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PREFACE

Tue Ciba Foundation is an international centre where
workers active in medieal and chemical research are en-
ged to meet inft lly to exch ideas and informa-
tion. In the two and a half years since its opening in June,
1949, in addition to many part-day discussions, there have
been 18 international symposia, each lasting two to four days,
attended on invitation by outstanding weorkers from many
countries.

The informality and intimacy of these meetings have
permitted discussion of current and incomplete rescarch and
stimulated hvely speculation and argument. They have also
been the occasion for reference to nruch published and

blished work througt the world, The procccdmgs
are now being issued in full, with only the mmimum of
editing, 1n order to pass on to a far wider audience the benefits
of these meetings. Assembled in book form they present
very readably much information not readily available
elsewhere.

Nine of the first 13 Symposia form a series on ““Colloquia
on Endocrinology,” dealing mamnly with steroid hormone
problems. One of thcse, on Nomenclaturc of Steroids, has
had 1ts 1 it d i of the ini
eight, two are now comhined in ench of four volumes,

Volume I contans the proceedings of a colloquium on
Steroid Hormones and Tumour Growth (Book 1), and of
another, even less formal, on Steroid Hormones and Enzymes
(Book II). The former covers the induction of malignant
growth by steroids, with special reference to the mammary
gland, the use of steroids in cancer therapy and, in particular,
the clinical and metabolic effects of ACTH and cortisone.
Book II, on Sterord Hormones and Enzymes, 1s made up of

*Chermistry and Industry, June 23rd, 1051,
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vi PREFACE

summaries prepared by the programme speakers of the work
on which their unscripted remarks at the colloquium were
based. To these summaries the full general discussions have
been added. The references provided in both sections of this
volume should be of especial value to workers interested in
these overlapping fields of research.
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FOREWORD -
by

Proressor A. HADDOW, D.SC., PH.D., M.D,

OF all the branches of physiology and chemistry having a
direct bearing on the cancer probl steroid endocrinology
holds & 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

ple of this physiological 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 seen advances, as for jnstance
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

X%




Xx ForEWORD

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.

o& .

m w amy

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

1



2 C. W. Snorrex

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 1947‘ by Shoppee
and Cornforth and Robi Stereoct try is
important 1n relation to biological activity.

CaMy

"
W
o' -
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In 1933, Wieland and Dane converted deoxycholic acid
(VI) via dchydronorcholene (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— VII) was achieved, led to the suggestion associated
with the names of Cook, Kennaway and Dodds that carcino-
genic hydrocarbons mmght artise from steroids occurring
naturally in the organism.

no chy
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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 dehydmnorcholene {VII)
i in rats; this activity is not due

¥

«Full.lime and broken-line bonds show the position of groups above or below



CreMicAL ASPECTS OF STEROIDS IN CANCER 3

to some transformation product of dehydronorcholene
t this subst. which is ic, is unaltered
by B. coli, as shown by Butenandt and Dannenberg in 1050,
It seems therefore that the transfc tion (VI—-VIII) is
not biologically significant, although (VI) may produce
satcomas in mice (Kennaway, 1940).

An alternative 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
cyclohexanccarboxylic acid to benzoic acid in the liver
(Bernhard, 1045; Dickens, 1948, 1949} and the in vivo dehy-
drogenation of ( +)-cestrone to (4)-equilenin in the pregnant
mare (Girard, 1932, 1933). The saturated hydrocarbon
17a-methyl-p-} drostane corresponding to (X) is not
carcinogenic in mice by painting; the methylchrysene (XI)
appears to be a weak carcinogen, for although it produced
no 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, i1t would seem
that the transformation (EX—XI) is not significant in
regard to the development of “spontaneous” tumours,

Son

wouscuLAR
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The analytical approach to the questlon of the produchon
of carcinogenie hydrocarbons from naturally occurring

e <




2 C. W. SnorPEE

addition of the stereochemical detail* shown in (V) is now
completely established by the work of Wieland and Dane in
1933, Reichstein and Sorkm in 1946, and in 1947 by Shoppee
and Cornforth and Rob Stercochemistry is
important in relation to biological activity.
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genic hydrocarbons might avise from steroids occurring
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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 {VII)
produced malignant tumours in rats; this activity is not due

#Full-line and broken-line bonds show the po!l!mn of groups above or below
she reneral plane of the nng system,
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this time as to the mechanism of the ¢ i The natural
astrogenic hormones induce normal growth of the uterine
mucosa, but are all able to produce mammary cancer in
genetically suitable male and female mice, and also pituitary,
uterine, testicular, sut 1 ytic and bonet

The cestrogenic factor was isolated and identified by Doisy in
1936 as 8:17B-estradiol, 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, 1936), and for
equilenin and equilin (Lacassagne, 1936; Gardner, 1988).
From the chemical point of view, it is not known whether
astrogens cause or mediate in cellular proliferation; their
action is unspecifle, 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-
cortical tumouts which metastasized and were transplantable.
Nothing extrinsic is administercd to the mice and the tumour
arises in a suitable genetic miheu 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 unnes some 42 compounds, all
sterods, of which at least 27 have been identified; one of these
compounds, 8a-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 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 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,sHg,, 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 (XTIT), 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.

SaMi Caty Satr
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There is a 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 arc nll able to produce mammary cancer in
genetically suitable male and female mice, and also pituitary,
uterine, testicular, subcutaneous, leucoeytic and bone tumours.
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 118-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 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 r bling those produced by car-
cinogenic hydrocarbons, but no compound or eompounds
responsible have been isolated. In an investigation of a
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;Hg, but the only other compounds
as yet isolated and identified were oxidation products,
probably harmless, of cholestero}l, namely cholestane-8B: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 medum, whilst the diol (XIII)
results from auto-oxidation of cholesterol with molecular
oxygen at 20°C. in colloidal aquecus 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.
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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 whally speeific for cancer”; from
the chemical point of view there can be no doubt that it is
derived by dehydration of one of the 11f-hydroxy-sterofds
characteristic of the adrenal cortex, and which are subject to
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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.
o i:p)l
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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 compounds 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 thnt 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 biol 1 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, .g methylcholanthrene, three chemical entmcs,

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

f

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

d with mol guration; 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 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.

H6 MY
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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 ecarcinogenic activity of various compounds. These
observations relate to pounds of various chemical types,
such as aromatic hydrocarbens, 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 suggcsts that the primary effects of
quite diverse ct 1 ds may be fund My
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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 dertvatives are formed which are not carcinogenic.
The cholesterol metabolites Dr. Shoppee mentioned are also hy droxy-
lalec} 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 diicult 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 to”the
speed with which their biclogical 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 conceh-nbly bea pm-mlmgcn. nnd might be

aft
\hu.uus \Iost of the pro—(rstmgem 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 prot d. Do the ists know what that protein 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‘!mn may soon be focused on quite a‘dxtfcrﬂat t)"Ee

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

gave = resulf
Sommlwu.uz ‘With regard to molecul it
important to determine whether there are in fact mherent str\lctursl
related to biok 1 achon, for example, the distance
between hy yl groups or yid g groups m the
cestrogens
SnoppeE; I couldn't agree more that configuration 1s important, In
regard to this theory of the eritical distance of the two hydroxyl groups,
personally 1 don‘t like 1t. It's fsr too snmple and speclﬁc. And youe can

R

. " ..
Nature, 161, 809).
Fox.u:v- Wc should bear in mmd Emmen’s behef that there are
Ppro- active
which ean be converted into &strogens in the body, These two groups







THE ROLE OF DIETARY TRACE FACTORS I
HORMONE-INDUCED TISSUE GROWTH

R. HERTZ

Tuts paper diseusses certain studies on the necessity f
particular dietary trace factors for the optimum tiss
growth responsc to various steroid hormones, particularly t!
astrogens. The general field of the dependence on nutrition
factors for endogenous production of pituitary hormone ar
ovarian steroids will be omitted, because such dietary failur
of endogenous hormone production in various nutrition
deficiency states are highly non-speaific effects. The di
cussion will relate more to the effects of such dietary tra
factors on the tissue growth response to administered ex
genous cestrogens when given in dosages which should yiel
extreme or maximum tissue-growth responses, Thus, ti
hormone in these studies that we will describe is not a limutin
factor; it is the capacity of the tissue to increase its ma:
which will be the limiting factor. There were two dietar
factors coneerned: biotin and folic acid.

