on p, 198

and
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male sex hormone as well as adrenal steroids (Fig, 8). These
campensatory changes in hormone production resulting
from the administration of steroids or from the withdrawal
of one of the producing glands are probably mediated through

PAGET'S B CONTROL PERIODS .
DISEASE M ADR. CORT EXP. PERIOD
2; ERONE] EMio~ 11-HYDROXY~ | FI-KEYO-ETi0-

CHOLANOLONE|

MMBER OF DAYS OF COLLECTION  CONTRDL wi 23 CONYROL #2 ¥ EXPERUENT 5O
e cbonnid motpholites

changes in production of trophic hormones in the pituitary
land,

'g As the adrenal hormones as well as ACTH have been
available since the fall of 1944, the opportunity was at hand
to investigate their effect on neoplastic growth. It was
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Tannenbaum (1947) in particular has emphasized the role
of inanition in the growth rate of tumours. Tumour growth
under high caloric intake can be viewed as a specific hormone
starvation of neoplastic tissue, in that a large amount of the
1 articipates in the elevated metabolism of tissues
and is thus not available to the neoplasm. This is certainly
suggested by the experiments of Pearson and Eliel (1950).
If the hormonal supply were sufficient for the whole animal or
could be applied only to the tumour tissue, it is easily possible
to imagine the tumour shrinking to the vanishing point, even
with excessive mtrogen mtake. Conversely, if there had been
enough hormones available at all times, the tumour might
never have had the opportunity to come to existence.

From the clinical results and from the knowledge of
hormone action, we can draw three significant conclusions:
(1) Adrenal hormones, through their effects upon nitrogen
metabolism, can be used to interfere with the progress of a
tumour. If endogenous steroid production is adequate, or
proper substitution therapy 1s undertaken, 1t is quite possible
that certain tumours would not develop. (2) The change in
hormone production and balance at present can only be
detected 1n its subtle initial stages by study and examination
of the urinary steroids. These substances therefore provide
one of our few indices of physiological change d with
tumour ncidence. (8) The “sex” hormones may be impli-
cated 1 the cause of some tumours, especially neoplasia
associated with reproductive organs. These same hormones
unquestionably influence the course of the tumour’s progres-
ston, and further study of their action in disease offers hope

for a better therapy and possibly the prevention of abnormal
growth.

I would Iike to express my deep appreciation to Dr Thomas F.
Gallagher for s valuable suggestions and generous assistance in the
preparation of this manuscript.
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several types of sarcoma and carcinoma. No differences have
been ebserved in the clinical effects of administered cortisone
or the hormones produced by the patient’s own adrenals
under the stimulation of ACTH, provided that the adrenal
responded adequately o the stimul The therapeutic effects,
although temporary, were thus restricted to the lymphatic
tissues, and this was not an unexpected result in view of the
biological action of the adrenal hormones. The necessity
for large amounts of hormones was also not surprising, since
it seems that the normal adrenal produces much larger
amounts of hormones than were anticipated from purely &
priori consideration.

There are three points in the metabolic studies of Pearson
and Elel that deserve special comment. First: They found
that adrenal hormone administration in chronic lymphatic
leukzemia with large tumour masses caused a disproportionate
excretion of phosphorus m comparison with nitrogen, This
finding is of great importance. It proved objectively that
lymphatic tumour tissue was being destroyed, since lymphoid
tissues nre characterized by a high ratio of phosphorus to
nitrogen. Second: After the combined administration 9‘
cortisone and testosterone 1n several patients with chronic
lymphatic leuksemia with large tumour masses, the tumours
shrunk considerably, and the patients remained in mtrogen
balance. The phosphorus excretion continued at a high level,
however, and the patients were mn negative phosphorus
balance. This observation indicates that the adrenal hormone
under certain conditions acts specifically on tumour tissue,
since the tumour regressed whereas the catabolism of other
tissues was counteracted by the anabolic action of testos-
terone, Third: Tt would seem that the beneficial effect of
cortisone is dependent on dietary intake. Onec patient, who
showed a decrease of tumour masses during the administration
of cortisone and exhibited a markedly negative nitrogen and
phosphorus balance, was given twice the amount of‘f00d~
The nitrogen and phosphorus balance thén became slightly
positive, and no further shrinkage of the tumour occurred.
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Dosriner: There was a shght increase in phosphorus exeretion but
it was not significant. Itis a difficult thing to understand because tissue
is beng broken down and yet the products are not excreted. They
must be used for rebulding,

~Boyraxp: It would be mnteresting to hknow the nature of the excess
nitrogen excretion, One might expect it to be denved from nucleic
acids, and that there would be an excess of uric acid,

DopriNer: There is in some patients and not mn others,

XKevrye: It seems to me that the importance that was ﬁzrmexly laid
Py e A A R Il

Dosrver This 15 somewhat outside of my personal field
BeGe: Nucleoproteins are synthesized but uric acid comes from a
breakdown of the nucleoprotein residues. _

lished, )

DosriNer* It will take a long time because this 1s very tedious and
time-consummg work.

KeLL1E: Is there any defimte information whether Compound F has
effects which are not present with Compound E, or vice versa? Or can
one assume that Compound E will be reduced to Compound F?

TDorriner: I will show thus to you later, Itisa very simple metabolic
change and 1t seems to occur all the time., The substance produced
by the adrenals under ACTH stimulation is certamly not Compound E;
1t13 Compoun
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vith a million cells intraperitoneally the control mice develop
remendous spleens and large lymph nodes. The spleen from
ne of these untreated animals weighed 1,550 mg. The spleen
rom a mouse which had been treated for 17 days with corti-
one at 50 mg. per kg. three times daily (which is a toxic
lose) weighed only about 65 mg. The nodes could not be
ound, and sections of the spleen and liver showed no leukemic
nfiltration. This strain of leukemia in the Cgy stock of mice
(which is not our standard strain) has been of use, and we
hope to be able to get a dose which will prolong the survival
time of these animals.

On the other hand, acute leukemia in man is a different
story. Dr. Dobriner has given you an account of the reasons
that led up to the trial of ACTH m acute leukamia by Dr.
Pearson and, I believe independently at about the same time,
by Dr. Farber of Boston. Today I am speaking here,
partially for myself, but manly for Dr. Pearson. Dr. Pearson
has treated some 81 cases of acute leukmmia and did the
origmal work and the metabohie work on the study of this
disease. Our group has been mterested mn it more from the
therapeutic trials aspect, and we have treated an additional
21 cases with cortisone, so that altogether we have treated
some 51 cases of acute leukzerma. In Dr. Pearson’s group
20 children were treated with these two compounds, and nine
of those had good remissions.

Of 10 adults, four responded well. In our series of 15
children, nine did well, and of six adults, only one responded
well. In other words, out of 85 cases in children, there were
18 good responses; out of 16 adults, five good responses.

1 will discuss mainly our own results now. We got real

i % logical issil with the peripheral
bloed returning approximately to normal, liver and spleen
going down to normal size, nodes going down, and with a
marrow which returned approximately to normal. I do not say
that at the best of the remissions one couldn’t find a leukemic
cell. I'm sure that, 1f a hematologist looked at 1t and knew it
was a case of leukeerma, he could find leukemie cells in that




ACTH AND CORTISONE IN ACUTE LEUKEMIA
IN CHILDREN

J. M. BURCHENAL

I A going to talk mainly about the therapeutic effects of
cortisone and ACTH on acute leukemia.

1 would like to say a word about the advantages of using
acute leukmin for an assay method, a method of testing
compounds. Dr. Huggins mentioned this morning that the
clinicion always has difficulty in assessing the value of 8
compound m the patient unless it is a truly curative com,
pound, which obviously none of these are, Biopsies can be
done occasionally, but regular biopsies are hard to get unless
you have a very co-operative patient. In acute leukemias
by sticking the patient’s finger or by perhaps doing a sternal
puncture, you can get a biopsy of the tumour at any time
that you wish, Also you have a disease which runs a rather
acute, fulmmnating course, which has some spontaneous
remussions, but not very many, and which rarely shows two
spontaneous remissions in an untreated patient. Moreover,
it oceurs fairly ly in children, and children appear t
be able to stand the effects of substances such as ACTH and
cortisone better than older people, particularly the aged.

There have been difficulties in using mouse leukomia as &

ing p d for the s ids b the leukserma
which we have been using has been very acute, and has not
been affected by ordinary doses of cortisone; with the maxl:
mum tolerated dose of cortisone or ACTH we cannot prolong
the Jife of these animals. Hovwever, these compounds do
have some effect on the leuksemia, because if we give large
doses, supralethal doses, the snimals will die at the same
time as the control ammals, but they will not die of leukemid;
they will have no infiltration. Nineteen days after inoculation
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Fiz 1. Marrow of patient with acute louhama, aiter treatment
with 50 mg cartssone per day for 28 duys

Same prtient as n Fig 1 After treatment with 400 mg
ortisone per dy >
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marrow, but they have decreased to a very small percentage.
On the other hand, 1 don’t believe that a hrematologist seeing
those marrows, without knowing that the patient had lew-
kemia, could make the diagnosis. In a few cases, however,
we have had hematological remissions in which the marrow
improved markedly, but the patient did not. I've not sten
that with other drugs in acute lenkzmia,

Figs. 1 and 2 show an example of what we mean by a good
heematological remission. Fig. 1 shows the marrow of a
patient with acute leukemia after he had been treated withs
little cortisone. His marrow was approximately that way
pefore any treatment at all. He had 50 mg. = day for 28 days,
an insufficient amount so far as he was concerned. As you ¢at
see, his marrow was made up all of one type of cell, stem cells
of acute feuksemia.

After he had been treated with 400 mg. of cortisone 2 d3y
the cell picture (Fig. 2), instead of being uniform as it wis
before, showed nucleated red cells, myelocytes, metamyelo-
cytes, and polymorphonuclears, the more mature cells of the
myeloid series,

T would like to discuss a ease that is typical of those w¢
bave been treating. This is of a seven-year old girl who had
been treated with other drugs for some time before ond had
responded to them, but had eventually failed to respond 1o
anything. Her bone marrow showed 87 per cent stem cells.
Her white count was rather low, down around 5,000, but the
percéntage of abnormal cells was almost 100 per cent. She was
then treated with cortisone. ‘There was a slight rise at first
in the white count and then a fall, and the thing that is really
important §s that the percentage of stem cells decreased to
10 per cent, and that the marrow showed essentially a nm"ma
picture, Stem cells, of course, should not be pres.ent ina
normal matrow in any apprecisble quantity, but it's very
difficult to differentiate between lymphoid cells and stem
cells, partieunlarly in children, so that it is poss'{ble that that
figure may be 16 per cent lymphocytes, which is not too for

from normal. During the time that she was improving the
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osinophils fell, and the reticulocytes rose slightly to about
5 per cent. She had one transfusion which built up her
hemoglobin and after that she maintained it quite well.
However, after stopping treatment for a short while, there
was & Tapid Teversion to an abnormal marrow picture. She
was started on treatment with antifolics, to which she was
resistant and had pever responded, and there was no more
response. The marrow became worse. She was brought in,
transfused, because at that stage she was in rather poor
shape, and then she was treated again with cortisone. The
marrow again responded, going from 90 per ¢ent abnormal
cells down to 11 per cent, with a fall in the eosinophils and
with a marked rise in reticulocytes, up to about 15 per cent.
After her second course, she was in quite good shape, and had
not shown too many undesirable side effects. She put on
some weight, but she did not show particularly spindly legs,
nor a very large abdomen, and her face, although fuller, was
not as full as it might have been.

We have seen remissions lasting anywhere from one to
twelve weeks, In many of these cases the marrow relapses
although the patient still feels well, perhaps for as long as a
month after. We usually start treatment, if possible, as
soon as & real relapse in the marrow shows up.

‘We have usually given ACTH four times daily in doses of
50-100 mg. a day for children and 100-200 mg. a day for
adults, but we have gone up to 400 mg. a day in some patients,
and above that in one or two. ACTH is given four times daily
because it has been shown that ACTH goes in and out of the
adrenals fairly rapidly.

In Dr. Pearson’s group cortisone has been given the same
way, every six hours. The dosage has been a little higher,
running from 50 mg. to 100 or 200 mg. in children, and in
adults, from 200 to 100 mg. in a total daily dose. Because we
were interested in treating some patients as outpatients
because of lack of beds, we tried giving these doses in a single
daily injection and I think that our results have been reason-
ably good. We have not titrated 1t down very carefully to
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occurred particularly in children. It comes on sometimes
rapidly, i after a iderable dosage, and we have
found no way of getting away from it. It seems that if the
blood pressure goes up to high levels or if episodes of hyper-
tensive encephalopathy with loss of consciousness intervene,
it is best to stop the drug.

Psychoses have been seen in a certain number of patients
and we feel that if there 1s any real mental aberration, it is
best to stop the drug. Some of these patients have com-

> mitted suicide. Others have died during treatment, but
presumably of their disease rather than of the psychosis.
Others are still being treated for the psychoses with no sign
of improvement. We have 2 psychiatrist who watches these
patients fairly closely, and when he feels there is any abnor-
mality appearing, we generally stop treatment. Sometimes,
however, the psychoses come on very rapidly. Patients who
are watched very closely may seem a httle agitated one
morning and suddenly commit suicide the next day. We
have not been impressed by psychiatric changes in children
as yet. It’s a little hard to assess that because the chxldren
come from all sorts of ew s. Their p y
changes a certain amount while they're m a ward, even without
treatment, because they are away from their normal environ-
ment and they get bouts of homesickness. We have not yet
seen any frank psychoses in children.

‘We have been very imp d by the ional 1ncid:
of overwhelming infections in fhese patients, mostly patients
who have had prolonged treatment with one of the steroids.
Of course, in leukemics one normally expects to get infections,
but not 1n a leuk®mic whose bone marrow has gone back to
normal, as in some of these patients who had good hema-
tological remissions, but no clinical remissions. Dr, Pearson’s
and our groups both feel that there is very definitely, 1n some
of these cases, an i ptibility to infecti If
there 15 an infection and if the antibiotics which are used in
large doses don’t seem to be able to handle it rapidly, then
we feel it is best to stop the steroids.
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make sure that o patient who responds well to 200 mg. in &
single dose would not respond to perhaps 100 mg. if the dose
were divided, and I think it's very possible that divided .
dosage may be better. I can say, however, that in a child
given a single daily dose of 150 or 200 mg., definite beneficial
effects can be obtamed. In some of the patients who have
died under treatment, we have seen large depots of cortisone
in the muscles. Since cortisone is relatively insoluble,
probably one gets a depot effect, and a single injection a day
may be sufficient. .
Dr, Dobriner has gone over the undesirable side effects that
oceur with these drugs. Sodium retention with water retention
and cedema is certainly important. From a therapeutic point
of view that ean be handled quite well by putting the patient
on an almost salt-free diet, or at least a low sodium diet.
Weight gain, aside from cedema, occurs if these patients
are allowed to eat as much as they want. We try to calculate
what the child should eat 1f he were in normal health, and put
him on a diet limited to that number of calories. Before he’s
getting cortisone or ACTH he won't eat that much, but after
he gets these drugs he rapidly develops a ravenous appetite
and reaches the ceiling imposed by his diet. Then if you can
watch the other children and make sure he doesn’t steal fof)d
from them, on that limited food intake and low sodium diet
there is usually no weight gain. )
Metabolic alkalosis has to be watched for, but when it
develops it can be corrected by the administration of potas:
sium chlorde. .
In patients who have been treated for a long period of time
with ACTH or cortisone we have seen development of
Cushing’s facies, & certain amaunt of hirsutism, and acne.
These symptoms, although bothersome to the patient and
oceasionally to the family, have not been a contra-indication
to further therapy.
There are, however, three difficulties that have not been
surmounted as yet. The first is a rise in blood pressuve,
with or without hypertensive encephalopathy. That has
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for about four weeks and then he came in and the marrow
was all bad again. He was started on the same dose of ACTH
that he had before, and there wasn't any change in the
marrow at all. He was then given larger doses of ACTH, up
o 400 mg. per day and I think he was also given cortisone
just before death, but there was no improvement the second
time, no change in the bone marrow, no improvement in
nucleated red cells. The differential, which went bad a little
more slowly than the marrow differential, still stayed com-
pletely bad, and the white count, which had started going
up in his last relapse, continued to go right on up and was
around 870,000 at the time of death. So that there was
absolutely no climeal resp although metabolically he
was showing some response, as shown by his increased
excretion of steroids.

Now we come to the practical value of these compounds. -
We are looking for a compound that will work when the folic
acid antagonists do not work, because we have a large number
of patients under treatment constantly, and we know that
sooner or later the folic acid antagonists are going to cease
ta work. An example of this is LD, a five-year old boy
who had been treated since December 1948 with folic acid
antagonist and had d resp but finally reached a
stage in March 1950 where he was totally resistant to the
antifolics. He was then treated with 150 mg. of cortisone a
day. He had an episode of hypertensive encephalopathy
which alarmed us; at first we thought he had had a cerebral
aceident, but he had not, and we stopped treatment for a

, short while and then started agam. His blood pressure did
not go up too markedly, and we felt that it was do or die with
him so we carried on the therapy. Eventually he got a
response. His stem cells decreased down to about 30 per cent.
That is not a perfect marrow by any means, but the percen-
tage of erythroid elements increased to 55 per cent of all the
marrow cells, and he built hemoglobin. He had a small trans-
fusion, but the rise in heemoglobin was not due to that; it was
due to his building new red cells of his own. His reticulocytes

coLL. eNDOC —1
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S

As to the repeatability of these remissions in children, we
have had six who have had a second course of therapy and
who have responded. Two of these, from one of whom I
showed you a marrow slide, had Jjust as good remissions with
the same amount of the drug as they did the first time. On
the other hand, four others required considerably more corti-
sone or ACTH the second time. We have pushed some of
them into partial third remissions, but generally there is a
falling off in the relative complet of the ission and
the ease with which it can be attained. They seem to develop
a refractory state to this drug faster than a similar type of
patient would do to the folic acid antagonists. -
In adults, on the other hand, we have had two patient
with excellent results the first time, who were treated a second
time and neither showed any beneficial effects. I would like
to discuss one of them, case RR, in more detail. He showed a
beautiful response the first time; the second time, although he
had had a metabolic response, his leukemia was not affected.
On his first course of therapy he started out with a white
count of 100,000 cells, and after four or five days’ treatment
with ACTH his count was down to 2,000, This is one of Fhe
interesting things about ACTH. Ordmarily in treating
chronic leukzmia with the nitrogen mustards or acute
leukeemia with the antifolics, if we get a drop from 100,000
down to 2,000, we would be alarmed and would stop therapy,
but this therapy was carried right on and the count levelled
off at 2,000, didn’t go down to 200 or 20 cells, and the patient
got a tremendous and very rapid climeal betterment. He was
a young doctor who knew the situation and perhaps there
was some psychical aspect, though it was hard to see any. He
had considerable bone pain when he came in. Within 12
hours of getting his first injection of ACTH that had eased.
There was rapid improvement in the myeloid cells of the peri-
pheral blood and in the marrow. The erythroid activity
increased from practically nothing up to 60 nucleated red

cells per 100 white cells. .
After the drug was stopped the marrow remained normal
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some transient decrease in the nodes or in the masses, which
is very real but which is not as prolonged as with X-ray
therapy. In the cases where the patient is X-ray resistant
and moribund, then this agent is no better than HN2.

We also tried Compound A, 125 mg. given four times per
day. It was administered for 22 days in & case of acute
leukeemia. The patient showed an increased weight and
cedema, but there were no beneficial effects.

We are now trying Compound L. It has been administered
in dosages of 150 mg., twice daily, butwe have no results as yet.

DISCUSSION
Gaxoes: The laboratory tests have been on transplanted leukzemia

very large numbers of mice.
GazoNex' Do you think that there might be s certain pomnt of
sumilanty between the resistance to the second and third treatment in
e human cases and the prolonged survival of the cells 1n the animals
that had trausplanted leukemia?
BurcHeNar: I don't know. But we do have experiments underway
with the Patterson lymphosarcoma and with the Wagner osteogenic
SR Ea Pl T e i
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BURCHENAL. We tried to stay sway from transfusions as much as
possible, although on the other hand, if the patient looked in bad
shape, we didn't hesitate to mive them. We’ve got a base hne of 150
cases that were treated with transfusions and a certain number of
antibiotics, but there always is » possibility that if you put & large
amount of blood 1 there that you may get some temporary remission.
We have had to use antibiotics fairly frequently because of infection.

BEGG: You have some cases there 1n which you have response without
transfusion?
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went up markedly. When I left we had just started him
off on antifolic therapy, hoping that he might respond again
to it.

We have also tried the converse, using the antifolics on
patients who have become resistant to cortisone or steroid
therapy. Three of those five or six patients have responded
well to the antifolics.

I will try to compare briefly the values of these compounds
with some of the known therapeutic agents in cancer. X-ray,
of course, 1s useless n acute leukamia, and HN2 and the
vatious mustards are of no real benefit. The antifolics are
useful in some cases; in children 30-40 per cent remissions

can be achieved. With the antifolics there is very little

beneficial effect in adults, and it takes longer to get results.
It would appear that the steroids and ACTH work faster
in the acute leukemias, and I believe that you probably
have more chance of helping a very sick patient with ACTH
or cortisone than you have with the antifolics. Once you get
him out of his sick situation, and if you do get a remission
with either compound, I think you have more chancelof
getting many remissions with the antifolics than you do with
the steroids. With the latter the remissions are not likely
to persist as long or to be as repeatable. ' i
There is a marked contrast between chronic lymphocytic
leukeemia and the acute leukzmias  As Dr, Dobriner has u_:ld
you, if you treat a case of chronic lymphoeytic leukemia with
cortisone or ACTH, the spleen decreases in size, the nodes
decrease, the liver decreases, but the white count goes up

tremendously, from 100,000 or so to as high as 800,000, We've

seen one case who went from 700,000 to 1,200,000. On stop-
ping the dosage, surprisingly enough, the count falls. (?n
the other hand, this drug does seem to have some beneficial
effect in patients who, if treated with X-ray, might well
develop thrombocytopenia, anzmia, and so on.

There seems to be some suggestion of stimulation of the
arythroid elements, so it has usefulness there compared with

HN2. In Hodgkin’s disease and in lymphosarcoma there is
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some transient decrease in the nodes or in the masses, which
is very real but which is not as prolonged as with X-ray
therapy. In the cases where the patient is X-ray resistant
and moribund, then this agent is no better than HN2.”

We also tried Compound A, 125 mg. given four times per
day. It was admimstered for 22 days in a case of acute
leukemia. The patient showed an increased weight and_
edema, but there were no beneficial effects,

‘We are now trying Compound L. It has been administered
in dosages of 150 mg., twice daily, but we have no results as yet.

DISCUSSION

Garnxer. The laboratory tests have been on transplanted leukemia
mt}\ler than on the spontaneous disease 1n all cases so far, have they not?
e N LT T .

very large numbers of mice.
GarRDNER: Do you think that there might be a certain pomnt of
sunilarity between the resistance to the second and third treatment in
the human cases and the prolonged survival of the cells m the animals
that had transplanted leukzmia?
BurcrENAL: T don’t know. But we do have experiments underway
vath the Patterson lymphosarcoma and with the Wagner osteogenic
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BURCHENAL: We tned to stay away from transfusions as much as
possible, although on the other hand, 1f the patient looked 1 bad
shape, we didn’t hemitate to give them. We've got a base line of 150
cases that were treated with transfusions and a certain number of
anhbm}:cgﬁut} ere always is & possibility that if you put a large
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. Bulxcxfzm\u Some cases in our series have had no transfusion and

- L " ..
that it was neoplastic tissue, or at least lymphoid tissue, that was being
destroyed. Wouldn’t you think that was so, Dr. Dobriner?
DonriNer: Yes. I think it is good metabolic evidence,
B : In chronic lymphocytic ja we find that we can
issi d After Dr. Pearson

inue to get on rep

treats his chronic Iymphocytic leukzzmias and gets a response, they do
well for about three months and then the nodes start coming up again
He has treated them agmn and again. One of them has been treated for
15 months at least, and the responses are approximately as good now
as they were o start out with. These were all adults. It seems rather
surprising to me that the chronic lymphocytic leuk::m.ias should con-
tinue to respond just as well, whereas the acute leukeemias in a:dul!{dﬂ

. P P o et

finitely stimulated, as shown by the reticulocytes.
e ey SWhat about the effect of antibodies to ACTH T there
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effect. It lookhs as though the resistance there were right in the leukemic
cell. There have been reports in the literature of animals getting
resistant to it, but as far as I know this has not been demonstrated in
man,

Bovrann Have you tried simultaneous treatment with antifolic
compounds and cortisone?

BurcmeNaL: We have not tried that to the full, because we felt that
if we did get a response we wouldn’t know which 1t was due to We
tried 1t out and it hasn't seemed to be any better than either one. Dr.
Farber does treat & lot of his cases that way. Ie treats them with
various regumes  One time he treats for perhaps 5 or 6 days with ACTH,
and then puts them over on the antifolic and another time he wll treat
with the two of them simultaneously.

SosnrErvizLE: 1 was surprised to hear that you got hypertension
with both cortisone and ACTH, In cases where you gave ACTH for
Pprolonged periods, did you find that the electrolyte change that was
remarked earlier n potasuium output and chlonde retention was
maintained?

BurcuewaL: We usually put most of the patients on potassium
chloride,

SovuervicLE: Does ACTH cause hypertension in normal people and
cortisone not?

DosriNER: No.

Bonrorn: What effect do these substances have on the bone marrow
of patients without this particular condition?

BurcHENAL: I can’t tell you. They have used it 1n pernicious anzma
‘without leukmmia, and I believe there 1s some improvement in the

opoletic elements in cases of Hodgkin's disease, where there 13 no
real damage to the bone martow.

Beoe: Hench and his group reported 1n the Archives of Mediome
in February, that they got m h: lobin n
their theumatoid cases,

Boumrorp: There was no depression of white cell formation?

Burcuenar: I don’t think so. You very seldom get an aplastic
marrow as you do with the mustards or with X-rays,

Lyons Did you get any inflammatory reactions at the sites of the
njections, especially after the second or third injection of ACTH?

BurcHENAL: It depends on the patient. We have seen patients who
could tolerate large doses of it for a long period of time without any
trouble at all, mamly children with very httle musculature,

Lyvons' Do you try sensitivity reactions before you start the patient?

Burcnenar: No, we haven’t done that.

Lyons: I wondered if it could be connected with the development of
antibodues, as Dr Bepg suggested.

Burcmenar: I think it is more likely to be a guestion of poor absorp-
tion 1n some of these patients,

Lyons: Do you recover any of this ACTH 1n the unine?

Dosriner® We have never tred




ADRENAL FUNCTION AND STEROID
EXCRETION IN NEOPLASTIC DISEASE

KONRAD DOBRINER

Tars morning I have discussed the correlation of steroid
hormones with cancer. I pointed out that the study of steroid
hormone production in normal and diseased states is possible
by a detailed investigation of steroid excretion in urine, if
one makes the reasonable assumption that steroid excretion
is o measure of the hormone production of the adrenals and
gonads. Since 1940 our investigations have been directed
toward the development of methods for the study of steroid
excretion patterns, with the aim of understanding the
relationship between endocrine function and diseased states,
with special emphasis on neoplastic disease (Dobtner, 1948,
Reifenstein, Homburger, and Dobriner, 1950; Dobriner and
Licberman, 1950). We have thus far developed our pro-
cedure to its present use which requires a one day urine *
sample. By means of eareful chromatography after chemical
separation of the principal classes of steroids, we ave able to
obtain all or very neatly all the ketosteroids as single pure
compounds or binary mixtures (Dobriner, Lieberman and
Rhoads, 1948; Lieberman et al., 1948; Lieberman, Fukushima
and Dobriner, 1950). By the systematic application of infra-
red spectrometry on a micro scale, we can define the pure
‘compounds or simple mixtures (Dobriner, Lieberman, Rhoads,
Jones and Williams, 1948; Jones and Dobriner, 1949). Quan-
titative analysis by microcolorimetry then permits the
determination of the amount of each steroid exereted during -
the twenty-four interval.

If we examine the steroid excretion patterns of normal
males and females (Fig. 1) we find that there are four com-
pounds that make up the major part of the Kketosteroids.

210
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Androsterone and its isomer xtiocholanclone are two meta-
bolites of gonadal and adrenal hormones of the C-11 deoxy
type like testustemne and compound S (Renchstem), whereas
11-hydroxy and 11-} are
derived from adrenal cortical hormones with a C-11 oxygen
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Fig. 1. Steroid excretion patterns of four compounds in normat
‘male snd female subjects.

function, ike compound ¥ and cortisone, In addition to these
major metabolltes, small amounts of many other steroids
are ds F and E. In normal
subjects there are no quahtatxve deviations from the normal
pattern, but the amount of each compound varies somewhat

in different individuals, just as there are quanlztame dlﬂ'crences
in anv matahnlic nraceee Mna wnasy ot dhnd
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patterns indicate the individual hormone production and that
this varies between individuals just as there are differences
in height, weight, or temperament.

The steroid pattern is quite abnormal in patients with
neoplastic disease, as seen in Fig. 2, where a comparison has
been made with the excretion levels of normal subjects in
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Fio. 2. Companson of steroid excretion patterns in patients
with neoplastic disease, and in normal subjects of the same age*
group

similar age groups. In contrast to the pattern shown for
the normals (Fig. 1), there are both quantitative and qualilatite
differences in steroid excretion, whereas in the normals only
quantitative changes are found. The decrease in the steroid
excretion of cancer patients is especially marked with 11-deoxy
type of steroids; for example, androsterone and wtiocholano-
lone were not excreted by male patients with cancer of the
Jarynx nor by female patients with gastric cancer. In the
other types of neoplastic growth, the excretion of these two



Sterorp ExcRETION IN NEOPLASTIC DisEAsE 218

compounds was significantly decreased. A similar but
somewhat smaller decrease in the excretion of 11-oxygenated
compounds (11-hydroxyandrosterone and 11-ketomtiocho-
lanolone} was observed, The gqualitative difference is of
much greater significance, since 1n the patients with neo-

plastic disease a new p d s d, 11-hydroxy-
COMPOUND COMPOUND S | TESTOSTERONE
e e v
. o o
. AQ:SJQ ,,C]:?j HORMONES
w
o
& -
; Og'ﬁ-
" o s METABOLITES
o
. nCKSﬁ
[rm——— -
L |
Fic. 3 Metabohe relations of hormones and their urnary
‘metabolites.

tiocholanolone, which from 1ts chemical structure appears
to be a metabolite of adrenal cortical hormones with a C-11
oxygen function. The metabolic relations of precursor
hormone and excreted steroids are shown in Fig 3. 11-Hy-
droxyztiocholanolone was found in only two instances in a
survey of 28 normal males and females. The two “normal”
persons are over 70 years of age and have s yet no detectable
evidence of neoplastic or other disease. Since the compound
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occurs in the urine of some patients with essential hypet
tension and rheumatoid arthritis, its presence is not speatt
for cancer. 11-Hydroxymtiocholanolone is consisten
excreted by patients with Cushing’s syndrome, a disorder due
to adrenal cortical hyperfunction with increased productir
of adrenal hormones of compound F and E type. The con
pound was also observed in the urine after stimulation of the
adrenals by ACTH and after administration of large amounts
of cortisone. However, 11-hydroxystiocholanolone was wl
found in the urine of patients with the adreno-genital s/
drome, another disorder characterized by the production o
large amounts of adrenal hormones, The metabolic spd
clinical significance of the excretion of 11-hydroxyzti™
cholanolone 15 that in patients with neoplastic disease there
is an abnormal adrenal function, somewhat remniniscent 0
the Cushing syndrome in the type of steroid Pmdufcd'
Whether this 1s only a derangement in hormone production
or whether there is in addition a)faulty metabohism ?“
normal hormone, must be decided by further mvestigations
with labelled hormones. We believe, however that o
results definitely indicate a very pertinent role of the 32
gland in cancer, as I discussed in some detail this morniig:
In addition to the abnormal sdrenal function, there is3 verf
marked deerease in gonadal hormone production, to such 8
extent that 1n certam instances no trace of the metabohl®s
of hormones like testosterone can be f'Pund in urine. Th‘;
decrease or lack of male sex hormone production suggefn
that in certain cancer patients we are dealing with 2 conditi
very similar to physiological castration.

Two problems then arise: are these changes 1 o
gonadal function connected with the cause of the diseas®

_is the abnormal” hormone production 'and mebabollsmw
fions are diffeult

.

n adrens! o

consenra~ « of the discase? Both questions el g

Jo. : T e that debiliteti®y

laryn.. o " pave an influen®®, "l

other typ . is not the Prmﬂ'l;d
: : i well jllusts®
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in Fig. 4, where excretion patterns of patients with prostatic
cancer are shown. This group of patients with cancer of the
prostate was made up of men with and without debilitation.
In all patients, independent of debilitation, the two major

‘" CANCER OF PROSTATE
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F10. 4. Steroid excretion patterns i patients with cancer of the
Pprostate and normal subjects of the same age group.

urinary metabolites androsterone and wmtiocholanolone were
markedly decreased in amount. The abnormal metabolite,

11-hydroxy-gtiocholanolone was present n all except one of
these patients. I could give you many other illustrations to
support the statement that general debiltation is not the
cause of these ch 1n steroid fon in cancer
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oceurs in the urine of some patients with essential hyper-
tension and rheumatoid arthritis, its presence is not specific
for cancer.  11-Hydroxystiocholanol is istent;

excreted by patients with Cushing’s syndrome, a disorder due
to adrenal cortical hyperfunction with increased production
of adrenal hormones of compound F and E type. The com-
pound was also observed in the urine after stimulation of the
adrenals by ACTH and after administration of large amounts
of cortisone. However, 11-hydroxymtiocholanolone was nit
found in the urine of patients with the adreno-genital syn-
drome, another disorder characterized by the production of
larg‘e amounts of adrenal hormones. The metabolic and
clinical significance of the excretion of ll-hydrox}"ﬁ“'
.cholanolone is that in patients with neoplastic Jisease there
is an abnormal adrenal function, somewhat reminiscent of
the” Cushing syndrome in the type of steroid produced.
Whether this is only a derangement m hormone production,
or whether there is in addition a faulty metabolism of a
normal hormone, must be decided by further investigations
with labelled hormones. We beleve, however, that our
results definitely indicate a very pertnent role of the adrenal
gland in cancer, as I discussed 1n some detail this morning.
In addition to the abnormal adrenal function, there is a very
marked decrease in gonadal hormone production, to stuch an
extent that i certain instances no trace of the metabolites
of hormones like testosterone can be found in urine. This
decrease or lack of male sex hormone production suggests
that in certain cancer patients we are dealing with a condition
very similar to physiological castration.

Two problems then arise: are these changes in adrenal and
gonadal function connected with the cause of the disease, o
is the abnormal hormone production and metabohsm 2
consequence of the disease? Both questions are difficult to
answer. There seems to be no doubt that debilitation, s°
often a consequence of cancer, can have an influence o%
hotmone production. That debilitation is not the principsl
reason for the change in steroid 2xcretion is well illustrate
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in her urine (period 1). We have followed the steroid excre-
tion pattern now for more than six years (period XI) after |
the recognition of her tumour, and in each period the abnormal
steroid was present. It is now eight years after her mastec-
tomy and no recurrence has been observed. This patient has
“not Jost weight since the first urine collection, and, with the
exception of increasing age, enjoys perfect health. Thisis a
very good instance where debilitation can be excluded as the
reason for =n altered steroid excretion. 1 would like to
mention anather patient with aplastic snemia of many yeats
durat\on She excreted the abnormal steroid 11-hydroxy-
lone in a collection period four years before her
deam a! 2 time when no cancer was diagnosed. The autopsy
, the exi: of a cancer of the lung.
These twu mstances certainly prove that the adrenal abnor-
mality was present when cancer was not diagnased. 'This
adrenal dxsturbance seems to be present whete early cancer
may not be 4 lly, and may possibly exist in
cases where cancer will develop at o later date. If this latter
point could be proven, then the cause of cancer wauld involve
a steroid h 1 factor and d ged adrenal function.
¥ would like to discuss another aspect of adrenal function
in neoplastic disease. Can we draw any conclusions ahout
the function of the adrens] glands when these are stimulated
by ACTH? (Dobrmner et al, 1950, 1051a, 19515; Dobriner,
1051). In six normal males and nine pzments thh neoplastic
disease, the ids and fc ldehydogenic steraid levels
were measured during a control period and during a period of
12 days when each of the subjects received 100 mg. of ACTH
daily in four divided doses. In five x\nrmal subjects the
of ketosteroids and formaldehy ic steroids was
remarkably similar (Teble I). In one sub]ect no wncrease in
ketosteroids was observed, but there was an increase of for-
maldehydogenic steroid to & level within the range of other
pormal males Sxmxlar lack of response to ACTH as for as
the is has been observed by
us in seversl patients with neoplastic disease. ¥t is clear then
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I should like to show you some evidence concerning the
causal relation of cancer and hormone production (Fig. 5).
We collected the urine of a middle-aged woman during several
periods in the course of more than three years (pericd 1, 11,

NORMAL FEMALE P, oPy
[B282aa08] [2aa2 3]s 1mm s o

ANDROSTERONE

ETIOCHOLANOLONE

Hi-HYDROXY ANDROSTERONE

t77d |
t1- KETO- ETIOCHOLANOLONE

of,  mosteciomy
0P, + bntetestamy

Fro. 5 Steroid excretion patterns of a patient with cancer of
the breast before and after mastectomy.

and III) for the purpose of establishing steroid excretion
patterns in her age group. Between period 11T and IV, cancer
of the breast (grade 8) was diagnosed and a total mastectomy
was performed. It can be seen that more than three years
" before.cancer was diagnosed the abnormal steroid was present

P
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metabolism and the status of adrenal function in neoplastic
disease. In Fig, 6 the steroid excretion patterns of the most
abundant urinary steroids before, during and after ACTH

Table IT
anp Fe StEROIDS BEFORE
AND D(mmu Am{ TNJIECTIONS IN PATIENTS WITE NEOFLASTIC DISEASE
K5 (mg [24hr) FS (mg {23 hr) -
Contrat 12 Days ACTH Contrat 12 Daye ACTH
4T 638 42 ue
16 6 427 17 a7 8
17 0 417 54 24.0
23 7 826 10 18 8
16 5 38 6 24 25:5
107 48 0 — P
160 60 8 105 404
151 55-0 o2 ne
171 749 50 430
Average
165 [ 509 38 ] 26 6
Ratia
10 | 31 | 10 ' 70
Table II1

< or AND
Sterotns BEForE AND During ACTH INJECTIONS IN NORMAL SUBJECTS
AND SUBJECTS WITH NEOPLASTIC DISEASE

l KS (mg f24.4r) | FS (mg 24 hr)

Control \ ACTH ST ‘ Coniro | ACTII ST.
verage
ormal (6) 9 487 3 99
Neoplastic Disease (9) 16 5 50 9 8 26 G
Rato
Normat (6) . . 10 2.5 10 a7
Neoplastic Disease (9) . 10 81 10 70
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that there is sometimes n changed or abnormal adrenal
responsiveness to ACTH. If one compares the steroid
excretion of the six normal subjects after ACTH with that
of nine patients with neoplastic disease, one observes that the
ketosteroid respanse of both groups is of the same order of

Table 1
E: or K; AND FORMAL 'DOGENIC STEROIDS BEFORE
aND Durive ACTH INJECTIONS IN NORMAL Susyecrs
KS. (mg p24 kr) FS (mg 24 hr)
Contral 12 days ACTI Control 12 days ACTH
227 58 1 03 81
20.2 60.7 04 12-4
221 29 8 02 7-1
15-0 540 03 141
17 4 55 9 02 pt)
210 29-7 01 58
Acerage
19 l 407 , 0.3 l 99
Ratio
L 1.0 | 25 l 10 l 347

magnitude while, in contrast, there is a striking dilference
in the excretion of the formaldehydogenic steroids (Table 1T
and I1I). During the control period in neoplastic patients, the
formaldehydogenic steroid levels are higher than those in
normal subjects. These findings indicate that the adrenals

are already functioning at an increased Ievel in the patients

with neoplastic disease, and that their|adrenals not only

respond to ACTH but do so to a greater extent than the

adrenals of normal subjects. This again indicates a different

functional status of the adrenals in patients with neoplastic
disease.

A study of the individual steroids excreted before and
during stimulation of adrenal function by ACTH should give
mare detailed information about hormone production snd

'
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administration in patients with neoplasia is shown in com-
parison with the patterns of normal untreated subjects of the
same age group. There was an increased excretion of both
11-oxygenated and 11-deoxysteroids during adrenal stimula-
tion. It isimportant to note that this proves that the human
adrenal produces at least two types of steroid hormones, one
of the 11-oxygenated type like compound F (Kendall) and
one of the 1l-deoxy type, probably hke compound S
(Reichstein). On ACTH tr t the patients responded
with d of some ds, and in addition new
compounds appeared. These were not the same in all sub-
jeets. The results mdlcate qualitative and quantitative
daffe m the resp of individual patients to
adrenal stimulation.

We conclude from the evidence presented that both gonadal
and adrenal functions are impaired in patients with neoplastic
disease. There is evidence suggesting that the adrenal glands
of these patients with neoplastlc disease function differently
both quali ly and ively from normal glands,
There is a dccrease 1 excretion of the metabolites of C-11
deoxy h and some bolites of the C-11 oxygenated
steroids are qualitatively different from those of normal sub-
jects. The ion of C-11 oxy d adrenal h
metabolites is at a fairly normal or slightly increased level,
but not at the maximum level to which the gland can be

dated. One may speculate that not only an abnormal
gland but also a changed pituitary adrenal regulation is
present in neoplastic disease. The adrenal hormones play an
important role in the course of the disease and may be
involved in 1ts cause.

1 would hike to express my deep appreciation to Dr. Thomas R
G: h and valuable

l}ns manuscnpt
This mvestigation was aided by g'mnts from the American Cancer
Soc:ety J(on on on Growth Dl the

coLL ENDOC —1
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adrenal bolite, 11 al )! 1n a number of cancer
patients before diagnosis of cancer indicates to me that there was already
a metabolic change before there was a cancer.

FoLLEY: What sbout the possibility of e:ua'etion of steroids in the
PR bbb AP S et SO A O i S

danger of some erroneous conclusions?

Dosriner. We have done one experiment on normal humans, We
injected a labelled steroid, and wotked up the fzces, and we could
discover only mis amounts of bol, whule more than 70
per cent of the injected matenal was found 1n the urine in the first day.
Different species have dufferent routes of stercid excretion. Mice and
rats excrete steroids in the fzces for the most part. The horse is sup-
posed to excrete very little in the fces, and cows excrete steroids
mostly in feces.

SoMMERVILLE, Dr. Pearlman finds many progesterone metabolites in
the bile of eattle, but not in that of pregnant women Have you used
both cortisone acetate and cortisone, and do you find any difference
1n the unnary steroid pattern?

DopmirweR, We have only used cortisone acetate

SoyumeRVILLE. Iask because when I administered pregnanediol to
human subjects it reappeared 1n the unne, whereas administered
pregoanediol diacetate did not do so.

Dosriver' For metabolic studies we would like to have the free
sterard, but since we could get only the acetate, we have studied that
derivative,

Bovranp Is there any evidence that response to ACTH is dependent
on the saturstion with ascorbic acid, or do all patients have plenty of
ascorbic acid?

. n.

deficient diets  There was considérable dfficulty in getting the patients
10 take the diets, and when we got, the nboflavin levels mn the unne, it
tumed out that the diets weren't completely deficient.

el OF B Phe duets vieren't compl o .

a powertul leukzmogenic agent?

BurcmeNal: So many of the compounds which have an effect on
cancer are also carcinogemic. 1 don’t know whether 1t would be a
leukeemogeruc agent or not.
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DISCUSSION

DoBrINER: We do feel that we are justified in speaking of adrenal
hy 1l defi in L patients in the same way that we
speak of a conditioned vitamin deficiency. The ndrenals in these
patients may hbe functioning well enough to supply the hormones
required by a normal person, but in disease the tissues require larger
smounts of adrenal hormones, Under conditions where the fissues
require a larger amount of hormones, in this case adrenal hormones,
there seems to be some mechanism which we don't understand, eausing

of of the pi -y gland.

Broe: There are really two aspects to this question: these changes 11

adrenal steroid patterns previous to the detection of the tumour may

be one aspect, and another aspect the changes that take place in 8 host
after the tumour 1s there.

DosriNex: T was always very careful not to make a statement of

what was primary and dary. But ly the of this




CHAIRMAN’S CLOSING REMARKS

You will agree it is difficult or perhaps impossible to sum-"
marize a meeting of this kind, so that the following are simply
a few cursory remarks. I am sorry Astbury is not here this
afternoon because I found his reaction to the meeting, es-
pecially the biological aspects of the subject, intriguing. I
myself have never been an endocrinologist, but have always
locked on the endocrine side of this field as certainly one of
the most complex and the particular steroid field as the most.
complex sector of it. Astbury was very disturbed and anxious,
listening to the biologists in particular, wondering how it
was that they could deal with so involved a situation, when
in experimentally varying one factor, and perhaps that rather
inadequately known, they might also be varying a whole
congeries of still other factors, quite unknown, On the other
hand, I don’t think we need feel too anxious : complexity is an
inherent quality of the subject, and the field must be attacked
subject to all these limitations.

If the best approach is that of planned experiment, it has
also to be combined with a certain biological acumen. It 1s
certain that Gardner’s contribution was a very fine example
of the planned experiment, with quite specific alterations of
experimental procedure, everything being controlled as well
as possible, and, as we now find, beginning to yield something
which has meaning. As for biological acumen, we also find
that beautifully 1llustrated, bined with the pl d
experiment, m Hugging’ work, of which we had such a
wonderful account this morning.

If I may say so, I think it would be quite unwise to adopt

FOORERTR AR DA Y

R

the thing that crops up is very often some feature q{xite unex:
pected that the screen wasn’t devised to detect, so that the
225
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GarpxEr: Did you notice any effect on alopecia and hair growth in
your patients? :

Burcnenar: We have seen it in one patient, a girl treated with
ACTH, She did not get a total alopecia as you see with the antifolics

i but her hair d thinned out. K , oN d

therapy, I tlunk that wasn't so noticeable, I have not noticed it with
the other ones. We have seen hursutism in at least two children who
were treated with cortisone. T don’t think there was any other evidence
of virilism.

Bovrann: Does produce ch; jes? It
would be interesting to see if it produces grey hair 1 dark mice.

DosriNer: There are some experiments underway on that.

GarpNER, Baker has shown that if cortisone is topically apphed 1t
will prevent hair growth locally;hand if systemically applieii 1t will
it pree 3 4 . e - wiloanlgame

' ~ ' ' ' rague
. P 4
‘Hrrrz, Thorn found an increased pigmentation about the site of
Compound E pellets.
Burcnenar: One of our leukzmie patients, a boy of 16, develape:l:

f . .
see it often,

KerLiE. It 1s not very marked?

BurceENAL: It depends. You don’t push many patients to full
Cushung’s I think if you did you would get 1t more often. .

Bece: The Mayo people have included the production of striz a3
part of therr characteristics of the side effects of cortisone therapy.
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You will agree 1t is difficult or perhaps impossible to sum-
marize a meeting of this kind, so that the following are simply
a few cursory Temarks. I am sorry Astbury is not here this
afternoon because I found his reaction to the meeting, es-
pecially the biological aspects of the subject, intriguing. I
myself have never been an endocrinologist, but have always
looked on the endocrine side of this field as certainly one of
the most complex and the particular steroid field as the most
complex sector of it. Astbury was very disturbed and anxious,
listening to the bialogists in particular, wondering how it
was that they could deal with so involved a situation, when
in experimentally varying one factor, and perhaps that rather
inadequately known, they might also be varying a whole
congeries of still other factors, quite unknown. On the other
hand, T don’t think we need feel too anxious : complexity is an
inherent quality of the subject, and the field must be attacked
subject to all these limitations.

If the best approach is that of planned experiment, it has
also to be combined with a certain biological acumen. It is
certain that Gardner’s contribution was a very fine example
of the planned experiment, with quite specific alterations of
experimental procedure, everything being controlled as well
as possible, and, as we now find, beginning to yield something
which has ing. As for biological we also find
that beautifully illustrated, bined with the pl d
experiment, in Huggins' work, of which we had such a
wonderful account this morning.

If I may say so, I think it would be quite unwise to adopt
too physical or too rigid an approach to the problem of screen-
mg. Certainly have the screen planned, thought out, designed
as much as possible, but our experience is that, in spite of all,
the thing that crops up is very often some feature quite unex-
pected that the screen wasn’t devised to detect, so that the
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factor of acumen or whatever you may care to call it 1s
undoubtedly important.

I think we had at this meeting preliminary signs at any
rate of some linking between this field and others, an essen-
tial process if the eventual picture is to be real. We separate
them for mental conveni but it is ging to feel
that a link is beginning to appear b this field and, say,
the general field of protein chemistry in relation to cancer.
‘We had hoped Sir Robert Robinson might be here, bearing
specially in mind his stimulating notion that the administra-
tion of a fresh steroid may result in the appearance of specific
proteins.

Another matter of some interest is that the tumours which
have responded in the chemotherapy results described by
Dr. Burchenal are approximately the same as those which
react to other chemotherapeutic procedures. We have been
very puzzled to know why the lymphomata, plasmacytomas,
reticuloses and so forth respond se briskly to the mustards,
for instance, and why other malignant cell types don't so
react. One possibility is that these are the tumours derived
from the normal cell types particularly concerned with the
production of protem in high amount, and many of them
with the production of immune globulms and so on. We
have wondered whether chemotherapeutic agents may have
a selective action on these cells because they are possibly the
seat of highly active specific protein synthesis in a way that
other cells perhaps are not.

Apart from the questions of protein and protein anabolism
and catabolism and so forth, in Hertz's work again we see
interesting beginnings of a Imk-up with the general field of cell
nutrition, I said at the time that Gardner’s paper seemed to
throw out a general principle, or possibility of such, in the

ignificance of gonadotrophin in carei is. TWe made an
interesting observation in this field about two years a8go-
Actually the fact was noted without our being aware of ﬂ'lc
proper circumstances for some time, but it appears that in
the growth of two or three rapidly growing rat tumours there
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is a most remarkable atrophy of the seminal vesicle. In the
meantime, we have tried to determine what are the governing
condltions, and it has been suggested that gonadotrophin may,
in fact be significant here. e wonder whether, as well as in

a similar requi t may be important in
the growth of the tumours themselves.

Then again Dobriner has just given us another example of
work of great complexity and detail, but with two threads
running through, that malignant disease may be associated
either in its mception or course with decreased gonadal and
adrenal function, and that the therapeutic action of ACTH
and cortisone may possibly be based on specific adrenal
stimulation of one kind or another,

Fmally, we all felt that Foulds’ account of the behaviour
of the mammary tumours he deseribed, being so susceptible,
so dependent, and showing a most remarkable regression at
the time of parturition and at the beginning of lactation, is a
matter which, as I think he realizes, should be followed out
very vigorously.

Those of us from this country are specially grateful for the
massive American contribution to this meeting. In con-
clusion, I should like to convey my personal thanks, and
thanks also on behalf of the Foundation, to all the speakers
for the tume and care which they have so generously devoted
to the aims and success of the Colloquium,




BOOK II

STEROID HORMONES
AND ENZYMES

Ar the time this colloquium was held, programme speakers
were not asked to prepare or submit any manuscript. The
editors are most grateful to the contrbutors for kindly
providing sumimaries of their work, on whxch their remnrks
were based. The general di. ions are, I ) TEP
almost in full.




ASSAY, ACTIVITY AND PURIFICATION OF
B-GLUCURONIDASE

W H. FISHMAN

I. Methods of Assay

ToE hydrolysis of hol gl de to hol and
glucuronic acid by tissue §-gt dase was first employed
as the basis for gl d assay by M {1938).
Measurements were made of the increase in the reduecing
power of the digest which is due to the liberated aldehyde
group of glucuronic acid. At present the determination of

ducing power is perft d with a modification of the ceric
sulphate reductimetric method of Miller and Van Slyke (1936).
The disadvantages of this method are: (1) the necessity of
using rather long periods of incubation; and (2) the residual
reducing power of the tissue extract may be high m crude
extracts, Nevertheless, the reductimetric method for deter-
minmng B-glicuromdase activity has yielded valuable infor-
mation 1n studies on the purification of the enzyme and on
the determination of reaction kinetics.

The method of measuring f-glucuronidase activity employ-
ing phenolphthalemn f-gh ide (Talalay, Fishman, and
Huggns, 1946; Fishman, Springer and Brunetti, 1948) is
based on the principle that phenolphthalein in alkaline
solution absorbs hight at 510 millimicrons to an extent five
hundred times that of the absorption of its glucuronide.
Accordingly, measurements are made of the optical density
of the alkalinized digests under standard conditions. The
method is termed an aglucuronometric method, smee the
principle of the determination depends on the properties of
the aglucurone radical. The same principle has been used by
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Kerr (Kerr, Graham and Levvy, 1948) and Mills (1948) in
their use of phenyl glucuronide as a substrate for B-gluen-
vonidase, In this method, the liberated phenol was measured
by means of the Folin-Ciocalten reagent. Apparently the
enzyme extract requires purification in order to reduce the
value of the phenolic substances in the control digest. At
the present time, the majority of investigators in this field
employ phenolphthalein glucuronide as the substrate with
which to assay glucuronidase activity.

II. Factors in Blood Which Influence 3-Glucuronidase
Activity

A. The addition of plasma to purified p-glucuronidase.

It was found that the addition of plasma to purified dog
liver B-glucuromdase in increasing amounts resulted in a
progressive inhibition of the liver B-glucuronidase activity.
This inhibitory activity is a property of a heat-stable, non-
dialysable, protein-like component or components of the
plasma, The inhibition appears to be a function of the enzyme
concentration in the digest and does not influence the charac-
ter of the pH-activity curve.

Studies have been done on plasma separated from the
blood of human subjects with and without disease, in order
to determine whether any characteristic increase or decrease
of glucuronidase inhibitor was fated with the condition

vof the subject. In about 80 per cent of all subjects studied &

. progressive inhibition of purified B-glucuronidase is observed
upon increasing the relative amount of plasma in the digest.
Another 10 per cent of the patients did not show the presence
of as much glucuronidase inhibitor as did the first group.
In the remainder an interesting phenomenon was observed:
at low concentration of the plasma in the digest, an activation
rather than an inhibition of glucuronidase activity occurred,
and with higher plasma concentration this effect may be res
versed to one of inhibition. No expl ion can be ad
for these findings at the present time.,
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B. Effect of dilution of the tissue homogenate on -
glucuronidase activity.

When one determines 8-glucuronidase activity in different
dilutions of the same homogenates of mouse tissues, essentially
the same activity per gram of tissue is found. On the other
hand, homogenates of rat and dog tissues often show higher
activity per gram of tissue at low dilution of the homogenate.
These findings emphasize the importance of working out
systemahcally the best conditions for assay of f-glucuromdase
in tissues of any given specxes It was noted, also, that the
tissues of the rat contai iderably more (3-gh
activity than did the tissues of the dog, mouse, or rabbit.

The observations described above made it clear that their
adequate interpretation required a knowledge of the properties
of pure B-glucuronidase. Once such a study had been made,
the phenomena observed with crude extracts of liver glucu-

idase could be reinv

I1I. Purification of 8-Glucuronidase

The work which will now be described has been done in
large part by Dr. Bernfeld in my laboratory. Many obser-
vations (Oshima, 1936; Karunairatnam and Levvy, 1949)
indicated that a large variety of organic acids will inhibit the
activity of @-glucuronidase. These include citric, malic,
saccharie, gluconic, glucuronic, and ascorbic acids, as well as
heparin. As a working hypothesis, we have assumed that
B glucummdase in tlssue may be combined with a number of

acidic dingly, in the p

which has been developed prec:p\tahon of the enzyme
Yy has been a new

step whxch has been mtroduced At the end of this punfica-

tion p the p hibits only one pH optimum

at 4 5

It has been reported by Mills (1948) and Levvy (Kerr,
Graham and Levvy, 1048) that certain tissues contain
several glucuromdases which differ only in their pH optha
When our best glucuronidase preparations are tested in the
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presence of various acids such as adenylic, glucuronic,
saccharic, and deoxyribonucleic acids separately, the fa:d
optimum shifts to 2 higher value. Accordingly, itis suggested
that the enzyme preparations of Mills and Levvy which show
two peaks in the pH activity curve represent, not two dif-
ferent enzymes, but the same enzyme combined with one, t¥0,
or more different acidic compounds.

It was further observed that our purest ﬁ‘glucuronidase
preparation exhibited a marked activation of its activity in

the presence of deoxyribonucleic acid. Accordingly, it 15
bel - ~ia~em in +icsue represents a complex ©
the * - one of the most imporﬂmt
of - : 1 1e significance of this postu:

lation remains to be established through more experimenta
work.
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DISCUSSION
Lo R . + - astution of
e the
. . - etivity:
. . on an
enzyme activity? te con-

Framian, We have studied the effect of varymng Lue s>
centration on the activity of glucuronidase. The conditions that Wfl
heed in the dilution expeniments Were those constituting optima

Hon X fhiere is no doubt in mY mind that the

te. N
“elationslup between g-gluouronidase

m
Jative activity of ﬂ-glucummdnse in
te concentration, the curve ascend’
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to a maximum and then drops with excess substrate. This was found
to be the case with three different substrates. Accordingly, the con-
centration of substrate selected in the enzyme assay corresponds with

the optumal concentration observed in the substrate-activity curves.
Forrey: Have you tred to apply the equation of Lineweaver and
Burk? They have evolved an equation which can be fitted to curves
Lke yours, which show inhibition at high concentrations. From it two
n b which would d to

can be
the values you have found.

Fismman: We have not made those calculations,

Mipis: At what pH did you carry out the alksline ammonium
sulphate precipitation?

Frsuman: At pH 8.

Mius: We have observed progressive i ivation of i
at pH 8 and above. When you said that after alkaline precipitation
you get only one h )¢ Wi pont at
pH 7:5-8, T wondered whether you mught be actually destroying
P one of the About the shift in pH optimum
‘which you find 1n the presence of sacchanc acid and similar compounds,

1 think that can be explained, as T will try to show later, on the dif-

e e = ctimmees Anbfeens cedils mammnne s o Tebanda b STT @ TEAL 4

magnesiumn?

FisgMAN: We haven’t found any specific effects of the cations which

would lead us to believe that one of these was essential for activity of
“the enzyme,

Mitis: We have tried vanous metals, calcium, zine, magnesjum,
cl[){ppel‘, and 8o on, as inhibitors and none of them had any sigmificant
effect.

Etsox: Have you trned any serum from cancer patients? You
mention one carcinama of the stomach from which there 1s apparently
no dilution effect. That might indicate that in cancer patients there 13
probably an absence of inhibitors.

Frsaman: These observations concern only tissue S-glucuronidase
sctivity when m the and the

u g tissue.
This phenomenon where the tumour tissue enzyme activity is not

affected by dilution, may or may not be related o the disease.
Eisox 'X was wondering whether you have tred it m the blood
plasma. You mentioned the plasma 10 surgical cases, where it doesn't
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general don’t show this.

Fisaman: 1 don't believe that I can make a definite statement
because you can observe all varieties of behaviour towards glucuron-
dase activity in the serum or plasma of cancer patients: nhibition, no
change, and activation. We would like to obtamn pure §-glucuronidase
and test the effects on it of plasma, serum and tissue extracts. It s
difficult to interpret the results with the relatively crude enzyme
extract employed, because it may contain constituents which will
influence the results.

STorey: Does the glucuronidase prepared by slkaline ammomum
sulphate precipitatton behave in 2 homogeneous manner over 8 Tange
of pH?

Fisaman: As far as we know 1t does.

show this inhibitory actinity. It might be that cancer patients m



THE NATURE, PROPERTIES AND FUNCTION
OF B-GLUCURONIDASE

G T. MILLS

A. The Preparation and Properties of f-Glucuronidase

Durine the past few years we have carried out work on the
purification and properties of glucuronidase in order to learn -
more about 1ts fundamental properties as an enzyme, before
proceeding to a study of the physiological function of this
enzyme. We have used spleen as the starting material for the
Ppreparation sunply because it is the richest known source of
glucuronidase, and we have used ox spleen since the material
is readily available. The method used for the preparation of
active enzyme extracts (Mills, 1948) is, very brefly, a de-
fatting and dehydration of the tissue with acetone, followed
by a water extraction and ium sulphate precipitation,
with subsequent solution 1 water. The fractionation of these
extracts has been carried out with ammonium sulphate
using concentrations determined from salting out curves at
Various pH’s (Mills, 1948). More recently we have been
experimenting with low 3 ure acetone hods of |
fractionation, and these are yielding promising results.

Our main finding 15 that in ox spleen there appear to be
three glucuronidase activities. These three main activities
are distinguished by different pH optima, different affinities
for various substrates and differing behaviours towards
varous inhibitors,

Some of the characteristics of these three enzymic activi-
ties are recorded in Table I.

The glucuronidases are inhibited by many mono- and di-
carboxylic acids, the most potent of which is p-saccharic
acud as first shown by Karunairatnam and Levvy (1949).
These mhibitors affect the glucuronidase in different ways
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Table I
PrOPERTIES OF OX SPLEEN B-GLUCURONIDASE
Ox Spleen Glucuromdase
Substrate
t 1 ur
PpH opfima (n acetate buffers)
1-menthylglucuronide 4.5 50 34
phenylglucuronide 45 52 a4

phenulphthalem glururonide 45 5:2 34
Enzyme-substrates Dissocra-

fion constants at 38°C

(ealeulated according to

Lineweaver and Burk (1934)
1-menthylglucuronide 4 7x10 | 19 0x10°8
phenylglucuromde 2:0x10-* | 51x10-° | 1.2x10°%
phenolphthalein glucuromde | 0-8x10-2 | 2 3x10° [ 1.0x10°*
Energues of actwanon

(calories/mol )
phenylglucuronide 14,700 16,000 19,300
phenolphthalein glucuromde 14,200 16,700 18,800

and some of the findings on the type of inhibition exerted are
shown in Table I

Many other inhibitors are known for glucuronidase, for
example, ascorbic acid, as first shown by Becker and Frieden-
wald (1949); this substance inhibits all three enzymes
non-competitively. The poly-sulphonic acid tryp

‘Table II

TyPE OF INHIBITION OF THE THREE OX SPLEEN B-GLUCURONIDASES
ExERTED 8Y CERTAIN INEIBITORS

Enzyme
Intabator .
1 1 r m
Citrate Ce tit) No L [of
Ovalate * No Inhibition Competitive
Mueate Competitive | Non-Competitive Competitive
C P Ny Ce t P

*Inhubition of such a low order as to prevent an accurate assessment of type:



8-GLUCURONIDASE 237

drug in inhibits gl id at pH's below 4-5,
and then shows no inhibition and even activation above pH
5-5. Heparin also inhibits the glucuronidases in a similar
manner to Suramin.

From =all the inhibition experiments it would appear that
a prime requisite for 2 compound to inhibit gl idase is
the possession of an-acidic grouping in its molecule, which

suggests that the active centre in the varous glucurenidases

may be basic in character.

An important question which arises concerning these three
ox spleen glucuromdases 1s one which must be posed when-
ever an enzymic activity 1s fractionated into a number of
apparently separate entities. Are we dealing with separate
entities existing as such in tissues, do we modify one single
enzyme in various ways during fractionation by the partial
removal of inhibitory or activating substances, or do we
start with a parent molecule and break it up into sub-units,
each having distinctive properties? Evidence which bears
on the problem includes the pH activity curves of an ox spleen
extract at various substrate concentrations.

We have found that by ecarrying out such pH activity
curves at different substrate concentrations in the range
0-00025 to 0 004 u phenolphthalem glucuronide, we obtain
curves of widely differing shapes with optima at the various
points which may be predicted from tbe behaviour of the
purnified fraction at various substrate concentrations, and we
feel that this is good evidence that we are not simply pro-
ducing artefacts by the fractionation procedures used.

Evidence from adsorption and electrophoretic studies of
glucuronidase leads us to believe that glucuronidase exists as
a complex of closely related proteins in the original tissue,
possibly 2 series of protein molecules on a carrier protein
molecule and that each activity can be separated, but is only
active in the p of the carrier molecul

From our electrophoretic and other studies, we have
cohcluded that the 1soelectric points of the various glucu-
ronidases all lie near to pH 5.

ot ENDOC—T

7



36 G. T. MiLs

Table I
PropErTIES OF OX SPLEEN £-GLUCURONIDARE
O Spleen Glucuromdase
Substrate
1 4 m
pH optima (in acetale buffers)
1-menthylglucuronide 4.5 50 34
phenylglucuronide 45 5.2 34
phenolphthalem glucuronide 45 52 34
Enxyme-substrates Dissocia-
tion constants at 38°C
(caleulated accordmng to
Lineweaver and Burk (1934)
1-menthylglicuromde 4-7x10% | 19.0x10-*
phenylglucuromde 2:0x207 | 5 1x10°% | 1:2x1073
phenolphthalein glucuronide 0-8x10-0 | 2.3x10~* | 1 0x107
Energies of actiation
(ealortes/mol )
henylglucuronide 14,700 16,000 19,300
phenolphthalemn glucuronide 14,100 16,700 18,900

and some of the findings on the type of inhibition exerted are

shown in Table II.

Many other inhibitors are known for glucuronidase, for
example, ascorbic acid, as first shown by Becker and Frieden-
wald (1949); this substance inhibits all three enzymes

non-competitively. The poly-sulphonic acid tryp

Table II
TYPE oF INHIBITION OF THE THREE OX SPLEEN B-GLUCUBONIDASES
XERTED BY CERTAIN INHIBITORS

Enzyme
Inhintor
1 ! i T
ot
Srentate Comag! Y Infubition CDmp(‘lI(I\E
Mucate Comy Non-C:
Saccharate | Competitive | Non- Cnmpetltnc Competitive

*Iphubition of such a low order as to prevent an securate assessment of type.
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level by 20 days of nge, and is thereafter constant. ¥rom our
results it is clear that the glucuronidase activity in the liver
is constant when the liver is increasing at its most rapid rate,
and this would not indicate any connection between glucu-
ronidase activity of the Iiver and the growth rate of the liver.

What this fundamental change in the glucuronidase content
of the cell at 20 days of age means is not yet clear. It may
be eoincidental or not that at this age the animals are weaned,

and the change 1n glucuromdase may be related to nutritional
factors or to a change in the state of the endocrine balance
of the ammal,

We have found that the glucuronidase activities of the
liver determined at the four pH values, 3-4, 4 5,5-2,and 740,
behave 1n an identical manner, and we take this to mean that
all the glucuronidases of the liver behave as a group during
the growth and maturation of the animal, We have found
the same to apply in all other experiments we have carried
out on the glucuronidase activity of the liver in various
conditions.

Ve next turned to a study of rat liver during its phase of
rapid growth which follows parhal hepatectomy. Le
al. (1948) recorded that in mose liver tissue following partlal
hepatectomy, there was an increase in glucuronidase activity
8-8 days after operation. In our experiments approximately
70 per cent of the liver of male albino rats was removed by
the method of Higgins and Anderson (1981); the remaining
80 per cent rapidly regenerates, reaching 70 per cent of
normal weight in 4 days and 100 per cent in 15 days.

Our results show that there is no change in hiver glueuroni-
dase activity during the first three or four days after operation,
when liver weight, liver protein and liver DNA are increasing
most rapidly, and the increase i glucuronidase activity only
oceurs when the rapid phase of growth is over.

This finding suggests that the increase in glicuronidase
activity of rat hver which occurs 4 days after partial hepa-
tectomy and which persists for up to 20 days, must be related
to some other factor than proliferation. We have reached the
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We have recently turned to a study of the glucuronidases
of other tissues, particularly the liver, In this organ there
definitely appears to be another glucuronidase, with optimal
activity around pH 6-5-7-0. We had already gained the
itnpression from kinetic examinations of ox spleen extracts,
that such an enzyme existed in spleen, but in liver this
activity at pH 6-5-7-0 15 much more obvious. We are at
present studying the separation of the liver glucuronidases
by ammonium sulphate fractionation and low temperatute
acetone fractionation, and have obtained fractions contain-
ing increased amounts of this fourth glucuronidase.

In‘all experiments on the physiological function of glueu-
ronidase we have assayed tissue extracts at four pH’s, namely
84,45, 5-2, and 7-0.

B. The Function of f-Glucuronidase -
The function of glucuronidase in tissues is still a matter of
conjecture, but various theories have been advanced con-
cernmg its mode of action. There is the metabolic role
suggested by Dr. W. H, Fishman (Fishman, 1940, 1947
Fishman and Anlyan, 1947), who will no doubt say more about
this theory, and I will therefore make no further reference to
it. Levvy and his colleagues (Levvy, Kerr, and Campbell,
1948; Kerr, Campbell and Levvy, 1949, 1950) have suggested
a relationship t the gt idase activity of mouse
tissues and the extent of cellular proliferation occurring in
those tissues. .
Most of our experiments have been carried out on rats, and,
in the first place, we found that the liver glucuronidase ]evsl
of embryonic and young rats was less than that of adult ani-
mals—the adult activity being reached at about 80 days of age.
We have employed the deoxyribonucleic acid (DNA)
content of the tissues as an indication of cell number, as sug-
gested by Davidson and Leslie (1950 z and b), and this tfx}ables
us to obtain an indication of the glucuronidase activity per
cell. Our results indicate that in the young rat the glncuroni-
dase activity per cell is low at birth and rises to a constant

‘
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swhen cestrogen is first secreted by the ovary in sufficient amount to
affect this very sensitive target organ, It js possible that these results
could be related to yours. .

Mirxs: Yes, the chanpe n our experiments may be related to the
endocrine state of the amimals. -

Fiseman. I would Iike to mention a difference which we have ob-
served in the behaviour of our punfied g-glucuronidase in the presence
of citrate. The enzyme after alkaline pmmonium sulphate 1s activated
by citrate ions,

In the course of our punfication we have compared at each step the
ratio of hy is of aad and of menthol
glucuronic acid, and have observed a constant ratio in the course of
purification. This agrees with your observations, emphasizing the fact
that there is no nctus} qualitative dxf{erencc 1n the ability of the varrous

e
Mirrs: There is one point about the citrate activation mentioned
by Dr, Fishman. We cbserved rather a peculiar result when endeavour-
ng to determmne the type of inlubition exerted by oxalic acid. It
inhibited the i at a low as the
inh and at hugher
substrate concentrations the effect of the oxalate was reversed and
became very slight activation, the activation effects being not more

than 10-15 per cent. It appeared to be & function of the substrate
concentration.

R

Frann: Do these diffarancas wath ama nante < oad 6o 1 oom e

. .

Fism The of p-gl idase in tissue
1s very unusual, in that I have yet to find a tissue which did not contain

some f-glucuronidase activity, This contrasts markedly with the
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same conclusion from other experiments on liver damage '
caused by carbon tetrachloride which cannot be given in
detail owing to lack of time. We have confirmed some of the
experimental findings of Levvy and his colleagues on mice,
but in view of our experiences with rats, we feel that the
observed variations in liver glucuronidase activity must be
related to some factor or factors other than cell proliferation,
in all probability a similar process in both rats and mice.

An elucidation of the true function of B-glueuronidase will
only be arrived at by the production of much more experi-
mental evidence than we have at present available.

In conclusion I wish to thank Dr. J. Paul and Miss E. E. B.
Smith for some of the results presented here.
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ON THE MECHANISM OF SYNTHESIS OF
CONJUGATED GLUCURONIDES -

1. D. E. STOREY

hanism by which gl ides are synthesized is
of considerable interest in connection with the subject of this
symposium, in view of the finding that certain of the steroid
hormones and related compounds are excreted in this form
by the animal body. It may be well to point out, however,
that, besides its presence in these glucumnides of relatively
Jow molecular weight, glucuronie acld is wndely distributed

throughout the body in P ides such as chond-
roitin sulphate and hyaluromc ac|d and it is therefore a
bst of great physiological importance.

In the ear]y work on the orgin of glucuronic acid and of
glucuromdes, m most cases the intact animal was used, and
interpretation of the results is generally difficult. Suffice it
B o e tmama o St e ey

3 .
. . vo- . - e
cursor. As such, he suggested lactate, or some other 8-carbon
compound derived from the breakdown of glycogen. Similar
conclusions were reached by Lipschitz and Bueding (1939) in
thewr expenments with tissue slices, Using livers from fasted
guinea-pigs, and borneol or menthol as glucuronidogenic
agents, they were unable to demonstrate appreciable glucu-
ronide formation from hexoses, glucosides or from glucuronic
acid itself, but striking increases were obtained when lactate,
pyruvate or dihydroxyacetone were added to the medium.
Synthests did not take place anaerobically, end cyanide,
fluoride and iodoacetate all inhibited the process. From these
results, they concluded that the synthesis was dependent
upon oxidative processes as the source of energy, and that
phosphorylations were involved.
243
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situation for pepsin or trypsin, or even the acid and alkaline phos-
phatases. In order to constrict a picture of the function of this enzyme,
one must take into account the comparatively wide distribution of the
enzyme 1n the tissue. : .

Mevyer: Do you find a constant ratio of these four enzymes in dif-
ferent batches of spleen?

Mirrs: No, with spleen we don't find very much of the pH 7 enzyme
present at all. With the other enzymes we do find vanations in the
shape of the crude mixture pH activity curve. There do appear to be
sometimes slight variations from one batch to another. They are not
really fundamental changes. It may be just the way the spleens are
treated before we get them,

MeyEr: So the relationship between activities of each of those s
constant from batch to batch? -

Micis: Relatively constant.



SYNTHESIS OF GLUCURONIDES 245
S

liver slices) it suppresses glucuronide synthesis at least 90
per cent.

Sulphate ion is also an inhibitor of the synthesis, and this
has been shown to be due to the formation of an ester sul-
phate of inop 1. It thus app that the ester
sulphate synth g system is peting with that forming

de for the ph 1 available.

" In the present work, the only substance which has been
observed to cause any stimulation of the synthesis of glueu-
ronides is bicarbonate. The rate of synthesis in phosphate
Ringer is very low, but the addition of aslittle as 2 -7 millimols
[litre of bicarbonate can double the rate, and Krebs’s bicar-
bonate Ringer, which contains about 16 mllimols/litre at
pH 7-8, raises it still further. This effect of bicarbonate is
independent of the nutritional status of the animal, and 1s not
due to changes in the pH of the medium, or to differences in
respiratory rates m the two types of media. The most prob-
able explanation appears to be that carbon dioxide fixation
is in some way concerned in glucuronide synthesis. In an
attempt to elucidate whether the Woods-Werkman reaction
(carboxylation of pyruvate) or the carboxylation of a-
ketoglutarate might be involved, experiments were performed
involving the addition of certam P ts of the tri-
carboxyllc acid cycle, such as succinate and malate, to slices
in phosphate Ringer, but the results were inconclusive. The
small increases sometimes observed could well be explained
as being caused by respiratory carbon dioxide.

Finally, it might be of interest to mention the relationship
between glucuronic acid and certan phases of pentose meta-
bolism. In p 105, when a gl ic drug is
administered, a small amount of glucurome ‘aed may be
exereted, but there is also a greatly increased excretion of
pentose (L-xylulose). Furthermore, Enklewitz and Lasker
{1935) have shown that pentosuries give an increased exeretion
of pentose after administration of glucuronic acid. ¥t would
seem that these observations are well worthy of further
investigation,
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This in vitro work has been continued in the present
investigations (Storey, 1950), but a simpler and more mpld
method for the measurement of glucuronide synthesis, using
o-aminophenol as aglycone, was employed (Levvy and Storey,
1949). With both fasted mice and guinea-pigs, considerable
conjugation was observed even in the absence of the above-
mentioned 8-carbon compounds, and addition of these to the
medium at a concentration of 0-02 3 was without effect. The
reason for the discrepaney between these results and those
of Lipschitz and Bueding is not at present apparent. Further-
more, the last-named authors used glucuronate at = concen-
tration of only 0005 31, whereas it has been found that at
0-02 1y, at inhibifs glucuronide synthesis 85 per cent, and at
0-01 M, 56 per cent. Gluconate and saccharate are also
marked inhibitors, 26 per cent and 80 per cent respectively
at the lower concentration, whereas all the other manocarb-
oxylic and dicarboxylic acids tested showed only slight
inhibitory activity. This apparently specific effect of glnen-
ronate suggests that an analogy might be drawn with the
catalysis by phosphorylases of glycosidic linkage formation,
to form starch, glycogen and nucleosides, 1n all of which an

Idose-1-phosphate is one of the system. Corh
Cori and Green {1943) showed that glucese competitively
inhibits the f tion of glycogen by liver phasphorylase.
and in the present inst: it seems a r
that glucuronate may be competing with glucuromc acd-1-
phosphate, or some closely related compound.

Fvidence has been obtained that glucuronide synthes:s,
like other hiochemical synthetic processes, depends on high
energy phosphate generated by oxidative metabolism. The
ns of Lipschitz and Bueding (1939) on the

observatlo

i itory effect Df yanide have been firmed, but their
exp ts with finoride and i te are difficult to
interpret, One agent thch is known to Supprcss ;)w
formation of high energy phosph 2ea-dini

and in the present work, at a concentratlon of 1 xm« 5
(which may actually increase the rate of respiration of
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investigate systems in which the aglycone is an alcohol which may
not conjugate with sulphate,

StorEy: Regarding the relative rates of synthesis, the rates of
synthesis which we have observed with g-aminophenol are approxi-
mately the same as those observed by Lipsclutz and Bueding using

. “
. ' .

solation. i ’

Frsmpan, With regard 4~ *%- - -='=- =2 a0 T
vitro, the relative failure 1 !
selvgs to observe incorpo
manidan ~lamm amsl -l .

- ' .

bynLnesis

MILLS: Thic is verv intoracting fn smam <7 6ho &8 sL_ o1-
acid s i
gates of
aad 1s
that the

It 1s quuie possible that the synthetic system and conjugation systemn
m{yfig\fme__dxse_m‘ct, and that glucuromdase may play some pisn in
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never been reported in nature. .,
I also found it difficult to 1nterpret Lipschitz and Buedmg's data
because they made no distinction between the processes of glucu;o’mh:
s ¢n s . EIR -ty
’ . to
e

1 . .
qucuronate‘were more marked than those of saccharate, citrate and
gluconate. We have Just seen data that these substances are all inhibi-
tors for the hydrolytic activity of g-glucuronidase in extracts, and we
now see that they are mlubitors of synthesis. The failure to observe

i ion when pure gl acid 1s present m the systel
not be surpnsigg. I;ipschl&z and™ T T 7, e

er unusual
tive amine
which may undecgo reactions in the s vttro system, and 1 would thnk
it would be important to 1solate and identify smunophenylglucuronide
after the slices have presumably synthesized & large quantity of this

ation and glucuronide
Sulphates and glucu-
‘We probably should



THE METABOLISM AND EXCRETION OF

SYNTHETIC ESTROGENS, WITH SPECIAL

REFERENCE TO THE FORMATION OF THE
GLYCURONIDES

D H. CURNOW and E. C. DODDS

Tue two most well-known mechamsms employed by the
animal body for the detoxication and ehmination of phenols
are glycuronide and ethereal sulphate formation. It has long
been the practice in carrying out experlments on the meta-
bohsm of phenols to measure 1ncreases in the total combined

ic acid d, or mn the total ethereal
sulphate, produced by feeding or injecting the phenol under
study. In view of the large normal daily vanation in the
excretion of glucuromde in the urine, it 1s only possible to
use these methods when large doses of phenols are adminis-
tered. With the therapeutic dose of stilbeestrol, from a frac-
tion of a milligram to 50 mg. daily, it 1s necessary to follow
its conversion to glucuromide by some other methed. Much
larger doses, however, may be given to expermmental animals,
and the possibility of isolation of the metabolic products is
greatly mereased.

Although other workers have studied the conversion of
some of the synthetic cestrogens to glucuromdes, and Mazur
and Schorr 1solated stilbeestrol monoglucuronide from the
urine of stilbcestrol-treated rabbits, it 1s proposed here to
follow more closely the series of researches carried out at the
Courtauld Institute of Biochemistry under the direction of.
Professor Dodds.

It had been shown that the urmary excretion of adminis-
tered synthetic cestrogen in a biologically active state was
much higher than 1n the case of admunistered natural steroid
cestrogens.

249
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STorEY: If you leave the magnesium out of the medium, it doesn't
make much difference,

FoLiey: Would it have the effect of decreasing the calcium ionst
Have you investigated the effects of concentration of calcium on the
synthesis?

Srorey: Calcium in the medium has no effect.

Wirriams-Asmyan: Have you tried this work in h.omogeinn.us?

=1
w - e L .
methylene blue and brilliant cresyl blue on glucuromde synthesis? They
also will p i from ylation.

Storev: I haven’t done that. The dinitrophenol effect is rather nice
and I thought the dyes would not penetrate, R

WiLLiams-Asnman: Methylene blue would.

StomEY: Also we are up against difficnlty i the way of nter
ference in the colour reaction. ortho-Ammophenol .is not the ideal
substance, but 1t gives a very rapid and very easy way of estimating
activity, There is also the great advantage that you can estimate

iAo Afvonthr A 6 her 4ha Aicammaavanse nf vor phenol

vt Snctan

hate and i fon. The ethercal sulphate is pre.fe're;-
tially formed in & number of compounds, particularly ones which do
not contain a phenol group; but with certam compounds, e.g , 4-anino-
a the i benzidine, the ethereal sulphate
nides. We
d with
in the

mechanism seems to fail, and they are excreted as glucuron
were struck by the fact that this process seems to be associate
incrensed toxicity and even with carcmogenicity, particularly
case of the amnostilbenes.

ites
*We have recently reported glucuronide synthesis by liver homogens
(Dutton, G. J., and Storey, L. D. E , 1951, Biochem. J., 48, xxix), The | gﬂr@;'w:



THE METABOLISM AND EXCRETION OF

SYNTHETIC (ESTROGENS, WITH SPECIAL

REFERENCE TO THE FORMATION OF THE
GLYCURONIDES

D H. CURNOW and E. C. DODDS

THE two most well-known mechanisms employed by the
animal body for the detoxication and elimmnation of phenols
are glycuronide and ethereal sulphate formation. It has long
been the practice in carrying out experiments on the meta-
bohsm of phenols to measure ncreases in the total combined

acid d, or i m the total ethereal
sulphate, produced by feeding or injecting the phenol under
study. In view of the large normal daily vamation in the
excretion of glucuronide 1n the urine, 1t 1s only possible to
use these methods when large doses of phenols are adminis-
tered, With the therapeutic dose of stilbestrol, from a frac-
tion of a mllhgram to 50 mg. daily, it is necessary to follow
its conversion to glueuromde by some other method. Much
larger doses, however, may be given to experimental amimals,
and the possibility of isolation of the metabohic produets is
greatly increased.