Biotin is one of the more recently identified factors of tk
B lex on whose physiological significance we have reall
very little information. We first came to know of the exi:
tence of biotin from the fact that when animals are fed a hig
proportion of raw egg albumin in the diet they suffer a toxi
syndrome which has been termed the “egg-white injur
response.” Rats which have been subjected to such an egg
white injury experiment are in extremely poor conditior
with loss of hair and general debility; these rats die fror
biotin deficiency. The biotin deficiency comes about ir
directly because the cgg-whitc contains a specific protei
factor which we term avidin, This avidin has the capaeit;
to combine with the biotin in the diet to form an avidin-biotis
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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 material surrounding the frog’s egg: this
material is the biological h of the albumin of the
hen’s egp.  We also found it in turtle’s eggs. It seemed 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 albumi ing 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 stilbcestrol for a
six day period at a maximum dosage of 1 mg. daily, or any
other mstrogen in a comparable dosage equivalent. We have

~ .




Fia 1 Gemtal tract of cluck before and after arstrogen adnuni-
stration.

To foce page 13]
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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 as Lactobacillus casei, Saccharomyces
cerevisicr, and several others which were used quantitatively
to check our results.

The situatton becomes complicated 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 capatity to replace
biotin for the growth of many biotin-requiringy 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 lipemia, 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 n previously untreated bird there follows some
increase in the biotin content of the genital tract. Also, with

Table 1
Oviover BioTiN LEVELS 1N Cuicks

Treatment No of Chicke Oruduct
Buotin FSF
None . . [ 190 17-0
Stilbeestrol . . 8 250 230
Stilbaestrol, Progesterone 10 270 370 |
Biotin, Stilbeestrol . ) 620 40:0
Biotn, Stilbestrol, Proges.
terone . .o 9 256 0 420
Biotin .. PR 5 57 8 374
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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 8+6 mpg. per ml. of plasma.

‘Table I
SeruM BroTiv LEVELS IN CHICKS
Number
True Bl
e A e e
Untreated . B 36 38 13
@o-42 | (2650 | (1-11 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 as 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 chemeally biotin (it is fat soluble rather 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 lipemin oceurs. We have found, sssociated with
that hipemia, a substantial increase in the smount of this
F.S.F. material. In the case of the gemtal tract (Table II),
there 15 a rather interesting situati If biotin 1s admini
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

Ocuduct
Treatment Mo of Cracke

Biotin F.SF

None . . ¢ 120 17-0

Stilbeestrol - 8 250 830

Stilbastrol, Progesterone 10 270 37O

Biotin, Stalbeestrol 8 62 0 460
Biotin, Stulbastrol, Proges-

terone . . id 256 0 420

Biotin . v, 5 578 374
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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.

Qur 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 lipwemia 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

§ 1
5 -1
3 . s UNTREATED
5| T T Mtacoms » sTiaesTaoL P
£l A TacawsT » sTLREATROL > rOLIG
(Wean amo 3B OF 10 CHICKS I £ACH Chous)
of g
b J
P S S S S S S S T
T B S S M I R M TR

AMING FYEROYL CAUTAMIE sCID I MICATCRAUY
Fic. 2. Effect of nmmoptenndon estrogen response in chick
ovi

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

~ .

N
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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
acid deficiency cannot be produced by dietary restriction
because of the bacterial synthesis of {olic acid in the intestinal
tract. Therefore, folic acid antagonists have te 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
stilbeestrol.  Ovariectomized sexually immature ammals,
whose uteri 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 increase 1n interstitial
fluid, thus giving a slight increase in weight. Histologically,
the mutotic induction from the cestrogen 1s completely
inhibited. Here also, when fohc acid 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 admimstration of the antagomst, because if the
antagonist, in this case inopterin, be istered 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 antagonist 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 & 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 specnﬁc limiting role in the response to both
steroid sut 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 margin of safety that it is not feaslble to try
to employ this hani: 1ly. However, the biologi

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 might be due to the sulphamethazine
ha\-mg an nntpfohc acd- hke action, We lhen tned to revexse this

e Pt e -

sulphamethazine. ¢ -
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" H ’ . N
"..-.‘I""‘ . [ PO ..

purine nntagonisis would be worth study in this connection. Dr.
T Rt i A dtrrh s i

dxammopul:me. This may indicate a mechamsm by which the cestrogen )

induces the tissue growth reaction. We feel that by stidying the eﬂ‘ccts
of various anmgomshc systems we may ﬁnd additional ml‘ormatmn
on the specific b systems t duced tissue

tme Tevers 1 vnth ademne, or is 1t blocking?
- Come hncto A

rpid ac +ha neyancal

Hertz: No

BurcHENAL: T think the citrovorum factor would be very interesting.
It does secem to have more effect 1n preventing the anti-leuksemic effect
of the antifolics. The folie 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 afternards.

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

Bm\mmNAL It seems to be. On the other hsnd lf ‘you ll:we got very
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requires an entirely different set of nutritional factors. We have found
that pyndoxine Is entically requu-ctz for androgen response 1n t’he semlnn!
BN A S St e/ et RS vt

mrramnt bn AL o beaa) AP anblan (8 Ahin mevmn'nlac 0} a Aafin anler gonta

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 ammopternin 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
:tn:‘dying the cluck and the rat we used as controls amals \;ﬁ!h other

amacr thnban creals ne

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

LLEY: Well, the mammary gland 15 certanly very sensitive to

per day and over that period the antaganist 1s 50 toxic that the rats die
of anzemia.
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tagonists have produced this

Ay

HER"' I ddn’t h‘“’e time fo include the data on 2,6-diaminopurine.

ons pnmma

On the SPECING DIOCHEIMICAL SYSLEMLS 1UVUIVLU 1l W ovtUptss sissusess +
growth.
S-rocx. Is that a true reversal wn,h adenmne, or 15 1t hlockmg?
~m 4hn cama hacie ac the reversal
‘ » antago-
of terms.

HerTz' No.

Just as 1 your experiments, whereas with the eitrovoruin Laciut you
can get considerable effect if it is given at the same time, or even an
hour nfter\vards.

-~ ~aneral against

. 1ave got very
. * don’t believe
n factor, but

olics on the

Esbn £aden
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Another point is that avidin is o 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
Jrom being absorbed through 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 )! of the albt portion of the hen's
oviduct 1s the middle portion of the Fatlopian 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 1n 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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Henrtz: 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 dom’t get any
effect on the mammary growth.

HerT2: There are very marked differences in tissues. Dr. Nelson
at Berkeley showed me her studies on the effects of fohie acid antagonists

on the young of Tats, beg the of anta.
gonist early 1n the p 'y. She has d extreme ab:
7o

Anwolomment feetuses which are some three to four hm'es
N \ T eituaty
. '

tissues.

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

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

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

Herrz: Dr. Fraps at Beltsville has shown that a second stc{oid
substance 15 required for ovulation m the bird, and when he gives

- mtmmwamancly in larpe dgsage during the pre-‘av‘qlatnry

3
1
1
i

e ’ lone on e dviuad
. . *  serum content of
-t . - . natural source of

. hich Kogl isclated

. .o widin to neutralize
. . . . . you make a homo-,
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the development of lymphaid 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 lymphoid 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 & 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 pamted 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
umber ficewith | Anice g
Strau L hotd Thym:
il Epersmental Procedure e | R | e
I’tmnh‘gt Perceniage
Castration and Pamntimg 65 585 18:4
wHn
Pamting . 53 113 16 7
Castration and Pamting 45 698 ar-s |
‘RXH?
Posetrre an P P




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

L. DMOCHOWSKI and E. §. HORNING

Tue influence of the female sex hormone on the develop-
ment of lymphoid tumours 1n mice was demonstrated by the
observations of Mercier mn 1938 and of Cole and Furth in
1941 that female mice of some strains have a higher incidence
of Ilymphoid 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 increased incidence 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 investigators carried out gonadectomy to ascertain its
part in the develog t of these t In some experi-
ments such as those of Pybus and Miller in 1942, both ovari-
ectomy and orchidectomy raised the mcidence of lymphoid
tumours. In other experiments, ke those of Murphy (1944}
and Law (1948) orchidectomy significantly altered the inci-
dence, while ovariectomy had no effect. In yet another
series of experments, those of McEndy, Beon and Furth in
1942, orchidectomy failed to have an effect, and ovariectomy

iderably 1 1 the ncid while in the experiments

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

baum n 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 literature, but it can be

stated that the studies of the nfluence 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 Williams (1044) who observed no increase of tumours
in their Cy,; black strain mice following cestrone treatment,
may be due to sub-line differences. It should be mentioned
here that Lacassagne considers cestrogens to be of greater

Table 11
TsvecT of (FarmoNs: PAINTING on €y Brack Mice
Control Mice Panted Mice
Ser Aumber | Mumber | tocuience [} Dusber | Number | gyesence
Mice | Tumouss | Percentaze Mce Tumours | Dereentoge

F 178 24 135 45 [ 133
L M 126 3 23 40 5 125

importance than heredity in the development of lymphoid
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 C;, 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 hormaone treatment, there were indications that
the amount of lymphoid tissue was decreased before the
of mali changes, b in mice which died

durmg the course of treatment, & decrease in the size of the
Tvmnh nadee and ecametimee nf the thvmmiie and of $+ha crdea e
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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 tendencies, and in & second rat we found a 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,
50 the time intervals are extremely small and it is highly unlikely that
they are induced by testosterone. If anyone has any information on
thymus tumours in rats I would be most pleased to have it. 1 wrote to
Ingle and he could only give references to about five of them, and
all of them had been d with the i of steroid
‘hormones.

Duocuowskr: It scems to me that too little attention has been paid
tothe genetic background of these changes. In the case of the mammary
factor, we know now that there is o so-called inherited hormonal
influence which 1s 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 resuits of gonadectomy,
and the fact that some mice give & higher incidence of lymphoid
tumours than others I do not know. But I feel that geneticists may help
the biologists and cherists a great deal

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

Duocnowskr: 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 tesults 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 monthy
instead of three months, This 1s our observation and it agrees with that
of Dr. Gardner and his colleagues.

Hertz- In view of recent developmcms on the effects of steroids on
connective tissue mesenchymal structures, might not the actual basis
for the i be of the ground

the d cells, rather than any direct
effect on. lymphmd tissue 1tself?

Dyocnowskr Yes, It s 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 13 difficult to follow because
frcquently you don‘t know whether you're seemng something which is

and new or which 15 because of
reaction gives a stronger
reticular smmmg m ‘the thymus after steroids than it does before,

DorriNer: Can you stop westrone application and still observe the
same tissue changes?

DyocEOWSER: We did not stop the cestrone during the treatment,
but the fact that quite a few of these tumours appeared within 12
months of the cessation of treatment indicates that once the process
‘becomes irre chang:s
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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
describing the influence of steroid hormones 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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Doprinegr: 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 begmnmg yougota
tissue, ad sumular to that d d with ad-
renul hormones‘ Dr. Wo oolley has found that adrenal size increases after
a@strogen treatment. It scems tome thatthismay bea compensatory alter-
ation in hormone production by the adrenal. Dr. Huggms, do you think
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

oceurs n animals. A3 far as. the adremd
changes in these animais are d, you do get di
you get losves in chol )} hu!

practically none "t ascorbie acid.
Herrz: Are cestrogens the only factors which will mnduce thymic
atrophy 1 the adrenalectomized ammsl?
Brea: Alithe steroid by wilt ioninth
tornized animal,
Do they not produce overal! decrease in the size of the
is speaific for the thymus?

T

thymIc mvohman to a degree, aml get chnnge n adrennl size as well.

of the thymus you

menhoned 1 c:m‘t understand why m somc mice we get this marked
n!nrgement of the thymas gland, and in other cases the thymus is

Just gm;e.h Might it be an mdividual response through the adrenals in
the mxcc?

I R

histologically

it S .- S e s e by
the presence
e

Distocnowsky. Yes



prostatic cpithelium are obtained from cither 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 sce,
brought to light some facts of interest, amongst which is that
the differences m response to endocrine 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 Gardnoer (1948) of Yale
have succeeded, by using the same methods, in inducing
adenocarcinomas from adult mouse uterine epithelia impreg-
nated with 20-methylcholanthrene. Also Boland Hughes
(1949} of Pennsylvania University has obtamed transplant-
able carcinomas of the bladder and adrenal cortex from
homologous grafts combmed with a carcinogen.

The mouse prostate gland, like that of the human, arises as
a series of outgrowths from the embryonic urethra near its
point of origin from the urmary 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 straimns 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 which 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 emthelium is almost iden-
tical in 1ts histology with that of the human. Hyperplasia of
the prostate gland, however, never oceurs spontancously in
rodents, as in man, but a simlar condition sometimes ariscs
in mice following prolonged treatment with cestrogens, which
induces o pronounced metaplasia of the prostatic epithelium
in the dotsal and ventral lobes, involving as in man urethral
obstruetion, retention of urine and hydronephrosis.

The techni of \é neous homolog: grafting of
prostatic epithelium is relatively simple. Small strips of
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prostatie epithelium are obtained from either the dorsal or
ventrnl prostates of either strain A or strain C;H mice. Under
8 pe the sel pleces of cplthcllum are
impregnated with crystals of the carcinogen, which in this
instance was 20-methylcholanthrene, and the whole is
implanted subcutaneously with the nid of & 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 mice, the survival
of an homologous graft scems to be dependent on the usc 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 emthelium without
the carcinogen were implanted under the skin of host mice
of the same age, sex and stram; 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 alveoll 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. It will be noted
that the prostatic epithelium in the control graftsis not hyper- *
plastic, and hence 1t is important to distinguish as clearly
as possible between growth in the grafts contaimning 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 vnrlctics, types A and C of
malignant change, co-exist in a primary gml't and subse-
quently the tumour 1 a
which rapidly infiltrates the udcnocarcmomntuus areas until
all trace of the glundulur tumour is lost. Both the glnndu]nr
and the sq grew on transpl fon,
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 sq
metaplasia of the rodent prostate gland in situ, a series of

_ experiments was undertaken to determine the influence of
stilhcestrol alone, and stilbcestrol 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 elght out of the 13 prostatic
tummu's induced with the gen alone were glandul

The inder were all sq cell tumours.
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On the other hand, 23 of the tumours induced with stilbeestrol
bined with the carcinogen were sq cell carcil
and the remaining three were spindle cell sarcomas. As the
sarcomas were far advanced it was impossible to ascertsin
by histological examination whether the tumours arose from
the stroma of the graft or from the connective tissues of the
host-bearing animal. Only three tumours, nene of which were
glandular carcinomas, were induced with the male sex
hormone combined with 20-methylcholanthrene. Two were
squamous cell growths, the remaining leston being s spindle-*
cell sarcoma. These results arc of significance inasmuch as
they show that the inhibiting action of stilbeestrol on the