Although other workers have studied the conversion of
some of the synthetic cestrogens to glucuronides, and Mazur
and Schorr isolated stilbeestrol monoglucuronide from the
urine of stilbestrol-treated rabbits, it is proposed here to
follow more closely the series of researches carried out at the
Courtauld Institute of Biochemistry under the direction of
Professor Dodds

It had been shown that the urinary excretion of adminis-
tered synthetic cestrogen in a biologically active state was
much higher than in the case of administered natural steroid®
cestrogens,

249
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Stroud, at the Courtauld Institute, injected the synthetic
cestrogens, hexcestrol, diencestrol and stilbeestrol subcuta-
neously into rabbits, and studied the recovery in the urine of
cestrogenically active material, by bioassay. His treatment of
the urine consisted of a 20 hr. continuous extraction with
benzene to obtain the “free” cestrogen, followed by 2 hours
acid hydrolysis of the residual urine, and another 20 hr. ben-
zene extraction to recover the “combined” cestrogen. In this
way he obtained from 17-25 per cent of injected hexcestrol
and stilbeestrol and 7 per cent of the injected diencestrol.
The reason for the low figure for diencestrol will be seen later.
Of the excreted cestrogen, some 70 per cent was found mn the
“free” fraction and 30 per cent “combined.” These figures
were obtained by bioassay, although some 5-15 per cent was
recovered, after hydrolysis, as the crystalline hormone.

On the other hand, cestrogeme activity from the urine of
astrone-treated rabbits accounted for only 1-5 per cent of
the activity of the injected hormone, 0-5 per cent “free” and
1 per cent “combined.” From the urine of rabbits injected
with 1-5 mg. of cestrone, 8 mg. of cestrone and 16 mg. of,
probably, B-cestradiol were isolated. These experiments
suggested a difference in the metabolic paths between the
synthetic and the natural cestrogens.

To obtamn more information on the metabolism of the
synthetic cestrogens, Stroud next investigated the metabolism
of some of the parent hydrocarbons of the cestrogens, and
found that they were excreted as the corresponding phenols|
e.g., diphenyl was converted to 4-hydroxydiphenyl in 25 per
cent yield, stilbene to 4:4’-dihydroxystilbene in 3 per cent .
yield. No trace of the original hydrocarbons was found in the
urine. The metabolism of diphenyl ether, which is itself not
cestrogenic, is interesting i that it is excreted as 4-hydroxy-
dipheny! ether, which is an cestrogen, although a very Weifk
one—100 mg. being required to produce vagmal cestrus in
ovariectomized rats.

- Continuing this type of approach, the metabolism of 4:4™
dimethoxydiphenyl ether and of 4-methoxydiphenyl was -
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investignted. In the rabbit the dimethoxydiphenyl ether
was demethylated to 4-methoxy-4’-hydroxyphenyl ether and
the mono-methoxydiphenyl to 4-hydroxydiphenyl; a little
4:4’-dithydroxydiphenyl was also produced,

This work was followed up by Wilder Smith, Williams and
Mrs. Simpson from a rather different point of view. In the
treatment of cancer of the prostate with cestrogens the
effective control of the carcinoma begins to fail after some
time. It was thought that some adaptation by the body,
involving changes in the metabolism of the cestrogen, may be
responsible for the failure of cestrogen therapy.

The methods of study of urmne from cestrogen-treated
animals and man are, briefly, these: The urine is acidified
with dilute HC] and extracted with ether. This ether extract
contains the free phenols, and the glucuronides. These are
separated by extracting the glucuronides as the sodium salts
with saturated sodim bicarbonate. The phenols are then
removed from the ether by NaOH extraction. The original
urine containing any ethereal sulphate is hydrolysed and the
hberated cestrogenic phenol extracted with ether. The three

_ fractions—{free phenol, glucuronide and sulphate—are then
assayed in ovariectomized rats, or 1n the case of the glycu-
ronide, may be assayed gravimetneally.

By this means it was shown that in rabbits injected with
the synthetic cestrogen, up to 27 per cent of injected diences-
trol was eliminated as the glucuronide, 1-5 per cent appearing
* as the free phenol. With stilbcestrol the figure was sometimes
as high as 46 per cent of the injected dose recovered as the
glucuronide and up to 15 per cent as the free phenol.

In the cat, on the other hand, there was & much lower
excretion—4 per cent recovery as glucuronide and 1 per cent
as free estrogen. The urme of the cat is acidie, while that of
the rabbit is alkaline under normal conditions, but this differ-
ence was shown not to be responsible for the low excretion of
glucuronide 1n the cat, in that producing acid rabbit urine by
dietary means did not prevent the usual large excretion of
cestrogen glucuronides.
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In these experiments it was found that acid hydrolysis of
urines containing diencestrol slways caused a loss of about
90 per cept of the original activity. This was traced to'a facile
cyclization of diencestrol under acid conditions to produce
the corresponding indene, identical with Hobday and Shost’s
“isodiencestrol” and Adler and Hagglund’s “indencestrol A.”

H
H-C ~CH, ]
i H~C ~CH,
¢
N
C—CyH,OH Ne—CaHaOH
—_— 1]
Ho M ko G ct )
M H
Diencestrol Indencestrol A.

This compound possesses about one tenth of the activity
of diencestrol, and it is this which probably accounts for the
low recoveries of diencestro! obtained by Stroud in his early
work.

But to return to Wilder Smith’s work—very similar results |
to those obtained with injected gens were ined after -
the oral administration of h ol, di trol or stilbcestrol
to rabbits.

Orally administered stilbastrol glucuronide was exc.refed
as the glucuronide in 13 per cent yield; subcutaneous injection
produced a 25 per cent excretion of the same substance, This .
appears to show that either the glucuronide is not the end
point of cestrogen metabolism or that the glucuronide is
hydrolysed, some of the cestrogen takes other routes of meta-
bolism and the usual 25 per cent or so is excreted again as the
glucuronide. 3
In prostatic cancer patients, administered stilbeestrol is
excreted in the urine as the glucuronide in yields of 10-60 per
cent,. snd in normal women 10-75 per cent of administered *
- - s recovered as the gl ide. In the prostat
5.1
T . - [
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patients up to 9 per cent was excreted as the ethereal sul-
phate, and in the normal women up to 5 per cent.” In the
rabbit there was 2 much Jower excretion of sulphate, as little
as 0-04-0+5 per cent of mjected stilbastrol, hexcestrol or
diencestrol appearing in this form. There is no evidence that
prostatic cancer patients excrete excessively large amounts
of the glucuronide, and some other factor must account for
the failure of cestrogen therapy.

In the studies with rabbits, the monoglucuromdes of
stilbeestrol, hexcestrol and diencestrol were isolated and identi-
fied and their chemieal and biological properties were studied.
They each have only 5-10 per cent of the cestrogenie activity
of the free cestrogens, using either subcutaneous or intra-
vaginal appheation in the bioassays.

Recently we have started some work on the metabolism
of 17-ethinyleestradiol. In the clinical use of this cstrogen
there have been reports of sustained activity, and although
these have not been very well supported, there has been
suggested a stability in this compound not found with the
unmodified natural cestrogens. Rabbits treated with ethinyl-
cestradiol, however, do not excrete more than very small
amounts of active materal in the urine. This study is being
pursued at the Courtauld Institute and should reveal some
very interesting facts, especially with the use of a radioactive
ethmylmstradml.

ion it is only 'y to r hasize the very
1mportanc part that glycuronide synthesxs plays n the
metabolism and excretion of the synthetic cestrogens, and the
ease of this synthesis and excretion, in contradistinction to
the small excretion of the glycuronides of the natural steroid
cestrogenic phenols.

DISCUSSION

Qupemers Thagpncbast oo oot et o v 1 e e

COLL. ENDOC —1
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In these experiments it was found that acid hydrolyss of
urines containing diencestrol always caused a loss of about
90 per cent of the original activity. This was traced to's facile
cyclization of diencestrol under acid conditions to produce
the corresponding indene, identical with Hobday and Short’s
“isodiencestrol” and Adler and Higglund’s “indencestrol A.”

H
H=C ~CH, |
i H-c =i,
c
N C
C—CH,OH Ne—cyHioH
c” cH ! e
HO (TN o §TCH
H H
Diencestrol Indencestrol A.

This compound possesses about one tenth of the activity

of diencestrol, and it 15 this which probably accounts for the
low recoveries af diencestrol obtained by Stroud in his early
work.
But to return to Wilder Smith’s work—very similar results
to those obtained with injected cestrogens were obtained after
the oral ion of h 1, di trol or stilbeestrol
to rabbits.

Orally administered stilbeestrol glucuronide was excre?ed
as the glucuronide in 13 per cent yield; subcutaneous injection
produced a 25 per cent excretion of the same substance. This
appears to show that either the glucuronide is not the end
point of cestrogen metabolism or that the glucuronide is
hydrolysed, some of the cestrogen takes other routes of meta-
bolism and the usual 25 per cent or so is excreted again as the

glucuronide. . i
In prostatic cancer patients, administered stilbestrol is

exereted in the urine as the glucuronide 1n yields of 10-60 per
cent, and in normal women 10-75 per cent of administered
hexcestrol is recovered as the glucuronide. In the prostate
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Fourey: I believe Emmenin, a prepamnon of cestriol glucuronide
made in Montreal, 13 orally active. Does it give satisfactory results?
Curxow: Idon't know its activity relzmve to wstriol.

Fouiey: Have you any evid of I of gl d
in clover ot grass? e
PR ON s cem 3o e
grass. - e
no acty . .

alntan .

pared by Dr. Graham, which I tried to use for'pr‘egnne‘dxo‘x ghucuronide
n urine, but the hydrolysis was f.-u- from comp lete. .
Fismman: Dr. Dobriner his

with
y
diol glucuromde nnd gauges the amount of enzyme to use from its
ahilityr b herdualuen nomen!

we have needed rather a lot of spleen to get enough enzyme.
Miuis Very roughly we get -5 mg. of phenylglucuromde hydro-

Tyead ~ne

T
1
practicable, #s seems to have been done.

Fismman, It has the advantage that there are no tarry products
produced 1n the course of enzyme hydrolysis, in contrast to the material
Tesulting from ac1d hydrolyss.

Storey: How long do you have to imcubate the urine with glucu-
ronidase?

Fismuane T think that Dobniner incubates overmght, about 24 hours

StorEy: 1 wondcred whether the ethet extl’actmn of the urine before

downg the 15 really fool-
proof Some glunurnmdei are not soluble i ether, that's why we do
them in acrd solution

Curnow. We have tested the glucuronides of the synthetic estro-
gens by adding them to urine, and extracting with ether. They were
guentiatnely tecovered.

‘oLLEY" Do you get a monoglucuronide of stilbeestrol?

\
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glucuromdase. Would 1t be possible 1o use vegetable glucuromdases,
hke baikalinase or ones produced by miero-organisms?

Frsuman: Dr. Dobriner at the Cancer Memonal Hospital is using
spleen plucuronidase added directly to urine concentrates after they've
been fractionated, and he is satisfied with the results of hydrolysis, in
that apparently there are no artefacts produced, no changes such ss
oceur with acid hydrolysis. Dr. Doisy and his group i St. I‘}““ are

V ™ ol
18,
: 5
i
. 1
and
biolo
One
admimstered.
CurNow: With injected stilb: ) 3 hough there 1S

about 75 per cent of 1t not excreted as such, it 13 nteresting that durmg

1 . s

P N »r cent
ride, 1

+ cation

mechanism.

|2 SUUUVUUNS TSRS SO



THE EFFECTS OF HORMONES ON
8-GLUCURONIDASE ACTIVITY

W. H. FISHMAN

Mouse Tissues

In 1940 it was observed (Fishman, 1940) that the fB-glucur-
onidase activity of liver, kidney, and spleen of animals fed
menthol or borneol showed an increase which was not seen
in the sex organs. Later it was found (Fishman and Fishman,
1944; Fishman, 1947a) that upon ovariectomy of female mice,
the uterine §-gl dase activity exhibited a d and
that this activity could be restored to normal levels by the
administration of cestrogen The enzyme activity of the
non-sex organs, liver, kidney, and spleen, showed no signifi-
cant change throughout these experiments, This effect
seemed to be specific for cestrogens, and these observations
have been confirmed and extended by ourselves and other
investigators.

A fundamental question which presented itself for study
was whether or not the increase in the glucuronidase activity
of the cestrogen-stimulated uterus was the reflection merely
of the growth of the tissue. When the data were examined,
it was found that there was no correlation between the total
uterine nitrogen and glucuronidase concentration. Since this
study, we have encountered a number of situations in which
marked growth of a tissue was not accompanied by an
increase in its glucuronidase concentration; and conversely,
tissues have been made to increase their glucuronidase
activity markedly without any appreciable amount of cellular
proliferation.

Several possibilities have been dered to explain the
in vivo function of f-glucuronidase: the enzyme may be en-
tirely hydrotytie, completely synthetic, both ‘hydrolytic and

257
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Curnow: Yes. :
FoutEy: Why isn’t it a diglucuronide? \Vhen one of the pl\:qnl:c
RS A R T S e T L e et b

for example), and there may bé some diglupuronide prescnt, although
this is doubtful. .

Mices: Pl h ide §s also a d
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McDenald and Odell (1947), who limited their investigation to
the serum (-glucuronidase activity. It is interesting to note
that the elevation in B-glucuronidase activity of the serum
and plasma coincides with the tion of progressively
greater amounts of ed steroid gl ides in the
urine.

It has been observed that the postpartum fall in serum
@-glucuronidase activity could be postponed by the admini-
stration of stilbeestrol (Fishman, Odell, Gill and Christensen,
1950). This would suggest that cestrogens may be responsible,
1n large part, for the elevated serum B-glucuronidase activity
seen at pregnancy.

Odell and McDonald (1948) also demonstrated that women
with the syndrome of pre-eclamp ia often p
extraordinarily high serum B-glucuronidase values.

Observations on Human Vaginal Fioid
8-Glucuronidase Activity
0dell and co-workers have reported (Odell and Burt, 1949)

that high glucuronidase activity in the vaginal fluid was
characteristic of women with cervical cancer, and this
characteristic could be used as a diagnostic aid. In our studies
{Fishman, Kasdon and Homburger, 1950) we have concen-
trated, first, on investigating the infl of p ¥t
factors on vaginal fluid B- glucuromdase actwnty It was
observed that in normal subjects a very wide range of glucu-
romdase activity in vagmal fluid occurred, with low values
inating 1n the pre-t T I state and high values

g in post: P 1 women. It was also
observed that in women who have undergone pan-hysterec-
tomy in which there remains no uterine tissue, high values of
vagnal fluid B-glucuronidase activity were frequently found.
From this control study it was concluded that the uncritical

determmatlon of vagmal fluid B glucuromdase activity cannot
be used as a d

i
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synthetie, or have another function still wnknown. The
physiological experiments dealing with tissue changes in
B-glucuronidase activity have been interpreted on the basis
that B-glucuronidase participates predominently in the syn-
thesis of glucuronides, a process of “metabolic conjugation”
in which the conjugate represents the form n which the
hormone is utilized in the tissue,

Interaction of 3-Glucuronidase and
(Estriol Glucurenide in Vitro .
From an examination of the Michaelis Constants (Ky) and

the affinities vKl—) determined in experiments (Fishman,
m
1939; Talalay, Fishman and Huggins, 1946) in which the
varjous glucuronides' were hydrolysed by spleen B-glucuront-
dase, it is evident that the enzyme has a rather high affinity
for cestriol glucuronide. No significant difference was found
in the K, values obtained when cestriol glucuronide was
hydrolysed by mouse ovarian and splenic glucuronidase
preparations. .
Concerning the in vive function of f-glucuronidase, it 18
desirable to point out that glucuronidase represents a protein
of tissue which has a high affinity for cestriol glucumnide.

Blood B-Glucuronidase in Pregnancy and
Toxemias of Pregnancy
The activity of P-glucuronidase in the blood cells and
women throughout pregnancy and parturition
(Fishman, 1947b) has shown » relatively high concentration
of the enzyme in the cells (which is true also of non—pregr;fmt
subjects) and 8 progressive ner in‘ the gl
which is terminated at parturition, This phenomenon has
|pvestigated  extensively and independently by

plasma of

been
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McDonald and Odell (1947), who limited their investigation to
the serum B- glucurunlduse activity, It is interesting to note
that the elevation in B-glucuronidase activity of the serum
and plasma coineides with the excrehon of pmgressnvely
greater amounts of jugated steroud g ides in the
urine.

It has been observed that the postpartum fall in serum
B-glucuronidase activity could be postponed by the admini-
stration of stilbeestrol (Fishman, Odell, Gill and Christensen,
1950). This would suggest that cestrogens may be responsible,
in large part, for the elevated serum B-glucuronidase activity
seen at pregnancy.

Odell and McDonald {1948) also demonstrated that women
with the syndrome of pre-ecl 1c ia often p
extraordinarily high serum Bg]ucurumdase values.

Observations on Human Vaginal Fluid
8-Glucuronidase Activity

Odell and co-workers have reported (Odell and Burt, 1949)
that high glucurcnidase activity in the vaginal fluid was
characteristic of women with cervical cancer, and this
characteristic could be used as a diagnostic aid. In our studies
(Fishman, Kasdon and Homburger, 1950) we have coneen-

trated, first, on inv g the i of physiolog
factors on vaginal flud B-glucuromdase activity. It was
observed that in normal subjects a very wide range of glucu-
romdase achvxty in vaginal fluid occurred, with low values
ing in the pre- P 1 state and high values
frequently occurrmg in post-menopausal women. It was also
observed that in women who have undergone pan-hysterec-
tomy in which there remains no uterine tissue, high values of
vaginal fluid B-glucuronidase activity were frequently found.
From this control study 1t was concluded that the uncritical

determmahon of vagmsl fld B glucuromdase activity cannot
beusedasad

g P
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The level of B-glucuronidase activity in the vaginal fluid
in menstruating women appears to be under the control of
ovarian function. Thus, we have found a low range of values
at mid-menstrual cycle. At the present time, work is under
way in an attempt to further define the factors which eontrol
vaginal fluid f-glucuromdase activity, so that it may be
possible to utilize this phenomenon for clinical purposes.

v
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DISCUSSION
Forrcy: What do you understand exactly by vaginal nsecretmn?
! . ' he
of

U

FOLLEY. 1 wumutewes b

ical secretion. toi
(e;v’lsc;m We know Lttle concerning the glucuronidase activity of
i ameriy Healf

‘They PRS- % it out in long threads, sometimes as much as one of
Wher:'};(tml::gn 131711919:15 at mid-cycle it is sticky and won't pull out in
o fef *
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flmnndy Yo et o aftocncs oo o <A the changes in glucuronidase

. ® e placenta for glucuronidase

“"Fisnsan: 1 don't recall the figures which we obtained. They were

not excessive for the human placenta.

Gouven. Could glucuronidase activity in the utenne endometrium
e fapai pentnth R

Fismean: Very litle is understood of the hormonal state ymmedi-
ately after partuntion. There must be quite @ violent transform-
ation going on, and that js why e are not certain how to mterpret
tl e stilbeestrol factor. But this 15 one situation where cestrogen has
an *‘f\%ct. Many people try to explam all of the hehavm:‘xr of ﬂ-g]uc:‘n-
PAMIAGEn e #han fimate A8 AL Toktom s 4 by amA 1o venon Sha

endometrium of pregnant women?

Fismsan: As T understand 1t, there 15 a decadual tissue which 1s not
pure endometrium any more, because the growth of the placenta pre-
because we haven’t been able to construet a satisfactory assay method.
However, we have seen some very interesting phenomena 1n asatic
flund or pleural flmd taken from patients with eancer. e usually
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tha; there is an inhibitory effect of the fluid upon the cellular glucur-
onidase,

Busm: Are there changes of glucuronidase activity with other hor-
mones?

Fismman: Progesterone given to castrate female mice has no effect
on uterine glucuromdase. Very httle is known with respeet to noa-
cestrogenic hormones.

Goucr: Have you studied glucuronidase i an anovulatory cycle,
when there is no diol and no p rise?

Fisuman: No.

Forrey: Is the enzyme present in the urine?

Fisaman: Yes.

WiLLiAsS-ASEMAN: When you admimister cestrogens to ovariec-
tomized anumals, how long do you have to administer them before you
can observe any change in the uterme g-glucuronidase activity?

FismtaN: That depends upon the mode of administration, The dos-
age was regulated to correspond exactly with the regular vaginal smear
assay technique for cestrogens, so that they were given a divided dosage
over three days and killed on the fifth day. But we did an expenment
where a single injection of cestrogen dissolved in aqueous alcohol was
given. The glucuronidase level was elevated about 20 per cent after
one day, but by the third day it was down again.

There was one fact which may have some bearing on the time
relationship of astrogen action and g-glucuronidase response. The
‘Astwood technique for assaying cestrogens involves the measurement
of the increment In uterine weight of mice i trogen,
and that merease 1n weight 15 due almost entirely to accumulation of
water, Cell division, as I understand 1t, starts some time later. During
this phase when water accumulates, the first six hours, there fs 10
change 1n_glucuromdase activity per gram of tissue, so ‘that the
g-glucuronidase Tesponse must occur after the phase in which water
accumulates, and might be related to the cellular divzsion 1 this

instance.




ENZYMES IN THE CORPORA LUTEA OF THE
RAT DURING PREGNANCY AND LACTATION*

R. K. MEYER

TuE actwvity of succimic dehydrogenase, mahe dehydro-
genase, adenosine triphosphatase, alkaline and acid phospha-
tases and anaerobic glycolysis enzymes was determined
in homogenates of the corpora lutea of pregnant and lactating
rats. All enzymes varied in activity i both reproductive
phases. Especially noteworthy were the increases 1n succinic
dehyd: malic dehydrog and anaerobie glycolysis
during the first eleven days of pregnancy. The maximum
values for these enzymes were found during the time that the
corpora of preg Yy were their weight.

Acid phospt and ad ine triphosph declined
in activity 1n the corpora of pregnancy during the first eleven
and fifteen days, respectively. The greatest activity for the
enzymes was observed during the last six days of pregnancy.

Anaerobic glycolysis, acid phosphatase and adenosine
triphosphatase exhibited relatively hittle change in levels of
activity during pregnancy, when compared with mahc and
succmnie dehydrogenase. However, the activity of adenosine
triphosphatase and alkahne phosphatase in the d ing
corpora of pregnancy was much greater than that found when
the corpora were functional. The activity of the other
enzymes 1n the degenerating corpora of pregnancy was
decreased markedly soon after parturition.

Histochemical studies showed that alkaline phosphatase
in the corpora of both pregnancy and lactation is largely con-
centrated n the vascular tissue, with relatively httle, if any,

*The data presented m this sertes of reports are the results of the co-
operative efforts of my colleague, Dr. W H McShan, our graduate students,
and Dt E, G. Shipley

263
m
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in the lutein tissue. This observation serves to illustrate
the importance of histochemical studies for the localization
of enzymes in specific cells, and in interpreting data obtained
by biochemical determinations of enzyme activities of an
organ.

The succinic dehydrogenase activity of the corpora lutea
of pregnant rats hypophysectomized on the eighth day of
gestation and killed on the twelfth day is decreased when
compared with that of corpora of normal controls in the same
stage of pregnancy. However, the enzyme activity in the
corpora of the rats hypophysectomized on the twelith day
of pregnancy and killed on the fifteenth day, is like that
found in control rats.

The data suggest that for the first eight to ten days of
gestation in the rat the activity of succmic dehydrogenase of
the corpora is dependent on the pitwtary gland, and that
after the tenth day the placenta is largely, if not wholly,
responsible for maintaining the activity.

During lactation the succinic dehydrogenase actinity of the
corpora decreases markedly after hypophysectomy on the
fourth, eighth or twelfth days, which demonstrates the im-
portance of the pituitary gland in the maintenance of the
function of this enzyme during lactation.

Definite patterns of changes in enzyme activity occur in:
the corpora lutea of the rat under the natural and experimen-
tal conditions studied. These patterns are correlated with
anatomeal and functional changes in the gland, and with the
Jevel of trophic hormones acting on the gland,
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in the lutein tissue. This observation serves to illustrate
the importance of histochemical studies for the localization
of enzymes in specific cells, and in interpreting data obtained
by biochemical determinations of enzyme activities of an
organ.

The succinic dehydrogenase activity of the corpora lutes
of pregnant rats hypophysectomized on the eighth day of
gestation and killed on the twelfth day is decreased when
compared with that of corpora of normal controls in the same
stage of pregnancy. However, the enzyme activity in the
corpora of the rats hypophysectomized on the twelfth day
of pregnancy and killed on the fifteenth day, is hke that
found 1n control rats.

The data suggest that for the first eight to ten days of
gestation 1n the rat the activity of succinic dehydrogenase of
the corpora is dependent on the pituitary gland, and that
after the tenth day the placenta is largely, if not wholly,
responsible for maintaining the activity.

During lactation the succinic dehydrogenase activity of the
corpora decreases markedly after hypophysectomy on the
fourth, eighth or twelfth days, which demonstrates the im-
portance of the pituitary gland in the maintenance of the
function of this enzyme during lactation.

Definite patterns of changes in enzyme activity occur in.
the corpora lutea of the rat under the natural and experimen-
tal conditions studied. These patterns are correlated with
anatomical and functional changes in the gland, and with the
level of trophic hormones acting on the gland.
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of involution which follows weaning there is a fall in the enzyme con-
centration. T wonder if the enzyme co content of both these tissues is
under S~ ~mmbenl A8 $hn Aot st - b
views .
gested ¢ 7" '
concer! .
synthe

MEYER: It is certainly ‘true that the con-elatlons are there. With
regard to the action of luteotrophin, during Jactation when we have
this large increase 1n alkeline phosphatase, larger than during preg-
nancy, the corpora are small, At the same time the mammary glands
are, of course, very active, s0 that makes a good correlation, It may be
that dunng Iactation the output of luteotrophin from the pituitary

during pregnancy and the absence during Jactation. The succinie
and alkalin are high, for example, in these
smau corpora lutea dunng lactation. In pregnancy the corpora will
increase 400 per cent 1n size. We have not been able to explain what
the “survival value” 1s of this large corpus luteum. It may be that
during the latter half of pregnancy in the rat the corpus luteum is
acting as a supplementary producer of adrenal cortical hormones,
because one can at least build up a case that the metabolic stress during
the latter half of pregnancy s tremendous and the corpus luteum
may not be producing much progesterone at that time. This is indi-
cahed by the studies of Atkinson and Hooker on the mouse, As we
kno wall in the
ammal and the corpora lutea are sufficient dunng pregnancy to main-
tam Iife in the adrenalectomized rat, so there 1s undoubtedly an inter-
play between these two tissues.

Preguancy. )

Mryer: Everett’s work shows the importance of studying cholesterol
content during these functional phases, and that deserves further
study.

Kocuakian: There 18 a general trcnd towards the view that alkalme

15 nvolved n
and build-up of pratemns rathe'r than the splitting of phosphate. 1
think your thoughts fit might in with this concept

FlSIlhlAN It 15 cﬂnamly easier to imagme that these changes in
en; with the sy of cell matenal
rather than with theu‘ breakdown, however we may measure the
activittes an mitro. 1 was wondering what might happen to an




ENZYMES IN THE PLACENTOMA OF THE RAT
R. K. MEYER )

PLACENTOMATA produced artificially in the pseudopregnant
rat were examined for the presence and quantities of alkaline
and acid phosphatases, fB-glucuronidase, succinic and malic
dehydrogenases, and nucleic acids. Tissue was collected for
analyses on the sixth, seventh, ninth, tenth, eleventh and |
twelfth days after the uterus was traumatized.

Alkaline phosphatase activity mcreases rapidly up to the
seventh day after the uterus has been traumatized. At this
time the formative stage of the placentomata has been
reached. During the involutional and degenerative phases
(ninth to twelfth days) the alkaline phosphatase dechnes to
very low levels. Acid phosphatase, however, is low when the
placentomata are developing, reaching high values at the
time necrosis is most marked.

Both nucleic acids are greatest m concentration on the
seventh day, and decline slowly through day eleven.

Succinic and malic dehydrogenase and 8-glucuronidase are
found most active during involution and necrosis.

REFERENCE
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3tomen matiang an albahne nhaenhataea in mammary
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. L PIPOU Y R A AN (PR |

TICKNER Cnn you tell me at what stage of pregnancy the adrenals
Were remov

MEeYER" The adrenals were removed on the 12th day.

Busa, How did you measure the progesterone?

Mever The data are from Laqueur and Koets They didn’t measure
progesterone directly. They computed it from the

Buse Right in the corpora lutea?

Mever: Yes. They also determuined the total lipid and cholesterol
content and water content 1n the corpora of pregnancy,

FoLLEY: ITave you studied the adrenal cortex?

MevEr. No, we haven't,

FoLu:Y' We have studied the nlkalme phosphatase 1n the whole

’ve no tween the cortex and
medulla—nnd we find that the alkaline phosphatase level 1 the kidney
15 constant 1n and lactation,

Kocmaxtan: 1 would expect as much from astrogen studres.

Fowtey Is your alkaline phosphatase fully activated with mag-
nesium? Have you worked out the percentage activation that can be
brought about by magnesium to see whether there are any differences
there?

Mever. T think that we have worked out the optimum conditions,
though I can’t remember the exact data. This was done three years

Kocmaxian Has anybody actually shown that you can get a differ-
ence using full activation?

FouLey Idon't thmk snyone has shown that, but differences in the
have been observed, though
these were not sufﬁclently great s0 that different trends were observed
at full activation from those shown by the enzyme 1n its natural state.

K We have some studies, with and without
magnesium, and no divergence 1 results has been observed as yet.

greater activity than has been demonstrated. Funhermore, 1n these

ave to t we have the cyto-
architecture of the cell and that the enzymes may not be working at
the potential activity which they would have in e intact eoll

corL, ENDOC —1

3
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adrenalectomized pregnant rat.  Wall the animal’s corpus luteum
protect it?

Mm'x:n “e have been duing sumc expenmems along that line. H
you wilt

nlthough parturmon is d:ﬂ‘lcult. Thc corpnra lutea do not undergo

parent animal,

. ' o >phy to 7 and 8

- . . . L "This indicates

as an end organ.
FowLev: Kave you done any experiments on making rats pseudo-
pregnant and then giving lactogerne hormone? Might it put up the
alkaline phosphatase, for instance, above the value you get in late
pregn:mcyz

th;;::’w:n. Yes, We made similar studies, but not as “gmpmdy' .‘Bg-‘
and uring pse
;\:t:;‘:"m ¥ Fi “bm,, ‘Wc snw m\n:h the same. pxd“" ar e e teen

o Ty
PoS b e haven't been domg anything with utein tissue. It

B,Lf:;fog::xem];:, hut we were, 50 to speak, cutting our teeth on liver.
on



THE EFFECTS ON ENZYMES OF ANDROGENS
AND GROWTH HORMONE*

CHARLES D. KOCHAKIAN

Dr. Kochakian presented data from many experiments by
himself and co-workers. Most of this material has been pub-
lished elsewhere, and summaries of these publications, prepared
by Dr. Kochakian, are given below.

Tue Erffect oF CASTRATION AND TESTOSTERONT PROPIONATE ON

D-AMINO Actp OxIpase Activrry 1N THE Mouse. Science 98, 89
{1943). L C, Clark, Jr., C. D, Kochakian and R. Phyllis Fox.

Tie mouse kidney loses part of its ability to oxidatively
deammnate p-alanine as a result of castration. The admini-
stration of testosterone propionate not only restores this
property, but increases it above normal.

Tie Emm- oF f‘ AND TE ON THE

LRALINC"” AND “ACID” PHOSPHATASES OF -nm KipNEy, LIvER,

ND INTESTINES OF THE Mousc. J. biol. Chem., 153, 669-674
(1944) Charles D. Kochakian and R. Phylis Fox

There was a decrease in the “alkaline” (pH 9 8) phosphatase

ied by ani in the“acid” phospt (pH 4-9)

in the kidneys of normal and castrated mice treated for 85

and us days with a subcutaneous pellet of testosterone

te, Castration lted in a d in both of the

enzymes in about the same proportion as the diminution in

kidney weight.

The enzymes of the liver and intestine were not signifi-
cantly changed as a result of testosterone propionate treat-
ment or castration,

AT b o
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.
maintain pregnancy depend in any way on the size of the Iitter? Sup-
posing you happened to have a small hitter or took some away, would
one corpus luteum be enough?

Mever: I don’t know. You mean that if you do a unilateral
hysterectomy during pregnancy, the number of corpora lutea needed
would be Jess than one? That we haven’t tned.

Busn: How does the actiity of ADT-ase compare with that of
muscle?

Meyer: It is low.
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88: 17a-diol caused decreases of 33 to 89 per cent. The
changes were not related to changes in kidney weight or
amount of material absorbed.

The increases in arginase activity represented greater
amounts of enzyme and not a production of arginase acti-
vators.

The kidneys of the castrated mice contained the same
amount of total arginase but greater amounts per gram of
tissue than did those of the normal mice.

Tae ErFecr or DoSE anp Nutrimive Starte oN KIDNEY ARGINASE
AFTER STEROID STIMULATION. J. biol. Chem., 161, 115-125 (1945)
Charles D. Kochakian

The increase in arginase activity obtained in the kidneys of
castrated mice treated for 80 days with various steroids
implanted subcutaneously as pellets is related to the amount
and the chemical structure of the compound absorbed. There
is at first a decrease 1n arginase activity of the kidney which
occurs during the phase when the kidney is increasing 1n size
to its maximum response. This imtial phase is followed by a
rapid increase in arginase activity. These two phases are
altered by the chemical structure of the steroid. Testos-
terone, testosterone propionate, androstane-3a:17a-diol, and

d -17e-0l-3 prodi almost identi P
per mol of steroid absorbed, The introduction of the 17-
niethyl group (17-methyltestosterone and 17-methyl-andro-
stane-3¢* 17a-diol) causes a rapid initial increase instead of a
decrease in arginase activity, which then continues at a slower
Tate of increase until it becomes 1dentical with that of the
former compounds.

Undernutrition does not affect the abihty of the steroids
to stimulate arginase activity per gram of tissue, but decreases
t?}e total increase because of the smaller increase in kidney
size.

It 15 suggested that the increased arginase activity is
related to synthetic processes such as protein anabolism and
glycocyamine formation.




The tissues of the older mice contained more “alkaline”
phosphatase than those of the younger animals.

HISTOCHEMICAL STUDY OF “ALKALING” PHOSPATASE OF THE KIDNEY OF
TRE CASTRATCD MOUSE AFTER STIMULATION WITH VARIOUS.
ANDROGENS, Amer. J. Physiol , 152, 257-262 (1948) Charles D
Kochakan. .

The distribution of the “alkaline” phosphatase of the kidney
of the mouse has been studied after treatment with eighteen
different steroids, many of which were studied at several
dose levels. There was a progressive decrease in the enzyme
from the distal end of the proximal convoluted tubule
towards the glomerulus, with a slight increase in concentration
at the glomerular end. These changes paralleled the increase
in kidney size under steroid stimulation, so that at maximum
stimulation the kidney showed varying degrees of depletion
of the enzyme in its nephrons.

TaE EFFeCT OF CASTRATION AND VARIOUS STEROIDS ON THE ARGINASE
ActiviTy oF THE Tissues oF Tee Mouse. J. biol. Chem , 155,
579-589 (1944) Charles D Kochakian,

Mice weighing 16 5 to 19-5 g. were castrated, and one
month later 14 41 mg. pellets of various steroids were implan-
ted subcutaneously. Arginase determinations were made 10
and 30 days later. None of the steroids affected the enzyme
content of the liver or intestine, but many of these compounds
markedly increased and a few decreased the arginase content
of the kidneys. The order of change in per cent difference
per gram of kidney tissue for the 30 day experiments was as
Tollows: methyl 632; t one, 584; testos-
terone propionate, 308; 17-methyl-androstane-3a:17a-diol,
269; androstan-17e-0l-3-one, 135; a-cestradiol, 88; androstane-
ga:17a-diol, 71; 17-vinyltestosterone, 55; testostemne-s-’ace-
tate-17-propionate, 35. Much greater chang.es were obtfxmed
when the values were calculated on the basnf of total tissue,
Fighteen other compounds had no effect, and isoandrosterone,
17,meth§vlandrostene‘5[3~ 17a-diol, and 17-methylandrostane-
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8f: 17a-diol caused decrenses of 83 to 39 per cent. The
changes were not related to changes in kidney weight or
amount of material absorbed.

The increases in arginase activity represented greater
amounts of enzyme and not a production of argmase acti-
vators.

The kidneys of the castrated mice contained the same
amount of total arginase but greater amounts per gram of
tissue than did those of the normal mice.

Tae Errecr or DosE AND NUTRITIVE STATE oN KIDNEY ARGINASE
AFTER STEROID StrstuLaTION. J. biol Chem , 161, 115-125 {1945)
Charles D. Kochakian,

The increase in arginase activity obtained in the kidneys of
castrated mice treated for 80 days with varous steroids
implanted subcutaneously as pellets is related to the amount
fmd the chemical structure of the compound absorbed. There
is at first a decrease in arginase activity of the kidney which
oceurs during the phase when the kidney is increasing in size
to its maximum response. This initial phase is followed by a
rapid increase in argmase activity, These two phases are
altered by the chemical structure of the steroid. Testos-
terone, t Ppropi 3 -3a:17a-drol, and
androstan-17a-ol-3-one produce almost identical responses
Pper mol of steroid absorbed. The introduction of the 17-
niethyl group (17-methyltestosterone and 17-methyl-andro-
stane-8a: 17a-diol) causes a rapid 1nitial increase instead of a
decrease in arginase activity, which then continues at a slower
rate of i until it by dentical with that of the
former compounds,

Ul}dernutritnon does not affect the ability of the steroids
to stimulate arginase activity per gram of tissue, but decreases
gxzee total increase because of the smaller increase m kidney

It is 1 that the i d arg actwvity is
related to synthetic Processes such as protein anabolism and
glycocyamine formation.
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Errecr oF TESTOSTERONE PROPIONATE AND Growrn HomMoss ox
THE ARGINASE AND PHOSPHATASES OF THE ORGANS OF THE MoUsE,
Amer. J. Physiol., 155, 262-264 (1948) Charles DD, Kochakian and
Constance E. Stettner. .

Mice were castrated at 17- to 19-grams body weight and
one month later were (1) implanted subcutaneously with a
14-15 mg. pellet of testosterone propionate, (2) injected
subcutaneously with 1-1 rat U/day of growth hormone, and
(8) treated simultaneously with bath hormoenes for 10-, 20-
and 34-day periods. Testosterone propionate produced the
expected marked increase in kidney arginase, small inerease
in “acid” (pH 5-4) phosphatase and marked decrease in
“alkaline” (pH 9-8) phosphatase activities. Growth hormone
was ineffective, but when administered simultaneously with
testosterone propionate, 1t decreased the arginase-stimulating
effect of the androgen to one-half.

The liver enzymes were not affected by erther of the hor-
mones. The small increases in liver size were accompanied by
proportionate increases in the enzyme activities.

Tue EFFICT OF A ANp Hypormr oN
AnD Prosemarases OF TeE KipveEy anp Liver oF THE RaT.
drch. Biochem., 29, 114-123 (1950) Charles D. Kochakian and

Evangeline Robertson.

Androgens produced a small increase in weight and an
increase in proportion to dose in arginase activity of the
kidney of the castrated rat, The “alkaline” phosphatase was
slightly incressed and the “acid” phosphatase changed in
proportion to the weight, The arginase activity of the liver
was not affected by the androgens, but the alkaline phospha-
tase showed an 1rregular but persistent small increase.

Hypophysectomy of adult male rats resulted in a marked
decrease in arginase, a slight d in acid phosphat;
and an i in alkaline phospt activity of the liver.
All of these enzymes of the kidney rapidly decreased. Tes-
tosterone did not affect the liver enzymes but rest9red the
arginase and alkaline phosphatase activities of the kidney.
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ErrFECT OF CASTRATION AND ANDROGENS ON BoDY AND ORGAN WEIGHTS,
AND THE ARGINASE AND Prospratases oF KipNev anp Liver
oF TRE MaLr SYRIAN HassTER, Amer. J. Physiol., 153, 210-214
{1948) Charles D. Kochakian, Mary N. Bartlett and José Gongora.

Castration caused a decrease in the size of the seminal
vesicles and prostates but no change in the kidney or liver.
The administration of t one propionate by injection
or by the subcutaneous implantation of a pellet for 26 and
140 days increased the seminal vesicles and prostates of
castrated hamsters to greater than normal but did not affect
the size of the kidney or liver. Pellets of testosterone and
17-methyltestosterone implanted subeutaneously for 20 days
produced similar responses.

The arginase of the kidney increased as a result of castration
and decreased to normal with the various androgen treat-
ments. The “alkaline’” phosphatase, on the other hand,
decreased after castration and was restored to normal with
androgen treatment. The “acid” phosphatase of the kidney
and the arginase and phosphatases of the ler were not
affected by castration or by the androgen treatment.

EFFECT OF CASTRATION AND STEROIDS ON THE ARGINASE AND Pros-
PHATASES OF THE ORGANS OF THE GUINEA P16 dmer. J. Physiol ,
155, 251-254 (1848) Jane Harrison Humm, Charles D Kochakian
and Mary N. Bartlett.

Male guineapigs were castrated at about 250 g. body weight.
Thirty-five days later they were implanted subcutaneously
wlth pellets of the following steroids: 17-methyltestosterone;

one s 17-methylandrostan-
17 a-0l-3-0ne; androstan-17a-ol-8- -one; 17-methylandrostane-
8a:17e-diol; and androstane-8«-17a-diol. The dose of
steroid was varied by the number of pellets implanted.
Castration produced a decrease 1n the arginase activities of
the kidney after 60 days, but not after 1“0 days. None of the

steroids produced any T The greatest
increase, 79 per cent, was produced by 17-methyltestostemne,
while t one was e. The ad

tration of a relatively large closae, 12.5 mg.[day, of testos-
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terone propionate for 14 days produced only a 38 per cent
increase. Castration produced a decrease in the “alkaline”
phosphatase of the kidney, which was restored toward
normal by the vatious sterords. None of the enzymes of the
liver or the “acid” phosphatase of the kidney were affected by
castration or the steroids.

REVIEWS
‘The role of hydrolytic enzymes in some of the metabolie activities of
sterod hormones. Kochakian, C. D. (1047). Reeent Progress in

Hormone Research, 1, 177,
boli of the and Koch C. D. (1950) Progress

in Chinical Endocrinology, ed. by 8. Soskin, p. 249 New York
Grune & Stratton.
The mechansm of the protemn anabolic action of prop!
Kochakan, C. D, (1930). A Symposium of Steroid Hormones, ed.
by E. S. Gordon, p. 113, Madisen, Wis.: University of Wisconsin

Press.

DISCUSSION

Forrey: I was very interested in your theory of the possible function
of arginase in the kidney. That 1s something of 2 mystery, of course.
‘Have you done any expeniments designed to get actual evidence for
the transfer of the amino group to glycocyamine?

Kocmaxian: We planned it, but other things have been more
pESDE L . .

Forrey: L Shmmoees - --

Kocnaxy v
sttracted by .

Y OUNG.
You compared,

imals.

a“;g(‘)ﬂmsuxuh. The nitrogen metabolism was determined on those
animals. In the hypophysectomuzed anmals food intake will go down,
while the castrated arumals will maintamn body weight and nitrogen
s 4 £ mtaloo af b 6% posatans The hypophysee-
. . . " . per day over &
' . . seight and nitrogen

for instance, hypophysectomized ammals and normal

LI, B .
tq?ﬂm‘a: Your first experiment was made on groups of animals
which were not consuming the same smounts of food?

G ” v
Kocwawiars Thatsmght. % e
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Youwa: Do you find no change in blood amino-acid with growth
hormone?

Kocuaxian: I haven't done it with growth hormone; just with
testosterone,
. Fouiry: Is there any effect of androgens in wiro on arginase and
phosphataset

Kocnagian: We did ndd testosterone to homogenate and got
nothing Also we did some expeniments with adrenal cortex extract
and got nothing,

Ooponmirmes Tn s nam symnmieants wdth andencan e oab o <o

1
;meshomng whether it has anything to do with urea formation in the
iver.

Storey: T thunk it 18 a very interesting suggestion, and 1t does raise
the possilality that some of these enzymes may have a function other
than the rather obvious one that we have always concluded that they
have. Twas thinking too of the suggestion that was thrown out yester-
day about glucuronidase

Kocmakian: The work that 1 am going to talk about this afternoon
on the adrenal cortex suggests that armnase hasn't anything to do
with urea formation- it 15 probably more concerned with internal
reshuffling of protein.

FoLrey. What do you think of Edlbacher's theory of the function of
arginase?

Kocnaxian: That was the hypothesis which first gave me some
support in these views. I gather, however, that Fraenkel-Conrat thinks
that thus is & specialized type of synthesis.

FoLrry: We've done a lot of studies on the mammary gland, some
of which Dr. Greenbaum wll mention this afterncon, and we re faced
with the same problem there—finding a function for the mammary
gland arminase Dr Greenbaum rather chings to the classical idea that
the mammary arginase 15 concerned in the formation of urea, However,
there' are difficulties to be faced, since 1 prehminary expenments he
hasn’t been able to abserve urea formation m mammary gland shees
m the rat. Another difficulty is that in herbivores, parhicularly rumi-
nants, the mammary gland arginase level 1s very low. Arginase doesn’t
seem fo play a very important part m lactation in herbivores We find
the same species differences m the liver arginase levels. Rat and mouse
biver have & much higher content of arginase than the liver of the
rabbit, goat, or cow. Have you any cbservations on this?

Kocmaxian: As T remember, our gumen pigs showed low argmase
activity,



278 GENERAL DIscussion

Tarvtwe TWa hoear? cone oo o

meal wel siightly lowered the Liver argmase levels.
Kocitakian: How long did you feed it?
Fourey: Three weeks.
KocHakian: -
a source of prote 1 .
on arginase. If
you get a possible slight ncrease, but after about three weeks you do
get o definite increase. Laghtbody also found that same effect several
years ago. -
ForLEY: Dr. Greenbaum, you ran some experiments with an ordinary
high protein diet, didn’t you?
GREENBAUM: Yes. Our results didn’t really confirm Dr. Lightbody’s
findine Wa B3 oab am Snamannad moatoson —os * *<ydaysona

. N another 10
oA . . 1at an ani-
tnat which has been chewing up protem at a high level for so long 18
going to have a very mcreased argmase,
KocmAxian: That’s tight. And that’s what makes me even more
suspicious of the urea function for arginase.



COMPARISON OF 8-GLUGURONIDASE ACTIVITY
IN TISSUE OF F(ETAL, NEW-BORN, AND INFANT
ANIMALS WITH THOSE OF THE MOTHER
(MOUSE, DOG, AND HUMAN)

r. H. FISHMAN

It has been reported by Dr. Levvy and his co-workers in
Ediburgh* that the activity of f-glucuromdase in a tissue
was correlated with the state of cellular proliferation and
growth. Thus, for example, the tissues of feetal, new-born,
and infant mice exhibited high glucuromdase activity when

d to the corresponding tissues of the mother. These
investigators employed phenyl gl de as substrate and

b d the homogenate to incut at an acid pH for
thirty mi followed by an ium sulphate precipi-
tation procedure, before enzyme assay.

In repeating these exp , we P d fresh tissue
homogenates which were centrifuged at high speed and the
supernatants were assayed for g-glucuronidase actwvity,

+ employing phenolphthalem g-gl de as substrate.

The enzyme activity of the kidney, spleen, brain, stomach,
e{nd heart of feetal mice and one-, two-, and three-week-old
litter-mates, never showed an i d activity as d
with the organs of the maternal organism. Simular results
were found in the dog, comparing foetal and maternal tissue.
Human embryonic tissue exhibited less glucuromdase activity
than had been found in organs of adult humans. It would
appear that our findings are at variance with those of Dr.
LeVV)f, and we have suggested to him that the discrepancy
may lie either in the different expermmental techniques which
our two laboratories employ or 1n stram differences.

12'5'5?’" G. A, Kerr, L, M H, and Campbell, J G. (1848) Biochem.J,

279
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DISCUSSION

Mirs: Qur experience has been not unlike that of Dr, Fishman,
The levels of liver glucuronidase setivity in embryonie or young rsts
(birth to 8 weeks) are less than in adults. We have used an’extraction
procedure similar to that of Levvy, using phenyl and phenolphthalein
glucuronde for assay, and also a technique Like that of Fishman, and
the results are very similar. In the case of mice, we have obtained
results very similar to those of Levvy-—namely a higher liver glucuroai-
dase activity in young mice than in adult, and we feel that the difference
between rats and mice is o species difference.

Fisuman: As I said yesterday, I feel that on the bass of the glucur-
onidase concentration to utenine nitrogen relationship, that the amoust
of protoplasm per se is not the important factor, and I think Dr. Mills
o FLI_D 8 #VAe amntam Tk - 41 Taode csnn <L R ALava n camna TARTE

\ .
' . “

to growth changes alone,



RELATION OF GLUCURONIDASE TO AGTION
OF GONADAL HORMONES

R. K. MEYER

Tre B-glucuronidase activity of the livers of mice, rats
and frogs receiving a-cestradiol or diethylstilbeestrol is not
significantly higher than that of livers of control animals.

Doses of cestrogen which cause pituitary hypertrophy in

» ovariectomized mice and hypertrophy of the seminal vesicles
In castrated rats did not elevate the glucuronidase activity
in these tissues.

When graded doses of diethylstilbeestrol are given to ovari-
ectomized mice there is a proportional increase mn the activity
of glucuronidase and the growth of the uterus at the several
dose levels used.

Doses of a-cestradiol admimstered to ovar d rats
in fficient to tain the uterus at near normal
weight were insufficient to maintamn the glucuronidase activity
above the castrate level.

Small doses of progesterone inhibit the stimulating effect
of diethylstilbeestrol on weight and glucuromdase activity
of the uterus ; large doses cause stimulation of uterine weight
and glucuronidase, particularly when accompanted by minute
quantities of cestrogen.

Progesterone inhibits the action of glicuronidase in vitro.
This effect is not shown with the other steroids studied, i.c.,
Anprenemst - -one, 1-methyl-a-oestra-

to the possible physio-
logical factors associated with elevated glucuronidase activity.
It was suggested that glucuromdase may be involved in the
accumulation of water in tissues through its possible role in
the metabolism of intercellular ground substances.
281
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DISCUSSION

FisumaN: 'm very much interested m the water hypothesis because
1t may help explain some of the results that we’ve found m toxemic
women, To 'Ehe gynzcologist the first symptom that presents jtself 1o
s ATt o R : : .

naneies and abnormal pregnancies he seemed to find serum glucuronidase
correlated with this gain in weight in several women. That observation
made us look into the current theories of causation of toxzmia in preg-
nancy. Asarule the reperis show that the urine of these women 208~
tams ly low of and other steroids. The
hypothesis which 1s widely accepted is that there 13 somehow a break-
down of the normal production of steroids. I think those data can be
explained equally well on the basis that the steroids are formed in the
normal amount but are not being excreted. They are bemng retained
in the tissues of these women, with a resulting mcrease 1n water, And
when we come to ine the as to what fonship there
may be between cestrogens and water retention in the tissues, we find
that certain people in this country, for example, have shown a very
good i ip between and water jon m tissues
The sexual skin of the monkey becomes turgid during cestrus and it
has been shown that there may be increased amounts of hyaluronic
aed formed. All this has made us suspect a relationship between
cestrogen, glucuromidase and mucm, S0 1n the experiments that you
described today it seems to me that there is drrect evidence in support
of these relationships. The fact that you find that 0 5 pg. of cestrogen
is necessary for maintaiming the bloed level makes me think tbat
perhapsin the early increase in uterine weight in the Astwood procedure,
there 1s not to produce an appreciable gl
response. Certainly the amounts that we nse under those assay col-
drtions are well below 0-1 pg, about 0-05 xg. B
Forrey: Did you try deoxycorticosterone glucoside in the i vifro
experiments? That 1s 3 .wa!e:'»stilﬁble dem:'amic, and would do away
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Foiey: Is that o detergent?

Mever; Yes.,

Bust. I think that you get quite stable emulsions, at any rate with
brogesterone, using very minute quantities of alcohol.” You can
dissolve it in 80 per cent alcohol and then add a considerable volume of
water so that the percentage of aleohol finally 1s only around 2 per cent,
and then you get an emulsion which is sfable and can be used for
injection,

MEYER. We did some prel Y it on ions from &
quanhtative point of view. Ve didn’t know how much we had in
solution, so we settled on 10 per cent alcohol because these concentra-
1013 gave & water clear solution. Some investigators have just ground
up the steroids and homogenized the tissue and then recorded the effects,
on the assumption that the maximum was 1n solution,

“'lLY.!A)ls-AsmlAN:‘HB\'e you tried ethylene glycol mono-ethyl ether
as a solvent? Tt is supposed to be non-tovic.

MevER: No,

Fouey: Has anyone tried to find a histochemical method for
glueuromdase?

:n: That is what Friedenwald and Becker used.

Forey: What is the method?

Fismaan: They used 8-hydroxyquil as the
and incubated slices of fresh tissue in the presence of this substrate
plus an evcess of ferrous iron. The iron reacts with the hberated
hydroxyquinoline, precipitating in the tissue. Ultumately this iron is
converted to Prussian blue.

Other people in Boston are developng histochemical methods for
glucuronidase, and they have told me that glucuromdase stains well in
epithelial, endometrial and glandular tissue, as well as i the epithelial
malignant cell.




THE GROWTH INHIBITING ACTION OF CANCER

PRODUCING SUBSTANCES IN RELATION TO

HORMONAL CONTROL OF PROTEIN AND
CARBOHYDRATE METABOLISM

L. 4. ELSON

TrE body growth and tumour growth inhibiting action of
cancer produeing substances such as 1:2:5:6-dibenzanthracene,
4-dimethylamimostilbene, etc., has been shown to be related
to the protein content of the diet (Elson and Warren, 1947
Elson, 1948). In rats maintamed on a high (20 per cent)
protemn diet, injection of the carcinogen usually has little
immediate effect on body growth, although a delayed action
resulting 1n rapid loss of weight, often followed by death, may
occur later. Amimals maintained on a low (10 per cent}
protein diet, however, usually respond to the injection by an
i di often prolonged, retardation of growth. The
mechanism of the growth inhibiting action of these substances
appears to be different from that of cestrogenic hormones hike
stilbeestrol, which was not found to be influenced by the
protem content of the diet (Elson and Warren, 1947) and,
unlike that of carcinogens, may be caused by antagonism of
the anterior pituitary growth hormone (see Gnffiths and
Young, 1942).

It is suggested that the growth inhibition caused by eancer
producing substances is a result of interference with protein
metabolism, possibly directly with some enzyme process
concerned in protein synthesis or through an action on nucleic
acids which may act as intermediaries in the synthesis of
special proteins, since Elson and Harris (1947) have s.hown
an interference with the normal ratio of pentosenucleic- o
deoxypentosenucleic acid 1n the livers of rats treated with

1:2:5 g-dibenzanthracene.

284
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Another effect of this carcinogen on rat liver is to cause an
merease in ascorbic acid content. This increase was found
to be greatest in animals maintained on a 10 per cent protein
diet, with which the maximum growth-inhibitory action of the
compound was observed (Elson, Kennaway and Tipler, 1949).

Thus, as a result of this and other evidence concerning the
toxicity of 1:2:5:6-dibenzanthracene in rats maintained on
high and low protein diets (Elson, 1949), it appears possible
that the carcinogens may interfere with the normal hormonal
regulation of protein and carbohydrate metabolism, not, as
15 likely in the case of cestrogens, by antagonism of protein
anabolic hormones themselves, but by a more direct inter~
ference with the action of some protein synthesizing enzymic
systems under their control. It is thus possible that the
carcinogens may be preventing the utilization of energy rich
phosphate bonds for protein synthesis, and the energy rich
phosphate is then available for an increased carbohydrate
me_tabolism, of which there is some evidence in treated
animals, Indeed, the increased liver ascorbic acid may well
be related to this increased carbohydrate metabolism.

There is a considerable amount of evidence that carcinogens
such as the polyeyclic hydrocarbons and aminostilbene deri~
vatives exert therr biological action through a ‘‘toxic”
metabolic product, and the action of these carcinogens can
thus be considered as a dymamic process i which the rate of
formation of the toxic metabolite depends to some extent on
the rate of metabolism of the ammal as & whole. The toxic
metabolite itself upsets the balance of energy distribution
between protein and carbohydrate metabolism which is
normally regut: d by h 1 infl

T_he Possibility that glucuronic acid and glucuromdase play
8n important part mn these metabolic processes is suggested
by the observations of Elson, Goulden and Warren (1946).
In studying the excretion of aromatic ammes 1t was found that
the simpler amines such as aniline, 4-chloroaniline, ete., when
adminstered to rats in small doses are excreted almost entirely

as ethereal sulphates of the sponding phenol derivatives.
oo exnog —y 20
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1 Eaind

These amines are not carei p g

more than one aromatic ring, However, such as 4-amino-

diphenyl, benzidine and 4-aminostilbene, were found to be
excreted as glucuronides and some of the free phenol deri-

" vatives were also found in the urine. Benzidine, 4-2mino-
stilbene and the N.dimethyl-4-amino-diphenyl have been
shown to be carcinogenic; ammostilbene and its derivatives
m particular producing a large variety of tumours in many
organs of the rat.

In this connection I would like to suggest that glucuronic
acid formation and the role of glueuronidase in animal
metabolism may not be exclusively concerned with the so
called detoxification mechanisms, but may also be that of
providing a transfer mechanism for conveyance of a fat-
soluble but water-insoluble substance such as a steroid
hormone from one organ 1n the body to others on which it is
required to act. The substance is transferred by being con-
verted 1nto a water-soluble glucuronide, which may no longer
show hormone activity, and this is carried in the blood
stream, and, in this water-soluble form, is able to enter the
cells of various organs. The active hormone is then liberated
4n situ in that organ by means of the glucuronidase present
in the cell. On this conception the rather vague relation of *
glucuronidase to growth may be explained by the growth
effects being really caused by the liberated hormone, and thus -
only indirectly related to the enzyme. Thus we would have,”
instead of the more usually accepted process of a hormone,
regulating enzyme activity, in this case, the hormone actively
regulated by the enzyme.  This regulation could be controlled
by the varying amounts of glucuromdase in the different

tissues andfor by the presence or absence of an inhibitor of

glucuronidase. The presence of such inhibitors i blood
sernm, etc., is probably significant in this respect. An
T tae £ fuiuder mantiwata wamilatinn of hormone
. isualized.
. . + simpler non-
. change from
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the main form of excretion as ethereal sulphates to that of
glucuronides occurs, may be highly significant, since trans-
ference as the water-soluble glucuronide and hberation of
active inogen by the gl idase present in the various
tissues could then occur. Exeretion as glucuronide may thus
-be of marked importance for the production of tumours in
such a number of diverse organs as occurs with this type of
carcinogen.
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DISCUSSION
Was  the food mlake observed m all these expenments?

- 41 perelinm

inhibition, hut not all, because some anmmals maintam or even increase
their food mtake under treatment, when therr growth 1s completely
inhibited.

Youwa: Did you analyse the total body content of protem of of fat?

Erson No. We dudn’t,

Youne The overall weight of the ammal may not necessanly be
significant with respect to protemn metabolism.

FoLLey: Are these at all in
large doses?
Ersox: No. There 1s a shight suggestion, but very shght.
Foriey' Do you know of any effect of these compounds upon pitui-
!ary cytology?
Erson: No
Yo >

think that stilbeestrol suppresses the activity of the
-
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These amines are not carcinogenic. Compounds containmg
more than one aromatic ring, however, such as 4-amino
diphenyl, benzidine and 4-aminostilbene, were found to be
excreted as glucuronides and some of the free phenol dem
vatives were also found in the urine. Benzidine, 4-amino-
stilbene and the N-dimethyl-4-amino-diphenyl have been
shown to be carcinogenic; aminostilbene and its derivatives
in particular producing a large variety of tumours in many”
organs of the rat.

In this connection I would like to suggest that glucuronic
acid formation and the role of glucuronidase in animal
metabolism may not be exclusively concerned with the s
called detoxification mechanisms, but may also be that of
providing a transfer mechanism for conveyance of a fat-
soluble but water-insoluble substance such as a sterod
hormone from one organ in the body to others on which it is
required to act. The substance 1s transferred by being con-
verted into a water-soluble glucuronide, which may no longer
show hormone activity, and this is carried in the bl
stream, and, in this water-soluble form, is able to enter the
cells of various organs. The active hormone is then liberated
in situ in that organ by means of the glucuronidase present
in the cell. On this conception the rather vagne relation of
glucuronidase to growth may be explained by the growth
effects being really caused by the liberated hormone, gnd thus-
only indirectly related to the enzyme. Thus we would have,
instead of the more usually accepted process of a hormone,
regulating enzyme activity, in this case, the hormone actively
regulated by the enzyme. This regulation could be controlled
by the varying amounts of glucuronidase in the diferent
tissues andjor by the presence or absence of an inhibitor of
glucuronidase, The presence of such inhibitors in blood
Serum, ete., is probably significant in this respect. An
elaborate mechanism for fairly accurate regulation of .hormone
activity in different organs could therefore be visualized.

The observation that, in passing from the simpler non-

carcinogenic amines to the carcinogenic ones, a change from



THE EFFECTS ON ENZYMES OF ADRENAL
CORTEX, DIET, (ESTROGENS, AND
EXPERIMENTAL DIABETES*

CHARLES D. ROCHAKIAN

Dr. Kochakian presented data from many experiments by
himself and co-workers. Most of this material has been pub-
lished elsewhere, and summaries of these publications, prepared
by Dr. Kochakian, are given below.

Adrenal Cortex

Tre Errzcr orF A MY, A ‘CORTICAL
asp T T Prus A CoRrTICAL
ExTrACT ON THE ABDXNASE Actrvity oF THE LIveEr anD KipNEY
or THE Rat. J. bol. Chem., 169, 1-6 (1847) Charles D. Kochakian
and Virginia N, Vail,

ApreNaLecTOMY decreased the fasting urinary nitrogen
excretion and the arginase activity of the liver and kidney
of young (150 g.) adult male rats. The administration of
1 per cent sodium chloride as drinking water was ineffective,
and deoxycorticosterone acetate, 1 mg. per day, had a shight
alleviating effect on the decrease in kidney arginase only.
The administration of adrenal cortical extract (aqueous,
Upjohn) at hourly intervals for 8 hours on the 5th postopera-
tive day greatly increased the urinary mtrogen but did not
affect the liver argmase, and partly restored the kidney
arginase. Previous treatment with testosterone propionate,
2-5 mg. twice per day, did not alter the effects of the adrenal
cortical extract but greatly increased the kidney arginase.

T ce el ranarbed fn thle nanas s gennamso3 ¥ e -
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pituitary extract could cause resumption of growth in animals where
the growth hagd been d d or p d by nistration of
astrogens.

Kooraxiar: 1 have often thought it was more an effect upon the
food intake.

Forwey: But you do et cylologiceal changes in the pituitary on!
cestrogen admimistration.  One wonld think there would be o profound
effect on the secretory mechanism

Young: I am sure there sre profound effects on the pituftary-
secretory mechanism with respect Lo gonadotropbin, for instance, but
¥ don’t think as regards growth hormone that there is any clear evidence.
We have » good deal of unpublished work which suggests that there
may be some slight effect which is not merely the result of changys in
the food intake, but the differences are so small as to be very doubtful

Etson- What do you feel zbout the possibility of the inhibitory
action hieing throush an effect on bone growth?

Youna: Griffiths and Young found that growth of bone wss de-
pressed but not prevented. 1t is slow and may go on even when the
body weight 19 falling.
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A pellet of 11-deoxycorticosterone acetate produced a small
inerease in kidney weight and a small decrease in liver argin-
ase, but 11-deoxy-17-hydroxycorticosterone was ineffective.
Tue ErFect oF A v, A CorTICAL .

AND T b3 N PrLus A CorTICAL Ex-
TRACT ON THE “ALRALINE™ AND “ACID" PHOSPIIATASES OF THE
Liver anp KiDNEY OF THE Rat, Amer, J, Physiol., 150, 580-587

. (1947) Vairginia N. Vail and Charles D. Kochakian.

Adrenalectomy slightly increased the “‘alkaline” (pH 9-8)
phosphatase of the liver of young (150 gram) adult male rats.
The hourly injection for eight hours of adrenal cortical extract
(aqueous Upjohn) on the fifth post-operative day greatly
increased this enzyme. The mcrease occurred at a much faster
rate than the i in glycogen. Histochemical studies
d ated greater of the enzyme to be present
(produced?) in the cytoplasm, walls and nuclei of the liver
cells. Previous treatment with testosterone propionate did
not alter the effect of the adrenal cortical extract on either
the amount of glycogen or the increase in the enzyme activity.
Deoxycorti acetate was ineffective,

Adrenalectomy resulted on the fifth post-operative day in
a small decrs n the “alkaline” phosphatase of the kidney
which was prevented by the administration of 1 per cent
sodium chloride as drinking water or by the daily injection
of 1 mg. of deoxycorticosterone acetate. The hourly adminis-
tration for 8 hours of adrenal cortical extract on the fifth
post-operative day was ive T e propi
2 %25 mg./day, produced a marked increase in this enzyme.

None of the above treatments produced a significant
change 1n the “acid” phosphatase (pH 5 4) of either the liver
or the kidney.

Errecr oF Higet PROTEIN AND Hisn CaRBOuYDRATE IMETS ON THE
ARGINASE AND PriosPATASES oF THE Liver AND KIDNEY OF THE

NORMAL AND ADRENALECTOMIZED Rar, Amer, J. Physiol.,, 154,
489-494 (1948) Charles D Kochakian, Mary N, Bartlett and Jean
Moe.

The feeding of either a high carbohydrate (89 per cent}—no
protein, a high protein (casein 80 per cent, yeast 10 per cent)
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Tre BFEcT or CAVSTALLINE ADRENAL CORTICAL STESOWDS, Di~

TavRoxing, anp EPINEPURINE ON THE ALKALINE AXD ACH
PHOIPEATASES AND ArGINASL OF Tre Livog Anp FIowey of
T8E NORMAL Aburr Bat, J. biol Chem., 376, 243-297 {(1988)
Charles D). Kochakian and Mary N. Bortlett,

Aqueous (beef) adrenal cortical extract, lipoextract {hog
adrenals}, and 1i-dehydrocorticosterone acetate produced
very marked inereases in the “alkaline” (pH 9-8) phosphatase
of the liver of fasted rats when injected eight times at houtly
intervals. The merense in enzyme activity did not parallel
the degree of glyconeogenesis, Thyroxine prodnced a marked
depletion of liver glycogen and a decrease in the enzyme,
Epmephrine produced a tremendous deposition of liver
glyecogen but did not affect the activity of the enzyme.

In none of the above treatments were the activities of the
arginase and “acid” (pH 5-4) phosphatase of the liver or the
enzymes of the kudney altered.

Cormicows avu Boov aND Oreax WLienTs, Nivaoouy BALANCE:

AND ENzywrs J. biol. Chen., 190, 481, (1050) Charles D Kochak-
jan and Evangeline Robertson.

The stimulation of rapid glyeoneogenesis in mice by cor
ticoids did not alter the arginase activities of the liver or
fudneys. On the other hand, & subcutaneously implanted
pellet of 11-dehydro-17-hydroxycorticosterone acetate pro-
duced significant increases in both tissues after two days. The
same increases were obtamed when the enzyme was deter
rmned with CoCl, as the enzyme activator or by pre-activation
at 50°C with MnCly. The slkaline phosphatase of the liver
was not inereased until after 7 days. The body weight of the
treated mice decreased very sharply, accompanied by an
:  nitrog ion, & lete disapp of the
thymus, snd a maxumal decrease in the stze of the spleen;
but the foed mtake was fncrensed about 20 per cent, so that
after 7 days the extra protein catabolism was no Jonger
svident and the foss w body weight abraptly ceased,

11-Dehydrocorticosterone implanted as a pellet produced
effects quolitatively sinular but q\mx}utntively much Jess than
those of 11-dehydro-17-hydroxycorticosterone neetate.
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Holland by Dr. Gertitzen under very strict conditions, hourly doses of
food and water. He has tried to reverse the rhythm with regard to
water and chloride. IfX ber rightly, by ill ion at mrht and

"
. . Dy eccemt ey s nvv anane
all the time, just resting in bed.
ZuckenMan: It 8 o fair assumption that anyone who crosses the
equator and proceeds far enough south, will change his dwurnal thythm
in the same way as practically every animal speeies which is moved
across the equator will reverse its breeding season. I put my question
because some years ago, in work carmed out with Dr, Bourne, we
showed that the adrenal cortex and the thickness of its various Iavers
LT L e mas an varin B pLAVAGe AW
strikes me that practically all these cycles, drnal cycle or oestrous
cycle, may be assomated with variations in the activity of all the
tissues of the body. .
Brownc: How rapidly do snimals reverse their breeding season when
they cross the equator?
Zuckeryan: Some animals will reverse in their first scason, others
will take two or three. I don’t think it would be longer than three.
PrunTy: May I revert to the question of growth factors? Have you
any data, Dr. Forsham, on the effect of your adrenal weight stimulating
matenal i arumals as far as lipoid discharge or any other change in the
d Iy might be d? And dly, with regard to your
particular experiment, are you quite satisied that you haven't had any
potentiation by one series of injections of the next scries? I've been

. b oot ey g s sy W
ACTH in this patient as judged by 1’ and 17-ketogenic
steroid excretion. The ACTH was administered over a period of weeks,
and some was given intravenously i the middle, so 1t wasn’t apparently
just due to an inability to give an immediate response. We tried this
patient with ACTH plus growth hormone, for five days, without any
obvious effect at all. Thete may be a vanety of reasons for that: the
ACTH may not be active, although we have used two preparations, and
the growth hormone may have been given in toa small a dose, although
there was sufficzent to cause a sigmificant nise in the fasting blood sugar

level. . 1 adrenal
We had



increase adrenal weight. I wonder, Dr. Forsham, whethier you have any
evidence on the effect of your horse pitwitary preparation on mitotic
activity?

Fonsmas: Nope. llowever, Rinfret, finding this factor to be quite
similar to your adrenal weight factor, did extensive animal studics onat

punified Armour growth bormone did not lead to the deposition of hpid
In the way that this special adrenal growth factor did

The other question that Dr. Prunty raised 1s an umportant one: Do
small amounts of ACTH, grven day after day, increase the responsty e-
ness of the adrenal to subsequent stimulation with larger doses? Our
findings have heen the same as those of Dr. Prunty, namely that, vary-
g with individuals, varying with the type of ACTH used, you can
actually enhance the responsiveness of the adrenal smply by mving
small doses of regular ACTH day after day. The enhancerent of
tesponse 1s far less than what we found with a special pitwitary pre-
paration’ 1t will increase the response 3- to 4-fold, whereas small amounts
of ACTH will hardly double 1t. So we feel that there 1s a possibility that
one 1s dealing here with a special growth enhancing factor of the adrenal
cortex.

SamuErs. Dr. Eik-Nes was not able to find the same result with
Runfret’s preparation in dogs. He found that he did get an increased
blood corticosteroid response with a standard intravenous ACTU dose
after the Rinfret preparation had been given for several days But
when he gave the ACTH actinity, wlich the Rinfret preparation
assayed, over the same period of tume to the dogs, he got the same
enhancement of the blood response as after the earlier test.

Fo That agam the pomt that Dr, Prunty made.
However, the preparation that jou obtamed from Iinfret was a
muxture of conventional ACTH ‘and the “adrenal growth factor”,
termed EAPE or equine anterior ptwitary extract, prepared by the
Vactory Packing Company of Los Angeles, wasn't 1t?

AMUELS. Yes

punfied preparation which had very ttle sterowdoge

ENDOC —vE

—
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1 d adrenal resy much more than would correspond to
its steroidogenic equivalent of ACTH.

SamurLs: With ACTH given intramuscularly i gelatin for a period of
seven to ten days we certainly got an enhancement m response to
intravenous ACTH,

Baywiss: Dr. Forsham, in your abstract you mentioned *‘switable

we couldn’t actually prove it until we did this quantitative study
plotting the dose-response curve. You may recall that there were six
perfectly normal medical students used, four of whom had response

WB;Yus; ir you répeat the test on those same six medical students, do
you get the same pattern of response?
Forsuam: Yes. We had to do that for our assay. After eight months

H g‘mup of four. So apparently 1n a controlled group one gets better
D than we expected
Tmorn: Did you ever check this same group with intravenous assay,

to see if this adrenal unresponsiveness was purely an mtramuscular

effect?
ﬂFURSHAM: No, we didn’t. It 1s a most important point to be settled.

ZucsrtrMAN: Dhid T understand you to say that pitressin masks the
action of ACTH?

Forsnad: No, 1t prolongs the fon of urinary corticoids. With a
very pure preparation of ACTH there was a rapid fall 1n urinary
corircoids as soon as the eight-hour intravenous administration was
stopped When this same preparation was given with one unit of pit-
ressin the elevated umnnary corticoid excretion persisted slgn}ﬁcantly
longer. ‘This may well be a renal effect m part, whereby antidresis
retards steroid excretion.

N~ 2
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mecly in the Way we ran our experiments, I should hke to present a
shde (Table I) to show the quantitative relationship betwcen the
endrim notassiim tatio and the ACTH admunistered. The experiment

—— - 5 '
to the dosage. The Na/K ratio might he a useful way of showmg a
Tesponse,

‘Table 1
(Elmadjian)
Resronse oF UriNary Na/K 70 Dosace or ACTH®
1U, acTH
Subgect
LRy 23 50 130
Cn P 27 18 13 LY}
SR . 490 17 o7 10
sC e e 21 13 0.7 03
Cm .. e 17 10 0-7 0.7
Mean . . . . 28 15 09 0.7
~Organon Zine Phosphate Twelve.hout collection ACTI gnenst&0am
. o \

. = maxmum

ErvapsAN: No. They were students, and were not on bed rest, The

Vo goanpransevav e —m st a s ey .

There was a twenty-four-hour control period and twenty-four-hour
periods of ACTH injection  We did eosinophil counts, the 17-keto-
sterod merease, and the urinary sodium apd potassium. The dufliculty
was, of course, that these boys were on a normal food intake. They
were asked to keep thewr food intake as constant as they could over a
peniod of one week. We did a cross-over experument with the two ACTIL
preparations so that each subject received both samples of ACTII We
came to the that the 17-k id excretion was a poor
index in this experument. The time of observation was probably too
short. The only one that really was of any value was the eosinophul fall,

and that correlated extremely well with the Sayers test. I think the
sodium/potassium ratio was probably vitiated to some extent by the
dsetary conditions mentioned.
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Qurripo: I am astonished to hear these complaints about 17-keto-
sterald excretion. We have done extensive studies on the 17-ketosteroid
under If yon gve the patient
a three-day control penod :md then a three-day injection period,
and then a three-day control period, or do it i a series, with several
other preparations between two standard preparations, we have
come ta the conclusion that actually the 17-ketosteroid excretion 1s a
good measure, not for nlucocomcmds I must say, but for adrenal
stimulation. Even *+ far olucocorticoid produc(mn
than the cosinoph .
ketosteroids are stil .o

the eosinophils. Bu o . .
Forsuad. I thine v
tion with, 17-ketosteroids only on the asw <. 4

fong time witervals for collection. That is the Crucial pomt. i one
wanted to follow quck changes in adrenocortical activaty, such as the
hourly dynamucs, then I think one does much better with the 17-
hydroxycorticoids.



VARIABILITY OF ADRENOCORTICAL RESPONSE |
TO ACTH IN DIFFERENT PERSONS, AND THE
INFLUENCE OF VARIATIONS IN ADMINISTRA-
TION OF ACTH PREPARATIONS ON THE LEVEL
OF 17-HYDROXYCORTICOSTEROIDS IN
THE BLOOD

A. QUERIDO, .D., A. A. H. KASSENAAR, D.Se.,
AND A. Cats, M.D.,

Department of Endocninology and Diseases of Metabohsm,
Unuersily Hosputal, Leden Unicersity, Holland,

BerFore drawing 1 about the infl of ACTH
preparations on adrenal activity, 1t,1s mmperative to realize
what the indices that are used mean, and how variable they
are 1n the same person or from person to person. In this paper
we wish to it our discussion to the problem of assessing
so-called glucocorticoid production.

There arc in general threc types of measurement of hormone
production: the level of the product determined in the blood;
the excretion of related substances m the urine during a
certain peried; and quantitative assessment of the metabolic
effect exerted by the hormone that is being studied. Each of
these methods has its limitations. The estimated level in
the blood is the result of both production and rate of dis-
appearance from the blood through excretion and metabo-
lism. Studies of the urinary metabolites have the advantage
that the production 1s reflected mn the time element of speci-
men collection.  However, the disadvantage of urinary
determinations 1s in general that the metabolites measured
are only a reflection of the compound under investigation,
The third method, quantitative assessment of the metabolic
effects, introduces still more variables.

In the past we have manly collected data on evaluation
of adrenal stimulation after ACTH treatment, with the aid

309
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of urinary neutral 17-ketosteroid (17-k.s.) excretion. It is a
well known fact that urinary twenty-four hour 17-ks,
excretion is rather constant from day to day in the same
* person,

Summanizing our results (which have recently been pub-
lished, Goslings, Querido, Cats and Kassenaar, 1954) we want
to show the varability of the 17-k.s. response seen with the
same batch of ACTH in different subjects (Table I). Ex-

Table I
'VARIATION IN 17-F N D Pa TREATED
wiTH THE SAME BaTen oF ACTH (6 X7 1 u. cn. 22/G).

17-Kelosterods

Fahent Befors ACTH After ACTIT
Gng 123 hr ) (mg [24hr ) Inerease
Se. 10 2 20-0 100
St 100 21 1 110
Gu 70 18 5 120
C. 87 240 180
Ge, 80 2% 1 200
K, 42 127 200
v 11 8 353 200
Ra. 138 559 20
79 3401 830
60 818 430
47 265 450
48 28 2 500
42 30 3 620

pressed 1n rough percentages it appears that variations from
100-600 per cent increase i 17-k.s. may be seen with the
same dose of ACTH. This makes 1t impossible, for example,
to compare different ACTH preparations in different persons.
We are forced to carry out such assays in the same mdividual.
The scheme adopted for these assays 1s shown in Fjig. 1. \Ye
consider 1t necessary to repeat the first series of in]ectmn§ in
order to minimize the possibilty of variations in the subject
during the time that the experiment 1s bemng done. The

i o, 2.
result of such an assay is seen 1n Fig. 2. .
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Reaction

1

S 3 B 1 Y

Reaction

I

5] a1 [6] e

Fia. 1. Schome by which different
preparations of ACTIL are compared.

mid ¢ 59
RA
EOSINOPHILS 1400
0o fcu mm 1200
1000
800 W
600
400
200

17KS 20
mam/2ahes gy

ACTH a0
TU/day 20

days 5

10 15
Fi6. 2. Comparison of dilferent batches of corticotropfun injected in the
same patlent at dilferent tumes.

a11
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Since we actually wanted to know glucocorticoid production
after ACTH injections, we recently tried to compare 17-k.s.
excretion after ACTH administration with the 17-0H
corticoids (17-OH CS) values m the blood. Dr. Kassenaar
and co-workers (Kassenaar, Moolenaar and Nijland, 1954)
developed in our department a method based on the Porter-
Silber reaction, after purification of the blood extract by
hquid/hiquid partition (Table II). The correction procedure

‘Table IT

Frow sneer ror TRE PURIEICATION OF PrasMa EXTRACTS Prior To PORTER
AND SizBER REAcTioN (Kassenaar €. 8.).

20 ml. plasma

extract 8 times with 30 ml chloroform

supernatant combined Cllél. fractions dried in
disearded vacuo+3 ml 70 per cent methanol.
extract 3 x with toluene-heaane 2 ml,

dnscnu! upper phase methanol phase
P extract 2 X with pentane 2 ml.

disear methanol phase dried 1 vacuo+
pentane phase 10 mi ethyl acetate extract 1 X with
5 per cent Na,CO,.

]
rd ethyl acetate solution eatract 1x
dMn\mter phase with 0+5 N HCl saturated with NaCl.

discan ethyl acetate solution evaporate
water phase 1n vacuo to dryness.
Tahe up 1n methanal for colorumetry.

of the colorimetry is done rather extensively through measur-
ing the absorption curve of the coloured compound between
3700 and 4600 A, taking readings ot 100A m?ervals. The
method has the advantage that only pure chen‘uc:ﬂs are used
and that 1t is y to rely on 1 adsorbents.




ADRENoOCORTICAL REsronse To ACTIL 313

The recovery is quite satisfactory. Duplicates never differ
more than 1 pg. per 100 ml. The values for normal persons
varied from 4-7-10-2 gg. in females and from 5-0-9-5 pg. in
males {see Table III}. The blood was collected in the first
part of the morning.

‘Table I1I

17.0H Corticoip VALUES OF PLIIPBERAL BLOOD IN 4G.f100 mL. PLAssa
OF NORMAL INDIVIDUALS

Moles Females
No. of observations . 21 16
Mean +s.d. [ 6 8114 6243 5
Range - 50-95 1 7-102
Recovery experiments
No of cxperiments Amount added Afean vecovery Range
14 5 ug. Cmupd, B 465 pg 80—104%
=93%

The data in diseases of the adrenal cortex were very
promising. In patients with Cushing’s disease our values were
clevated, while three patients with classical Addison’s
disease all showed low figures In three cases of pseudoherma-
phroditism we also found a low level n the blood (Table IV).

To measure intra-individual variations of this index we
studied the 17-OH CS levels n the plasma at different hours
of the day in the same persons under constant conditions.
Normal subjects were fed every hour 30 ml. of water and 10
grams of cheese, 5 grams sugar and a small biscuit (total 94
calories). Durmng this experiment they stayed wn bed, and
had to empty their bladder each hour. This technique, mainly
developed by Gerritzen (1939), produces a rhythmic excretion
of water, sodium and potassium (¥ig. 3). There also 1s a very
clear dwrnal variation i neutral 17-ks. exeretion (as previ-
ously shown by others) both 1n quantity and in concentration,
It now appears that the same dmrnal vanations can be seen
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Table IV
17-OH CorTicomns IN PrasMa (uc {100 ML.) IN ADRENOCORTICAL DISEASES
Paent | Sex Dusgnons Result
Osna 2 Cushung’s Disease 17 1
» ? » 16:5
»” s 8 3 (after removal of
tumour contaimng
4 5 pg./g. tissue).
Hoefl. | ¢ . 10t 5 e
Ha Q » 140
To Q ” 130
Meu Adrepogemital Syndrome 20
Mey » nl
Bre » 24
Am 3 Addison’s Disease 16
Ba Q » 17
Ka. Q - ml
|
Lun 6 28
normal
17 DHeort 12
pe/100m 8
17 KS. 5
mg 3
1
S g
[ — Urwe water 30 mi
g, . diet hourly faiopies 94
S5 X Z
507 5710
40{4i8
30§316
20{2{4
10{ 112

raurs

202224 2 4 6 8 101214 16 18

FiG. 8. 24-Hour rhythm of urine production, sedium,

potassium and 17-k 8. excretion and plasma 17-OH CS
1m a normai man.
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i the 17-OH CS level of the blood. We have been able to
observe this phenomenon in the five normal young men who
have been subjected to this study. In three cases the peak
was reached at 2 p.m. and m two at 8 a.m. In all cases, how-
ever, the peak of water and mineral excretion was at noon,
This diurnal voriation in 17-OX C8 in the blood has been
discussed by Bliss and co-workers (Bliss, Sandberg, Nelson,
Sweat, and Eik-Nes, 1953). It is difficult for us to evaluate
their data since a different method has been used by our
laboratory.  For example, they found intra-individual
variation from day to day on the same hour to be greater
than we did. The ar t of the experi al di

is different, and tlus might explain their findings of the
highest valucs nearly always at 8 a.m.