TR
Group | Stubvences included wexth the graft
1| 20-Methylcholanthrene |\ aud Catt
I1 | Methylcholanthrene and ¥
Stitbastrol , A and C,H
HE | Methy Icholanfusene and
Testosterane proprovate A and C,H
helial cell -
cells apg to render them more\Ss

Y €F

ceptible to the action of the carcmogen. Assuming this t ¢
the case, 1t would help to explam swhy the focus of maligndnt
change 15 aliways restricted to the non-secreting epitheliu

The glanduk induced from prostatic grafis b
20-methylcholanthrene alone are similar 10 many respee!
to the uterine adenocarcinomas induced by Pan and Gardne:
{(1948), who used a simlar caremogen and employed the same
technique of tumour induction, except, however, that these
prostatic tumours secrete an enormous amount of fuid, |
Histologically the primary glandular carcinomas consist a;‘
well differentiated alveoli lined by o low columnar epithelium
actively engaged in secretion. Unfortunately these glandular
carcinomss arc apt to undergo squamous differentiation
during serial transplantation. A few of these tumours unde ~
went this change during their third passage, whilst<100
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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) illustrates the mfluence of bilateral

id y on the glandular 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
orchideetomy 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 inistered 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

'Qt 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 prostatic
tumours with their response to androgens.

It is difficult to say why & secreting prostatic adeno-
carcinoma, once it has undergone squamous differentiation,
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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

landular-cell i and not sq carei

.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
epithelium in an orgamsm signifies that androgen 13 present in an
I i AP e - A

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 aerobic glycoly ‘l‘l"

'
'
v
[

So I tend to think that if strogen is in excess the cell is functionally
quite different from when androgen is in excess.
T cttoa o+ om T -nokeehadhinkg that secretion develops

»ndly if he agrees that the
i - : ally active epithelium:
AR st o2 =& saeler nmaur formation
‘ ‘ = caronogen
) duces very.
raft which
. ) ' sanges first
: of primary

i,
grats and to trace each invading group of malignant o2s ack to the
individual hyperplastic alveolus from which it had arisen; I every
' - i alveolus Trom, Malvam was the focus of malg:
" Al T can say is that these
. \ibiting the secretion of the
. C, e susceptible 1o the action
of the carcinogen; 1 can offer no other interpretation. n !h"‘!ld ako
be borne in mind that many workers contend that chemical carcinogens
act more readily on cells following depression of cellular acivity, ?"d
that the depressant action of stilbeestrol in the prostalic epithelium
;x:uglye mouse prostate hus been the subject of an extensive cytologicsl
Secondly, Dr. Huggins asks whether I think the alveolar epithebum
1n the exhnustive phase of the secretory cyele in the prostate glatd »
pysiologically active. My answer is, yes. The same phenomenod
oceurs during the secretory cycle in the mammary gland. In both the
prostate and mammary glands of rodents the exhaustion phase of
Secretion Is Tollowed by a recovery phase, in which the glanduls
epithelium gradually enters into the secretory cycle sgain, As for 89
hamhawnre, Ittle is known concerning the factors controlling the cyche
B ;:s o ‘;‘fvse:;egmtq in heither the prostate or the mammary glands .,
+ What is igni i i in
otragen-iated pmsmet:?lgmﬂcnnce of this aerobie glycolysis foun

Hugoms: In general, cells with st i closer
to the malj ithough not strong aerobic glycolysis are o
aerobic glycolysis, ot actually than cells wit

BEGo: But there are reall i b
glyoorseis, re really normal cells which do have high aerobi¢
Hugains: It can be debated swhether that 1s not' due to artifact.



GENERAL DiscussioN 48

glycolysis.

Begg: What about papillomn and normal skin, Dr. Boyland? I bc!ie\'e

I St S0 S et ool M R o e s B S Wit
P V

[RCLI B . o P

Aercbie plycolysis is not specific, but it may be an indieation.

Bree 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 steroid 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 st Dr. Huggins using this
as a criterd:

think Dr. Boyland has expressed my opinion much more

origin.
Lhmmw Are your metabolic results consistent with Boyland’s?
S AN T = Sttt SR b
. \ ' . '
' ' . ! .
.. )

where you have both potentialities i 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 effect .

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! wa! 3

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 | 17 ket b emnfimant nirostatie

- enly
" 1 veek.
. d to,

d were glandul WANCHL 14U waa BORE

durng

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. 1Vas the existence of secretory exhaustion
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 determined by the

i ical of the dul: i it

The cytolog
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aspect of this problem has becn studied extensively by many investi-
tors.
Ivccixs: I want to polat out that squamous carcinoma is one of the

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

ind ol the ! after one or two passages,

P SN R

enrnatismng -

Are these mammary tumours very slow growing?

Fourps: Faily.

Hommm- Pmsumc tumours grow very rapidly. In some instances

tumou after they

ceme to become upon for growth, grow
extremely rapidly.

BeGe- In castrated ammals are the grafts less vascular than in normal
animals?

Hornixa: These amimals were not castrated.

COLLL ERDOC—1 s



CARCINOGENIC ACTIVITY OF STEROLS

1. HIEGER

. Iy 1047 we p\lxb_lxshed o poper the title of which wx

«“Carcinogenic activity of preparation vich in cholesterol” and

m 1949 & paper entitled *Carcinogenic actiwity of ipod

substances.’” Sinee only & few new facts are availsble gt fh

moment, my remarks will therefore be more in the patire
of o very b of résumé of the present state of the investigation

It E“ 1‘_“““3" "o necessary to say more than 2 word of {52

on the histor¥ 0} cpe guhiect. We would say that the derely

ment of synthetiv N v e

Tuecessful  searcht _cancv:r-producmg mx}lpounds.led to
Russion workers in" naturally occurring carcinegelt b
carcinogens present ir1837, when Schabad d.mothd ;:;
died of eancer. The fahe livers of human subjects k0
years by jnvestigators ils were followed up in the aestlee
sources of earcinogen weruther countries, who showed et
liver, in human tissue otheay be found also B ‘pocanene
rich (85 per cent) fractions 0tgp liver, and fnthe o
cholesterol was found to be . ticsuess finally, compen
producing agent. Just before | m' means effieent !
Shoppee, who had been with & sape of the P
suaded by Sir Ernest Kennaws s Basth ¥
forces working on the problem. & en . !;) i o
Beatty Institute, where he prepar? me 670 N

an elaborate series of provesses. T ks!fl“”’

" gens of the 300 or so synthetie et pmc,:ulrsﬂi""
produce cancer in 100 per cent of wogre POV ol
Commercial cholesterol and the chomds et -
human tissues will induce 4-7 per c€. 3 ey OF at
months, However, if the effective nug ned ff{”"; »
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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,
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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.
I R -
H . . . N
, . . . i .
Happow: I take it that lly we p have
degree of interchange and eonverston going on all the time, whereas

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

prrStp Ov I
- act that a low
‘e - cholesterol, for
i ' o , where the sterol
content must be very low
Tremme Tro tho | oht af wbias The Talatman oo ahes moem 2 %=t o o
. i .

naphthylamine. We injected these substances in the same sample of
olive ofl, obtained from one source, We didn’t get any tumours with
the p-naphthylamine but we got about 50 per cent of tumours with the
In control i 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
. Tt U intackaatic added when
o . * naintain a

' . " llets® We
et - e didution
experiments, and so far I have never seen a tumour arvuny 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
¢~r#enl ovneriment when an ammal 1n the next batch of 50 sudde:xll‘_x

1 in 400.

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

Hiecer: Yes, from the gpinal cord.