An interpretation of thus phenomenen is difficult. Referr-
ing to our ntroductory remarks on the meaning of blood
levels, we want to emphasize again that this result does not
necessanly indicate diurnal vanation of the production of
17-OH CS by the adrenal cortex. In the normal person sub-
jeeted to the above mentioned test, creatinine exeretion docs
not show dwrnal variation, which may be considered an
indication that glomerular filtration at least does not show
rhythmic variation. Blood sodium and potassium levels are
constant throughout the day, and therefore 1t seems probable
that the rhythmic variation in the mineral excretion 1s
dependent on variation of tubular function. Sandberg,
Nelson, Glenn, Tyler and Samuels (1958) showed, when
collecting eight-hour specimens, that the highest excretion
was found mn the 7 a.m. to 3 p.m. sample. This comcides
with the mterval of the highest blood 17-OH CS values. We
are inclined to accept this observation as possible evidence
that the 37-OH CS§ peak in the blood is not mduced through
reduced renal excretion, The question remains to be answered
whether the diurnal changes in 17-OH CS are due to changes
m production or metabolism.

The aun of the study was to compare 17-OH CS values
in the blood with the excretion of neutral 17-ks. under
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conditions of ACTH administration. A female paticnt (0s.),
forty years of age (Fig. 4) was given 6x4 iu. ACTH (Res
P 277) intramuscularly during three days. On the morning
of the fourth day onc more injection of ACTI was given at
8 a,m, and blood samples were taken at 9 and 11 a.m. There
was hardly any rise in 27-k.s. exeretion but a very clear rise
in 17-OH CS in the blood. Another preparation (Ch. 87),
given at higher dosage, produced a still further nise in 17-OH

Geu 9 36
Ra
17 OH cort  20;
$07100mt 10 E Eg g
60;
17 KS 50
mg/24hes 40
30
20
10;
acTHim 40 77 a7 2
Iu/day 20 H H x
days 5 015 20
F16, 4. C of different ol in oa the 17-k.s.

f P
excretion and 17-OH CS level in blood 1n two patients.

CS and an increased 17-ks. excretion. 'The percentage
increase of the 17-OX CS was probably greater than the
increase of the 17-k.s. From this experiment 1t was evident
that the control values for 17-OH CS from day to day m the
same person did not vary appreciably (black colummns). The
effect of one injection of ACTH mtramus.cularly seemed to
fade away after three hours. Another patient (Gru., female,
forty years of age} on the same scheme c}f treatment, also
studied with mtramuscular ACTH 1injections qf the same
batches (Res P 277 and Ch. 37) showed a quite diffcrent
pattern. In this ease the effect of the 17-k.s. excretion was
more pronounced than on the 17-OH CS in the blood.
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Sinular discrepancies between blood 17-OH CS response
and 17-k.s. excretion have been observed with intravenous
infusion of ACTH in 5 per cent glucose 50 ml./hour during
twenty-four hours (Fig. 3). One-third 1u, ACTIL per hour
(male patient, twenty-two years of age) had no effect on the
17-k.s. excretion and a very appreciable cffect on the 17-O1L
CS value in the blood. Increasing the dose from 1f3 1.u. per
hour to 1 i.u. per hour hardly changed the 17-O11 €S level,

[ 1

ve O 22 o 1} Bag 3

17 OHcort 40 RA_ Vi Sl RA.
¥9/100mt 30 30 . W
20 20 ,'l V!
1

10 10 §§| , i IEE

e w

17 KS. 40
mg/ 24hes 30

Acth %
intusion
17 hawr Yy

h
=
=

days

Yo, 5. Exereton of 17-k.s. in unne and blood Ievel of 17-0 €S 1a two
patients alter o corticotropiun infusion.

but 1t did increase the 17-K.s. excretion. In another person
(female, thirty-ax years of age) there was an creasing
cffect on the 17-OH CS blood level with ncreasing dose of
administered ACTH, while the 17-k.s. stayed constant.

If we assume that nerease of blood 17-O CS$ level 1s
always reflected in mncrease of 17-OH CS excretion in the
urine, our data are not easily reconciled with those of Sandberg
and co-workers (Sandberg, et al., 1953). After ACTIH these
authors always found greater response of urinary 17-OH CS
exceretion than of 17-k.s, excretion.
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DISCUSSION
Derrour: C the variability of the ad tical
have you noticed any sign of acute adrenal insufficiency on perfusing
with ACTH a patient with Addison’s disease? We have seen two
accidents with 20 units of a commercial preparation of ACTH. The first

““Qoskino. No, we do not give ACTH infusions to Addisoman patients
in our Department

TrorN: Any intravenous infusion m an untreated patient with
Addison’s disease 1s a calculated risk, and ACTH given intravenously
can make an Addisoman patient very ul. I have seen both types of
reaction that Dr. Deltour described: the allergic reaction to ntravenous
1
' Yo
OUS LESLD 31t Lhnsmmsmtnrnn  smoos ae 1y .
should only be carried out under very mgid, carefully prepared cir-
cumstances where the evaluation justifies the admumistration of the

terial.
m?‘onsmm: T might add one tragic instance of the danger of present-
day corticotronhin gel in patients with adrenal insufficiency. There1sa
fair amount. « ) .
called highly
woman Suspe .

ivalent umts 4 ornny amavasiera e o 5

%xﬁ:ﬁ::\\mt tou ‘I.lbsc the ?}atient began to lose sodium at a rather
tremendous rate while retainng w ater. After nine days she suddenly
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throughout that peniod
Queripo: 1 agree fully.
Wirxins: 1 should lihe to ask Dr. Forsham whether in repeatedly

parations  If we used less pure preparations, this work would be
impossible. We did find developmng sensitivity, and one mught alo
stress the subject’s own pitstary nto action.

pre s

fir b

Whias sutn yasgrens smnrves s wmr poacep weoe e o - -
many years before she had had two or three injections of a crude
anterior pitwitary extract Since that tune, i patients with theumatod
arthntis, we have had two or three reactions to 1ntravenous ACTH of a
fairly severe nature, anaphylactoid type, drops in blood pressure and
peneralized urticana, that were very Inghtemng.

Prunty: Could I'teturn to the 17-ketosteroids? Professor Quenido gave
the m different nd ls treated with ACTH
{Table I). There are two factors in these mcreases which I think one
must take into consideration: the imitial level and how high 1t goes. A
percentage 1ncrease 1s not a valid representation of change m adrenal
function A better approxunation we think 1s to take the mg. nse, if
you want to compare one person with another, but even so you still have
to think about base levels.

Timapastan May Ibring out the pownt again that the 17-ketosteroids
are a_misture of compounds. The type of esperiment which 1 think
‘would help us considerably would be to do the blood Porter-Silbers, the
urmne Porter-Silbers, the 17-ketosteroids and chromatograph them, to
see the conversion of Porter-Silber chromogens to 17-ketosteroid titres
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such as the A’-actiocholanolone type of p d, and furthermore to
sce what the ratio of the 17-ketosteroids to the Porter-Sitbers n the
urine 1s during these three-day procedures. I think ’rofessor Querido has
some interesting data which will help us beeause of the tune interval he
has chosen, Three days of injection may assist a great deal in elucidating
this conversion problem.

Forsnan: I'd like to rse to the defence of Professor Querido. One gets
the impression that we are all tallung down the 17-ketosteroids. Idon't
think 1t really makes any difference what you mcasure over a matter
of three days, as long as there 1s some relation between the dosage used
and your parameter, I rught point out that all of us have relied for
years on ACTH potencies expressed on an assay based on the discharge
of ascorbic amd from the rat adrenal, which has absolutely nothing
whatsoever to do with steroidogenesis. Yet 1t was very valuable. I
think one has to define what sort of an assay one wants, In terms of a

uriads wmanen mavy maam

to the h “of the o . of the 17-hydroxycorticoids to
17.

ds, that is d tal research, in which the data
Professor Querido has supplied are gowng to help us a lot.

Trorn: We have carried out a large number of assays now, and
studied the normal response to ACTH, and if one uses either au cight-
hour infusion on two successive days, or the gel, the nse in 17-keto-
sterpids and the rise 1n total 17-hydroxysteroids follow each other very
nicely. However, one is hikely to obtain a greater response in the
17-hydroxy on day 1.

BrowNeg: In connection with blood levels in general, and Dr.
Warcham's remarks about pitressin action, and the drop in the hamato-

ZZ:(‘:‘;KI;\;&‘;‘.I;I;"\;‘O\;!&-EQ-aﬂ'eckzd n the same way as any other blood

oanstituent

vania
as opeat as One NMUIZHL CAptuyy was ~
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Je~aetthemia  Tn repard to the distnibution of hydrocortisone !.he
¥ ) .

s dmmman

hree-quarter hours and in the arterial about one and a quarter to
one and a half hours. It seems to take about three hovrs for a molecule
to go through the metabolic circuit and out.

We find with the radioisotope that in the hepatic venous blood, which
has a decay curve for free steroid about the same as peripheral venous
blood (indicating about the same tume through the portal system), we
get a very mce nise in the conjugated matenal, which reaches a peak at
about two hours and is still gh at about four hours; and we‘ﬁnd

L G A Y -
normal subject without this outward drainage  So that the intestinal
factor is probably nvolved 1n the relation between the blood and uninary
excretions. You have your peaks in the blood level at the same time as
the peaks 1n the urme, and I am wondenng whether that might have
been a matter of time interval that I didn't follow. .
QueRIDO The urine was collected hously, but we of course only
studied water, sodiura and potassium, However, I stated that in three
cases the peak of the blood corticosterojd level was at 2 p.m. and 1n two

SanuELs. T am very curtous about the high Jevels around 2 o’clock 1n
the afternoon. In our expertence the peak levels in the plasma have
always come between 6 and 8 am , and we have never seen one beyond

ENDOC VI 22
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that time, I wonder what other people’s experience has been with
diurnal
nething
1¢ same

, . o .- -

Fonrsian: I suggest that we schedule a special meeting at Greenwich!
Thus is really not so funny, pecause wWhen we trned to compare our
results in Califormia with published results from Utah and elsewhere, we
finally econcluded that all Jocal times would have tobe changedto a
common denominator te allow for proper comparison.

Tuorn: There appears to be considerable interest wn the diurnal
fluetuation, since many data have been accumulated on this subject. I
would suggest that we reserve time later in the meeting for more
extended discussion of this problem,

Samurws: I should Lke to make one remark with regard to 17-

L which Professor Quendo
we have been measunng
- d and the other is after
glucuronidase hydrolysis. When we measure the 17-hydroxycorticoids we
take off from our chromatogram the fraction that has 17.ketosteroids;
this does not have the total 17. ids, only the gl and
it is always considerably below the total level. Now in this study
Dr. Sandberg was interested in the relation of urnary 17-hydroxy-
corticosteroids to the plasmalevels, and I think the 17-ketosteroids were
also done on the glucwronide fractions, which would make them
considerably lower too.

Quermo: Would Dr. Samuels wfer from his experences on Com-
pound F admimstration and the variations in the blood in different
persons, that the blood levels are more or less a reflection of production?

SamuELs. I think in the normal ;ndividual, yes. But 1n patients, no,
because the liver function can greatly influence the levels.

Bayuwiss: I think some of the dispanity you have observed between the
blood levels of 17-hy ds and the 17-k id
excretion is related to the rapidity with which the concentration of
17-hydroxy compounds may alter in the plasma. Relatively large
volumes of blood are required for the estimation, and you can’t take

many samples. Sometimes when you found ligh 17-ketosteroid
excretion and the plasma level of cort was not app y
proportionately high, the discrepancy could be related to the
timing of the blood sample. Would Dr, Samuels agree with that?

SamuELs: Yes.

Baytass: That's why I think it 1s often difficult, unless you can take

four hours. .,
Qrmmmo: 1 agree with you only partly, that this is a posability. In
the case I showed of the increased wtravenous infusion—one day was
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e . . .
‘ . e

and six houss of infusion, Of eourse, you had two samples. If you

plotted them loganthmically you'd probably find the same,
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THE observations of Sayers and of Long (Long, 1947) on the
decrease of adrenal cortical ascorbic acid in response to
ACTH have been the basis of the acceptance of the existence
of a specific relation between the hormone and this response.
This has pointedly raised the question of the réle of the
ascorbic acid 1n the adrenal cortex and the method of disposal
when ACTH 15 given.

Effect of Scurvy on Adrenal Cortical Function

The mere fact that conditions i the termunal scorbutic
period in the experimental gumea-pig are sufficient to act as
an intensc stimulus of adrenal cortical activity indicates
the possbility of adrenal cortical secretion in the absence of
ascorbic acid. It was found that in the termmal stages
of acute scurvy in guinea-pigs the 17-ketosteroid excretion
rose (Clayton and Prunty, 1851). Thisis true in the monkey
(Stewart, Salmon and May, 1952), and Nadel and Schneider
(1952) found an ncrease in formaldehydogenic substances
in the urme of scorbutic guinea-pigs. The excretion of
17-ketosterotds, however, falls during the earlier seorbutie
period 1n both acute and chronically scorbutic animals.
In scorbutic patients too, 17-ketosteroid excretion is depressed

any
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and it has been suggested that a rise in 17-ketosteroid excre-
tion might prove to be indicative of impending termination
unless ascorbic acid therapy is given (Clayton, Mils and
Prunty, 1954). This preliminary fall with an increase
oceurnng only in the terminal phase may explain why other
workers have failed to notice the rise (Banerjee and Deb,
1952; Tarantino, 1950). In the guinea-pig, depletion of
adrenal ascorbic acid seems to oceur at a rapid rate on a scor-
butic diet. At the twelfth day the level had fallen from 8174

scumer
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326 mg.{100 g. to 5-4-+-6-2 and 0-944-2-4 in the **terminal
period” of scurvy. For the purposes of the present study
““terminal period” may be defined as the limits within which
animals in our colony succumb with acute scurvy. In some
animals, therefore, it is likely that adrenal ascorbic acid had
reached zero levels at the twelfth day or very soon after.
Qesterling and Long (1951), however, reported rather higher
figures—after seventeen days the level was 6-0242 and
after twenty-seven days 1-87+0-5. Methods for determimng
ascorbic acid at these very low levels become extremely
maccurate. Durng the terminal pemod there is a signifieant
merease in the size of the adrenal gland (Fig.1), ‘This 1s
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accompanied by the usually accepted evidences of *‘stress”
response. There is discharge of sudanophilic material from
the zona fasejculata, There oceurs too a fall in the adrenal
cholesterol level (Oesterling and Long, 1951) which may be
detected as early as the fourteenth day (Stepto, Pirani,
Consolazio and Bell, 1951), By paper chromatography of
ethyl acetate extracts of guinea-pig whole blood a very large
rise in the hydrocortisone level may be demonstrated which
exceeds the amount secreted in response to the mjection of
ACTH gel daily into normal guinea-pigs. Much of the secreted
mg/da
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hydrocortisone appears as unchanged free steroid m the urine
(Burstein and Dorfman, 1954; Mills, 1954} and is able to
undergo oxidation to 17-ketosteroid by sodium bismuthate
and be estimated according to the method of Norymberski,
Stubbs and West {1953). Using a modification of thns method
it is found that there is a decrease 1n 17-ketogenic steroid n
the urine of gumnea-pigs on a scorbutic diet about the
twelfth day and a rise above normal levels at the end of the
terminal period (Fig. 2). There seems little doubt, therefore,
that some process associated with the terminal stages of
scurvy 15 an ntense stimulus to adrenal cortical a.ch'w.ty
which appears grossly to be of the nor’mal pattern. This is in
spite of the fact that the adrenal cortical content of ascorbic
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acid is virtually zero. Unfortunately methods are not suffi-
ciently sensitive to be able to state that adrenal steroid pro-
duetion is entircly independent of traces of ascorbie acid.
There certainly seems to be no essential need for the very
large amount normally present in the cortex. If ascorbic acid
were important in steroid synthesis it might be expected to
enhance hydroxylase activity, Tus effect appears to be
mimmal with respect to 11-hydroxylase activity according

1TRS MG/23 KR

PER GUINEA PIG

T
cannuL‘l
et

Tena
tevel
Fic 3. Effect of deoxycorticosterone acetate (D.0.C.), adrenalectomy
plus deorycorticosterone acetate (2 mg daily injected), and cortisone
acetate (E') (5 mg. daily 1njected) on the 17-ketosteroid excretion i scurvy
n

to the report of Wettstein, Kahnt and Neher at the first part
of this colloquium,

It has been found that cortisone in switable dosage will
depress the hypertrophy of the adrepal developing in scurvy
{Fig. 1) and the excretion of ketosteroid 1n the urine (Fig. 8).
According to Sayers’ hypothesis thus would be due to the
mhubitory effect of the cortisone on the pituitary secretion
of ACTH. The amount of steroid required for this purpose
ncreases with the increasing stimulus to endogenous ACTH
productron (Sayers, 1950). It will be seen 1n Fig. 3 that
deoxycorticosterone acetate caused an increase mn the 17-
ketosteroid exeretion in scorbutic guinea-pigs although n
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normal guinea-pigs it does not have this cffeet. According
to Sayers, deoxycorticosterone in half of the dose per 100 g.
body weight employed in these experiments, given to the rat
suppressed endogenous ACTH.  Deoxycorticosterone was
said to be one-cighth as effective as cortisone. In the present
experiments DCA seems to act as an additional stimulus to
ACTH production and this view 1s supported by observing
the following changes in the weight of the right adrenal gland
in scorbutic guinea-pigsi—

Table I
Fruare TERsaNALLY ScoRBUTIC GUINEA-PIGS
R. adrenal gland. Ratio of weight m mg, to hughest body weight n g.

Iniact Intact+ DCA*
0-38 0 60
0 41 0 50

*2mg perdeyim.

Adrenal Cortical Reserve in Scurvy

The injection of ACTH into guinea-pigs completely de-
prived of ascorbie acid during the nineteenth to twenty-third
days of the regime caused a 40 to 206 per cent wncrease in
the 17-ketosteroid excretion of these ammals (Clayton and
Prunty, 1958). ACTH treatment of ammals on a scorbutic
diet results in a stll further increase in adrenal weight (Fig. 1).

In patients suffering from chronic scurvy there is a very
rapid and impressive response to ACTH i the excretion of
17-ketosterods and 17-ketogenie steroids (Fig. 4) equal to
the best responses seen in normal individuals (Clayton,
Mills and Prunty, 1954). It should be especially noted that
in this response, which has been confirmed in two patients,
the ketosteroids rose from low levels. It has also been reported
by Treager, Gabuzda, Zamchelf and Davidson (1930) that
scurvy patients show a good cosinophil fall when given ACTIL
and that Gardner at the Peter Bent Brigham Hospital .has
observed a good rise 10 vi-ketosteroid during forty-eight
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hours’ administration of ACTH. We can be more certain of a
very severe depletion of adrenal cortical ascorbic acid in the
guinea-pig cxpeniments, and, in spite of this, adrenal cortical
reserve would seem to be good. The observations in patients
may be accepted as supporting this conclusion.

The significance of the fall in urine 17-ketosteroid during
the mare chronic phases of seurvy is of some nterest. One of

AC 154  SCURVY
ASCORBIG AGID

AGTH GIVEN

17 KETOGENIC
STERDID
n
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.

Fi6. 4. Urine steroid excret1on i a chnically
scorbutic patieat treated with ACTHAR gel.

our patients received 2 g. of ascorbic acid daily without any
immediate ncrease in the urine 17-ketosteroid excretion; the
average daiy excretion was 2-8 mg. per day and during
the first seven days’ treatment was 3-0 mg. per day.
Klein, Papadatos and Fortunato (1954) observed no consis-
tent change 1n the normal buman in 17-ketosteroid excretion
when Iarge doses of ascorbic acid were given. Kayahan (1952)
on the other hand reported a fall. In our patient the 17-
hetogenic steroids, which were also low, showed a shght
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depression, but it is doubtful if this was significant, although
others have claimed to observe changes of a similar nature
with ascorbie acid (Daughaday, Jaffe and Williams, 1948;
Goldzieher and Edlin, 1958).

Effect of Adrenal Hormones on Scurvy

The effect of the adrenal on the scorbutic state 1tself now
deserves consideration and appears to be somewhat contro-
versial. Early observations by Lockwood and Hartmann
(1983), by Kendall (see Murray, 1948) and Giroud and his
colleagues (Ratsimanaga, 1944), seemed to show that adrenal
cortical extracts prolonged survival of guinea-pigs deprived of
vitamin C, although the extracts may contain mimmal
amounts of this substance. In acutely scorbutic animals,
Hyman, Ragan and Turner (1950) and Hernck, Mead,
Egerton and Hughes (1952) have found that ACTH and
cortisone prolong survival.  Schaffenburg, Masson and
Corcoran (1950) also, using only partially deficient ammals,
claimed that cortisone enabled growth to be maintained.
The question whether scurvy 1s improved by cortisone and
ACTH has been studied by us, paying special attention to
both acutely scorbutic animals completely deprived of vitamin
C, and to more chronically scorbutic anmmals recerving 1 mg.
of ascorbic acid every fourth day and other ammals receiving
2 mg. of ascorbic acid daily. In acutely scorbutic ammals
10-20 umits of ACTH daily, in divided doses, had no sigmfi-
cant effect on survival (Clayton and Prunty, 1951). Cortisone
acetate in doses of 5 mg. daily subcutaneously had no effect
on survival (Fig. 5). It is interesting to note, however, that,
although as we have seen, DCA appears to potentiate the
adrenal stimulus of acute scurvy, m doses of 2 mg. daily, it
does not affect the survival of these acutely scorbutic anumals,
Adrenalectomized ammals, which may be mamntained on
this dose of DCA (Clayton and Prunty, 1958), succumb
extremely rapidly —even before a gross depletion of
ascorbic acid in the tissues 1 Iikely tq occur. This extreme
susceptibility may be surprising, but it has been previously
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pointed out that adrenalectomized animal intained in
this way are extremely likely to supcumb to such unfavourable
conditions, being sensitive to “stress” (Swingle and Reming-
ton, 1944). On the other hand scurvy itsclf sensitises the
animal to such stimuli as infections and the injection of
histamine (Sayers, 1050; Parrot and Richet, 1945) and 1t has
been convineingly shown by Dugal and Therien (1949) that

un
HORNAL

(3]
NORMAL ¢ E

)
NORMAL ¢ poOC,

4]
ADE® & DOC.

DAYS  SURVIVAL

Fia 5. Survival of guinea pigs on o scorbutic diet.
Dosages used were deoxycorticosterone acetate 2 mg.
daily, cortisone acetate 5 mg. daily.

1n rats and guinea-pigs large amounts of ascorbic acid prevent
the adrenal hypertrophy produced by exposure to cold and
favour the survival of such animals.

In the case of chronically scorbutic animals, the admim-
stration of 1 mg. of ascorbic acid every fourth day resulted
in death between twenty-six and forty-five days and the
admnistration of cortisone acetate in doses of 5 mg. daily dud
not alter the survival penod outside this range. Animals
Teceiving 5 my. cortisone acetate and 2 mg. of ascorbic acid
daily survived not more than fifty-two days, wheteas animals
not receiving cortisone were still alive at mnety days. It is
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considered that more acute scurvy was not precipitated in
the cortisone animals; indeed bone development at the
epiphyses appeared stimulated (Clayton., 1954). In these
experiments it was shown that the observations of Schaffen-
burg, et al. (1950) claimng that cortisone enabled growth to
be maintained in chromeally scorbutic animals, were depend-
ent on free food intake., If paired feeding is employed, the
cortisone animals even show an absence of the imtial weight
gain seen in the scorbutic controls. The falling off in food
intake by these animals is very considerable Wa haye ¢hana

fore, been '

the survive’

pigs, althor . . . R
to the effects ot the scorbutic diet, Reports in the hiterature
on the effects of ACTH on scurvy are contradictory and
unconvinmng. In two scorbutic patients we freated with
ACTH for four and nine days respectively there were no
objective changes of note.

Effects of ACTH and Cortisone on Ascorbic Acid
Metabolism

In both the human subject and the guinea-pig on good
intakes of ascorbic acid the excretion of ascorbic acid 1n the
urine 15 ipereased by ACTH injection (MeSwiney, Clayton
and Prunty, 1954). Fig. 6 shows the response in guinea-pigs
receiving 10 mg. ascorbic acid per 100 g. body weight and
Fig. 7 the response in a pahent receiving 330 mg. of ascorbie
acid dmly, The response in the gmnes-pig 1s more sustained
than in the human. In the latter 1t 15 remniscent of the
inerease in uric acid excretion often observed and of transi-
tory natuse. In Fig. 7 s prominent rebound is seen after
withdrawing ACTH. Beck, Browne and MacKenzie (1951)
observed similar changes n humans. We have amphfied our
observations by determining ascorbic acid with 2:6-dichloro-
pbenolindophencl, and ascorbic acid plus the oxdation pro-
hydroascorbie acid and diketogulonic aeud, if

ducts of del ;
present, by the method of Roe and Kuether (1943). It will
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be scen that ACTH induces some increase in the amount of
onidation products (Roe and Kucther value—dye value).
The contribution of dehydroascorbic acid to this was practi-
cally nsignificant (McSwiney, Clayton and Prunty 195%).
1t was further found that a similar phenomenon occurs if the
intake of ascorbic acid, and hence the urine excretion, 15
suddenly increased in a control subject, and it is therefore
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Fio. 6. Effect of ACTH on unne excretion of ascorbic
u

ggested that the fund 1 change that occurs when
ACTH is injected 1s an increase of ascorbic acid mobilised
from the tissues. In Fig. 7 it will be seen that in two days
the ascorbic actd plus oxidation products exceeded the intake
by 800 mg. and the preceding baseline excretion rate by 454
mg., amounts far in excess of the adrenal content of ascorbic
acid, which is approximately 12 mg. It would not be expected
that such changes would occur i guinea-pigs for these animals
excrete such a small proportion of ingested ascorbic acid. It
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will also be noted in Fig. 7 that for the first few days there is

a rise in the plasma ratio: Roe and Kuether value. In
dye value

other experiments we bave found a slow fall mn the plasma

dye level. This is the opposite of the effect reported by

Stewart, Horn and Robson (1953), who found the ratio

approximated to 1 within four hours of giving ACTI{ or
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cortisane. Beck et al. (1951) obtained similar results to ours,
suggesting a Tise in the Roe and Kuether value. They only
used this method of estimation.

In view of the possible nse in the amount of oxidised
matenal and that Long, Miles and Perry (1951) bhad postu-
lated, on the basis of alterations in the scx{sltivxty of guinea-
pigs to tuberculin, that the adrer.ml steroids might act by

asing the oxidation of ascorbic acid to dehydroascorbic

incre 3
acid, further attention was directed to this problem (Clayton,
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McSwiney and Prunty, 1954). From observations of the fate
of deliydroascorbic aeid injected inte human subjeets and
guinea-pigs it wos concluded that the relationship between
it and ascorbic acid could be represented as follaws:~—

Debydrosscorbic acid

. e
@ Diketogulonic scid®
Bos Threons acd®
! Oxafic acd
Ascorbic |
axorbe ! Ascorbic acd

1 Burss, Burch & King (1) '
T Meleyshn (a3
1 King (9300

No evidence of the presence of oxidation produets, including
dehydroascorbic acid, was olserved in guinea-pig tissues.
Although it had been bricfly stated by Long (1947) and
Sayers and Sayers (1948) that the adrenal ascorbic acid
measured by the dye or Roe and Kuether methods was the
same after ACTII injection, it was deeided to re-investigate
this question in more detail. In one series of experiments the
guinea-pig tissues, including the adrenal, were heavily depleted
of ascorbic acid by placing the animals on a scorbutie diet for
twelve days. The tissue ascorbic acid level was then rebuilt
over 4 three-day period by giving i daily doses of 10 mg. and
20 myg. respechively ascorbic acid or dehydroascorbic acid
by mjection. During this three-day penod and on the preced-
g day, ACTH was injected twice daily (20 units ACTHAR
gel) or cortisone injected daily (8 mg.). At the end of the
three-day pemod there was no evidence that the hormones
caused the production of oxidation products in the adrenal
or the hiver, even when dehydroascorbic acid itself was given.
In o further experiment designed o study the period of fall
in adrenal ascorbic acid occurring during the few hours after
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ACTH injection the result obtained was similar, Guinea-
pigs, Previously receiving an adequate diet with respect to
ascorbic acid, were given an mjection of 200 mg. of this sub-
stance or sodium ascorbate to flood the tissues and enable
the adrenal cortex to refill during the pertod of ascorbic acid
discharge. An injection of 60 units of lyophilized ACTII was
given intraperitoneally, Fig. 8 shows that even under these
conditions there was a significant fall in ascorbic acid but less
than that observed by Long (1947) in spite of the very large

#---ame  CONTROL
Y ACTH

#FIGURES INDICATE RaTi0 __DYE METwoo __
ROE & KUETHER WETHOD

103* n® K3
ADRENAL g
ASCORBIC % (F<005)
AGID Mo/koG oo oot

o 4 «
HOURS AFTER INJECTION

Fic. 8. Effect of ACTH (60 units soluble) on adrenal ascorbic acid m the
guinea pig (for detals sce text)

dose of ACTH. Even though the adrenal ascorbic acid level
was kept up there was no tendency for this to become oxidized
in the tissue.

Although ACTH and cortisone could not be shown to
produce oxidation products of ascorbic acid in the tissues, by
the method employed, some evidence was obtained
of an increase in oxidation products in the urine of huma}l
subjects when dehydroascorbic acid was administered. This
phenomenon in not observed in guinea-pigs because when
given dehydroascorbic acid they excrete primanily oxidation
products m the urine and only very small amounts of ascorbie

acid. In the human subjects there seemed to be an increase
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in the amount of oxidation products i the urine after giving
ACTH along with dehydroascorbic acid {Clayton, McSwiney
and Prunty, 1954). The results of these experiments are
shown in Fig. 9. Oral doses of 150 mg. of ascorbic acid were
given for eleven days preceding the experiment in order to
maintain good baseline excretion of ascorbic acid in the urine,
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It will be seen that whea ACTH and dehydroascorbic acid
are injected together there is an absolute increase in the
excretion of substances measured by the Roe and Kuether
method. Dehydroascorbic acid itself did not form part of
this mcrease. For a further discussion of these results refer-
ence should be made to the paper aited.

In conclusion 1t seems then that ascorbic acid deficiency,
far from bemng a bar to adrenal cortical secretion, can stimulate
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it intensely. There still remains a reserve capacity in thes
adrenals. On the other hand, adrenal secretion does n
significantly influence the development of scurvy althoug
adrenalectomized animals are particularly sensitive to i
Cortical hormones accelerate the mobilisation of ascorbi
acid from tissues other than the adrenal and some increas
in the oxidation products may occur.
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DISCUSSION

1o respond h
Prunty. We haven't investigated that point. It 1s worth domg.
SorrER. Have you had any expenence with the use of competitive

agents of ascorbic acid on the unnary excretion of neutral 17-keto-

; >
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We could get rises of ascorbic acid excretion sometimes with cortisone.

i
that problem.

TnorN: Has anyone followed the blood level of ascorbic acid with a
constant infusion, and then added the hormone to see how much of
thus change in biood fevel1s due to changes in renal excretion? ¥ gather
from your studies that one may have a rise at tunes in blood level,
which that d renal cl hasnot d. On other
oceasions, however, the blood level appears to fall, which would still
Ieave both possibilities open.

Prunty: We have done ont or two expetiments m this connection,
but the results are very indeterminate.

Samurrs: Did you inject cortisone and follow the rate of its meta-
bohsin and excretion in the scorbutic subject before and after the
admimstration of ascorbic acud?

Prunty: No,

SanuELs: T thunk that the rise in steroid excretion which you get 1n

JRPSRR——

animal at this stage of any 1llness.
Prunty: There are two important points here. I would like to say \lve
; the

sone.
. ~eto-
| . We
have not attempted to quantitate the terminal response which appears
1n blood level and urine excretion, with the normal response to ACTH,
but it doesn’t obviously seem to be a matter of utihzation or diver-
gence of metabolism. All we think we have shown 1s that scurvy s one
factor which will set the adrenal 1n action. How it compares with other
morlud states I don't know.

P TR " - B
AGTH. I'don’t think it is necessarily related to the scurvy. .
.

* Baxsass: At the time of death?

unTY: Yes. ., .
!r;:owxn'. \\?e have done 17-ketosterond, glucocorticoid, and nitrogen
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excrety .
termin ' .
Idon
VLY Diaincus Massmtsms covw oom pcos - .
mttogen. This we did not observe 1n o number of other patients who
were followed to death.

Sarrrre I would agree with Dr. Bayhss and Dr. Samuels and Dr.

patients dying from acute Ie a show a high terminal
or sub-terminal mse 1 thewr urnary sterowd output (cf. Bernard, J.,
Deltour, G. H., Velez, E. and Lecomte, R., 1953, Sem. II6p. Paris., 29,
3 476)

one way or another, These secreting cells must protect themselves

in the adrenal. -

In a further series of experiments 1 the rat (which of course synthe-
sizes 1ts 0Wn ascorbic acid) we looked for a possible relationship between
ascorbic acid metabohism and adrenocortical function We studied the
effects of various types of stress, such as scalding, surgical trauma, and
cold, as well as the effect of adrenalectomy, hypophysectomy, and
admunstration of adrenocortical extract on the plasma level of ascorbie
acd, and found mn both normal and adrenalectomized ammals an
1dentical pattern of response, namely a tophasic pattern in response to
surgical trauma and cold: a fall 1n the first thurty minutes, followed by a
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pronounced rise, and then by a gradual return to normal. The response
to scalding was slightly different: the anumals did not show the prtmary
fall, but only the nse and return to normal, The amphtude of the
response was, however, smaller in the adrenalectomized than in the
normal antmals. We also found that both hypophysectomy and
1 id d the level of plasma ascorbic acid.
It was, however, raised to normal or above normal levels by gving very
small amounts of adrenocorfical extract, which had a prolonged and
maintamed action (Skefton, F. RR. and Fortter, C., 1951, Canad. J* med.
Sei., 29, 176).

In an attempt to explan the findings of Dugal, to which Dr. Prunty
has referred, in relation to the inlubition by ascorbic actd admunistration
of the adrenal enl; to chronic exposure to cold, we
studied the adrenal response to ACTH following the admunistration of
large doses of ascorbic acid. We found that while the depletion of the
adrenal ascorbic acid was of lesser magmtude (which could be expected
since the ntake was greater), there was no change in the adrenal
cholesterol response to ACTH {Skelton, F R. and Forter, C., 1951,
Canad. J. med Sci., 29, 100). Dugal and Thenen (Science, 1952,115,
598}, In
clustons, '
cholester -
large doses of ascorbie acid, when such treatment 1s contmued for a
period of ten days m the hypophysectomized rat. A smnilar condition-
ing effect at the post-adrenal level was recently reported by Bacchus
and co-workers (Proc Soc. exp. Biwol , N Y., 1952, 79, 648; 80, 88), who
fuund that the concurrent admimstration of cortisone and ascorbic acid
to adrenalectomized mice and rats induced a greater lymphopenia,
eosinopenia and liver glycogen deposition than could be accounted for
by cortisone alone,

PRUNTY. We haven’t done any work with the rat because of the
constant synthesis of ascorbic acid, but in a few experiments with
human bemgs some years ago, giving ACTH and ascorbic acid together,
we never got any sign of potentiation of the ACTH effect.




STUDIES ON THE SODIUM-RETAINING
EFFECT OF ADRENAL CORTICAL STEROIDS

GeorGe W. TrorN, M.D., Joun C. LaiDLAW, M.D., PaD.,
and ALAN GOLDFICN, M.D.,

Department of Medicine, Harvard Meducal Schaol, and the Medical Service,
Peter Bent Brigham Iospstal, Boston, Massachusetts.

Introduction

THE capacity to induce sodium retention is a property
shared by a wide variety of steroid hormones, including the
cestrogens, androgens, progesterone and adrenal cortical
steronds.  Analysis of steroids with respect to this function

reveals on the one hand sub: such as which
are capable of inducing nitrogen, potasssium and phosphorus
retention in j ion with the of sodium and,

on the other, steroids such as hydrocortisone and cortisone
which faciitate the excretion of potasstum, nitrogen and
phosphorus whilst inducing sodium retention, Progesterone
and 11-desoxycorticosterone occupy a somewhat intermediate
position sinee they effect sodum retention in conjunction
with a transient potassium diuresis, with httle overall change
m nitrogen and phosphorus excretion. The cffects of the
sodium retention whch follows the admimistration of physio-
logical doses of adrenal cortical hormones to adrenalectomized
ammals should be distinguished from those which oceur with
the admistration of a large variety of noxious agents,
mcluding certamn steroid hormones. Administration of the
latter may actually shorten the survival of adrenalec-
tormzed ammals It 15 proposed to hmit the discussion at
this time to a quantitative comparison of the electrolyte-
regulating activity of certain adrenal cortical steroids and
themr dervatives,
343
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11-Desoxycorticosterone

Desoxycorticosterone, when administered in adequate
dosage to normal subjects or to patients with adrenal cortical
insufficiency induces a decreased sodium and chloride con-
centration and an increased potassium concentration in
urine, sweat, saliva and fxces (Figs. 1 and 2) (Thorn ¢ al.,
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1953; Conn, 1949). The overall effect of desoxycorticosterone
on the electrolyte composition of gastrointestinal secrctions
is best demonstrated by the use of loading techniques with
the ant administration of ion-exchange resins
(Berger, Quinn and Homer, 1951).

During the administration of desoxycorticosterone, the
expansion of extraceliular fluid volume may well exceed the
change in external water balance, indicating a shift of water
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from intraccllular to extraccllular space (Guadino and
Levitt, 1949). A sxgmﬁcant elevation of intracellular sodivm
and a d in intracell ium have been demen-

P
strated with continued high-dosage desoxycorti
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Fi6. 2, Excretion of sodium snd potassum in a
patient with Addison's disease, 'The patient was
on a constant diet (240 mEq of sodium and 72
mEq of potassum)  Stools and urine were
collected in three-day pools, snd the values for
sndmm and_potasstum l‘epresent memge daily
m the
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administration to ammals and man (Darrow and Miller, 1942;
Fourman ¢t al., 1952),

Because of the interest to this symposium of the relation-
ship of adrenal steroids to hypertension, the known effects of
desoxycorticosterone acetate therapy will be briefly reviewed.
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(1.) It appears that the prolonged administration of desoxy-
corticosterone is capable of producing hypertension when
used in the treatment of Addison’s disease. For example,
a forty-six-year-old white male with known Addison’s disease
for fifteen years exhibited a gradual wncrease in basal blood
pressure from levels of 120/65 in 1939 to 180/100 1n 1953. At
the time of his last hospital ad {fundus i
revealed early hypertensive retinopathy. The electrocardio-
gram revealed evidence of left ventricular hypertrophy.
There was no evidence of phaeochromocytoma or renal
disease. The changes m this patient are similar to those
reported by Perera et al. (1944).

(2) Aggravation of pre-existing hypertensive vascular
disease has been observed in conjunction with desoxycorti-
costerone therapy.

A patient with pre-existing hypertension developed a
normal blood pressure with the onset of characteristic
Addison’s disease. Following the administration of desoxy-
corticosterone the patient showed chnical improvement;
however hypertension returned promptly and progressive
retinal vascular changes were observed. Following the sub-
stitution of cortisone, 25 mg. per day, and a small supple-
mentary dose of sodium chloride for the desoxycorticosterone
therapy, the patient’s blood pressure returned to normal and
has remained so for three years. Complete regression of the
vascular changes in the ocular fund: has occurred (Perera
ef al., 1944).

(3) Patients whose hypertensive cardiovascular disease
has been 1mproved following bilateral adrenalectomy exhibit
a hypertensive response with increased heart size folloning
the addition of desoxycorticosterone therapy to a basic
cortisone maintenance regimen.

For example: A plete bilateral adrenal y bad been
carried out on a twenty-mmne-year-old white male for severe
hypertension characterized by a basal blood pressure of
280/170 mm, Hg., cardiac enlargement, grade IT1 hyperten§1vc
retinopathy and albuminuna. Postoperatively the patient
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had been maintained on cortisone alone in a dosage of 25 to
50 mg. per day. On this regimen the basal blood pressure

P v . .
the heart size increased to 27 per cent above normal and the
blood pressure values excceded 160/100 mm. Hg. At this
point it was felt imperative to reduce the desoxycorticosterone
dosage to 1 mg. per day. On this schedule the heart size
decreased to 6 per cent above normal and the blood pressure
fell to a level of 120/80 mm. Hg.

(4) It is generally accepted that retention of sodum is
essential for the production of hypertension by desoxycorti-
costerone acetate. Furthermore, in experimental animals
reduction in renal functioming mass appears to facilitate this
change (Selye, Hall and Ranley, 1943). Studies on patients
with kidney disease treated with desoxycorticosterone acetate
support these experimental observations (Thorn #2 al., 1952).
In order to test the hypothesis that sodium retention is
essential for the production of hypertension n the presence of
renal disease, a patient with salt-losing type of nephritis was
selected for study, This type of patient 1s known to be
unresponsive to the sodium-retaiming effect of desoxycorti-
costerone because of end-organ failure. This patient was
given a large dose (30 mg. daily) of desoxycorticosterone
acetate intramuscularly for a period of four to six weeks
without evidence of sodium retention and without a sigmfi-
cant alteration in blood pressure. The falure to observe
hypertension following the prolonged admimstration of
desoxycorticosterone in this patient suggests the importance
of renal mechanisms, especially salt retention, and the less
important place of extrarenal vascular change 1n the absence
of salt retention.

Corticosterone and Dehydrocorticosterone
The presence of corticosterone m a relatively high con-
centration in adrenal extracts has long been recognized (Thorn
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et al, 1958). Its signif is again emphasized by the
studies of Hechter ¢t al. {1951) who have shown that corti-
costerone and 17-hydroxycorticosterone (hydrocortisone) are
the principal steroid substances obtained by perfusion of the
isolated bovine adrenal gland with ACTH. Furthermore,
chromatographic studies on human adrenal venous blood
indicate that the quantity of corticosterone recovered 1s
second only to that of hydrocortisone (Romanoff, Hudson and
Pimncus, 1953). As might be anticipated from the chemical
structure of corticosterone and dehydrocorticosterone, these
steroids exhibit qualitatively the electrolyte-regulating activ-
ity of desoxycorticosterone in addition to the carbohydrate-
regulating activity of cortisone and hydrocortisone, The
electrolyte-regulating effect of corticosterone can be demon-
strated with oral, as well as parenteral, hormone administra-
tion. In this respect, corticosterone differs appreciably from
desoxycorticosterone, which 1s relatively inactive when given
by mouth (Thorn et al., 1953). Conn’s studies (Conn et al.,
1951a) and the authors’ would ndicate that the mtramus-
cular mjection of corticosterone 1s two or three times as
effective as oral admimistration.

Attempts have been made to utilize corticosterone as the
sale replacement therapy in Addison’s disease. The relatively
high sodium-retaining potency of this compound limuts its
usefulness 1 most patients since optimum carbohydrate
regulation cannot be attained without the development of
cedema or other evidence of excessive sodium retention.
Patients with a relatively high requirement for salt-retaming
hormone, however, can be maintained 1n excellent condition
for prolonged periods by corticosterone administered either
orally or by intramuscular injection. The limited quantity of
material available at present and the relatively high cost
have precluded any extensive clincal evaluation.

The posttion which corticosterone occupies as a sodium-
retaining hormone is illustrated by the Tesponse of a com-
pletely adrenalectomized hypertensive patient who showed
enlargement of the heart and restoration of hypertension with
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a maintenance dose of desoxycorticosterone (2 mg) or
corticosterone {50 mg.), but not with a maintenance dosc of
cortisone (23 mg.). .

The potassium diuresis which gecurs in patients treated
with corticosterone is minimal and transient. It more closely
rescmbles the potassium divresis observed with desoxy-
corticosterone administration than that which is scen with
cortisone or hydrocortisone. This fact, coupled with the
minimal changes in nitrogen excretion, suggests that cortico~
sterone is relatively deficient in protein anti-anabolic activity.

11-Desoxy-17-hydroxycorticosterane (Compound S)

This substance, which was first isolated in 1938 from beef
adrenal by von Euw and Reichstein and subscquently syn-
thesized by these investigators in 1840, exhibits only weak
salt-retamming activity. Clinical studies indicate that quan-
tities as large as 200 mg. per day must be administered to
induce detectable changes in sodium chloride balance.

11, 17-Oxygenated Corticoids

Cortisone (Compound E) was first isolated from adrenal
cortical extracts m 1936, almost sumultaneously in the
laboratories of Kendall (Mason, Myers and Kendall, 1936),
Reichstein (1936) and Wintersteiner and Pfiffner (1936).
Partial synthesis of cortisone from desoxychohe acid was
eventually accomplished in 1946 by Sarrett (1946), employing
methods extending the procedures developed by Reichstein
and Kendall.

Hydrocortisone, or Compound F, was first isolated from
adrenal cortical eatracts in 1987 by Reichstein (1937) and by
Mason, Hoehn and Kendall {1938). In 1948, Mason and
Sprague isolated hydrocortisone from the urine of a patient
with Cushing’s syndrome. Subsequently hydrocortisone has
assumed 1ncreasing wnportance with the discovery that it 1s
the principal sterod in adrenal gland perfusates and in adrenal
venous blood and peripheral blood. These findings have led
to the view that hydrocortisone is the principal hormone
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et al., 1953). Its significance is again emphasized by the
studies of Hechter et al. (1951) who have shown that corti-
costerone and 17-hydroxycorticosterone (hydrocortisone) are
the principal steroid substances obtained by perfusion of the
isolated bovine adrenal gland with ACTH. Furthermore,
chromatographic studies on human adrenal venous blood
indicate that the quantity of corticosterone recovered is
second only to that of hydrocortisone {Romanoff, Hudson and
Pincus, 1958). As might be anticipated from the chemical
structure of corticosterone and dehydrocorticosterone, these
steroids exhibit qualitatively the electrolyte-regulating activ-
ity of desoxycorticosterone in addition to the carbohydrate-
regulating activity of cortisone and hydrocortisone. The
electrolyte-regulating effect of corticosterone can be demon-
strated with oral, as well as parentera), hormone administra-
tion. In this respect, corticosterone differs appreciably from
desoxycorticosterone, which is relatively inactive when given
by mouth (Thorn ¢t al.,, 1953). Conn’s studies (Conn et al.,
1951a) and the authors’ would indicate that the intramus-
cular injection of corticosterone 1s two or three times as
effective as oral administration,

Attempts have been made to utilize corticosterone as the
sole replacement therapy in Addison’s disease. The relatively
high sodium-retaining potency of this compound limuts its
usefulness 1n most patients since optimum carbohydrate
regulation cannot be attained without the development of
cedema or other evidence of excessive sodium retention.
Patients with a relatively high requirement for salt-retaming
hormone, however, can be maintained in excellent condition
for prolonged periods by corticosterone administered erther
orally or by intramuscular ijection. The limited quantity of
material available at present and the relatively high cost
have precluded any extensive clinical evaluation.

The position which corticosterone occupies as a sodium-
retaining hormone 1s illustrated by the response of a com-
pletely adrenalectomized hypertensi\.re patient who shox\:ed
enlargement of the heart and restoration of hypertension with
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this hormone at the rate of 12 mg. per hour (Fig. 3). The
sodium-retaining effect became apparent about two hours
after the beginning of the infusion and reached maximum at
six hours. It is to be noted that the sodium exerction in the
urine fell from an initial control level of 6 mEq. to 0-5 mEq.
per hour. In contrast to this, tetrahydrocortisone, an import-
ant metabolite of hydrocortisone, produced no siynificant
change in sodium excretion when given mimxcnously at the
same rate.

The intramuscular injection of 300 mg. of hydrocortisone
free alcohol daily resulted in a retention of sodium almost as
marked as that observed following the intravenous infusion
of this hormone. However, intramuscular injection of hydro-
cortisone acetate exerted only a weak sodium-retaining effect
at this high dose levell The relativy e thcmpeuhc meﬂimcy of
the acetate of hydrocortisone ad int
has been well substantiated (Boland, 1932). When hy dm-
cortisone acetate is administered orally rather than intra-
muscularly it is more effective in producing sodium retention
and the difference between the free alcohol and the acetate is
less marked {Boland, 1952; Conn et al., 19513).

It has been noted from time to time that increased sodium
excretion occurs, particularly in the initial phases of hormone
administration. Twenty-four-hour renal clearance studies
carned out by Finkenstadt and Dingman (1934) in our
laboratory, with hydrocortisone given intravenously at the rate
of 10 mg. per hour, demonstrated an initial increase in
sodium excretion, prior to sodium retention, in normal sub-
jects and Addisonian patients (Figs. 4 and 5). However, when
hydrocortisone was given at the rate of 1 mg. per hour intra-
venously to patients with Addison’s disease, sodum diuresis
persisted througt the twenty-four-hour period. The
sodium diuresis appeared to be the resultant of a relatively
greater increase in glomerular filtration than in tubular
reabsorption of sodium, while the subsequent sodium reten-
tion with the larger dose of hydrocortisone resulted from

further enhancement of tubular reabsorption,




350 THORN, LAIDLAW AND GOLDFIEN

secreted by the human adrenal cortex. Since the metabolic
cffects of cortisone and hydrocortisone are similar, the present
discussion will be limited to hydrocortisone.

The effect of hydrocortisone on electrolyte excretion in
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man 1s more vanable than that observed with either 11-
desoxycorticosterone or corticosterone. The magmtude of
sodium retention varies with the dose and type .of hormone
preparation and the route and duration of administration.
Maximum sodium retention with hydrocortlsor.ze ha§ been
demonstrated followmg the intravenous administration of
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cortisone. It was anticipated that the patient’s tubular
reabsorption of sodium would not appreciably be affected
because of end organ failure. It was of interest to note that
in association with the continued intravenous infusion, over

FUTERED
No

taime

EXCRETED
Na

o
o

L o HYDROCORTISONE. INFUSION

Fio, 5. Effect of continuous intravenous hydro-
cortisone on renal filtration and exeretion of
sodium in Addison's disease,

B Hydrocortisone 1 mg fbr.

# Hydrocertisone 10 mg./hr,

Filtered sodium refers to serum sodium times the
rate of glomerular filiratiop, determined by the
inulin clearance technique. = Sodum reabsorbed
equals fltered sodium muus excreted sodium,

twenty-four hours, of 250 mg. of cortisone daily for two days
the serum sodium level rose and the urinary excretion of
sodium jnereased, despite a constant sodium intake,

That the reverse of the above stage may occur in the
absence of adrenal cortical hormones is indicated by the
studies of Arons and Nusimovich (1954). These studies were
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An important effect mediated by the 11, 17-oxygenate
steroids 1s the restoration toward normal of the elevate
intracellular sodium and extracellular potassium which ar
characteristic of many serious and chronic discase states
Under these circumstances 1t is postulated that followin,
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L3 o HYDROCORTISONE NFUSION

Fi16. 4. Effect of continuous intravenous hydro-
cortisone on renal filtration and excretion of sodizm
10 a normal subject.

W Control # Hydrocortisone 10 mg./hr.
Filtered sodium refers to serum sodium times the
rate of glomerular filtration, determined by the

mulin h Sedium

equals filtered sodium minus excreted sodium.

the administration of large doses of cortisone or hydro-
cortisone a shift of water and electrolytes occurs, with the
overall result that the sodium content of the extracellular
fluid compartment is inercased, thus increasing the load
of sodium presented to the kidney. .

This phenomenon has been obscrved 1n a patient with
“galt-losing nephritis” given an intravenous infusion of
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account for a failure to observe a negative sodium
balance in this patient despite 2 marked reduction in adrenal
cortical secretion, Thus, the incapacity of the tubules to
reabsorb sodium effectively could be compensated in part by
reduced glomerular filtration due to dehydration and hypo-
tension and by a dimmished sodium concentration in the
glomerular filtrate as a result of a shift of sodium from the
extracellular compartment to the cells. Thus, the paradox of
low serum sodium and hugh serum potassium in the presence
of normal body exchangeable sodium and potassium
may be explained by this hani

Thus 1t can be seen that in considering the mode of action
of adrenal cortical hormones on electrolyte metabolism one
must consider an effect not only on renal function but on the
distnbution of sodium and potassium between the intra-
cellular and extracellular compartments.

Halogenated Derivatives of Hydrocortisone

Fried and Sabo (1954), while attempting to synthesize
17a-hydroxycorticosterone  from  11-epi-17e-hydrosycorti-
costerone via a halogenated intermediate, found that the
9a- halogen denvatives of hydrocortisone were highly active
m the rat hiver glycogen assay for 1l-oxygenated cortico-
sterods. Borman, Singer and Numerof (1954) studied the
halogenated denvatives of hydrocortisone with respect to
their hfe-maintamning, sodium-retaming and glycogen deposi-
tion properties in rats. Their findings indicated that fluoro-
hydrocortisonie was less active than desoxycorticosterone 1n
growth and weight maintenance, eight tumes as active as
cortisone acetate 1n hver glycogen deposition and twice as
active as desoxycorticosterone 1n salt retention.

The comparative potenecy of hydrocertisone acetate,
chlorohydrocortisone acetate and fluorohydrocortisone ace-
tate has been studied m a patient with Addison’s disease
maintamed on a constant regimen (Fig. 7). The ntroduetion
of a chlorme or fluonne atom at the carbon-9 postion not
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carried out on a patient 1n severe Addisonian crisis. During
the three months prior to admission the patient had shown
progressive weight loss, anorexia, nausea, vomiting, dehy-
dration and hypotension. The diagnosis of Addison’s disease
was established by the clinical findings, the absence of 17-
hydroxycorticoids in the urine and by the failure of the
adrenal to respond to three days of intravenously admnis-
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tered ACTH. Somewhat unexpected was the finding that the
exchangeable body sodium and potassium in this patient
were well within the normal range. The ratio of these two
quantities was likewise normal (Fig. G). These findings,
together with the observation of a low serum sodium con-
centration, an elevated serum potassium, and clinical evidence
of dehydration, strongly indicate that with the progress of
acute adrenal msufficiency there was a gradual decrease 1n
intracellular potassium and an ncrease in intracellular
sodium. These ct suggest a hanism which could
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hormones 1 2 sccond patient with Addison’s discase main-

tained in electrolyte balance on a constant diet and 25 mg.

of hydrocortisone acetate by mouth daily, indicated that

almost identical effects on sodium and potassium excretion

were attained with desoxycorticosterone, 2 mg. by intra-
Fac -

CHLORD Faceme
FLUORD Fag ros-n

2o ADDSONS tesase

EDSINGPHLS 5,
Tt

d
[ e

HOURS 4 8 a2 24

Fic. 8. Eosmopene vesponse to 25 mg. orally of hydro.
cortisone  ncetate, chlorohy drocortisone  acetate * and
fuorohydrocortisone acetate.

muscular injection, and with either 6 mg. of chlorohydro-
cortisone acetate or 0-5 mg. of fluorohydrocortisone acetate
administered 1n a single dose by mouth,

There appears to be appreciable sodium retention, in some
patients at least, with a single daily dose of 250ug. of Ruoro-
hydrocortisone by mouth (Fig. 8). This effect corresponds
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only intensified the salt-retaining potency of hydrocortisane,
but measurably extended the period of activity. The eosino-
penie action was proportionately enhanced (Fig, 8), Analysis
of the activity of these derivatives indicates that not only is
the (luorchydrocortisone much more potent i its sodium-
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was replaced with the test compounds which wére given in a
swngle oral dose of 25 mg. pes day,

retaming effect than any of the other forms of hydrocortisone
tested thus far, but that 1t 15 also exceeds by several-fold the
sodjum-retaming effect of desoxycorticosterone~the latter
being given intramuscularly as comparcid to .th? oral eflicacy
of luorohydrocortisone. It is umque in this instance .that
this form of hydrocortisone exhibits a more stpl.&mg sodium-
retaining effect than the classical sodmn}»retanm}g hormone
desoxycorticosterone acctate. Comparative studies of these
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oral use, and to Dr. Harold F. Hailman of the Upjohn Company for
hydrocortisone free aleohol and hydrocortisone acetate for intra-
muscular use.
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F16. 10 A comparison between the effect of mtravenously

an
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closely to that observed by Mach ef al. (1954) when the same
total quantity of electrocortin (aldosterone) was given in
divided doses every six hours by mtramuscular injection.
In one patient with Addison’s discase it has been possible to
compare the sodium-retaimng effect of electrocortin and
fluorohydrocortisone, the matertal mn both instances being
given as a continuous mtravenous infusion over a period of

wnsoss
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¥16. 9. The effect of fluorchydrocortisone on urinary Na and K.

four hours (Fig. 10). It is to be noted that the intensity of the
sodium-retawning effect was almost identical durng the
infusion. However, the more sustained effect of fluorohydro-
cortisone is readily apparent in the six-hour period following
the termination of the infusion.
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CLINICAL AND METABOLIC EFFECTS
OF ALDOSTERONE

R. S. Macy, M.p., and J. Faszrg, .0,
Climgue thérapeutique umversitare, Geneva.

Ix the first part of this symposium, Simpson and Tait, as
well as Gaunt, showed the results of their experimental work
with aldosterone. Today we would like to give you our first
impression of the clinical and metabolic effects of aldosterone.

1In February 1954 our group began the first metabolic study
on two patients with Addison's disease who received small
doses of aldosterone (see Table I). Ina second study, we tried

Table I
CLINICAL AND METABOLIC STUDIES WITH ALDOSTERONE

B R ST N

2nd. case: ¢, tlurty-five years, Addison’s disease of five years
duration, Jast iunplantation eleven months ago.
Three days t;ontml
Fave days of aldosterone (150. 150, 200, 200, 200
Tero daya mith 4 mg. D “8)

(1) Suthch without adrenal insufficiency
9, seventy-four years, Rhenmatoid Arthntis, hyper-
tension, low sodmm diet (1-2 ¢ )
Two days control
Three days of aldostcxonc {500, 300, 300 pg )
Two days control

2nd. case, N twenty»three years, medical student, high sodiam
Four days cor

Three days of aldustemne (1000, 750, 750 ug.)
Four days control

361
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All the symp of adrenal i iency reappear seven or
eight hours after the last injection, no matter what dose 15
given. We were therefore able to determine with precision
the limits and the duration of the therapentie action of our
preparation, which led us to distribute the injections of ald-
osterone at regular mntervals three times a day.

In spite of the shortness of our experiments, they enable
us to make an important observation. In both subjects with
Addison’s discase, aldosterone produced a rapid and un-
expected effect on the pigmentation of the skin. In the first
patient, for instance, the effect of aldosterone on the pigmen-
tation was much more marked after six days of treatment,
than of cortisone admimstered for several months.

In spite of an evident clinical improvement and an increase
of the blood volume, the arterial pressure of the two patients
was even slightly lower during the administration of aldo-
sterone than duning the period of adrenal msufficiency. This
fact 1s even more significant when it 1s noted that DCA caused
a marked Increase of the arterial pressure in the same two
patients, surpassing normal values. The first subject, who
generally runs a pressure of 160{110, never developed hyper-
tension under aldosterone treatment. This observation
permits us to establish an interesting difference in the action
of the two hormones on the vascular tone, which if it were
found 1 a greater number of cases, would have important
therapeutic consequences.

A very significant point, which 1s also brought out in the
study of these two Addisonians, 15 the fact that relatively
hugh doses of aldosterone, wiich bring about complete cliical
recovery, do not produce pathological retention of water,
This observation is in accordance with the findings of Gross
n experiments on dogs. He also showed that the water
retention caused by DCA will disappear following the admim-
stration of aldosterone,

Aldosterone 1s a natural hormone, and it seems to correct
arterial hypotension and electrolyte disturbances within
physiological hmits. This is a most important biological fact
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to demonstrate the metabolic effects on two subjects without
adrenal insufficiency. To do so, we were obhged to use large
doses of aldosterone.

The first patient, who had had Addison’s disease for three
years, was kind enough to permit the removal of his DCA
pellets in order that we could accomplish our study with
aldosterone. Ve maintained him on 6 mg. DCA a day for
two weeks before the onset of the experiment. As you see n
the first table, we divided the study into five different meta-
bolic periods.

In Table II it is evident that all the symptoms of adrenal

insufficiency—fatigue, nausea, anorexia, sleepiness, depres-
Table IT
CLINICAL ACTION OF ALDOSTERONE
Before treatmend Duning treatment After treatment
Addisor’s  Fatigue Disappear Reappear
disease Nausea one hour 7-8 hours
Anoreaia after the after the
Sleepiness mjection Iast mjec-
Depression tion
Dyspnaea on effort
Ergogram (15 hg./sec.) 250 sec.
84 see
diminution
Pigmentation alread;
after 5 days
of treat-
ment
Rheumatod  Classical signs, without effect| without effect
Arthntis Hypertension

sion, dyspnoea on effort—disappear one hour after the first
injection, During the treatment, the two patients felt as well
as during a combined treatment of DCA and corgisone. The
first patient, who 1s very intelligent, noticed a feeling of alert-
pess and even happmess. The correction of asthenm, as
measured by the ergogram, shows the remarkable effects of

aldosterone.
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which doubtless would be of great advantage in the treat-
ment of Addison’s disease.

Metabolic effects

During the experiment we maintained the patient on a
constant diet and kept an exact balance of chlonde, sodium,
potassium, nitrogen, calcium and phosphorus intake and
output. As you see in Fig. 1, aldosterone produces in patients
with Addison’s disease a retention of chloride and sodium,
and an increase in the excretion of potassium. During the
first three days of treatment our subject retained a total of
64 mEq. of sodium and 72 mEq. of chloride. The potassium
excretion was influenced 1n the characteristic way; its increase
in the urine, which appeared after the first injection of
aldosterone, 1s very clearly illustrated in Fig. 1. Fig. 2 shows
the remarkable effects of aldosterone on sodium and water
metabolism in a second case of Addison’s disease,

Now let us examme the metabolic effects of aldosterone
in subjects without adrenal insufficiency. The first case, a
female patient with rheumatord arthritis and hypertension
(Fig. 8), had recetved a very low sodium diet for several
months, In spite of the high dose of aldosterone (400 ug. 2
day), she retained a very small amount of sodium, but had 2
characteristic excretion of potassium. YWe observed no effect
an the clinical symptoms of rheumatoid arthritis, on the
sedimentation rate or on the number of eosinophils in the
hiood.

The next experiment was on a normal medical student,
who was willing to undergo this study on condition
that he had a high caloric mtake. This explains the consider-
able amount of sodium m his diet (Fig. 4). This subject,
contrast to the previous one, shows a marked retention of
sodium and chloride, but no change in the potassium ex-
eretion, We think that the difference in the response of these
two subjects on high doses of aldo#erone may be explfzined
by the different composition of their diet. We would like to
emphasize that 1t is impossible to judge the effects of a
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hormone on clectrolytes unless the composition of the diet is
known in all details. There was a minor accident in the
balance study of the medical student {Fig. 4). In order to do
a glucose tolerance test, the subject fasted the whole morning
and to keep up with his food intake he ate too much at four
o'clock; he developed gastro-intestinal disturbances and for
this reason cut down on his food intake 1n the evening. The
reduction of the sodium intake 15 actually not so important,
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¥10. 5. Action of aldosterone on glucose tolerance test n the first
subject with Addison's disease.

when one realizes that the 40 mEq. lost make up one-eighth
of the total sodium intake.

In this case, 1t is important to point out the psychological
changes with aldosterone. The subject had a feeling of alert-
ness and was able to work very hard for several hours; it
was & typical cortisone-like effect.

The influence of aldosterone on the carbohydrate metabo-
lism was of great interest to us. Fig. 5 illustrates the action of
aldosterone on the glucose tolerance test in our first subject
with Addison’s disease. The classical curve, initially flat
followed by = sustained hypoglycemia (before treatment)

ENDOC.-vuL 25
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‘Table ITL
EosINOPUILY PER MM}

Aldosterone 8hr. 12hr 18 .
10-8 — 305 - —_
1n 3 — — — —
123 — 305 285 -
133 — — — —
143 5004250 4250 pg. 305 162 155
153 5004250 g, 155 — —
16 3 3% 2500, — — —
17 3 — 295 235 268
183 — 363 = —
19-3 - — -— —
20 3 — 338 — —

Summary

Following a period of adrenocortical deficiency without
treatment, two cases of Addison’s disease have been treated
with the new adrenocortical hormone aldosterone (electro-
cortin). The clinical syptoms of the disease disappeared
within a few hours after the beginming of the treatment.
Within a few days, skin pigmentation regressed, and the
orthostatie blood pressure regulation was restored without
abnormal mncrease of the arterial pressure.

Like desoxycorticosterone acetate (DCA), aldosterone
caused Na and Cl retention and increased K excretion; 1n the
blood, the typical signs of dilution were noted, as well as
shght decrease of the K level.

The effect of ald on carbohyd metabolism was
evident from the normahsation of the blood sugar curves
m the glucose tolerance test; the hyperglycemic peak was
wncreased, the hypoglycaemic reaction suppressed.

One of our patients suffered from arthralgia in both knees
and this disapp d during ald, treatment,

In a case of severe rheumatoid arthritis, without any
symptoms of ad tical deficiency, ald during
three days (500 pg., 00 pg. and 300 pg. per day) had no effect
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was modified with aldosterone; the blood sugar rose to 126
mg. per cent and then to 150 mg. per cent and we observed
the correction of the hypoglycsemia reaction; in other words,
the glucose tolerance test became normal. In the second
patient with Addison’s disease the action of aldosterone is
not evident, because the curve was not really pathological to
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Fi16. 6. Glucose tolerance test n a normal subject before and dunng
aldosterone therapy.

start with. The glucose tolerance test of our medical student
was interesting because we observed a real improvement
(Fig. 6)-

Besides the positive observations, we made a series of
negative observations which we can summarize briefly:

(1) Aldosterone exerts no action on the nitrogen balance.

(2) Aldosterone does not improve the water load test.

(8) Aldosterone in doses of 200 to 300 pg. a day does not
change the number of the eosinophils in the blood. In
using larger doses of 1000 ug. a day we observed in one
normal subject so far studied the typical fall m the
eosinophils {Table III).
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shown when one has enough materal to compare the effects of both
compounds 1 the same patient. e have studied the carbohydmte

pamculatly good compound for anti-anflammatory reaction because of
the relative excess of salt retention over carbohydrate regulation.

Macs. Our two patients with Addison’s disease were not wn such a
severe state as yours, Dr. Thorn, They were conscious, sleepy, with
stomach troubles, but not quite n Addisonian cnsis,

SorrFER: We have treated one patient with Addison’s disease with
aldosterone for a period of nine days. We had approumately 1 mg of
the matertal available. As Dr. Mach has desenbed, there was very
Iittle change m blood pressure during this mine-day period, employing
100 pg. of the material per day. Thcre occurred some 1ncrease 1n the

lular flwd t no change 1n the total
body water Incidentally thisis a phenon\enon which we have observed
with cortisone as well as with DCA, and I think 1n part at least 1t
represents a shift of fluid from nside the cell to the extracellular com-
partment  Tiis 1s corroborated by the fact that there ociurred no

change 10 the water-loading test, and no alterations 1n carbohydrate
metabolism.

BavLiss: How about pigmentation?
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on the clinical picture of the disease, producing, however,
the well known metabolic alterations. It is only with doses
of 1000 pg. per day that we observed a fall of the eosinophils
exceedmg 50 per cent.

At the low doses used in this investigation, aldosterone
exerted no effect on the formed elements of the blood, on
nitrogen metabolism, on the water-load test, and on the 17-
ketostercid and formaldehydogenic corticord levels in the
uring.

In the subjects suffering from Addison’s disease, the effective
dosage was between 150 and 200 pg. aldosterone per day
(2:5-88 pg.fkg.). Thus, aldosterone was 20-30 times more
potent than DCA. Unlike DCA, aldosterone does not seem to
cause elevated blood pressure or pathologieal water retention.”
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DISCUSSION
Forsnam: Could Dr. Thorn give us any more nformation on the
1 nd 1

o a ?

TitorN: We had only 1 mg. (approx.) of aldosterone to work with, We
pave some to a patient in whom we compared the effects of 9 «-fluoro-
hydrocortisone and aldosterone (Fig. 10). He was in severe Addisonian
crisis, had never been treated before, and had lost a tremendous amount
of weight. He was given 100 pg. of aldosterone every six hours by
wjection, but there was no striking change in hs chrueal condition in
the first twenty-four hours We weren’t able to measure sodium
excretion beforehand  Certanly later on the aldosterone and subse-
quently on the i the tion of sodium was very
Jow. I don’t think thereisany doubt that there was an effect, but at the
400 pg. (per twenty-four hours) level in this particular patient the effect
was not striking for the first twenty-four hours. ‘We were only able to
carry him for the one day. I think that probably a very seriously 1l
patient might need an appreciably larger dose of matenal in the first

four hours.
twenty-tour taming effect of these two compounds

T can judge, the salt-re:
18 i‘;‘ f::;l?mycihg sngn;: order of magnitude; some difference may be
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senies of events follow, In the first place, there oceurs a very con-
siderable increase n the extracellular compartment as measured by
both mnuln and ( mulin and

admumstered Tna general sense one may say that on a limited sodium
mtake 1n the presence of normal renal funetion an inverse relationship
exasts between the degree of expansion of the extracellulsr flmd
compartment present and the salt- and water-retaining effect of the
adrenal cortical fractions

Thormone was to promote a diuresis of sodmm D McCracken in my
laboratory has done a senes of 500-ml i)

5 per cent saline over a period of thirty mmutes‘ Under that regnme you
get a very rapid increase in extracellular volume, and a rise 1n serum
sodum level of about 10 m Eq. During these experiments we infused
hydrocortisone intravenously, and wejput the saline in at a time when
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SorFER: 1 could see no signi change in pi; although
the patient spontaneously commented that he thought his nose was
getting a little hghter i colour.

Gross: I should hke to refer to our water-load experiments. Witha

concentration of sodium 1n the blood goes up. Dr. Soffer, you found
there had been some increase mn extracellular fluid. Did you plot
sodium concentration?

Sorr '

Groz [ .
down, «
dose there 1s no increase,

Browne: Then you get a shift of course. In certain brain mjunies

combined with 50100 mg. of cortisone. The EEG did not come back to

normal 1n our patient on a small maintenance dose of the fluoro com-

pound, and the water-loading effect was still impaired. As for the
. 1

WiLkins: Dr, Thorn, have you found any changes mn steroid excretion
or blood steroids with the fluoro compounds?

Tronn: With a single dose by mouth of 5 mg. of the fluoro compound
we found a marked ion 1 ketosteroid ion.

Browne: Dr .
and then trans
excretion, Ith. . -
replacement of a relatively high sodum-retaining substance on the
kidney tubules by one of lower sodium-retaiming activity. What would
you feel about that now m terms of your discussion regarding the
glomerular filtration?

TrorN: My behef (without proof) wquld be that practically every
patient on DCA has excessive salt retention, and if we add cortisone we
may initiate an internal shift of electrolyte and water. We felt earhier
that the increased Na excretion mught reflect competition between
hormones, but as one carries out successive experiments one does not
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these cases seems to have a tendency to promote salt loss rather than

Restoration of normal cellular potassium results in expulston of the
sodium that has leaked in. Dunng the past year we have been looling
for electrocortin-like substances in the urine, and the only patient in
whom we found very high had no ity of sodium
metabohsm at all, but had been flown to this country from Africa
because of an extreme loss of potassium leading to muscle paralyss.

just when you do these things?
‘TiorN. One must compronuse in such a study right at the beginning.
The closest approaimation that we can make is to establish an arbitrary
diet before operation, study the patient’s balance on that diet, and then
subsequently put him back on the same diet following aperation and
carry out sumilar studies. This excessiy e sodium loss will taper off very
rapidly 1f left uncontrolled, provided the patient doesn't develop
adrenal or crculation collapse. Later on I think there are seconda
adaptation effects. One must remember that before operation the
patient 15 cedematous, and the constant diet is constant diet plus a load.

PruNTY: Yes, Butit does rather depend on the conditions on the day
of operation.

Taon; The degree of loss does, yes.

Lurr We have been interested for some years in the effects of DCA
on electrolyte and water balance. In all our patients when we con-
tinue DCA administration we get a loss of sodum after some time, but
at the same time the total body sodium increases. This means to me
that there 13 a mobilization of sodium from some depots in the body.

Vo

We have also been able to confirm Dr. Soffer’s findings on the
correlation between the inulin space and inulin clearance, 1n healthy
people and also in different endocrine disorders. There seems to be a
straight-line correlation between inulin space and clearance, It 1s
'
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we figured the hyd 15one inft were imally intense. In one
patient we observed a ids ion in sodium under
this regune; in another we got a most intense excretion of sodium, the
other patients seemed to fall in between. That merely reinforces one’s
impression that the factors involved in sodium excretion are rather
complicated. We know we raised the serum level, we know we had a
maximal hormone action, and even then the Tesponse is very
vnnablc.

circumstances that small amounts of hydrocortisone would give you
sodium excretion, you mught be dealing with the effects on the renal
tubule of the replacement of a strong endogenous sodium-retamer
(e.g. aldosterone) by a weaker one Woodbury’s work on shock thres-
holds in rats demonstrates a very definite antagomsm of DCA and
hydrocortisone 1n which hydrocortisone increases sensitivity to electnc
shock and DCA opposes it. And there are other direct antagonsms at
the cellular level.

Bnowm:. What about Dr Fourman’s experiment with regard to

ing in a single 1 first sodium ion and then excre-
tion? As far as T l.now this wasa normal person, and no marked change
in his » with regard to Dr. Thorn’s sug-

gestion that there 1s mcreased glomerular filtration rate and excretion
and that the tubules are knocked out: mn a case of renal shut-down,
after the first phase one often gets a salt-losing syndrome, and I wonder
whether cortisone is hikely to produce a further loss of sodium,

TuorN: We have tried that in two patients with Addison’s and renal

dllu'esls with cortisone in a nephrotic patient, but we weren’t able to

show much. I think the difficulty 1s that we were unable to obtain

constant enough ercumstances  All we can say 1s that the result in any

given ion is almost except that f I knew a patient

was on DCA or was mdemamus, I would expect that cortisone would
be likely to cause inmtial sodJum duresis.

' ~ ! y

D osteronds mise and they lose salt. The pattern of hormones in
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doses of DCA

ruption, to a ' o .

cases presented _ . .
hyperstension was observed to disappear when the patient was placed on
a lower dosage of DCA.

Tuor~- All the patients we have seen 5o far who developed hyper-
tension were reversible by changing the dose of DCA or substituting
cortisone. Perhaps Dr. Forsham would report lus expernience.

Forsuan: The experiments of Selye that were referred to were done
on tats. They received hugh doses of DCA for about two weehs and
were then left to develop mal hyp and
nodosa. Tn human beings I have never seen a case of periarternitis
develop with the small doses of DCA used

DEeLTouR: According to the observations of de Gennes in 1948 1n our
Department we think there are two types of hypertension produced by
DCA admunistration to patients with Addison's disease. One type1s a

large amounts of DCA 1n the form of pellets. Most of these patients
were observed over four to six years; mn some of them, each tyme the
DCA resorption decreased, their hypertension decreased too, but in
some cases 1t did not, at least for a long time. Some of these patients

Addsson’s disease developing “dry" hypertension and  rhewmatic
disorders, and 1n those who did not show any such side effects (Deltour
an
F [,
haven’t done very many cases.

Forsuam: If aldosterone 1s given mn very large quantities hike 1-3 mg
for 3 week, will the blood pressure go up? ‘It seems to me that this nught
be the crucial between y and
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Forsuam: Dr. Selye postulated that growth hormone affected the
mineralocorticold excretion via the adrenal.  However, Dr. Lesle
Bennett, at the University of California in Berkeley, has shown that
adrenalectomized rats °
given growth hormone. .

Tetainer and the adrena .
at all,

‘Trorn: Dr. Luft’s remarks bring up a point we have been interested
n for some time; if one does careful balance studies and gives cortisone,
one can obtain a discrepancy between the quantity of sodium measured
by balance technique and that 1 b; 1 ble sodium
technique. I think there 13 good evidence and his eynerimente wantd

Sorren: The decrease i the extracellular compartment which may
follow the admimstration of the adrenal steroids mav not alwavs be

extracellular compartment mto the cell and to other depots sucl
one.

Tuorn: I am most i i Dr. Luft’s that there may
be a relation between growth hormaone and the mureralocorticords.
Dr. Mach, would you care to comment on that'

Macm Wo vt
sterone treat
1 protems,

did Dr. Soffer. This is a shift between extra- and intra-cellular flwd,

moa e i

as

. high doses of aldo-

» an assay for

n of sodium 1n

. L o _ted by growth
none. It was true that the radioactive sodiun m a very short
B e lated much more in the cartilage then 1t did in the rest of

iod mul:
E}e,:%osg;c :Onseq\xenﬂy there {s some degree of faucly rapid exchange-
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probably true also for the carbohydrate effect, although that is more
difficult to measure.

Lowa: Does induce sal fon in any species?

TuorN: It does in man, but I have hnd no eaperience with 1t i
animal studics,

Forsuax: Liddle, Barrter and Pechet in Waslungton have produced

V ey e ey e =

corusone only in degree.

*Carow, R. K., Liovp, J. and Love, D A, (1954). Lancet, i1, 20.

e
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Trorn: It will take a long time to tell, because patients vary
tremendously in their blood pressure response.

BergensTaL: With regard to the effects of DCA m Addisonians and n
adrenalectonuzed patients, on very high doses of DCA alone we observed

) o 1 . .

' .
v '
. " . .

simply gave hum 50 mg. cortisone, 1n twenty-four hours the stiffness
had entirely disappeared. If I took him off the cortisone it returned
again. I tned giving potassiam, as I think Dr. Thorn did, and was
unable to alter it at all.

Tuorn: I think Dr. Cope’s that p ium 1s imp
was a good one. We have done a parallel study 1 another uremie
patient with a low serum sodium and a B.U.N. of 150. We kept the
patient on a very ngdly restricted sodmum intake, and with the
addition of potassium produced a shuft in sodum,ie a rise in serum

sodium and an increased sodium éxcretion. In that respect I
think the hormone action and the admunistration of potassium are quite
sumilar.

Bavuiss: Doesn’t one see the same thing in patients with congestive
heart faillure who develop hyponatremia? A proportion of those
respond to potassium.

1 - .

Trorn: I would agree that we have no evidence that the effect of the
hormone requires a potassium shift before one obtams a change in
sodium metabolism, but there is no doubt that an alteration mn

.o !
body, Huf not these dramatic initial changes that you observe in the

cortical without of the kidneys. On the other
hand, it seems reasonable to assume that the rapid changes n the ex-
cretion of flud and electrolytes, when patients on a normal sodum
intake are given DCA, are connected with changes i the reabsorption
of sodmm and chloride 1n the renal tubules

Tog: Does the ical activity of 1sone dffer from that

of chlorocortisone only in degree?
Tuorn: As far as sodium retention 1n man 15 concerned, yes. That s
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rate of flow affcets the saliva composition, but the relation
of flow to Na and K concentration 1n human saliva has not
been fully deseribed. Fig. 1 gives the values of a pair of
saliva samples from each of 33 healthy young men plotted
against flow, The Na and Na/K values imcrease proportionally
with flow while the K values appear to be independent of
flow.

Sex and Age. Fifty-one samples from female adults and
33 samples from children under twelve years of age have been

Ng_ond K € n Salwa of_Adult Malgs

Na K No/K
mEal  y Recyen y--qos o e - Qe 0¥
i ron reeqo 3]

/

Fig, 1.

analysed in the same way. The values obtamned from male
and fermale adults and children show no signi

when the volume 1s taken mto account.

Method of Stimulation. In cur group of women we have
studied imulated and paraffin.. lated saliva. We have
compared these results with those of Warming-Larsen et al.
(1952) who used pilocarpine as a stimulant. The flow, Na
and Na/K results are lowest for unstimulated saliva, inter-
mfadlate for paraffin-stimulated and highest for pilocarpine-
stimulated saliva, while the K results show no significant

iffe

g




THE Na AND K CONCENTRATION IN MIXED

SALIVA: INFLUENCE OF SECRETION RATE,

STIMULATION, METHOD OF COLLECTION,

AGE, SEX, TIME OF DAY AND ADRENO-
CORTICAL ACTIVITY

ANDREA PRADER, M.D., EMILE GAUTIER, M.D.,
Rosemary GAUTIER, DoRris Na¥, JERRY M. SEMER
and Eric J, RoTHscHILD,

The Children’s Hospatal of the Uniersity of Zurich,

Accorping to Frawley and Thorn (1951) the Na/K ratio of
saliva is raised in adrenal insufliciency (Addison’s disease) and
lowered 1n adrenal hyperfunction (Cushing’s syndrome).
Despite its sumplicity the saliva test has not been generally
adopted for the diagnosis of adrenal abnormality, the princi-
pal reasons being that different authors give different normal
values and that the factors influencing the saliva electrolyte
concentrations are not fully understood.

The first part of this paper describes the normal Na and
K concentrations and how they are influenced by collection
and stimulation methods, rate of flow, sex, age and time of
day. Furthermore we have studied whether or not one indivi-
dual’s results remain constant over a period of time. The
second section deals with the effect of adrenocortical dis-
orders, stress, ACTH and adrenocortical hormones.

Unless otherwise stated the saliva was collected before
8 a.m. Parafin was chewed for two consecutive five-minute
periods without swallowing any saliva and each portion of
saliva was collected 1n a separate container. Only the second
portion was analysed. A Beckman flame photometer was
used to determme the Na and K content.,

Rate of Flow. Gregersen and Ingalls (1931), Baxter (1933)
s w3 Wintr 11937} have alreadv observed that the
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the slope of the regression line (Table I). The permissible
deviation at 2 ml/min. is then taken as the normal range for
corrected Na and NafK (Table I).

Table I

Corrrction OF Na, K AND Na/IX VALUES 1¥ SALIVA TG A STANDARD
FLOW OF 2 ML/, (10 ML./5 MIN.).

(saliva collected durng five minutes, Na and K 10 mEqfi, volume in ml)
Neo Na+(10-vol5 mun)x1-6
He
(NajK)e Na/K-+(10—vol./5 mun.}x 01

Nomuar Na, K AND No/K VALUES 1v SaLIvA (MEAN20)

{second five-minute period 1n the mormsng with or without stimulation,
corrected (¢) to a flow of 2 ml./min, =10 ml{3 mn.)

Nao = Iz — semEq)
11 - 27 mEq/l
(NafK)e = 06 — 21

Method of Collection, The above values were obtained
from the saliva 6f the second five-minute period. When three
adults chewed paraffin for twenty minutes the Na concen-
tration of their saliva, using the second five-minute period as
a standard, was 13 per cent higher in the first five minutes
and 5 per cent lower thereafter. The K concentration stayed
practically the sanie.

Newboras. In infants we aspirated the saliva for a period
of ten mmutes. It is unlikely that the very small volume
obtamned represents the true saliva volume. It 1s therefore
impossible to correct for flow. The results obtained from
infants over three months of age (Fig. 3) are within the normaj
varation of unstimulated saliva values of children and
adults as shown i Fig. 2. On the other hand the Na and
Na/K values 1n newborns are considerably higher and reach
normal values only after several weeks (Fig. 8). This would

suggest a transitory physiological adrenocortical insufficiency,
ENDOC ~yit 28
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change. The regression lines for all three groups are virtually
the same; that is, the effect of flow on Na and Na/K is the same
regardless of the method of stimulation, When this effect of
flow is taken into account, the values for unstimulated
and stimulated saliva show no significant difference.
Altogether we haveanalysed 150 specimens of early morning
saliva, both unstimulated and paraffin-stimulated, obtained

Variahion of Na and K Concentrotion m Normal Morning Saliva as a Funchon o Volume

No K Na/K

yrinz.gn Fr1aw yrQareOm
Jul= I A 3a reqn
L oy5n oyn o ay-Qu

o]

ETLY 2 1 ] B ° 2 E)
iStonulation
~ - —
Paraftin
Paocarpn
atmy/hs
Fre. 2.

from healthy adults and children. Fig. 2 gives the mean and
the permissible deviation (20) as well as the areas covered by
unstimulated, paraffin-stimulated and pilocarpine-stimulated
saliva. As in Fig. 1 the Na concentration and the Na/K ratio
vary with flow, while the K tration 1s independent.
This graph shows clearly that Na and Na/K values of unknown
flow have at best a relative meaning. In order to compare
individual Na and Na/K values we have corrected them
to a standard volume of 2 ml./min. using for this correction
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hildren we studied their saliva values throughout the day
Fig. 4). The result, confirming that of Grad (1951), shows
hat the Na concentration is highest 1n the morming, Ambula-

Diurnal Variation.
Diurndl _varigtio=.

Adults Children
Timel6 & V2 15 ®whle s w1 1B W
o Sodium_corr.
35, l
20 M .
5 3
20 ° \
a . l 1IN
\15
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=
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El
2.0
Z w0 Potassium
@
= 5
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0. : .
““4 e ]
15. ; s
w0 [
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Fio. 4,

tory and bedridden patients show the same diurnal vanation
of the saliva electrolytes, whereas the diurnal vanation of
the unne electrolytes 1s known to vary with body position.
Repeated Determinations on the Same Individual.
Saliva was obtained from two healthy adults throughout the
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Time of Day. In our group of women we found signifi-
cantly higher Na values upon arising than two hours later.

Na ond K Concenirolion i Unstimulated Saliva
of Children from Birth fo 1o Years

hs: Honi Years—
e A e 3R TR T

Fra. 8.

In the group of children the same phenomenon appeared
although the difference was not significant. The K concen-
tration remained constant. Takmg a sample of adults and
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children we studied their saliva values throughout the day
(Fig. 4). The result, confirming that of Grad (1951), shows
that the Na concentration is highest in the morning. Ambula-

Diurnal Variation.

AL LU L LS AL ALY
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Fic. 4,

tory and bedridden patients show the same diurnal vanation
of the saliva electrolytes, whereas the diurnal variation of
the urine electrolytes is known to vary with body position.
Repeated Determinations on the Same Individual,
Saliva was obtained from two healthy adults throughout the
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course of one day and this was repeated on three occasions
at monthly mtervals (Fig. 5). The values for each individual
remained remarkably constant, even though the values of

Repeated Diurnal Varistion n Two Individuals

[Time P15 " ABje s VT hJ'
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------ with 10gm NaCl at 8am
Fia. 5.

one were in the upper normal range and the values of the
other i the lower normal range.

Adrenocortical Disorders. Figure 6 shows our findings
in patients with hyper- and hypoadrenocortical states. The
three cases of Cushing’s syndrome, all showing markedly
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creased urine and plasma corticoids, have, contrary to what
> expected, normal Na, and (\a{K), values, altl\ough two
wve raised K values, In the cong
e found normal values. The case of Cushmg s syndrome and

Na and K Conceniration in Sghva m
Adrenocnrhcul Dlsorders

1 .’ . :" . : .
L o= 1 1

© Tumor o Pt Insuffcsency
@-Cong #yperpios 8- Add son
Fic, 6.

he case of the adrenogenital syndrome caused by an adrenal
umour showed virtually the same values before and twelve
lays after the removal of the tumour. The three patients with
ntreated Addison’s disease, but normal serum electrolytes,
have definitely increased Na, and (Na/K), values and rather
ow K values. This confirms the findings of Frawley and
Thom (1951). An extremely high Na, value was obtained
from & case of pituitary nsufficiency caused by a tumour

[



390 A. PRADER ¢f al.

metastasis in the pituitary stalk. In contrast to the resul’
obtained from pituitary and adrenal insufficiency, five cases «
anorexia nervosa showed normal saliva values. Results simile
to those of Addison’s disease were found in several cases ¢
priuitary dwarfism,  Even though the serum electrolytes wer
normal and there was no ifest adrenal fficiency
these saliva results point to an insufficient productio
of ACTH. Urine electrolyte studies carried out unde
normal and lowered NaCl imntake in one case of pitwitar
dwarfism showed an insufficient renal retention of NaCl a
found in adrenal insufficiency. On the basis of these result
we are now regularly using the saliva electrolyte test i
addition to the msulin tolerance test and the water excretiol
test as a diagnostic aud for pituitary dwarfism. In our ex
perience, however, not all three tests must be abnormal
As Luetscher and Johnson (1954) found an increased excre
tion of salt-retaining steroids in children with nephrots
syndrome, we expected to find a decreased (NajK), ratio i1
saliva. However, we obtamned normal values in the fow
severe nephrotics that we examined.

Considered as a whole, these results show that in hyper
adrenocorticism the saliva electrolyte test is of uncertau
value, while in hypoadrenocorticism 1t has a definite diagno
stic value.

The Effect of Stress and of an Eight-Hour Intra-
venous Infusion of ACTH., We studied the saliva of six
children before, and eight and twenty-four hours after an ope-
ration under general anmsthesia, After eight hours, despite a
99 per cent fall in eosinophils, the (Na/K), ratio did not drop
as markedly as in the controls (Table II). After twenty-four
hours, the saliva values obtamned were essentially the same
as before the operation. After an eight-hour intravenous
ACTH infusion carred out on five cases, the saliva electro-
lytes were within the normal dwrnal vanation (Table II).
Both tests show that the (Na/K), ratio does not decrease
after intensive stress or after an eight—ho}xr iv. ACTH
infusion. This 1s in contrast to the fall in eosinopluls and to
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‘Table 1L
SALIvA AND EosiNoPHIL PERCENTILE CHANGE AT 4 72M. COMPARED T0 8 A3,

Number
s | e X (NajK)e | Eomnophuls

LAdults . .| 6 ~21 +9 —30
2.Chldren. .| 8 ~17 0 -15
3. Chuldren, oper-

ated at 8 a.m. 6 + 5 +15 -1 —99
4.Cluldren and

olescents,

ACTH (12mg./

m?) L. from

$am. to dpm 5 ~18 +10 —19 ~08

the marked change in urine electrolytes (Thorn ¢f al., 1953;
Holland and Stead, 1954).

~ . N

- . ' N
significant. Thus result 15 1 contrast to our surgical stress experiment
where a much better response 1n the eosmophils but no response 1n the
saliva electrolytes was obtamned. It seems that the saliva electrolytes
teact differently to different forms of stress and that the electrolyte
effect 1s independent of the eosinopemc effect.

The Effect of Prolonged Cortisone and ACTH
Therapy. Four hours after 100 mg. of cortisone p.o., two
healthy adults showed an average eosinophil drop of 69 per cent
but no change in saliva electrolytes. After 250 mg. cortisone
p-0. 10 one twenty-four-hour period the same subjects showed
an average eosmophil drop of 58 per cent and a (Na/K), drop
of 28 per cent. Twenty-four hours later the eosinophils were
still 17 per cent and the (Na/K), ratio 11 per cent lower than
at the begmning.  After four i.v. myections of 20 mg. ACTH
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given during one twenty-four-hour period, two healthy adults
showed an eosinophil fall of 89 per cent and a fall of the
(Na/K), ratio of 80 per cent. In 13 patients with leukemia,
rheumatic carditis and the nephrotic syndrome, treated for
more than three days with cortisone or ACTH, the average
fall of Na, was 16 per cent, the rise of K 12 per cent and the
fall of (Na/K), 19 per cent. Eleven of the thirteen patients
had a lower (Na/K), ratio than before the therapy. These
results confirm those of Frawley and Thorn (1951), Dreizen
et al, (1952), Warming-Larsen ef al, (1952) and Grad (1952).
The Effect of Desoxycorticosterone (DOC). Three
healthy adults, two and four hours after one i.v, injection of
50 mg. DOC-glycoside and twenty-four and forty-eight hours
after one i.m, injection of 15 mg. DOC-acetate showed no
definite change in saliva values. In another case where 500
mg. DOC-acetate was implanted as pellets, the (Na/K).
ratio decreased 1 per cent in twenty-four hours, 16 per cent
in forty-eight hours and 27 per cent in seventy-two hours.
The Effect of an Increased Intake of NaCL After 10 g.
of NaCl taken at 8 a.m. by two adults the deerease of the
{NajK), ratio duning the day was less marked than dunng
the control periods in the same two individuals, (Fig. 5).

Summary

(1) The Na concentration and the Na/K ratio of normal
mixed saliva depend on secretion rate, duration of stimu-
lation and the time of day, whereas the K concentration is
practically ;ndependent.

(2) One can only obtain comparable results when the time
of day and the duration of stimulation are kept constant
and when one corrects for the secretion rate. ¥When saliva is
collected 1 the mormmg for two consecutive five-minute
periods and when the values of the second five-minute period
are corrected to a flow of 2 ml/mn. one obtams the
following normal values (mean 2o}

Na 12-36 mEq./l, K 11-27 mEq./l, Na/K ¢-6-2-1
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(3) Under these conditions unstimulated, paraffin-stimu-
lated and pilocarpine-stimulated saliva give the same results.

{4) There is no significant difference between the values
for adult males, adult females and children, whereas in the
saliva of newborns the Na and Na/K values are increased,
suggesting a transitory adrenocortical insufficiency.

(5) In the same individual the saliva electrolyte values
remain remarkably constant.

(6) In adrenocortical insufficiency with normal serum
electrolytes the Na/K ratio of saliva is increased. This find-
g 15 of considerable diagnostic aid, especially for the prob-
lem of pituitary dwarfism in children,

(7) In the adrenogenital syndrome the Na/K ratio isnormal.
Contrary to others we found a normal ratio in three cases of
Cushing’s syndrome,

(8) In the nephrotic syndrome, where there is a known
increased excretion of salt-retaining steroids, the Na/K ratio
of saliva is normal.

(9) An increased intake of NaCl increases the Na/K ratio.

{10) ACTH, cortisone and DOC lower the Na/K ratio, but
the effect on the saliva electrolytes is less marked and appears
to be slower than the effect on the eosinophils and on the
urine electrolytes.

(11) Eight hours after a surgical stress with an eosinophil
drop of 99 per cent the NafK ratio does not show any decrease.
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DISCUSSION

WirkiNs: Were your cases of adrenogemtal syndrome of the
losing type?

Praper: No. The ones I have shown are only older cases wi
salt-losing syndrome. Tn 1 .
found normal values for tt N
intake of sodium chloride,
chloride, and lower values if we added ACTH.

Browns: In connection with the effect of operation, did you no
a decrease at any time after operation?

Praner No, but we collected saliva only erght and twenty-four
after operation,

THORN Were these surgical patients recerving an mtrave
nfuston of sodium chloride as post-operative therapy?

Praper: No

Ermapyian: In Korea we found that in indwviduals who sh

. 1 . g e
urine were very sharp 1a therr response.

Tuorn. The lack of correlation wath stress 1s obvious, but the t
that 1s mteresting 1s the special salt-retaiming hormone effect. 1
massive doses of cortisone one can get marked salt retention by
Jadney but comparatwvely very Litle effect on the salivary ratio.
Mach, was there any effect on salivary ratio in your patients g

terone?
ali&;‘s“c}; x;"e checked the salivary ratio in some medical students.

than by bological assay. ~



GEXERAL Discussion 395

Brownz: I gather that Dr. Prader did correct the flow in connection
with the stress response, because one does get quite a marked decrease in
flow.

PrADER: Ves, the values are corrected for flow. However, we did not
observe a decrease in flow, probably because of the paraffin stumulation.

Brow~t: In a case of Cushmg's syndrome which 'm showing
tomorrow there was n marked electrolyte disturbance in the blood and
a marked decrease in salivary sodwm/potassium ratio. After a 910
adrenalectomy on the left side and a total right adrenalectomy on
November 23, 1953, 1t rose, and by January 31, 1954 had fallen agaimn,
Regeneration of the remnant to 16 g, weight was found to have
occurred when he died in April, 1954,

PrADER: I may add that one of these cases of Cushung's syndrome was
operated on because of an adrenal tumour, and that after the operation
‘we found nearly the same saliva values as before, although the urtne and
plasma corticoids had dropped to a very low level.

Quznrmwo: 1 wonder whether the textbook story that the normal
person cannot be made hypertensive with high doses of DCA 1s true.
T have no experience of that.

Gross: It depends on the sodium content.

hypertension which proved completely reversible by stopping the
DCA for three to four weeks,

QuERIDO. So 2 normal person could be sensitive?

Forsuam If you call a person with psoriasts normal, apparently yes.

Mach: We gave 100 mg. DCA dunng five days, and we observed a
small effect on retention of sodum and water, but no effect on the
blood pressure,

are such marked physiological changes in the ladney and everywhere
€lse, 1 think that, i the absence of other proof, we should not accept the
changes in salivary ratio as necessanly being dependent on changes i
adrenal function.



AN ATTEMPT TO CORRELATE THE HISTO-

LOGICAL CHANGES IN THE ANTERIOR

HYPOPHYSIS AND ADRENAL GLANDS IN
VARIOUS DISEASES IN MAN

A. R, CURRIE, B.Sc., M.B., M.B.C.P., and
T, SYMINGTON, M.D., B.Sc., A.R.I.C.,
Department of Pathology (Royal Infirmary), Uniersity of Glasgow.

In the first part of this symposium, Symmgton described
the hustological changes in the adrenal glands in a variety of
di This tion 1s a corollary and embodies an
attempt to correlate the pituitary and adrenal changes in 96
cases.

So far as we are aware there is no other record of any
combined cytological study of the pituitary and adrenal in
conditions of stress in man, though several deseriptions have
been published of the histological appearance of the adrenal
cortex (Ayres et al., 1951; Stoner ¢t al., 1958; Sarason, 1943;
Zamcheck, 1947; Rogers and Williams, 1948, and Symington
et al., 1954).

The evidence of the exact source of ACTH 1n man is of an
indirect nature and 1t is only recently that it has been pre-
pared from human prtwitaries (Hewett, Cruickshank and
Currie, 1954). Marshall (1951) demonstrated conclusively
that it is produced by the basophils of the anterior hypo-
physis in the hog. The changes which occur in the basophil
cells in Cushing’s syndrome (Crooke, 1935), in Addison’s
disease (Crooke and Russell, 1985) and as a result of cortisone
administration (Laqueur, 1850, 1951; Bennett, 1953) support
the view that in man alsoc ACTH is produced and secreted by
them. Accordingly, it seemed reasonable to study the baso-
phils in stress conditions with a view to correlating, if possible,
their appearance with the various adrenal patterns which

aor  *
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»ur and which have been deseribed in detail by Symingten,
rrie, Curran and Davidson (1954).

Material

Autopsy examinations were performed within a few hours
death. The patients died as a result of a variety of diseases
:luding hypertension, coronary artery disease, carcinomas
bowel, stomach and lung, acute infections such as pneu-
onia, burns, after operations on acute suppurative appendi-
as and perforated peptic ulcers with peritonitis, and after
:ctive surgery. In our experience, pituitary and adrenal
aterial obtained more than eight hours after death is
1satisfactory for detailed microscopic examination.

Methods
Adrenal. Thin shees of the adrenals were fixed in 10 per
nt neutral formol-calei solution, embedded in paraffin

1d in gelatine. Gelatine-embedded material was cut at 11
1d the lipids stained by Hematoxylin and Sudan IV and
udan Black. The methods used for the demonstration of
1lestero], the ‘‘ketosteroid” reactions, ribonucleic acid
INA)and deoxyribonucleicacid {DNA), alkaline phosphatase
nd non-specific esterase have been described previously
Symington ef al., 1954).

Anterior Hypophysis. Immediately after removal the
1tuitaries were halved horizontally with a razor blade and
arious fixatives were used. e have obtamned the best
esults with 10 per cent neutral formol-caleium and formol
orrosive fixation and we are 1n full agreement with Pearse
1952) that Boumn’s fluid is unsatisfactory for the method of
xamunation used for this nvestigation. Paraffin sections of
p were stained by the trichrome penodic-acid Schuff
echmique (P.A.S.).

Assessment of Adrenal and Pituitary Changes
Assessment of Adrenal Patterns. Most of the previous
2ports on adrenal patterns (Ayres et al; Stoner et al; Sarason;
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Zamcheck; Rogers and Williams) are based solely on the
variable distribution and size of the adrenal lipid globules,
but in a recent investigation( Symington ef al.) the significance
of factors such as alteration in cell type, presence of degenera-
tive changes in the cortical cells, distribution of RNA and
cytoplasmic enzymes (alkaline and acid phosphatase, and
non-specific esterase) have been considered n conjunction
with the distribution and character of the adrenal lipids.
Four main patterns are found and they occur with mmnor
variations mn the child as well as in the adult gland:—

1. “Normal” lipid-laden adrenal. (Fig. 1).

2, Focal lipid depletion (Fig. 2).

3. Extreme diffuse lipid depletion.

4. Lipid reversion (a type of focal depletion). (Fig. 3).

For the purpose of this investigation the glands have been
assessed from O to 4+ + -4 depending mainly on the degree
of lipid depletion and to a lesser extent on the cytology and
the distribution of RNA and enzymes (Table I). These

Table
ASSESSMINT OF ADRENAL PATIERNS

Adrenal Patiern Assersment

A . o]

‘ . . +

++
. . + 4

J e s . . . 4+t

assessments are based on the histology of the adrenal cortex
and we wish to emphasise that they do not necessarly repre-
sent degrees of secretory activity of the gland. Each case was
given its assessment without knowledge of the pituitary
results.

Assessment of Pituitary Changes. The problem of
the assessment of basophil ehanges had been in our minds
for some time when Pearse’s papers were published (1952)
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should be classified as a maximal or intermediate and an
Tiford Spectrum green filter (5000—5400A) was helpful and
was used throughout for this purpose (Pearse).

We do not claim that this method gives an accurate result
but with experience and using suitably-fixed, fresh material

As in the case of the adrenal the glands are classified from
0 to + 444 for the purpose of correlation (Table 11). The

‘Table IT
ASSESSMENT OF PITUITARY CHANGES

M{I Ratio Assearment

More than 1/2 . . 4]
yzyzs . . . . . +  “Normal” according
to Pearse (1852)

12518 . . . . o+
1/3-1/3'5 . C + 4+
Lessthan 1{3 5 . . - - +4+++

assignation of O to +-++-- depends on the M/I ratio—on
the degree of degranulation of the mucoid cells—and once
again we would emphasise that these ts do not
necessanly indicate varying degrees of secretory activity.
The counts were done without knowledge of the adrenal
assessments and in most cases without knowledge of the

cause of death.

Results

The detailed results of the pituitary and adrenal findings
in each case are not within the scope of this paper. In general,
in most cases dymng as a result of acute infections, burns,
post-operatively and of hemorrhage, the M/I ratio isless than
“normal” (++ - +-+++), while in those dying of more
chrome illnesses, such as hypertension and malignant disease
without superadded complications, the M/.I ratio is “normal”
() or greater than normal(0). The main adrenal findings
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have been given previously (Symington et al.). Fig. 6 contains
the results of 96 cases asscssed by the methods we have
deseribed.

There are 56 cases 1 the 4 and 4+ adrenal groups, i.e.,
28 cases showing 1-25 per cent and 28 with 25-50 per cent
hipid depletion of the cortex, and the pituitary assessments

300 [COGO (6000 |eee

Dbt bt

TARY,
RATIO,

s

o F _FT TEFFEET
ADRENAL
(LIPID DEPLETION)
Fie. 6 MJI ratios (degrees of degranulation) of

mucoid cells of the anterior hypophysis and

degrees of lipid depletion of adrenal glands 1n 96
cases.

present a wide scatter. The adrenals of 30 cases out of 56 are
associated with pituitaries with an M/I ratio of less than
“normal” (+ + — 4+ +)- There are only three cases with
completely lipid-loaded adrenals (0) and in our expenence
(see also Symington ef el.) this 1s not a common picture. It
would appear that the “normal’” adrenal cortex of non-stress
states 1s one showing approximately 1-5 per cent lipid
depletion and 1t therefore falls into the + group. This might

explain the presence in the 4 adrenal group of 14 out of 28
ENDUC =VIIE 27
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pituitaries with a + or 0 assessment, but it does not account
for almost half the cases (12 out of 28) in this category in the
-~ adrenal group (2550 per cent lipid depletion).

With the exception of three cases, two of which had large
space-taking lesions of the pituitary, the pituitaries of the
-+ adrenal group (lipid depletion of 50-95 per cent) show
M/I ratios of less than “normal”, 11 of a total of 28 having a
<+ -+ pituitary assessment.

In the 4--+ 4+ adrenal group there are nine cases and the
pituitaries again present variable findings. Three of them
have “normal” M/I ratios (+) and three very low M/I ratios
(+t+-+).

From these results it is apparent that adrenals swith all
degrees of lipid depletion may be associated with pituitaries
presenting a wide range of results i terms of the M/l ratio.
In an attempt to clanify these apparent anomalies an analysis
of the post-mortem records and clinical histories of the cases
was undertaken to separate those in which it was possible te
time the onset of an acute stress. It is often difficult in human
beings to time accurately the onset of stress and to estimate
its severity and duration, but fortunately in 44 out of the 96
cases the illness or trauma was of acute onset. This group
includes patients who died from burns of more than 20 per
cent of the skin surface, from coronary thrombosis, lobar
preumonia and other acute infections, perforation of peptic
ulcers, acute suppurative appendicitis and after elective
surgery. These cases are comparable only with regard to
their acute onset; it 1s not claimed that there is any uniformity
in the degree of stress. Naturally, there was a great variation
in the interval between the onset of the stress and death. The
results of those cases are shown in Fig, 7.

There is a closer correlation between the pituitary and
adrenal assessments and there are fewer apparent anomalies.
Most of the hpid-depleted adrenals are associated with
ptuitaries presenting M/I ratios of less than normal (-4
— bk t)- In the - adrenal group seven out of exght cases
show a pitwitary assessment of +4 =~ ++++ Inthe +4
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and +44-+ adrenal groups only 3 out of 28 cases have pitu-
itaries with M/I ratios of “normal” (+) or more than normal
(O). The same scatter, however, is still present in the 4-4--++
adrenal group. .

If the pituitary assessments are charted against the time
1n weeks betwcen the onset of the stress and the death of the
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ADRENAL
(LIPID DEPLETION)
Fie. 7. M/I ratios of mucoid cells of the anterior

hypophysis and bpid depletion of adrenal glands
m 44 cases m which llness or trauma was of acute

patient an interesting picture is presented (Fig. 8). In the
first week 22 out of 23 cases show decreased M1 ratios and 14
of these are in the ++++ group. This marked degree of
degranulation has been seen in four cases out of a possible five
in the first thirty-six hours. There is a reasonable explanation
for the case with an “0” assessment during this period, The
patient died within eighteen hours of a hysterectomy for
myomata of the uterus. She rallied from the anzsthetic but
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died shortly afterwards in her sleep. After the first week
there is a definite tendency for the M/I ratio to increase and
by the fifth to sixth week the three cases in this group present
a “normal® resuit {-+). These three were all burns cases and
from the findings in six other patients who died of burns
during the first week it may reasonably be assumed that their

teeeelone r
Tlecee
it 114
+{ooooee [eee
+
+
»T  (00ecese [0 0
ap +
=4
2
§§’+ . ° e
0 D
o
T P 3 % 50

TIME
(WEEKS AFTER STRESS

Fic. 8, M/I ratios of mucoid cells of the antenot
hypophysis and time 1 weeks ftom onset of acute
stress to the death of the patient in 44 cases.

M/I ratios at that time were greatly decreased (++4-+ -
++++) . .
Now if the adrenal assessments are charted against time
1n the same way (Fig. 9) all the glands show evidence of lipid
depletion in the first week and most of them are awarded ++4
and + -+ assessments. It is of interest that ?he +-f?++
Xipid~depleted gland m this group was {ouqd in a child of
12 who died four days after a b}xrn which involved 25 per
ent of the body surface. The carliest 4+ 4+ depletion was seen
fter twenty-one hours and most of the 4 depleted glands
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were found in patients who died within one day of the onset
of the stress. Seven of the glands present -4+ depletion
after the first week and this contrasts with the findings in the
pituitary (Fig. 8), Ten of the 11 with 4 — -4+ depletion
between the beginning of the second week and the end of the
sixth present the reversion pattern of Sarason while only 7
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Fi6, 9. Adrenal ipid depletion and time 1n weehs
from onset of acute stress to the death of the
patient 1n 44 cases.

of the 23 cases dying withun the first seven days show this
hipid distribution, which is seldom seen before the fourth day.
The three cases who died in the fifth to sixth week are of
particular interest. They were all associated with “normal”

{+) pitwitaries and the one with a 4+ assessment showed
the reversion pattern,

Discussion
We are fully aware of the dangers of reading too much into
static histological pietures and of translating them into terms
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of activity. So far we have presented our results in the form
of degrees of degranulation of the mucoid cells, ie., by the
M/I ratios, and of lipid depletion of the adrenal cortex.
Pearse has suggested that the M/I ratio can be used as an
index of the secretory activity of the mucoid cells. By this
he assumes that all the degranulate intermediate cells of all
types have unloaded and are unloading mucoprotein, but the
mucoid cells must surely pass through the intermediate stage
in the process of stocking mucoprotein and becoming maximal
in type. The vesiculate cells are includeq in the intermediate
count and Pearse believes that they ray be used as an index
of activity of production of mucoprotein’ In some glands
they account for more than 15 per cent of the mucoid cells
and it is not known whether the vcsiculate cells and other
degranulate forms can secrete, produce and store simul-
taneously. The findings presented in Fig. 8 suggest that
reversion of the mucoid cells may oceur before death.

In the same way it has been accepted by some workers in
the past that hipid depletion of the adrenal of any degree up
to, but not including, the pletely lipid-depleted cortex
indicates an actively-secreting gland. If, however, a
lipid-depleted gland is i the process of reversion to the
“normal” pattern 1t must restock with lipid and death may
intervene before the process 1s complete. We believe that
this may be represented by the reversion pattern of Sarason
(Fig. 3). Itis probable that the presence of alkaline phos-
phatase and RNA in the compact cells signifies active pro-
duction but not necessarily secretory activity.

Consequently, 1f we accept the hypothesis that reversion
of the pitmtary and adrenal to normal may begin before the
death of the patient 1t 1s clear that 1t is very dangerous to
interpret in all cases that the assessments based on the M/I
ratio and the lipid-enzyme-RNA distribution in the adrenal
are synonymous with the activity of secretion of the mucoid
cells of the anterior hypophysis and the adrenal cortex
respectively. They may certainly be actively producing tI{elr
respective hormones but it is unlikely that glands which
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are reverting to “normal” are secreting more than the
“normal” requirements.
In the first week or so after an acute stress, however, it seems
ble to accept degranulation of the mucod cells of
lhe anterior hypophysis and adrenal lpid depletion as the
structural changes, associated with eosinophil counts of 0
and increased urinary acid-stable formaldehydogenic steroids
(F.5.S.) (Symington et al.). During this period we believe
that the decrease in the M/I ratio (44 ~ +-+4-+) reflects
fairly accurately the activity of secretion of the mucoid cells
and presumably of adrenocorticotrophic hormone (ACTH).
In some cases there is pronounced P.A.S.-positive plasma
(Fig. 5) and oceasionally P.A S,-positive granules in the
pitwitary capillaries. These findings have been most prominent
in cases with decreased M/I ratios (+++ and 44+ ) but
are not constantly present in them. Simularly, the lipid
depletion occurning as a result of stress is presumably due to
the out-pourmg of adrenocortical hormone, although we
would emphsasise that we are aware that we do not demon-
strate cortical hormone or ACTH histochemically.

If, at this stage, we reconsider the results shown in Fig. 6,
reasonable explanations for the apparent anomalies are readily
avallable and may account for some of them. Included
in the + adrenal group (1-25 per cent lipid depletion)
are cases of the “steady flow” associated with pitwtaries
presenting an O ~ 4+ assessment, In addition, there are some
cases dying soon after the onset of the stress and in these the
pitwitaries show a very pronounced degree of degranulation
(+++ and +4+4+) and this change precedes the lipid
depletion of the adrenal (Figs. 8 and 9). The - hpid-depleted
adrenal, therefore, may represent a gland which 15 seereting
*pormally” or 1t may represent one whch js extremely active
or, mdeed, any other grade of secretory actwvity between
these.

In the +-+4-+ adrenal group, the so-called “exhausted”
adrenal with complete or almost complete depletion of lipid,
only one of them occurred withm the first seven days (Fig. 9)
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and it was associated with a pituitary with a markedly de-
creased M/I ratio (4 4+ -+). In the fifth to sixth weeks there
are two glands showing complete depletion and the M/I ratios
in these were assessed at -, the “normal” of Pearse. Cortical
hormone may depress ACTH sceretion and it seems reasonable
to postulate that this is the mechanism responsible for these
apparent anomales. If this is so these ++4 4+ depleted
adrenals are active and not “exhausted” glands. Some of
the + and 0 pituitanes associated with the + and ++ hpid-
depleted adrenals (Fig. 6) may perhaps be accounted for in 2
similar fashion. To lend further support to this argument we
would add that one of the cases mn this category received large
doses of cortisone for several days before death and 1t seems
logical that the pituitary should revert to a normal patiern
before the adrenal. We must not forget, however, that ACTH
is the main but not the sole controller of the adrenal cortex.
Clearly the varymng degrees of lipid depletion 1 the adrenal
may represent any degree of secretory activity and, in our
view, the extent of the depletion is more likely to be mdicative
of the seventy and duration of the stress.

We submit that the changes shown in the mucoid cells in
response to stress lend further support to the view that
ACTH 15 formed and secreted by them, as they occur along
with lipid depletion of theadrenal cortex, low eosinophil
counts and an ncrease mn the urinary acid-stable F.S.S. The
mucord cells, however, are also believed to be the site of
formation of thyrotrophic hormone (TSH.), luteinising
hormone and follicle-stimulating hormone, but neither these
nor ACTII is detectable histochemically. It is not known
whether all the mucoid cells are responsible for the secretion
of all these hormones or whether groups of cells elaborate one
only. It may be argued, therefore, that sumilar structural
changes may occur in these cells as a result of secretion of any
one of these hormones. Inthis connection it 1s of interest that
the highest vesiculate cell count we have seen was in a case
of myxcedema where it is Iikely that it indicated active pro-
duction of TSH and not of ACTH. Going on the assumption
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that all these hormones are produced and secrcted by the
same cell, the work of Harris (1054) is of particular interest.
From lus results it would appear that in response to stress the
mucoid cells secreted ACTIH at the expense of TSH.

In the adrenal cortex the sugar-active and androgenic

Y| ETICAL CASE

3 st
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T z 3 4 56
TIME.
(WEEKS AFTER STRESY
®—e PITUTARY (M/1 RATIO)

O0—0 ADRENAL (LIPIO DEPLETION
Fic. 10 Hypothetieal Case. Chart of possible M/I ratios and
deprees of adrenal lipid depletion from onset of acute stress,
If the patient dies i the first week (arrow) the pitartary may
showa 4+ + + asscssment and the adrenal -+ + Iipid depletion
In the third week (arrow) the lipid depletion 15 pronounced
(4 4++) whie the degree of granulation of the mucod
cells 18 greater (+++) In the fourth neek an adrenal showing
+ -+ lipid depletion may be associated with a pitmtary
presenting erther +-- or + (“normal™) assessment,

hormones are produced presuruably by the same cells. The
compact cell 1s seen in response to stress, in Cushing’s syn-
drome and in the adr: ital syndrome (Sy: etal.).

The results may perhaps be best summarised by charting
the MJI ratio and adrenal hipid depletion m a hypothetical
case (Fig. 10). If we assume that death may oceur at any
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stage from the onset of the stress to the end of the sixth week
a great variety of results may be obtaned from one day to
another or from one week to another. In the first week a
pituitary assessed at -4+ may be associated with an
adrenal showing + — -4+ lipid depletion; in the second
week a -+ pituitary may be found with a 4+4 or
-+ adrenal or the latter may be seen with a 4+
prtuitary, About this time the pituitary is beginning to revert
to normal; active production continues but secretion is
probably reduced to satisfy “normal” requirements. In the
third week a ++4++4 lipid-depleted adrenal is associated
with a +-++ or 4+ 4 pituitary and in the fourth week the
adrenal begins to revert to normal. The degree of histologtcal
change produced and the time taken for the glands to recover
must vary not only with the severity and duration of the
stress but also with the response of the individual,

Clearly the degree of lipid-depletion and the degree of
degranulation of the mucoid cells are not necessarily synony-
mous with the secretory activity of the adrenal cortex on the
one hand or with that of the mucoid cells of the anterior
hypophysis on the other, e.g., a + lipd-depleted adrenal may
be secreting cortical hormone very actively, whereas one
presenting -+ lipid depletion may be 1n reversion and
secreting only ‘“normal” requirements. The histological
findings must be correlated with the chinical pictures and with
the biological assays available. The supply, demand and
utilization of ACTH and adrenocortical hormone are difficult
factors to estimate but we believe that the advent of satis-
factory methods for urinary and blood corticoids and for
uninary and blood ACTH levels, combined with the methods
which we have employed, should add greatly to our knowledge
of the physiology and pathology of the pitustary and adrenal
glands in conditions ot stress.
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DISCUSSION

pituitary
Currie: Most of our cases show lipid-depletion of the adrenal cortex

Currie: Yes, I think that it 13 more or less accepted now that Crooke’s
hyaline cells are secondary to hyperfunction of the adrenal cortex.

Browne: Have Crooke cells been found in people treated with high
doses of cortisone that have died? )

Curmie: Hyaline changes i the basophils have been described in
patients treated with cortisone.

Browne: After how long a penod of treatment with cortisone?

Curme: Laqueur, for example, clayms that changes may occur very
quickly—within a matter of days.

ZucKERMAN. In the first half of this colloquium, Professor Yoffey, who
gave a paper describing varous hustological changes in the adrenal,
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asked whether these could be correlated with the functional state of the
adrenal cortex. I seem to recall that Dr. Pincus remarked that the
adrenal glands which are perfused in tuiro in Ius laboratory are com-
pletely depleted of any of these materials which show up histologieally,

1 "
from a varnety of diseases and discussed the funetional significance of
the various patterns. It 1s dangerous to deduce too much from a static
histological picture alone. It must be correlated with the chnical
condition of the patient and with the various tests for adrenocortical
activity—such as eosinophil counts and urinary steroids. Lipi
depletion of the cortex in most cases probably signifies an actively
secreting gland but 1t does not necessanly follow that the degree of
hpid-depletion parallels the activity of secretion of adrenocortical
hormone. I hoped to make 1t clear that a + lpid-depleted adrenal
cortex may represent a
lipid-depleted cortex in
ments only. In the sam . . ..

preture throughout the adrenal cortex?

Currik. In the “normal’” lipid-laden adrenal the whole of the cortex
contains lipid.  In focal depletion there 1s a tremendous range, as we
have shown, in the degree of lipid depletion In extreme diffuse
depletion the whole cortex 15 lipid-depleted.

not gone into this problem m detail The ages, the weights, the heights
of the patients dilfer and they must be taken 1nto account.

Vogr: In the al animal the ad Is would be enlarged
and T wondered whether 1n man depletion could oceur so rapidly that
there would be no time for hypertrophy, so to speak?

CurrIE: We have seen an adrenal showing almost complete depletion
1 four days.

Voer: In an amimal four days would be enough to produce hyper-

by Dr Vogt. Under
- « H or chronic exposure
to stress we observed in the first few hours a maxtmal depletion of the
adrenal hpids in the rat. This was followed by a gradual repletion,
which could be correlated with the degree of hypertrophy (Fortier
et al., 1950, Endocrinology, 46, 21), The explanation has been suggested
by Sayers (Physiol. Rev., 1950, 30, 241) that with the appearance of 2
greater number of functional units the adrenal function could be re-
o 3 1o ot a new steadyv state.
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Curric. Tt 18 not easy to control conditions in man—so many com-
pheationsmayanse, It1s difficult to know how many of the experimental
findings can be applied to man. There 1s no doubt that the manner in
wluch the adrenal cortex of the experunental ammal depletes is different.
from man.

PrunTy: I don't know whether this group would aceept the idea that
the rate of depletion of lipid matenal in the cortex has some correlation

p betwceen b isch and lipoid depleti;
and repletion 1s elear-cut, whereas in man you've got a complicated
situation, a burn 1s sustained and then all sorts of factors come in, treat-
ment 1s apphied and so on, The multiple stunul sct up tend to put this
uniform sequence of events out of phase.

Curmie: Yes, I do agree that in man it 1s complicated. We did stress
thus in the first part of the symposium, The dressing of severe burns
may result 1n increased excretson of acid-stable F.S,S 1 the urine.

Corr. It seems probable on general grounds that the storage that
you see is g balance between the depletion and the storing up agam,
doesn't 117 One of the factors that may well have an influence on this
balance 1s what ane might loosely call the toxenue state of the patient,
Certamly in some very severe fatal septiceemias y ou find depletion of the
adrenal gland. I wondered whether you had noticed any difference in
your histological pattern of the adrenal between the extreme types
where there was no evidence of septicienua (possibly a coronary throm-
bosis or a post-operative sudden embolus) on the one hand, and the
infective groups on the other Are you more Lkely to find a depleted
adrenal in the nfected types?

CurmiE: Infection alone does produce 1it; there’s no question about
that, In lobar pneumoma, for example, or pentonitis, marked degrees
of ipid depletion of the adrenal cortex may oceur,

CopE- Is it greater than n the traumatic types?

Curgik, As for example 1n non-infected burns? No, I don’t think
there 18 necessarily any dulference between them.

wrr1s I was wondering, Dr Curnie, if you have any data on the
state of the glands at the b f the ** >* or the begi,
of the stress Dr. Sayers, as 1 remember, described various changes in
different groups of rats exposed to different types of stress. T wondered
if you had a group of patients that died suddenly so that you could have
a baseline, as 1t were, from which your observed changes started.

Currie: We have not exarmned the glands of many cases of sudden
death. TIn Scotland these cases have to be reported to the Procurator-
Fiscal and the Police make enquiries before a post-mortem 1s sanctioned.
The result 1s that twenty-four hours have usually elapsed before the
case 13 cleared—and we require fresh materal for our nvestigations.
‘We have, however, examned glands from some patients dy ing suddenly
as a result of multiple injunes and of coronary thrombosis. ~ We have slso
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examined the adrenal glands removed surgically from cases of hyperten-

sion. Zamcheck and Stoner and his co-workers have published their find-

ings in healthy subjects dying suddenly as a result of t ic injury.
T . .

T .

They find that if you take out the adrenal of a raf and extract it
immediately you get practically nothing at all. If you let it stand at
room temperature for one hour, then the charactenistic compound
pattern begins to appear qualitatively. If the glands are incubated at
37°C for four hours the full pattern appears. Perhaps your Procurator-

at death, but with the amount. actually present at the moment of
fixation.

e Lo " . «
the secretion. On the other hand, in fractures the mcreased excretion
lasted ten days to two weeks; again 1f they were infected it went on
longer. So in severe burns 1t can be a matter of weeks (in so far as this
evidence is valid) before the increased secretion comes back to normal.
That would sgree very well with your findings.

Sorrer: I should hike to ask a question concerming this apparent
difference in pattern between patients who have died rather suddenly
and those who have been subjected to prolonged pertods of stress, I
refe) ieul to the of the ad 1s of patients who have
been treated with ACTH over a prolonged period of time and have

showed a shght increase in size and none showed any change in the
Iipid cistnibution. Ts this to be expected?

Currik; We haven't a great deal of expenence of cases who have had
prolonged treatment with ACTH and I would not like to comment on
your findings, It is perhaps of interest that the + 4 - 4 Iiprd-depleted

d 1s without or ACT: may be divided into twoe
types: some of them present a picture not unlike that seen after a
relatively short course of ACTH; while others resemble the adrenals
after cortisone treatment. I wouldn’t like to say too much about ths,
because I have been largely responsible for the pituitary part of this
study, while Dr. Symington has been largely responsible for the adrenal.




METABOLIC EFFECTS OF ADRENALECTOMY
IN MAN*

. M. BERGENSTAL, M.D., CuarRLES HuceIns, M.D.,
and Taomas L.-Y. Dao, ..,

Ben May Laboratory for Cancer Rescarch and the Department of Meducine,
The Unwersity of Chicago, Chicago, Ilnois.

TotaL bilateral adrenalectomy in man has been performed
by our group for the control of certam hormone-dependent
neoplasms in man and for Cushing’s syndrome secondary to
bilateral adrenal hyperplasia. The adrenal gland has been
shown to influence prefoundly the growth of certain animal
tumours, in some cases producing acceleration and mn others
retardation of growth of thesencopl {Huggns, Berg 1,
and Cleveland, 1953). Certain cancers retain so closely the
properties of the cell from which they arose that if the onginal
cells were functionally dependent on hormones the cancer
cells will frequently possess these properties. This 1s seen 1n
certain neoplasms of the prostate in men and of the breast in
men and women.

Beatson (1896) discovered that the ovary was a sustaining
factor :n mammary cancer and cophorectomy has been shown
to produce in some cases regression of mammary cancer {Lett,
1905; Horsley, 1947). Huggms and Hodges (1941) clearly
pointed out the hormonal dependence of cancer of the pros-
tate and showed that castration and (or) cestrogens could
produce profe of this neopl The beneficial
use of androgens and cstrogens for the control of breast can-
cer further illustrates the effects of hormonal substances on
neoplastic growth (Adair and Herrmann, 1946; Haddow,
Watkinson and Paterson, 1944).

*Thus study was aided Ly grants from the Jane Coflin Clulds Memonal Fund
for Medical Research, thé Amencan Cancer Saciety on recoramendation of
the commuttee on Growth of the National Research Council, and the Damon
Runyon Memonal Fund for Cancer Research,
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The adrenal gland in man is capable of producing besides
the corticosteroids, hormones which have cestrogeme and
androgenic properties. Thus if the control of cestrogene or
androgenic dependent neoplasms is dependent on the complete
removal of all sources of steroid hormone production, it will be
neccssary to remove surgically or to climinate in some manner
the function of the adrenals and gonads. Huggins and Scott
m 1945 performed total adrenalectomy for cancer of the
prostate which had relapsed following a remission produced
by castration. They were unable to evaluate fully this pro-
cedure because of the presence of adrenal msufficiency.
This problem of adrenalectomy was re-evaluated when the
adrenal hormones, cortisone and hydrocortisone, became
available.

This paper will present some of the observations made on
the metabohe effects of adrenalectomy and the inhibition of
human mammary and prostate cancer by adrenalectomy.

Metabolic Effects of Adrenalectomy

Pre- and Post-operative Hormonal Substitution
Programme

The purpose of an adequate hormonal substitution pro-
gramme is to provide adrenal hormones in such concentrations
that adrenal msufficiency does not develop during surgery or
in the post-operative period. This 1s accomplished by the use
of rather ligh doses of cortisone and DCA. We have used the
same substitution programme developed in 1951 (Huggins
and Bergenstal, 1951} and have been able to perform more
than 250 adrenalectomies without the development of post-
operative adrenal insufficiency. The patient with metastatic
carcmoma is usually in a state of poor nutrition and hydration
and every attempt is made to correct this as well as possible
before surgery (Huggmns and Dao, 1952). With good routine
post-operative care the patient usually recovers rapidly and
within a week is on the future mamtenance dose of cortisone

and salt.
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The hormone substitution programme as well as the ex-
cretion of 17-ketosteroid and Pettenkofer ck is
shown in Fig. 1. This patient had previously had castration
for carcinoma of the prostate and pre-operatively had 17-
ketosteroid levels of 8 mg. per twenty-four hours and Petten-
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kofer chromogens of 5 mg. per twenty-four hours. Following
adrenalectomy the 17-ketosteroids dropped to levels of 3-4
mg. and this most probably anses from the cortisone. Hudson
et al. (1953) have shown that adrenalectormzed patients main-
tamed on glycyrrhizen only excrete essentially no 17-
ketosteroids. The Pettenkofer chromogens are presumably of
adrenal ongin and consist for the most part of dehydro-
epandrosterone and its hydrolytic artifacts (Landau, e al.,

ENDOCVAIE 28
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1951), These chromogenic substances drop to insignficant
evels in the urine following adrenalectomy.

Long-term Maintenance Therapy

Our critena for adequate replacement are: frecdom from all
signs and symptoms of adrenal insufficiency, with normal
salt, carbohydrate and blood pressure balance. This can be
accomplished in at least 90 per cent of the cases by the use
of cortisone acetate or hydrocortisone by mouth and added
dietary salt. A dose of 87-5-50 mg. of cortisone acetate or
20-30 mg. of hydrocortisone per day will accomplish the
replacement (Bergenstal and Dao, 1958). The patients are
well able to withstand the everyday stresses of living and
have a sense of well being.

We have used other steroid hormones for replacement
purposes and these are shown in Table L

Some of the early signs and symptoms of madequate hor-
monal replacement are the loss of sense of well being, nauses,

Table I
ADRENAL HORMONES SurrorTiNG LIFE

Sterond Daaly Dose Results
1y dro- 20-30 mg. | Mainiamns bie with excellent control
cortisone oral of salt, blood pressure, carbohydrate
**Compound F* balance . sense of well being . normal
water diuresis
Cortisone 373-50 my Sumlar to Compound F
ral

Mamntains hfe, blood pressure, Nat
DOCA 3-5mg and K+ balance . loss of sense of well
1m. bemg . Addsoman pgmentation
develops  does not correct carbo-

hydrate defect.

Compound § | 25-50 mg. Mamtans I'fe but with borderhne]
Lm. msullicieny . poor salt and carbod
hydrate balsnce . blood pressure]

loviered . weakness . Anorexta

Compound B | 50-100mg, | Mamtaws Lfe, blood pressure, Nat
oral and K+ balance
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anorexia, weakness and dizziness on standing. Many of these
symptoms may be present without any observed changes in
blood pressure, serum electrolytes and blood sugar. These
symptoms can be corrected by changes in amounts of hor-
mones or salt. An interesting example of a type of inadequate
replacement that has been seen in approximately 10 per cent
of our patients is characterized by complaints of anorexia,
weakness, nausea and dizziness on standing; while when
lying these symptoms disappear. This syndrome may occur
at any time from a week to many months after the operation.
In the majonty of these cases the electrolytes and blood sugar
are within normal range; however, there is found a marked
orthostatic hypotension and orthostatie tachycardia. The
attempts to correct these symptoms by increasing the dose
of cortisone to 100-150 mg. cortisone a day, has been in
most cases unsatisfactory The patient no longex- has marked
of ortt 1¢ hyy ion but it is obvious that
dose levels of this magnitude would soon produce toxic side
effcets, It was found that small doses of DCA would qulckly
correct the orthost: hyp jon ond s panying
symptoms. Ths orthostatic hypotension syndrome is shown
in Fig. 2. The long-acting DOC trimethylacetate given
m doses of 30 to 50 mg. once every six to eight weeks is
usually adequate to correct the orthostatic hypotension.
While cortisone acetate by mouth is usually adequate for
plete hormonal repl there are some patients who
develop the orthostatic hypotension syndrome, some who are
not ntelligent enough to follow fully mstructions regarding
medication, or some who live long distances fram their phy-
sician; and these patients are usually given monthly injections
of from 80—50 mg. trimethylacetate, intramuscularly. This
we feel gives a certamn safety factor against the development
of adrenal insulhicieney.

Carhohydrate and Water Balance
The clineal and Iak -y findings of hypogly ia and
flattened oral glucose tolerance curve frequently seen in
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patients with Addison’s disease maintained on salt and DCA,
were not observed in over a hundred cases of adrenalectomized
patients being maintamed on cortisone acetate. Patients
who are on adequate hormonal mamtenance with cortisone
have normal and essentially the same type of oral and intra-
venous glucose tolerance tests in the pre- and post-operative
periods. There have been no hypoglycemic episodes after
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intravenous glucose tolerance tests. Prolonged starvation
has not produced symptomatic hypoglycemia. The intra-
venous insulin tolerance test was essentially the same in pre-
and post-operative periods (Fig. 8). Two patients with
diabetes mellitus required the same insulin dosage after
adrenalectomy while on a mamtenance dose of 50 mg. oral
cortisone acetate daily. One of these diabetic patients de-
veloped a bladder and kidney infection and this was associated
with mncrease mn seventy of the diabetes and increase mn
insulin requirement although the maintenance dose of

cortisone was unchanged.
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By use of the Robinson-Kepler-Power water test (Levy,
Power and Kepler, 1946} it is possible to demonstrate a
failure of adequate water dwresis in the patients with Addi-
son’s disease. A group of patients were given water loads
before and after adrenalectomy and all the patients were
maintained on 50 mg. oral cortisone acetate daily. As ean he
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seen 1 Fig. 4, there was observed no failure of adequate
water diurests after adrenalectomy while the patient was bemng
maintained on cortisone.

Although nitrogen balance studies have not been done, it
is quite clear that at maintenance levels of 37-5-50 mg. of
cortisone daily the pati are able to synthesize and to
increase the concentration of plasma proteins,

Many clinicians have observed a decrease in the pigmenta-
tion seen in Addison’s disease following the administration
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patients with Addison’s disease mamntained on salt and DCA,
were not observed in over a hundred cases of adrenalectomized
patients being maintained on cortisone acetate. Patients
who are on adequate hormonal maintenance with cortisone
have normal and essentially the same type of oral and intra-
venous glucose tolerance tests in the pre- and post-operative
periods. There have been no hypoglycemic episodes after
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mtravenous glucose tolerance tests. Prolonged starvation
has not produced symptomatic hypoglycemia. The intra-
venous insulin tolerance test was essentially the same in pre-
and post-operative periods (Fig. 3). Two patients with
diabetes mellitus required the same nsulin dosage after
adrenalectomy while on a maintenance dose of 50 mg. oral
cortisone acetate daily. One of these diabetic patients de-
veloped a bladder and kidney infection and this was associated
with increase in sevenity of the diabetes and increase in
msulin requirement although the maintenance dose of

cortisone was unchanged.
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spectrophotometer, have observed significant melanin deposi-
tion in the skin of all the adrenalectomized patients reported.
Skizume et al. (1954) report that the melanophoric hormone
is increased in the urine following adrenalectomy and in-
creased following the withdrawal of cortisone in adrenalec-
tomized patients. Itis of interest that a female with Cushing’s
syndrome secondary to adrenal hyperplasia, following
adrenal y with mai on 375 mg. cortisone,
showed no evidence of pigmentation until six months
after adrenalectomy, when over & permd of two weeks she

developed intense Addi tion which has

perslsl&d for two years.

In 47 cases the range of weight for single adrenal glands
was 3-1-5+3 g.; the average weight with standard deviation
was 4°2:+1-1g. The total adrenal weight (both glands) was
6-5-10-5 g. The weight of the adrenal glands in most cases
did not differ from that of normal healthy adults who have
suffered accidental death. A discrete accessory adrenal gland
was found in one case near the renal pedicle. Metastases of
carcinoma were detected m the adrenal glands 1 14 patients
1 this group. The medulla appeared to be the site of locali-
zation.

Inhibition of Human Mammary and Prostatic Cancer
by Adrenalectomy

Prostatic Cancer

Metastatic cancer of the prostate appears in many cases to
be a neoplasm whose growth is dependent upon hormenal
substances. The striking rehef of symptoms and regression
of metastatic lesions following castration have been observed
by many clinicians. Thus it would seem that this tumour is
dependent, not on hypersecretion of testicular hormones, but
rather on what appear in most cases to be subnormal amounts,
since many of these patients are i the sixth decade
of fe. All too often there is a relapse of the neoplasm after
remussion imnduced by anti-androgenic methods such as
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of cortisone. Huggins and Scott (1945) described the develop-
ment of intense Addisonian pig tation in two patients in
ten to twelve days following bilateral adrenalectomy at a time
when only DCA and adrenal cortical extract were available
for replacement therapy. No visible Addisonjan type of pig-
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mentation has been observed m a group of fifty adrenalec-
tomised cancer patients who have been maintained solely on
cortisone acetate and sodium chloride. Two patients of this
group were later maintained solely on DCA and both de-
veloped visible Addisonian pigmentation within two weeks.
Hall, McCracken and Thorn (1953), using a more sensitive
otb 3 for measuring melanin in the skin with a reflectance
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Following relapse many of the patients were given large
doses of cestrogen without any observable beneficial effects.
Two patients were given 100 mg, of dehydroepiandrosterone
intramuscularly daily for ten days and there was a significant
jncrease in bone pain and need for nareotics during adraini-
stration of this compound, In one case there was shght rise
m blood aeid hatase. Dehydroepi has
shght androgemc propertles and presumably is of adrenal
origin.

There seems to be a clinical remission of the disease of con-
siderable magnitude following adrenalectomy; however, the
relapse rate is high.

The explanation of the relapse 1s not known; however, one
could speculate as to whether the tumour may become sensi-
tive to minute amounts of androgen denved from the main-
tenance cortisone or production of androgenic compounds by
accessory adrenal tissue which under the stimulus of possibly
elevated ACTH blood levels may become functional at a level
not sufficient to maintain hfe but to stimulate growth of the
neoplasm, Pearson (1954) reports that cases autopsied and
searched carefully for accessory adrenal tissue have shown as
high as 80 per cent with accessory adrenal tissue. Also the
possibility of the tumour changing i1ts metabolic charactenstlcs
so that 1t 15 no longer horme depend hould be d

Cancer of the Breast

Cancer of the breast is not a single pathologieal state, but
consists of categories that differ m clinical and functional
characteristics.  Some of the neoplasms m both sexes are
composed of cells of sufficient functional matunty to undergo
a decrease in activity when crrtical quantities of supporting
hormones are removed through surgical removal of these
sources; the patient 1s benefited in this errcumstance.

This group of eases will be presented 1n two parts. one group
who had adrenalectomy alone, and the other group who had
adrenalectomy and oophorectomy at the same tume,
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castration and (or) cestrogens. Adrenalectomy has been per-
formed in this group of patients in an attempt to remove other
possible sites of androgen hormone formation  (Huggins
and Bergenstal, 1952).

The patients were all suffering from advancing metastatic
carcinoma of the prostate with lesions in bones and soft tissues.
Our criteria for objective response were decrease in size of
palpable tumour masses, halt in progression of osteoly-
tic and osteoblastic lesions, relief of severe bone pain, weight
gain, increased heemoglobm synthesis, and ability to return
to their usual activities. Not all patients showed all these
changes. Three patients with elevated acid phosphatase in
blood showed a return to normal values. In two of these cases
a relapse was preceded by elevation of the amd phosphatase.
One of the patients with a serum acid phosphatase of 90 units/
100 ml. had a fall to 8 units/100 ml. which has persisted for
thirty-three months, and the patient 1s still well and with no
signs or symptoms of relapse. There 1s frequently observed a
rise in alkaline phosphatase indicating osteoblastic activity.

Table 11
ProsTATE CANCER (22 CAsES)
for metastat of prostate after relapse from
rerussion induced by gonadectomy

Obgective response 9 cases No response 13 cases

18 cases all dead

Per cent objective response 41 per cent

Table II shows the results obtained 1n 22 eases of cancer of
the prostate. There was observed an objective response in 9
cases (41 per cent) which persisted for an average of 13 months
before relapse occurred.

Six patients complained of moderately severe hot flushes
very similar to those they had noted following castration.
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It is most difficult to evaluate ovarian function in terms of
ability to sccrete hormonally active compounds after the
menopause, whether this be spontaneouts or induced by X-ray
sterilization and {or) androgens. Many of the biological and
chemical tests are insufficiently sensitive clearly to eliminate

Table IIX

BREAsT CANCER (37 CASES)

Bilateral A alone for of the
breast

Obgectsoe renponse 14 cores (33%) r No response 23 cases

Ahve 10 cases Dead 283 cases
Duration of renussion 6 to 36 months Duration of Lfe after
Average 19 months adrenalectomy 1 to 14
months,
Average 5 months

Dead 4 cases
Duration of renussion § to 13 months
Average 9 months

Status of Quaran Function Status of Ovanian Function
Alwe 10 cases Dead 23 cases

5 cases spontaneous nenopause 10 cases spontaneous

5 cases surgical castration menopause

6 cases surgical castra-

Dead 4 cases tion

1 case spontaneous menopause 7 cases X-ray stenlza-

1 case surgreal castration tion

3 cases Xeray stenlhzation

L

possibilities of continuing ovarian function. Dao (1953) has
mnvesti d this problem using the b techmque for
cestrogen excretion m the urine. He has found that the normal
and cancer patients secrete significant amounts of cestrogen in
the spontaneous post-menopausal period and that cestrogen
secretion in the X-ray castrated woman was more than in the
spontaneous menopausal group, Followmng ovariectomy and
adrenalectomy the oestrogen excretion was zero.
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Bilateral Adrenalectomy Alone:

This group consisted of 37 cases: two male mammary cancer
and 35 female mammary cancer. There was no attempt at
selection of cases except that it was thought these patients
had no significant ovarian function. All the patients had had
some type of previous therapy, either hormonal and {or)
X-ray, but had relapsed and growth of their neoplasms was
advancing rapidly. The rate of growth of the tumours was
measured either directly, if they were accessible, or by in-
direct methods such as roentgen-ray examination and
Iaboratory tests if the tumours were inaccessible. Regression
of soft tissues metastases consisted of the disappearance of
local recurrent lesions, the disappearance of metastatic pleural
and pulmonary lesions, involution of metastatic lymph nodes
and healing of cancerous ulcers, Regression of metastatic bone
lesions was demonstrated by the healing of pathological
fractures and of osteolytic defects, and by characteristic
changes in serum -alkaline phosphatase (Huggins and Dao,
1953). Subjective improvement in this group of patientscon-
sisted of disappearance of intractable bone pan, disappearance
of respiratory symptoms, the recovery of asense of well being,
increase in appetite, gain m weight and ree  ing of strength
and vitality.

The results of adrenalectomy alone 1n this group of 37 cases
are shown in Table III. The objective response was observed
in 88 per cent of the cases. Of the 14 cases showing objective
response, 10 are alive, with the duration of remission from
six to thirty-six months, with an average of nineteen months.
Four of the patients have relapsed and have died; their
average duration of remission was nine months. In contrast,
the 23 cases showing no effects had an average duration of
1ife after adrenalectomy of five months. The ovanan status
of the patients is also shown in Table III.  All the patients
had not menstruated or had had an artificial menopause
Jong enough before adrenalectomy so that it was felt this did
not_contribute to the objective response observed after

adrenalectomy.
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which sustains mammary cancer and propagates the disease.
Other types of mammary cancer fail to respond to adrenalec-
tomy. One of the urgent problems at the present time is the
proper selection of cases for thus operation.

Table IV

BREAST CANCER (60 CAsEs)
Bilaters}

and for
carcinema of the breast

Objective vesponse 27 cases (45%)

No response 33 cases

Alve 17 cases

Dead 33 cases
Duration of remission 6 to 26 months Duration of hfe after
Average 11 months adrenalectomy and
1to

Dead 10 cases.
Dauration of remission 6 to 24 months
“Average 12 months

months
Auerage 4 months

Status of Ovarean Function
Alive 17 cases
6 cases Spontaneous menopause
4 cases pre-menopause
5 cases X-ray stenlization
2 cases androgen-induced menopause

Dead 10 cases
2 cases spontancous Menopause
5 cases pre-menopau
3 cases Xoray stenbaation

Status of Ouarian Function
Dead 83 cases
9 cases spontaneous
‘menopause
9 cases pre-menopause
14 cases Xoray
stenlization
1 case androgen-
induced menopause

In a review of a series of 100 consccutive unselected cases
of recurrent far-advanced cancer of the breast an attempt
has been made to set up certain critera which will make
possible selection of cases that will show a satisfactory response.
Huggins and Dao {1953) have discussed some of the charac-
teristies of steroid-dependent mammary cancers m a previous
paper.
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Bilateral adrenalectomy and oophorectomy:

It is certain that the ovary is strongly implicated in the
maintenance of mammary cancer in the human female,
although the relative function of each of the ovarian hormones
m this regard is not well understood. The involution of mam-
mary cancer after oophorectomy 1s clearly due to removal of
hormones found in the ovary; the most reasonable explanation
of the beneficial effects of adrenalectomy 1s the elimmation
of hormones of a similar type. The excretion of eestrogen in
the urne of women who have undergone oophorectomy 1s
abohshed by adrenalectomy. Sinee there is a dual supply of
hormones of ovarian type, both sources should be eliminated
in cancer of the breast when they contribute importantly to
the endocrine pool. Regression of mammary cancer after
deprivation of steroids by surgical means is a function of
removal of eritical amounts of sustaining hormones, together
with sufficient maturity of the neoplastic cells so that they are
dependent on hormones—it depends on hormone production,
reactivity of the cells and tumour-host relationship.

The group of 60 patients (Table IV) who had both adrena-
lectomy and cophorectomy suffered from rapidly advancing
metastatic carcinoma of the breast. These patients in many
instances had had previous types of therapy which had given
temporary or no benefit and their cancers were progressing.
Of this group of 60 cases, 45 per cent (27 cases) obtained
objective response, while 38 cases bad no response. The
duration of remussion has been six months to twenty-six
months with an average duration of eleven months. The cases
that failed to respond had a duration of life after adrenalec-
tomy from one month to ten months with an average duration
of life of four months.

The ovarian status of these patients 1s shown 1n Table IV.

Gratifying relief of patients with disseminated mammary
cancer often follows adrenalectomy and this observation has
been confirmed by other investigators (Pearson, ef al., 1954),
(Taylor, et al., 1958), (Krieger, et al., 1958), (Randall, 1854).
These cases indicate the presence of an adrenal component
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which sustains mammary cancer and propagates the disease.
Other types of mammary eancer fail to respond to adrenalee-
tomy. One of the urgent problems at the present time is the
proper sclection of cases for this operation.

Table IV

Breast CANCER (00 CASES)
Bilateral 1

and for p
carcinema of the breast

Objective response 27 cases (45%) No respanse 33 caser

Alive 17 cases
Duration of remussion 6 to 26 months
Arerage 11 months

Dead 10 cases

Deud 33 cases
Duration of lfe after
adsenalcctomy and
1tol

montl

Duration of remssion 6 G to 24 months
.iverage 12 months

lrerage 4 months

Status of Ovarian Function
Ahwe 17 cases
6

Status of Ovarian Function
Dead 33 cases

4 cases pre-menopause
5 cases X-tay stenhzation
2 cases androgen-induced menopause

D cases
menopause

9 cases pre-menopause
14 cases X-ray

Dead 10 cases
2 cases spontanieous menopause
5 cases pre-menopause
3 cases X-ray sterilzation

Induced menopause

In a review of a series of 100 consecutive unselected cases
of recurrent far-advanced cancer of the breast an attempt
has been made to set up certamn criteria which will make
possible selection of cases that will show asatisfactory response.
Huggms and Dao {1953) have discussed some of the charac-

“rersvns i steruili-tependient mammary cancers in a previous
naner.
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Briefly they are: (1) Age. The most favourable results
curred in women between ages of 40 and 65 (Table V.j
 Degree of malignancy. It would appear that the best
:asurement of the growth rate in a case of breast cancer is

Table V
AGE IN RELATION T0 4 FA & T0 A
Ao of cases with
Age Tolal Ne. of cases Javouruile vesponse
Under 40 13 3
4049 42 19
50-59 31 12
60-69 8 4
50-up 1 0
Table VI

PIIITY OF TUMOUR GROWTH IN RELATION TO A FAVOURABLE RESPONSE
TO ADRENALECTOMY

Tune ieroal betueen Mastectorsy Total No of No of cases wth
and onset of Metastas cases Javourable responss

Under one year . 28 3

1-2 years . 29 14

3-5 years N a0 16

Above 5 years . 8 5

e time interval between the radical mastectomy and the
set of metastases, The better responses to adrenalectomy
curred in women who had a prolonged interval between
astectomy and the rccurrence of metastases of the cancer
"able VL); (3) Specifieaty of the tumour. Adrenal-responsive
mours can be recognized in many cases by histological
amination of the primary tumour. The adenocaremomsa we
elis the most specific functional category of mammary cancer.
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{4) High titre of cestrogenie substancein the urine.  Table VII
shows a series of responsive and non-responsive tumours with
the histological type of ncoplasm and the cestrogenic excretion
in the urine. The responsive group has an cestrogen excretion
approsimately three-fold higher than the non-responsive
group.

Pearson, ¢t al. (1954) have desenbed two other criteria of
cestrogen-dependent mammary cancers.  First, an increased
excretion of calerum in the urine following the admumistration
of aestrogenic substances to patients with osscous metastases
ind an astrogen-dependent cancer. Secondly, patients
who have gained a ion from obpl y ly
respond favourably to subsequent adrenalectomy. It is
obvious that the sccond consideration is inoperative when
the ovaries are not functioning.

Conclusions
Total bilateral adrenalectomy can be performed in man
with little danger. The adrenalectomized patient can be well
maintained m good health with adrenal cortical hormones.
The growth of certain hormone-dependent neoplasms in
man can be ihbited by the removal of the sources of the
sustaining hormones.
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(Es1n06EN EXCRETION

Responswe Mammary Cancer
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448

» WoMEN Wity CANCER OF BREAST

Unresponsice Mamimary Cancer

Case Age Anaponne Tt Wi Hutology
MQ 57 Surgical 9.6 Unduff.-CA.
L.P. 435 Irradiation 47 Undifl.-CA.
vc. 47 Irradiation 123 Undufl.-CA.
M.S. 30 Irradiation 37 Undufl.-CA.
KA. 49 Irradiation 92 Adeno-CA.
M.S. 50 Irradiation 87 Unduff -CA.
A8, 57 Spontaneous 9:0 Undull.-CA.
G.3 50 Surgical 120 Unduff.-CA .
BZ. a Surgreal 8-4 Undilf -CA,
J.D. 29 Surgical 8:4 Undift.-CA.

Median 8 $1u./24 hr.

equisalent to 0 1 ug of CEtrogen -

Sg1zuME, K., LEeNCR, A, and FirzeaTnick, T. (1954)  Abstracts
36th Meeting of the Endocrine Society.

TAYLOR, 8., IIT, Lz, M., Eckres, N., SLAUGHTER, D)., and McDowaLp, J,
(1953). Cancer, 6, 997.

DISCUSSION

Bavuss: We have also seen the orthostatic hypotension, which you
observed, after adrenalectomy. Have you done any studies on the
blood velume 1n these patients.

BERGENSTAL. NO, but we plan to measure the blood volumes of this
group with 10dine-labelled albumn.

Sernce: May I ask a question about mammary cancer? Tt1s suggested
that the improvement which takes place 18 due to the removal of testro-
geme hormones, In that case I don’t understand the reports of tmprove-
ment In mammary cancer in older women treated with stilbastrol.

ENDoC,—v I 28
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cNsTAL: This is a very i problem, and X wish I hnew
the answer. We certainly feel that there is more involved than just the
strogenic hormones. It may be ancther ovarian and (or) adrenal type
of hormone, and certainly we feel, from some work we are just doing on
luteotrophin, that theré may be many important interrelationships
between the pituitary and these hormones of the adrenal and ovary
contributing to the continued growth of the tumour. I certainly don't
understand why some of these post-menopausal older women get a
satisfactory response to eestrogen unless there is a pituitary suppressive
cflect.

PrunTy: T feel that what one so badly lacks m this kind of work 13
control material. What we nced to know 15 the prognosis of the selected
cases that you think would benefit. One of the critena that you brought
up was the long nterval between and bone I
is my impression that those are the people who tend to survive rather
well in any case,

BERGENSTAL. Yes, 1n many cases they do.

Forsitam: We have helped Dr. M. Gnhnte on a series of more than
335 cases of bulateral ad; and , With results that
are analogous. Our cluef problem 15 osteopoross, After about eight
months or so these patients begin to get bone pamn, but thus time it 1
not due to metastases, but to progressive thuning of the bone. I
“ondered what you do about 1t.

Gther actions, O becomes an mcreasmgly
serious problem the more sunccssful ‘you are with the operation in terms
of survival.

BLreeNsTAL: Have you tned strontium?

Forsuan: Not to any extent in these patients. Dr. E. Shorr found that
strontium would settle i the bone mn addition to calaum, and could
make up an extra 10 per cent of bone osteoporosis.

TuorN: These cases you speak of were maintained on 50 mg. of
corhisone a day?

Fonsuas, Ours are getung 87-5, but that shll favours osteoporosis.

Browne: I should hhe to ask Dr. Bergenstal, 1f you remove the

drenals in Cushing's d and the patients on 50 mg.
of cortisone daily, nﬂ,cr a period of time does their osteoporosis improve?

BERGENSTAL: Yes, but it takes about a year or two years.

Forsuan. I should like to report on some prehmunary work: Dr. M.
Galante 1n our Department of Surgery has tned to elumnate the
westrogens, following the work done by Dr. Bisking in rats, in which

LRI AR AL L5y kAT s e -
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adrenal was removed 1n four patients, and the right adrenal was hept in
situ (we dAd certain tests which I shall tell you sbout ina mmu!c) Ina

her dlscn.se, “and is stul alive now a year after the procedure, Before
surgery, when we stimulated by ACTH tests, her hydrocortisone-hke

transplanted the adrenal there was a definite, measurable increase in
@strogens on ACTH, but there was absolutely none demonstrable after
this transplantation. The biological proof for the virtual absence of
cestrogens 1s given by the fact that this woman has had a complete
remission. There are thiree other cases, one farlure in anastomosss, one too
early and one other is doing well. So we have here a possibility, by
utilizing the different rates of detoxification of wstrogens by the hiver,
to carry patients without any substitution therapy.

BrowNE. As 50 often 1g said 1n diseussion ““This reminds me of some
work I did” in 1031 on infantile ammals. I took out their ovaries and
implanted them into the spleen. "They dld not develop tumours but
they ovarics, filing the spleen and
entirely composed of corpus luteum tissue. 1'rogesterone, from other
evidence, 18 also detoxified in the liver.

Lurt: The Swedish results with lateral adrenalectomy are simslar
to those of Dr. Huggins and Dr Bergenstal. T should like to ask some
questions firstly, did you cxamine the bone tissue after adrenalectomy?

BERGENSTAL: No, not 1z this group, We did 1n some of the autopsy
cases.

Lurr. Did you find any cancer tissue?

Brrornsrar: We found a peculiar type of cell, which we have des-
cribed before, which looks asif it were undergomng pyLnos:s and degenera-
tive changcs, with a densely calaified bone around the metastasss,

LurT. I have been m]d by Dr. Frankson in Stockholm that when the
in the bone in a case after
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R W
the breast or prostate? )

Curnic: Is there any id ilable as to the histological appear-
ance of the pitwitary in these cases with bilateral adrenalectomy?

BrrerNsTAL: Dr. Gomor is working very hard on that, but T haven't
any rcsults as yet.

Cunnie: Dr. Bergenstal made the point that the histological pictute in
the tumours varied from one area to another, and I would be in full
nemecment with that T' 15 obviously of 1mp0rmnce toa pathololig;stt ﬂ;

* Tulateral

and if one looks at a . " '
spheroidal-cell type

tion. There is no sharp dividing une uchLcn [T RN
1 ~nrd annnes

] - .
——e -
Tionn: Wouldn't .
most sujtable cases
tomy and relapses,
thaz mo- to three-yeal pouvue Yvn oo o ..
- t...m.w of two vears apo.

Tuste

tacy .

CATCINOIMAS BIKE 158 gsrva
ScowenN Have you any Qata About the character of the vaginal

smear?
BERGENSTAL: No. We have used bioassay of urinary cestrogens

stead.
“Fonsmm' We have done vaginal smears and found this very un-
s:\hsfnctory‘ 90 per cent of the smears come back with “shght astro
geme effect” mn the patients and
we don't knosw what that means,
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Scowen: I ask the question specifically because there are some
patients who have had both ovaries and adrenals remos ed and \\hq stll
have & very active astrogen smear from the vagina. I can’t say in all
cases, but in some I know it is not due to adrenals left behind, because

monas, might give you that kind of smear?

Scowen: No, the smear is quite different

Tuorn+ May I make this suggestion? In the prostatic cases with
adrenalectomy you have three factors. one is the removal of adrenal

- e e e A e aen o r = aa e
to compate with your operated cases?”

BenrcenstaL We have done just that, and found there is little or
no effect on acid phosphatase ot on bone pain, ar on general course, In
fact many of these potients, before they had their operation, went
through exactly the same replacement therapy, high deses of DCA,
cortisone, everything except the operation, and there was no satis-
factory response

adrenalectomy and ovarectomy in January this ycar. She had a
fungating mass neatly the size of a soup-plate from a breast removed
twenty-mix years ago I had removed the opposite breast during the
war, Within three days of adrenalectomy and ovariectomy she said all
her bone pains had gone. The whole mass has now skinned over most
dramatically. I feel this 1s an experiment that must go on, but I think

we want a clearer lead from you as to the type of case which will
benefit

Luivus DTONCROPNeUmoNIA.



THERAPEUTIC RESULTS OF HYPOPHYSECTOMY
IN METASTATIC CARCINOMA OF THE BREAST
AND IN SEVERE DIABETES MELLITUS;
ADRENOCORTICAL FUNCTION AFTER
HYPOPHYSECTOMY*

Rorr Luer, m.p., HERBERT QLIVECRONA, M D.,
BJORN SJOGREN, .p., DENIS IKKOS, M.D.,
and HAkAN LJUNGGREN, M.D.,

Endocrine Dunsion of the Department of Internal Medicine and the
D. of Stock ol

gery,

Our first attempt to perform a complete hypophysectomy
was made m July 1951 (Luft ef al., 1952; Luft and Olivecrona,
1953). We have since made 80 hypophysectomies in different
discases. The present report concerns the two main groups
submitted to this procedure, metastatic carcmoma of the
breast and severe diabetes mellitus, In addition some data on
the adrenal cortical function in hypophysectomuzed patients
are given.

Metastatic Carcinoma of the Breast

Up to February, 1954, 37 cases of metastatic careinoma of
the breast had been hypophysectomized. Almost every case
showed widespread metastases, and the patients had been
treated 1n different ways before the hypophysectomy. Four
of the early cases had incomplete removals of the hypophysis,
and three died within one month after the operation from
cerebral embolism, pulmonary embolism and coronary throm-
bosis, respectively. Thus, there remamn 30 cases to be
discussed. Of these 80 cases, 16 are dead and 14 are alive, from
six months to two-and-a-half years after the hypophysectomy.

#These studres were aided by grants from the Medical Research Counait of
Sweden, Knut and Alice Walleoberg's Foundation and the Swedish Diabetic

Association.
438
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All seven cases presentng brain metastases and (or) liver
metastases of such an extent that an enlarged and firm
liver could be palpated, have dicd, except one. If thesecases,
too, are subtracted, there remain 23 cases, of which 13 are alive
and 10 are dead. Of the 13 living patients, two are men with
metastatie carcinoma of the breast.

Four of the patients had scirrhous cancer and all these
belong to the hving group. The other surviving patients are
equally distributed between the group with cancer of a low
differentiated type and the group with adenocarcinoma.

All women above sixty years of age—four cases in all—have
died without showing any influence of the operation on the
course of the disease. Except for this, the survivals are
equally distributed among the differcnt age groups. Two
men were operated on. They were both over sixty and have
reacted favourably.

Of the sinteen deaths, six occurred in patients alrcady
having extensive liver or brain metastases before the hypo-
physectomy, and four in women above sixty years of age.
Of the remaining six deceased cases, one died of adrenal
cortical insufficiency and five of progression of the cancer.

The effect of hypophyscctomy has also been evaluated
with regard to the effect on pam, on local invasive growth,
and on the metastases in the lymph nodes, lungs, pleura and
the skeleton.

Table I shows the effect on pain. The pamn disappeared 1n
eight out of ten of the surviving patients, was amecliorated
in one case and unchanged in the remaining one. A transient
decrease in pain was secn 1n some of the deceased patients.

Table II shows the effect of hypophysectomy on local
mvasive growth and metastases m the lymph glands. A
marked improvement was obtamned in all of the surviving
cases except one, and in two of the cases that died. Of the
twolatter cases, No, 8 is worth special attention. This patient
showed a remarkable disappearance of all soft tissue metas-
tases but died eight months after the operation 1n adrenal
cortieal failure precipitated by an allergic reaction with
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high body temperature, during which the maintenance dose
of cortisone of 25 mg. per day was not increased.

Table I gives the changes in the Juag and pleural meta-
stascs observed after hypophysectomy. A disappearance or
deerease of these metastases could be seen in most of the
SUrViving ¢uses,

Table ¥
Eerier oF YPopuvsroTomy oF Parv N METastatic MasutAny Caxces
Pan
Tune of
Cose Mo obsernation Before optration Apee
1 28 ———
5 20 — e
11 4 + Tnsappeared
13 14 eaaane
15 13 + 4 Disappeared
i6 13 Drsappeared
17 13 {+) Disappeared
2t 1z Disappeared
P 7 P Unchanged?
26 7 ——
a7 7 + 4+ Disappeared
28 5 +4+ 4+ Disappeared
20 3 + Thsappeared
30 19 +4+ Disappeared
2 17 + Dusappeared
for 15 months
3 1 ++4+ Unchanged
3 2 o+ Unchanged?
6 3 + 44 Disappeared
F'e 10
8 9 + Disappeared for
eght months
9 5 ++ Deereased
dunng ficst month
10 19 + Decreased
1z 10 ++ Disappeared for
ohe mobtf
14 4 +F TeR:
18 9 + Decreased
dunng first month
19 2 + Unchanged
20 e + Transtent decrease
az 3 +++ Decreased
23 a8 + Increased
24 3 —
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Table 1

ErrECT OF HYPOPUYSECTOMY ON LUNG AND PLEURAL METASTASES
IN METASTATIC MAMMARY CANCER

[_ Tune of Before operation After operation
Case obseration.
Ha n oty Lung Pleural Lung Pleural
postoperative | Metastases | evudate Metasiases ezudate
1 28 + | —— — P —
5 20 _— —
1 14 — —_— e
13 14 +++ ——— | Disappeared
15 13 +++ 4 | Decrease +
16 13 —_— —
17 13 _ — —_—
21 12 _ —
a5 7 + | +++ ? Decrease
26 7 ++ | —— | Decrease?
27 7 B e ———
28 6 _ — ——
29 3 ++ ——— | Decrease —_
30 19 —_— _ —_— S
2 bed —_— ] _— +
3 1 + + + ++
1 2 +++ ++ +++ ++
6 3 +4 f - +4 —
7 10 _ — —_—
++
8 Q ++ —_— ‘Transient
Decrease
9 5 74 — 7+ —
10 10 —_— —
12 10 _— —_— _
14 4 _ _ —_
18 9 —_— | —_— —_
19 z ++ | — ++ _—
20 2 + —_ + —
23 3 24 | —— 7+ —_
2 3 + —_— i —
24 3 + _— + _—

Table IV gives an approximate estimate of the changes in
the bone metastases after hypophysectomy. The difficulty
in appraising the effect on bone metastases ts well known.
An mcreased density makes them more c!car.l)t visible on the
X-ray picture, and may make metastascs visible that could
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not be scen earlier. In Table IV we have preferred to denote
the metastases as unchanged if they did not show any signi-
ficant regression or showed only moderately increased density.
Minor regressions have not been taken into account.

Table 1V

ErrEcT oF ID rorinsecTosy 0¥ BONE METASTASES 1IN MLTASTATIC
Masptany Cancrr

« Tume of B
i i abevaion er peration
postoperatice
1 28
5 20 —_—
11 4 ++ Increase?, sner. density
13 14 —
15 13 +++ Increase
16 13 v
17 13 + Unchanged
21 12 + Increased density
25 7 New metastases
26 7 ++ Unchanged
27 7 ++++ Unchanged
23 7 ++ Unchanged
29 a +4+ nchag
30 1 +++ Unchanged

Qur patients have been given substitution therapy of 25
mg. of cortisone and 50 mg. of desiccated thyroid danly. With
this substitution their general condition was remarkably good,
and most of the surviving patients wcre able to return to work.

To summarize: our limuted material seems to show that
hypophyscctomy had a favourable influence on metastatic
mammary cancer mn women below sixty years of age not
presenting brain metastases or very extensive liver metastases.
The type of cancer seems to be of minor significance, except
for the fact that the scirrhous type has reacted especially well.

Severe Diabetes Mellitus.