KevLite: It has always impressed me that in 8 normal healthy person
1ou get sotme 200-300 mg. per cent of cholesterol circulating through
W Tientoteeam and that most of the cells of the body must be in
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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 polyeyclic hy 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?

Snorreee: I think the only available evidence, tr’om tracer kwo'rk, is

Lo kb2 Cante ke af 2] Alaekamad dacmn mans fe 4hn ko s

Prvrercing:

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.
Teal T owrerox

cancers simply because there is an abnormal milieu
Chapiciuir T

Farla and [ve Gac ~s 4 -y

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
a-naphthylamine. In control experniments, 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

L I TP U B TR P

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

have used ch pellets in with h
experiments, and so far I have never seen a tumour around & cholesterol
or 2 stil hols 1 pellef 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 th‘ls
- - P W Aoeeh 2o rn aAdenTy

KeLLn Tled ) 1 of animal origin?
HIEGER: }’e_s, from the spinal cord. i .
. o P R,
. . . . .
' . . . .

[T ' ot . .
inistered in the form of & solution in lard, )

ndg;g::xm 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
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tration of such a i d b Wei;
showed that bcnzpyrene was very rapidly mctnbollzed enher in liver
or in skin.

SosstErviric It wouldn't be nccesu:ry 30 m;gut'! the formation of
L . BRI -CE RN S it

experiments might 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.

D 1: Have any been done on the comparison
of activity of extracts from cancerous livers and normal hvers?
Hiecer Steiner found in his first experi in 1043 that

Tivers were more potent than non-cancer hvers, but five years later he
had to reverse his opinion, and found that the difference was as great
as nine to one. This 18 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

T 4t 3am e« enmer Aanct o mothad fav 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 peliets, but I have never
o o N ;o= Theeeisno
: - " 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?
MunLpock: One or two mg.
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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, 1948b, for general statements and specific
schema).

In our laboratory we have studied in considerable detail
the responses of mice of seven different inbred strans, 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
70 (B

" famma emvular | L Putusar Yierine
swain | flemmey | Totede | gmis | poae | Eo
+++ + 3+ - - + 4
GH | ++++ - +++ - +44
CBA +4+ - +++ - +4++
42 - - - + 44 +
JK - +4 + - )
PM ~ - ++ + +o
C,t ++ - * = ++
ura e cou .
a0 ‘m .;::l:n Il:l:h;d%:?;'h\:m"o“ e h;::;.' IrnponllA':g‘ aly In m!ce of thm otra nl
or pituitary tumours have not been found in Gotreated controla L d t h op] r

inlow {xmnu.e o rice of il sratnn and Uterine eetvical LUmours only AmOBE mice of the
44 4 + indicates a relatively high the
turmours menuoned Reference + + +, ¢1¢ , indreates lmemledllle degrees of usceplibility.

In our experience mice of two strains, Cy; and PM, acquire
Pituitary tumours subsequent to ccstrogen treatment. This
response is particularly consistent in ammals of the C,;
strain, In other stramns such tumours either have never
appeared, or have appeared with extreme rarity. The
tumours are usually firm and fleshy, although oceasionally
eystic, and hyperplastic. They may become very large,
almost as large as a normal mouse’s brain. They are benign
in that they never metastasnze or mﬁltrate the meninges or
bram. Histologically they are posed of ch

cells and have been d g h phobe ad The




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 ther 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 strain hmitations in tumorigenic responses are
also prevalent to some degree n responses to carcinogenic
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 concemed with mod\ﬁca-
tions of the steroid and pituitary d and
other hormonal balances upon the mcldence 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
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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, 1048, 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
URIEZCTED T0 (EsTROGENIC HORMONES®

M, ticular hord | Puw Yrerine

Ymmery | qoteder | Lymeros | puwiemy | S
4 |+t - -

+H++ ~ ++4 - 4
b -~ +++ - ++4
- ~ - T+ +
- o+ * - ?
- ~ ++ + + 4
+4 ~ + = +4

tumours e tho only tumours that occur spontancounly in mice of these sttauns

s b on.ly among female mice, whereas they appear in rstrogen-treated males

O Dltuitary Tamours pave oot b foud I Stboated contrars . Lymphold Limours o

r'"ﬁ low percentage of mice of all strains and uterine cervical tumours only among mice of The
+ + indicates a relatively hizh

tumaues Moo R lative T+ +, et , indicat

d — o t tothe
ntermediate deg'rm of susceplibility,

In our experience mice of two strawns, C5; and PM, acquire
plt\utary tumours subsequent to cestrogen treatment. This
response is particularly consistent m ammals of the Cg,
stramn.  In other strams 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_comp d of hobi
cells and have been desi phobe ad The
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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 freatment, 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
hypertrophued rather than adenomatous. Oceasionally
adenomas are found in smaller glands.

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

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

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

The pituitary tumours grow subsequent 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 cestrogen-treated animals. When transplanted
subeutaneously 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 hypothesis was made that ovarian tumours in
castrated imals bearing intrasplenic transplants arose
because of the hormoral imbalance existing {Gardner, 1948b).
The livers of the mice destroy cestrogens (Rush, i press).
Zondek has first shown, about 17 years ago, that the rat’s
liver destroyed cestrogens. Sut to t
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
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the pituitary gonadotrophin is elevated (Fig. 1). In such
mice ovarian tumours of the granulosa cell type devel

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.

UTERME ANG OVARIAN RESPONSES OF INTACT PARASIONTS
 UNION WiTH A CASTRATE

s [/76‘
Y

ALL OPERATIONS PERFORMED  CASTRATION ong INTRASPLENIG

SIMULTANEOUSLY GRAFTS 30-50 DAYS BEFORE
PARABIOSIS

Fio. L. * . . e e
Miller o . . . .
number . .
weighta . .
strated L

d under-

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

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

’ although luteomas, which I believe should be called luteinized

granulosa cell tumours, are 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 stram. The percentage
of takes and the rate of growth differ with different tumours.

Hypervolemia was observed by Dr. Furth in animals
bearing transplanted ovanan 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. Wolstenholme (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, 1950) 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 tumorbus 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 m 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 ammmals, 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. Kaplen it was found that the mjection of
testosterone propionate in doses of 1:25 pg. weekly and
cestradiol benzoate prevented the appearance of such tumours.
More recent experiments, however, 1n 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 meidence has been somewhat higher than in the
irradiated mice gwven 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 tumongenesis 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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5
its esters, and stilbaestrol (Gardner, 1938b). Such observa-
tions have been made in several laboratories in England and

CUMULATIVE MORTALITY, OVARIAN ¢ LYMPHOD TUMOR WCIDENCES.

Mav 280 3807 o SERaME ON
FENALE wWicE

ToTaL
LYWPOID Tumons
QAR TUMORS

NUMBER OF MICE *

130 200 230 300 320 406 430 500 330 €CO 654
AGE N DAYS {50 DAY PERIODS}

F16, 2. Female mice of the B.C, stock (12th-15th geheration of
inbreeding) that received total body irradiation and weekly
injections of 0-05 ml. of sesame erl. 'The number of lymphad

and ovanan granulosa cell tunours are indicated

America. One other strain, stramn C, interestingly one of the
Parental strains from which Dr. Strong derived the original
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A strain, also acquire such tumours subsequent to cestrogen
treatment. ' In our experience testicular tumours have

CURULATIVE MORTALITY, OVARIAN ordd LYMPHOM TUMOR INGDEMCE
R-RAY 280.30¢ +TESTOSTERONE PAOPIONATE
reMALE MiCE

o

NUMBER OF MICE

T \ —
150 200 230 300 350 400 430 860 590 KO €30
AGE N DAYS (30 DAY PERIODS)
Fi16. 3. Mice of tl:e BC stock (12th~15th generation of inbreed-
PO I iAol S Al St b R R

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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- has been assumed, but is as yet unproven, that in mice of
e A stmir} the ndministration of cestrogenic hormones

CUMULATIVE MORTALITY and LYMPHOID TUMOR INCIDENCE
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'esults. i'n an increase of pituitary luteinizing hormone or
nterstitial cell-stimulating hormone.
oLt xxpOC ~1
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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

CONDITION OF CONTRALATERAL TESTES OF MICE
WITH AT LEAST ONE LARGE TUMOR

NO OF anMALS 2 2 3 1 2 1 4 1 5
7y 18 ezt 37 0 y 1
aernct  pe e a0 s B 1 - “«
LESS T NOMMAL W2E woRMAL SIZE .