Up tll now nine cases of severe diabetes mellitus with
madigratt vusednr comiplinaons meve 'veen “nypophy-
sectomized: five women and four men, between 22 and 31
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“Table
FiNpiNgs aT THE TIME OF HYPOPEYSECTONY
Eyer . Al
retinal changes
e alpum..
S Visien P muna | NN
exudales | hamarrhoges | profiferations] 0/00
1 | dxamavross | ax = A 44 | dx + 4+ | dx 4
o, Bn - an F4d fun 4+ fun r44 ] 2 | 3040
2 | dx, amantosis dx 44+ | ax ? ax T dx v 2 88-50
n.pere.of ight | s 4 B 444 ) un 44+ an 44
3 }dx o560 a4 &= - ax = x4+
10 ahmast un 4 an = sin = so tt+ | 13 | 230
smaurosis
4 Jdx S0 ax 4 + ax 4+ dx +
sin S0 6 B4 a0+ sn. ++ an = 1 7
s} dx slmostamau-) de = ax. ¥ ax 444 | de a4y
toms, sn 2060 | sn. o, & an A+ [ 442 | 241 %

¥Monoyer's syatem Lootmaal vinas T 01

years of age. They had had their diabetes for fourteen to
twenty-one years and complications affecting eyes and kid-
neys for at least one to twelve years. Their age at hypo-
physectomy was from 22 to 86. Two of these, operated upon
about one month ago, eannot be evaluated at present. Of the
remaining seven cases, operated upon one to two-and-a-half
years 2go, four arc alive and three are dead. Two of the
deaths occurred among the earliest cases, before we had
experience with the complications that might oceur m this
operation. One was a young man who was re-operated for a
suspected ntracranial hematoma some hours after the hypo-
physectomy. Only o moderate bram cdema was found. He
died the day after this second intervention. The second was
a young woman, who died suddenly one month after the
operation—a few days before she was going to {eave the
hospital—in a syndrome, with which we later became familiar
and which presumably is due to hypoglycraia with rather
unusual features, The last deceased case, a young man
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Five Cases o2 DiapeTes MELLrus

e

GFR

75
6ot

a2
I
a7

68

Cordiocarcular
blood | heart | Calerfic of b1
RPF 2 e | i, | ted cells | Edema
d o, | md fman, ,'_',;'.';‘,"‘. ,;7;_. o Xoray | dbumn 2| glebulin = b 7020
175730 310 + 63/3 8 +
1001150
218 150/103 330 - 39 27 60/2 8 +
1357100+
263 170/105 360 - 32 32 553 3 +++
336 145/100 - 52 19 sz e | +
433 220{110 420 +++ a6 23 68/3 5 +

fereatinme clearance

of twenty-four, was operated on in spite of having very ad-
vanced artenosclerosis. At the operation the bramn vessels
were found to be brittle, which caused severe bleeding during
the operation. He recovered from this but later showed
slowly advancing mental deterioration. He finally reached a
state of stupor and died from complicating infections.

Table V shows the status of the eyes, kidneys and cardio-
vascular system at the time of operation. One of the cases
(No. 4) had some vision left. Only cases + and 5 were con-
sidered to have less than 50 per cent reduction of the glomeru-
lar filtration rate. All patients had an elevated blood pressure,
which was more marked n case 5; this case also showed
advanced arteriosclerosis.

As could be expected, the insulin sensitivity mnecreased after
hypophysectomy {Table VI) One of the patients can get
along well without wnsulin; the remaming need up to eight
units of protamine zinc-msulin per day. The wmsulin require-
ment is determined mainly by the maintenance dose of
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cortisone; as small a dose as 5 mg. of cortisone markedly in-
creases the blood sugar level and the daily amount of urinary
sugar,

‘Table VI

Cuances v INsuLIN ArTER HyPop Y IN DIABETES
MrLurus,

Dasly requirement of 1nsulin
unils per doy)

Case No (units per do,
before hypophyseclomy after hypophyseciomy
1 40 PZI+20 r.* 8 PZI
2 28 PZI+414T. 6 PZI
3 24 PZI [
4 20416 PZI 8 PZI

*} PZI—protamne zinc-insulin, ¢ = regular insulm

The aim of the operation was to check the progress of the
vascular complications. It is at present difficult to appraise
the results in this respect. Thus, 1n only one of the patients
some vision rematned before the operation, and, at present,
one year after the operation the vision is unchanged and th re
has been no progress of the eyeground changes (case 4).

The kidney function as measured by clearances 1s especially
difficult to evaluate after hypophyscctomy. The clearances
of inulm and PAH are presented in Table VII, which shows
that they remamed unchanged in Case 1 for two-and-a-half
years after the operation and decreased i the remamng four.
The decrease 1 Case 4 shortly after the operation followed
an attack of acute pyelonephritis, but the clearances have
not changed since. However, one has to take into account
the fact that hypophysectomy per se may cause a decrease in
the clearances, especially when the patients are kept on a low
substitution. The albuminuria has disappeared m Cases 1
and 4 but persists in the three others.

The blood pressure, wlich was elevated in all cases, returncd
to a normal level after the operation.
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/}xe 3 therapy consists of a daily dose of 5 mg.
of cortisone in three of the cases (except case 1) and 50 mg.
of desiccated thyroid. Testosterone pellets have been im-
planted in all of them, The first cases were also implanted
with DCA pellets. However, DCA gave rise to hypertension
and ccdema n two cases and has later been discontinued in
all except case 1.

Tosummarize: our materialis too small to permit any definite
statement about the valae of hypoph y in dizbet
mellitus with malignant vascular complications, The results
obtained so far are encouraging and the study is continwng.

Adrenal Cortical Function After Hypophysectomy.

The adrenal cortical function after hypophysectomy was
studied by following the urinary excretion of 17-ketosteroids
and corticoids (determned by the method of Norymberski,
el al., 1953), by the ad 1 test, the changes in insulm
sensitivity and the changes in water metabolism.

The excretion of VV-ketostercids and corticoids durnmg the
first month after hypophysectomy was studied in & number
of patients, who purposely were not given any substitution
after the day of operation, The results obtained in a repre-
sentative case are shown n Fig. 1. As may be seen, the
values for both groups of sterords reached a very low level as
soon as the ninth post-operative day, and stayed at almost
zero for the reraamnang period without substitution. This
finding 1s typical for all eases studied.

The excretion of the steroids at later pertods was followed
in most patients, now up o about two years after the opera-
tion, and has in all cases remamed at the same low level,
©0-2 mg. per day, while the patients were off cortisone.

The changes 1 the adrenaline test (0°3 mg. of adrenaline
subeutaneocusly} are shown in Table VIIL The eosinopenic
response to adrenaline was lacking from the second post-
operative week on.  The usual decrease in the number of
circulating eoswophils after cortisone administration was
present in these cases.
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The sensitivity to insulin was markedly inereased in alt
patients tested, about ten, and a hypoglyeemia unresponsive-
ness, as scen in adrenal cortical insufficiency, was observed.

Table VIiY
CHANGES IN THN APRENALING TEST anp Tt UriNary Excrrion of 17-
ke arsER Hy e 1 M) M, CANcER
Adrenalsne Test! AT-Retoaternds®
After operation. After operatun
Care | Before Bgpore Cpibi
No ap. ond b ard | Zater . 20d | ad | Zater
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This was especially pronounced in two dinbeties after hypo-
physectomy, where the test had fo be mterrupted. When
cortisone was given—23 mg. per day—-there was still an
increased sensitivity to insulin but less pronounced.
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The changes in water excretion observed after hypophy-
scctomy and the influence of cortisone thercon may be
summarized as follow:

(1). ‘The urine volume was increased in all patients during
the first post-operative month. This polyuria was interrupted
by a “normal interphase” with normal urine volumes showing
the lowest volume around the seventh day (Fig. 2). The

URINE  VOLUME
1o VIS PER 0 s

NN D - A NERERED

m 3
BAYS AFTER MYPOPHYSECTaY

F1c. 2. The course of the diurcsis after h
mammary cance;

X denotes the lughest unne volume observed dunng the first week after

hy pophysectomy 1 metastatic
T

® denotes the lowest volume observed dunng the first two weeks after
peration;

© denotes the highest volume observed after the oliguric phase.
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administration of ACTII or cortisone post-operatively did
not influence these changes in the diuresis.

(2). The level of dmresis durmg the second month was
dependent on whether cortisone was given (Fig. 1), While

v

vad L e W CORYISONG
W WITHOUT LORTISONE
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]

FRECUING POINT OEPRESSION
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g

e
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RINE VOLUME
© -
- -

u
mimn
s

[ 2 = E) 24 MouRS
Fuo. 5 A 2ihour fhrst test w 8 hypophysectorized
patient T4 months alter the operation.

off cortisone the unne volumes were generally lower than

two litres per day; when cortisone was given, usually 25 mg.
per day, the dmly urine vojume mereased markedly, in a few

cases up to ten htres.
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(3). This increase was parallel to an elevation of the daily
urinary solute load as well as a Jowering of the specific gravity
of the urme from a level of 1:010—1-015 down to 1-005.

(4). The initial polyuria described above disappeared n
most patients after three to six months, and the daily urine
volume decreascd to about 1-1% litres with a specifie gravity
of about 1 012-1 015, while the patients were still on corti-
sonc. If cortisone administration was discontinued the urine
volume decreascd somewhat further, and the specific
gravity increased to 1 018-1:020. When a thirst test was
performed a concentrated urine was obtained whether corti-
sone was given or not (Fig. 3).

(5). In four patients the polyuria continued during the
whole period of observation. These cases have not been
studied while off cortisone administration.

(6). During a water load the diluting ability of the hidney
was normal only when cortisone was given. When cortisone
was not given, the uninary specific gravity deereased but to a
small degree, and the water exeretion was delayed. This
difference was observed during the immediate as well as the
later post-operative periods.

The studies on the water excretion show: that the immediate
post-operative polyuria and the normal interphase are
mndependent of cortisone or ACTH admumstration; that the
administration of cortisone 1s a prerequusite for the polyuna
observed between the second and sixth month and for a
normal response to a water load; and that the concentratmng
ability of the kidneys observed during the later periods 15 not
mfluenced by cortisone. The changes in diuresis and m the
response to a water load when cortisone was not given are
consistent with the view that the amount of cortisone-like
steroids was markedly decreased or absent in our patients
after hypophysectomy.

To summarize- All tests used show that hypophysectomy
induced an obvious adrenal cortjcal insufficiency, which

remained for the whole time of observation.
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Summary

A report is presented on the results obtained with hypo-
physectomy 1 advanced metastatic carcinoma of the breast
and 1 severe diabetes melhtus with malignant vascular
complications  Special attention is given to the effect of
hypophysectomy on the adrenal cortical function. The
results obtained indicate that a permanent adrenal cortical
insufficiency was obtained.
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DISCUSSION

WiLkins® What 1s your eriterion of complete hypophysectomy? In
seven cases that came to autopsy at Johns Hoplans that were supposed to
hzwedbeen complete, surprising amounts of hypophysial tissue were
foun

Lurr Our crterion 13 that the excretion of 17-ketosteroids and
corticoids 1s almost 0, and there 1s a negative adrenahne test. In the
beginning we Just made a curettage of the sella, and some cases that
were followed up had a normal response to adrenaline and the 17-
ketosteroids rose agamn. In one of these we found a single layer of
prturtary cells ut one corner of the sella Since then we have cauterized
the sella with formalin and acetic acid, and have had no case of -
complete hypophysectomy as far as we know,

‘Hargis' These adrenaline tests are done after a long interval without
cortisone?

Lurr: Yes.

QuERIDO: As a test of the of hypop , what
about the absence of gonadotrophuns 1n the urine?

Lurr. We have no animal guarters m our department, and tests
would have to be sent away. We haven’t done this.

Querino. Have you, Dr. Wilkins?

Wirkins- No, not routinely.

ALscu, Have you observed any relation, Dr. Luft, between the age of
your patients and the mmportance of the climceal signs of adrenal -
sufficiency, for mnstance the fact that hypoglycwemia 1s more mmportant
1n younger people than n old? .

{.urr: There 15 generally more trouble with complications in young
patients. They get more swelling of the subcutaneous tissue, and seem

o
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"Baviass. Dr. Caughey of New Zealand is very intercsted in these
cases of pituitary coma, and has observed patients whose symptoms
have heen attnbuted to hypoglycemia, but who have normal blood

bouring structures 1n the hypothalamus?

Sorrer: Do these patients tend to develop recurrences of these
episodes during the course of some months, or is this the only episode
of tlus type they have?

Lurr They have had these episodes only once. We have made every
effort after the operation to keep the blood sugar high, at about 500 mg.
per cent during the first month. The patients seem to have very lttle,
if any, ketone body formation

Tuorn: It seems to me that convulsions 1n a diabetic who had not
had convulsions previously nught sery well be due to cerebral ;edema.
The low dosage of cortisone would probably condition that. Have you
tried cortisone at the time of these reactions?

Lurr: Yes.

Copr- These comas are well known 1in

hypopituitarism, They are
usually quite indep: of epileptic episod i

‘you have 1n

aday ortwo. Inone patient they are provohed by any infection, stress or
by worry. In both there was reduction in frequency of attacks after
putting them on maintenance cortisone, and I wonder 1f they would be
largely elminated by increasing the dose?
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Lurr: Yes, I think so. If you increase the dose of cortisone from
5 to 10 mug., you increase the blood sugar and the urinary sugar. Iam
stressing hypoglyexmia because of the fatal case T just described.

N ' . .

BrownE: In regard to the absence of viriism, do you get faling out
of body hair after hypophysectomy?

Lurm: Yes.

Browne. And when you give the testosterone propionate m the male,
does the normal body hair come back?

Lurr: With testosterone, thyroid and cortisone, yes

Brownz: How soon does that happen?
- etal weeks, and during

" . hyroid you give? You
mentioned 50 mg.

Lur1: These patients are very sensitive to thyrod, of course. We gave
them the equivalent of about 90 ug. of thyroxine,

Prancr. Did you notice that tlus sensitivity depends on the dose of
cortisone you give?

Lurr: I don’t know; we give all of them about the same dose of
cortisone,

Praper: And what about the serum electrolytes? Thcre are reports
on neurogenic hyper-electrolyt:emma in the American hterature, and we
have observed the same condition 1 infants with hypothalamic
damage.

Lurr: Yes, [ have seen that in the literaturel We have not noticed
any disturbances of the electrolyte balance.

Trorn Would you enlarge on the fact that these patients show

p to i thyroid 1 Tlus 15 quite contrary
to general climeal thought. You do have evidence that they respond
well to thus level of thyroid medication

Lurr: The question 1s difTicult to answer. I do not give these patients
more thyroid than the dose I mentioned—they don't feel well when
they get morc But their basal metabolism is not normalized by tlus

dose Jevel.
Sponce. They are not so sensitive 1f you give them testosterone as

well .
Qurripo. I think this question of thyroid depends on whether their

mmgi\'e studicd PRI as well as the thyroid clearance and renal

clearance of radioactive iodine in some of these patients. The PBI secms
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to go down to low values after hypophysectomy. And all cases except
ane have a theroid clearance of about 0, We do not see this immediately

Lvas Noy cen "

BrreensTAL: Our expenience has been very sunilar to that of Dr.
Wilkins, Our first five cases were done with a neurosurgieal technique,
using silver nitrate as cautery, and all resulted 1n varying degrees of
diabetes nsipidus, All of them died subsequently of cancer, and at
postmortem all of them had minute amounts of pitwitary left, in the
dura, under the anterior clinoid—sufficient probably to cause this
diabetes instpidus, Three of those patients had also had adrenalectomy

With Dr. Rasmussen, our neurosurgeon, and Dr, Paul Harper, work-
1ng 10 our radioactivity laboratories, we dewised o new techmaque using
radioactive yttrium oxide heads. These 1 mm. beads on iradiation in
the uramum pile for about three days develop intense beta activity
having an activity of 1,000,000 r equivalents 1 mm. centre, dropping oft
to 50,000r equivalents 3 mm, It therefore gives you a very intcnse area
of activaty without the possibility of ganuna iradiation to destroy the
hypothalamus and adjacent cramal nerves In the monkey we found
that by placing one bead (about @ 8-1 2 me) in the centre of the
pituitary we could entirely destroy the monkey pituitary, only occasion~
ally damaging the hypothalamus.

and cut. ‘The dura s left intact. ‘We use special spinal needles which have

We have done nine eases with this techmque. Three have died of
pulmonary embelus, and other medical reasons, cardiac failure, coronary
occlusion, s1x have survived We have vaned our technique, using
4-6 beads, and varying the positioming of the beads These cases have
no diabetes wnsipidus after operation

wFr Dr. Bergenstal mentioned growth hormone, T should like to
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refer to a case reported by Pearson. In this case cophorectomy was
performed initially for mammary cancer. The patient then got testo-
sterone, and finally the adrenals were removed. However, the cancer
- ' . n removed, and the
. , tent was then given
. [ progression of the

tumour.

Wirkins Can Dr. Luft tell us anything about his experience of
hypophysectomy 1n carcinoma of the prostate, in view of the possible
role of luteotrophic hormone?

w1 L
col . .
pa N ' .

one metastasis in THS‘: and tus on:: sl\&\ved an ncreased density on
X-ray. We have done two more cases only very recently, and the
' .

was still growing. Five weeks after hypophysectomy the mass had
shrunk markedly. These studies are being continued.

Macir: What about the state of the adrenal at autopsy, after
operation?

Lurr. Tt is decreased in size. So far, we have not made any histo-
logical studies of the adrenal after hypophysectomy.,

Trony: How effect is in p g the hypophy
sectomy atrophy of the adrenal?

LurT: I could not tell.

Forsuanm: It is apparently very successful m rats but has been shown
to be unsuccessful 1n monkeys by E. Knobil and 1n mice by J. H.
Leathem.

ly. P
ea'ﬁ;m‘s: Dr. Bergenstal, you said in your paper that you observe a

1 insulin tolerance test on 50 mg. of cortisone,
nolr;zil‘la::xsnu This was a half dose of insulin; I was afrmd to use a
vhole dose.
“hlr,):;'mo We used an insulin dose of 0-1 umt per kg. of body weight,
~ven intravenously, With Professor von Euler we have been studywng the
B techol amnes 1 the urine during insuln hypoglycemia. ilealthy

Ve
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are only preluminiry data. When we gve the hypophysectomized
patients 23 mg of cortisone per day we still find hypoglycemia un-
responsiveness to some extent.



VIRILIZING ADRENAL HYPERPLASIA:
ITS TREATMENT WITH CORTISONE AND
THE NATURE OF THE STEROID
ABNORMALITIES*

Lawson WiLkins, M.p.,, A. M. BOXGIOVANNI, M.D,,
G. W. CravToy, am.p., M. M. GRUMBACH, M.D.t
and J. Van Wyx, sp,}

The Department of Pediatrics, the Johns Hophing Unwersity School of Medicine
and the {{arriet Lane fome, The Johus [fophins Hnspual, Baltumore, Md., U.S.A.

TiE methods of diagnosing the adrenogemtal syndrome have
been described previously {Wilkins, 1948, 1952), Female
pscudohermaphroditism due to congenital adrenal hyper-
plasia must be distingwished from types of intersexuality
unrelated to the adrenal. When the adrenogemtal syndrome
develops postnatally in females, 1t must be differentiated
from virhsm due to arrhenoblastoma or the Stein-Leventhal
syndrome, premature pubarche or constitutional types of
lirsutism.  In males, macrogenitosomia precox due to the
adrenogenital syndrome must be differentiated from other
types of sexual precocity. In both sexes vimlizing adrenal
hyperplasia can be distinguished from adrenal tumours by
the response to cortisone {Wilkins, 1952; Gardner and Migcon,
1952; Venning ¢t al., 1952; Jailer, ef al., 1954},

The methods and the results of treating wvirilizing adrenal
hyperplasia with cortisone have been reported from our clinic
{Wilkins, 1952; Wlkns, ¢t al, 1950a and &, 1951, 1952a-¢;
Vilkins and Cara ,1954; Crigler, Silverman and Wilkins, 1952)

*The work has been carricd on under Grants-in-Aid of the Amenican Cancer
Society on the recommendation of the Commuttee on Growthof the National
Research Counail and from the Diviston of Rescarch Grants and Feflowships
of the National Intitutes of Ilealth, United States Public Health Service.

{Feliows of the Nations| Foundation for Infantife Paralysis

A portion of tus report has appeared in the Festschnft for Professor
Freudenberg, pubhished by S, Karger, Basel, Switzerland.

460
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and confirmed by others (Prader, 1950, 1953; Shepard and
Clausen, 1951; Jailer, ¢f al.,, 1952; Jailer, 1953). The present
discussion will bring up to date our results with continuous
therapy for periods as long as four years and will present
studies which shed additional light on the abnormalities of
steroid synthesis occurring in this disorder.

As shown in Table I, 53 patients {39 females and 14 males)
with the adrenogenital syndrome due to adrenal hyperplasia

Table I

ToTaL CASES AND DIFFERENT TYPES OF VIRILIZING ADRENAL JIYPERPLASIA
AND NUMBER 0OF CASES TREATED AND UNTREATED wITH CORTISONE

VIRILIZING ADRENAL HYPERPLASIA

NUMBER AND TYPES OF CASES

TOTAL| VIRILISM |Na-LOSING | HYPERTENSIVE
ONLY

FEMALES | 39 28 o 3
MALES 14 7 s
TOTAL 53 33 15 5

CASES TREATED AND UNTREATED

TOTAL| TREATED ¥ CORTISONE| UNTREATED
ALIVE DEAD ALIVE DEAD

FEMALES | 39 29 [ &' 3

MALES 14 12 o 1 ]
—————— —_——

TOTAL 53 42 n

* DEATH UNRELATED |»* 4 RAISED
TO DISEASE AS MALES

have been seen. Of these, 33 had simple virllism. In 15
vinhism was panied by the Na-l d , and in
five by hypertension. Forty-two pahents have been treated
with cortisone. One died of an unrelated 1llness but the others
are still under treatment. Of 11 patients not treated, four
died of sodium loss. Table IT shows the duration of therapy;
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Tug methods of diagnosing the adrenogenital syndromehave
been described previously (Wilkins, 1948, 1952). Female
pscudohermaphroditism due to congenital adrenal hyper-
plasia must be distinguished from types of intersexuality
unrelated to the adrenal. When the adrenogenital syndrome
develops postnatally mn females, 1t must be differentiated
from virilism due to arrhenoblastoma or the Stemn-Leventhal
syndrome, premature pubarche or constitutional types of
hirsutism. In males, macrogemtosomia pracox due to the
adrenogenital syndrome must be differentiated from other
types of sexual precocity. In both sexes virilizing adrenal
hyperplasia can be distinguished from adrenal tumours by
the response to cortisone (Wilkins, 1952; Gardner and Migeon,
1952; Venning ¢t al., 1952; Jailer, et al , 1954).

The methods and the results of treating vinlizing adrenal
hyperplasta with cortisone have been reported from our clinic
(Wilkns, 1952; Wilkins, ¢t al., 1950a and b, 1951, 1952a—;
Wilkins and Cara ,1954; Crxgler, Silverman :md Wilkms, 1952)
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11 paticats have received the drug continuously for over
three years and 22 for more than two years.

Tabte 11
Duyration oF Conttaveus Trearuonr witti CORTISong

DURATION OF TREATMENT

TOTAL FEMALES MALES

OVER 4 YRS 2 2 [}

3 -4 YRS 9 7 2

2-3 YRS t 5 6

t ~2 YRS [ 9" 2

& MOS -1 YR 8 7 i

{6 MOS ' ] 1
42" :;’T t2
" ONE DEAD

1 of Praatmeat

It has
initially by wow .-
daily in older children or advlts and ¥o my. uauy
In seven to ten days ths causes the 17-ketosteroid output to
fall to the minimsal level which eap be attained. This is nsually
46 mg. per day n the older group and ¢ 3 to 1 5 mg, per
day in young mfants. The mimmum dose of cortisone whiclt
is required to mamntain adeguate suppression should then be
deternuned in each ease on the basis of the ketosteroid output
as shown m Fig, 1. Because of 1ts slow, uniform rate of ab-
sorption only small doses of intramuscular cortisone arc
required which ean be admmistm:ct} at {ntervuls of three or
four days. Intramuseular administration of cortisone s
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Under o years of age, untreated infants show relatively
little overgrowth in stature, In fact, those with uncorrccted
clectrolyte defccts may be malnourished and retarded in
growth. In the absence of an abnormality of clectrolytes, there
is a gradual acceleration of cpiphyscal development during
this period; but in the untreated infant of the age of two years
we have not scen the bone age advanced beyond the level of
six years. Excessive somatic growth and premature epiphy-

Table 1V
STaTUS OF PaTIENTS AT TIME THAT CoRTISONE THERAPY WAS BEGUN
AGE [NO.OF CASES TREATED| 17-mS OSSEOUS DEGREE OF VIRILIZATION
[BLFORE Re [ DEVELOFMENT [FACIAL & BODY  PUBIC
vas_[ToTaL|[FEMALE wwaLt] Mo /ar vas ey
ovenzol & | « o { 26-60 | aour e $e4
7oz0 L 1a | 11 4 | 20-60 [1z-sour | O-+++ ++
e | 5 | 5 | -z | sz ° ot 1
<z | | w | 2-e <o o °
rora[ 3w [ o

seal ossification can be checked. The fact that the osseous
development has not reached the point of impending epiphy-
seal fusion should make 1t possible for skeletal growth to
continue long enough for patients of this group to attain
reasonably normal adult stature, provided the dose of corti-
sone 1s properly regulated. Labial or pubic hair does not
usually appear before the age of one-and-a-half to three
years. Accordingly, when treatment 1s begun before this age,
the growth of sexual hair and other evidences of progressive
vinl are 1. Adol t f Jevel
does not begin 1n girls treated during this pertod,
VWhen treatment 15 begun between the ages of two and seven
years, statural growth and osseous development are fre-
quently far advanced in respect to the chronclogical age. A
patient of six years may have attained already the epiphyseal

development of a twelve-year-old cluld, but since eptphyseal
ENDOCvIxH

P

at
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preferable to oral which requires larger daily amounts
divided nto three or four doses. Table III shows that the
average requrements vary from 8 mg. per day in infants to
25 mg. per day mn adults when cortisone is given intramus-
cularly whereas from 15 to 75 mg, per day must be given
when 1t is administered orally. It should be emphasized,
however, that the optimum dose should be determmed for
each patient on the basis of the 17-KS output and the clinical
response. In older patients a rise of 17-KS above 10 mg. 2
day 1s usually accompanied by a recurrence of hirsutism and

Table III
IniTiaL AND MAINTENANCE DoOSES OF INTRAMUSCULAR AND ORAL CORTISONE
o | \7-KETOsTEROIDS | DASE_ OF CORTISONE - MG ]
s MG/DAY INITIAL MAINTENANCE, ]
BLFORE RiUNDER R| 1M | INTRAMUSCULAR oRAL

FER OAY FER DAY

GVER 6 20- 80 4-0 10e @ao |75/30 .25 25X (20R3)  =50-75
2-e 8-20 | 2-4 | 30QD [50-75/30 s18-25[125-25% (2083) *25-50
UNCER 2 2-8 05-t3 25Q0 |25-375/30« 8-12 [S-16x(30R4} *15-20

acne. In young infants the rates of growth and osseous
development may be better guides to treatment than the
preeise output of 17-KS. Fortunately the doses of cortisone
needed for the control of this disorder are approximately the
physiological requirements as shown by others in adrenalec-
tomised or Addisoman patients (Thorn, ¢t al.,, 1953). We
have found no differences in the requirements of Compound
F and cortisone, given esther mtramuscularly or orally.

Results of Treatment
The chnical effects observed under continuous cortisone
therapy depend upon the level of somatic development and
the degree of vinlization which the paticnt has attained before
treatment 1s mstituted. Table IV shows the status of patients
of different age groups whom we have treated.
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ages of thirtecn or fourteen years, the testes grew and de-
veloped rapidly. Biopsics after seven to nine months of treat-
ment revealed active spermatogenesis and abundant Leydig
cells. In the younger boys who did not show testicular develop-
ment, the progress of virilization was arrested. The older

Table V

EFrFECTS oF CoRTISONE ON TESTICULAR DEVELOPMENT IN PATIENTS witit
VIRILIZING ADRENAL HIYPERPLASIA, TESTES DRAWN Te SCALE, AVERAGING
BEFORE TREATMENT 2 3x 1:3 ca, IN 7ug 3 Orner Bovs TESTES INCREASED
TO AN AVERAGE OF 4 5X2 7 . (DTS INDICATE TESTICULAR BIoFSIES.)

fCoaTrsone_sEcun [ TS v STE of_TEsyEs
cnnon WONTH3 OF TALATMENT
ast_| ace | MFORK) AFTER] FIE T AT

sa|3% 10|28

24 uos. .
U 11T S

35
wal38 9110 25
asri 3% 9|85 23

5
. 00
wiss nlie 2/00 @
‘0

‘_L'
ooR| 8%, 14125 ‘.'

boys continued to show prog ve adol 1
due to the secretion of testicular androgens.

Four female pseudohermaphrodites were not treated until
they were between the ages of twenty-five and forty-nine years.
Three of these had had heavy beards for many years, requiring
shaving once or twice a day. Although there has been some
improvement, shaving is still necessary. One patient of

MD 1 6% 13]40 45

T |6 1428

w
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fusions have not occurred at this stage, further growth is still
possible. Patients of this age usually have developed some
sexual hair, but other evidences of wvirilization are not far
advanced. The further progress of masculinization can be
prevented by trcatment. In some cases, one may observe
after treatment the onset of early adolescent changes corres-
sponding to the true sex of the patient, but the sexual
development advances only slowly and gradually as in
normal adolescence.

In patients treated between the ages of seven and fwenty
years, epiphyseal development 1s usually far advanced and
fusions either have occurred or are imminent, There is little
or no opportumty for further growth. Hirsutism already may
be excessive and may have appeared on the trunk, face, and
extremities. 'Treatment with cortisone checks the further
progress of hursutism, but considerable time may elapse before
it becomes apparent that the hair is growing less rapidly and
is becoming finer and highter. When treatment 1s begun in
girls whose osseous development is over twelve or thirteen
years, there 1s usually rapid and spectacular development of
female sex characteristics. The breasts begin to develop
rapidly within a few weeks and menstruation may start after
one or two months, The occurrence of ovulatory menstrual
cycles has been verificd by basal temperature curves and
endometrial biopsies.

In males of this age, there 1s an equally rapid onset of
adolescent sexual development (Wilkins and Cara, 1954).
Table V shows the effects of cortisone therapy on the testes
of seven boys of different ages. Before treatment, the testes
were all small, measunng approximately 2-5X1-2 cm.
Biopsies showed that the semniferous tubules were either
completely immature or that gametogenesis had not pro-
gressed beyond the stage of spermatocytes. Leydig cells were
absent. In the boys of three to four years of age who had bone
ages of nine to ten-and-a-half years, there was no growth or
maturation of the testes under treatment but in those of six-
and-three-quarters to eight-and-three-quarters years with bone
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checked the asdvanced cpiphyseaf development which threat.
ened to cause fusions, but at the same time permitted a
normat rate of growth.
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Fre. 2. Developmental charts of patients with vinluzing hwcrp!.asxa treated
with cortisone i carly mancy, - wdicatey “height age”, wm - —y

ne age™,
Tn Case 1, excessive ortivone (25 mg /d.) given at Grst caused marked retarda-
tion of grawth and owscous dex elopment and eacessise growtis cocurred when
ireatment was onstted, In Case 3, r«.tum 1o gne -.uicquau: trealment per-
mitted rse of IT-KS and of growthand d t. In the other
cases reasonably normal patterns of Srowth and ducxopment were sttained,
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forty-nine years who had marked masculine baldness before
treatment, developed a new growth of gray hair on her scalp.
In spite of their relatively advanced age, all the patients of
this group showed rapid female development and the
establishment of regular menstrual periods. We know of
pregnancics oceurring in two women treated in other clinics,

Effect of Cortisone on Somatic Growth
and Development

In order to prevent excessive growth and osseous develop-
ment with premature fusion of the epiphyses before adult
height is attained, it is necessary to begin treatment early
and to give sufficient cortisone to suppress the androgenie
hyperactivity of the adrenals. On the other hand, if cortisone
is given 1 amouuts greater than the physwological require-
ments, protein anabolism, growth and osseous development
are inlubited as they are i Cushing’s syndrome. 1t 1s import-
ant to follow the rates of growth and osseous development
as well as the output of 17-ketosteroids in determining the
maintenance dose of cortisone. The results in some of our
patients are shown m Figs, 2 and 3. In case 1, 25 mg. of
intramuscular cortisone daily were given between the second
and sixth month to a young infant with the Na-losing syn-
drome to study the effects on the electrolytes. Ths inhibited
normal growth and osseous development and caused symp-
toms of Cushing’s syndrome. The omission of therapy led to a
rise of 17-ketosteroids and excessive growth and development.
Subsequently, maintenance with doscs of 6-8 mg. of intra-
muscular cortisone per day resulted in relatively normal growth.
Case 2showed afairly normal developmental pattern, while Case
3 showed that failure to maintain adequate adrenal suppres-
sion {due to failure of the mother to adnunister cortisone as
directed) resulted in exccedingly rapid epiphyscal develop-
ment and growth, In Cases 4-9 reasonably satisfactory
development patterns have been maintained, In Cases 10-11
the administration of cortisone to cluldren six years of age



Virizing ApneNaL HYPERPLASIA 471

Qur plan has been to carry out treatment in the following
order.

1, Administration of 46 g. NaCldaily—orally or parenter-
ally.

. Admumnistration of cortisone and adjustment of desage
to mamtain the proper suppression of the 17-keto-
steroids.

Determination of the dady intramusetlar dose of DCA
vequited to mamtan normal serum cleetrolytes. Follow-
ing this, the ealeulated number of DCA peliets are
implanted and the intake of NaCl is reduced if this
becomes mdicated.

@

&

Table VI shows the treatment being used in ten patients
with this disorder, Some of these infants were admutted to

Table VI

ManTENANCE Dosgs oF DCA, NaCr avp ConrisoNt Usep v Cases op
ApnsNan HysEnerasia ov THE Na-tosing Tves
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Treatment of Congenital Adrenal Hyperplasia
Combined with Defective Electrolyte Regulation
The treatment of infants with congenital adrenal hyper-
plasia who have a defect of electrolyte regulation presents a

ears| |0y I
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Fio. 3. Developmental curves of two cluldren with adrenal hyper-

plasia treated with cortisone at the age of six years, Before treat-

ment, growth and osscous ere

Cortiscme caused slowing of growth to normal rates while itle

advance n osscous development occurred, This should delay

epiphyseal fusion and permit the attmnment of more nearly
normal adult height.

difficult problem. Ewidence has been presented by Crigler,
Silverman and Wilkins (1952) that the disorder is not due
merely to deficiency of Na-retaming hormene, but that the
abnormal pattem of steroids secreted tends to promote Na

loss. Cortisone is of benefit largely because it SUppresses. the
abnormal secretion of steroids and prevents Na-losing crises.
In most cascs, treatment with desoxycorticosteronc in
addition to cortisone is indicated.
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given 25 mg. orally. With a rise of ketosteroids hypertension
recurred.

Table VII
Errects or C oN s10¥ IN PATIES wimie A
JIYPERPLASIA
SFFECTS OF CORTISONS O KIPERTEXSION IN PATIENTS ITB DRENAL BYFERPLISIA
RuE | EEX' | TREATMENT BEGON BLOOD PRESSURE
2gs (yre.)| Date | Before Treatacat | 4t Presest
3.3 r 25 8/51 160/110 130/90
.5, r 14 £/50 155/105 125/20
U.C.S. r 16-1/4 1/50 155/110 120/80
w3 | x 3-1/2 | 13750 160/105 110/
s | ECEEZEN 126/80 100/60

Abnormality of Steroid Synthesis in Virilizing
Adrenal Hyperplasia

It has been postulated by a number of workers (Bartter,
et al., 1951; Jailer, et al., 1952; Wilkins, et al., 1952h; Kclley,
¢t al., 1952) that in vinhzing adrenal hyperplasia there 1s
impairment of the ability of the adrenal cortices to synthe-
size gl g hormone (Comp d ¥} from its precur-
sors. That the impairment is probably only partial 1s suggested
by the fact that only one patient has been described as
showing chnical s of defi such as
hypoglycerua (White and Sutton, 1951). Kelley, Ely and Raile
(1952} reported low-normal levels of fasting blood glucose but
paradonically these levels were even lower on cortisone
therapy. Kelley, Ely and Raile {1952}, Bongiovanni et al
(1954) and others have generally found the circulating levels
of 17-hydroxycorticoids to be lower than normal in this
syndrome. Mason (1951) and Kelley et al (1952) have reported
an madequate cosinopenic response to ACTH 1n this disorder,
but it appears from the data of the latter that with larger
doses of ACTH a significant eosinopemia sometimes oceurred.
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the hospital in a state of severe dehydration and collapse, in
spite of the fact that they had been treated vigorously with
NaCl, and in some cases with DCA. Others had been main-
tained in fairly good condition by this type of treatment, but
they had failed to gamn weight and still had abnormal serum
electrolytes. After the institution of cortisone therapy, it
was much less difficult to maintain electrolyte balance and
smaller doses of DCA and NaCl were required. However, it
seemed advisable to implant DCA pellets 1n all of our patients
except one (F.F.). The number of 125-mg. pellets varied
from two to five, depending upon the seventy of the electro-
lyte disorder. These patients have remained in excellent
condition and are growing and developing well. They have
had the usual childhood infectrons without ecomplications or
tendency to lose sodium.

It is of interest that in three cases (S.B., L.U., and S.K.),
long periods have now elapsed since the 1mplantation of DCA
pellets without renewal becoming necessary. Apparently,
there is some tendency under the combined treatment to the
recovery of the clectrolyte-regulating function. We prefer
the implantation of pellets to the intramuscular or sublingual
administration of DCA not only because of 1ts convemence
but also because 1t leads to a very gradual withdrawal of
therapy as the pellets absorb.

Effects of Cortisone on Hypertension Occurring in
Cases of Adrenal Hyperplasia

The correction of hypertension by cortisone 1 three
patients with virthzing adrenal hyperplasia has been reported
previously (Wilkins, et al, 1952¢) and a similar case was
published by Shepard and Clausen (1951). The results in five
patients now under treatment are shown mn Table VIL. In
one of these patients (J.S.) when cortisone therapy was
omitted for three months during the summer of 1952 there
was a recurrence of the hypertension with a concomitant rise
of the urinary 17-ketosteroids as shown in Fig. 1. Her sister
(M.C.S.) gradually escaped from cortisone suppression when
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Although Kelley reported a failure of the circulating corticoic
to rise following the administration of ACTH to individua
with the adrenogenital syndrome, Bongiovanni detected
significant rise in two of nine patients studied. The measur
ment of urinary corticoids by various authors using sever:
methods has revealed levels which are normal or occasionall
greater than normal. The latter is probably attributable t
the lack of specificity of currently available techniques. I
our laboratories, the quantities of corticoids in the urine ¢
patients, measured after preliminary chromatography accord
ing to the method of Nelson, have failed to indcate a deficienc
of these substances by the application of reducing method
(blue tetrazolium and phosphomolybdic acid), phenylhydra
zine, and formaldehydogenic techniques.

From the findings just discussed it must be concluded tha
the impairment of synthesis of 11-oxy-corticoids 1s relativ
rather than absolute. A relative deficiency of gluconeogeni
steroids would lead to increased secretion of ACTH, whicl
would cause hyperplasia of the adrenals and might bring uf
the production of gluconeogenic hormone to physiologica
requirements.  Sydnor, et al. (1953) have demonstratec
mcreased ACTH 1n the blood of patients with vrrilizing
adrenal hyperplasia.

Jailer (1958) advanced the hypothesis that there is a block
in the conversion of 17-hydroxyprogesterone into 17-hydroxy-
corticosterone (Compound F) and that this precursor may be
metabolized along abnormal pathways. This hypothesis has
been substantiated by the finding of Bongiovanni, ef al.(1953,
1954) that patients with adrenogenital syndrome excrete
large amounts of pregnanetriol which probably can be derived
only from 17-hydroxyprogesterone (see Fig. 4). The amounts
of pregnanetriol found in our cases of virihzing adrenal hyper-
plasia are shown in Table VIII and varied from 14 to 45 mg.
per day in patients over ten years and from 3 to 21 mg. per
day in infants of three years or less. Pregnanetriol was -
creased by the administration of ACTH and practically dis-
appeared when the adrenal activity was suppressed adequately
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Table IN
CoxtpamisoN oF UmiNARY 17-I{ETOSTEROIDS A3 DETERMINLD BY PINCLS AND
ZIMMERMANN RiacTions. A Low Pfz RaTio INDICATES LARGE AMOUNTS OF
11-0x3 -17-8ETOSTEROIDS.

¥l AKLTS 17-LEROSTLRAIDS (ag./24 brd
Rlosys  Qiazermann  PZ
x . .
20 .
r X <82
3 193
. .96
5 ¥H
Rean  0.95 68 # 0.137
ADRENAL EYPERPLASIA
CITRLATED
B 2 X .
m 5 . .. ;
Rl ul 3 xH
bl 2041 X . 38
8 % . - .72
= 25.. ¥ ¥
33 N 8
bl 3 3 .42
- : 2 x]
Xean  0.5¢ 6K +0.118
B = Jwas than 0,02

s

ELUATE FRACTION MuMBER

Fic, 5. Column fractionation of urinary 17-hetosteroids of a patient with
vinlzing adrenal hyperplasia before and afler treatment with cortisone.
The 38-hydroxyhetosteroids were removed previously with digitonin. The
fractious were ‘eluted With mcreasing concentrations of ethanol in benzene.

T .
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with cortisone. In normal adults the daily excretion of preg-
nanetriol was never greater than 1-8 mg. and in children was
less than 0+5 mg. and was not increased by ACTH. The ﬁndlng
of mereased amounts of pr triol is of consid
clinical diagnostic value, hclpmg to confirm the diagnosis of
adrenal hyperplasia in very young infants, who may excrete
less than 2:0 or 2-5 mg. of 17-ketosteroids per day, and
serving as a guide in determining when complete suppression
of adrenal activity is attained with cortisone.

The diversion of 17-hydroxyprogesterone into other path-
ways of synthesis is not completely understood. It 1s obvious
that excessive amounts of 17-ketosteroids are formed but
their source 1s not known. Apparently oxygenation at Cyy
can oceur since a relatively large proportion of the total
neutral 17-ketosteroids are 11-oxy-17-ketosteroids. This is
shown by the fact that the values obtamned by the Zimmer-
mann reaction are considerably greater than those with the
Pincus reaction (see Table IX). As shown by Dingemanse,
et al. (1952) the 1l-oxy-ketosteroids react less vigorously
with the Pincus than with the Zimmermann method so that
alow S lmeus ratio mdicates increased amounts of 11-

Zimmermann
oxygenated compounds. The relatively large amounts of
11-0xy-17-ketosteroids n an untreated case of adrenal hyper-
plasia and their suppression by cortisone arc shown by the
column chromatograms n Fig. 5.

The cause of the androgenic manifestations 1s not entirely
known. Jailer believed that they mught be caused by 17-
hydroxyprogesterone, which has been shown to have some
androgeme activity. Bongiovanni, however, has been unable
to find increased 17-OH-progesterone in the urine or blood.
It would scem reasonable to attribute the androgenic bio-
logical effects to the steroids responsible for the increased
production of 17- ketosteroids.

The cause of the Na loss which occurs in some of the infants
with adrenal hyperplasia is not clear. Crigier, Silverman and
Wilkins (1952) have advanced reasons for belleving that this
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correction with cortisone is shown in Fig. 6. There is relative
impairment in the syuthésis of gluconeogenetic hormones,
and their precursors are diverted towand the excessive pro-
duction of androgenic and eestrogenic substances. To cowm~
pensate for the relative deficiency of Compound F, ACTH is
increased. This causes adrenal hyperplasia and may partially

UNTREATED

PSS AR

e e Y aarmoere
Fi6. 6. i ing the of vinlizing adrenal by pee-
plasia and 1ts control with cortisone.
restore the production of Compound F to more phy logical

amounts. As 1t does not correct the abnormality of synthesis,
d of and and cestrogen are produced.

(Estrogen does not cause f ization t its peripl

effects are antagonized by excessive androgen, Androgen and

cestrogen circulating ' "

pituitary gonadotropl 1

do not secrete sex hor__. E

in physiological doses 1t s‘ubsti’t\‘x‘t‘eé for the production of
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is not explained entirely by deficiency of Na-retaining ho
mone but that the general pattern of steroids secreted by th
adrenal n these cases causes an active excretion of Na.

Finally, the cause of hypertension which occurs in othe
cases has not been explained. Proof is lacking that there ar
alterations in the electrolytes or mn the blood volume. Unti
now studies on the pattern of steroids have shed no light o
the problem.

Our knowledge concerning the steroids in virilizing adrena
hyperplasia 1s at present incomplete and may be summarize
as follows:

. The blood corticoids measured by the method of Nelsor

are usually low.

2. The admimstration of ACTH generally does not produc:
a rise 1n circulating corticoids although exceptions have
been noted. It does however umformly increase urinary
pregnanetriol.

3. The urmary corticoids are usually not abnormally low

but this may be due to Imitations of current methods.

. The total urinary neutral 17-ketosteroids are greatly

ncreased. The effects of ACTH are variable but gener-

ally 1ts administration causes relatively less increase
than n normal mdividuals,

The ketosteroids oxygenated at C,; are relatively more

increased than the non-oxygenated ones and almost

disappear when cortisone is administered.

Pregnanetriol 1s greatly increased in the urine. It is

increased by ACTH or 17-hydroxyprogesterone and

practically disappears on the administration of cortisone.

Pregnanediol is not increased (Bongiovanni, 1954).

(Estrogens are greatly increased and decrease on the

admunistration of cortisone. The relative proportion of

cestrone, cestradiol and cestrrol are not altered (Migeon,

1958).

The hypothesis which we have offered to explain the clinical

e iotions of virilizing adrenal hyperplasia and their

-

-

g &

®
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DISCUSSION
Tuorn: I understand you sturlied tliree age groups—under two, two to
. e

dose; additional hormone hence would not be expeeted to nduce a
decrease 1 17-ketostervuls

on that, The doses quoted by Dr. Thorn are those used for imitial
suppression, following which the 17-hetostcroad output 1s readily
controlled on much smaller doses mtramuscularly, as noted above It

cortisone1tself contributes only metabolites of thus nature. Furthermore,

Tuorn: The fact remans that with the marked differences in size
of the patients one should obtam about the same hormone concentration
1

£

Le., U 5-1 5, 2-4, and 46 - ’
ENDOC ~Vill a2
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Compound F and the entire pituitary-adrenal mechanisi
put at rest. Since the adrenal no longer secretes exces
sex hormones, the secretion of gonadotrophins by the pituit
is released. The ovaries or testes are activated and nor
development ensues along the pattern of the patient’s ¢
sex, provided the proper level of general somatic matu
has been attamed. This level seems to be that which cor
ponds to a bone age of approximately twelve or thirt
years.
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steroids and the pregnanctriol, then that might male a difference, After
they are inlubited you don’t get much 17-hetosteroid when you come
T a8 men 2 dacne af AQPH which iz a verv anecr thing,

. .

Tuonx: The Point 1s, are you jnhibitmg the pitwtary, or 1s tne
is i hanging the b of the adrenal
riand?

suggests that pitwiary suppression s a factor. Iowever, the excretion
of pregnanetriol almost always rose at once. This brngs up an impor-
tant point other than the 1y the y meta-
bolism of the Cy, corticoids in this disease before and after therapy.

it

' " > 17-
even
Forsuanm: You could test your theory by putting a patient on a
constant infusion of ACTH for four to five days, which would give you
a constant excretion of ketosteroids, and then start giving cortisone and
see whether the ACTH effect could be suppressed  That would settle
the question about the peripheral action of cortisone,
Quenipo: 1fasn’t that been done by Bartter? And T have done 1t

. - '
on admumistering 60 mg. ACTH per day and the same dosage of corti-
sone, her were maintall at the p value.

TuorN So you were able to bring the ketosteroids back with ACTH
atself? Then it must be the method of administration and dosage.

Wikins' Do you have any theory of the mechamsm of salt loss in
these patients, Dr. Thorn?

TuorN I'd be interested whether the renal tubular cells would show
any anatomical abnormahty from thus adrenal androgen, corresponding
to the effect of testosterone on the fifth segment of the proximal tubule,

‘WiLkins: We have tried admimstering testosterone 1n certain cases

o —
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BrownE: On the other hand, one has to remember that in the normal

that have been mild salt losers and now are grown, and 1 believe Dr.
Prader has such a case.
Bavuss 1 asked because of this 1dea of a spearfic salt-losing hormone.

first case that we described in 1949, the reticular zone seemed to bave
overgrown everythung and there was no glomerulosa present Other
cases have died, and we have noticed at autopsy that they were also

lackmg n glomerulosa I pointed out that there was hyperplasia of the
1 ttle hesitant

- or the DCA
xmplant runs out and the patient has been on mamtenance cortisone for
some tune, the salt-losing syndrome doesn’t return

WILKINS' You think that the zone may hme recovered?
Baviiss: Yes. Because ACTH by the cortisone,
the androgen-secreting cells become Jess achve and this allows the cells

excess as part of this syndrome, that that may be one reason why you
don’t see Cushing’s syndrome develop with some of the fair-sized dose
schedules which you employ. You have used 17-ketosteroids as the

of pituttary of , but 1f your theory holds,
why don’t you get wncreased 17-ketosterowds in the urine when you give

- s
““rpuonn: But if the cortisone altered the metabohsm of the heto-
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show a risc aftee ACTH or nsulin, This 15 i contrast to normal indivi-
duals why S
followed n . [ -
Labhart, . L . .

In ninc pauents il Ggueivul se¥e o xa e
carned out. The mean cosinopiul drop was 31 per cent (‘onlI‘p:lred- to

of the 1 v, test,

e yonrs old. T mean 17-ketosterod excretion was 64 mg. per day-
He had azoospermia and marhedly enlarged testicles, as Dr. Wilkins
has deseribed 1n & younger patient. We wondered if the intratesticular
tissue was of adrenocortical origin as Dr. Wilkins believes or of
interstitial cell tissue as Landing and Gold believe (J. clin Endocrin.,

ment and decreascd again when cortisone was discontinued. I am
inclined to regard this response as  proof of the adrenocortical ongin of
the ntratesticular tissue,
. out unfortunately we

. s Inohed like adreno-

. » satd that it also re-
as done some ammal

hrn i sris v e mrane e gy e
cortisone from CIBA, giving one injection every month (Acfa Endocrin.,
1953, 14, 341.) The of the 1 15 sati: y fr
two weeks after the injection.. Later the 17-ketosteroids rise agan
slowly The clincal result is just as good as with oral or regular i m.
cortisone. ‘The total amount necessary per month is lower than with
daily oral cortisone and about the same as with regular 1 m. cortisone
every fourth day

Forsiam What Lind of ester was thus long-acting cortisone?

PRaDER We tried several The best was cortisone acetate with
crystals ten times larger than 1n the regular corisone acetate-

.
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blocked with cortisone to sce if it would have a salt-losing effect, but it
had a sait-retaming cifect as i normals,

Forsnan. Instead of using testosterone, which does retain sodium,
couldn't jou give large amounts of pregnanetriol (which is quite
so:ull)lc),? and a small amount of cortisune, and see whether you get a
salt loss’

Wirkans: I think there are a lot of intcresting experiments to do with
pregnanetriol. And of course I'm very interested to try the new halo-

genated sterords n salt-losing cases It is probable that p mol is
420 sar Q21
fonsamm go0 adr
300
240
180
120
50
xS
mg/24hrs
Cortisone
mg/day 1m
ACTH
1useay
Gays T2 3456 7 89 377549 50 51 52 53 54 55 5557
Fig. 1. (Quendo). (See text, p. 483.)
inactive; however we have 17-hydroxy (its

precursor), to patients and have not observed salt loss.
Prapcr: We have treated 13 patients with cortisone for up to two

Tn agreement vatii Dr. Wilkuns and contrasy to Kelley ef al. (J. clin
Endacrin., 1952, 12, 1110) we found regularly a normal blood sugar.
The sulin tolerance test was done in eight patients, always giving a

It.
nog‘:?ll)r:ls);:a\'t and Dr. Froesch determined the plasma corticords in

some of our patients. They were normal or low and did not regularly



CUSHING'S SYNDROME*

L. J. SoFFER, M.D., J. EISCNBERG, M.D., A. IANNACCONE, M.D,,
and J. L. GABRILOVE, M.D.,

The Endocrine Research Laboratory and Clint of the Medseal Service and the
Department of Chemistry, The Mount Sinar Hospital, New York City.

Tass report deals with 40 patients with classical Cushing’s
syndrome studied and followed by our group at the Mount
Sinai Hospital over the past fifteen years. The series consists
of 34 females and six males who varied in age from four
months to 59 years, 64 per cent of the cases occurring between
the ages of 20 and 40. .
Signs and Symptoms

In Table I arc listed the frequencies of the various signs and
symptoms encountered in the group. It is of some importance
to note that a very considerable majority of the patients
mamfested the characteristic moon-like facies, obesity, hyper-
tension, some evidence of vinlism, and disturbances n carbo-
hydrate metabolism. In most instances the obesity nvolved
the face, neck, trunk, and abdomen, the extremities remaining
relatively thin. However, three patients had a diffuse obesity,
and four individuals were quite thin. Eighty per cent of the
female patients had varying degrees of virilism, and 1n Table
II are hsted the vimlizing manifestations. In two-thirds of
the females the evidences of vinhism were relatively nuld or
moderate, but 15 per cent of the patients showed striking
virihzation. In only one-fifth of the group were the clinical
mamfestations those of pure Cushing’s syndrome with no
evidence of virilism.  All six male patients showed some
degree of femimzation, such as a dinunution in libide, a
decrease 1n the size of the penis, some atrophy of the testes

*Auded by a grant from the United States Public Health Service.
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WiLkins: I think that n the adult, with fused epiphyses, long-acting
cortisone would be quite satisfactory from a clinical standpoint. But

that the 11-oxyketosteroids are mncreased But 11-oxyketosteroids are
of two types: the 11-oxyandrosterone type and the 11-oxyztiocholano-
lone. Now, if Dorfman’s thesis 1s correct, 1t 1s a httle doubtful that your
11-oxy titre would be 1l-oxyztiocholanolone, because this is the
denvative that would anse in Jargest portion from Compounds F and E;
it 15 more hkely to be 11-oxyandrosterone, which would come, not from
C,, derivatives, but from C,, compounds—the adrenosterone type or
118-hydroxy- A‘-androstenedione. So that if yourmethodsare developed

present as stated. However, in view of Fmkelsten's isolation of 13-
ketopregnanetriol, 1t would seem that I1-hydroxylation can and does
occur without 21-hydroxylation, Therefore it is not necessanly true that
the 11-oxysteroids are denived only from Compounds E or F.

Bavwuss: I wondered, Dr. Wilkns, f you have encountered any

menopausal symptoms, but when we gave her cortisone they flared up
and we had to put her on cestrogens

T N Lt .
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and prostate, or enlargement of the breasts. In only one male
patient was feminization marked, As far as we could deter-
mine, the p or ak of i vinlism in the
female patients was not determined by any specific type of
adrenal cortical tumour or any special location of the areas
of adrenal cortical hyperplasia. Two of the six male patients
had a carcinoma of the adrenal cortex; onc had evidence of
marked feminization, and in the other the feminizing features
were meagre. Disturbances in the menstrual eycle, particu-
larly amenorrheea, oceurred as the mitial symptoms of the
disease in one-third of the female patients, and obesity and
viriism each oceurred in one-third of the group as the first
evidence of the illness.

Hypertension was present in shghtly over 80 per cent of
the patients, and in two-thirds of the group this was associated
with cardiovascular-renal disease.  In half there was electro-
cardiographic evidence of myocardial disease, n a third there
was considerable cardiae enlargement, and two patients had
overt congestive heart failure, In half the patients the retinal
vessels were the secat of arteriolar narrowing alone or
showed the additional presence of retinal exudates and
hemorrhages. Twenty of the 40 patients had some evidence
of renal impairment, such as a sigmficant albuminuna with
an abnormal unnary sediment, and elevation of the blood
urea mitrogen, a decrease in the concentrating ability of the
kidney, or a duminution in the uninary exeretion of phenol-
sulphonphthalein over a two-hour period. A hypercholes-
teroleenua varyng from 300 to 665 mg. per cent was present
in 78 per cent of the patients,

In Table III are hsted the hemoglobin, red and white
blood cell counts and differential studies of the group. In
only one patient was polyeythwemia present, and this was of a
mild degree. It is of intercst to note that plethora, present
m two-thirds of the patients, bore no relationship to either
the hamoglobin or red blood cell count level. Blood volume
studies, employing aither the Evans blue or the Congo red
method, wcre performed in five members of this group and
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Table I
SIGNS AND SYMPTOMS OF CUSHING'S SYNDROME
(40 Cases)
Number of Patients Per cent
Moon Facies . . 36 20
Obesity . . .
Central . 32 35 88
IDuffuse . 3
I pertension Lo 2 80
Vinlization . - . 7% kil
Diabetes Mellitus** . 30 75
Hezmorrhagic Manifestations 27 68
Amenortheea. (non-mcnopnusal) 23¢ 68
Plethora . 25 63
Strue - 24 60
Edema . . - . 24 60
Asthenia 23 58
Osteoporosis . 22 55
Psychological Changes . 17 13
Pathological Fractures . . 15 88
“Telangiectasia .. 13 32
Cervical Fat Pad 12 30
*Of 33 females
**As mamfested by symptoms, diabetic glucose tolerance curve, or elevated fasting
Ulood sugar
‘Table 11
ViriLizing FEATURES
(34 Females—Cushing’s 5y ndrome)
Number of Paticnts Per cent
Menstruation
Amenorrhea (non-; menopausal) 23 68
Menopausal . 5 —
‘Normal menses . . 3 9
Menstrual irregulanties 2 —
Pre-menarche - . 1 —
34
Alopecia . . . 18 53
Acne . - . - - 13 38
Facial Hair (Marked) . 11 32
Masculine Pubie Hair .. 9 27
Enlarged Chitons . . 8 24
Body Lair (Marked) . . 7 21
Lost or Diminished Libido ] 18
Mascuhne Voice . . - 4 12
Atropluc Breasts .« - 3 11
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of the series, as well as the hemorrhagic skin manifestations,
are probably due to a thinning of the skin, the result of protein
depletion, rather than to any iutrinsic defect of the blood
clotting mechanism or of the capillaries. The sedimentation
rate was elevated in nine of 22 patients, and the increase in
sedimentation rate bore no relationship to the nature of the
underlying adrenal pathology.

Roent logically evident osteop i d in 22 of
the 40 patients, 15 of whom had pathological fractures. The
most common sites of such fractures were the ribs and spine,
although one instance was encountered in the pelvis, one in
the tibia, and one in the metatarsal bones. Apparently no
relationship exists between the serum caleium and inorganic
phosphorus levels and the presence or absence of osteo-
porosis. The serum calcium value was elevated in only one
instance and normal in 82 patients, while the serum inorganic
phosphorus was within the normal range in 23 instances. The
serum alkaline phosphatase was increased in mine patients,
seven of whom had overt osteoporosis and two of whom
showed no roentgenological evidence of osteoporatic changes.
A normal value for serum alkaline phosphatase was obtained
in seven patients with osteoporosis and in eight patients
without such bone changes. It would appear that an elevation
of the serum alkaline phosphatase almost always indicates
the presence of osteoporosis but a normal value by no means
excludes the existence of such changes.

Calcium balance studies generally fail to reveal any sig-
nificant inerease in calcum exeretion (Carter, et al., 1954).
However, the inherent defect in caleium and phosphorus
metabolism can be brought out by the experimental admini-
stration of corticotrophin to patients with Cushing’s syndrome.
This procedure results in a markedly negative calcium
and phosphorus balance, associated with a considerable
increase n the facal and urinary excretion of these ions
(Soffer, Gabnlove, and Jaler, 1950). The osteoporosis
observed in patients with Cushing’s syndrome is probably
the result of at least two factors: (1) as postulated by Albright,
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in only two was the blood volume slightly elevated. Half the
patients had a mild increase in the total peripheral white
blood cell count, and two-thirds had a mild leucocytosis.
Almost 20 per cent of the remaining members of the group
showed a definite lymphocytosis.

Table 111

Broon CouNT AND DIFFERENTIAL STUDIES
(Cushing’s Syndrome)

Number of Cases
White Blood Cells/cu.mm. 4,000-—10,000 23 (57%)
10,000—15,000 17 (43%)
Differential Count
FPolymorphonuclear
Leucocytes . 44-75%, 14 (31%)
76—89% 24 (63%)
Lymphocytes . . 7—23% 14 (37%)
25—56%, 7 (18%)
Number of Casex Plehora
Red Blood Cells
nullionjeu.mm
540 . . 3 2
4155 . . 20 17
5667 . 4 2
Hamoglobin grams/100 ml.
10-12 PN 7 3
12 1715 .o 28 19
151165 - . 4 2

Hazmorrhagic manifestations, such as ecchymoses, purpura,
petechia, or easy bruisabihty, were present in 27 patients (68
per cent). Hzmatological studies, including coagulation time,
bleeding time, prothrombin time, clot retraction, and blood
platelets, were performed on 11 paticnts and found to be
normal. A positive tourniquet test was present in four of 13
patients on whom this study was done. Both the plethora and
violaceous strie atrophica, the latter occurring in 60 per cent



Cusuing's SYNDROME 493

Some ycars previously we pointed out the paradozical
effcct obseryed following the injection of desoxycorticosterone
acetate in patients with Cushing’s syndrome (Soffer, ££al 1914,
1949). Under the circumstances of the test, the injection of
this steroid fraction in such patients following intravenous
administration of a salt load often results in an ncrease in
the unnary cexcretion of cither sodium or chloride or both,
The salt tolerance test was performed m 19 patients with
Cushing’s syndrome and a characteristic response was ob-
served in 12 patients, or 63 per cent. In an additional three
patients the response was equivocal and m four instances the
results were entirely negative. An attempt was made to
correlate the results obtained with the salt tolerance test
and the serum sodium Ievels. In eight patients in whom a
positive salt tolerance test was observed, the serum sodium
level was within the normal range in five mstances and ele-
vated to 143 mEq./l. or more in three instances. Of the six
patients who yielded equvocal or negative results with the
salt tolerance test, five showed a considerable increase i the
serum sodium levels. In general, it would appear that a posi-
tive salt tolerance test is less hikely to be obtained in those
patients with Cushing’s syndrome m whom the serum sodium
level is elevated.

In a further effort to define the nature of the response to
the salt tolerance test, the influence of cortisone and desoxy-
corticosterone on the total body water, extracellular flnd,
and sodmum, chloride, and potassium balances was mnvestigated
1 two patients with Cushing’s syndrome, one of whom had
previously demonstrated a positive test and the other a nega-
tive response. The results observed m the former patient
were strikingly different from those obtained in normal
individuals, Lewitt and Bader (1951) have demonstrated
that the admimstration of cortisone to normal mdividuals
with a fixed sodium intake results m a considerable expansion
of the extracellular compartment as measured by inulin.
The increase in the extracellular compartment reaches a
peak within eight fo fen days and is then followed by a
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the depletion of the protein material of the bony matrix
results in a decrease in the depesition of caleium for the for-
mation of new bone; and (2) a prolonged slight increase in
the feecal and urimary excretion of calcium and phosphorus.

Carbohydrate tolerance studies revealed that 79 per cent
of the patients had a diabetic glucose tolerance curve, but
only 27 per cent had an elevation of the fasting blood sugar
level, generally associated with a glycosuria of varymg
degree. Two patients had a persistently flat glucose tolerance
curve. Where the hyperglycemia and glycosuria were severe,
comparatively large amounts of msuhn and ngid dietary
restriction were required for even modest control, but no
alarming degree of ketosis was ever encountered.

Blood Electrolyte Changes

In Table IV are hsted the blood electrolyte changes ob-
served in 33 patients. Of 93 determinations, 42 were abnormal
and characterized essentially by an elevation of the serum

‘Table IV
SERUM ELECTROLYTEY
(33 Cases—Cushing's Syndrome)

Normal Bleated Deeseased
Sodium P 14 1n 1
Chlonde N 17 10 1
Potassum . . 9 5 2
€O, Combining Powerj 11 10 4

sodium, chloride, and potassium levels, Only rarcly did we
encounter a decrease in the serum levels of the latter two 1005,
An increase in the blood CO, content and combining power
was observed in 10 of 23 patients m whom this determmation
was made, and was generally not associated with a demon-
strable hypochloramia or hypokalemia.
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The normal values m our laboratory vary from 0-75 to 2-0
mg. per twenty-four-hour urine volume. In the cight patients
with mereased urmary excretion of these fractions, the values

Table V
LxCRETION OF UsiNARY STEROIDS
mg. per 24-hour volume
(25 Cases—Cushing's Syndrome)

Neuwtral 17-Ketosterords | 11-Orygenated Steronis
Carcinoma . 120 75
183 2.4
4 0%
254 0 60
26 0 13
Adenoma ., 42 -
us3 -
20 9 -
310 -
7-2 -
Hyperplasia . . 11-3 23
25 0 23
23-4 72
78 -
Normal Adrenal . 102 -
82 -
15 9 -
29 5 -
12 2 -
26 0 -
Unproven Pathology . 91 -
10 8
20 4 41
101 32
24 -

*8-montheold female infant

varied from 3-2 to 118 mg. per twenty-four-hour volume,
and in the remaining two patients the values were 2-4 and
2-3 mg per twenty-four-hour urine volume. In general,
the values obtained i the instances with adrenal carcinoma
were somewhat higher than those observed in the other



494 SOFFER et al.

progressive decompression of the space despite the continued
administration of the steroid hormone. In repeating these
studies in normal individuals we obtamned essentially similar
results, employing sodium thiosulphate as a measure of the
extracellular compartment and antipyrme for the determina-
tion of total body water. In normal individuals on a fixed
daily salt intake of 3 5 g., we found that both cortisone and
desoxycorticosterone resulted 1n gradual expansion of the
extracellular compartment, which reached a peak increase of
20 to 85 per cent within erght to ten days. This increase in the
extracellular space was not associated with any change in
either the total body water or body weight and, therefore,
probably represented a shift of electrolyte and flud from
other sources to the extracellular compartment. These
studies were repeated m the patient with Cushing’s syndrome
who previously responded mn a positive fashion to the salt
tolerance test. It was found that following oral admmstration
of cortisone there occurred a decrcase in the extracellular
compartment evident within three days after the begmning
of the experiment and not associated with a previous increase
in the extracellular fluid. There occurred no change in the
total body water, and there was a slight but defimte ncrease
1 the urinary excretion of sodium and chloride as contrasted
to the control balance period. Identical results were subsr?-
quently obtained mn this patient employing desoxycorti-
costerone acetate in place of cortisone. Simlar studies con-
ducted in the second patient with Cushing’s syndrome who
had not responded with a positive salt tolerance test yielded
results 1dentical in direction with those observed in normal
individuals, although the changes were not quite so marked
as seen 1n the latter group.

Urinary Nentral 17-Ketosteroids and 11-Oxygenated
Steroids in Cushing'’s Syndrome

The daily urinary formaldehydogenic steroids were deter-
mined 1n 10 patients with Cushing’s syndrome (Table V), and
found to be elevated in eight and equivocal m two patients.



CusilINg's SYNDROME 497

Forty-one serum cholesterol determinations were made in
30 patients, and a sigmficant hyperchol w il.h
values ranging from 301 to 665 my. per cent, was present in
78 per cent of the patients. Six of our 40 patientshad a palpable
thyrod, and 11 patients had definite mild climeal exoph-
thalmos. The latter oceurred entirely 1n the group of patients
1 whom the basal metabolic rate was elevated. It 15 of some
mterest to note that no members of the latter group had a
tumour of the adrenal cortex.

Miscellaneous Clinical Observations

Six of the 40 patients of the group had roentgenologically
demonstrable cholelithiasis and an additional three had
nephrolithiasis. This constitutes a considerably higher per-
centage of calcuh formation than is observed 1n a similar age
and sex group of the normal population.

Varying degrees of mental and emotional disturbances
occurred 1n about half the sernies. The manifestations of such
disturbances mncluded: depression, euphora, paranoid trends,
infantibsm, marked emotional lability, and memory defects.
Most of the members of this group were hostile, unco-operative,
and often withdrawn. Two patients had serious and frighten-
mg overt psychotic episodes. Following successful treatment
of the disease, the disturbing mental mainifestations gradu-
ally subsided, and the previously hostile or depressed patients
became normally affable and co-operative.

Electroencephalographie studies were performed in ten
patients, eight of whom showed perfectly normal tracings.
The remaming two patients had abnormal tracings, one of
which was interpreted as that of “diffuse cerebral dys-
function” and the other of “diencephalic dysfunction”.

Visual field studies were conducted 1n 20 patients. In 19,
the visual fields were well within the normal scale, but one
patient showed a bilateral symmetncal constriction. Subse-
quent nvestigation revealed this patient to have a chromo-
vhobe adenoma of the pituitary.

-y .
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groups, but there was a considerable degree of overlapping
and the diagnosis of the specific type of adrenal pathology
cannot be established on the basis of this determination.
The daily urinary neutral 17-ketosteroids were measured
in 25 patients with Cushing’s syndrome and in only ten of
this group was the daily urmary excretion of these fractions in
excess of 20 mg. Again, the lughest values were in general
obtained in the patients with adrenal cortical carcinoma,
but considerable overlapping oceurred among all the groups.
A very marked increase in the daily urinary excretion of the
neutral 17-ketosteroids 1s strong, but not incontrovertible,
evidence in favour of an adrenal cortical carcinoma; but it
must be emphasized that a normal daily urmary excretion
of these fractions does not exclude the presence of an adrenal
tumour nor does 1t serve to identify the precise nature of the
adrenal pathology. A decrease 1 the urmary excretion of
the neutral 17-ketosteroids in patients with classical mani-
festations of Cushing’s syndrome has been reported to occur
m the presence of a bemign adrenal cortical tumour (Forbes
and Albright, 1951). Such a finding was present in two of
five patients with bemign adrenal tumours in our group, but
instances of Iow urinary neutral 17-ketosteroids were observed
in isolated instances among other groups in our series. A
significant percentage increase in the urmary excretion of
dehydroisoandrosterone in association with a considerable
increase wm the total urnary exerction of the neutral 17-
ketosteroids favours, but is not pathog of, thef
of an adrenal cortical carcinoma.

Thyroid Function in Cushing's Syndrome

Forty-five basal metabolic rate determinations were made
in 35 patients of our series. The basal metabolic rate varied
from plus 15 to plus 48 per cent in 11 per cent of the group;
from plus 15 to punus 13 per cent in 58 per cent of the patients;
and from minus 15 to minus 36 per cent 1n the remaining 31
per cent. A normal or low basal metabolic rate, thercfore,
was found to be present in almost 90 per cent of the group.
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satisfactorily to pituitary irradiation would suggest that an
adrenal cortical tumour, either benign or mahgnant, was not
the causative factor. In any event, of the proven operative
or post mortem cases, the disease was due to a tumour of the
adrenal cortex in slightly over half the patients; the inaidence
of benign tumour was approximately equal to that of carci-
noma. In almost one-third of the patients the adrenal glands
were normal 1n size, and in the remaining group the adrenals
were hyperplastic. Post mortem studies in four patients with
adrenal cortical caremoma and in three patients with benign
adrenal cortical tumour revealed the contralateral adrenal to
be significantly atrophic in each instance (Table VII).

Table VII
ADRENAL AND OVARIAN PaTnOLOGY
(8 Post Mortem E: Cushing’s Sy nd; )
Duration,
Patient | Age | Adrenst Pathology | guarian Pathology of Vindization
Fon | | Amenorthaa
MR | o8 | A ca Normat 2months | Moderate
G | # | A | & Small folhicles Smonths | Moderate

A Corpus lutem

6w | a7 | N N Fibrous, oocasonal | Severst | Moderate
Corpora albcantia | months

ES a7 | A Aden | Nomature folhcles | 7 months | Moderate
No Corpora I

ve | | a Aden | Afrophie, few 8months | None
follicular eysts

AR | 37 | €a A Ova, Corpora 17 montbs | Strrking
atretica.

MD |4 | A Flbrosls Absect | 5 Years | Moderste

s

sL 6| a ca Fibrosts, Bilaters} | 16 Years | Moderste
oyits

A=Atrophic :

‘Aden= Adenoma

Ca~ Catanoma

Ti=Hyperplasia

NZNormal

X-Ray Visualization of the Adrenals

Perirenal or retrorectal oxygen insufflation studies, with
or without tomography, were performed 1 27 patients with
Cushing’s syndrome, and intravenous pyelographic studies
are available in 14 patients. In the group in whom insufffa-
tion X-ray visualization studies were done, 12 were patients
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Pathology of the Adrenal Gland

In 33 of the 40 patients of our group, one or both adrenal
glands were grossly and histologically examined either
through operative removal or at post-mortem study (Table
VI). Of these 33 patients, 18 were found to have an adrenal

Table VI
A P AND SEX
(40 Cases—Cushing’s Syndrome)
Female Male Total
Pathology

Normal . ¢ 4 10
Hyperplasia 5 — 5
Adenoma 7 1 8
Caranoma 9 1 10
27 G 33
Unproven Pathology T o 7
34 o , 40

cortical tumour, of which ten were instances of carcinoma
and eight were benign tumours, Of the remaiing 15 patients,
the adrenals in ten were normal n size grossly, each gland
weighing from 5 to 8 grams, Histological studies of these
glands, such as are conducted m a general hospital and not
utilizing any very special staming techniques, failed to reveal
any significant abnormalities. In the remaining five patients,
the glands were defimitely enlarged and hyperplastic. e
could demonstrate no definite correlation between changes
in width or structure of the zona reticularis with the degrec
of vinlism which these patients with Cushing’s syndrome
manifested clinically.

In the remaining seven of the forty patients the nature of
the sdrenal pathology was never cstablished, since these
cre neither operated upon nor did they succumb f.?

atients we
B bers of this group

the disease. The fact that all
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satisfactorily to pituitary irradiation would suggest that an
adrenal cortical tumour, cither benign or mahgnant, was not
the causative factor. In any event, of the proven operative
or post mortem cases, the discase was due to a tumour of the
adrenal cortex in slightly over half the patients; the incidence
of benign tumour was approximately equal to that of carci-
noma. In almost ene-third of the patients the adrenal glands
were normal in size, and in the remaining group the adrenals
were hyperplastic. Post mortem studies in four patients with
adrenal cortical careinoma and n three patients with benign
adrenal cortical tumour revealed the contralateral adrenal to
be significantly atrophic in each instance (Table VII).

Table VI
ADRENAL AND OVARIAN PATHOLOGY
(8 Post Mortem E; Cushing’s
Duration
Patient | Age | Adrenal Pathology | guarian Puthology o Vanzanon
TR Amenorihaa
MR A ca Normal 2months | Moderate
ic 8 | Aden | A Small follscles Smonths | Moderate
A Corpus lutem
ew | & | N N Fibross, occamonst | Several | Moderate
Corpora albicai monthe
ES o | A Aden | Nomature follicles | 7 months | Moderate
o
ve | s | a Aden | Atrophic, few 8 months | None
culsr cyats
AR | &1 | ca A Cor 17 months | Strikung
MD | 40 | G A Absent | 5 Years | Moderate
sL o | A ca Biatersl | l6%earn | Moderste

X-Ray Visualization of the Adrenals

Perirenal or retrorectal oxygen insufflation studies, with
or without tomography, were performed m 27 patients with
Cushing’s syndrome, and intravenous pyelographic studies
are available i 14 patients. In the group in whom insuffla-
tion X-ray visualization studies were done, 12 were patients
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with a proven adrenal cortical tumour, and 15 were instances
in whom no adrenal tumour was subsequently found on
bilateral adrenal exploration. The mtravenous pyelographic
studies are reported only in patients with tumour. As can be
scen m Table VIII, the correct pre-operative X-ray diagnosts

Table VIII
X-RAy STUDIES OF TUE ADRENAL GLANDS
(27 Pathologically Proven Cases—Cushing’s Syndrome)

Perwrenal and Retrorectal O, Insufflation Studues
Number Correct A-ray Technically
of Cases Duagnoss Inadequate
‘Without Tumour . 15 7 3
With Tumour 12 8 1
Total 27 153 (36%) 4(15%)

Intrmenous Pyelogram Alone

Aumber Correct
of Cases Aeray Diagnoss
Adenoma . . 7 [
Carcinoma. . . B 7 4
Total 14 4(20%

was established almost twice as frequently with theinsufflation
techmque as with the more orthodox intravenous pyelo-
graphy. Of the 27 patients subjccted to insufflation adrenal
visualization, the correct diagnosis concerning the presence
or absence of an adrenal tumour was established in 15
patients. The mstance of diagnoestic error was greater in the
patients without tumour than m those with such a growth.
In the former group, the corrcet diagnosis was established in
seven of fifteen patients, and in the latter i cight of tielve
patients. The presence of a suprarenal fat pad often served
to convey the crroneous impression of the presence of a

N
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tumour. Intravenous pyclographic studies were done in 14
patients in whom an adrenal tumour was subsequently found
at operation.  With this Neray technique the presence of a
fumotr was correctly established pre-operatively in four
mstances,

The smallest tumour recognized before operation by peri-
renal or retrorcctal msufflation weighed 6 grams, and the
largest tumour nussed with this technique weighed 100 grams,
The smallest tumour recogmized pre-operatively by intra-
venous pyelography weighed 30 grams and the largest tumour
nissed weighed 170 grams.,

The Treatment of Cushing's Syndrome

The presence of an ndrenal cortical tumour calls for prompt
surgreal removal of the growth. Pror to the advent of corti-
sone and corticotrophin, removal of a bemgn adrenal cortical
tumour m patients with Cuslung’s syndrome was associated
with a considerable immediate post-operative mortahty.
This was due to the fact that the contralateral adrenal was
atrophie, so that following the remwoval of the tumour the
patient, for all inteuts and purposes, was a bilaterally adrena-
lectomized individual until such time as the function of the
contralateral atropine adrenal approached normal. The post-
operative mortality was somewhat less in patients with
adrenal cortical onty b m most st
recogmtion of the disease occurred at a time when viable
metastases were already present, which were ecapable of
some adrenal cortica function.

Today, however, the patient with an adrenal cortieal
tumour may be successfully prepared for operation and safely
carnied through the hazardous post-operatave period with the
use of corticotrophin and eortisone  The former 1s used for
several days pre-operatively and for a short period post-
operatively m an effort to shmulate the atrophic contralateral
adrenal, winle Compound E or ¥ is admunistered on the morn-
ing of the operation and for such a penod post-operatively as
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with a proven adrenal cortical tumour, and 15 were instances
in whom no adrenal tumour was subscquently found on
bilateral adrenal exploration. The intravenous pyelographic
studies are reported only m patients with tumour, As eon be
seen m Table VIIL, the correct pre-operative Xeray diagnosis

Table VIIL
X-Ravy Stupics oF Tap AbRENAL Granps
{27 Lathologcally Proven Cases—Cushing’s 8y ndrome)

Perrenal ard Rrtronectal Oy Fusuffluion Sludier
Kiamber Correct Xoray Technacaily
of Caser Bragaons Inodequate
Viethout Tumour b3 7 3
Witk Tumour 12 8 1
Totat 27 13 {36%) (1593
Intraxenaus fryelogram Alane
Number Caprece
of Cases Xeray Diagnoss
Adepoma . . 7 @
Carcmama < 4 b
Fotal I 4205

was established almost twice as frequently with theinsuflation
technique a8 with the more orthodox intravenous pyelo-
graphy. Of the 27 patients subjected to insufflation adrenal
visuahzation, the correct diagnosts concerning the presence
or absence of an adrenal tumour was established m 15
patients. The mstance of diagnostic etror was greater in the
patients without tumour than ar thase with such @ growth.
In the former group, the correct dingnosis was established
seven of fifteen patients, and in the latter in eight of twelve
patients. The presence of a suprarenal fat pad eften served
to convey the erroncous impression of the presence of a
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to tide the patient over the critical interval. The successful
removal of a benign adrenal cortical tumour results in a cure
of the disease, It 1s important to emphasize that adrenal
cortical carcinoma is by no means an entirely hopeless illness.
Two of our ten patients with adrenal eortical carcinoma are
alive and completely well two years and seven years respec-
tively after the removal of the adrenal tumour (Table IX). As
the disease is recogmized earlier and the correct pathologieal
diagnosis more readily established, one may rightly expect
an increase in the ineidence of cure of adrenal carcinoma.

The question of treatment centres essentially around those
patients with Cushing’s syndrome in whom no adrenal
cortical tumour 15 present: the instances of pitwitary baso-
philism. One would not argue with the fact that total or
almost total bilateral adrenalectomy mn such patients would
result in a very high incidence of remission of the syndrome.
However, if it 15 possible to achieve an adequate lasting
remission with more conservative and less hazardous meas-
ures, such proccdures would be desirable, In Table IX are
tabulated the results obtaincd in 15 patients with Cushing’s
syndrome in whom no adrenal cortical tumour was found at
bilateral adrenal exploration. Six of this group developed a
satisfactory remission following pitwitary irradiation alone,
in a dosage of 4500 r. delivered to the prtuitary through six
portals over a twenty-one-day perod. Of five additional
patients who failed to respond satisfactonly to irradiation
therapy to the pituitary, subsequent unilateral adrenalectomy
followed by another course of pituitary irradiation resulted
in a satisfactory remission of the disease in three instances.
The remaimng four patients were subjected to unilateral
adrenalectomy alone. Two of these patients developed a
remission.  Thus, of 15 patients treated with pituitary wra-
diation, unilateral adrenalectomy, or a combmnation of hoth
procedures, remissions were obtained in 11 instances. 1n
eight of the 11 instances the climeal remission obtained was
complete, while in the remaining three patients the remission
was partial but satisfactory. The partial remissions occurred
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J. S. L. Browxr, 3.0, Pab., J. C. BEcK, M., I. DYRrN-
rurty, Dr. rer. Nat., C. J. P. Gizoun, ».p., A, B. Haw-
THORNE, M.D., L. G. Jouxson, m.p, K. R. MacKevzE,
M.D., Pn.D., and E. H, VENNING, Ph.D.,,
Unuversityy Chinac, Royal Victora Hospital, Montreal,

My presentation differs from that of Dr. Soffer, in that I
propose to deal with only a few cases and go mto some detail
regarding their progress.

Enlargement of Sella Turcica

In hus abstract Dr Soffer mentioned the question of the
enlargement of the sella turcica in Cushing’s syndrome. It
has been said that the sella is practically never enlarged in
Cushing’s syndrome. In two of our cases the sella turcica
was enlarged. In onc of these, which I am going to present
later in more detail, there was at autopsy a curious patho-
logical lesion which I had not heard of before, consisting of a
cyst (possibly craniopharyngeal) above and posterior to the
piturtary, with a basophilic adenoma at the right of the sella
turcica which bad eroded the sphenoid, pushing the right
cavernous sinus laterally. It was not connected with the
pituitary itself, which was beneath the eyst, and was perfectly
normal in size and shape. The wall of thus cyst was infiltrated
with cells which were regarded by Dr. C. J. MacMillan, our
pathologist, as basophilic, and as probably malignant. At
autopsy the right anterior and posterior chnoids were eroded.
On X-ray this sella was definitely enlarged, there was under-
cutting of the anteror clinoid, displacement and erosion of
the posterior clinoid, and depression of the floor on the nght
side. (I am indebted to Dr. W. J. Shannon, Pathologist to
the Cornwall General Hospital, Ontano, for this autopsy
report.)

.
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in two patients treated with pituitary irradiation and in one
patient treated with unilateral adrenalectomy alone.

The duration of the remission of the disease has varied from
eight months, in the instance of the most recent patient, to
thirteen years. In view of the results thus obtained, prtuitary
irradiation or pituitary irradiation with umlateral adrenalec-
tomy would appear to be reasonable procedures in the
management of Cushing’s syndrome without adrenal tumour.
Only after failure with these techniques should one resort to
total or subtotal bilateral adrenalectomy.
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[Discusston_of this paper was postponed until after the paper by Prof.
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blood pressure and sugar tolerance became normal, he ceased
to fracture his ribs, and his whole appearance changed. He
has had no further treatment and he has remained normal
since that time.