——

00,G,0 O; OQ @Q Q{

Tuuonous TESTIS

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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DISCUSSION

PuLLiNGER. In the intrasplenic ovarian tumour experiment, can you
transplant those tumours into intact animals? And i the pituitary

tumour 5, can you lant the tumours into castrated
ammals? That would show ipl d 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 1incidence of take at the first transfer generation is variable. With
some of the tumours there was evid that 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
high. As for the pituitary tumours, we have transplanted them into
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 acstrogen treated animals, and even among those there has been
a ly low of tumours providing “takes,” and a
comparatively Jow 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.
MumLpock: In answer to Dr. Pullinger's question, T have l:een study-

- ERA e e D 2VL Y ta el
=1

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

T L - PEa
L
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N 1 . .. .

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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M mLnock: The principal cause for the development ::l 1l these
AR SR S R R 97 S B gt

. . . - ., o,
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 pl ovprian graft from
producing 2n abnormally large amount of gonadotrophin, stimulating
the ovanies and hence the uter of the intact pnmbignt. ‘When Mller
3 er. . T e e . v s

80-50 days the gonadotrophic hormone was high enough to produce a
sudden effect in the intact The same is being
done using animals with irradiated ovaries,
Munrgock: There must be a difference between rats and muce,
we kmew et m rate thers e pnineerrize pomatet of ST
1 o

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



66 GENERAL Discussion

picture you find after the njection of the luteini: h ;s very

e
1t indicates tt .
treacherous tc

+ not proven. *
and FSH differentially,

AMrmvnaecx The strain of mice is mportant for the development of

1
ORE LU SUUW. 205 50 vt aayyap g ¢
jrot reproducedl. Would you call that a tumour?
[ '

- v

UL b e,

ald mice, and we have studsed a fanly large number of unmns. §

: Itver would nactivate

the hivers of mice that
were subjected to chromic testrogen iresyneny and castrated as well
showed less activity, about 6 5 ug. 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 wstrogen
destroying mechanism,

Dyocrowskr In which strain did testosterone have an inhibitory
effect on lymphoid tumours?

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

watlae racnite

. mphoid tumours n,

: done only intact

Lann N bl
males and fernales.

Is there a duff 1n the between females*

*and males? . . . .
GaroNer: Not in this stram. It 15 interesting, because in general,

female mice show a higher incidence of leukeermia than male mice,
The incidence mn this strain 1s only about 3 per cent.
Puocnowskr: Yet, in’spite of that, testosterone seems to exert an

inlubitory effect?
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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 tieated X-rayed females was, as I recall, 53 per cent;

the incidence in the sesame oil treated N-rayed males was 14 per cent,

just the same s that of X-rayed females that got testosterone, so the

testes are just s effective as 1:25 mg. testosterone propionate in
o e T S . N

tumours,
[

U B S L v
R v

The incidence, with large doses of cestrogen, goes up to about

25 per cent, whereas 1n 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,

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 incid T have not, however, seen
the tumottrs in the R-IIT nmmals which are susceptlhle to mammmy
tumours.
KosTewEG: 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; X CBA,
there are no mammary tumours, and in the reciprocals there are
mammary tumours. Did you find that there was a posmve cun-elatmn

between the of 1 1 factor
and the app of 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 expenment m 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 symposium in view of the out-
standing importance of the mammary gland 1 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 sometimes both, as a sufficient
basis for drawing rather far-reaching conclusions about the
effect of various hormone treatments on the structure of the
mammary gland. This is admittedly a time and labour
saving p: dure 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.
I shall begin by giving a brief account of the methods which
we have been using, and which we hope continually to
improve, for studymmg 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 conneetive 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 Iine joining 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 animal 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 increnses in the degree of arbores-
cence of the ducts, or the formation of new alveoli.

The most smitable and usual type of animal for studﬁng
experimental mammary growth is the immature animal which
has been gonadectormized 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 relative
growth snalysis (see Huxley and Telssier, 1938) which
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enables a comparison to he 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,
»=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 are 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 «, 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 15 merely growing at the
same rate as the body as a whole (1sometry}), and any observed
increase 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 in France by
Dubois (1944) in some unfimshed work which was unfor-
tunately interrupted by his untimely death, and has been used
in our laboratory more recently 1n studies on the mammary
gland of the rat (Cowie, 1949).

Relative growth analysis is also very swtable for studying
the dynames of teat growth since the length of the teat can
be readily measured and compared with the length of the
bhody. 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 gumnea-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 in 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 rand d and scored 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 “three-di 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 anssthesia by perfusion through the aorte, 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 rumnants.
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 experimental material than earlier
workers, leaves no doubt that the moukey must be included
in the species in which cstrogen alone causes extensive
lobule-nlveolar 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 cqual 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 whieh, as is well known, is a mammogenic
agent the action of which is closely related to the growth of
alveoli, There scems to be no obvious way of overcoming
this technieal difficulty.

The second eategory, 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 cestrogen. 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. 1In 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 only be deficient in amount but
might also exhibit 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 epithehal 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 various ratios
and absolute levels of estrogen and progesterone for evoking
artificial udder growth in spayed goats. So far only a brief,
preliminary account of this work, which is still n Pprogress,
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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 that Clarke and Selye
(1943) have reported that o given ratio of.u:stmgen and
il evoke dfferent responses in the vaginal

rogesterone W
Epi{chc]ium of the rat according to the absolute level at swhich
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two hormones are given, vaginal cornification resulting at
: level of dosage, and an entirely different response at a
her level. It seemed possible that the same might apply
zrowth responses of the mammary gland. We are therefore
rying out at the present time a preliminary experiment on
r spayed goats in which a much lower dose of cestrogen
25 mg. daily) is being given, but at the same time we have
sed the progesteronefcestrogen ratio to 400.1 by weight.

A very interesting effect has been observed in these latest
seriments. The two goats receiving hexcestrol alone,
vards the end of the injection pertod of 20 weeks developed
narkably large udders—as Jarge as those of high-yielding
ligree goats in full milk. These udders were so turgid as
necessitate the initiation of milking before the end of the
atment period. By contrast the udder development in the
o goats recerving cestrogen and progesterone was much less
tking, A+ fret et b ermnass e S ah LSl AL Tage of
gestero . “the
reolar t - = tamn
til the rather laborious histological studies on the udder
lves removed st the peak of lactation are completed by
~. Richardson. It is worth noting that Dr. Lyons found
1dence of inhibition of alveolar growth by high progesterone/
strogen ratios (just over 600:1) in his rabbits (Lyons and
cGinty, 1951).

As regards the effect of steroids on the male mammary
and, though n many species, well known examples of which
e the guinea-pig and the monkey, the male gland 1s equipo-
ntial with the female gland, our experience as well as that
‘others indicates that this is not so in the ruminant. In our
‘periments, castrated male goats subjected to prolonged
strogen treatment have never shown any but the most
MQmnmatae S et oa e e EE

cotL ENpOC —1 . ¥
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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 T 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 earried
out with a view to eventual practical application, are very

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

in a youch less expensive pilot animal, 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 a factorial design (for which we are
indebted to Prof. C. W. Emmens), Dr. Cowie has found thot
in the guinea-pig, progesterone is necessary in addition to
estrogen for normal and full alveolar development, The
type of result obtained is illustrated in Fig. 2. The dosage
ranges, given daily for 63 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 progesteronef
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 mounse, has been widely used
for studying effects of ids on y development
We have applied relative growth analysis to su,xdy the, rat:‘

. "t e A . .ot I ) .