Renal Stones

In a case of a girl of twenty-one years, the first symptom
of Cushing’s syndrome was renal colie, and a renal stone was
removed. I should like to know whether other people have
seen renal stone as mitial evidence of this syndrome. Our
case developed typical signs and symptoms of Cushing’s
syndrome within months of the renal colie, and was treated
with partial adrenalectomy on the left and complete adren-
alectomy on the right. Another case. whom we saw at the
age of twenty-four, had the onset of the discase nine years
before admission, with obesity, wrregular menses, hirsutism,
florid face, strie, etc. Renal stoncs had been detected 1n the
left kidney five years previously. She came into hospital with
a blood pressure of 280{150, renal failure with a P.S.P. of 25
per cent, marked 1mp t of sugar toll renal stone,
a serious pyelonephritis, and hydronephrosis. She died of a
cerebral accident after removal of both adrenals and a left
nephrectomy, Her early symptoms too were those of renal
stone, which one might expect from the pomnt of view of
increased excretion of caleum secondary to osteoporosis,
but which I have not seen described in the hterature at the
onset of Cushing’s syndrome.

Excretion of Glucocorticoids, Chemical Corticoids,
and 17-Ketosteroids

In the twenty-one-year-old girl with renal symptoms, the
conjugated corticoids before operation were raised to 25 mg./
twenty-four hours, compared with a normal runming up to
about 20 mg. m our laboratory. The glucocorticoids 1n this
case were not raised (50-75 glycogen units). The free chemical
corticoids, on the other hand, were definitely raised at 2.5~
4-0 mg.jtwenty-four hours. We generally find an increase in
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Testosterone Administration

In connection with Dr. Lawson Wilkins’ remarks regarding
the depression of 17-ketosteroids by cortisone, I should like
to mention some data on the use of testosterone propionate
to repress the excretion in the urine of glucocorticoid type
of activity as determined biologically. In a ease of Cushing’s
syndrome in which 25 mg. of testosterone propionate was
administered daily, the urmary glucocorticords fell practically
to normal in three days. Accompanying this fall there was
a normalization of the glucose tolerance curve. In a case of
adrenocortreal carcinoma with Cushing’s syndrome m which
the glucocorticoids were 400~700 glycogenic umts, doses of
up to 50 mg. testosterone propionate per day intramuscularly
failed to cause any fall n ghicocorticords or alteration in the
gbnormal glucose tol test, which b more i ired
with rising fasting sugar, as trme went on. There was, there-
fore, a parallelism in these two instances between capacity
to depress the glucocorticoids, as measured by a decrease in
the urinary excretion, and the alteration jn carbohydrate
tolerance.

Osteoporosis

I want to discuss the long-term progress of osteoporosis
of the spine in another case of Cushing’s syndrome. We first
saw him in 1986, He was a classical Cushing’s case, and his
spine steadily got worse from 1936 to 1988, He had a mid-
thoracic gibbous formation and collapse of some of his
thoracie vertebrz. The vertebre gradually became more and
more decaleified. In the begmning of 1940 s pituitary was
irradiated {2,500 r total dose), and he was given festosterone
propionate, 25 mg. daily for eight months. He was in a
Taylor brace at this tme, and his gibbous formation dis-
appeared. In December 1940 evidence of recalcification of
the vertebre was scen. This increased by 1943, and by 1945
calcification was practically normal. This recaleification also
occurred in the pelvis. He had a complete arrest of his disease,
e urinary corticoids returned completely to normal, his
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Figure 1 shous the findings n a male patient with marked
osteoporosts, impaired glucose tolerance, cte. He had an
enlarged sella turciea (on X-ray) with a pituitary tumour
at autopsy. The glucocorticod values were very irregular,
associated with our attempts to depress the corticods with
mereasing doscs of testosterone propionate (from 23-100 mg./
21 hours); they tended to come down and then to escape agan.
At the 100 mg. testosterone dosage they were perhaps con-
tinuously repressed (Day 109-139).  Obviously, as the dose
of testosterone propionate was increased the 17-ketosteroids
mereased, but i1t 1y alse clear that 17-ketosteroids commg
from the adrenal itself were dimnished (Days 148-150,
compared with Days 1-8). A unilateral right adrenalectomy
was done on Day 156, and 1t 15 intereshng to note that the
yield of ketosteroids from 100 mg. of testosterone propionate
daly was very much less shortly after this operation than
before (Days 164-186 compared with Days 108-136); it was
only about half. The patient was still quite sick, and he may
have had some liver disturbance, but there was no reason why
he should have had further hver disturbance after the
effects of the operation had passed off. e had less adrenal
tissue after the operation, and I raise the question whether
the amount and kind of adrenal cortical tissue present
has anything to do with the metabolism of the admimstered
testosterone propionate to 17-ketosterods.

In Figs. 2, 8, 4 and 5 are demonstrated the findings in the
case (a male aged forty-cight years} which has been most
closely and continuously studied. (I am indebted for the
Instory, the onginal diagnosis, and for the description of the
final 1illness of this case to Dr. T. McEwen of Cornwall,
Ontaro, who referred lum to me.) Ths is the patient with a
cyst and basophilic adenoma, possibly malignant and separate
from the pitwitary, as mentioned on p. 505. In March 1950
his blood pressure was 110/70, m March 1853 150/80, in June
1953 155/100, m August 1953 180/103, At this time he
developed muarked cedema of the ankles, and on X-ray the
heart was seen to be enlarged. He had a typical appearance
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the glycogenic corticoids mn the urine in Cushing’s syndrome,
but in this instance and in one other case they were perfectly
normal. It 1s Dr. Venning’s impression that tetrahydro-
cortisone and tetrahydro-F tend to mterfere with the assay,
so that 1t is possible to have very high chemical corticoids
and normal glucocorticords m certam cases (although this is
not eommon), unless one chromatographically separates
the mterfering compounds from the biologreally active sub-
stances. The mitrogen balance was at first shightly positive
and then shghtly negative.

This girl had two-thirds of the left adrenal removed on
January 80, 1953, and was given cortisone because 1t was
not known at the time whether she might have a tumour or
not. The total neutral 17-ketosteroids were 17-22 mg.
before adrenalectomy, but dechined after the operation, and
after the cortisone was stopped, to 10-12 mg /24 hours, The
glucocorticords were slightly raised under the mnfluence of
the cortisone but came down to about the same level as they
were before the operation.

On November 16, 1953, a complete right adrenalectomy
was performed, and she was again given cortisone. The 17-
ketosteroids remamned at about the same level (10-12 mg.)
and so did the glucocorticoids, whether or not she was given 25
mg. of cortisone per day. The conjugated corticoids, which
were still 25 mg./21 hours before the second operation, fell
to 12-15 mg. after it

The left adrenal rest was shown to be perfectly capable
of being markedly stimulated about twelve months after two-
thirds of that adrenal had been removed—nerther adrenal
was found to be enlarged at the time of the operations.
With ACTH the 17-ketosteroids rose, and there was a very
marked rise of the glucocorticords to 236 glycogen umts; the
free chemical cortrcoids mnereased from 1 75 to 3-78 mg./24
hours. Her glucose tolerance remained impaired, with fall
of fasting sugar from 110 to 83 mg. Her menses returned
after the finst operation. She never showed any electrolyte
abnormalities in the serum.
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of Cushing’s syndrome. In October 1958 his clectrolytes
were: Na 154, Cl 95-3, K 2-47, and CO, 353-9 mEq./!itrf:.
His fasting sugar was 321 mg. per cent. He had poly'dlpsla
and polyuria and also a very marked glycosuna (Fig. 2),
which is somewhat unusual in Cushing’s syndrome, but he
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had it for a considerable period of time. The corticoid and
17-ketosterowd values are shown in ¥ig. 3. Ths glucocorti-
coids were not very markedly high; they were 80-100 glycogen
units in October 1953. His conjugated and free chemical
corticoids were high, 50 mg. and 25 mg respectively.

This man had a partial left adrenalectomy. The left
adrenal weighed about 3-0 g. and four-fifths of 1t was
removed. The nght adrenal weighed 8 86 g. and was com-
pletely removed. He was given cortisone on both occasions,
in the doses shown i Fig. 3, He developed a staphylococeyl
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CusinNg's SYNDROME 513

infection in the left wound, and this became very much
worse immediately after the sccond operation. e also
developed an ischiorectal abscess and we wondered whether
1t was due to tracking of the onginal infection retroperiton-
cally, but the infecting organism was Escherichia coli and not
Staphylococcus aureus. 1le was treated with various anti-
bioties and with Staphylococeus toxoid.

Prior to operation and between the first and second opera-
tions he recerved msulin 30-10 units daily (Fig. 2). The
glycosunia dimimshed and remained constant in spite of
cortisone. Shortly after the second adrenal was removed and
after meision of the abscess mn the left flank the glycosuria
disappearcd (Day 38) e received no msulin after Day 29,
and was on 50 mg cortisone datly from Day 40-50. With the
mfection i the wound on the right side and the seluorectal
abscess {Days 52-75) there was a teturn of glycosuna but
thereafter until death 114 days later there was no glycosuria
m spite of marked terminal infection, when there was septi-
cerma, with abscesses 1 the ribs, kidney, ete. and purulent
effusion m both pleural cavities, in the pericardium, and a
large abscess mn the area of the left adrenal wound. This
absence of glycosuma was the more surpnsing m view of the
fact that, as seen in Fig. 3, towards the end of the period in
hospital the conjugated corticoids, free chemical corticoids,
and glucocorticoids rose to or above their former level. The
17-ketosteroids did not quite reach thewr omginal level. At
autopsy, five-and-a-half months after the first operation,
the left adrenal remnant had regenerated from a fraction of
a gram, say 0 5 g, to 16 g., and yet there was no recurrence
of glycosuria. Figure + shows his glucose tolerance curves
August 1953, with a fasting sugar of 130 mg. per cent. In
October 1953 the fasting blood sugar was once 321 mg. per
cent, but no glucose tolerance curve was done at this time,
In December, one month after the second operation, and mn
January 1954 (the curves are shown in Fig. 3) the fasting
sugar fell but the curve was still impawed. Unfortunately
no glucose tolerance curve was done i February when the

ENDOC —vil 84
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CusitINg’s SYNDROME 515

On inspection of Fig. 3 it will be seen that his conjugated
corticoids pre-operatively were very high, as were the free
chemical corticoids. The doses of cortisone were gradually
reduced after the operation. The 17-ketosteroids fell to low
levels. He was given 25 mg. of methyltestosteronc through-
out. When the methyltestosterone was stopped on Day 82
the corticoids began to rise (though I think that this was
probably merely simultancous, not causative). The chemical
corticoids were 1n point of fact about the same at the end, just
before he went home, as they were at the beginning. ACTH was
admimstered from the 86-90th days (Fig. 3), and I will deal
in detail later with the urinary chromatograms which were
done at the time.

The patient was in positive nitrogen balance, as seen in
Fig. 5, duning the administration of the 25 mg. of methyl-
testosterone, 1n spite of all the cortisone, infection and fever.
The dose of methyltestosterone was not large but apparently
1t was adequate to affect Ins mtrogen balance over a long
period of time, as after it was stopped on the 8$2nd day
(Fig. 5) the mtrogen balance became less positive. Admini-
stration of ACTH caused httle change i nitrogen balance.

The chromatography of his urine during the last two days
of ACTH admunistration 1s seen in Figs, 6 and 7. I should
remund you that the left adrenal remnant had grown to an
enormous size at the time of his death, two months later.
The sodim-retaming effect 15 measured by the percentage
retention of sodum in the urine of rats mjected with the
total neutral fraction. The free fraction 15 shown mn Fig. 6
and the conjugated fraction after hydrolysis with glueuroni-
dase i Fig. 7. In the free fraction (Fig. 6) elution of the pre-
himmary chromatogram gives a muld degree of retention
(36 minutes of urine). The nuddle chromatogram 1s of
the Zaffaront type. There is a smallish amount of F
n the urine, and a somewhat large amount of E,
which would contain the aldosterone fraction in this
methoed of separation. The F fraction gives sodjum excretion,
the less polar substances perhaps slightly less sodium
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corticolds were agam raised, presumably due to the increasing
regeneration of the left adrenal remnant.

T am unable to explain the absence of glycosuna and the
lower blood sugar levels. They may be due to alteration of
tissue responsc as a result of the infection (as Ingle has
indicated 1n other forms of stress), to alterations in the
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amount or type of substance affecting carbohydrate metabo-
lism formed by the adrenal remnant regeneration, in spite of
the higher glucocorticoid excretion in February—which may
have been due to alteration of renal or liver function leading
10 a greater excretion of glucocorticoids though the amount
produced by the adrenal was less. It should be noted that
the total weight of the left adrenal was 16 g. at autopsy, whereas
the weight of the two adrenals together originally was

about 11:5 g.
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excretion, the eluate here excluding the E fraction gives slight
sodium excretion, and when the E fraction is separated out by
the Bush method there is sodium retention in both fractions,
with 36 minutes of urme.

In the conjugated fraction (Fig. 7), using the cquivalcnt' of
18 min. of urine throughout, there 15 more sodium retention
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with the total neutral fraction. In the Zaffarom separation,
with the less polar substances there is a marked sodium
excretion effect. In the Bush separation there 1s agan sodium
retention m both fractions as separated. Thus m fraction-
ating the urine one finds opposing effects of the different
fractions, and presumably the total neutral fraction effect
on sodium retention will be a summation of these opposing
cffects. There are compounds apparently which produce
very definite sodum excretion and they are not necessarily
brologically active 1n other respeets.
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incubation, the other is the addition of C labelled proges-
terone or desoxycorticosterone. If they extract animal
adrenal glands when they are perfectly fresh they obtaw no
steroids. On incubation different proportions of the following
steroids appear on chromatographic separation: Compound B,
one which they call X (which 1s G-hydroxydesoxycortico-
sterone, and an unknown compound), Compound F and
Compound E—and the Compound E spot will contain the
aldosterone.

Various species are quite different from each other. Most
of them contain a lot of B; the ox for example contains
(these are proportions, not total amounts) B 50 to El, F1
and X0:5. In the human beng there is usually no B on
straight incubation, but both mn vatious animal species and
in the human being, when one adds 14C labelled progesterone
or DCA, B 1s formed preferentially It is Dr. Heard's view
that B 1s formed rapidly and 15 a transitional substance on
the way to the formation posstbly of F and E,

They have applied this techmque to the left adrenal (8 g.}
that was removed from R W. (Figs. 8, 4, 5), the patient most
mtensively studied. In this instance 1-07 g. was cut up and
incubated, so that this 1s a summation of the action of all the
adrenal tissue available and not simply of a small fraction
of it. It was merely ncubated, there was no radioactive

ubstance added. The pounds were determuned by ultra-

violet absorption (Fig. 8). (They use E for Kendall’'s Com-
pound E and E for electrocortin, so this peak 1s labelled EE).
As shown n Fig. 8, the F peak 1s high. They would call these
proportions 3 of F to 1 of E, no X (they have not found any
X in the buman bemg either on incubation or on addition
of labelled progesterone or DCA), and Bis also estimated as 0
because although there 1s a shght peak at the site where
Compound B would be, they regard this peak as not being
significant, This is the left adrenal gland (Figs. 8, 4) which
was removed when the patient had the marked glycosuria
and the marked electrolyte disturbance

The second gland (mght) (Fig. 9) unfortunately 15 not
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This patient (R.W.)’s carbohydrate tolerance improved.
He continued, however, to have o high sodium throughout,
and the sodium values rose again to 158-160 m.Eq./litre
as the regeneration of the left adrenal oceurred. He also had
persistent cedema.

Dr. R. D. H. Heard, Dr. F. G. Perron and Dr, M. Cann of the
Department of Biochemistry at McGill University have been

CASE W CONMJUCATED PRATrION
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examining the effects of incubating adrenals and I am per-
mitted to report thewr wark here. Dr. Heard presented the
prefiminary findings in other respects at the Laurentian
Hormone Conference of 1953, but he did not present the data
on these patients. Their method is to eut the adrenal into
«chunks"—Dr. Heard emphasizes that one cannot use thin
slices, because the only thing which occurs mn thin slices is
at €y and no oxygenation or hydroxyl-

he oxygenation )
e They use two methods: one is simple

ation of the side-chain.
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a good deal of E and very little . The diflerent proportion
of F to E as compared to the first gland removed may be
significant. The presence of B is duc to the added DCA. So
liere is at least a suggestion—not to be regarded as proven at
all—that the two adrenals may have been making substances
m different proportions. Morcover, the pattern is quite
different from some of the other cases of Cushing’s syndrome,
which were all non-tumour cases.

TPTZ REACTION

RAGIOAUTUGRAM

STARTING LINE

GPTICAL DENSITY - 240mp

ROBICHAUD
5 12g - Img “c-poca

Fic 10

The application of this techmque to the case that came in
with relatively normal electrolytes (p. 507} is shown inIig. 10.
She had had Cushing’s disease for some years, and she was the
one who had the marked renal stones and renal disturbance.
In her adrenal incubated with C labelled DCA, Compound F
was by far the bighest fraction. The proportions are caleu-
lated as follows: F4, Eland B6. Agam let me emphasize that
on straight incubation B does not appear in the human
gland.

The findings 1n the case which I mentioned on p. 508, who
had the 1mpaired sugar tolerance continuing after the removal
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strictly comparable, because it was incubated by the radio-
autograph method, after addition of 1¢C labelled DCA. This
gland weighed 9 g., of which 5 46 g. was used. This gland
produced the following proportions: B7, E4, F1, X0—that is

WILUAMSON |
10738

STARTING UINE

OPTICAL DENSITY = Je0mgp.

WILLAMSON 2
54)g ~370mp '*c bOCA
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bone disease, or who have these serious mental changes, or have not
responded to X-ray treatment, should be submutted to surgery.
Certainly for any patient who appears to be n reasonably good condition
1 think 8 tnal on irradiation 1s justified and ought to be undertaken
provided 1t has been shown that lus adrenals are susceptible to stunula-
tion with ACTH and mizbition with cortisone—otherwise one may be

ketosteroids spontaneously, so one has to get a great many determina-
tions to establish a base line, 1f one only determunes the ketosteroids two
or three tumes and then gives cortisone, one can hardly tell whether they
are being suppressed or not. I was more impressed with the response
Dr. Thorn showed to ACTH than wath the cortisone suppression in the
Cushing’s group. I and Dr. John E. Ioward believe that 1t 1s almost

with T think Jatler, however, favours the study of ketosteroid suppres-
ston. It will be worth while, T believe, to try suppression with some
more active such as the y ortisone. But when
you have to give 100 mg. of cortisone to suppress the pitwitary and are
dealing mtially with 10-12 mg. 17-ketosteroids, I feel the results are
not of much value.

Wirkins: I'm sorry I musinterpreted you. Another question arises as
to whether some cases of congemtal diffuse adrenal hyperplasia may
occasionally go over to an adenomatous condition and then fail to
respond to cortisone. T certamnly feel strongly that when one does not

syndrome with adeq

get of the

then one should explore for tumour.
BrowNe-Dr Venmng, m studying the o with

cortisone, found one case of a clild with adrenocortical adenoma m

which the ketosteroids were repressed after about mne days, whereas in

most of the hyperplastic cases repression occurs withw one to two days
Lurr. In the Seandinavian countres we very rarely see tumours of

the adrenals in Cushing’s syndrome, X have seen about 30 cases, and I
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of her glands, but no electrolyte disturbance, are shown in
Fig. 11. The first gland that was removed was incubated
without added labelled DCA. Here the F 1s quite high and
the E considerably less; Dr. Heard calculates the proportions
as : F2, E1, X0 and BO.

Thesé results are of course only preliminary and I regret
that they are not strictly comparable from gland to gland,
but they do indicate the possibility that the two glands, even

CARETTE
4 uzg
i
°
b4
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a
°
o

when there is no tumour in either and the glands are within
the normal himuts of size (one 3 g. and the other 8 g.), may
differ 1n their production of steroids. It would be mteresting
to do further work along these lines and to attempt to corre-
late urinary excretion, clinical findings, electrolyte and
carbohydrate balance, with the production of the gland
measured 1 this manner after removal.

DISCUSSION
. e wholeheartedly with Dr. Soffer that a conservative
Trory: Tagree w0 o owee in any pattent with Cushing's syn-

the me Pyt
gpgxfj‘“};r':t e st taworeasons One 1s that sudden reduction in hormone
T 3
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Gynacology has treated a number of these patients with only maderately
clevated 17-hetostcroids but otherwise the complete syndrome, with
very great amprosement and establishment of ovulatory menstrual
eycles and fertility, Also Mr. Broster w.as telling me, and it has been
our expenence too, that ovarian follicular cysts are not infrequent in
cases of adrenogemtal syndrome, although not to the same degree as in
the Stemn-Leventhal. ¥'don't Hunk that Dr. Soffer’s data on Cushing's
sy ndroln\c are evidence against the fact that there might be an adreno-
mantal factor

. Stan-

he .

ab

al

one WOWKL NAVE T0 HNEG Wt mull wutudvue  rre s

gowng through a fairly normal puberty on adrenalectonty or subtotal
adrcnalectomy, The amount of L t i removed b
adrenalcctomy averages about 30 my. {or 40 per cent) in the pseudo-
hermaphroditcs and 30 per cent 1 the post-pubertal ones.

n that connection, Dr. Lfoussay has recently been dowg partial, farly
complete pancreatectomics in rats, and 70 per cent of the animals
develop permanent diabetes. However, if he gres ocstrogen, only a
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only saw a tumour in one boy of four, fourteen years ago. Generally v

don’t see adenomas, sometimes hyperplasta, mostly normal adrenal

Generally we treat these patients with irradiation, and we are no
' 1

two months later she was pregnant. Thus 1s now three years ago, an
the patient 1s still normal mn every respect—she had been completel
bedridden before the operation. We now wonder if what we actually i
was Just to cut the stalk. We must have left normal pituitary tissue, bt
on the other hand the pituitary in this case presumably has no connes
tion with the hypothalamus. We are going to perform stalk resectior
1n cases of Cushing’s syndrome as well as in malignant exophthalmo:

Forsuam: Professor Harris, do yvou believe that 1t will make an
difference 1f they cut the stalk?

Haggris: It depends how it 1s cut  There are cases in the literature-
Dandy’s case 1s often quoted—where the stalk was cut and the patien
reproduced and lactated, Butif you take the expernimental evidence
1f the connectron 1s broken and permanently interrupted by insertion of
forexgn body between the cut ends, 1t’s my behef that reproductiv
activity ceases.

Forsman What about ACTH though?

Hanns: This 1s anticipating my paper tomorrow, but if you block th
stalk, so far as we can see you block the neural, the emotional dis
charge of ACTH but perhaps not the discharge for systemic stress

Brownr. In Scandinavia, is the onset of Cushing’s syndrome !
mentioned with renal stones common?

LurTt: We have two or three with renal stones out of 30

Queripo With regard to the percentage of tumours, I don't support
the Scandinavian figures In 27 cases we have three adenomas, but I
must confess that the first adenoma we have seen was about the 20th,
50 1t is dufficult to be statistical about these things.

Bavywiiss: May I askif any one else has had any trouble with dermatrtas
1n patients that have been partially adrenalectomized? We have had
two patients, and I have heard of five or six more, who some long time
after the aperation have developed what appears to be a mild form of
exfolative dermatitis

Torsiam In almost all of our 15 cases who had bilateral adrenalec-
tomy (1 cancer, 2 adenomas, 12 bilateral hyperplasia) there was peeling
of the shan like there 1s after scarlet fever It tahes about six to eight
weeks, but 1t 1s never really exfohative,

Frsangian: One of the only two adrenalectomy patients at VWor-
cester had a recurrent temperature rise, and during that tume tliere were
signs of shan dnsturbance;l Penicillin was given, and some days later the

; eare
S e bt bring up thie question of the Stem-Leventbal

syndrome again. Dr. Georgeanna Seegar-Jones in our Department of
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: 1Tas anyone observed uny cerebral damage after intensive
~F#hn mbisbar® At Guv's Hospital I was shown a3 patient

Qurnino, There are a few other things whck I should Iike to bring up-
It 15 our impression that the posterior wall of the sella turciea is decaler-
fied 1 more than half the cases, but we don’t know whether 1t bears any
relation to general osteoporosis.

Then a nractical noint about this diagnosis with i

s g g =

Fonstar: When 1t comes to perirenal insufilation I would agree with
you. But there 15 a new tech known as ret: neumo-
atest

P
granhy, whereby vou give oxygen behind the rectum. The gre:
' N .

work-up.

SorFcR: I should like to mahe a point about thus too, The gas injected
15 not air, but oxygen. The hazards are very much reduced when
oxygen 1s employed as the insufflative gas During the past several
years we have used presacral or retrorectal msufflation which I think 1s
certainly less hazardous. Our total expenence extends over approal-
mately 300 patients who have had either pertrenal or retrorectal insuifla-

tion and, other than a tory phy m a few
stances, which alarmed me, but not the patient, we encountered no
dufficultres,

*Gaay, C. H. and Luwnow, J. B., (1953), Mem Soc. Endocrin. No 2, p. 63
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islets in those ammals. So the presence of a high cortisone level and a1
nadequate pancreas may in fact protect the islets, which seems to me
very odd. T wondered if that nught possibly some day be correlated
with the clinical work; it is my impression at least that in most instances
where the twmour is removed successfully mn Cushing's syndrome
diabetes disappears even though the impaired sugar tolerance may have
been present for many years.

TuoaN. We have usually scen the diabetes disappear, though m at

'

with a very poor pancreas, because whenever yo‘;l have to put them
back on cortisone, small amounts hke 10~15 mg., you get glycosuria.

Brownr' You have also reported one case, Dr. Thorn, 1n which an
individual on high doses of cortisone by mmplant developed permanent
diabetes. This individual had Boech’s sarcoid and Addison’s diseasc.
That pancreas was perhaps damaged ongnally. So the reverse i3
possible, I think, And we have three cases of rheumatoid arthnitis who

ve developed diabetes under cortisone therapy-

TuorN: It has always seemed to me that potassium deficiency might
be important 1n the genesis of diabetes. This 15 iscent
of Astwood’s glucose infusion expermment in which he apparently
produced permanent diabetes 1n some ammals. However, Dr. Soffer
showed quite a few of these cases which don’t have very striking evidence
of electrolyte disturbance.

marrow stimulations one of the striking features of Cushing’s syndrome.

Sorrer: We did blood volume studies m a small number of our
patients with typical plethora, and found no increase m circulating
blood volume. As far as the whute cells are concerned, half of our
patients had a well-defined leucocytosts but 20 per cent had a con-

Volume was normal, and so were fhe intracellular volume, total body
flud, total exchangeable sodium, total exchangeable potassum,
bromide space and renal clearance values.

Qurripo. I want to support the treatment scheme put forward by
Dr. Soffer. We were a little afraid to get dependent on cortisone dis-
tribution, and we started treatment wath umlateral estirpation and
ymmediate rrradiation with 3,000 r tumour dose, We have now treated
nine cases on that scheme four we have followed for two to six years
who are quite satisfactory, four “‘llll one-year follow-up who have
responded miccly, and one that didn’t show any suceess. I tlunk that s

quite a high score.
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must apply, and one may stll be up 1n the air as to what is normal
variation and what 13 disease.

‘BrownE: It seems to me that here we are in difficulty mn other
directions than simply the amount produced (or the amount we imagine

ccnamly e are all well d now to the ¢ as Dr.

Browne ndicated, of responsiveness of a wade group of mdxwdual.s to
any dose of hormone. On the other hand, T don't think sny of us would
do anytlung sertously in regard to the pittutary or adrenal of one of our
1aboratory workers, for instance, just because one found an occasional
Tugh value of sterord So the laboratory would not make the diagnosis
1 borderline cases, nor would the chme alone, but a combmation of

Sorrer My approach has been a conservative one 1n the sense that
' .

11-oxygenated steroids and then on fractionation studies with ultra-
w10let absorption he showed the presence 1n considerable amounts of a
fraction which had a maximum absorption at 236 my and which we
subsequently found to be A*androstadiene-17-one. An adrenal
tumour was d d on perirenal and on an
ExXDOGvI B
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Unfortunately we have only encountered six, cach of which was a
classical case.  In only two of those six was the excretion of cortisone,
hydrocortisone and tetrahydrocortisone increased In three the excretion
of aither free cortisone or free hy drocortisone was increased but the
tetrahydrocortisone was not; and the total in those cases of tetrahydro,
hydrocortisone and cortisone was within normal lunits  In the last
case the I3, ¥ and tetrahydrocortisone were within normal rats 1
should be glad of some comments regarding this observation.

Wizkins: We had the same experence as far as unnary corticoids
were concerned. The blood corticoids were of more value.

Forsiuax: Were the conjugated ones included, Professor Gray, or were
these Just the free compounds?

Gray: Both free and conjugated. We almost always find that the
E and F are m the free fraction while all the tetrahydrocortisone 1s m
the conjugated fraction,

TuorN- Our lowest value so far has been 10 mg., and that can be
matched by normal individuals on occastons, although normal people
ordinarly do not excrete thus much from day to day. But X wouldn't
doubt at all that there would be Cushing’s patients with normal urmary
values after the disease had persisted for some tune.

BrrepnstaL: Do you feel, Professor Gray, that this may represent a
duiferential detoxification, since the tetrahydro denvatives are so
inactive, metabolieally speaking?

Gray That was my feeling. But I tlunk the picture 1s a very com-
plicated one. I suppose the free compound represents materlal conung
out by glomerular filtration. But I am at a loss to explam the case in
which there was no increase

Prunty. I think that today & very mportant point is raised. One
always has the question in mind, what are the munumum chinical
cniteria for making a diagnosis of Cushing’s syndrome? You sec quite a
lot of pecople with a little hypertension, a questionable moon face,
plethora, a few abdominal stnae, a little bit larsute.  As far as I hnow
nobody lws ever attempted to answer that problem, and I thought

there were several experts here today who nught hike to give their views,
L ¢ and the classical

as far as adrenal
- H I had a patient
with Kypertension and diabetes with lugh normal values of urmary
17-lndronyeorticosteronds which persisted, I would think that he fell

En:app.c:.}_a-xﬂ:c or réduction in } followin; T
T would tlunk that would be useful for the patient and good evidence
that the paticnt was at least borderline Cushing’s,
Forsiay. But 1sn’t that also the group in wiuch you are most hhely
ly thus ACTH test?
to’ﬂfg&- Yes. But the closer one approaches normal the more tests one




THE RECIPROCAL RELATIONSHIP BETWEEN
THE THYROID AND ADRENOCORTICAL
RESPONSES TO STRESS

G. W, HaRRIS, M.D., Se.D., F.R.S.,
Department of euroendocrinology, Maudsley Hospulal, London.

Tue present studies may be eonvenicntly discussed under
two headings: firstly a deseription of the method used to
measure thyroid activity in the rabbit and the eifect of
various stresses on such activity; secondly, the results of
studies (still in progress) on the cffects of pituitary stalk
section on the thyroid and adrenal cortex.

Thyroid Activity and Stress Stimuli in the Rabbit

Measurement of Thyroid Activity

The most direct methods of measuring thyrod activity
m the conseious animal are these involving the use of radio-
active fodine. There are two mam ways in which 311 may be
used for this purpose, either to measure the rate of uptake of
radio-rodine from the blood into the thyroid gland, or to
measure the rate at which radio-lodine, present in the gland
1 organic combination, is secreted back into the blood as
radioactive thyroid hormone. The latter method has becn
used by Brown-Grant, von Euler, Harris and Reichlin (1954)
for following the thyroid activity mn rabbits over relatively
long periods. This technique has the advantages that anwes-
thesia 1s not req 1 and that rep d exp may be
performed on any one animal since only small doses of radio-
10dine are employed. Forty-eight hours after the injection
of a tracer dose of 1¥!1 the radio-iodme left in the body is
almost all n the thyroid gland in organic combination. From
this time onwards twice daily measurements are made of the

33t
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adrenocortical carcinoma was found. Following removal of the tumour
the cedema entirely di the /\t-androstadiene-17-one vanished
from lus urine, and the pahent was reasonably \\ell for about three

tension, 0o disturbance of cnrboh) drate metabolism, rone of the usunl
chineul festations of Cushing’s synd and wh y compl
was that of cedema.

Corr: The only case of adrenal carcinoma that I have encountered
first hand was entirely casually discovered Ly the fact that I was

v N '
multiple metastases,
Devroun: As far as of and
espectally the ratio between the ﬂlplm and beta compounds, one shou!d

- OV S N
syndrorae we found 20 mg. by acd h}dmlysn‘s and 40 mg. after the

posslhle that in rcm\ssmns the cells cf the fasciculata are hpid- -laden
while an of symp! with the of

G vk o g n e -
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hormone, is partly excreted in the urine and partly re-
accumulated by the thyroid. Reaccumulation of 3! by the
thyroid introduces an error mnto the use of this method.
However detailed studies—involving (a) measurements of
the thyroid: renal sharing of 13!, and the rate of excretion of
131] during the course of a release curve, and (b) the distri-
bution of 3] following mjection of radio-thyroxine-—have
shown that only about 10 per cent of the radioactivity lost
from the thyrod in any one day is reaccumulated as ™.
The average slope of a release curve in the normal rabbit
represents a loss of about 17-6 per cent of the thyroid radio-
activity per day. After making the correction for reaccumu-
lation this would represent a true loss of about 18-4 per cent
per day. The changes i thyroid activity observed in the
present studies are outside the range of this possible error.
The slope of the release curve is proportional (apart from
the shight error introduced by r lation of *31) to the
amount of hormone secreted per umt time
amount of hormone in the gland
fore that the total amount of hormone in the gland remains
constant, the slope of the curve may be taken as related to
the amount of hormone secreted per umt time, that is to
thyrowd activity.

Providing there-

The Effect of Various Procedures, Well Known to Affect
Thyroid Activity, on the Slope of the Release Curve.

Hypophyseetomy, njection of thyroxme or thyrotrophic
hormone, and exposure to cold have been tested on the slope
of the release curve.

Hypophysectomy (Fig. 2) produces a marked and permanent
decrease in the rate of release of 131, In one group of normal
rabbits the average rate of loss per day was 26 8 per cent,
and after hypophysectomy was 3 4 per cent.

Injection of thyrozine (Fig. 3) whibits thyroid activity by
decreasing the secretion of thyrotroplue hormone from the
ammal’s own pitwtary gland. Such mjection promptly and
markedly inhuibits the rate of loss of I from the thyroid.
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thyroid radioactivity by placing the animal in a hammocl
with the position of its head and neck stabilised in respect t
a Geiger-Muller tube. After correction for the physical decay
of the 31 it 15 observed that the fall in thyroid radioactivit
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Harnis and Reichhin, J. Physiol., 19534).

occurs exponentially so that the log. of the neck counts
plotted against time gives a straight line (Fig. 1). The slope
of this line is related to thyroid activity.

Radioactive hormone secreted by the thyroid 1s partly
excreted 1n the fzces and partly broken d.own 1n the body to
liberate 311 into the blood. This 1311, derived from degraded
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The Effect of Emotional and Physical Stress on
Thyroid Activity.

From time to time reports have appeared in the literature
of the effect of stresses, of various types, on thyroid activity.
Injection of typhoid vaccine, trauma, fasting, cold, heat
(Williams, Jaffe and Kemp, 1949), injection of formalin
(Paschkis, Cantarow, Eberhard and Boyle, 1950), injection
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Fig. 3. To show the effect of thyroxine on the release curve of the normal
rabbit. Thyroxine probably acts by inhil the release of
hormene from the amumal’s own pitwtary gland,

of formalin, cordotomy (Bogoroch and Timuras, 1951),
anoxia, starvation (van DMiddlesworth and Berry, 1951),
tourniquet shock (Hamolsky, Gierlach and Jensen, 1951),
have all been reported to decrease the uptake of 1311 by the
thyroid gland of the rat. However measurements of 131
uptake by the thyroid under conditions of stress do not
necessarilly give a specific mdex of thyroid activity, since
stress (Bogoroch and Timiras, 1951) and 1njection of cortisone
(see Ingbar, 1953) lead to an increased renal clearance of
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Injcction of thyrotrophic hormone into normal (Fig. 4) or
hypophysectomized (Fig. 5) rabbits greatly increases the rate
of release of thyroid radio-iodme.

Eaxposure to cold (Fig. 6) caused a marked increase m the
rate of release of *¥I from the thyroid in about half the cases
in which rabbits were taken from the constant temperature
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Fro. 2 To show the effect of hypophysectomy on the release curve, Repeated

p on hy rabbits show that the slow rate of release

of 111 15 maimntained indefinitely untd the animal 1s kalled, (From Brown-
Grant, von Euler, Harns and Reichln, J. Physiol., 1954).

1
160 200

room (29°C.) and placed m a colder environment. It 1s of
great mterest that the stimulus to thyreid activity appeared
greater if the animal was placed in an environment at 15-21°C.
than if placed at 1°C.

It 15 clear that the various procedures, which are known
to result in defimte effcets on thyroid activity, have the
expected results on the thyrowd release curve. It would scem
valid then to mterpret changes in the release curve, produced
by other stimuli, 1n terms of thyroid activity.
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of the release of thyroidal radio-iedine (Figs.7 and 8). Alterna-
tion of two emotional stress stimuli was found to prolong the
mhibitory effect on the thyroid, as compared with a single
constant emotional stimulus, The interpretation that a
decreased slope of the release curve of the stresscd rabbit is
due to decreased release of thyroid hormone is supported by

Rabbit 542, G5mg TSH s ¢
hypophysectomized, 19 v 53

€000 lgucm, 24 vi 53
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Frc 5. To show the effect of mjection of thyrotrophc hormone (TSH)
on the telease curve of the hypophysectomized rabbit. (From Browns
Grant, von Euler, Harns and Reichlin, J. Phystol., 1954).

the finding that the blood level of organically-bound 1 is
simultaneously reduced (Brown-Grant, unpubhshed).

The mechamism by which stress stimult result m thyroid
nbition has been investigated. The possibihty that this
mvolves a direct nerve supply to the thyroid gland scems
unlikely since bilateral removal of the stellate ganglia and a
P T '
e .o

Curtui vs

of release of thyroidal “‘I.Vi; was ti{&ught that the thyroid
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iodine, and may thus give an apparent decrease in thyroid
uptake due to the fact that less 1211 1s available to the thyrod.

The effect of emotional and physical stress on the release
curve of the rabibit thyroid has been studied by Brown-Grant,
Harris and Reichlin (1954a and 1954b). The emotional
stimuli used have consisted of subcutaneous faradism, of
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¥10. 4. To show the effect of mjection of thyrotrophic hormone
(TSH) on the release curve of the normal rabbut. {From Brown-Grant,
von Euler, Harns and Reichlin, J. Physiol., 1954)

subjecting the animals to restraint by tying their back legs
to the side of their cage or by placing them in small cages
which allow them to sit but which restrict their free move-
ment, and of subjecting them to abrupt changes n illumina-
tion. The physical stresses have consisted of hemorrhages,
laparotomy under ether anzsthesia, and intraperitoneal m-
jection of turpentine. In the great majority of experiments
these stress stimuli resulted in a prompt and marked inhibition
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Fi6. 7. To show the effect of emotional stress (induced by resteaint and
subeutaneous faradism) on the release curve of the normal rabbut. (From
Brown-Grant, Harns and Reichlin, J. Physiol., 1954a).
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inhibition might be secondary to adrenal activation by the
stress stimull. However, animals with the adrenal glands
denervated, or removed (maintained on constant cortisone
regime) showed, in the majority of cxperiments, thyroid

Cold
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Fio. 6 To show the effect of a cold environment on the
release curve of the normal rabbit (From Brown-Grant,
von Euler, Harris and Reichlin, J. Physiol , 1954).

mhibitory responses to stress shmuli as in normal rabbits.
It would seem lkely that the mhibition of thyroid activity
seen after exposure to stress is due to a decreased secretion of
pituitary thyrotrophic hormone. This view 1s supported by
the results of experiments described below.
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Injection of cortisone. It is well established that injection
of cortisone inhbits, or tends to inlubit, the pituitary sceretion
of ACTH. Brown-Grant, Harns and Reichlin (1954b) found
that admimstration of cortisone to rabbits markedly inlubits
the rate of release of 3] from the thyroid, and produced
evidence that tlus effect was due to inhibition of TSH
seeretion. Injection of cortisone then appears ta depress both
ACTH and TSH release,

Thyrotrophic secretion would appear to be inluibited under
carcumstances leading to increased secretion of ACTH. It
may also be true that when TSH secretion is increased,
ACTH hberation 1s decreased. As an example of this latter
relationship the results seen to follow admunistration of
thiourea or thiouracil may be quoted. Administration of
antithyroid compounds results in increased discharge of’
piturtary thyrotrophic hormone and adrenocortical atrophy
{Leblond and Hoff, 1944; Baumann and Marine, 1945;
Zarrow and Zarrow, 1951), Since the atrophic adrenal gland
of the thicuracil-treated rat retainsits sensitivity to ACTH,
Zarrow and Zarrow (1951) concluded that thiouracil treat-
ment results in decreased secretion of ACTH. The cffect of
thiouraeil in producing adrenocortical atrophy would seem to
be particularly Iit since admunistration of foreign
substances so commonly results 1n 1ncreased ACTH discharge.

In view of the reciprocal relationship that appears to hold
under leading to i d discharge of ACTH
or TSH, and the fact that the rate of liberation of both hor-
mones can be decreased simultaneously, the possibility exists
that these two protein hormones are formed from a common
precursor.

The Effect of Pituitary Stalk Section on the
Secretion of Thyrotrophic, Adrenocorticotrophic
and Gonadotrophic Hormones

The pituitary stalk has been sectioned by a fronto-temporal
approach in over a hundred rabbits. Studies have been made
on both the adrenal cortex {Fortier, Harris and McDonald;
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The Reciprocal Effects of Stress on Thyroid anc
Adrenal Cortical Activity.

In general, it seems that stress stimuli excite the adrena
cortex and inhibit the thyroid gland, and that this reflects ¢
reciprocal relationship between the secretion of adreno.
corticotrophic hormone (ACTH) and thyrotrophic hormone
(TSH).

There are two circumstances, however, under which the
rates of secretion of ACTH and TSH appear to change in the
same direction.

Cold. 1t is well known that exposure to a cold environment
increases the rate of secretion of ACTH, and also increases
thyroid activity. It is possible then that cold forms an ex-
ception amongst stress stimuli, in so far as 1t causes an
increased rate of secretion of both hormones. However this
conclusion does not necessanly follow, since there are few data
on record regarding simultaneous measurement of adrenocor-
tical and thyroid activity on exposure to different grades of
cold. In the present work Brown-Grant, von Euler, Harns and
Reichlin (1954) exposed rabbits to varying degrees of cold and
found that ten of twelve rabbits moved from 29°C. to 13-
21° C. showed an mncreased thyroidal 1*'I output, as compared
with two out of seven rabbits exposed to a temperature of
1° €. The only three rabbits m the series to show nhibition
of thyroid activity following cold were those placed in a room
at 1° C. and subjected to a continuous draught of air. Now
exposure to a temperature of about 0° C. 1s probably a more
effective stimulus to ACTH release than exposure to a tem-
perature of 15-21° C. It is thus possible, as suggested by
Bogoroch and Timiras (1951), that minor degrees of cold
exert a speasfic effect on TSH release and increase thyroid
activity, whereas greater degrees of cold act as a non-specific
stress inhibiting the thyroid and activating the adrenal
cortex. The effect of cold (5° C.) in mhibiting the thyroid
gland has also been observed b)f Williams, Jaﬂ'cf and Kemp
(1949). Further and more detailed work on this subject 15
werinired.
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together than i many other species, the breadth of the plate
1t was possible to msert m this manner was limited (see Tig.
9b), and regeneration of the portal vesscls has been observed
to occur, in some animals, along the sheath of the carotid
arterics. Sccondly, attempts were made to destroy the median
eminence and prumary plexus of the portal vessels by means
of a d.c. current (usually 3 5 mA. for one min.), apphed to
the tuber cinercum with a curved platinum cleetrode. Follow-
ing this procedure the coagulated stalk was sectioned and a
plate inserted. And thirdly, m a further group of rabbits the
night internal carotid artery was tied i the neck and one week
later this artery was exposed intracranially, ligated and cut,
the pituitary stalk cut, one or both oculomotor mnerves
removed, and a large waxed paper plate inserted under the
hypothalamus and secured by pressing between borders of
the tentorium cerebelli and chinoid processes. (Fig. 9c¢).

In presenting the results obtained on these ammals they
are grouped together and referred to singly as stalk-sectioned
tabbits.  Since listological examination has not yet
been made of the pituitary stalk region in all cases, it is
1mpossible to say m which anunals, 1f any, regeneration of the
Tiypophysial portal vessels has oceurred

The Effect of Stalk Section on Thyroid Activity

There are few accounts in the literature m which direct
measurements have been made of thyroid activity following
prtuitary stalk section. In the present work the forty-eight-
hour uptake of 31 by the thyroid and the rate of release of
radioactive hormone from the gland of stalk-sectioned rabbits
have so far been compared with normal and hypophysecto-
mized controls. The values for these three groups of animals
are shown in Table 1.

The Effect of Stalk Section on the Thyroid Response
to Stress

The? effeet of various procedures on the activity of the
thyroid gland has been investigated twenty pituitary
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unpublished) and on the thyroid gland (Brown-Grant, Harri
and Reichlin; unpublished) of each animal in a group of abou
twenty of these stalk-scctioned rabbits. Since these studie:
are still in progress, and some of the animals reported on ar
still altve, the results presented cannot be regarded asdefinitive
although they seem sufliciently homogeneous to form at least
a basis for discussion.

Operative Procedure.
After exposing and cutting the pituitary stalk several
procedures were adopted 1n an attempt to prevent regenera-

B g
3

(a)

(c)
Fic. 9. (4) Diagram of the view, from abov e, of the pituitary gland of the rabbit.
(b) View of pitutary 1 sella turetca wath a plate inserted between the nternal
carotid arteries, {¢) View of the plate covering the pitustary mserted after in-
tracranual Ligation of the right internal carotid artery and rémoval of the nght
oculomotor nerve

tion of the hypophysial portal vessels across the srte of stalk
section. Firstly, a waxed paper plate was inserted beneath
the optic nerves and slid backwards between the two internal
carotid arteries so that 1t was finally situated bencath the
hypothalamus and above the pituitary gland. Since the
internal carotid arteries of the rabbit are relatively closer
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rabbits in thirteen experiments. On eleven occasions no
change in the release of thyroidal 3! was scen. On one
occasion a doubtful response and on another thyroid inhibition
was observed.

Restraint,  In 19 normal rabbits the stress of restraint
resulted in thyroid inhibition in 21 of 23 expenments. In
33 cxperiments on 20 stalk-scctioned rabbits the stress of
restraint failed to produce the normal mhtbitory response on
27 oceasions. On seven (of these 27) occasions however some
reduction in the rate of 1 release was observed, which
differed from the normal inhibitory response, 1n that it often
started at the end of the thirty-six to forty-eight-hour re-
straint period and persisted indefinitely, until the end of the
expeniment. Six rabbits showed a definite decrease in thyroid
activity during the stress pertod. (Four of these six animals
also showed a lymphopenia following the stimulus of cold
or restraint, see below.)

Effect of Stalk Section on Adrenal Weight
There are many accounts in the older hterature on the
effect of pituitary stalk section on the maintenance of the
adrenal cortex. For example, Brooks (1938) claims that stalk
section in the rabbit does not result in adrenal atrophy, and
gave figures for the average weight of the left adrenal of 277
mg. n normal rabbits and 276 mg. in pitwitary stalk-sectioned
rablnts. Much previous work dealing with stalk section is of
doubtful sigmficance since precautions were not taken to
prorent regeneration of the hypophysial portal vessels.
T ..., now good evidence that such regeneration oceurs in
» that 1t occurs raprdly and may be related to the
. al antertor pituitary function, From this point
work dealing with pitwtary transplants
1 regarding the adrenocorticotrophic
'tutary gland when removed from
*e1s who studied the adrenal
animals beanng pitutary

21 atrophy.

an
fun

38
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stalk-sectioned rabbits. (Eighteen of the animals were also
studied for adrenocorticotrophic responses.) The four different
types of stimuli used were laparotomy, mjection of thyroxine
or stilbcestrol, and restraint (as described above),

Table I

Forry-ElcuT-H0UR UPTAKE OF ! AND THE RATE 0F HELEASE OF

TrYROIDAL RADIO-IODINE oF NORMAL AND CoMPLETELY Hypormy-

BECLOMIZED RABGSITS, AND OF THE STALK-SECTIONED RaBBITS
DiscusseD IN 1H18 PAapER

Normal Statk- Hypophy-
sectioned seciomzed
rapbs ratilats vablty

48-hr, thyroid uptake of |22 3% 40 57¢| 11 3%.£0-65¢| §.5%:0 05¢
1L, expressed as a
percentage of the dose | (78 expts., (64 expts., (20 expts.,
admimstered . 25 rabbits) 17 rabbits) 10 rablnts)

Slope of release curve— } 1T 6% £0 T8% | 7 9% +0 80%| 3-4%.10 55*
expressed as the per-

centage loss of thyraie | {100 espts, | (131 eapts, (32 expts,
dal radioactinaty per
day. . 30 rabbits) 17 rabbits) 10 rabbts)

4 SE of the mean

Laparotomy. Twelve stalk-sectioned rabbits were subjected
to laparotomy whilst on a release curve, In ten cases thyroid
inhibition was observed, m one case a doubtful response and
in one case No 1esponse was seen,

Injection of thyrozine. In twenty-three experiments on
19 stalk-sectioned rabbits 100 pg. thyroxine was injected
(1.P. or 5.C.). Definite inhibition of the thyroidal release of
151] oceurred on 20 occasions. In two experiments the response
was doubtful and in one, negative. All 19 anmals showed a
definite response to thyroxine on at least one occasion,

Injection of stilbastrol. It has been shown (Brown-Grant,
unpublished) that subcutaneous injection of 5 mg., or less, of
stilbeestrol resulted in thyroid inhibition 1 forty out.of. for}y—
two experiments on normal rabbits, Subcutaneous injection

of 5 mg. stilbestrol has been made into twelve stalle-sectioned
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rahbits out of 19 was a slight lymphopenia observed to follow
cold or restramt. [Four of thesc five rabbits afso showed (see
above) inlubition of the thyroid gland in response to restraint.]
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Fic 10. To vlusteate the average responses of notmal and stalh-sectioned
rabbits to the sanous types of stress stamuls.

The Effect of Stalk Section on the Reproductive Orgaas

The reproductive organs have been exammed in 13 of the
ammuals 1 which study has been made of the thyroid and
adrenocortical responses. In 12 of these ammals the ovaries
and uters were atrophic, in one pastial mamtenance was
observed and in the alhier the organs were {n au cestrousstate.

The two ammals 1 wlich some mamtenance of the
reproductive organs Was observed, had been found to give



546 G. W. Harris

In the present work the adrenal weight of rabbits in
which the pituitary stalk has been sectioned, and precautions
taken to prevent portal vessel regeneration, has been studied.
The mean adrenal weight (both glands) of normal rabbits was
505442 (S.E. of the mean of 18 ammmals), and the mean
adrenal weight of stalk-sectioned rabbits was 283426 (S.E. of
the mean of 12 animals). This latter figure is only slightly
higher than that found in hypophysectomized rabbits m
previous experiments.

From this study there can be little doubt that the hypo-
thalamo-hypophysial connections are intimately related tothe
normal mamtenance of the adrenal gland.

The Effect of Stalk Section on the Adrenocortical
Response to Stress

The effect of varous types of stress stimuli have been
investigated in 18 stalk-sectioned rabbits. The stimuli used
have consisted of procedures designed to produce (1) tissue
trauma and metabolic disturbances [laparotomy, mjection
(s.c.) of 500 ug. hyperdunic adrenalme (Allen & Hanburys,
Ltd.)}, or (2) predominantly nervous or emotional excitation
(exposure to cold, and immobilization 1n a hammock). A fall
in blood lymphocytes at the third hour after the beginning
of the stressful procedure was taken as the criterion of
adrenocortical activation. As a further test of the adreno-
corticotrophic response to trauma, the ascorbie acid concen-
tration of the right adrenal gland was compared with that of
the left gland which had been surgically removed one and a
half hours previously. This has been performed, as a terminal
experiment, on 12 of the stalk-cut rabbits.

As may be seen from Fig. 10, which gives the average
responses for normal and stalk-sectioned rabbits, the opera-
tion of cutting the pituitary stalk only slightly reduces tl{e
ascorbic acid response to surgical trauma, or the lymphopenic
response to laparotomy or injection of adrenalme. However
stalk seetion was found to markedly reduce, or abolish, the
lymphopenia that follows cold or restraint. In only five
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neurogenic stimuli were no longer effective. At the present
time the evidence indicates that stressful procedures may
affect the discharge of ACTH and TSH either by an effcet
mediated through the central nervous system and the hypo-
physial portal vessels, or by producing a change in the
composition of the arculating systemic blood, or by both
processes,

The present results of Fortier, Harris and McDonald, that
systemic stress still causes ACTH discharge after interruption
of the hypothalamo-hypophysial connections 1s difficult to
reconcile with those reported by Hume (1952), McCann (1953)
and Porter (1953), in which hypothalamie lesions abolished
the adrenocorticotrophic response to surgical trauma or m-
jection of adrenaline. At the moment there 15 no obvious
explanation of this disercpancy.

It 1s of interest to speculate on the overall function of the
pitwitary stalk in regard to anterior pitustary funetion. Dr. C.
Fortier has d (personal 1on) that the
stalk forms, essentally, a connecting lnk between the
external environment and the adenohypophysis and 1ts target
glands, The adrenocortical and gonadal atrophy and de-
creased activity of the thyroid gland that follow stalk section
mght then be explaned m terms of loss of the effect of the
multitudinous stimuh to which the organism is continuously
subjected from its surroundings  Since the reproductive
organs are as atrophic in pituitary stalk-sectioned ammals as
m hypophysectomized animals, 1t would seem that gonado-
trophic sceretion is more completely dependent on the
hypothalamus and pituitary stalk than is the secretion of
TSH and ACTH. (The fact that. in the present studies,
stilbeestrol no longer mhibited thyroid aetivity in the stalk-
sectioned animal, though thyroxine was still effective, also
suggests a closer functional relationship between the hypo-
thalamus and the gonads than between the hypothalamus
and thyrod gland.) It is felt, however, that the view that
the hypophysial stalk funetions as a key hink between the
external environment and anterior pituitary, and that a
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lymphopenic responses to cold or restraint, and thyrod
inhibition to restraint,

Discussion

The present results demonstrate that pituitary stalk
sections, with steps taken to prevent vascular regeneration,
result in—

A marked decrease in activity of the thyroid, adrenal cortex
and ovaries.

A marked reduction, or aboltion, of the effect on the
thyroid and adrenal cortex of stress stimuli that act pre-
dominantly through nervous or emotional excitation.

A marked reduction, or abolition, of the thyroid mhibition
that follows mjection of stilbcestrol. Inhibition of thyroid
activity still follows mjection of thyroxine.

Only slight dimmution of the thyroid and adrenocortical
response to the stress of surgical trauma, or of the
adrenal response to injection of large doses of adrenaline.

As stated above, the work on which these results are based
is incomplete, Serial sections through the pituitary stalk
region have been studied in only five of the rabbits. In view
of this, and of previous results (Harris, 1950; Donovan and
Harris, unpublished} m which some regeneration of hypo-
physial portal vessels has been observed to oceur round plates
inserted between the cut ends of the pituitary stalk n rats
and ferrets, 1t 1s posstble that completion of the present study
may reveal a lack of homogenerty in the animals here grouped
together.

Several of the present findings are in good agreement with
previous reports. The marked reduction, or abolition, of the
lymphopenia produced by emotional stress stimul, after
destruction of the hypophysial portal vessels, was observed
in rabbits by de Groot and Harns (1950). In experiments on
hypopl)ysectomized rats beanng pituitary transplants m the
anterior chamber of the eye, Fortier (1951) observed that
systemic stress stimuli still resulted in an cosinopenia, whereas



THE POSSIBLE FUNCTIONAL SIGNIFICANCE
OF THE PITUITARY PORTAL VESSELS

S. ZUCKERMAN, C.B., M.D., D.Sec., F.R.S.,
of Analomy, U 4

Introduction ’

THE hypothesis that the pituitary portal vessels play a
critical part in a “mechanism” whereby the hypothalamus
directly controls the pars distalis of the pituitary is essentially
based on the three following propositions:

1. Such a control exists,

2. No nerve fibres or any continuous structural elements
other than blood vessels link the hypothalamus through the
pituitary stalk with the pars distals.

3. The anatomical basis of the control must, therefore, be the
hypophysial portal vessels which conneet the median eminence
above with the pars distalis below; and the means whereby the
control 1s exercised must be some chemical secretion(s) (as
yet neither isolated nor identified) of hypothalamic neurons
{unspecified) which diffuses into the primary capillary network
of the pituitary portal vessels.

The acceptance of this argument would seem to imply that
when the pituitary gland 1s effectively separated from the
hypothalamus (e.g. by grafting or by stalk section), the
functions which are alleged to be controlled by the hypotha-
lamus would become deranged. Were this not so, the inference
would be that the two structures are not connected function-
ally, or at any rate not in the way envisaged.

Some other observations which add up to the general view
that certain pharmacological agents, e.g. adrenaline, stimulate
the anterior pituitary, while others, e.g. dibenamine, *“bloek”
1ts responses, are often used to support, or even thought to
establish, the hypothesis that the hypothalamus controls the

551
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type of “disuse atrophy™ of the target glands occurs after
stalk section affords a general summary of available know-
ledge.
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Others find that the gland’s reactions are aflected by lesions in
the median eminence, which is not part of the hypothalamus
proper, but essentially a component of the neurohypophysis.
Thus McCann (1953) states that the median emunence is the
only site where lesions affected the ACTH response of the pars
distalis; and further, that the latter is unaffected by damage to
any of the hypothalamic nuclei that are known to send fibres
into or through the eminence. If this is indeed the case, the
subsequent hypo-function or non-function of the anterior
pituitary is far less hikely to be due to the interruption of some
form of transmission from the hypothalamus, than to
vascular damage in the pituitary portal system of vessels
leading to infarction and lasting pathological changes in the
anterior pituitary (sce below).

‘The second proposition

Since, apart from blood vessels, there are no possible
continuous elements other than nerve fibres which could
conneet the anterior pituitary below with the hypothalamus
above, the second proposition on which the hypothesis 15
based concerns only the question of the presence in the pars
distahs of the axons of hypothal The pr g
view that none exist cannot be regarded as final. The conflict-
1ng hterature on the subject is rewened by Harris (1948),
who, while not assessing the technical merits of the papers to
which he refers, sums up his own impressions in the statement
that “the hypotbalamic mnervation of the adenohypophysis
appears scanty if 1t constitutes a true secreto-motor nerve
supply to the organ”. At the Ciba Foundation Colloquium on
Anterior Pituitary Secretion, 1952, he put the somewhat more

prtustary stalk, and he specifically says that the ventro-medial nucler are
fgenerally undamaged. Allorteau and Courvoisier (1953a and 5) appear to flave

the medan emimence, and mvolung the n supraopticus and anterior
hy pothalamus.
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pituitary in the way suggested. In fact, the interpretation of
these observations is still questionable. Nor would the
acceptance of the hypothesis enable us to predict them. Inso
far as they imply specific actions of phar logical agents,
and to the extent that they can be reconciled with each other,
they stand equally well on their own, or could be related to
almost any speculation about the way the hypothalamus
controls the anterior pituitary. It is only because of a
prevailing fashion that this particular set of observations 1s
td-day usually associated with the hypothesis in which the
pituitary portal vessels play a part.

The first proposition

It is sufficient to say of the proposition on which the
hypothesis is based that there are many chnical and some
experimental observations which indicate that lesions in, or
stimulation of, various parts of the hypothalamus may be
associated with disturbances or activation of physiological
processes n which the hormones of the anterior pituitary are
concerned. On the other hand, these observations incorporate
many wnconsistencies, and as yet there is no clear evidence
that specific lesions in, or stimulation of, speerfied hypo-
thalamic nuclei have constant physiological effects on
anterior pituitary function. It 1s an understatement to say of
these differences, as McCann (1953) has done, that we are
merely dealing with “incomplete agreement as to the speeific
anatomie localization”. For if the anatomy of the hypotha-
lamus and median eminence has any meaning at all, some of
the available reports on the functional relation of the hypo-
thalamus to the pars distalis are totally irreconcilable. For
example, different workers describe the same changes in
anterior pitwitary function as resulting from Iesions 1n, or
stimulation of, quite different nuclei m the hypothalamus.*

W e gt s
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capillary network, which is in the median eminence, is fed by
branches of the superior hypophysial arteries, and it drains
into large portal vessels which open into the sinusoids of the
pars distalis. The only two pomts at issue here are (1) the
direction of their flow, and (2) the extent to which they
contribute to the blood supply of the pars distalis.

The original behef (Popa and Fielding, 1930) that the flow
was from the gland to the median eminence proved to be
incorrect 1n the light of the more extensive anatomical studies
of Wislocki and King (1936), and on the observations on the
direction of flow made by Green and Harris (1949), and by
Barrnett and Greep (1951a). Recently, however, it seems to
have been resurrected, even if in a somewhat different
connection, by Spatz, Diepen, and Gaupp (1948), and by
Nowakowski (1952). But the balance of evidence, in spite of
the fact that in the most direct experiments the flow was
observed under conditions which may have greatly trans-
formed the normal hydrodyname pressure relations, is still
clearly in favour of the view stated by WVisloeki and King.

The second question scems somewhat more open. In a
careful series of studies beginning 1n 1936, Wislocki and King
confirmed the well-known obscrvation that the pituitary
gland 15 supphed from below by two inferior hypophysial
branches of the internal carotid arteries, which immediately
penetrate the neural lobe; and from above by a series of
superior hypophysial branches which spring from the circle of
Willis. Some of the superior arteries pass directly into the
pars distalis, while others break up into the pnimary capillary
network of the pituitary portal system within the pars
tuberalis and median eminence, This network drams mto a
series of portal vessels which pass along the stalk into the
sinusoids of the pars distalis. According to this conception the
latter are, therefore, fed both by arterioles which reach them
directly, and by the portal channels. Wislock: and King also
point out that the vessels which supply the pitwtary anasto-
mose freely with one another, forming a vascular continuum,
and that there is only a shght capillary connection between
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rigid view, that “there is no sound evidence for believing that
the pars distalis of the pituitary reeeives secreto-motor nerve
fibres”, At the same meeting, however, Vazquez-Lopez and
Williams (1952) gave an account of a study of the pituitary of
the rat, stained by means of a modified Cajal technique,
which indicated that many nerve fibres from the hypoths-
lamus run into the pars tuberabs and on to the pars distalis.
Commenting on this finding, Harris suggested that Vazques-
Lopez and Wilhams might have confused reticul ive
tissue with nerve fibres, and at the same time rightly pointed
out that the eritical experiment which would show whether
hypothalamic nerve fibres are present in the pars distalis
would be to determine whether the density of the presumed
fibres 15 reduced after the pituitary stalk is cut. This
experiment had not been performed by Vazquez-Lopez,
but as Harris had lumself noted in Ius 1948 review,
it had already been carmed out on rats and rabluts by
Brooks and Gersh (1941). These workers reported that the
density of nerve fibres in all parts of the pituitary is much
reduced 1 the rabbit after stalk seetion, and apparently to
some extent also after supenior cervical ganglioneetomy. The
observations which they made on the rat were in general
indecisive. More recently, Metuzils (1934) has studied the
pituitary of the horse, using Bielsct ky-Gros prep
tions, and has found nerve fibres, probably origmating in the
hypothalamus, whieh traverse the infundibulum and pars
tuberalis on thewr way to the pars distalis.

It is obvious that categorical demials of the existence of
hypothalamic axons w the pars distalis—whatever their
possible function—are premature, and that more work on the
subject 15 called for, particularly studies of the kind already
attempted by Brooks and Gersh.,

The third proposition

If a doubt still lingers about the existence of hypothalamic
nerve fibres in the pars distalis, none need be entertamed about
the reality of the mtuitary portal vessels, Ther prmary
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These workers hold that the so-called loral artery* has a
particular significance as an anastomotic channel between the
supertor and inferior hypophysial artenal systems. On the
basis of artemal injections with ncoprene latex and Berhn
Biue, they also elaim that the sinusoids of the pars distalis are
filled only via the portal vessels, and that in spite of a re-
latively long course through the pars distalis, the “artery of
the trabecula” (loral artery) gives off no branches to its
glandular elements. Instead, it helps to feed a complex
capillary network 1n the lower part of the pitwitary stalk
(*lower infundibular stem” in their terminology), which in
turn drains by “short hypophysial portal vessels” into the
sinusoids of the posterior part of the pars distalis. The,

pituitary stalk which hes above the diaphragma selle.
Xuereh et al. emphasize the richness of the nter-arterial
anastomosis around and within the pituitary gland, and
suggest that blood can be distnbuted to all the components of
the pituitary body, other than the glandular cells of the pars
distalis, through erther the superior or inferior hypophysial
artertes. Presumably, therefore, the secretory tissue of the
anterior lobe is suppled from both arterial systems too—since
both feed the capillary bed from winch the portal veins arise.

The detailed descriptions that are embodied mn these two
new reports illustrate the great individual variability which
characterizes the exact disposition of the vessels of the
pituitary. But it 1s difficult to tell whether the anatomical
facts that are reported justify all the generalizations to which
they have given rise. This comment applies particularly to the
possibility that viscous injection masses (e g. neoprene latex)
do not nceessarily provide an adequate means of deciding
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the primary capillary network of the pituitary portal system
and the hypothalamic vasculature. Another important pomt
which they note is that no veins accompany the superior
hypophysial arteries,

This picture of the vascular anatomy of the pituitary has
been modified m recent years, and the view is gradually
taking hold that in mammals, as in birds and lower verte-
brates, no branches of the superior hypophysial vessels pass
directly to the sinusoids of the pars distalis. All the blood in
these arteres is believed to be shunted through the primary
capillary network in the median emmence before reaching the
pars distalis (Green, 1951). :

New details have recently been added by McConnell (1953),
who studied the huiman pituitary. This worker draws atten-
tion to certain “parallel vessels” in the lower part of the
pituitary stalk. Some of these are given off by a branch of the
inferior hypophysial arteries called the “interlobar artery”.
Others arise from a series of “long stalk arteries” which are
branches of the superior hypophysial arteries, and which
course down just beneath the surface of the stalk. The
parallel vessels are said to communicate not only with the
capillary network of the neural process but also with sinusoids
in the pars distahs. The superior hypophysial arteries also
give off a pair of vessels, the “loral” arteries, which pass down
the arachnoid space to the front of the stalk, and which enter
the pars distahs independently. There they unite with the long
stalk arteries just in front of the terminal part of the stalk, and
they anastomose with the interlobar braneh of the ?nferior
bypophysial artertes. The superior hypophysial arteries also
give off a sertes of “short stalk arteries”. These feed a complex
network of capillary vessels in the median eminence and stalk.
The network 1s drained by 20 or so large portal vessels (called
“sinuses” by McCounell), and these are the main afferent
supply of the sinusoids of the pars distalss.

The essentials of this newer picture have been'la}"gcly
confirmed 1 a still more recent study of thq human pituitary
carried out by Xuereb, Pritchard and Daniel (1954a and b).
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change in the pituitary itself—for we have no means of
obscrving or measuring changes of this kind in the living
animal. Indeed, the knowledge isnotevenavailable by which
to infer, post-mortem, what changes in pituitary function
would have been correlated with what cyto-architectural
changes m the gland. The derangement would be revealed in
the disorganization of such processes as the release of
LH in the female rabbit after mating; in the failure
of cestrus to supervene in the ancestrous ferret after
exposure to light; or mn a lack of ACTH discharge after an
animal had been exposed to what 1s called emotional stress.,
These indices are precisely the same as those which charae-
tenize pituitary hypo-function ornon-function—whatever their
cause. It 1s nevertheless clammed that there is a specific
correlation between derangements of this kind and division of
the pituitary stalk, provided that the operation is not
assocrated with regeneration of the pituitary portal vessels
(Ilarms, 1950, 1952; Harris and Jacobsohn, 1952; Benoit and
Assenmacher, 19534 and &). Harris 1s also of the opinion that
published reports which mdicate that division of the pitustary
stalk has not been associated with derangement of antenor
pitmtary function 1mply that the portal vessels had regener-
ated in the eaperiments concerned, and had re-cstablished a
vascular link between the median eminence and the pars
distalis.

If the only difference between animals with deranged and
those with normal pituitary function was the existence or
non-existence of such a vascular hnk, the correlation under-
hined by Harris would be the strongest possible evidence in
favour of the hypothesis in which the pituitary portal vessels
have been given the central réle. But 1if any other factors were
mvolved, even to a variable extent, the correlation, or
apparent correlation, would not necessarily carry the implea-
tion which Harris 15 concerned to emphasize. Now, since the
pituitary portal vessels play so important a part in the blood
supply of the pars distals, it is evident that their effective
division would not only mterrupt a possible channel for the
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whether or not, in its course through the pars distalis, a
vessel such as the artery to the trabecula (= loral artery)
sends small branches into the sinusoids by whieh it is pre-
sumably surrounded, Furthermore, both researches were
made on post-mortem matenal, and both draw attention to
the fact that only partial fillings of the arterial system were
usually obtamed n individual cases—presumably at least
partly because of post-mortem clotting. The picture of the
vascular anatomy of the pituitary to which they lead was thus
actually built up from independent observations of a number
of specimens, practically all of which differed in the details of
their external and mternal vascular structure. Whatever the
final story 1s, there can, however, be no doubt that the pitui-
tary portal vessels play a major part in the blood supply of the
gland.

The second part of the third proposition is speculation only,
and need not detain us No-one has 1solated or identified the
presumed chemcal substance(s) which arc supposed to
activate the anterior pituitary, and which certain unspecified
hypothalamic neurons are supposed to produce. Nor has there
been any discussion of the question whether the same degree
of specificity applies to these assumed hypothalamic secretions
as supposedly does to those of the anterior pitwitary. Apart
from extracts with the properties of posterior-lobe hormones,
the only pharmacological actions of hypothalamie tissue that
have so far been reported are completely non-specific (cf.
Zetler, 1953; Hild and Zetler, 1953; Vogt, 1953, Harrs,
Jacobsohn and Kahlson, 1952).

The test of the hypothesis

As already noted, acceptance of the argument that the
pituitary portal vessels are an elective pathway for some
presumed chemotransmitters by which the hypothalamus
controls certamn functions of the antertor lobe, would imply
that when the gland is effectively separated from the hypo-
thalamus these functions would be deranged. The overt mani-
festations of such derangement would not be any direct
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change in the pituitary itself—for we have no means of
observing or measuring changes of this kind i the living
anmmal. Indeed, the knowledge 1snotevenavailable by wluch
to infer, post-mortem, what changes in pituitary function
would have been correlated with what eyto-architectural
changes n the gland. The derangement would be revealed n
the disorgamzation of such processes as the release of
LH in the female rablit after mating; i the failure
of cstrus to supervene in the ancestrous ferret after
exposure to hght; or in a lack of ACTH discharge after an
animal had been exposed to what is called emotional stress.
These indices are preaiscly the same as those which charac-
terize pituitary hypo-function or non-function—whatever their
cause. It is ncvertheless claimed that there is a speafic
correlation between derangements of this kind and division of
the pitwtary stalk, provided that the operation is not
assoclated with regeneration of the pituitary portal vessels
{Harns, 1950, 1952; Harris and Jacobsohn, 1952; Benoit and
Assenmacher, 1953a and b). Harris is also of the opinion that
published reports which indicate that division of the pituitary
stalk has not been associated with d of anterior
pituitary function ymply that the portal vessels had regener-
ated i the experiments concerned, and had re-established a
vascular link between the median eminence and the pars
distalis.

If the only difference between ammals with deranged and
those with normal pitwitary function was the existence or
non-existence of such a vascular link, the correlation under-
lined by Harns would be the strongest possible evidence in
favour of the hypothesis in which the pituitary portal vessels
!mve been given the central réle. But if any other factors were
involved, even to a vamable extent, the correlation, or
apparent correlation, would not necessanly carry the imphiea~
tan.Wllich Harris 15 concerned to emphasize. Now, since the
pituitary portal vessels play so important a part in the blood
suPp{y of the pars distalis, it is evident that therr effective
dwvision would not only interrupt a possible channel for the
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transport of some presumed chemotransmitters, but would
also be associated with a variable, and possibly considerable,
amount of vascular damage to the pars distalis itself, and that
this of itself might lead to hypofunction. To test the hypo-
thesis of the portal vessels, it 1s, therefore, necessary to
transform it into the positive question: is a vascular connection
between the median eminence 1 the floor of the hypothalamus
either (a) sufficient, all other factors being the same, or (b)
necessary for those responses of the anterior pituitary in
which the hypothalamus appears to be concerned? Both
questions can be answered only by recourse to experiment in
which the anterior pitwitary has been successfully trans-
planted, or in which the anterior pituitary’s vascular con-
nections with the median eminence have been effectively
interrupted. And since it is the usual experience that
pituitary grafts do not “take” successfully, and that hypo-
function of the anterior pituitary oceurs after transection of
the stalk, 1t is essential to focus attention on those instances
where function has appeared not deficient but normal after
these operations. For to cstablish or reject the hypothesis on
the basis of observations of “no-response” would be to try to
prove a negative. Whereas the establishment of a single case
which showed that a vascular connection between the base of
the brain was neither sufficient, other things being equal, nor
necessary, for positive responses of the kind we are discussing
would necessitate the rejection of the hypothesis—at any rate
so far as the prtwitary portal vesscls are concerned. A
scientific hypothesis falls to the ground the moment 1t is
proved contrary to any one of the facts for which it is designed
to account.

I propose, therefore, to turn to certain experiments, some
reported in the literature, and others carrxcc! out 1n my own
Iaboratory, which help 1n a eritieal test of this Tand.

Pituitary grafts .
The literature dealing with auto- and homografts of the

vituitary gland 15 considerable, and more than anything else



S1GNIFICANCE OF Prrurtany PontaL VesseLs 501

bears witness to the fact, unfortunately also confirmed by the
experience of my own laboratory, that such grafts are usually
unsuecessful—as indicated by involution of the gonads,
adrenal cortex and thyroid glands, and reduced growth m the
hypaphysectomized hosts.  Such falures could be due to a
multiplieity of factors, including tissue immunity reactions
and simple failure of vascularization. Another common and
unfortunate source of experimental failure in cases where a
graft may have taken is that fragments of anterior pituitary
may have been left in the sella turcica of the presumed
hypophysectomized host ammal. Of the many accounts of
pituitary grafts that have been published, the following
appear to report positive results that are relevant to the
hypothesis under examnation,

(a) May (19385) hypophyscctomized two male rats by the
usual technique, and in the weeks following the operation noted
that growth had ceased, and that the testes began to regress.
Homografts of the pituitary glands of day-old rats were made
1nto the anterior chamber of the eye two months later. Within
a few days the fur of the two rats had become smooth, and
their testes redescended into the scrotal sacs. The animals
also began to grow and become more active, They did not,
however, reach the weight of the controls. One of the two
animals died after one hundred and forty-three days and no
post-mortem was possible.  The other was then lalled, one
hundred and thaurty-five days after grafting, and histo-
logeal study showed that hypophysectomy had been
complete, and that the graft in the antenor chamber was well
vascularized and normal n size. The testes were normal in
structure, These two animals were apparently two exceptionat
“positive’”’ cases among an unspecified number of failures.

In a further study, May (1987) reports successful homografts
of the pitwtary glands of day-old rats into the anterior
chamber of two female rats that had been hypophysectomized
four weeks before. Within a few days after the operation,
the animals resumed normal growth, their coats became
smooth, and they became more active. Eight to eleven weeks

ENDOC ~vaIp .
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Iater normal cestrous cycles recommenced. Because of this
delay May concluded that the anterior pituitary gland of the
new-born rat has to become mature before it manifests any
gonadotrophie action.

Seven weeks after the appearance of the first astrus a
mature male rat was introduced to one of the females with a
graft, and also to a control rat. Both became pregnant, and
bore young, but the animal bearing the graft failed to nurse
her litter, and nine days later was again in cestrus. One
hundred and seventy-five days after the graft was made, the
eye bearing the transplant was removed, together with one
ovary and associated tube. Histological study showed that the
grafted pituitary tissue was normal from the cytological and
vascular points of view, but disorganized structurally. The
ovary and tube were normal. In the two weeks which followed,
this animal underwent two phases of cestrus before subsiding
into a condition of continuous dicestrus, and eight and a half
weeks later it was killed. Histological examination confirmed
the total absence of pituitary tissue in the sella turcica, and
showed that the remaining ovary had involuted.

Another hypophysectomized rat treated in the same way
also resumed aestrous cyeles after the grafting of a pitutary
gland into the anterior chamber of the eye. This animal was
sacrificed five months after the transplantation, and the
ovary and Fallopian tube were found to be normal but smaller
than those of its control. No pituitary tissue was found mn the
sella turcica.

May’s descriptions indicate that he was thoroughly aware
of the need to establish the completeness of the hypophy-
sectomy in his grafted animals. His observations thus show
that periodic eestrous cycles can oceur in animals in which
there is no direct connection of any kind between the pars
distalis and the hypothalamus. The fact that one of his two
animals manifested two cycles (? phases of cestrus) after the
removal of the pituitary gland is not necessarily inconsistent
with the observation that the animals were completely
hypophysectomized. A vaginal smear typical of cestrus may
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occur at least once after hypophyscetomy in rats, and in our
own experience 1s to be expected if the operation is performed
1n late dicestrus. This is also the case when bilateral ovariec-
tomy is carried out during that phase of the cycle.

(b) Martins (1936) made homografts of the pituitary glands
on to the kidneys of four female rats weighing between 50 and
85 g., sinteen to one hundred days after their pituitaries had
been removed. One of the four animals underwent four
eycles in forty-seven days. Martins stated that he fully
established that there was no pituitary tissue in the sella
turcica, but does not say whether this observation was made
on the basis of histological study of seral scetions of the sella
turcica. He does, however, state that histological examin-
ation showed that the thyroid and suprarenal glands in the
animals concerned were involuted.

{¢) Successful homotransplants of anterior pituitary tissue
are also reported by Schweizer, Charipper and Haterius
(1937), who used adult female gumea-pigs in their studies.
The animals were hypophysectomized by the parapharyngeal
approach, and homotransplants of anterior pituitary tissue
were made into the anterior chamber of each eye. The
animals were sacrificed three to thirteen weeks after the
operation, and reproductive organs, thyroids and adrenals
studied histologically. The sella turcica was not serially
sectioned, but the authors state that “in every mstance the
sella was scraped and any fragments found were carefully
removed and studied in serial section; only those cases in
which no trace of anterior lobe tissuc existed in the sella are
included 1n this report”. In the cases reported, “the ovaries
became progressively more follicular until after approximately
2 months a condition of constant estrous supervened” with
the uterus greatly hypertrophied. The ovaries did not contain
any well-defined luteal bodes, and there was no sign of
ovulation  Smce no cyclical reproductive changes were
observed, it was concluded that the pituitary implants were
secretmg FSH and not LH. The grafts also maintamned the
thyroids and adrenals in an apparently normal condition.
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In a later study on the male guinea-pig, Schweizer,
Charipper and Klecinberg (1940) reported that homografts of
anterior pituitary tissue into the anterior chamber of the eye
not only mamntamed full spermatogenesis, but also healthy
interstitial elements, since the accessory reproductive organs
were in a normal condition.

(d) Cutuly (1941) has reported successful autografts of
anterior pituitary grafts into the anterior chamber of the eye
of s1x male rats, and into the sclla tureiea of four others. The
completeness of hypophysectomy was ascertained “by
microscopie examination of serial sections of the capsule of the
pituitary™, and Cutuly restricted his report to animals “known
to be completely hypophyscetomized”. The ammals were
kept under obscrvation for up to two hundred and fifty-eight
days. Four of those with successful ocular grafts contmued to
grow, and spermatogenesss and androgen production
occurred 1n all except one of the ammals. One rat “twice had
fertile matings, and sired normal litters”. On the other hand,
none of the rats bearmg mtraocular transplants showed
evidence of adrenal or thyroid stimulation. ‘Moderate but
distinct stimulation™ of the adrenal gland did, however, occur
in four rats bearing the successful sellar grafis.

{¢) Contrary to Cutuly’s observation about the adrenal
glands, McDermott, Fry, Brobeek and Long (1950) have
observed that imfraocular homografts of piturtary tissue not
only have the ability to release ACTH both spontancously
and in response to stimulation by systemue or local epinephrine,
“but also release steadily enough ACTH to support, at lcast
partially, the weight of the adrenal glands”. The completeness
of hypophysectomy m the experiments on which tius con-
clusion is based was indicated by the fact that epinephrine did
not produce an eosinopenic response after enucleation of the
cyes bearing the grafts.

(f) Similar results have been reported by Cheng, Sayers,
Goodman and Swinyard (1949) m a study of hypophysecto-
mized male rats with visble anterior piturtary grafts m the
anterior chamber of the eye, spleen, or sella turcica. These
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glands did not prove capable of supporting growth, but
animals were maintained at their original weight. In enly one
animal was the gain in weight sufficient to suggest that it was
due to growth hormone produced by the pituitary transplant.
The weight of the testes in the animals bearing viable grafts
indicated that the latter were not producing gonadotrophic
hormone. With the cxception of one animal with a sellar
graft, all the operated animals also bad atrophic adrenals, and
Cheng et al. note that the decrease in adrenal weight was in
most instances as great as that which oceurs in hypophy-
scctomized animals without pituitary grafts. On the other
hand, the animals responded to the injection of histamune by a
significant decrease 1n adrenal ascorbic acid.

The completeness of hypophysectomy was proved by
serial scctions of the sella turcica and surrounding tissue in
only three of the animals, Nevertheless, Cheng ¢t al. are
confident that the reduction m adrenal ascorbic acid in the
other ten ammals was not due to the release of ACTH
from residual pitwitary tissue in the sella turcica. Since a
sufficient period had elapsed between transplantation and
testing, they are also confident that the results they observed
were not due to absorption of the implants, They therefore
conclude that the pituitary grafts which they studied were able
to release ACTH 1n response to the stimulus of the injected
histamine, and further, that “neural connections or a portal
venous system between the hypothalamus and the pituitary
are not necessary for the prompt discharge of ACTH
response to stress”. Cheng and his co-workers also hold
that the fact that the adrenal glands in therr experi-
mental ammals were small was not due to inadequacy
of ACTH function of the graft, but to partial atrophy
reflecting a decrease in the req for cortical steroid
m animals whose metabolism was depressed duc to hypo-
thyroidism.

(g) Results similar to those of Cheng et al. have also been
reported by Fortier and Selye (1949), but these authors
rehed for their check of the completeness of hypophysectomy
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on “careful examination of the sellar region with a 5x
magnifying glass”.

(h) Cheng et al.’s dufferentiation of the maintenance of the
weight and function of the adrenal cortex of animals bearing
pituitary grafts appears to apply, according to a study re-
ported by Greer, Scow and Grobstein (1958) to the thyrod
gland as well. These workers made ocular transplants of pit-
uitary tissue in an inbred strain of mice, and then studied the
total accumulation of 1. The animals were hypophysec-
tomized one weck after grafting, and the completeness of hypo-
physectomy was judged by comparing the responses of the
animals with those of hypophysectomized controls. The tests
were made three weeks after removal of the pituitary, and
post-mortem study showed that while the thyroid, adrenal
and gonads were no less involuted, so far as weight was
concerned, 1 the grafted ammals than in their hypophysee-
tomized controls, thyroidal uptake and concentration of
radioactive iodine were the same as in normal animals.

(i) In another recent study, Everett (1954 and 3) reports on
six rats which were proved by histological exammation to be
completely hypophysectomized, and which had had therr own
pituitaries grafted under the renal capsule. Four days later 2
thread was passed through the left uterine horn. Smce a
strong deciduomatous reaction developed in each of these
amimals, Everett constders that the grafted pituitary was able
to secrete and release luteotrophin. Conclusive evidence of
this view was obtained 1n other experiments in which the test of
progesterone secretion was vaginal mucification in the presence
of eestradiol benzoate. These also mdicated that the release of
luteotrophin can occur up to mmnety days after transplant-
ation. In general these observations confirm corresponding
findings reported by Desclin (1950), and which show that
cestrogen is not only able to affect the histological structure‘of
a transplanted pituitary (in ammals which study of serial
scetions of the sella turcica showed to be completely hypo-
physectomized), but also to cause 1t to secrete luteotrophin.

(3) The last study to which I shall refer here is also a recent
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one, and deals with growth hormone. Martinovitch (1954)
cultivated in vitro the pars distahs of rats ten to seventeen
days old for periods of one to two months. This cultivated
tissue was implanted into rats which had been hypophysecto-
mized at the age of sixty to ninety days. The grafts were made
from two to eleven months after the operation, and it is
stated that during this period growth had ceased, The animals
immediately started growing again, but at a slower rate than
normal. The grafts were made into the anterior chamber of
the eye, and one is reported to have persisted for thirteen
months.

This review of reports of pitwtary transplantation has
focused essentially on those instances which indicate that
grafts remote from the hypothalamus can function normally,
even if ata lesser intensity than normal. Asalready noted, a far
larger number of reports could have been cited to bear witness
to the fact that the hikehhood of homo- or autografts of the
anterior pituttary “taking” is not very great. There are also
indications that grafts “‘take” better in some than in other
regions, e.g. the sella turcica (Greep, 1936; Cutuly, 1941).
‘Whatever the reason for the techmical difficulties which hinder
successful transplantation of the pituitary, it is, however,
clear that authentic cases do exist of hypophysectomized
animals bearing ocular pituitary grafts which manifested what
can only be described as normal pituitary function, including
cyelical gonadotrophic function.

Pituitary-stalk section

A similar conclusion about normal funetion can be drawn
from reports of experiments in which the pituitary stalk has
been divided. But here the study 1s complicated by the fact
that the conditions of our test are not satisfied unless thereis
no re-establishment of a vascular Imk between the pars
distalis and the median eminence.* I shall, therefore, refer

*1t was Harns (1049, 1950) who pointed out that the hypophysial portal

vessels may regenerate very easily unless a b: la
Jessels may regencrate very casily arrier 15 placed between the two
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here only to experiments, including some done in my own
laboratory, in which this necessary condition has been
deliberately observed, or in which steps were taken to find out
whether a direct vascular hnk had, in fact, re-established
itself between the median eminence and the pars distalis after
the division of the stalk, Harris’s own stalk-section experi-
ments (1950), and the corresponding ones made by Westman
and Jacobson (19382 to f) and by Benoit and Assenmacher
(19582 and b) will be considered later.

(a) The first of these studies arc those of Greep and
Barrnett (1951) and Barrnett and Greep (19515 and ¢) on the
gonadotroplie, thyrotrophic and adrenotrophie activity of
the pars distalis of rats after stalk section. The operation was
sttecessfully performed on 50 adult male and 43 adult female
rats. In the case of the males it was observed that the testes
were retracted mto the abdomen within a few days after
operation, and that in all but a minority they had involuted to
about one-quarter normal size in the space of a month. In the
exceptional few, spermatogenesis was still in progress and the
interstitial tissue appeared normal. The average testis
weight in a group of stalk-scctioned rats killed two months
after the operation was, however, greater than that of stalk-
sectioned rats killed at thirty-five days, excluding four in
which relatively little testicular involution occurred. Assay
of the pituitanes of the stalk-sectioned rats showed that they
possessed very Little gonadotrophic potency. But the gonado-
trophic potency of the pituitaries of rats that were both
stalk-sectioned and castrated proved to be greater than that
of animals which had been subjected only to stalk-section.

Division of the stalk in the female rat led either to suppress-
jon or disorganization of the eyclical vaginal changes. Aftera
latent interval of twenty days, a few animals restarted
jrregular cycles. Post-mortem examination showed that the
ovaries had atrophied, but seldom as extensively as fmffel’
hypophysectomy. The evidence thus suggested hypoactivity
rather than total loss of ovanan function.

In both sexes stalk-section depressed growth and led to
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involution of the thy roid and adrenal glands—but not as much
as after hypophyscctomy. Exposure to cold, however, evoked
a normal response in both the thyroid and the adrenal cortex.
It is worth noting that whereas the average weight of the
pituitarics of the stalk-sectioned amumals was less than half
that of the normal controls, the thyroid glands were nearer
two-thirds. The average width of the adrenal cortex in the
operated snimals was alo about two-thirds that of the
controls; that of the zona glomerulosa was, in faet, greater.

A large number of specimens were carefully examined by
serial section, after the vascular systemn had been injected with
Indian ink, in order to see whether regeneration of the portal
vessels had oceurred. No mstance of this having happened
was observed: “the vessels of the stalk remamed interrupted
and sear tissue filled the gap overlying the mcision in the
basisphenoid bone between these vessels and the anteror
lobe”.  This difference from Ilarris’s results Greep and
Barmett suggest may have been due to thar different
operative approaches.

In general these authors conclude that stalk section leads
to panhypopituitarism of varying intensity. This they
relate to histological changes n the pituitary consisting of
mvolution, central fibrosis, and loss of basophuls particularly,
but also of acidophils. Small cf phobes become the
predominant cell type after the operation. Degencrative
changes 1n the pars distalis are most conspicuous in the few
days after the stalk is cut. The partial regeneration which
then oceurs is associated with a partial return of gonadal
function—both in males and females—and the degree of
function which the “infarcted pitwtaries display may be
de[zcmlent on the rate and degree of revascularization”,
which apparently occurs from the surrounding capsule. In
short, the respouses of the pituitary after stalk scction are not
altered 1n kind, but only 1n intensity, depending on the degree
of vascular d o ffered by the pars distalis, and not on
the “complete interruption of the nervous and vascular
connections between the hypothalamus and the anterior lobe.
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here only to experiments, including some done in my own
laboratory, in which tlis necessary condition has been
Qeliberately observed, or in which steps were taken to find out
whether a divect vascular link had, in fact, re-established
itself between the median eminence and the pars distalls after
the division of the stalk. Harns’s own stalk-section experi-
ments (1850}, and the corresponding ones made by Westman
and Jacohson (28382 to f) and by Benoit and Assenmachier
(19534 and b) will be considered later.

(a) The first of these studies sre those of Creep and
Barrnett (1951) and Barrnett and Greep (19514 and ¢) on the
gonadotrophie, thyretrophic and adrenotrophic activity of
the pars distalis of rats afler stalk section. The operation was
suceessfully performed on 50 adult male and 43 aduilt female
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exceptional few, spermatogenesis was still i progress ana
interstitial tissue appeared normal. The average testis
weight in a group of stalk-sectioned rats kiffed two months
after the operation was, however, greater than that of stalk-
sectioned rats killed at thirty-five days, excluding four in
which relatively hitle testicular involution oceurred. Assay
of the pituitarics of the stalk-sectioned rats showed that they
possessed very httle gonadotrophie poteney. But the gonado-
trophic potency of the piuitaries of rats that were both
sta™ ceotioned and castrated proved to be greater than that
of Teratod anlv to stalk-section,
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hypophysectomy. The evidence thus §uggcsted hypoactivity
rather than total loss of ovarian function.

In both sexes stalk-scction depressed growth and led to
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between the vessels in the two structures. In the remaining
three there may have been an anastomosis through intervening
scar tissue. but there was no anatomieal reason for supposing
that blood from the remains of the portal vessels would not
have passed through the scar tissue into neighbouring venous
channels and so directly into the systemic circulation. A
platelet of waxed paper had been inscrted between the divided
ends of the stalk in only one of the six animals which failed to
respond to light. As no trace of it was found on the serial
sections, it had presumably been displaced from the operative
site to the nasopharynx shortly after the operation.

In three of the ten animals which responded to light a
wedge of scar tissue separated the pars distalis from the
median eminence, and there was no direct vaseular connection
between the two (by which 1s meant there were no vessels
actually connecting the two structures). Such vessels were
present in five of the remaming eight.

The ninth and tenth animals vhich responded provide an
even more important and cnitical test of the hypothesis that
is under exanmination. In one the operation had distupted the
floor of the third ventricle, starting just behind the optic
chiasma, and the whole pituitary portal system of vessels, as
well as the pars tuberalis, wluch was represented by only a few
scattered basophil cells, had been ablated. Median eminence
and pituitary stalk could not be recognized. The prominent
sinusoids of the pars distalis were supplied mainly by vessels
from, and dramned mamly into vascular channels m the
connective tissue surrounding the gland. In addition, they
commumieated in the midhne with what appeared to be venous
channels in the disorgamzed tissue which formed the prolapsed
part of the floor of the third ventricle,

The last animal was even more decisive, and a glass-plate
reconstruction was made of the serial sections of the specimen
in order to determine the final shape and position of the paper
that had been placed between the divided ends of the stalk,
This reconstruction, and the serial sections, show that the
paper had become completely surrounded by reaction tissue,
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(b} Obscrvations which add up to the same general conclu-
sion are reported by Tang and Patton (1051), who studied the
effects of stalk section m the male guinca-pig. Histological
study revealed “little, if any, direet {vascular) connection
between the hypothalamus and the hypophysis”. It was never-
theless found that unless the pars distalis suffers from
serious infarction, its growth-promoting, ACTH and gonad
stimulating properties are unimpaired.

(c) Studies made in my own laboratory have also provided
clear-cut results that are in keeping with these views, Mature
female ferrets were used in these expenments, which were
designed to discover whether division of the pituitary statk
prevents these animals from comung 1nto heat when exposed
to additional light during the winter ancestrum. This response
is mediated through the retma and aptic nerves, and does
not occur if the pitwtary is removed. The general belief
is that some part of the hypothalamus 1s a relay station in the
pathway taken by the stimulus on its way to the pars distalis.

The published reports of our own findings relate particularly
to 16 ferrets {out of a much larger number operated ouj it
which the stalk had been completely severed during the
summer of 1951 (Thomson and Zuckerman, 1954). In four
ammals musele, and in four others waxed paper, was placed
between the proximal and distal parts of the divided stalk.
Artificial highting was begun on October 25, 1951, and was kept
on daily for six hours, between 430 p.m. and 10.80 p.m.
Normal control animals were kept both under ordinary condi-
tions of lighting and in the room which was kept {Hluminated.
The ena of the experimental period was set by the day during
the spring of 1952 when all 19 unoperated ferrets in the
control and unilluninated room were m heat. At this time
oix of the 16 animals 1 which the pituitary stalk had been
successfully divided were still ancestrous, and by defimtion

they had, therefore, failed to respond to the artificial light. In
three of these six the proximal stump of the stalk was adherent
to the pars digtalis (as determined from a study of scn::d
seetions of the region), and there was a clear anastomasis
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It was found that the whole of the sella turcica had been
roofed over by a massive barrier, which considerably excceded
the pituitary gland m size, and which consisted of a central
avascular core of broken-up cellulose surrounded on both sides
by practically continuous new boue, which in tumn was
covered both above and below by fibrous reaction tissue
contaimng vessels. The margins of the barrier were continuous
with the connective tissue (dura) lining the floor of the skull
and with the arachnoid membrane. In order to bring out
these points clearly, a wax plate reconstruction of the whole
region was made from the senal sections by the usual methods
used in ecmbryological studies.

Fig. 1 is a photograph in perspective of the base of the brain
with the barrier (painted black) and pitmtary gland (P) in
place. Fig. 21s a photograph of the under-surface of the floor
of the bram, wluch demarcates (a) the complete limits of the
median emmence (ME) eontamng the primary capillary net-
work of the hypophysial portal system, and the remains of the
proximal stump of the pitwitary stalk; and (b) the basilar
artery and its terminal branches (B). Fig. 3 is a lateral view of
the barrier with the outline of the pars distalis () { the neural
process having completely disappeared) in position. Fig. 4
shows the under-surface of the base of the brain with the
barrier and pitwitary gland (P) in position. It will be scen that
the pitmtary gland was nowhere in contaet with the base of
the brain (the relative position of the median eminence (ME)
has been projected on to the lower surface of the barrier).

These ponts are further illustrated in Figs. 5-1%. Fiyr. 51sa
low-power photomiterograph of a median sagttal section of the
specimen. It shows the pars distalis (P) with the inter-
cavernous sinus behind 1t, overlaid by a barrier consisting
of a central core of broken-up cellulose (illustrated, below
the layer of bone, i high-power view in Fig. 14), enclosed
above and below by a plate of new bone, on the lower and
upper surface of which 15 fibrous reaction tissue, Fig, 6
shows the disposition of the barrier at the extrene right-hand
margin of the median emimence and proximal stump, indicated
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in which platelets of new bone had developed, presumably
from bone dust introduced at the operation by the drill. The
remains of the proximal stump of the stalk, containing vesscls,
and the median eminence, contaming the primary capillary
loops, were adherent to the scar tissue on the upper surface of
the paper, while the degencrated remains of the distal stump
were closcly applied to the reaction tissue on its under-
surface.

All the vessels of the proximal stump and of the median
eminence drained into the upper layer of fibrous tissue, and
close study of the serial sections failed to reveal any kind of
vaseular connection between the pars distahis on the one hand,
and the median eminence or adjacent parts of the hypotha-
lamus on the other, On the other hand, 1t provided every
anatomical reason to suppose that the blood which floved in
the capillaries and venules in the reaction tissue forming the
upper surface of the barrier drained immediately nto veins
and venous sinuses in the tissues by which it was surrounded,
and so mmto the systemic circulation.

As alrcady observed, the sct of experiments was carried out
in the winter of 1051, They have since been repeated, and
their results confirmed. But only one preparation (T. F. 836)
will be mentioned here, as it, too, provides a enitical test of the
hypothesis. The pituitary stalk of this smmal was divided on
15 October, 1953, and a platelet of waxed paper was inserted
between the proximal and distal ends of the stalk. Exposure
to artificial hght began some two weeks later, and the ammal
started coming mto heat thirty-six days afterwards and was
in fuil heat in fifty-one days. The corresponding figures for
14 unoperated controls kept under the same conditions
were thirty-three to fifty-eight and fifty-seven to cighty-three
days. The ammal was then killed, and after its vascular
system had been perfused with Indian ink, the usual histo-
logical preparations were made of the tissues. Serial scetions
were made of a block of undisturbed tissue compnsing the
hypothalamic region of the brain and the adjacent part of the

base of the skull.
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by the letter A. A high-power view of the extreme right
lateral margin of the stump is shown in Fig. 12, Figs. 7 and 13
are corresponding views of the left-hand margin of the median
eminence and proximal stump of the stalk, mdicated by the
Ietter B. From side to side the median enunence and proximat
stump measure 1.156 mm. New bone, encasing tts core of
celbulose, extended further laterally on both sides, but more
sa on the right than on the left. Tlus 1s illustrated by the
plancs of section shown in Figs. 8-11. g, 8 shows the sagittal
plane of a section 0.7 mm. to the nght of the extreme lateral
margin of the median enunence, and Fig. 9, 0.95 mm. to the
left. In both cases the barner shil consists of cellulose, bone
and fibrous tissue. The correspondimg Figs. for 0.1 mm.
further out to the left and right are shown m Figs. 16 and 11.
Fig. 11 shows that where bone and celfulose disappeared on
the left side, the upper surface of the pars distahs was
scparated from the base of the bram (here well lateral to the
median eminence) by an mtact pra-arachnoid membrane, and
by a thinmish layer of reaction tissue mto wiuch eclls of the
pars distahs had extended as an adenomatous leaf-like growth
20g thick. On the lateral side of this adenomatous leaf, the
fibrous tissue agamn thickened, before thinmmg out again over
the lateral 0.2 mm. of the pars distalis. Behad the gland the
barrier still remained thick and denscly fibrous, and still
showed small sslets of new bone, On the nght-hang side the
upper caudal port of the pars distalis extended backwards as
a thin tongue, which 1s illustrated in Fig. 10, marked A, On
this side the barrier consisted of a thick and dense fibrous
tissue almost to the lateral lunut of the pars distaks, about 0.2

mm. lateral to the planc of scetion ilustrated in Fig. 10. The

pia-arachnoid was also tntact on this side, )

All the vessels m the median eminence and in the remains of
the proximal stump of the stalk drained mto vascular c}mnne}s

in the fibrous tissuc on the upper surface of the b};rner. This

is illustrated in Fig. 14 and by Figs. 12 and 18, which show the

Iateral hmits of the median emmence and proximal stump.

The closest exanmunation of the scctions failed to revesl any
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vessels in the median cminence draining into colleeting
channels other than those which immediately entered the
fibrous tissue over the central part of the barrier, to w hich the
eminence was directly applied,

1In so far as they could be identified, the afferent vessels to
the sinusoids of the pars distalis, which drained into the
surrounding venous sinuses, were derived from neighbouring
arterioles below the barrier. A few minute vesscls in the
0.02 nun. leaf of adenomatous tissue which extended upwards
from the left-hand upper surface of the pars distalis could not
be identified as either afferent or elferent.

The ovarnes, adrenal cortex and thyroid gland of this
ammal, as of all others whose pituitary stalks had been
divided and which became wstrous, were normal in size and
Tistological appearance. In those which remained ancestrous,

. i *

Discussion

As 1 have alrcady remarked, all the reports on pituitary
rafts that have been cited relate to experiments in which eare
sas taken that the animals mto which the implants were made
aad been completely hypophysectomized; and with the
exception of some of Cutuly’s experiments, all refer to grafts
in sites remote from the median eninence and hypothalamus,
Similarly, in the interpretation of their experiments on stalk
section, both Greep and Barmett and Tang and Patton state,
on the basis of studies of scrial sections, that no direct
vascular link had re-established 1tself in their animals between
the median eminence and the pars distalis. Making sure of
this point was also a major concern in the experiments on
ferrets carried out by Thomson and myself.

Bearing this in mind, the experiments to which I have
referred indicate that normal responses of the pituitary can
occur after transplantation or after stalk section. Some
of these responses (e.g., the response to light, the recurrence of



576 S, ZUCKERMAN

cstrous eycles) are among those in which it is assumed that
the hypothalamus plays the part of a relay station. It
therefore follows that the answer to the question to which I
have addressed myself in this paper is that a direct vascular
conneetion between the base of the brain and the pars
distalis 1s nerther sufficient, other things being equal, nor
necessary for positive responses of the pars distalis. The proof
that it is not sufficient 15 that 1 cases where it has been
present, responses have failed to oceur. Mare decisively, the
proof that it is not nccessary is that responses can oceur in the
complete absence of any direct vascular connection. For
these reasons it is necessary to reject the hypothesis that the
pruitary portal vessels are an essential pathway in a process
whereby the hypothalamus ‘“‘controls” various functions of
the pars distalis.

In the course of our own work on the ferret we have made
many negative observations of the kind which form the back-
ground to the view that has now been shown to be invalid.
These “farlures™ also sdicate that the transplanted pituttary
gland, or one whose stalh has merely been divided or manipu-
lated surgically, ceases to function properly, and may cease
to fopction at all. Although one single positive observation
counterbalances any number of observations of hypofunction
or non-function w the kind of test with whieh we are con-
cerned, it 1s nevertheless necessary that these negative
observations should, if possible, be explamed.

All seem to pomnt to the general view that the degree of
tissue dilferentiation represented by the pars distalis 1s so
great that the gland is very quickly damaged by any alter-
ation in its physical ¢nvironment.  \What seems to be an
excellent Mlustration of this sensitivity 1s given by 1latris
(1950) himself,* when he noted that signs of pituitary dys-
function may occur if the priuttary stalk s just manpulated,
1ot alone cut. Clearly the most prabable explaaation for an

¢Fe notes that “the pitmitary was eaposed i fificen female rats, and in some
was mampulated, but not cut. A pause or 1rregulanity of the astrous cycles
oceurred 1n some cases, but oll anumals eventually («2€) returned to a regalar

wstrous thythm™.
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observation such as this is that the manipulation disturbed, or
cven tore, vessels in the pituitary stalk. Since these vessels
play so important a part in the supply of the sinusoids of the
pars distalis, it 1s not at all surprising that subsequent
pituitary dysfunction occurred. Harris (1950) has also pointed
out—what lus detmiled descriptions illustrate even more
clearly-—that atrophy and necrosis of the pars distalis
frequently occur after stalk scction, and that they might be
due to a diminution in the total blood supply to the gland. He
takes the view, however, that “reduction in the amount of
anterior lobe tissue” as a result of what he calls “diminished
blood supply” is unlikely to have been responsible for post-
operative disturbances in the reproductive cycles of his
stalk-divided rats, since ‘in many cases the normality or
otherwise of the reproductive processes bore no relation to the
amount of anterior lobe tissue present”.

In our own studies of the ferret we have also tried to
differentiate responding from non-responding animals by
reference to the size and structure of the pars distahis. Our
experience 1s that it is quite impossible to predict from the
ammal’s response whether the size or histological appearance
of its pituitary would be normal or abnormal. Thus 1s partly
llustrated by Figs. 15 and 16. Fig. 15 shows the appearance
of the pituitary cells in the ferrct illustrated in Figs. 1-14, and
which reacted to light, mn spite of the lack of a vascular link
between 1ts median enunence and pars distalis. Fig. 16, taken
at the same magmfication, 1s of an animal which had had its
stalk divided, and which had failed to respond to light, even
though there was a clear vascular connection between the pars
distalis and the proximal stump of the pitwitary stalk. So far
as responses are concerncd, the figures might have been
reversed.

Greep and Barrnett have suggested that the functional
capacity of a pars distalis after division of the pituitary stalk
1s likely to be dependent on the extent of the infarction which
1t has suffered, and on the rate and degree of revascularization.
There is, however, no way of which I am aware of correlating

ENDOC ~t1xx =



578 S. ZUCKERMAN

the cytological appearance of such damaged anterior pituitary
glands with ther functional capacity, or of determining in
what eircumstances critical and adverse changes may be
caused. The immediate disposition of the blood vessels in
different specimens varies from individual to individual, as
becomes abundantly clear when one compares the recent
studies on the human pituitary made by McConnell with those
made by Xuereb et al. This variability may, indeed, be far
greater than 1s suggested by their actual descriptions. For
example, it seems that in some circumstances the stalk may be
practically an avascular structure, in spite of the fact that the
straightforward anatomical indications are that all or part of
the blood to the sinusoids of the pars distalis flows through the
pituitary portal vessels, Thus, Dandy (1940), in deseribing an
operation on the optic tracts of a young woman aged 17, has
recorded that, *‘the hypophysial stalk was divided with
scissors midway between the base of the brain and the
diaphragm of the sella. This was done without the slightest
bleeding, and without sponging cither to the cut side of the
stalk or to the contiguous region. The stalk was about I em.
long”. Professor Sir Geoffrey Jefferson, whose opinion 1
sought on this matter, tells me that when pituitary adenomas
are removed much more free blecding occurs than could
possibly be accounted for by the stalk vessels. 1In cases
where the pituitary stalk has been dehiberately cut (as in
hypophysectomy for breast cancer) there is considerable
bleeding from the gland which scems to come from branches
of the carotid vessels. Greep and Barnett (1951) have also
noted that hmxmorrhage may be insignificant when the
pituitary stalk of rats 1s cut; and the same is frequently
true when the pituitary stalk of ferrets is divided. All this
indicates that it 1s impossible to predict the detailed
vascular apatomy of ony individual pituitary from a
general description of the biood supply of the gland; and
consequently that the amount of vascular damage and
subsequent functional damage which the pituitary gland will
suffer after stalk section is both variable and unpredictable.
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This view is contrary to Harris’ belicf that a one:one relation
exists between “piturtary funetion and pituitary portal
vessels”, and “no function and no pituitary portal vessels”.
But the facts that he himself reports (1950) in lus main paper
on the division of the prtuttary stalk hardly lend themselves to
so categorical a view. For example, lie describes a central core
of necrosts, which was *““of marked degree 1n cight”, m the pars
distalis in 20 of 23 adult female rats whose pituitary stalks had
only been divided (no foreign body was placed between its cut
ends). He also notes that “some vascular connexion between
the median enunence and pars distalis had been re-established
n cvery case”. Yet one of the ammals concerned did not
manifest an cestrous smear at any tune in the one hundred and
fiftcen days after the operation, and in cight ammals the
phases of cestrus that did occur were irregular, and scparated
from cach other by as many as fifty days. A vascular
connection between the median eminence and the pars
distalis was also present m two of four rats which remained
ancestrous after their pituitary stalks had been divided, and
the two ends separated by means of a pledgelet of cotton-woal.
Sumtlarly, 11 of 19 rats in which a small plate of paper was
placcd between the two ends of the pituitary stalk, are
reported as having remained ancestrous for periods varying
from fifty-eight to one hundred and six days, when they were
kulled. In five of these the pars distalis showed marked central
atrophy, and 1n five moderate atrophy. No mention is made
of the portal vessels m these 11 ammals, but m seven
others subjected to the samec operation, the cycles which
occurred after the operation are deseribed as having been
irregular, even though m five of the seven the median eminence
was connected with the pars distahs by *‘a fairly rich plexus of
capillanes”,

Harris obviously obtained the impression that the extent of
the vascular connection between the median eminence and the
pars distalis was correlated with the extent to which reprodue-
tive functions became normal after stalk-section. But the
facts on which tlus conclusion 1s based are not available 1n his
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paper. And so far as the action of possible hypothalamie
chemotransmitters 1s concerned, it is difficult to see why their
assumed effect on the pars distalis should be proportional to
the precise number of vascular channels, given that at Jeast
some are present, connecting the capillary plexus in the
median eminence with the gland.

An examination of the results of stalk section reported by
Westman and Jacobsohn (193884, &, ¢, d, ¢ and f) makes it
plain that the functional effects of the operation varied con-
siderably from individual to individual in their experiments,
and also that some of therr results differ from those of recent
workers. Full histological details of the site of lesion are not
always given, but the usual procedure followed by these two
workers was to divide the stalk, and to separate 1its two ends
with a small platelet of silver paper. The published accounts of
the experiments often note that serial sections were made m
order to see whether the stalk had been successfully divided.
But whle the reports indicate that the operations were often
unsuccessful, they nowhere indicate whether, m those
instances where the diviston was complete, the platelet of
silver paper had prevented a vascular hnk from re-estabhishing
itself between the base of the brain and the pars distalis.

The main experiments of Westman and lus colleagues were
carried out m the period before Harris bad emphasized the
proviso that the physwological results of pituitary stalh
section cannot be properly evaluated unless it is known
whether the pituitary portal vessels had remained umnter-
rupted or had regenerated. Those which have recently been
reported by Benoit and Assenmacher (1951a and b, 1952,
1953a and b), and by Assenmacher and Benoit (1953a and
b), were made in the full light of this consideration. These
two investigators have studied the growth which occurs in
the testis of drakes when the birds are kept under conditions
of artificial illumination i the autumn and winter months—a
response analogous to that of the ferret which I have already

described. .
1n the first of their papers (1951a) bearing on the problem
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under review, these two workers note that the hypophysial
portal vessels are the main afferent supply to the sinusoids of
the pars distalis of the duck, and that at the same time the
pars distalis receives an inconstant but small number of
branches from the inferior bypophysial arteries. One to three
arterioles are also described as entering the gland directly fiom
the superior hypophysial arteries. The portal veins which
dram the capillary plexus n the pars tuberalis, and which are
held to be the main supply of the sinusoids in the pars
distalis, vary up to about two dozen in number, and form a
bundle of vessels which hes about 2 mm. mn front of the
pituitary stalk itself. In a later paper (1953b) the bundle is
deseribed as being 200 in one diameter ; 150u inthe other; and
from 250u to 500p long.

In their next paper on the subject, Benoit and Assenmacher
{(1951b) reported that numerous thin nerves emerge from the
tractus hypophysius and loop towards the capillary pleaus in
the pars tuberalis before continuing their course on the surface
of the tractus into the neural process. These fine nerve loops
are said to be rich i a substance which reacts to Gomori’s
chrome alum-hzmatoxylm-phloxine stamn. In a paper pub-
lished in 1953(8), they consider, without commg to any
new conclusions, whether these fibres are axons from the
same hypothalamic nuclei from which the main tractus
hypophysius 1s derived.

In further notes Benoit and Assenmacher (1952) and
Assenmacher and Benoit {1953 and b) reported that lesions
which interrupted the tractus hypophysms “high” m the
median eminence led to complete atrophy of the ncural
process, This experiment was performed on four ducks, and
was also associated with degenerative changes in the pars
distahs, and involution of the testes. It 1s stated that the
bundle of portal vems was intact i these four birds. In two
other birds, with superficial lesions in the median eminence so
placed that the portal vessels were damaged, the pars distslis
is said to have been more or less normal, and the testes fully
functional,
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paper. And so far as the action of possible hypothalamic
chemotransmitters is concerned, it is difficult to see why their
assumed effect on the pars distalis should be proportional to
the precise number of vascular channels, given that at least
some are present, connecting the capillary plexus in the
median emunence with the gland,

An examination of the results of stalk section reported by
Westman and Jacobsohn (1938a, b, ¢, d, ¢ and f) makes it
plain that the functional effects of the operation varied con-
siderably from individual to individual in their experiments,
and also that some of their results differ from those of recent
workers. Full histological details of the site of lesion are not
always given, but the usual procedure followed by these two
workers was to divide the stalk, and to separate its two ends
with a small platelet of silver paper. The published accounts of
the experiments often note that scrial sections were made in
order to sce whether the stalk had been successfully divided.
But while the reports indicate that the operations were often
unsuccessful, they nowhere indicate whether, n those
nstances where the division was complete, the platelet of
silver paper had prevented a vascular link from re-estabhishing
itself between the base of the brain and the pars distahs.

‘The main experiments of Westman and lus colleagues were
carried out in the period before Xarris had emphasized the
proviso that the physiological results of pituitary stalh
section cannot be properly evaluated unless it 1s known
whether the pituitary portal vessels had remained uninter-
rupted or had regenerated. Those which have recently been
reported by Benait and Assenmacher (1951a and b, 1952,
19534 and b), and by Assenmacher and Benoit (1953a and
b), were made in the full light of this consideration, These
two mvestigators have studied the growth wlieh occurs in
the testis of drakes when the birds arc kept under conditions
of artificial illumination in the autumn and winter months—a
response analogous to that of the ferrct which I have alrcady

deseribed.
In the first of their papers (1951a) bearing on the problem
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posterior portal veins, in an area of median eminence which
is no more than about a millimetre across, and on the
suggestion that the former alone anse from a region that is
rich in Gomori-positive matcrial. But since the division of
the portal vesscls was so rarely complete (sometimes only the
most anterior were divided), the alternative explanation, that
the positive and negative responses observed by these two
workers could be related to the degree of vascular damage
suffered by the pars distalis, seems equally valid. For we are
not dealing just with one lot of birds which responded and
another which did not, and which differed from cach other
only in the number of divided portal vessels. In both groups
vanable amountsof damage had alsooccurred 1 the pituitary.
Negative observations can no more provide the answer here
than they did in the case of the ferret.

Other than the function which has been discussed 1n the
present paper, 1t is difficult to see what special significance can,
or should be, attached to the pituitary portal vessels. Obser-
vations reported by Greep (1936) and Cutuly (1941) suggest
that pituitary grafts “take” far better in the sella tureiea than
elsewhere, In Greep’s experiments about 70 per cent of “takes”
oceurred 1n 32 rats. These animals underwent typical estrous
cycles, and 13 pregnancies were recorded. On the other hand,
Harris and Jacobsohn (1952) found that 12 of 14 rats bearing
grafts in the pitwtary capsule (1.e. sella turcica) failed to
undergo any cestrous cyecles, whereas they oceurred in five of
ten rats with grafts under the median eminence. Harris’s
interpretation of this observation 1s that the implanted tissue
possibly became vasculanized by vessels amsing from the
primary plexus of the hypophysial portal system. Further
experiment 15 clearly necessary in order to discover why
grafts into the sella turcica succeeded in the hands of Greep
and of Cutuly, but failed in those of Harris and Jacobsohn,

before this interpretation of the success of the grafts
made under the median eminence 1s finally accepted—par-
ticularly since other observations also show that a com-
pletely functional pars distalis can exist n the sella turcica
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From these experiments, Benoit and Assenmacher drew the
conclusion that lesions which interrupted the tractus hypo-
physius deprived the capillary vessels in the median eminence
of some stimulation previously mediated by the nerve loops
which they had previously described Henee hypofunction of
the pituitary gland oceurred. The visible sign of this stumu-
lation is the Gomori-positive substance found in the part of the
median eminence from which the portal vessels spring.

The next step (Assenmacher and Benoit, 19585) was to
divide the bundle of portal veins (tractus porto-tubéral)
ndependently of the pituitary stalk itself. The operation was
done on four birds, and 1n some of them {number not stated) a
thin plate of sclerotic was placed between the proximal
and distal stumps of the bundle of vessels. These anumals did
not respond to artificial light. Post-mortem examination
showed that the “tractus porto-tubéral” had been completely
interrupted, and that the region of the Jesion was occupied by
a series of inter-communieating vascular pockets which also
opened nto the cavernons smuses, It 1s stated that no portal
channels were re-established between the median eminence
and the pars distahs, but that some portal vessels had not been
divided, and that they linked the posterior part of the median
cmipence, which 1s sasd not to contam Gomori-positive
substance, with the pars distalis. In four other ducks the
division of the bundle of vessels was incomplete or, alter-
natwely, regencration had occurred, as a large number of
anterior portal veins hnked the median cminence with the pars
distalis. These four animals reacted to light and had testes of
normal size.

All these observations, together with a few others, have been
assembled in two general papers (Benoit and Assco-
macher, 1058z and ). One can cither mterpret them in the
way Benoit and Assenmacher suggest, or consider the results
of the experiments an w hich the bundle of portal vessels was
divided as dependeni on the degree of vascular damage
suffered by the pars dislulis,' Benoit and  Asseumacher’s
interpretation mnges on the differentiation of anterior {rom
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without any direct vascular connection with the mediar
eminence.

The experiments discussed in this paper also make it clear
that 2 pars distalis can function normally, and in a “reflex"
manner—if the light response of the ferret can be so described
—without any nerves connecting it with the hypothalamus.
On the other hand, Abrams, Marshall and Thomson (1934)
have now found that the “nervous” control of pituitary
function is more complicated than is indicated by just a
consideration of the cc tions of the pars distalis with the
hypothalamus—for they have shown, in experiments on
seven female ferrets, that bilateral superior sympathetic
ganglionectomy consistently mhibits the response to hght.
And the whole problem 1s further compleated by a possible
functional relation between the antertor and postertor lobes
of the pituitary (sec Zuckerman, 1954), Several recent papers
suggest that there may be a relation between the release of
antiduretic hormone and that of ACTH (e.g., Mirsky, Paulisch
and Stein, 1954), and Itoh and Arimura (1954) go so far as to
suggest that posterior lobe hormone may inhibit the release of
ACTH from the pars distalis. If the pituitary portal vessels
can no longer be regarded as an elective pathway by which the
functions of the pars distalis are controlled 1 some mysterious
way, the possibility still remains, therefore, that the activity
of the anterior pituitary may be integrated with that of the
neurchypophysis—and so with the hypothalamus,
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the pituitary region of one of their cnitical ferrets  Inspection revealed
that a significant portion of the visible blood vessels did not contain

Indian ink. Conct drawn from i 1y jected
must be regarded as unrcliable.
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competent and concerned not to nuslead their readers in what they
wrote. I shall restrict my remarks to the four ponts Professor 1iarns
made about our own work.

The first concerns numbers. In these experinients I am not impressed
by numbers alone, any more than I was by the comparison of averages
in the experiments on thyroid activaty, where Professor Iarns himself

and that in these animals few, if any, vascular connections had re-
established themselves between the median crunence and the anterior

derive directly from Professor Harns’s thesis that the antertor pitwitary

In order fo ‘test the first proposition, Dr. Thomson and I have tried,
over a penod of more than si1x years, to obtain one or more preparations
in which there is an absolutely eifective barmer between the pars
distahis and the overlymg hypothalamus, and where the ammal con-
cerned responded to light This we have finally aclieved. If we had
achieved 1t only once, 1t would effectively have disposed of the first
Proposition which we set out to test

The second proposition, that the observation of normal piturtary
function implies that the pitwitary portal vessels dram directly mto the
anterior pitwitary, has also been shown to be mvalid, since we now have



588 GEeNERAL Discussion

serial seetjons eventually cut at 160 u, following celividin imbedding,
through blocks of tissue contaimng the hypothalamus, pituitary gland
and base of the sku”  Fyammation of this material showed: (a) The
pitwtary stalk had ~aned in all but the blank-
operated controls . T Ve enrrelated
with the presence o » .
of the tuber cinereun

tipns were clearly vision . -

@strous. Study of three animals 1 s ave,, o
mnserted, showed that the plates had been musplaced (two wean . 3
teo anteriorly, and one obliquely) and thst vascular eonnections had
been re-estabhshed around the borders of the plates. No case of astrus
was observed wr the absence of vascular connections. {¢) The sneestrous
ammals had few, if any, vascular connechions between the medizn
cnunence and anterior priwtary gland, The amimals i ths group (one
simple section, and nme with plates) showed a well marked primary
plevus and a well vasculanized adenchypophysis. (d) Some atrophy
of the pitutary gland oceurred in all ammmals m which the stalk
was sectioned. Measurement of the total »olumes of the miwtary
glands, and of the volumes of the two lobes by the “paper weight™
method revealed that the average velume of the antenor fobe of the
wstrous ferrets was 80 per cent that of the controls, and for the
apcestrous group was 95 per cent of the controls, It 15 clear that, for the
ferret at least, the suggeston of Greep and Barrnett (1951} that repro-
ductive abnonmality folewing stalk section is due to atrophy of the
antenior lobe of the pitmtary, 1s not true.

The conclusion we drew from these results 1s that the hypophysial
partal vessels form a necessary part of the pathuay of the hght-induced
estrous response of the ferret

In considering the, results of Thomson and Zuckerman 1 the hght of
our own work, we feel the following points aze of importance: (1) Ther
conclusions are based on results i very few ammals. It is true that
positive results are more valuable than negative i expenments of this
sort, but w2 drawmng conclusions from such a small group of animals
it becomes ynportant to rule out the possibihity that fawity techniques
have faided to vascular that do, mn fact, exist.

(1) The operative approach--the buceal route—used by these worhers
gives poar facthity for placing piates between the cut ends of the stalk,
and as they sny the plates are “with a few exceptions.. chmnated
from the wound’’  Also thus operstion often results in anatomical
disorganation of the pitwitary statk region wlich complicates the
final histalogieal study. o
(ui) The nucroscopic study of semal sections through the pituitary-
hypothalamic region was made aflter erubedding the specimens in wax
and sectionmg at 10y (Zucherman, persopal comununication).  In our
experience it 15 necessasy to 1mbed i cellowdin and cut thiek sections at
100-2004 in order ta obtaun a clear picture of the vascular anatomy.

And lastly, (v) through the hindness of Dr. Thomson and Professor
Zuchkerman, we have had the opportuaiy of examining sections through
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" Ohe last observation needs to be made. We do not know why the
pitwitary glands of some ammals respond and those of others do not,
after section of the pitmitary stalk. What our observations show is that

A i WS ey aii Ve s
Drrrour. To return to Prof. arnss paper, T was amazed at the

quantity of thyrosne he used 1n fus thyroid expenments, considenng

that the turn-over rate 1n the rabbit must be around 5-7 xg. a day.

any defodination.” The extracts were then takhen 1n acid and alkaline
butanol and run on paper ch By the
technique we were able to show that hypophysectomy does not change
the ratio between the wdinated thyronies (mymme and trmodo-
) and the iodi

but only decreases the rate of ther bmsyntln:sls (Itoche, Deltour,
Michel and Valez, 1953, C. R Soc. Buol., Pans, 147, 270).

Hangis: In our rabbits the rate of secretion of thyroid hormone 1s
about the of 13-18ug. of t per day. Dr K. Brown-
Grant has a paper m press on this pomt. In Diew of s T agree that

twenty-four hours to different temperatures They were killed after the
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several ferrets—additional to those in which there was a barrier hetween
the hypot and pituitary—wluch have responded to light when
no direct vascular ion can be 4 between the pars
distahs and the remains of the proximal stump of the prtwitary stalk
contamning the primary capillary net,

Professor Harns's second point of enticism concerns our operative
approach to the pituitary stalk. I do not know what lus experience is of
the appro.ach we have used, and I am, therefore, unable to say whether

we can obtamn, Dy any means whatever, a preparation 1 which the

they get to the top, they will still see the same view.

Professor Harris's third pomt concerns the thickness of our sections.
Here our expenence simply does not accord with Professor Harris's.
10y sections adequately demonstrate such vascular connections as exist
between the pars distalis and the tissues by wiuch 1t 1s surrounded, Tt
just s0 happens that 1n our entical preparations these connections are
present in all places except where Professor Harns’s thesis demands that
they should be. This 1s evident from the shdes which I have shown®.

Furthermore, I think that Professor Harnis's remark here imphes that
e has not quite graspcd the significance of our preparations. In what he
calls our critical preparations we have been concerned to show whether
the primary capillary net of the pitmtary portal vessels 1s present, and if

ix-ssl-xefj In both this imper;"lous barrier happens to satisfy, completely,
the 1 of our operats d the two animals in

question responded to light.
This brings me to Professor Harns’s last point, Had l:ml'csso‘t‘ll‘nms

senal sections, but wéehs. Other anatonusts huve also examuncd our
preparations for far longer than did Professor Harris or Mr, Donovan.
Kven f one could ever tell whether esery nunute vessel was full of inh—
which I doubt—the suggestion that o sigmficant proportion of the
vasible Llood vessels did not contain Indian 1nk 1s quite incorrect. And
to repeat, 1t is also irreler ant, since what matters is whether there was s

*Now illustrated 1n Proc Hoy Sec. B , 1034, 142, 437%.
1 At the tume of this dicusssion only one had been reconstituted.
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operation,

Harnis: The activities of the thyroid gland in the stalk-sectioned
rabbits as compared with normals and hypophysectonuzed are now
shown i Table I, p. 34%

Zuckersan: Do the ranges just overlap?

Harmus: Ne.,

Trorx: We in this group are really indebted to Professor Harns and
Professor Zuckerman for this discussion. It has been very helpful to
have a problem as dilficult as tlus reviewed by two very careful
workers who are interested only 1n the absolute truth,

ENDOC1
o~y a9
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mechanism which Professor Harris has seen is the result of a two-fold
mechanism in which he saw the TSII released, as ne have seen in the
intact rat, compensating for the effect seen in the thyroidectomized
vat maintained with thyrovme, Ithink that is additional proof for these
expeniments of Professor Harris.

Sorrrn: Professor Harris, have you any theory concerning thenatureof
the experimental inhibition of thyroid function following the administra.
tion of gortisone? In our experiments with the rat, ACTII or cortisone

d { to the adrenal d or intact antmal causes a reduction
m the uptake of 1. The question arises as to whether tlus effect 13
the result of the nhibition of the elaboration of thyrotrophin or the

:‘u‘é;a}al)-ﬂ:‘ofﬂmhll;uﬂgithe “dlaboration of TSI by-the adeno-
hypophysis. .
Harris: We haven’t done very many experiments on that line We

wonder whether the lympl 1s necessarily a trite refl of
adrenocortical activation. In other words, does adrenaline itself, in the
openia?

. t Moy I
pophy-

sectomuzed ammals” have been illed.  Twelse hypophysectonuzed
ammals have been tested with adrenaline, and in most of them we
observed a negative response to this stimulus  Of those which gave a
positive response, the 31 relcase slope Wluch was done concurrently
showed i of i of hyp Only two
ammals wluch were ascertamned to be completely hypophysectomized
listologieally have been tested for response to laparotomy, and the
responses were negative m both mstances.®

ZuckneMan: When I spoke before, T remarked on the reference to
avernves 1n Prolessor Harns’s statement about thyroid responscs, my

1y the histol 1l nation of addibonal

*These findings were
matenal.
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During the three years which have elapsed since the last
conference on this subject, the infant has accomplished a
certain amount of growth. Above all there has been an
cncouraging tendency toward a working correlation of
methods from such diverse sources as neurosurgery, neuro-
physiology, biochemistry, Gestalt psychology and psycho-
analysis (Kubie, 1953; Heath, 1954; Ostow, 1951). Effcctive
collaboration of workers from these different fields has
depended on the degree to which methods were available for
the observation of the integrated organism in action, Ths
implies that the human adrenal as well as the human brain
belongs to an organism of a certain complexity in pursuit of
its needs for satisfaction and survival.

The complexity of the human organism from a neurological
point of view refers to the various levels of integration as
they were desenbed by Hughlings, Jackson and Sherrington.
Phylogenetically considered, the process of encephalization
maintams the capaeity to respond to stimul with compara-
tively simple reflexes but also makes it possible for these
responses to be integrated through lngher levels of the nervous
system, Grinker (1948) points out, for instance, that the
hypothalamus, mn which we are all so greatly interested these
days, is not the only centre for autonomie activity, nor 1s it
the most cephalad. As he states, “'At cach level of the nervous
system such centers exist; that 1s, spinal, bulbar, pontme,
ete. The hypothalamus represents visceral activity in more
special, nghly-organized combinations. Its orthosympathetic
areas conirol and integrate oll visceral activity; its para-
sympathetic areas are more highly specialized and discrete.
However, autonomic representation (also) exists in the
cerebral cortex, both of the parasympathetic and ortho-

antagonistic systems with cortreal ihibitory influences
usually predominating.

The analogy of the cortex and hypothalamus to the



PSYCHOLOGICAL RESPONSES TO THE
ADMINISTRATION OF ACTH AND CORTISONE

Hexry M. Fox, mp.,

Peter Bent Brigham Hosputal, and Harvard Medical School, Boslon,
Massachusetls.

A the Panel Discussion on “Psychophysiological Properties
of the Adrenal Cortex™ held at the meeting of the American
Psychosomatic Society a year ago, the Chairman opened the
session with a quotation from the “Address in Medicine”
by William Gull, delivered in 1869, before the British Medical
Association (Margolin, 1958). Gull, to whom Addison refers
as his “former pupil” and “distinguished colleague’ stated:
“Modern physiology and pathology are advancing the
evidence that whatever is hving has nerve-guality m 1t
The highest expression of this quality is conscious intelligence.
The lowest, 1t 1s from the nature of the case, at present
impossible to mark. This much, however, 1t appears important
to recoguize chnically: that morbid brain force may give
risc to a varety of disorders, apparently distinet from their
original cause. There is a neuropathology from the brain to
the hissucs, as there is a reverse order of disturbances from the
tissue to the bram.” Eighty-two years later Professor
Zuckerman {1952), who had presided at the Ciba Foundation
Colloquium on “Hormones, Psychology and Bchaviour”,
made the following closing remarks: “I therefore feel thot
wlnle we have all gained a great deal of information from our
various contributions, and that while we know a lot more
than we did at the start about the possible articulation of
endoerine factors with behavioural ehanges, we do not knaw
how endoerine factors affect the nervous system or vice versa.
That they do we can be certamn; how they do 1s still a
mystery. Our general concern with documentary matters
indicates that both the chmicians and the experimentalists
are dealing with a science that is still in 1ts infancy.”

594
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observations in the different ficlds are made and conclusions
are drawn,

Psychoanalysis pays particular attention to the psycho-
influences which have failed to mature with the rest of the
personality.  Psychoncurosis and espeaially psychosis are
understood as forms of emotional regression to much carher
emotional patterns. Tlus regression occurs 1 response to
stress, which we may define as any external threat, any intensi-
fication of instinctual drives, or any mcreased demand from
the conscience which challenges the capaeity of the mdividual
to maintain a balanee between his needs and his satisfactions,
This is, of course, analogous to the mamtenance of the
physiclogical balances referred to as homeostasis.

Pharmacological doses of ACTI[ and cortisone affect
psychological as well as pliysiological balanees In our study
(Fox and Gufford, 1933) of over 100 paticuts who were given
ACTH or cortisone for research study, for treatment of
various diseases such as rheumatord arthritis, asthma and
multiple selerosts, or for adrenal insuffictency (in Addison’s
disease or after partial or total bilateral adrenalectomy), the
three most ncarly constant findings and the three most
regularly occurring together wcre alterations in appetite,
sleep and motor activity. The range of psychologieal response
has been found to include changes in mtellectual alertness
and mood as well as an increase or, more rarely, a loss in the
capacity for warmth and fnendliness n personal relation-
shups. Some patients felt physically more alive and became
more keenly aware of external realty and others were dis-
turbed by fechngs of unreality or of depersonalization.
Although there was a wide variety of reaction, most of the
patients who received therapeutic doses of ACTH or cortisone
tended to experience one or more of the following subjective
sensations: some feeling of mereased well-being, heightened
alertness and Leenness of perception, an increase 1n appetite,
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psychoanalytic structural concepts of the ego and id is evident.
The hypothalamic influence on sleep, hunger, motor activity,
energy and meod corresponds to the psychological repre-
sentation of the instinctual dnves (id). The activities of the
cortex are, on the other hand, analogous to ego functions,
such as the capacity of the individual to excrese judgment
angd to orgamze his impulses i accordance with comparatively
long-term planning.

Freud, who was, of course, a distinguished neuropatho-
loguist before he entered the field of psychology, was well aware
of this analogy. His respect for the complexities of mental
life, mcluding especially what he had discovered concerning
the strength of repressed unconscious mfluences, led him to
decide “to ignore the fact that the psychic apparatus con-
cerned is known to us also as an anatomical preparation and
carefully to avoid the temptation to determme the psychic
locality in any anatommcal sense. We shall remain”, he
stated, “‘on psychological grounds and we shall do no more
than accept the mnvitation to thmnk of the instrument which
serves the psychie activities such as we think of a compound
microscope, a photographic camera, or other apparatus.
The psychic locality then corresponds to a place within such
an apparatus 1n which one of the primmary phases of the
image comes into existence.” He goes on to remark that “we
can give our conjectures free remn provided we keep our heads
and do not mistake scaffolding for building.” This was
written by Freud in his epoch-makmng contribution, “The
Interpretation of Dreams”, which appeared m 1900. Recent
advanees represented, e.g., by the preoccupations of cyber-
netics or the complesities of reverberating brain cireuits bave
stimulated some challenging speculations concerning the
human brain but have certainly not reached the point where
they can account adequately for the activities of the human
mind. This makes 1t necessary for psychologists, neurophy-

iologists and biochemists who are engaged in collaborative
research to respect cach other’s methods and tu'mmutai(.l a
clear appreciation for the frame of reference within which

e,
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in response to large doses of cortisone and ACTH, and 1t
could be shown that both young men were attracted to the
experimental situation by an unusually intense need to prove
their physical and emotional invulnerability. A few patients
with neurotic symptoms of fatigue and unconseious fears of
locomotion responded to ACTH and cortisone with great
anxicty and increased inhibittons against movement. Two
patients with anorexia nervosa experienced precisely the
opposite of the expeeted “average reaction”, refusing to eat
altogether, vomiting, complaming of abdommal pain, and
withdrawing into a state of mutism and complete immobility.
These *‘negativistic” responses scemed to oceur when the
intensification of speeific mstinctual conflicts about eating
and locomotion created intolerable anxiety and required an
equivalent intensification 1n the neurotic inmbitions aganst
these activities.

When the therapeutic effects of ACTH or cortisone brought
about a sudden improvement in a long-standing disease
Pprocess, certain patients developed unexpected complications.
In some instances there was a recurrence or exacerbation of
symptoms in spite of continued treatment with steroid hor-
mones. In other patients new symptoms were elaborated
which replaced previous ones. These included transient
conversion symptoms 1n those patients who had a pre-existing
hysterical character structure. A comparatively smallnumber
of patients developed more serious psychological difficulties,
varying in extent from mild states of depersonalization to
severe psychotic episodes, all of which were self-imited
and relatively brief.

Every vanety of clinical response to ACTH and cortisone
seems to represent a summation of three principal com-
ponents; each component plays a part i every reaction but
its relative importance 1s determined by the personality
structure of the individual patient. (1) the pharmacological
eflfect of ACTH or cortisone on the total organism; (2) the
meaning to the patient of an alteration in the symptoms of
the disease for which Ke 15 being treated; and (8) the nature
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a sense of increased energy for physical or intellectual activi-
ties, a renewed interest in their surroundings and former
relationships and a greater capacity for emotional contact with
o?hers. When the administration of ACTH and cortisone was
discontinued, most patients tended to experience a sense of
e1:nptmcss and depression, a loss of appetite, a feeling of
diminished physical and intellectual energy, a withdrawal of
interest from their environment, and a feeling that emotional
contact with other people had been lessened.

This sequence of changes in mood and sense of physical
well-being tended to parallel changes 1 the symptoms for
which the patient was receiving treatment. Energy seemed
to ncrease with symptomatic improvement and dimmnish
with the reappearance of symptoms when treatment was
discontmued. The same changes were observed, however,
i patients whose symptoms were unaltered by treatment
with ACTH and cortisone, and certain patients who showed
marked symptomatic improvement failed to experience any
subjective changes whatever.

Certain patients experienced the sense of well-being in an
exaggerated form, as if the increased mstinctual energy was
difficult to regulate within the Iimits of their customary
defences. Some of these patients described their experiences
as intensely pleasurable, in terms of great alertness, physical
strength, or intellectual prowess, and their bchaviour sug-
gested a state of euphoria or elation sometimes approaching
a mild hypomania.

Other patients became anxious, restless, wakeful, and
complained of irritability, distractability, and racing thoughts.
Apparently they perceived the physiological effects and the
increased instinctual drives as threatening to their internal
secunty. Sometimes these responses seemed to represcnt a
general sense of alarm, as if the patient had become aware of
a non-specific danger to hus existing emotional equilibrium.

Patients who did not react 1 the usual way to the admini-
stration of ACTII and cortisone included two “normal con-
trol”” subjects who demied any subjective sensations whatever
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in response to large doses of cortisone and ACTH, and it
could be shown that both young men were attracted to the
experimental situation by an unusually intense need to prove
their physical and emotional nvulnerability, A few patients
with neurotic symptoms of fatigue and unconscious fears of
locomotion responded to ACTIH and cortisone with great
anxiety and increased inhibitions against movement. Two
patients with anorexia nervosa experienced preciscly the
opposite of the expected “‘average reaction”, refusing to eat
altogether, vomiting, complaining of abdominal pain, and
withdrawing into a state of mutism and complete immeobility.
These “negativistic” responses seemed to oceur when the
intensification of specific instinctual conflicts about eating
and locomotion created intolerable anxiety and required an
equivalent intensification in the neurotic inhibitions against
these activities.

When the therapeutic effcets of ACTH or cortisone brought
about a sudden improvement in a long-standing discase
process, certain patients developed unexpeeted plication
In some instances there was a recurrence or exaccrbation of
symptoms 1n spite of continued treatment with steroad hor-
mones. In other patients new symptoms were eclaborated
which replaced previous ones, These included transient
conversion symptoms in those patients who had a pre-existing
Tysterical character structure. A comparatively smallnumber
of patients developed more serious psychological difficultues,
varying in extent from muld states of depersonahization to
severe psychotic episodes, all of which were self-limited
and relatively brief,

Every variety of clinical response to ACTH and cortisone
seems to represent a summation of three principal com-
Ponents; each component plays a part in every reaction but
its relative importance is determmed by the personality
strueture of the individual patient: (1) the pharmacological
eﬂect. of ACTH or cortisone on the total organism; (2) the
meaning to the patient of an alteration in the symptoms of
the disease for which ke is being treated; and (3) the nature
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of the patient’s phantasies about the action of the substance
he has been given.

Fourteen per cent of our patients developed psychotic-like
disturbances 1 response to large doses of these drugs. Obser-
vation of these individuals gives certamn clues coneerning the
physiological and psychological effeets of these substances
under less drastic circumstances, Our patients experienced a
pathological disturbance of mood, of thinking, and of the
perception of reality. Except for some equivocal disorienta-
tion 1n an elderly woman with dermatomyositis, none of our
patients showed the clouding of consciousnesss, disorientation,
orintellectual deficit that1s charactenstic of organic confusional
states. Glaser (1953), reporting 12 psychoticreactions observed
at the Presbyterian Hospital in New York, on the other hand,
describes two major patterns: (a) a primarily affective dis-
order, either mame or depressive, and, more frequently (b}
an organme (toxic) psychosis with associated para-
noid hallucinatory and (or) affective (usually depressive)
components similar to psychotic states occurring with
Cushing’s syndrome.

Different observers have, similarly, reported a corres-
pondence or no correspondence between these psychotie
states and disturbances in the electrolytes (particularly
potassium depletion) or alterations in the electroencephalo-
gram. The influence of ACTH and cortisone on existing
psychoses has also been studied recently. There was no sig-
nificant therapeutic effect m depressive or mame states
(Cleghorn, et al., 1950; Lehmann, et al., 1950} or in schizo-
phrema (Glaser and Hoch, 1951). On the other hand, cortisone
does have a beneficial effect in Addison’s disease. It may not
only amchorate personahity disturbances to a much greater
extent than can be achicved by DCA treatment, but enables
patients to experience a return of vigour far beyond the effect
of DCA (Thorn, ¢t al., 1953). Cortisone also corrects alznor-
mahties 1 the clectroencephalogram. We have noticed,
however, that in certamn Addisonian patients severe psy-
chological disturbances were apparently precipitated by
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relatively small doses of cortisone and others have reported
exaccrbation of an existing psychosis and the preeipitation
of psychosis in response to cortisone (Cleghorn, 1952; Thorn,
et al., 1951).

There seems no reason to doubt the validity of these various
types of obscrvation cven though some of them at first look
as though they might be contradictory. Forces which eliat
a functional response, after all, may also produce relatively
irreversible structural changes with impairment and eventual
destruction of cells and tissues. The fact that some indivi-
duals experience such profound psychological effects from
taking ACTH or cortisone 1n the absence of any gross dis-
turbances of electrolyte balances or of general toxic damage to
brain tissue requires explanation m terms of more subtle
bioc} 1 on psychological pre presum-
ably more like the ordinary response of the organism to life
stress.

We have rccently attempted to differentiate lfe-long
psychological patterns from emergency defences m patients
undergoing cardiac surgery (Fox, Ruzzo and Gifford, 1954).
This helped to clanfy the nature of rclatively pnimitive
reactions as they emerged under the prolonged and inereas-
ingly scvere degrees of stress imposed on the individual by
the progressive limitation of his activities because of advane-
g heart disease and finally by the threat of an operation
which promised a cure but carried no guarantee of survival.
This experience with patients who recerved neither ACTH nor
cortisone provided a useful background with which to com-
pare patients who responded to these drugs with a psychotic
type of regression.

Even 1n patients less seriously affected, the ACTH or corti-
sone iduced an increased responsiveness both to inner vis-
ceral sensations and to external sensory percephions, while
some of the patients who became anxious eaperienced an
exaggerated sensitivity to hght or noise. This apparently
represented pathological distortion of an effect of the pitu-
itary-adrenal hormones which seems to heighten perception,
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perhaps as part of the readiness for action. Thus the quality
of perception as well as the nature of behaviour and per-
formance help to mndicate the extent to which a useful
sharpening of alertness has been exceeded.

In the Chairman’s closing remarks at the last Ciba Founda-
tion conference on this subject, Prof. Zuckerman (1952)
emphasized that “it is not just some nternal drive which is
primed and ‘fired’ by differences m endocrine balance. As Mr.
Eayrs emphasized 1n the second paper of the meeting, per-
ception is also significantly affected by endoenine factors (and)
this 1s a very important fact.” Prof. Zuckerman went on to
ask whether different intensities of motivation can be associ-
ated with changes in the sigmficant features of a total stimufus
pattern (the Gestalt). He remmded the group that their
discussions seemed to have suggested “that specific neuro-
muscular patterns are less important than the total rcorgani-
zation . . . of the activities of the organism.”

One of our patients was a twenty-nine-year-old woman with
lupus erythematosus which had begun after her marriage
{Gifford, 1954) She was given 500 mg. of cortisone for twelve
days. Duning the latter part of this period she developed a
ravenous appetite with an increased mtake of foed. She was
alert, wakeful, with increased scnsory acwity and enhanced
intellectual functioning. She then became more excited,
could not sleep and was unable to concentrate. She became
afraid of lymng down at all, sleeping perhaps an hour or two
during the night curled up in a chair. In her journal she
noted at this time that “‘complete relaxation is death”. Her
ravenous appetite was now succeeded by an intense fear of
eating. When food was brought to her she showed an imme-
diate interest, her expression would become alert and she would
eat a few bites eagerly. Then she would stop and refuse any-
thing further, either food, fluids, or medication. When offered
a glass of milk she refused it saymg “that will make me turn
into a baby” and she made the same remark when the nurse
suggested that she curl up and make hersell more comfortable.

(Recalling this period after her recovery, she remembered
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the specifie fear that her mother was turning her into a baby.)
Gradually she expressed more and more delusional distortions
in the perception of her body, asking her doctors to examine
her teeth and her knees because they were “fading away, in
and out, appearing and disappeaning”. She experienced other
changes m body image, feeling that her face was getting
smaller, her legs had “faded away”, that she had shrivelled
up and become a baby, and that she was “dead already and
brought back to life”.

Werner (1940), the Gestalt psychologist, has compared the
perception of children, of primitive man, and of psychotics.
This patient’s delusional belief that milk would turn her into
a baby and her perception of her body as literally infantile
Wustrate Werner's description of psychotic regression, “Affect
has once more become a factor m the configuration of the
surrounding world as n the case of a genwnely primitive
mund. And this occurs not only m the sense that the world of
things becomes mvested with an especially strong overtone
of emotion, but rather n the sense that affect actually forms
the world itself . . . The properties of things cease to be
entirely objective, geometne and ‘out there.’ Actually they
acquire and express a much greater ‘depth’ and nner sigmfi-
cance. It is the very roots of expression which are bared by
the pathological retrogression and the gradual replacement
of a higher by a more primative psychological level.”

Aldous Huxley (1954) recently described hus experiences
after taking mescaln, whose effects have been compared to
those of lysergic acid, pervitin, ACTH and cortisone (Hoch,
1951; Hoch, et al., 1952; Glaser, 1953, Cleghorn, 1952; Rinkel,
¢t al. 1952; Lindemann and Clarke, 1952)—all capable of
producing what Hoch (1951) has charactenized as “Psychotic
manifestations i a state of clear consciousness”. Huxley notes
that he *spent several minutes—or was 1t several centuries?—
not mercly gazing at those bamboo legs [of the chair] but
actually being them—or rather,” as he explains, “being
myself in them, or, to be still more accurate (for ‘I’ was not
involved 1n the case, nor in a certain sense were ‘they’} being
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my Not-self in the Not-self which was the chair.” . . . “Visual
impressions are greatly intensified and the eye recovers some
of the perceptual innocence of childhoed when the sensum was
not immediately and automatically subordinated to the
concept . . . These better things may be experienced (as I
experienced them) ‘out there’ or ‘in here,” or 1n both worlds,
the inner and the outer, simulta ly or vely...in
one respect at least, I was now a Not-sclf, simultaneously
perceiving and being the Not-self of the things around me . . .
Today the percept has swallowed up the concept.” Huxley
suggests that the effects of mescalin are the sort of effects you
could expect to follow the administration of a drug having
the power to mmpair the effictency of the cerebral reducing
valve. “When the brain runs out of sugar the undernourished
ego grows weak, can’t be bothered to undertake the necessary
chores, and loses all interest in those spatial and temporal
relationships which mean so much to an orgamism bent on
getting on m the world.”

Huxley, who made such accurate clinical observations,
uses them to illustrate certamn hypotheses concerning the
artistic process and the nature of religious mysticism, Percep-
tual changes oceurring under the influence of mesealin and
patients receiving ACTH and cortisone provide a special
opportunity for the scientific nvestigation of a shift in the
psychological balance of the individual from a relatively
objective recognition of external reality toward a more sub-
jective type of response. Psychic distance between the self
and the outside objeets shrinks and the boundary between
private feelings and outer events becomes blurred. Primiti-
vation of perception reflects the psychological regression from
more highly organized and differentiated responses, to activity
impelled to a greater extent by immediate instinctual dnves
and needs. It scems reasonable, morcover, to make the specu-
lation that this disturbance in the balance of emotional drives
and their psychological inhibition corresponds to some sort of
short circuiting of cortical inil on hypothalamic impul

Tevel

b
Since the Gestalt psycholegists have ped methods for
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measuring the primitivation of perception, the qualitative
changes can be quantitatively determuned. These tests (e.g.,
Gottschaldt figures, which bring out changes toward more
diffuse or more differentiated perception; solving metaphors,
which tests emotional interference with abstract intellectual
functioning; tests of sensori-motor co-ordination; and tests
of certain autokinetic phienomena) can be given before, during,
and after the administration of ACTII, cortisone or other
drugs. Correlation of these findings with alterations i the
patient’s feelings and phantasies observed within the settmg
of a relationship to the psychiatnst during suceessive inter-
views, and concurrent observations of homeostatic balances
as measured by appropriate biochemucal indices, provide a
promising multi-dimensional method for further investigation.
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DISCUSSION

DerTour: Would Dr. Fox like to comment on the experiments that
have been done with adrenochrome, an oxidation product of adrenaline.
It seems i ing to try to these e with those
which have been made with mescaline.

Fox: T only know what I have read n the Journal of Mental Science,*
As you say, 1t is espeaally interesting because 1t may be a natural
product. The kind of disturbances that were described are in line with
what was found with mescaline, lysergic acid, ete  There was not a toxic
type of confusion but rather a severe disturbance 1n a state of clear
consciousness  For instance there were some rather severe depressions

was real sweidal dangér. It 1s o fascinating opportunity for further

research on the whole question.
Derrour It would be important to know if the authors have used

or the o since 1t has been
claimed that adrenochrome has an ACTH-hke action on the adrenal
cortex. Itisnoteasy to verify this because free h
is such an unstable d, but the , which is very

stable, shows this property to a certain extent, at least 1n ammal
expermments. The question amses whether adrenochrome can be
considered in thus case as acting directly, as an oxidation dernvative of
adrenaline, or whether it acts through the adrenal cortex

Fonsitar: Did these workers count the eosinophils in their work?

ZUCKERMAN, No.

EisaDiiaN. In that paper, the remark was made that the adreno-
chrome was unstable. If it was unstable it could not have been the
semncarbazone, because that 1s very stable. The conjugated compound

ou are talhing about is used as a styptic, isn’t 1t? Some sort of anti-
hxmorrhagic?

+J10FFER, A-, OssoND, 1., and SuyTiEes, J. (1934).J. ment, Ser , 100, 29.



DEeLTOUR: Yos, 1t is ily a ympath i i
agent, active on the blecding time, but excrting no coagulating action.

Zuckiraan' T wonder whether the two normal undergraduates whom
you used as controls, Dr. Fox, and who were out to show that ACTH

Fox: That 15 exaetly what we have now embarked upon. We have
and after each of these Qufcrent substances. -

Esaandian: It 1s very easy to get into duliculties in runming experi-
ments of this type. Two or three years ago Dr Malamud, Dr. Ifope and

i T o o B ' T e

'
bas any particular characteristics. .

Fox: I can't give you a defite answer, but I would certainly agree
that those individuals who respond with an nereased appetite, as is abo
seen with the cluldren, do have a certain specific configuration One has
to consider what the intake of food means psychologically to different

pa‘zihﬁ gé _;\x Eraapgian, F and Maranup, W. (1931). J. clin exp Psycho-
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people. One of the important aspects of primutivation is that people who
regress tend to look upon food as the equivalent to love or to affection.
We still retain that 1dea a little when we speak of someone as “honey™.
Browne: One point struck me which you mentioned with regard to
Aldous Hualey, in connection with Northrop’s book on the Meeting of
East and West—Nis description of fechng oneself into an object 15
emphasized very particularly by Northrop as characteristic of orental

art.
Lurr: I should yust like to make a short comment about psychological
changes after hypop Y. ur hyp ients are
different types of people, and behave differently emotionally before the
After hypopl t , without any substitution therapy

P

read five.

Trorx: We have a good deal of e with work
testy in Addisonian patients. Of course the difficult or imposssble thing
to control n the lectrically stunul. work sts is

motivation. And it 1s very impressive in these patients with Addison’s
disease who have 0 level of hormone to begin with, that with the first
application of any quantity of cortisone, there 1s an intense capacity to
do tlungs, which 1s hard to visualize 1n terms of creatine synthesis or
muscle-cell growth. It must reside 1 the central nervous system, and
suggests that a change in attitude or capacity to push‘ oPeself to do thy {?gs

Amsolved problems of heightened ion, to me at least, 1s how
mneh is due to a sti ion of h nervous systems, changes in
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the ego and the id that was domng good. But she also became a little
psychotie, and so her dosage of ACTIL had to be lowered, and with
every 10 umts of ACTI one sonata disappeared, It all ended up with the
same old music poorly performed.

Separating the ego from the 1d might invohve scparation of the
cortical control from the lower vegetative system. We have had five
patients with collagen disense who became psychotic, and whose

the head—and after tlus crisis I was surprised to see that she was
perfectly cured of her polyarthritis. WWhat 13 your opmnion of thyroid
function in such cases?

Fox: Did she recerve large doses of cortisone?

Macu: Yes, and for ten days she was in a very severe state of delinum
and psychee crisis,

e that we can answer a question like

LEwis, T think one must distingwsh fairly sharply between the gross
psychotic reactions, particularly the delinous ones, and these mnor
mamfestations that Dr. Fox 1s drawing our attention to. We made a
controlled study of highly vulnerable people, using placebos as usual in
such a tnal, and we detected no psy chological changes that couldn’t be
aceounted for either as a response to improvement 1n pawmful physical
symptoms or as a result of predisposition evident mn the patient’s
personality and evoked by many other circumstances besides
cortisone,

Psychoses, T think, here fall into a different category from frankly
Psychogenie reactions. When they oceur after cortisone or ACTH there
1s o question of expectation or suggestion, such as might anse in the
ward your patients are in. qute a mythology often grows up in the

ENDOC VI w©
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patients’ minds where cortisone 18 concesned, But nothing of that knd
€an aceount for the gross psychoses that sametimes occur, As far as I
know there is only one observation in the Jiterature that seemed to
throw ight on the chemical basis of the psy chotic reaction: that was the
complete cessation of the psychosis after supplymng potassum to a
pauent recerving ACTH who had severe potassium depletion at the ime
the psychosis developed. ¢ 15 an ssolated observation of Ransohofi’s,
and I doubt whether anyone else has repeated the findimg,

It is commonly asserted that epe shoulde’t undertake cortisone
therapy v people who have hnd previous anental diness or shown
severe signs of predssposition to psychosts. T think this eaution s
unwarranied. The people we dealt with were parucularly selected as
hoving had o mental sllness, and th were clearly d, yet
they didn’t develop any mental disorder winle recerving cortisone or
ACTH. Ithinkone must Jook for physielogical and ek ip
rather than genetic or perhiaps psychological ones, if one 15 gomg to
account y for the ] mental drsturk

There 15 another point I'd hke to ask Dr Fox about Ife stressed
perceptual changes, and particularly heyghiened awareness of reabty.
Now the mam purpose I take it of Ilus werk so far has been to develop
some hypotheses which can be farmulated in a way that pernuts them
1o be tested. And I wondered if he would say what tus hypotheses are
vegarding this perceptual change, which must be very different from
what one sees with mescaline I think we'll find out mare about that
with the help of further psychological tests on these patients, For ene
thing I still don’t think we knew what 1o Jook for in the personality
before the substances ate miven  There certasnly hasn't been a direct
relationship, Y agree, between s pre-existing psychosis and whether a
person 1s fthely to respond with psychosis to these substances. But as
you study very carefully the patients who have reacted 1o this way, you
do come upon much ing therr backg d which
may have a geod deal to do witht. FParticularly whera psychoss 12
concerned, one very often finds a very “normal” person, It reminds me
very much of the kind of thung we used to see m the Army, where the
most acute psychoses seemed to oceur n people wWhe were regarded by
those around them as particularly invulnerable {0 what was gomng on;
it was this “brttle” personabty, not flextble, who was able to stand
stress up to a certain point but then when he broke he really brohe
down, We are trymng to make our observations on these patients on the
basis of projection tests, Rorschach and T.AT., along wth a very
careful beographical study, trying to find out what hind of human

haps they have hished with others, the exteat to wluch the
relationstups really are rather bntile, and the patient’s potential
vulnerabiity even though there has been no actual bmnkda\m:

Eraapiran: After ten years of worhing i tlus field at the Worcester

Foundation, the thing that strkes me most is measurement, We've got
to be able ta measure sometlung, We've then got to be able to say that
what we measure is the same thing cach time we doat. We've got to be
T ahat we are measurine hut haw much of 1t 18 being

v
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PHYSIOLOGICAL RESPONSE OF THE ADRENAI
TO PSYCHOLOGICAL INFLUENCES AS INDICATET
BY CHANGES IN THE
17-HYDROXYCORTICOSTEROID EXCRETION
PATTERN

Hexry M. Fox, 0.,

Peter Bent Brigham Hospital, and Harvard Medical School, Boston,
Massachusetts.

Ever since Walter B. Cannon (1929) described the réle of
adrenaline in mobilizing the organism for fight or fhght,
investigators of the human response to stress have recognized
the special importance of substances elaborated by the
adrenal gland. Sclye’s (1952) observations and hypotheses
concerning the “alarm reaction” and particularly his explana-
tion of certain psychosomatic diseases as an outcome of a
“general adaptation syndrome” have emphasized the function
of the adrenocortical substances.

Earlier studies relied on the fall in the cosinophil count as
the most easily available index of adrenocortical activity.
More recently the urinary excretion products of the carbo-
hydrate-active steroids have been considered a more reliable
index. Our concurrent biock 1 and psychological obser-
vations of the pituitary-adrenal response to stress have been
based on a method for the comparatively rapid measurement
of urinary glucocorticoids as developed by Reddy, Jenkins
and Thorn (1952). Unlike previous methods which measure
only the free urmary glucocorticoids, this method detects
the glucocorticoid metabolites both in the free and the con-
jugated form. The 17-ketosteroids were determined by a
method which combines the ethylene dichloride procedure
of Drekter, ¢t al. (1952} with the colorimetric procedure of
Holtorfl and Koch (1940).

612
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The psychological hods and interpretations were an
outgrowth of certain psychoanalytic assumptions concerning
the nature of stress. Mentally integrated activity is inter-
preted as an expression of biological drives and their deriva-
tives. These dnves preserve the life of the organism and press
for their own discharge. Thirst, hunger, or the urge to breathe
exemphfy comparatively sumple drives, also referred to as
instincts. We assume that these instincts as well as the more
complex sexual and aggressive urges respond to changes in the
hormonal statc of the organism. This results in quantitative
biochemical alterations, shifts in the pattern of nervous
response and qualitative transformations of perceptions and
feelmgs.

During childhood the individual remains a relatively help-
less prey not only to envtronmental perils but also to the
anmlnlaung strength of lus own instinctual drives and needs.
The lifics the develop of certain inner
psychological cnntrols which make 1t possible for the indivi-
lual to find instinetual satisfaction i accordance with
:xternal reality. Under certamn circumstances the demands of
ronscience may themselves become a source of stress. This
norning, stress was defined as “any external threat, any
ntensification of mstinctual dnives or any increased demand
rom the conscience which challenges the capacity of the
ndivideal to maintain a balance between his needs and his
satisfactions.”

Selye (1952) has recently re-stated his interpretation of the
adrenal-stress relationship He has emphasized that stress
sensitizes the organism to respond to normal or near-normal
amounts of adrenal hormone He describes certain mani-
festations of stress as resulting from hypercorticoidism,
whether because of an actual increase i corticord production
or from sensitization of certamn target organs to these hor-
mones. Engel (1953), on the other hand, favours the view
that adrenal hormone maimtains homeostasis by faciitating a
variety of metabolic and other reactions which are primarily
determined by the needs of the tissues. He adds that “in all
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likelihood the truth hies somewhere in between these two
views with the adrenal and stress Tesponscs so inextricably
interwoven and interdependent as to be essentially insepar-
able,”

Our own successive observations of the adrenocortical
responses of certain patients over relatively prolonged periods
of time suggest that variations of adrenal activity constitute
2 sensitive indicator of psychological as well as homeostatic
balances, quite aside from the physiclogical effects of the
adrenal hormones themselves on the functioning of the
organism.

In one such study (Rizzo, et al., 1954) concurrent observa-
tions of behaviour changes and of adrenocortical variations
were made in a cyclothymic patient during a period of over
ayear. Interpretation of these psychological and biochemical
relationships must be cautious and tentative. The available
biochemical methods for studywg adrenocortical activity
have been developed so recently that there has not been time
to establish a “normal” or “usual” background with which to
compare the results found in any given ndividual. Longi-
tudinal studies help to reduce the confusing effect of so many
unknown variables because the patient to some extent
becomes his own control.

Tt was found that glucocorticoid excretion was abnormally
low during the months of manic overactivity but rose to
normal levels along with the patient’s clinical recovery.
During the period of overactivity, glucocorticoid values rose
to normal levels in resp to the admnistration of ACTH
or cortisone on three occasions and twice in association with
psychological situations which apparently consututed. a
challenge to the patient’s specific emotional vulnerability.

Throughout the entire period of study the urinary 17-
ketosteroid excrction remained within normal liouts. This
was so even on those occasions when ACTH or cortisone was
admnistercd. There was no apparent correlation between
the blood eosinophil levels and the clinical state or the unmary
steroid levels. Uropepsin levels were slightly above the normal
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range during the period of overactivity and dropped abruptly
to levels well within the normal range at the time of the
patient's rccovery. Laidlaw and Thorn have discussed the

lications of these findings and have suggested
the mterprcmtlon that during the overactive period the
patient’s adrenal cortex was abnormal in the sense that there
was a diminished synthesis of glucocorticoids n association
with a normal synthesis of 17-ketosteroids. The output of
ACTH from the anterior pitmitary was dimimished but the
synthetic process for 17-hetosteroids was relatively unin-
fluenced by the decrease 1n pitwitary output of ACTH. In
summary, Laidlaw and Thorn considered 1t possible that this
patient’s adrenal cortex had always been abnormal, in the
sense that whenever for any reason the anterior pituitary
secretion of ACTH diminished, the sccretion of glucocorti-
coids fell while that of the 17-ketosteroids continued in a rela-
tively independent fashion at a normal level, thus resultingin a
disturbance 1n the unnary 17-ketosteroid-glucocorticoid ratio.

The patient is a fifty-year-old woman who, since the age of
twenty-one, has had periods of depression lasting for several
months, alternating with phases of overactivity. During the
past ten years the intervals of relative emotional stability
have lessened and the seventy as well as the duration of the
mood disturbances have mncreased.

She has recerved psychotherapy for the past four and a half
years. Her initial overactivity lasted for eighteen months
and was then succeeded by depression for over a year, during
which, at the age of forty-eight, she was admtted to a psychi-
atnie hospital for the first time in her life.  After leaving the
hospital, several months of unstable transition were followed
by another year of overactivity with excitement of such
severity that she had to be re-admitted. Studies of her
adrenocortical function began at the time of her second
hospitalization. Observations were made throughout this
period of excitement and have been continued since her dis-
charge from the hospital and the resumption of her usual
Tesponsibilities—a pertod of over a year in all.
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For several months during the period of greatest over-
activity her glucocorticoids fell below 1 mg. per twenty-four
hours—an abnormally low value. Three times during this
“low"” period the glucocorticoid level rose to normal in
response to the administration of ACTH or hydrocortisone
although these substances produced no observable effect on
her mood or behaviour. The glucocorticoids also rose in
assoclation with two psychological situations that tere
especially threatening to her self-control. They increased
during the twenty-four hours before she left the hospital for
the first time in five months. She had begged to be allowed
out, but this meant giving up a protection against the possi-
bility of carrying out aggressive impulses toward her family
or her friends. The glucocorticoids again rose after a stormy
visit home during which she felt rejected by her husband and
turned from him to an alcoholic woman friend—a situation
which may well have been experienced as a repetition of her
childhood disappointment in her father and a frustrated
infantile appeal to her mother who also drank large amounts
of alcohol. Other visits were accompanied by a certain amount
of emotional tension, but the special circumstances of these
two occasions aroused her anxieties to a much greater extent.
In association with a gradual chmeal recovery the gluco-
corticoid excretion returned to a normal level.

This patient was treated and observed by a psychiatrist
and, although she had not been psychoanalysed, the clinical
material has been psychoanalytically interpreted. The
infantile regressive (oral) implications of mamnie depressive
psychoses have been repeatedly demonstrated since Karl
‘Abraham (1927) described them so vividly twenty-five years
ago. This regression activates a ruthless drive for pleasurable
intake, partially gratified during the manic phase (e.g., by
phantasies of swallowing the loved object—in the words of
this patient, “‘absorbing his essence”’) and expiated to some
extent by punishment during the depressive sclf-attack.
During “normal” intervals the cyclothymic personality proves
vulnerable to any interruption of cgo-bolstering influences
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(Bibring, 1953). The loss of such support, more often in a
setting of feeling jilted rather than merely saddened, brings
the threat of raging self-destructive frustration. Manic over-
activity attempts to deny the emotional loss and to externalize
the self-destructive rage. The patient retrospectively des-
cribed what she had felt during her most cxeited perniod—
“not only is my philosophy to be happy no matter what the
circumstances, but to exude happiness. My acting as a rule
15 50 successful that I can nearly inwardly achieve the state,
A psychiatrist can observe this and, therefore, realize that I
am striving to overcome an unwelcome guest 1 my house.”
Thus a state which may be interpreted as one of psychological
regression to a comparatively primtive manic demal of
depression was found to be iated with a d hed
excretion of glucocorticoids and a normal excretion of 17-
ketosteroids,

The increase in urnmary 17-ketosteroid-glucocorticord ratio
during a period of overactivity reflects a relative predominance
of the anabolic over the catabolic phase of protein metabolism
insofar as adrenocortical sceretion 1s concerned. Could this
represent the physiological counterpart of the patient’s
psychological defence against depressive drives which self-
destructively threaten her own tissues?