As jrabic. v L o .

obmxi’ned from a plot of the mammary area against age in
young animals is limited. Such curves, for instance, give no
information about the age at which the ovary first begins to
secrete enough testrogen to change the isometrically growing
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gland to an allometrieally growing one.  Using relative growth
analysis, however, Dr, Cowie has shown that in female Norway
rats from our colony the mammez grow isometrically from
birth until 21-22 days, when an allometric phase sets in, the
constant o 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, i1sometric growth
(a=1) continues (Cowie, 1949).

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=38). 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
obtaned. Increasing the dose to 1-0 pg. every other day did
not increase a significantly. It therefore seems that excess of
cestrogen does 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). Tt is believed that this dis-
crepancy 1s 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, 3, Effect of cestrogen on the relative rate of increase in total
mannary gland area i the young femate rat.

® Normal intact females receiving 0:1 ml Arachis oil sub-
cutaneously on alternate days.

O Spayed fcmales receving 0 1 mi Araclus oil subeutaneously
on aitemnate days,

X Spayed females recraving 003 pg. costradiol dipropronate
in 6+1 pl. Arachis ol subentaneonsly on alternate days.

astrogen. A more clear-cut, because longer term; example
of this phenomenen was described hy Fekete, Waolley and
Little (1941). In support of this interpretation, Mrs. Silver
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has 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 o value somewhat greater
than unity and the explanation is probably the same as for
females. Administration 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 1f 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 aminopterin 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
ntact males and 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, 1illustrates the
Limitations 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
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duct system in the young male rat remains restricted there is
a striking development of clusters of alveali 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 iderntion. 'This is plhi-
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.

Temshn ~t6 afrmnbantal siend in tha sinm! Flehat avnarimantn dacaethad
in . . . '
W, ' 1 . -

[V R . 1 . .
and to Dr. J. H. Wilhams of the Lederle Laboratories Division,
ican C; id Co. for i
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DISCUSSION

Lyons: I do not think anybody would thank me for dragping in the
hormones of the antepor pitujtary at this time in connection with
sterod function; bhut they do play very important roles i determmmng
the response of the mammoary gland to the ovarian steroids.

Puriinger- § have often thought, hike Dr Folley, that the mammary
giang response might finaily tell us the physiologieal level of wstroger
in these anitnals, I take 1t there 15 0o other way of estimating what s
the physiologicsl amount of wstrogen circulating an the anfmal?

Forrer: No, I don't know of any. I believe Canl Hartmann has
proposed & method of measurtag estrogen on & micro seale i blood,
but 1 don’t know that 1t hys ever come into wide use. Perhaps Dr.
Gordner conid tell us more rbowt 0. It seems to me that this methed,
when we've got more data, imght well give uy some idea of the physio-
logieal output of the rat ovary, provided one can grow the gland faster

peti lly than it grows . From our exp ts, at the
moment it 1ooks as though the dmily output 1s between 0 623 and 0 123
micrograms of cestradiol @ day, Which s mather small,

Beca: Won't you eventually have to use adrenaloctomized ovariecs
tomzed animals?

Foriey: I suppose we should, but st 15 very dufficult #o keep the
adrendlectomized snimals abve on an estrogen regime.

Bees' Have you used salt?

Forrey: Dr. Cowe dign't find salt very effectsve i our rats.

Bees: How about salt and DCA?

Cowge: Then you would be adding a steroid which might affect the
mammary growth.

Foreey: DCA, as Dr, Gardner and I showed years ago, does possess
mammagent¢ activity, That was later confirmmd by Speert in the
monkey.

Ganpwer Ihd you use any ammaly, such as the dog, w which
wstrogen had no cffect on the growth of the mammary gland, or vers
very shght effect ?

oLLEy: No, I didn't use those.

Canpsrs: There s another class, 1 addition to the tho efasses you
wentioned, i which @strogeas has o very hmsted effect, Dy, Trentin
hus recently found that with @strogen plus progesterane the dogs’
mammary glands do very sl

In this analyss of growth of the mammary pfand I nondesest about
the extrapolatian With wcreased doses of westrogen,  We have observedd
in our labotatory that Iarge doses of eestragen intulnt mammary growth,
disproportionately to total body sze. It mnhitats genernd growth oo,
but If we give erude pituwtary extract to keep body growth comparable
to normat body grawth, estrogen sl inhibits mammary growth, 1
ddon't know just where that wouldt £l as fur as dasage level is canverned.
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1 am sure that the dosages you were using here were much below that
inhibitory level,

PRSI SO PO U PRSI

area of alt mammary glands in each rat, and, for controls, using other
rats. We don’t use glands taken bcfore treatment begins from the

Judging by our curves, that
LA,

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

Sosmerviree: I think that Dr. Folley would agree that when trying

to deduce hormone 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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Fotrxey: ¥ ageee that that §3 possible,

Mugsock; In all your expesiments the injections were started st
the sge of 20 days?

Forazv: Yes,

Mumueock: Have you any experience with earher treatment?

Forrev: No, we want to try that i due course.

Murinock: I have done some experiments to develop the mammary
gland in muce in the early days, and there I found no growth.
the treatment on the frst day of hie and I continued for 18-20 days.

Poriwvenn: 1 agree with Dr. Muhibock.

Fourey, We suspect that the maramary pland may not be responsive
to estrogen below a certamn age. Dr. A, Reynaud of the Institut du
Radsum 1 Pans has been wotking on the effects on the fertus of steroids
administered to the mother, and he believes that the mammary gland
is not responsive 1n late pregnancy. He wrote to us to ask if we had
any evidence of what happens during the early period of Isctation, from
irth ta 20 days, and we do intend svestigating that,

Herrz: There must be a marked species difference, because at birth
in the human nfant there is frequently stimulation.

Foreey Yes, I think Dr. Lyon’s work on the hormonal base of
“witches milk” 1s interesting i this connection,

Lvons ¥ think about two-thirds of all new-born mfants of both
sexes show mammary swelling due to growth of the parenchyma, and
rot simply to nflammation; and shout two-thurds of these secrete
railk or colostrum.

Beco. Jsn’t the human fatus bologically more advanced at birth
than the rat or the monkey?

Lvyowns: I think the difference might be 1 the response of the fatal
mammary glands ta the hormones af the placenta.

Forev: Some goots have little udders at birth. .

Dovrrven: I would hke to ask Dr. Folley whether he has studied
other hormones. He mentioned the corticords. Have you tried the
effect of any of the 11-oxyg steraids on y growth?

Forrey: Not yet, Unfortunately, we haven't been sble to get any
cortisone so far.  But Dy, Gardner and I showed some yenars ago that
deoxycortone acetate causes mammary growth. We have investigated
the effects of adrenalectomy, and concluded that in normal mammary
growth the adrenal cortex doesn’t seern ta beimportant. Inother words,
one can by experimental means mdece more or less the same degree
and rate of y growth in ad omized animals as in normal
ones.

Donriwers The question of DCA is a very tricky one becsuse one
of the next di: in ism is We have
evidence that st 1s very easy to reduce the 23-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 derniérement des mises au point ont été publides par
Folley (1947) sur le dle endoerinien 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
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 physiolegique de la
glande mammaire qu a passé par deux étapes: dans la
premitre, 'ovaire 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 1'Ovaire
On spit que le développ et I'ép i t physiol
giques de la mamelle sont liés au sexe féminin, mais 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'affaistrent. Keppler (1890), ayant réalisé la
castration de 46 fernmes & cause de maladies gynécologiques,
constata une dimnution du volume des seins qui ressemblaient
aceuxdel'h ainst qu'uned ion de I pigmentation
de P'aréole et du mamelon.