Further observations on this patient, espeeally if she
should again become depressed, and on others, will clarify
the meaning of these early observations. Whether the adreno-
cortical pattern of response reported here will be found in
other cyclothymic patients remains to be demonstrated.

AL Reiss (1958) at Bnistol has investigated the day-to-day
vanations in the steroid hormonal excretion of mental
patients. Since he used a dufferent techmque for measuring
the glucocorticoids, we eannot compare our results with his.
He has, however, rcported that the excretion rates of 17-

ids and of the g tieoids were not necessanly
parailel and that these relatmns])lps shifted when the patient
went from one emotional phase toanother. Unpublshed recent
findings of a sharp rise in the glucocorticoid level of one of
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our patients with acute excitement suggest that the b
chemical response 15 quite different in states of panic befo
the defences have become relatively stabihized.

In the study just reported, an alteration in adrenocortic
function was observed with the activation of certain infanti
emotional conflicts. If future observations confirm this,
may lead to the further elucidation of similar psychosomat
problems (Margolin, 1953) and also of such closely relate
psychosomatic disturbances as anorexia nervosa, obesil
addiction and ulcer. We think of them as closely relate
because clinical observation indicates that oral intake for a
of the patients with these psychosomatic disturbances h:
unconscious emotional implications in certain ways similar t
the primitive phantasies expressed by some psychotics. Tk
fact that psychosomatic diseases such as ulcerative colitis ¢
asthma sometimes alternate with severe depressions seem
to confirm the hypothesis that there is a similarity mn som
aspects of the underlying psychological structure of patient
having erther a psychosomatic disease or a functional psychc
sis. This 1s also suggested by the same special vulnerabilit
to rupture of human relationships demonstrable durin
T i from psychotic cpisodes or during intervals be
tween bouts of severe psychosomatie disturbance.

It now looks as though the early attempts to assign specifi
psychological confliets to each of the so-called psychosomati
diseases was somewhat misleading and at the present tim
there has been a tendency to emphasize the basic similaritie
rather than the differences in the psychological structure o
patients suffering from any one of these diseases. We no longe
think of the psychological conflict as the cause of the somati
disturbance but are more inclined to think of both as expres
sions of an underlying defective integration of the organism
We assume that this defect in function can be observed in
corresponding disturbance of neurological, hormonal, and

1olooi

v

1 balances in resy to stress. i
Different people react to external events i various ways
and we all know that the same person reacts differently at
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various times. To study the effect of life stress, therefore,
requires an intimate knowledge of the person. A psycho-
analysis makes it possible to aequire this knowledge within
the sctting of a relationship to the therapist which reaches
sufficient emotional intensity and has the advantage of daily
{five times a weck) intgrviews (fifty minutes to an hour each)
continued for a period of two to three years. The technique
of free association provides access to unconscious mental
influences which become more clearly elucidated as the
analysis proceeds. During cach hour the patient reports
psychological experiences which at first scem unrelated and
diverse, but then converge toward a comparatively small
number of underlying trends which the patient gradually
Icarns to recognise with occasional help from the analyst who
calls attention to apparcnt blind spots. This process gradually
brings greater gnition of drives and
defences. We assume that the resulting change in the function
of the organism is reflected neurologically by some sort of
2 RS

stability of hormonal rhythms and balances.

Scientific observation 1n chemustry or physies meludes
consideration of the effect of the procedure itself on the data
ohserved. This principle holds for psychology, of course, as
well as for any other disaipline. Psychoanalytic observa-
tion permuits us to gain an understanding of the unconscious
as well as the conscious effect of our procedures on the patient
mcluding the meanmmng of his relationship to the analytic
observer (the transference).

A year ago we began the psychoanalysis of a thirty-four-
year-old man with a duodenal uleer Some months previously
tarry stools had been followed by a severe haemorrhage re-
quiring a number of transfusions. He felt that his uleer must
be related to certan problems which included his feeling
“blocked” from making any progress on a thesis for us Ph D.
degree. He expressed an eagerness to get started in analysis,



620 Henry M. Fox

hoping that 1t would make him more productive. He felt
some anxiety, however, about whether the analysis would
disturb him to such an extent as to make it more difficult for
him to undertake a new course he was planning to teach in
the coming academie year.

Before the beginning of the analysis he was asked to bring
in a series of twenty-four-hour collections of his urine, and
twenty-four-hour collections have been continued since. The
7a.m.tolp.m., 1 pm. to7pm.,7p.m.tolam,andlam.
to 7 a.m. collections were examined scparately, Volume,
creatinine, 17-hydroxycorticoid and uropepstn determinations
were made on each specimen. Lardlaw and Thorn were parti-
cularly interested m the dirnal excretion pattern of the
17-hydroxycorticoids which was found, before beginning the
analysis, to correspond to most of the observations which had
been made on healthy subjects. Much more of the steroid was
excreted during the daytime than at night and the least
amount was excreted n the 7 p.m. to 1 a.m. period. There
was a slightly increased excretion between 1 a.m. and 7 a.m.
when the patient was asleep. During the twenty-four hours
including lus first psychoanalytic interview the pattern was
rather dramatically reversed with a much greater output of
steroids during the night. This reversal recurred on a number
of occasions during the early months of his analysis but this
happened less frequently thereafter, even though his steroid
excretion during the daytime sometimes reached levels found
in patients with Cushing’s syndrome. .

The patient has not felt emotionally neutral either to the
urine collections or to the psychoanalysis itself. In an early
interview, e.g., he remarked that he felt he was much too
excited about trying to do exactly what had been requested
for the laboratory. He felt he had to do 1t exactly and'right
on the dot “otherwise Papa won't be pleased”. This reminded
him of lus relationship to his own father. It was not so much
direct orders from his father that he found difficult to deal
with—he could usually oppose these when he wanted to. It
was the “implied order” that he could not avoid carrymng out.
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He would try to hear what his father really meant no matter
what his father actually smd. e felt the same way about the
doctor or whoever clse was asking him to carry out these
laboratory procedures. He added the next day that he had
noticed the cute sceretary at the laboratory, wondered whether
she was the one who examines his urine, and what she thought
about him as a man. s

His emotional investment in the collections was mani-
fested at other times by somehow “forgetting” to bring them
in at all but expressing regret because he realized that smee
he had been under unusual tension we would probably have
been particularly interested 1 specimens obtamned during
that period. During tis 32nd mterview he remarked, “I have
the feehing that if I urinate 1 enough bottles and am a good
boy and come on time that you will give me the book
chapter by chapter.” He added that he felt that if he told the
analyst everything about himself, especially the nasty things,
that the analyst “would take his soul, putt through a washing
machine and give it back to lum at the end of the two years
all clean and dry.” Later in the analysis hus passive orality
became more insistent and he complained that he brought
Iis fee, lus urine, and his blood but that all the analyst did
was to sit silently sucking out hus secrets,

Since we are still 1n the mudst of making the observations
on this patient, we are not yet 1n a position to arnve at defini-
tive conclusions concermng our data. The matenal has been
introduced for d 1t 1llustrates a method for
concurrent  bioct 1 and psychological study of the

8
response of the human adrenal to Iife stress,
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had not”encountered before in our studies was the almost complete
disappearance of 17-hydrony matemal, wlule the Letosteroids were
mamtaned, not at nummum normal values, but at levels of 12-14
mg /day. We know that 1n acute mania, or in the acute anxety state at
least, that the Letosteroids may be very much increased. But this
patient, as Dr. Fox explaned, had been in tlus phase for some penod
when our particular study began. At fint we thought that probably

values as being within one of our normal ranges. However, she has
fallen quite close to one of the cases that Dr Wilkins described n wlhich
any tendency towards loss of normal menstrual peniods and normal
function mught actually have been factors of secondary aggravation of
her disturbance. It was curious that at the time when she was
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red this
. . . O N 7id you

Tronx: No, we have not done that. X would assume they might very
well be there, and that this stuft 1s in one area perhaps,

Wiekins: Dr. Thotn asked me about the interpretation of some of
these results. I would admut that 1t is very important to take into
consideration the relative ratios of the diflerent types of adrenal
functions ( bly ting androgeni
and comparing themn with the other types of hormone function. 1ow-
ever, I think great difficuity anses in the interpretation of urnnary
steroid excretion results, no matter what method of measurement 1s

i to two types of which are end-
bolites and are bolized 1 duffe ways. ¥ certamnly would
agree with Dr ‘Thorn that there are some women with borderhne cases
of the adrenogenital syndtome in which the ketosteroids may not be
excessively elevated, and in which there may be lursutism and sup-
pression of the menstrual cycles, anovulatory cyeles, and that some of
these women are helped by the administration of cortisone, but whenat
comes to ashing me to nterpret quahtative differences in adrenal
responses from data relating to the types of urinary steroids such as
presented, I must be excused

From a more general point of view, 1n a study of psycluatrie material

T feel that 1t 1s exceedingly important to have a very careful control
about the dietary status and nutntional status of the patient, which
often becomes very miuch affected and may stuft markedly in psychiatric

o -
function.

Brownxt. In connection with the day/night reversals, with regard to
the hetosteroid nses we found those nat mfrequently n our acutely ifl
people or, when they were recovering, after a sleepless or disturbed
night. T wondercd whether, when these reversals occurred in the course
of the analysis, there was unusual dreami activity or the person was

amtated and stayed awake all mght

TepEst AL U e
us very much.
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Browse: You say the problems don't come out. Can you date at
what point in day or might those problems occurred?

Fox' Sometimes,

Browye: And apart from the dream content, what about slecpless-
ness, disturbance, thinking over the interview of that particular day—
were those eorrelated?

Fox To some estent, After a disturbing interview he would some-
times have stomach symptoms. On one oceasion 1 an analytie session
he was so disturbed that he got up from the couch and took some

of many days when the total excrction of materal that we were
measuning would fall wcll up in the Cuslung’s range.

Lurr: I should hike to ask Dr. Fox, on the basis of lus expenience, if
we can ever expeet to find a regularly appearnng dirnal thythm of
17-ketosteroid excretion, and 1if so, can we then assume that this 1s a

before, Dr. Thorn's group has measured diurnal vanation on some
wmdividuals, and we have some idea of how some people react, but st

11 1047 Plullips and T showed differences i the lymphocyte dwrnal

normals and psychotics I think there 1s considerable background
mformation.
. At the Worcester Foundation we are now studymg durnal rhythms

were two nuajor correlations: the first was between the glucocorticoid
excretion and the number of psycluatric interviews, and the second
between the number of psychiatric nterviews and the overactivity.
The glucocorticosds were up durmg the period she was at home and were
Jow when she was 1n lospital. I'd like to know whether Dr Fox has any
Views on cause and effect there, 1n view of the fact that Dr. Elton Mayo
*Pincus, G., Rosanorr, L P. and Carlo, J (1934) J. Geront. 9, 113
RNDOC =y 11 41
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long ago showed that interest in an individual increased lus work output
and efhicieney m industry.

Fox: The patient was no longer psychotic when she was sent home,
The diference between normality and overactivity was very well

ked was so ract that psycluatne hospitalization was
necessary during that first period. The more subtle changes between
overactivity and normality would, on the other hand, apply to the
psychoanalytic patient, who was at work each day, so that tle changes
there might very well have some relationslup to what goes on after he
hasg had treatment. There we do try to eluminate that variable by seeing
him every day.

Tuors: The point you make, Dr. Cope, is that in her original situation,
when she was qute 111, she was therefore seen at more frequent intervals,
The reduction 1n mterviews was occasioned of course by the fact that
she improved.

s better? -

* Tt seems.
to correspond closely-

Fox: Although it looks as though there was a tendency for it to
become lower s she improved, the gastro-intestinal experts felt that
according to the method they werc using they couldn’t really be sure
that there was enough change to draw any conclusions.

BrowNE Did she have any nise mn uropepsin with ACTII?

Trorn: She had ACTH for one day only, and I tlunk Dr. Gray's
feeling is that 1t may take several days for ACTH to have an effect.



ADRENOCORTICAL FUNCTION
OF COMBAT INFANTRYMEN IN KOREA

Frip Envangias, ps .,

Worcester Foundation for Lrperimental Duology, Shreasbury, Mass , and the
Joling Hophins Unu ersity, Operatians Research Office, Chery Chase, Maryland.

Ix late August 1932 a tcam, conststing of personnel from
the Army, Navy and Operations Researeh Ollice, went to the
Yar East to study the phyvsiological, psychological and psy-
chiatrie aspeets of combat stress of mfantrymen, A prelm-
nary report has already bren made*. This s a preseutation
of the physiologieal and bwchemical data compled and
analysed stice that prelimmary report, with emphasis on the
adrenal cortical function and steroid metabolism, The data
melude unnary 17-ketosteroids, Porter-Silber chromogens,
NajK ratio, urea, urie acid and a few analy ses of six imdrvadual
17-ketosteronds eontaned i the alpha fraction

Subjects

Two principal groups of men m combat were studied: (1)
A group of nien designated as “Able Co ™ which expertenced
an acute combat situation m which they were the leadig
company 1 an unsuccessful attempt to regan a hill position.
Data to be presented from this group melude a pre-combat {A)
sample obtamed some two hours after they were Lriefed for
the attack; another sample (B) some seventcen hours after
they were returncd to the rear (this group mcludes only five
men who were in the onyminal group). and a four-day (C) and
twenty-two day (D) follow-up after the principal engagement.
(2) The second and smaller group consisted of men who
experienced a prolonged and sustamed action defending the
fuil position, after it was taken, agamst enemy counter-
attacks for five days. No pre-combat (A) data were obtained

*Prcluminary Report  ‘Technucal Memorandum ORO-T—41 (FEC).

Ga7
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from this group wiich was designated as “George Co.”
However, data will be presented on (B) some fifteen hours
after they were relicved and some ten days (C) after the
defensive action.

These data are compared with a group of controls—men
who were stationed immediately beluind the main line of
resistance in blocking position. Data of a group of psychi-
atrie casualties will also be be presented.

A second aspect of the data to be reported includes a small
sample of cach group who were selected at random and to
whom ACTH was given to test adrenal cortical reserve or
responsiveness. Previous to testing the men in the combat
area, a group of men in Japan (Camp Omuya) were given the
ACTII in a test-retest situation to determine reproducibility
in the same individual of the adrenal reserve of capacity.

Methods

Samples (not including the ACTH test) represent collections
over a mean time of about three hours. Except for (B)
samples of both Able and George Co. the majonity of samples
represented before-noon urmes. Those recerving ACTII were
injected with 2 ml. of Wilson’s Gel preparation m the after-
noon and collections made over approximately a fifteen-hour
period; the last voidig bemng thie following morning about
5-6 a.m.

The method for extraction of 17-ketosteroids was that
deseribed by Pincus (1945). The urine was hydrolysed with
hydrochloric acid, extracted with ether, and the total neutral
extract taken to dryness in Korea. The extracts in test-tubes
were flown to the United States and steroid analyscs were
completed at the Worcester Foundation Laboratories. The
butanol extraction for Porter-Silber chomogens and prepara-
tion of the samples for analysis were completed in Korea and
sent in test-tubes to Dr. Peter Forsham at the Metabolic
Institute at the Universtity of California IHospital, for the
conduction of the Porter-Silber reaction. The method used
weme n mndifieation of the Reddy Method (Reddy, Jenkins and
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Thorn, 1952). Paper ¢l graphy of alpha ketosterowd
was conducted by the precedure deseribed by Rubm, et al.
1933,

Results

Control and Combat Data

In Fig. 1, we present the mean 17-ketosterard output
values as mg. per hour in the various control and combat
groups. Able Co. A munus oflicers has been set up separately
for two reasons: (1) officers contributed urmes to the pre-
combat {\) series but not to the subsequent ones, and (2)
the officers exlubited, as a group, an extremely high output

s
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Fic. 1. Urinary 17-ketosterord excretion. From left to right the
first (A) represents the mean value of the contrals, the first column
underth ) he mean of menn Able
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level of 17-ketosteroids (17-KS). The average (A) output
value for the five officers was 1-074-0-187 mg. per hour,
whereas the correspondmg value for the fifteen enlisted men
was 0-56:4-06 mg. per hour. [t1s deduced that either these
officers at any rate were a group of “high” 17-KS excretors
(Pincus, ¢ al., unpublished), or that emotional tension
attnibutable to battle anticipation led to especial activation
of the pituitary-adrenal system during the pre-combat period.

When mng. per honr pre-combat values (A) arc compared
with post-combat values (B) for Able Co, a not quite signifi-
cantly lugher value 1s obtained for the latter period In con-
trast, the post-combat values (B) for George Co. are signifi-
cantly lower than both the Korean control and the post-
combat (B) Able Co. values. There are no other statistically
significant differences between the various sets of data, Itis
notable, however, that the psychiatric battle casualtics ex-
hibit the lowest mg. per hour output, mdicating no stimula-
tion, but rather a damping of the 17-KS output.

The NafK ratios are depicted 1 Fig. 2. We note that in
the control group we have farly good agreement between A
and Al (test-retest at one week interval), somewhere around
three as a value, However, in observing the data on Able Co.
we find that A of Able has a relatively low ratio, indicating
some degrec of adrenal cortical activity with respect to
electrolytes and, furthermore, that 1t 1s still low in B. How-
ever, in € value we find that the value comes back towards
normal, in fact a httle above normal, and that tlus continuces
in D. With regard to George Co. we find that the ratio is
hioh on the average, indicating hypoadrenal activity, Then
50‘151\9 nme to ten days later we find that the value has returned
back towards normal  The psychnatne group shows a low
Na/K ratio, mdieating some degree of adrenal cortical
activity, mn fact the same degree of activity as that of Able .4
or B, but with a very low 17-KS

Yig. 3 <hows the urea mitrogen m terms of mg. per
hour. We note that m the Kotean controls A and .A? we have
fair agreement, namely, within 100 to 500 mg. urca nitrogen
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per hour. In .\ of .\ble there is an inerease; this increuse 1s
only of marginal significance, In B we have a real increase
in the urea nitrogen, indicating a symificant protein eata-
bolism (almost doubling the urea nitrogen output above that
of the normal controls). In C we sce this return of urca nitro-
gen back towards its normal value and in D a rather shght
increase, but not sigmificant. In the case of the chronie stress
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Fic. 2. Uninary sodium/potassium (molar) ratio  Numbers at the
base of the opcn columns indicale the number of deferminations
included 1n each group.

situation we find that rather than a mtrogen catabolism, the
value 15 in the normal range, and 1 the post-stress the C
value inercases somewhat though not significantly,  The
psychiatric group shows a deercased urca output This value
3 quite low and siguificantly loser than the controls. Tt
should be pointed out that in the B of Able the nereased
urea mnitrogen excretion 1s reflected mn the blood with a
very significant high urea value; almost 20 mg. per cent
urea nitrogen 1n the.blood
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In Fig. 4 we have a scatter diagram of the Na/K ratio
against the 17-KS of Able Co. B, mdicated by the dots with
the circles around them and the X, indicating the George
Co. B group. The correlation coefficient of the Able group
was —0-6 but was not significant. However, we note that
the extreme values in Able Co., those who had a low 17-KS,

w5 Jor

Joo)

00]

pbEes

241 9. 17, o ” 4
A/ A 8 [ > 8 ) PSYCHIAT

Fi. 3. Unmne urea mitrogen cacretion. Figures at base of open columns
indicate number of determunations wcluded m each group.

are those who have a high Na/K ratio and the converse, the
low Na/K ratio mdividuals, are those who have a lugh 17-KS.
We note that mn the George Co. {the X’s) they are scattered
along the low 17-KS and high Na/K ratio arca. .
Figure 5 shows the urea nitrogen m mg. per hour against
17-KS 1n mg. per hour. We have a very good correlation of
4+-0-74 and a significance of <0-01. Tlere again we note that
the data of George Co. B are clustered around the low 17-K8
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and low urea arcas. We obtain the same pieture as that with
the urca when uric acid is plotted agamst 17-KS. The r 1s
+0-54, with a significance of <0-01.
In general, we see from these data that Able Co. B3 shows
increased adrenal cortical activity in the indices exammed,
®o 3
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Fic. 4. Relationslup of the Na/K ratio with 17-

ketosteroud excretion of both Able Co. B and
corge Co B.

such as 17-KS and Na/K, with catabolism, as shown by the
urea and uric acid output The catabolism 15 evident also
with higher creatinine values. 'This 1s not apparent m the
chronic group, namely, George B, where we have no ncrease
m 17-KS and the Na/K is Ingh; the mtrogen metabolism is
in the normal range. In the psychiatric group we find that
there s a low 17-KS, but, unlike George B, a low 17-KS with
some degree of electrolyte activity.
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ACTH Tests

In Table I are the 17-KS data on the group of seven soldicrs
stationed at a rchabilitation centre in Japan (Camp Omiya)
and subjected to an initial (A) and a repeat (B) ACTH test
with urine collected for the fifteen hours following ACTH
administration. No pre-injection samples were determined.
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Yi6. 5 Scatter diagram of unmary urea mirogen ex-
cretion and the 17-ketosteroids of both Able Co. B and
George Co. B.

Whether the data are caleulated as mg. 17-KS per hour or
per 100 mg. creatimne, remarkably high and sgmficant
correlations between the data of the two tests are obtumcc:l,
indicating that with the ACTH used the x7-I.{S' response is
remarkably uniform and Iughly characteristic for cach
individual. n

Figure 6 represents the mean data of 17-KS f\or various
subjects 1n the ACTH test. It should bc‘nolcd, first of n}l,
that the Korean controls exlubited no increase of 17-KS
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Table 1

Rerropucinir ity or ACTH Test®

17K, mg the 100 Eveat J
4 & ] 7
0-52 057 0 6o a7
9-21 018 0-38 0 67
0-62 o 51 090 —
073 073 114 11
024 035 055 0 51
023 02 0 30 0 50
008 013 0 10 02
=095 =0 94

>Tume of cach eullcction represented unoe cullected from 3 00 pin 107 00 s thus in-
cludiag overasght sample. ACTEL mven about S 00 p m
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F10, 6. 17-Ketosterod excretion g /100 mg. creatimmne before
and after ACTIL. Number at the base of open columns mdicates
the number of mdividuals tested.
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excretion following ACTH administration. Since the pre
injection unine collections were made between approximately
9.00 a.m. and 12.30 p.m., and the post-mjection collection
for the followmng fiftcen hours, which included a period of
sleep, this apparent lack of stimulation may in fact involve
sufficient stimulation to restore toward the morning level
the known decline in 17-KS output values oceurring in the
afternoon and during sleep (Pincus, 1943),

In any event, in contrast to the control subjects, the men
of Able Co. tested show increases of 17-KS output following

(O gerone acrm
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a » ) > & c 8
Courgat AELE co CeofGe o FSyeuiaT

Fic. 7. Unnary sodium/potassum (molar) ratio before and
after ACTH, number at the base of the open column represents
the number of individuals included.

ACTH both in the post-combat (B) period and ten days later
(C). The George Co. subjects, on the other hand, demonstrate
a decline of 17-KS output following ACTH (which 1s parti-
cularly obvious in the mg. per hour data) during the B period,
but ten days later during ACTII an output increase occurs.
The psychiatric casualtics demonstrate a significant increase
of 17-KS per 100 mg. creatinine in the post-combat period.

Figure 7 contamns the Na/K ratio before and after ACTIL.
Ve find that on A and A in exght individuals we have fairly
good agreement in adrenal sensitivity as noted by the NafK
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ratio. We find that in B of Able the adrenal responds to the
ACTH even though the pre-samples already indicate some
degree of adrenal activity., In D sample (C samiples were lost)
we find that the Na/K ratio is high, that is back to normal n
the pre-ACTH samples, and is responsive to the ACTH by a
reduction in the NafK ratio. Now the mteresting feature is
that of George Co., where there 1s a hypoadrenal-cortical
activity as indieated by the Na/K ratio. There 1s, however,
a response of the electrolytes after ACTIL, though there was
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Fi6. 8. Porter-Silber chromogens before and after ACTH (see text),

no such evidence n the 17-KS. (We will note next that the
17-KS are about the same as the P-S). The values in C
rteturn back to normal. In B of the psychatric group we
find that though the adrenals are active there is much more
activity in terms of electrolytes after ACTH.

In Fig. 8 we have the Porter-Silber (P-S) chromogensin terms
of mg, per hour in three separate groups: (1) the Korean econ-
trol, (2) George Co. B and C, and (3) the psychiatrnic group.
Our Porter-Silber data were scattered because only a portion
of the total samples extracted were analysable. This m all
probability is due to the high blank and other defects m this
particular method used, as well as possible techmical errors



638 FreEp ErMapiian

in preparation for analysis. In our Korean controls there are
only a few determmations, The first block indicates the
pre-ACTH group and is followed by the post-ACTH. In
these particular data the post-ACTH group do not include
any of the individuals i the pre-ACTH group. There is a
clear increase as a result of ACTH njection. In B of George Co.
we notice that there are some seven determations for pre-
ACTH and three for post-ACTH. The three individuals in the
post-ACTH data are included in the pre-ACTH group. We
note that the adrenal 1s non-responsive as measured by the P-S
reaction. However, in C we note that there 1s a response to
the ACTH after nme to ten days, and the four mdividual
determinations are included n the pre-ACTH. In the psy-
chiatric group the two pre-ACTH are not the same dividuals
as the post-ACTH. We note here that two features stand out:
(1) there 1s m control samples a greater merease in the post-
ACTH m the P-S than there was m the 17-KS, and (2) that
the adrenal non-reactivity observed in B of George Co. mn the
17-KS 1s confirmed with the P-S reaction. However, m the
psychiatric group there 1s a difference—we have an increased
reactivity of 17-KS after ACTH, but we do not have such a
phenomenon 1n the P-S reaction. The data in this group are
admittedly small in number and rather scattered, but we
feel that these data are at least mternally consistent and
mdicate a differential steroid excretion.

In Fig.9 we have the 17-KS determunations on which wealso
have P-S. The scatter diagram represents P-S mg. per hour
agamnst 17-KS mg. per hour. We note two features mn these
data: (1) from about 0-3 mg. of the 17-KS per hour excretion
to about 0+7 mg., we find the distribution of these points
such that a small increase mn 17-IS 1s related to a greater
increasc in the P-S. However, we note that after this critical
point of somewhere between 0 7 to 0-8 mg. per hour, the
17-KS continue to increase but that the P-S titre decreases.
On mspecting the data we noted that the distribution between
0-3-0-7 mg./hr. 17-KS consisted mostly, 1f not al],‘of control
values, while those where the 17-KS values are higher than
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the 0-7-0-8 my. per hour level are stress samples. We feel
that from these data some fundamental aspect of sterowd
metabolism is revealing itsclf here, especially with respect to
stress.
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Fic. 0. 71he relation of the 17-hetosterod and Porter-Silber
* chromogens determuned on the same samples.

Discussion

In the comparison of an acute stress agamst that of a
chronic stress situation, a large number of wdices indicate
that the biochemical status, or say biochemical profile, of a
chronic battle situation 1s quite different from that of the
acute, Whereas in the acute state there 1s an indication of
increased steroid output with mcreased protem catabolism,
we find that in the chronic state (as far as the steroid meas-
ures are concerned) there 1s a dulling of the adrenal cortical
function and no protemn catabohsm However, 1t should be
clear from the electrolyte data observed n the chromie stress
situation after ACTH that the adrenal is not completely non-
responsive; 1t 1s non-responsive as far as 17-KS and P-S are
concerned, but it does respond to ACTH where some hormone
apparenily related to the clectrolyte function is stimulated,
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It may be inferred that whatever hormones are being stimu-
lated after ACTII (acting on the clectrolytes) in the chronic
group, these hormones are not the compounds detectable in
17-KS tatre or m the P-§ titre. Since it has been demonstrated
that ACTH does not ncrease the excretion of electrocortin,
the suggestion may be made that the steroid responsible for
this effect could be Compound B (corticosterone). The meta-
bolic products of B would not appear as 17-KS and probably
only slightly as I>-S chromogens. In the pre-ACTH psychi-
atric group we see that the 17-KS and the P-S indicate a
lower adrenal cortical function level, but with some degree
of electrolyte action present. Furthermore, when ACTH 1s
given in the psychiatric group, there 1s a marked 17-KS
response, but the P-S is not very great; as a matter of fact it 1s
clearly less than normal. The electrolyte response is very
sharp. The lowest electrolyte ratios are observed m the psy-
chiatric group. Reviewmng the data then, each particular
group, namely, the controls, the acute group, the chronicgroup
and the psychiatric group, hasa different “biochemical profile”
and can be differentiated one from the other (Table II).

Table I
SuMsMARy
Contryl Data Acute Chronic
Unine
17-KS 0 64 mg /. (+) (-)
1.5 Chrom. 0 51 mg./hr. . (+) ()
NajI (molar) 3 0 (—) (+)
Urea 450 mg. urea N/, (+) n
Unic Actd 30 mg jhr. . (+) n
Rlory/d
17-KS (+) (++) (=)
P-S. Chirom, (++) « (=) (=)
NaK (=) - - (-) ()

Sinee the pre-ACTH psychiatnie samples revealed low 17-
KS, even though the individuals showed marked emottonal
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display and apparent stress, there 1s a suggestion of a dis-
turbance of the pituitary-adrenal axis. After ACTI there
was a marked adrenal resy as indicated by the i ]
17-KS output and the reduced Na/K ratio (though the P-Stitre
was low); therefore, the disturbance is more likely to be at the
pituitary level. The low P-§ with the high 17-KS may be ex-
plained as due to more rapid conversion of Cy, to C,, steroids.

The discrepancy between the P-S and the 17-KS values,
namely, {1) the gher P-S values after ACTIL m the control
samples, and (2) the finding that the stress samples showing
high 17-KS have low P-S, may permit the consideration of
the following hypothesis: The adrenal cortex in the first stages
of stress produces Cy; sterowds in large amounts with some
Cyy components. As the stress condition continues either the
adrenal ceases to produce increased amounts of C,,’s with an
inerement in favour of C\'s, or the Cy)’s are rapidly converted
to Cy’s i their intermediary metabolism. If we tie in the
fact that there was imn the acute stress inereased nitrogen
excretion, while the mitrogen excretion in the chronic stress
situation was low to normal, it 1s not difficult to ohserve the
simlarity of the above suggestions to the previous hypo-
thesis of the “S” and “N” hormones of Albright (1942-3)
and Browne (1945).

Further cwdence to clanfy these points of mnterest may
be obtained by hie analyses of the alpha
ketosteroids, especially by ascertaining the quantity of
oxygenated derivatives of hydrocortisone and cortisone.

. . N
N " -
unly those of urine analyses relating to adrenal physiology. =
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DISCUSSION

Exrmapdian. Recently Earico jells of the W Found:
has heen able to do grap ] of the k ids in two
individuals. 'The samples consisted of 10-15 hour urine collections
after a dose of 160 1.U. of Walson’s gel preparations, First I should like
1o present the general scheme of metabohism of adrenocortical steraids
(Fig. 10). This shows three types of adrenal steroids—Compound
P (Cy,) and two types of C;, compounds, 1)-deoxy and 1l.oxy Cp
compounds.

According to this scheme, the fisst step 1n metabolism is the reduction
of Compound F to tetrahydro-E or tetrahydro-F (measured by the

»o
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Porter-Silber reaction) and these steroids are then further metabolized
to 17-ketosteroids. According to Dorfman’s work these are mainly the
ll-oxy-muochulnnnlonc (.-;3) type of compound, wlich during acid
4 . 20! The ratio between 58 and 5a

y
compounds ns

e

3l
sterone. .

Fig. 11 shows the chromatographic pattern of two individuals,
F-8576C is an individual ten days after battle (which lasted five days)

% ALRA 1T K3

AN LOITERONE ZovE
EnocuoLRuoLONE TONE

1. KETO ANDASSTCRONE

N KETO Eri0eHOLANOLONE

resnt oy o~ ., | ——

Qeenctige,)

A" AuskosTERONE osr IA'SM‘C(’:mm)
qpeci Amvm(nul(nrcm‘;] £o HBET00y
W wvskors
Coma I (?acerare)
cemez (7hcerare) laowe
Fio. 11, C pattern of 17. of two soldiers after
battle,

whom we consider to have recovered to normal after a chronie stress,
his data are consistent with our normal data The other subject;
P- 4360(), 18 a psychiatne casualty one day after the end of the hattle,

In the arap the and the /'
lone can parated out trom their parent compounds,
namely the and and the only after undergoing

oxdation 1o the epoxy compound. Therefore these are referred to as
*“zones", indicating that these are muxtures of two compounds After
oxidation we can find out how much of the mixture 1s androsterane or
4*-androsterone, and how much of 1t is wtiocholanolone or 4%ztio-
cholanolone. *“R” indicates the ratio of the 11-deoxy type to the
=xDoG VI 120

\
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11-hydroxy type. In F-857GC the androsterone zone “R¥ is three,
which is the value obtained in our other normals, However, the ratio
of the psychiatrie sample is 1-1, indicating that there 1§ relatively
more 11-hydroxy material in tlus sample, and that this particular
sample has about twice as much or three times as much of the derivative
from the 11-0xy Cy, type of compound as F-8576C. In the wtiocholano-
lone zone the ratio is about 8~12 in normal subjects. F-8576C has an
“R* of 8:0. In the psychiatne subject the rato has dropped to 2-7,
indicating that there are more ¥7-ketosteraids derived from Cy, com-
pounds in the psychiatne sample than in the other. In the 1l-keto-
andrasterone, which is derived from the f-hydroxy g*-andro-

g or type of T d, there was not much

change,
Now comes a very stnking feature, A very small amount of 11-keto-

xtiocholanolone (3 per cent) was found in the urmne of F.8576C, but
the psychiatnie subjeet had a very high amount of 11-ketoxtiocholano-
loue (18 per cent), which is dexived from C,, compounds, or speeifically
Compound F. The next fraction is not completely dafferentiated yet; it
15 a polar fraction, containing an il-oxy C;, and (ar) a C,, compound.
In this fraction we again note 3 large amount in the psychiatne sample,
The nest two compounds are present in the same amounts in both
individuals and are in the normal range. These last two compounds
have not been ascertained, we only know that they are ncetates,

Table IIT
Parcunsons of TOTAL “Arpia” 17-KErosTEROID FRACTION®

Cfassfieaion of Precursors
(Pex cent conteststed to the total alpha
fraction)

Pottere

Co Cop B1eory) [ 17-Ketos
Sterowds Slerovdy Steronis steverd mgihr mgjhy

George Co.
F-78508 %7 130 [ 0 52 -
¥-7856C 157 137 748 063 107

Psychiat
T-$30013 619 135 20 a ey —~
1-3300C 488 w2 357 24 0 34

+ All poltections made afer 4 ~TH (1601 1) ) was gien Collection perlod ranged from ten 1o
fifteen

Table ¥ shows the, i
alpha 17-hetosteraid fraction O tic e . 7 . .
.85 urine 3 P .
batile. Samy e battle, P-3oouad

le. Sample F-7856C was collected ten days after th
kizt:‘)"e:wg during the battle period, and P-4360C from the same sub-
sect two days later. We noten F.7856B and F-7856C that only a small
%)ercenuge ‘of the 17-ketosterords are derived from C,, compounds, and
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the derived from or 11g-hydroxy-/4*andro~
stenedione 1s about the same. Here we have o very high proportion of
Cy, denvatives, However, when we consider the psychiatne samples,
P-4360B and P-1360C, there is a marhed difference, In this subject the
amount contrnibuted by Cyy compounds is only about half the value of
the normal subject, but there is increased amount from Cy,. The amount
. [ A . .
. . N
' N .

wahe up s avey e
denvatives. -

The interpretation of 17-ketostcroids remains complex. I wish merely
to point ont that T thunk 1t 18 very important in the future to chromato-
graph the 17-ketosteroids. If we do that I think much of the confusion
will disappear in this particular type of work.

[ .

Initially?

ELMADIIAN: We can't tell We took a random sample, and the samples
where we gave ACTH did not include any mdisidual who had a high
17-ketosteroid; they all had low normal 17-ketosterotds.

. N

'
co-operated very well, followed directions as if it were any othér
mulitary matter. Not every sample was taken by the same person. The
rest of us waited 1n the laboratory for the samples to come mn.

Tuorn: It is important to pownt out that the detailed chemical
fractionation of specimens collected under these reasonably good

rvmmr v o s gy eees vvpee e g esvevgiae

measurements?




646 GeneraL DiscusstoN

Euanazan: [ am only repomng as a member of the team, not as one
who knows about p The tests d by
the Army were fnr higher mental fi i Ve had four psychologi

who conducted these tests. Under the condmons of the tests the
psychological determinations were not very pronusing and shoswed
nothung.  The psychiatric aspects of this study were very difficult,
because the psychiatrist couldn't see each dividual for long; he had
about twenty minutes of interview each time he saw him. We have a
mass of data along the folls g lines: the devel 1 hustory of each
soldier, r.e. when his father and mother died, how many people in the
fanuly, whether he played competitive games or single games—football
or golf, etc, I have all the raw data; no psychiatrst wants to touch it.
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GuiLLEMIN: We have Deen interested in another link in the chain
of events which results 1n pituitary-adrenal stimulation by stress,
namely the . '
pituitary, %
cological bl .5 -, ... ey teo S
had been obtained by using this techmique, because pharma-
cological blocking drugs arc endowed with very strong cortico-
trophic propertics. In our experiments we have injected over

properties of these substances, We have thus achieved a stafe of
dissociation between the pecific corticotrophie effects and the

[ i :

{as measured by concentration of the adrenal ascorbic acid).
Pretreatment with dibenzylme (SKF-688-A), atropine  and
phenergan (3277-R.P.) respectively, prevented the ACTH dis-
charge normally induced by noradrenaline, acetylcholine and
histamine.
. P

From “these results I think we can conclude that none
of these humoral agents can be taken as the “first mediator”
which will directly mitiate the release of ACTH by the anterior
pituitary, nor can any of these substances be considered as the
central mediator which would be liberated by some hypothalamic

link at any moment for the release of ACTH by the pars distahs
under any conditions of stress.

Forsnam: This seems to be a death knell for the direct stimula-
tory action of adrenaline and noradrenaline on the pituitary-
adrenal system.

Browne. Is there not a difficulty in that regard, if one goes back
to the concept of acetylcholine and the transmussion of para-
sympathetic nerve impulse. You recall n the intestine in

647

N
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Auerbach's plexus it was impossible to interfere with the nerve
acton by administration of atropine. That was regarded as 5 proof
that the acetylehioline was not 4 mediator substance. I under-
stand that it was found that it was perfectly possible for acetyl-
choline to be a mediator locally even at a time when inhibitors
were present in the general circulation. However, in this case of
Auerbach's plexus the acetylcholine is hberated i direct contact
with the cells on which 1t acts, whereas i the case of the hypo-
thalamus and pituitary there is p bly some d hetw
the hypothetical site of hiberation and the site of action.

GuiLLEMIN: In wiew of this enticism, 1n the particular ease of
acetylcholine, we were able to show that systemac pretreatment
with atropine could prevent electrocorticographic changes pro-
duced by topical appheation of acetylcholine on the bramn vortex,
Thus a phenomenon centrally medated by acetylcholine was
pr d by the ad ration of atropine.

Eimapstan: May I make a commeni about adrenaline,
noradrenaline and 17-} ids i human urine? We have done
dwrnal variations of adrenahne, drenahne and 17-k terords
on samples from normal and psychotie subjects (unpubhshed data).
There was no quantitative relationship bebween the amount of
adrenaline, noradrenahne or Y7-ketosterords found mn the same
sample. While you are asleep the adrenaline 15 very low; then i
the first four to five hours of waking the amount of adrenaline 1
the unne 1s from 1-25 tumes the amount when you are asleep., Yet
the ¥7-ketosteroids only ncrease by 60 per cent.

Lurr: Did the test subjects eat m the morning?

Eratansran- I did measurement with and without food; 1t dudn’t
make any difference,

Lurr: We did the same thing. But f we kecg the students lying
down on a couch and eating, we don’t get that mcrease in the

4 1 during the hours.

Braanarax- What about the noradrenahine?

Lurt; Exg ding norad Line are at the moment
bemng performed 0 collaboration with Professor von Euler.

Fruanaraw: Qur subjects were active; exercise i this case might
have a great effect on the fact that adrenakme goes up. One of
our subjects was o cherust who has arthritis, and at cne time he
had seven times as much on walang as in the overmght sample, and
the next time he had 50 times as much, In the latter case he had
an acute sttack of arthritis. ,

"Fsionw, I should hike very mueh to hear Dr. Bayhss's findgs
on dsurnal variation,
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Bavuss: In view of what Dr. Thorn said earlier, any contribu-

I o
----- e i .
steroid levels, but this is not altogether satisfactory because in
some subjects emotional disturbances may influence the results
and obscure the diurnal vanation. Many “people have relatively
.

the plasma steroid level. For ple, a logist coll had
levels constantly at about 9 ug. per 100 m), for several successive
days and then showed n concentration of 22 pg., this being on a
day when he was going to Edinburgh to give an important lecture.
We have followed the steroid Ievels in other colleagues who are

urinary steroid excretion.

When we came to study two R.A.F. volunteers who had been
on bed-test and a constant two-hourly ntake of mulk, butter and
iscuits for three weeks, we found that both showed the expected
dwrnal variation in the unnary exeretion of water and sodium.
One showed a diurnal variation n plasma steroid concentration,
the lowest levels occurnng during the might and a hugh concentra-
tion at about 6 a m., which I think other workers have observed.
The other subject showed progressively higher plasma steroid con-
centrations m each four-hourly blood sample until the level reached
28 pg. per 100 ml. Now this second subject was apprehensive and
did not like vene-punctures although he tried to hide this by
b d in a when the samples were bemng
collected. I think these high values are related to the emotional
disturbance and we have observed the same effect in several
other subjects suffering anxiety, tension or fear.

If the subject 1s at ease, diurnal vanations can be detected both
m the blood and 1 the unnary excretion. The renal clearance of
17-hydroxycorticosteroids is about 1 ml. or less per mmute, which
suggests perthaps that there 15 renal tubular reabsorption. Some-
tunes during two- or four-hourly collection periods higher levels
are found n the blood 1 the period preceding that i which the
unnary excretion increases—as though there was a “spill-over’”
nto the unne. The diurnal vanation 1n corticosterold excretion

N
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is not related fo the dmmal vamation in sodivm and water
elimmation,

Queripo: I thimk that all the experiments that are to be
reported in future must fulfill the requirements that Dr. Bayliss
and Professor Borst and Professor Gernitzen have set up, with
regard to keeping the subjeet in bed and gaving constant water and
caloric intake, We can’t get anywhere in dirnal vanation studies
by putting the people under all kinds of stress or activity or
metabolic changes, etc,

There 15 another pont which I should Iike to bring out—that
this thythm 1s absolately unexplamed. You have te take into
constderation permissive actions. For instance, T once had 2
patient with panhypopitustarism who had a complete absence of
rhythm, absolutely constant exeretion of water, sodium and
potassiumn.  He was treated with testosterone implantation,
600 myg., and after we had got him m better shapy he showed a
normal rhythm. I'm sure that 1t was not through testosterone
stself, but just the permissiy e action of getting the patient into a
better situation. The same holds for another case of a patient with
pashypopturtansm treated with DCA, where also the rhythm
came back.

Tropn: We have followed the unnary 17-hydroxycortico-
steroids of a number of individuals over many days, and have
made 5 number of sub-divisions within the twenty-four hour
period, After making quite an mtensive study of the three-, four-,
and six-hour fluctuations, we have deaided for long-term studies to
use twelve-hour periods, s e, 7 am. to 7 pum., and 7 pam. ta 7 a.m.
We reahize of course that in an mdividual case tius may not be the
most effective dividing pomnt,  We've studied some wndividuals
over & penod of one hundred to one hundred and fifty days, and
only 10 per cent of the time will the night values for unnary
17-hydroxycorticosteroids be greater than the day; in other
words, the ratwo greater than 1. About the lowest ratio that
one encounters in terms of the mght versus day ys 0-5, The 1€ per
cent reversal Tatios in normals may vary considerably-—one
indhvidual showed a shift 30 per cent of the time. Thus particalar
individual is an effectave person v the lab who tends to push him-
scif at naght. It is possible these values moy reflect lus activity in
thus regard,

Patients with Cushing’s syndrome whom we have investigated
do not exhubit the day-to-night vanastion and their values stay
up el the tume. T magne that in an estly case of Cushing's

drome there would still be some tendency for night to be fess

Sy ) 4
tgnm daytime excretion, I one wnfuses hydrocortisone into an
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Addisonian patient, after twenty-four hours one tends to get a
fairly constant excretion, which ngain makes us feel, as has been
mentioned here several times, that the renal factor is not the
major factor. Changes 1n diurnal excretion seem to reflect a
change 1n secretion rather than in metabolism.

way ey prbasre Mot e e, -

s anes gy mv o werremgyeeenn —em e

more effective.

1 am interested m Dr. Elmadjian’s results. I wouldn’t think you
could go too far i drawing conclusions about psychotic versus
normal individuals if you realize that normal people can exhibit
marked shifts; although T am tempted to believe that those who
have a more constant metabolic situation day and mght obviously
probably have less fluctuation.

We do know two things which are barne out by Dr. Bayliss’s
observations: that the reduction in secretory activity comes before
one quietens down in the evenng, and that the mitiation of in-
creased secretory level precedes awakening and getting out of bed.
1f we were to change the penod of collection, to make & great?-
e e [

san‘)e way.
Tuorx: T think Professor Quendo’s pomnt about electrolyte
excretion 1s most important. In these studies renal function is an

PN
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° , for such studies, follow a much

#emeobene cusive 2es anyuny trien the lymphoceytes? The lympho-
cytes go up from 2,000 absolute count to 3,500 or 4,500 at night.
Of course one is making the P that this is m
adrenocortical function. And I wish to warn that later we found
that the administration of food, hyperglycemia, would cause a
decrease in blood lymphocytes. But if those things are controlled
you might be able to study drnal thythm by that very simple
methed,

Brownze: Does anyone know whether workers who regularly
change from day to mght work have any change in diurnal
thythm?

Forsiam: Drurnal variations in night workers were found to be
the same as those of day workers by F. Tyler and lus associates.

Tronn: That would be our assumption = But it would be very
interesting to mvestigate in any working group those people who
adapt more successfully to mght work.

Browne: Rabert Lowus St w “Virginibus P jue”,
characterized students as Student Owls and Student Larks—the
* [ : . kfast.

ol , published
- . hanged s

darnal thythm of l7-k.etastcroxds in }llz’-’tappos;te direction by
working at night and sleeping in the daytime.
BrownE: Would one cail Pincus an owl or a lark?

o m e e 0 WO SOET PO B

r 34 . the possible areas of usefulness,
~xploration at least, of adrenalectanmy and typophyscctomy.
Dr&"‘c‘)st‘:ﬂal know very lhittle about what 15 actually happemng at the
tissue feved in response o a change sn hormone concentration, 7Therg 1
believe Dr. Currie’s remarks were very helpful, the dufficulties with
which e isp ted in trying to what is happening to a gland

ment for Addison's disease, the treatment for Cushing’s syndrome,
fo ital synd
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i ical ur 1 1 methods are app We nught say
that this problem can be resolved 1n other areas, by chenucal detcrmina-
tions, but ¥ tlunk that Dr Llmadpan’s report today makes us all
realize with greater humihty than ever how careful one has to be in
drawing conclusions from hmited chenuceal observations, So in the area
of chcnustry as well as that of histology of the adrenal there 1s much to
be Iearned.

As we move into the chinical field, and consider organs and finally
theent, wehave greater 1es, particularly 1n the nature
of controlling expennments. The discussions today were particularly
helpful with regard to the plan and attack of psychological and emo-
tional problems, Professor Zucherman and Prolessor kHarns have this
major diificulty in what would have scemed to us at the climeal level to
be relati cly sumple anatomical questions,

On the other haad, as the obsersations from different discaplines
accumulate they seem to rcinforce one another. Dr, Elmadjian has
shown the possibtities by whuch the adrenal may slaft the nature of 1ts
hormone secretions, and there are spontaneous changes which have been
observed which would support this 1dca  The major problem 1s, how
much are these characteristic shuits due to a pm~dctenmned individual
capacity n terms of lic pathways, and
how much ean they be gencralized in terms of pnrtxculat stresses
(physical or emotional) For example, when one gines ACTII for a
continued period of time, how wide wilf the vanations in response
of different individuals be? Yrom the carlier studies of Dr Dobriner
and some of the studies of the Woreester Foundation group we know
that mdividuals vary considerably in terms of the substances produced
Dby even a normal adrenal under normal eircumstances,

Finally, I'should like to state that ths has been an extremely stimulat-
ing atmosphere, the capaaty of the group m exchange 1deas and to
profit from cach other’s en out: 1 am
certam all of us feel as I do a great debt m the Ciba Foundation for
bewng able to amrange a mecting of this type. In meetings of a small
intimate character one has not only an unproved opportumty for

ENDOCVIIE
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mportant element, and one must, for such studies, follow a much
more rigid metabolie set-up.

Ermavaraxn; Has anyhody tred the Iymphocytes? The lympho-
cytes go up from 2,000 absolute count te 3,500 or 4,500 at might.
Of course one is making the assumption thet this is measunng
adrenocortical function.  And I wish to warn that later we found
that the administration of food, hyperglycmnna, would cause a
decrease n blood lymphoeytes. Butif those thungs are controlied
you might be able to study diwrnal rhythm by that very simple
method.

Browne. Docs anyone know whether workers who regularly
change from day to mpht work have any thange m diurpal
rhythm?

Fonrsitas Dhurnal vanations 1 mght workers were found te be
the same as those of day workers by F. Tyler and fus associates,

Tuors: That would be our assumption. But it would be very
mteresting to mvestizate in any working group those people who
adapt more suecessfully to mght work.

Browne: Robert Lows Stevenson m “Virgivhus Puensque”,
charactenized students as Student Owls and Student Larks—the
former was bright at 2 aum bue was ineffective at breakfast.

Ermansan: Pr Pincus did an exp on lumself, pubhished
in the first Laurentian H Confe where he c} d tus
dwrnal thythm of 17-ketosterords i the opposite direction by
working at night and sleeping i the daytime,

Browys: Would one call Fincus an owl or a lack?

* * * * *

TrorN: In the past three days we have heand of the results obtained
mn a large group of k 1 patients, in hypophy: soet
patients and 1 2 large number of patients with Cushing's syndrome,
and Addison’s disease. Tt would nppear that therapeutically, as far as
the major disorders s adrenal & are 1, we seem to be
on very sound ground. YWhether our bastc knowledge a correct or nok,
we do not know, but 1t is posstbie to carry out effective therapy m}hmxt
necessanly knowing all the of 1
Thers appears 1o be good agreement on several major points: the treat-
ment for Addison's diease, the freatment for Cuslung’s syndrome,
d , the prtsubie areas of uscfulness,
3 tomy.

n for 'y
or EXp at Jeast, of adr at ypop

e sull know very httle gbout what 15 sctually happeming at the
tisste fovel in response to a change 1n formone concentration, There [
beliese Dr. Curne’s remarks were sery helpful, the diliculties with
wiuch he is presented in trying to interpret what is happening to s gland
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Accessory adrenal tissue, 423 Adrenal glands, huma
Acromegaly ncubation of, 414 518-522

adrenals m, 63, 65
lursutism, 68
nulin clearance, 377
17-hetosteroid excretion, 68, 69
CTH (sce Adrenocorticotrophic
hormone)
Addison’s disease
ACTH, danger, 81
‘aldostérone lh('mpy 361, 372,

ar:

corticosterone therapy, $8

DCA-nduced hypertension, 340,
70

DCA-induced muscle stiffness,
380

waiglt of, 55, 56, 423
““Adrenal growth factor’ in man,
289, 304, 305
Adrenal hyperplasia (congemtal)
(sce also Adrenogenital syn-

drome)
plasma 17-ketosteroids, 148, 140
steroid biosynthesis 1n, 152
Adrenal medullary-cortical re-
tionshups, ~ 241-276
Adrenal sterolds (see alse 17
3 droxycorticosteroids)
bmsynlhcsls m wtro, 174-150
Liosypthesis i vivo, 127, 154,
473450, 486, 041

f tisone o adrenal ho-
355-358, 372 ‘mogenates,

hustology of adrenal, 65 distnibution (metabollc pool),

17- ll)dmx)wrtmoswmlds. 313 202, 264, 3

pigmentation, 230, 303, 374
sy chological effect of cortisone,
600,

608
salna electrolytes, 280
treatments, companison of, 374
Adrenal adenoma, plasma 17-KS,

14¢
Adrenal atrophy, reversal of, 40,
8

Adrenal blood flow, 44
after ACTH, 44, 48, 49, 50
control of, 47, 48, 5
Adrenal cortex
adrenalime effect,
compact cells, 7.,, 76, 81, 82,
85, 87,
“enmusted" 82, 89, 80, 94,
96, 4
fum:non i man,
after bypophysectomy, 448-

eniteria of, 280

dynaraics of, 279-308
Iustology, 1-96
innervation of, 43, 47,
medullnry—eon.lcal relahonslups,

241-
“norma-l", 73, 85, 401
vascularization, 42-51

metabolism or 112140, 642
sodlum-l'etalmng effect, 343-360
storage 1n gland, 249

Adrenal tumour
ACTH test, 523, 528
adenoma, 149
aldosterone _excretion, 194
androsta-3 3-diene-17-one excre-

tion, 529
corticosteroid excretion, 495
differentiation from  varlzing
adrenal hyperplasia, 460
wncidence of, 498, 523, 523
17-kelosteroid  excretion, 496,
523, 530
17-ketosteroids, plasma, 148
salna_electrolytes, 389
stermdoﬂenes)s, 130
\mlumg. 41
Xeray muahmuon, 499, 527
Adrenal vein bloo
Is, &scoxbw aad, 19
steroids, 50
sudanophulic substance, 23
huﬂﬁn, corticosteroids 1n, 97-
1

Adrenalectomy, 415-437
carbohydrate balance, 419
catechol amines n urine, 268
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Adr ital sodtum | A Tnver glycogen deposi-
loss, 470, 476, ~l»82. 453 483 hon, 217, 232
sterold 173-450, of
436 dogs, 229, 238

sterordogenesis, 131, 139, 140,
479, 483, 480
testes, 466, 483
treatment wath cortisone, 460-
473, 181~156
by droy pregnan-11-one,
zona reticularis,
Adrengsterone, etavatism of, 120

138

n human plasma, 143
Aldosterone (electrocortin, sodium-
retaimng fucmr)
acetylation of, 18:
Addison’s dncasc. 361, 372, 373

ntrogen balance, 226, 370

possible conjugation, 202

possible rv:du(lmn to 3- Oll com-
poun

pmumm n biosynthests, 181

psychological changes, 360

theumatold arthntis, 361, 364

role in norma? human nuneral me-
tabolism, 217-223

salisa electrolytes, 219, 304

ultraviolet spectra, 173

Amorphous fracton’’, 226

Androgens, adrenal, 39, 61 (sec

also Adrenosterone, Dehydroiso.

239, 363

118-Hydrovyand-
171 s

5
ACTII suppression, 235
bicassay by Na eucretion test,
1-104
by ¥Na*K test,
210, 211, 215
biological effects of,
b:os,num.s (n nlm), 170-189
, 205-214
caxboh) drate metabolism, 369, 373
ehromatograpluo separation, 198,
202, 5
cold stress tests, 230
comparison with fluorohy drocorti-
sone, 838, 372
constitution, 180
deternuniation i adrenal homo-
genates, 172
dosage (Adduson’s), 372
electrolyte and water metabolism
n anmals, 228, 238, 374
i man, 363, 370, 373, 374
eosmophul effect, 217, 232, 370
excretion by humans, 190-203
ACTII no effect, 193, 201
Cashng's syndrome, 313
diurnal varation, 3
growth hormone eﬂect 196, 201,

200, 203, 209,

10 vasious discases, 194
formaldehy dogenic i 17heto.
steroid excretion, 372, 373
formula, 150
Iypertension and, 363, 373, 579
1 normal human metabolism, 205~
4

and compounds below)
Androsta-3:5-dien-17-one i unne
of patient with adrenal tumour,
529
Androst-4-ene-3:17-dione,
m foctal adrenals, 15
n human adrenal Ve and peri-
pheral blood, 98, 104, 103
n tire metabolism of, 115
not detected 1n human plasma, 144
Andros:-5-en-3,§-ol-l7-one see De-
hy droisgandrosterol
Androsterone, m Imman plasma,

142

Aneurysm case, adrenal from, 24
Ascstic fluid, sterords 1, 167, 321
Ascorbic acld
ACTH elfect, 251, 336,
admmistration with ACTH, 312
adrenal weight wmcrease, 17
depletion test of weight reparr

test, 33

dissocsation from  steroidogene-
is?, 17

n adrenal cortex, 3-9, 16, 17,

19, 27
an adrenal vem blood, 19, 28
1n antenor priuitary, 5, 311
n medulla of embryo, 251
1n plasma, 834, 340
cffect of stress, 341
n tissues, 336, 339
metabolism, 333
possible role 1n steroidogenesis,
321
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Adrenalectorny, dermatitis after,
524

effect m scurvy, 330
for hypertension, 346
for psendoliermaphroditism, 525
for Cushung's syndrome, 501, 504,
508, 509, 511, 526
pigmentation, 422
water balance, 421
Adrenaline {epunephrine)
ACTH release, 244, 647
direct action on pituitary?, 245
effect on cortical secretion, 243
on corticosteroid  response to
ACTH, 260
on leucocytes (eosinophils), 245,
252, 257, 262, 264, 265
on hpids of rat adrenal cortex,
248, 230
on plasma 17-GH corticosteroids,
254-267
on urinary steroids, 264

excretion, 368-276
after stress, 272, 275
and 17-ketosteroids, 271, 273
dwrnal vanation, 267, 648
response to, in hypophysectomized
and stalk-cut animals, 546, 592
test, after hypophssectomy, 418
Adrenarche, precocious, 61, 65
Adrenochrome, 606
Adrenocorticotrophic hormone(s)
(ACTH, corticotrophin)
ACTH-A (porcune), 201
ACTIL-B (porcine), 291
admimstration, 279-323
adrenal blood flow, 44, 48,

49, 50
adrenal response and stress
634, 639,
aldosterone excretion, 193, 201
allergic reactions, 318, 319
ascoric acid metabolism, 332-
238, 339
lustology of adrenal, 53, 57,
, 65,
17-ketosterords, plasma, 143
7 ketosteroads, unnary, de.
layed mise, 280, 302
mitosis 1n adrenal, 33-35

erception changes, 601
gsychologncal sesponses, 504-
611

Tk

Adrenm}omcouophic hormone(s)

(ACTH; corticotrophin)
saliva electrolytes, 391, 394
seurvy, 330
sodrm-potassium wrmary Ta-

tio, 307
terminal patients, 90
with ascorbie acd, 342

assay I man, 296, 306, 310, 318
«c—corticotrophm, 287, 292
“crude corticotropin®, 34
inactivation, extravascular, 291
intravenous test, 8~hour, 285,

pitressim effect, 258, 306
prepared from hunan pitutanies,
90

release, after pitwtary stalk
section, 545, 549, 592
blocking of, 647
effect of adrenaline, 244, 252,

emotional stress, 546, 647
hypothalamic control, 546, 549
neural control, 549

ole 1n sterordogeness, 127

site of preduction, 408

synergsm with growth hormone,

thyrotrophic hormone secretion
and, 408, 5

two factors?, 31

zine, 292, 306

485
adrenalectomy for, 525
carbohydrate” metabolism, 484
electrolyte disturbances, 470, 478
tustalogy of adrenals, 60, 61, 65,
67, 77
hypertension i, 472, 478, 486
11 p-hydroxyandrostenedione 10
adrenal vem Llood, 108
17-hy droxycorticosteroids, blood
313, 473, 479, 48
17-ketosteroid eacretion (cc and
, 525
hetosteroids 1n adrenal?, 15
11-0xy-17-hetosteroids 1n, 108,
476, 486

100, 609

preg A i, 470, 436
saliva electrolytes, 289, 394
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Corticosterone {Compound B)
ratio with cortol in ponpheml
Llood, 107, 109, 18416

Cortleotrophin (see .\drvm»camco—
tropluc hormone)

Corsol (I3 drocortisone, Compound
F; Compond M, 17-Hydroxy-
corticosterane;

as hormone replacement alter
adrcnalectamy, 418
from wncubation of human adrenals,
519

i comnophl test, 2
n Svamop adrendl ein blood, 95,
163, 105

i human peripheral blood, 103,
103, 107, 109, 151 163, 213

metabolism of, 120, 321

scurvy, m Lhaod. 520
excretion, 18, 17

sodium diwresis, 331

sodium-retaining activity, 213, 350

Cushing's Syndrome, creatinine
excretion, 53

diabetes, permancnt?. 323
diagnosis, cnteria,
electrolyte changes,
extraceltular flud, 403, 320
femunuzation i, 487
glycosuria, 511, 513, 323
lustology of adrenals, 38-61, 77,

85, 108, &
17-liydroxy cortieosterouds (plas-
ma), 69, 313

17-hy drovy corticosteroids  (ur-

nary),
l:-ketostermds. 404, 508, 511,
513, 515,
osteoporosis, 491, 508, 527
ovaran pathology, 469
poly ey thaema, 41, 489, 526
renal stoncs, 497, 507, 524
saliva electrolytes, 388, 389,
395

sella turcica, 503, 527

Cortisone {Compound L4 17-Hy-
o tel

&
admungstration and treatment,
adrenal gland weight (buman),
57, 5
ndn:nogtnltal syndmmc, 460-
473,

erzpheral acuon? -
after adrenalectomy, 4
alkalne phosphatase of adn-nal

nterstibial cells, 48.'%
rce tion changes, 601
pe p 408, 411

129, 139, 153
steraids in adn'nnl e blnod.

testosterone admuimstration, 506,
509, 515

thyroid function, 406

vinlism in, 487

‘water metabolism, 493, 526

X-ray visualization of adrenals,

199, 527
Cyclothymic patlent, steroid _ex-

ps)chohc-hke d\stuxbances, 600,

saliva electrolytes, 301, 304
scurvy, 327, 330, 331, 339
from imcubstion of human adre-

nals, 519
n buman penpheral blood, 161,
163

long-acting, 485
metaboltsm of, 120
Cranlopharyngioma, 63
Crooke cells, 411
Cushing’s syndrome, 487-530
adrenalectomy for, 501, 504,
508, 508, 511, 524
aldosterone u.mhou, 194, 515
classification of,
corticouds, urinary, 494. 507, 511,
518, 515, 527, 650

cretion, 614-617, 623, 0623
oxidase m adrenal

cortex, 11
Dehydroascorbic acid
n tissues, 335
in unne, 333
reduction() n adrenal, 28
11- Dehydmomcnsmone (Com-

und A)

m human penpl\eral blood, 161,
162, 1

metabahsm of, 118

sodium-retaming activity, 34

Dehydroisoandrosterone (Dehy-

droepiandrostetone, Androst-3-
en-3f-ol-17-one)

excretion 1n adrenal cancer, 130,
496

in human plasma,
menstrual cycle vanatlon, 184,
147, 155
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Ascorbic acid
urmary excretion, 332, 339
zonng 1n rat adrenal cortex,
T

20, 27
Ashbel-Seligman stain, 4, 15, 16,

Autoradiography of mcubated ad-
renals, 520
Basoplul cells of anterior pituitary,
6

39
Battle stress, adrenocortical func-
tion, 627646
Benzedrine and  advenaline
cretion, 276
Birefringent material, 22, 24, 33,

ex-

cholesterol?, 24, 26
Blind people, dwrnal rhythm of
corticoids, 303, 65 1
Blocking agents, 551,
Blood, extraction of, 110, 143, 167,
168, 212, 325, 314
plasmajred cells distribution  of
steroids, 212, 225
Blue tetrazolium method, 157—
159, 163
t

Sunsect InDEX

Cholesterol
m adrenal cortex of rats treated
with adrenaline, 2
in birefrngent crystals?, 24, 26
m human adrenal cortex, 53, GO
Chromaffin tumour (phacochro-
moeytoma), 248, 252
Chromatography
gradient elution, 159-160
17-ketosteroids, 143, 648
paper, 163
of aldosterone, 172, 198, 202, 515
partition, 157-164, 168
Cold stress
prtwitary stalk section, 546
plasma ascorbie acid, 342
thyroid response, 534, 540, 501
Combat  stress, adrenocortical
function, 627-G46
Compact cglls in adrenal, 73, 76,
, 82, B7
slgnlﬁcsnce of, 85
Compound A (see Dehydrocortico-
sterone)
e C
Gompound [: (s¢¢ Cortisone}
F (see Cortisoly

Brain injury, X
a7

Broster-Vines stain for androgens,
54

Burns
adrenal and pituttary hustology,
74, 75, 71, 78, 81, 100, 402,

4,

404
catechol amine excretion, 273,
274
corticosterotd excretion, 78-81
17-hydroxyeorticosteroids m blood,

273
nfection, 41 4

Compound S, Rechstemn’s (11-
Deoxy-17a-hydroxycortico-
sterone),

as hormone replacement after
adrenalectomy, 418

metabolism of, 116, 137

salt-retaming activity, 349

Consciousness and adrenal de-

pletion,

Goronary thrombosis, adrenal and

pituitary lustology, 74, 75, 402

Cortexane (see Deox) corticosterone)

Comcostero!ds (see Adrenalsteroids,

Gm-bm P adre-
nals, 24

Cardiac farlure, congestive, adre-
nals, 68

Gatechol amine excretion (see also

Corticosterone (Compound B)
as hormone replacement after
adrenalectomy, 418
m Addison’s discase, 348
tests, 230

after ACTH, 2069

after cortisone, 270

after l\)poph)sectomy, 272
after surgery, 272, 274

and blood corhcmds, 272

und. Letaslero:d excretion, 271,

dun_ng faght, 27

lncreased 1n chronic stress? 640

1 human adrenal vein bloud, 08,
103, 103

in human peripheral blood, 103,
103, 107, 109, 101, 163, 164

1 sterord biosynthesis?, 181, 519

metabolism of, 118

mineralocorticoid, 164, 200, 223,
ot A 16
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Foetal cortex, 6366, 74, 77
and androgens?, 03, 60,
Formnldehydogenlcsterolds.xmd-
stable (KF&5), 78-81
I-‘orm:\lln ﬂxﬂuon and ketosteroid

Fuchslu smln (Broster-Vines), 54
Gasu‘n enteritis, adrenals, 63, 78,

Ghnlem, adrenals, 63
Gluco-ascorble acld, and 17-heto-
steroid excretion, 330
Gonadatrophic hormones and pi-
tuitary stalk section, 347, 549,
369-575, 587
Growth hormone, and aldosterone,
196, 201, 878
effect on adrenal cortex, 3141,
63, 200, 304
fractionation of, 39
role wm cancer?, 457
synergism with AC‘I 1, 35
water retention, 2
Hzmorrhage of adrenal, 89, 01
Halogenated derivatives of hydro-
cortisone, 335-338, 372, 30 N
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275
terminal patients, 88
trauma or surgery, 272

distrsbution 1n man, 320
relation of blood and urnary, 317,
321, 322, 64
urmary
wmbat stress, 637-64!
diumnal yariation,
303, 321, 640, 6.
emotion, 276
17-hetosterods and, 280, 290
mame overachvity, 614, 616,
623, 625
measuremcat, 281-2
psychoanalysts, 620, G ]

6B-Hydroxycon.lsol excretion 1

scurvy,

- uydmxy-u deoxycorﬂcoste.

rone (see Compound !

17.

207, 254 203,

dites, 4
Histamine, and adrenal blood flow,

Histochemistry of adrenal cortex,
1-96

and macrochemcal data, 15, 26, 28

and pitwitary luslolugy, 396414

human, 52-69, 70
Hydrocortisone (se¢ C(]rtlsbl)
11g-Hydroxyandrost-4-ene-3.17-

excretion m adrenogemital syn-
rome,
m human adrenal ‘e blood, 98,
stl’am and sex differences mn rats,
17-nydroxycorucosterone {see Cor-
l7—Hydroxycomcns(ermds

blood and plasm:
ACTH admmxstratwn, 36

see
Pregn-5-cn-.17-diol-20-one)

17 cc-Hydroxyprogesterone
n adrenogemtal syndrome, 134,

474, 476, 484

metabolism of, 116

Hypertension
adrenal lustology, 58-61, 74
aldosterone and, 194, 863, 373, 370
DCA-nduced, 346, 379, 393
n \mllzmg adrenal hyperplasia,

472,
pitustal ry listology,
!lypophysel:mmygy

‘adrenal cell counts, 46

adrenal function, 418

adrenal smtosis, 35

adrenal vasculature,

completeness of, 433, st
cancer of prostate, 458

for drabetes melltus, 443

for mammary cancer, 438

hypoglycaemia after, 443, 454

1n man, 438-459

Cu?.hmg‘s syndrome, 69, 813
dwrnal variation, 313, 821, 649
effeot. of adrenaline, 257, 266

changes after,
1 man, 274
mn rat, 272, 276
psyehological changes, 608
thyroid admunistration, 456
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Dehydroisoandrosterone, metabo-
lism s vivo, 115
precursors of, 152
11-Deoxycorticosterone (Cortex-
one, DOC; DCA)
as aldosterone precursor, 183, 188

SussECT INDEX

Diurnal rhythm, reversal of, water
and chlonde, 304
salna electrolytes, 387, 383
une acd, 651
Dopa nxldnse, n adrenal cortex, 12
Ego and id

as  hormone ) after
adrenalectomy, 418
effect an seurvy, 827, 330
hypertension from, 346, 379, 395
metabolism of, 117
saliva electrolytes, 392
sodum-losing adrenal hyperplasia,
treatment, 472, 482
sodium-retaining  activity, 344—
347, 377
11- Deoxy-l7-hydrox)cordcoste-
rone (see Compoun:
Deoxyribonucleic acld (DNA)
adrenals, 76
Diabetes mellitus
effccts of adrenalectomy, 420
hypoph) sectomy for, 443
Dihydroxyphenylalanine oxidase
n adrenal cortex, 12
Diphtheria, adrenals, 78
Diphtheria toxin, and adrenal hee-
morrhage, 89, 91
Diurnal rhythm, 648652
Addison’s disease, G5l
adrenaline
effect of, 257, 266
excretion, 267, G48
aldosterone, 878
amuno-acids, 651
blind persons, 303, 651
Cushing's syndrome, 650
electroly tes, 304, 313, 321, 387,

of, 608
Electrocortin (scz Aldosterone)
Electrolyte disturbance, and chan~
ges in zona glomerulosa, 62
Electrolyte excretion, dwrnal rhy-
thm, 304, 313, 321, 630, 631
Enzymes in hum:m adrcnnl cortex,
9-13, 21-24, 29, 70-87
Eosinophils
fall of,
adrenaline effect, 243, 252
and adrenaline excretion, 273
and stress, 391
as index of adrenal stimulation,
307, 308
Llocking agents effect, 252
i fatal burns cases, 78
lnck of response to adrenaline after
hypophysectomy, 44
lack of response to ACTH 265
Epmephrine (see Adrenaline)
Esterase in adrenal cortex, 12, 54,
. 72, ‘74, 84

(see
Tone)

Executed man, adrenal of, 8, 90

Exerclse, adrenakne eweretion, 648
salisa electrolytes, 391

“Exhaus(ed" adrenal, 82, 89, 90,
94, 90,

Ex(racuon of blood, 110, 143, 167,
168, 212, 223, 312

Farmilial adrenal hyperplasia (see

syndrome)

Fermunization with cortisone treat-

companson with aldosterone, 338,

chloro(hy drojcortisone,

650, 631 N
"} t
blood 257, 313, 321, 649 Famine, adrenals, 92-96
urimary, 267, 284, 205, 503,
620, 622, 623, 619, 650 ment, 467, 480
17-Letosteroids, 284, 813, 624, | Fluoro(hydro)cortisone,
025,08
Iymphocytes, 623, 652
n};;ml; wouk, 651, 632 \uu.
excretion, 267,

noradrenahine
648

anhypopituitansm, 650
gs,cﬁgioglml disturbances and,

i deoryeorticosterone, 330
eosmnphll effect, 336,
1 Addnon's discase, 855330, 372
hetosterand exciction, 374
eifcct, 356, 873

reversal of 17-O11
620, 622, 623, 624

17-] kctostermds, 624

Flymg, and_catechol amine”excre-
tion, 211, 27,
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Noradrenaline, excretion
and stress, 272, 275
diurnal rhythm, 648
mrubman by ACTH and corti-

one, 260, 274, 275, 276
l\uclclc aclds ln human adrenal
corte, staming,

Osteoporosls, a(lcr adrenslectomy,

n Cuihmg s syndrome, 491, 506
Qestrogens, differential destruction,
485

excretion i mammaty cancer, 427,
2, 436

Ovarian cysts, 525
Ovaries tmnsplmlzd nto spleen,

Panhypophulmrism,
Perception, ACTH \md cortisane,
G01-005
mescaline, 603
Perfusates of human adrenal glands,
97, 100-102, 106
Phacochromocytoma  (chromaffin
tiumounr), 84, 248, 252
Phosphatases n adrenal cortex,
acud i human, 54, 7578, 81
In rat, 30
measurcment, 72, 84
s)gmf\cance of, 8%
alkaling

a(ter cortisone
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535
function of, 531-501
stalk, function of, 549
stalk section,
effect on adrenals, 543, 575
on gonads, 547, 575
on thyroud, 54, 575
w ducks, 5
w ferrets, 570-573, 587-391
n guinea-pigs, 570
n man, 524, 578, 587
10 rabbits, 541-550
n rats, 568
np!;:(x)ll\e procedure, 542, 388,

Plasma {sce Blood)
Plasmal, 1 adrenal cortex, 3-3, 14~

16
Pleural flulds,
costerauds, 321
Pneumonia, adrenal and pitwitary
Instology, 76, 402
Polarography of corticosterouds,
157, 163, 163
Polysaccharlde, stawns for, 54
Porter-Silber reaction (see also
17-Hydrovycotticosteraids)

17-hydroxycorti-

and androgen production, 57, a
and RNA, 84,
in giaea pig, -u Tos, 28
win human, 22-23, 27, 61, 73-78,
81

1n rat, 9-11, 28, 30

measurement, 21, 72, 83

réle, 29, 84, 87

sex bnd species differences, 23, 28
_ oestrogen, 10,

1-284, 312
tetrahydro compounds m, 106
Potassium, and adrenocortical ac-
tnty, 53, 56, 62, 65
i sodium changes, 377, 380
Pregnancy, aldosterone excretion,
194

Pregnancy, toxemia, RF ratio,
109

Pregnane-3 cc:17 «c-diol-20-one,
analysis of, 117

ratios, 476
Pltressin, and ACTIL activity, 268,
306

Pitustary, anterior (see abo Hypo-
Bl sectomy)
alpha cells, 62
aseorbie aud content, 5, 341
basophulism, nmdnauon. 199,
502, 506, 5235
s, 235, 232, 543, 560-567,

human, lustologteal changes m
stress, 396414

, 1 adrenogental sy
drome, 474
Pregnanetriol-11-one, 1 adreno-
gemtal syndvome, 138
Pregn-5-en-3:17-diol-20-0ne (17~
hydroxypregnenolone)
precursor_of dehydroisoandroste-
rone, 152, 154, 156
Progesterone, nmagomsm to adre-
nal hormony
metabolsm of, 117, 137, 139, 154
Prostate, cancer of
adrenal ven blood, 102, 106, 110
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Hypophysectomy
water excretion after, 451
yttrium oxide beads, 457
Hypotension, onhaslnuc, after ad.
renalectomy, 419,
Hypothalamus
and cortex, 593
lesions in, 549, 552, 581
~-pituitary aus, 549, 551-593
Incubation of beef and pork adrenal
homogenates, 174-180
of human adrenals, 414, 518-522
Infants, saliva electrolytes, 383, 395
steroid excretion, 68
Infection
and adrenal lustochem\stry, 76, 82,
83, 89, 413

17-Ketosterolds
chromatography of, 643
content in adrenal cortex, 15-16
exeretion
acromegaly, 68, G
alpha and beta pattern, 525, 530
catechol amme excretion and,
271, 275
corabat stress, 620, 632-645
dwrnal rhythm, 284, 313, 024,
625, 648
17-] h)drox)corhcostcmlds and,
299, 316, 820, 322
hypophysectomy, 438, 430

Sussecr Inpex

Lipolds, mfection, 413
reversion, 76
stans, 1, 14, 16, 53, 71, 72
stress, 75 -83, 398
Lymphocytes.
625, 652
Mallory’s PTAH stain, 34
Malnutrition, effect on adrenal
cortex, 92-9G
steroid excretion, 341
Mammary cancer
adrenal vemn shunt, 433
ndr:nalectomy, effect, 425431,

duwrnal anation,

selecuon of cases for, 429, 436
hypophysectomy, 438
slemlds i adrenal vemn blood,
, 100, 110
Manic overacuvlty
anabolic-catabolic ratios, 617
stcrmd excretion, 614-617, 623,

uropcpsm levels, 614, 620
y-cortical
241-276
Meningitis, adrenals, 78, 78
Menstrual cycle, 17 Letosteroxds m
plasma, 144, 147,
Mescaline, 603
Methylandrostenediol,
adrenal atrophy reversal, 40
and mitosis, 32
ticold (sec A
Mitosis, 1 rat adrenal, 3141
unrelated to adrenal weight -
crease, 35
Mucin, stams for, 54
Mucoid cells of antenor piutary,
399, 408

pihwtary Justolegy,

nden of adrenal 280,
207, 308, 310, 313, 819

infants, 68

mamo overactmity, €14, 628

seurvy, 524, 326, 320

n human plasma, 141-156

formation  from corticosteroids,
115, 120, 122-125

precursors. calculation, 116, 123-

(2]
stam! fnr, 2.5, 14-16, 19, 53, 54,
Leukaamln patients, adrenals of,

Lipoids 3 adrenal cortet, 1-3, 1, 16
Yuman. 8, 24, 56, G0, 753-83, 308

Nephrlds. salt-losing, steroid effects,

l\ephrosls adrenals, 53, 56
aldosterone excreuon. 104
salisa electrolytes, 390
Noradrenaline
and ACTH relcase, 64
effect on plasma 17- ou cortico-
steroids, 258
excretion, after hypophysectomy,
272, 274, 270
and Dblood corticosteroids, 272,
275

and electrolytes m urine, 275



Sunsect INDEX

T
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sodium-retaiung activity?, 203,
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’I‘hyrnld nndadrcnocorllml response
550, 381-503
Thyro(r phlc “hotmone  (TSH)
after pitwtary stalk section,
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after stress, 535-541

and ACTH relcase, 408, 540

lack of adrenotrophic cffect,
290

release, control of, 540
“Toxins, and adrenal hutology, 2,
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L n manic tivat,
ropepsh
573, 378, 379
X-ray visualization of adrenals,
499, 527

Yttriumoxidebeads,radioactive, 457
Zimmermann reaction, micro, 142
Zones m adrenal cortex

ACTH effect, 55

diseases and, G3

guwmea pig, 21

}mnmn, 22, a2—G§) 73, 81

st 20T
11-0ne, m adrenogenital syndrore,
138

Tritlum, 1n_estimation of cortisol
10 blood, 213
Tuberculnsls, effcet on adrenal, 62,

Ulter. duodenat, glucocorticord ex-
cretion dunng  psychoanalysis,
G19-623, 624

Urea and uric acld excretion and

combat stress, 630, G:
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alkaline phosphatase, 24, 85
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pregoancy,
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species differences, 23
vasculanty, relative, 44
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Prostate, cancer of,
adrenalectomy, 417, 4"3, 437
hypophysectomy, 45

Pseudohermaphrudiusm (see Adre-
nogenital syndrome)

Psychiatric battle casualties, ad-
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Sodium - retaining
Aldosterone)
Spleen, avaran prafts, 434, 433
Splenfc vein, grafting of adrenal
vem to, 433, 437
Starvation, effect on adrenal cortex,
2-06

factor (see

renocortical function, 627-G46
P steroid t! Stein-L d; 524
019-621, 622, 624 Stress
Psychosis, after ACTH and corti- acute, adrenal nnd Ppituitary lusto~
sone, 600, logy, 402, 4

Psychosomatic diseases, 618
Radioactive hydrocortisone,
264, 320
hydrogen, 213
1odine, 531
yttnum oxade bea;ls, 457

213,

d hu-

acute Lg chromc, 633, 639, G41
adrenal medulla, 243

ascorbie acid, 341

catechol amine excretion, 271, 275
cold, 312, 534, 540, 546, 591
combm. 394, 627-646

plnsma 272, 276

of
man adrenals, 520
R 55

co1
unn:u-y, 614, 616, 6:
of, 61.

fever, adrenals, 53, 55

R arthritis,
administration, 361, 3
Ribonucleic acid 1 human adrenal

cortex,
in focal depletion, 75-82
method,
“normal” adrenal, 74
significance, 84, 87
Saliva sodum and potassium con-
centration, 382-395
aldosterone effect, 219-223
Salt-losing adrenal hyperplasia, 133,
470, 476, 482, 483, 485
adult patient, 485
Salt-losing hormone, hypothetical,

Schultz staln for cholesterol, 14, 26,
53, 60,
Scurvy, ascorbic acid 1n adrenal and

prtuitary, 3
effect of ACTIL, 328, 330
of cortisone, 327, 330
of DOC, 327, 330
steroid excretion, 17, 324-330, 340
Silver nitrate reaction m adrenal
cortex, 2, 5-9, 10
Sodium, as regulator of adreno-
cortical activity, 53
nnd pﬁL’iSSlum 1 saliva, 219-223,

nnd pumssmm n urme, 630, 632
diwresis after co rtisol, 331
after ACTH, 3
_retaming effect of fadrenal steroids,
343-360

90, 276, 536, 543, 548,

614, 616, 621, 2

exercise, 275, 391

flymg, 271, 275

histologteal clianges m  human
adrenal and pituitary, 70-96,
396414

17-ketosteroids, 271, 275, 629, 642

prtwitary stalk section, 546, 548,
592

saliva electrolytes, 390, 394

starvation, 92-96

surgieal, 272, 300, 304, 536, 54i,
¢

TSH release, 534-541
Succinic dehydrogenase 1n adrenal
cortex,
Sudan Blal:k staining, 14, 53, 60
Terminal patients
ACTH and steroid admimstra-
tion, 88, 90, 340
plasma corticosteroids, as. 340
steroid excretion, 96, 34
Testicular maturation \mh corti-
sone therapy, 466
tissue of adrenal ongm, 485
tumors 10 adrenal hyperplasia, 67
Testosterone,
admunistration after hypophysec-
tomy, 456, 458
1n human plasma, 144
metabolism of, 115
Tetrahydro compounds
1 iuman adrenal veimn blood, 98
n Porter-Silber reaction, 106