La premiire observation expérimentale de Vinfluence de
Vovasre sur Jn mamelle a été rapportée 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

lles étament touy mieux développées que chez I
deuxitme. Cette constatation est confirmée par Haiban
(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
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normal de la mammelle. Il admet que l'ovaire produit une
substance spécifique ire pour le développ et le

de la lle et dtre Povaire comme son
centre trophique. Steinach (1912), qui réalise Pimplantation
d’ovaire chez le cobaye mile castré, signale que les mamelons,
I'aréole et 1a plande mammaire prennent la forme et le volume
de ceux de la femelle normale.

La dépendance de la mamelle & ovaire ayant été établie
par les observations climques et expérimentales, Ancel et
Bowmn (1909-1911), dans leurs expériences chez la lapine
en pseudo-gestation, mettent en lumiére le role 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’ovare, la traisiéme 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, Identification 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 ’édification et les change-
ments phy giques du réseau ire.
expériences ont établi que la folliculine devcloppe les tubes
mammaires et que Paction synergique de celle-c1 et de la
progestérone développe les acini. Les études histologiques de
la glande mammanre de la femme ont révélé des changements
cycliques de I'épithéhum e et leur parallél avec
le cycle sexuel.

La Mamelle sous le Contréle Hormonal de I'Hypophyse
Les observations de Cushing (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 Je systme endoerinien, L'hypophyse controle
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-
gtne était considérée comme responsable de développer
seulement les tubes galactophores. 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,
par Padministration de prog seule, au rat mile 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
la 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-

1 ufT:

lation ire. Cep une pparait entre
les rats males et femelles adultes, castrés. Chez les premiers,
Pandrogéne agit sur les tubes sans provoquer la formation

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 1

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 capable 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 fait que les substances ostropines 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 action 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 de 1'% mile et femell
prophylaxie et trait: de Yad 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 tcher 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 avions constaté que de

*Expénences iédites,
COLL, ENDOC,—1
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fortes doses d’androgéne restaient sans action sur les éba
mammaires des animaux eastrés,
Exzpériences chez la souris: Un groupe de souris miles 1
o été traité avee 10 pp, de benzoate d’cestradiol, admin
deux fois par semaine, par la voie sous-cutande. Un deux:
groupe, en plus de V'cestrogéne a regu simultanément une «
200 fois supéricure de méthyl-testostérone, Toutes
mamelles des animaux ont été étudides in folo, & trois, st
huit semaines dintervalle. Jusqu'a trois semaines, on zonst
une inhibition partielle de s croissance, Yaire mammt
est plus réduite et les bourgeons de croissance moins n¢
breaux, mais dans les délais de six et huit semaines, le trai
ment associé s'est transformé en une action synergig
semblable & celle qui s'obtient avec In progestérone; I'a
mammaire est plus étendue, les scini sont beaucoup pl
nombreux; la dilatation des tuhes est plus modérée.
Expériences ches le eobaye: Chez le cobaye, on administ
soit 20 pg. de benzoate d’cestradiol, soit Ia méme quantt’
d'cestrogine associé & une dose 200 ou 300 fois supérieure ¢
propionate de t trois fois par semaine, |
mamelles sont étudiées aprés trois, six, neuf et douze semaine
de trmtement. Au terme de trois semaines, on constate
comme chez Ja souris, une inhibition de la croissance de:
tubes qui sont aussi plus dégarnis. A partir de six semaines
on ne remarque plus de différences dans Vaire mammaire des
deux groupes et les {les, trés hyper présentent
des tubes et des acini remplis de séerétion. ,
Expériences chez le lapin: Chez le lapin, nous aAvons oppose
4 In dose d’estrogine, une sutre mille fois supérieure de!

+é

1
P

prop e 5pg o det te d'cestradiol et
1a méme dose associée 4 5 mg. de propionate de testostérone, |
sont adminitrés, six fois par ine. La deuxi®me pdire de

mamelies des animaux du groupe recevant seulement Ucestro- *
géne et du groupe & trajtement associé, 8 €té étudide in tofo |
aprés deux, trois et quatre semaines de traitement. Au bout °
de deux i les fles du itme groupe, Panire
¢étant similaire, présentent un réseau de tubes plus serrds 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 l'aug tion de l'aire ire, 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 femme, pourrait s expllquer par cette action
indirecte par voie hypophysaire.

Croissance Pathologique

Expérimentalement, Uadministration réitérée d’une sub-
stance cestrogéne aboutit & la 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, stéraide synthétique, ayant des propriétés
cestrogéne, progestative et androgéne, est capable rapidement
de féminiser la mamelle de la souris méle, mais cependant,
n’aboutit pas & provoquer la dégénérescence kystique. La
progestérone, administrée d’une fagon réitérée chez les rats
ol elle est active sur la mamelle, ne provoque 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 Amerlnck (1980), par l'ad-
ministration d’extrait de liquide folliculaire, ont produit des

formahons _adénomateuses et l’hyperplasxe kysthue de la
ty-=te-  ahealn oM

l .
[emme. Mazer (1934), pens:int A Pantagonisme hormonal
a suggéré de traiter cette maladie par les androgénes, et 4 12
suite des résultats chiniques rapportds 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 expérimentales. Pour cela, des
rats femelles castrés ont regu une quantité d’cestrogine



STEROIDES ET LA GLANDE MAMMAIRE TooT

suffisante pour provoquer une hyperplasie kystique et &
d’autres, nous avons associé & ce traitement le propionate 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 associ¢e & une dose de propionate de
testostérone 100 et 200 fois supérieure. L’étude des mamelles
in tofo et en coupes montre qu'au lieu d’empécher I'apparition
de Phyperplasie kystique, le propionate de testostérone agit
d'une fagon sy: ique en provoq des hypertrophies et
hyperplasies plus importantes. Il semblerait donc que, si le
propionate de testostérone agit d'une fagon salutaire sur Ja
mastopathie kystique, ce soit psr un mécanisme autre que
K s

celui de I'antag! entre i et

(4

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

Action des Hormones Stéroides Seufes ou Assocides
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 dermiéres années
des travaux ont encore attribué aux cestrogines ou aux

droge une action stimulante sur la Jle du rat
hypophysectomisé. Nous avons réalisé des expériences
successives afin d'étudier 'action que les hormones stéroides
seules ou associées, Iextrait d’ovaire et la séerétion du propre
ovarwre de Pamumal pourralent avoir sur la mamelle du rat
hypophysectormsé,

*Expénence médute,
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Nous avons signalé qu'une association d’estrogéne ‘et
d’acétate de désoxycorticostérone provoque une stimufation
mammaire chez le rat male 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 1'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 ternitoire

. des gros tubes collecteurs aboutissant au mamelon et est
tres faible, étant données et la durée du traitement, et les
doses massives admnistrées. Or, avec des doses trés in-
férieures, chez 'animal castré, on provoque d’énormes hyper-
plasies et méme des phénoménes pathologiques. II semble
que P’épithéhum 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 deld de ces gros tubes collee-
teurs. Avec de trés fortes doses d’un cestrogine artificiel,
nous n'avons méme pas observé cette achon stimulantc
limitée & la zone proche du mamelon. II semble qu’ une
différence se manifeste entre cestrogénes naturels et artificiels
dans ce cas particulier.

Action des Extraits Ovariens en Absence de
VHypophyse
11 nous a semblé intéressant de vérifier si un extrait d’ovaire
n’avait pas, pour stimuler Ia mamelle, de capacités diflérentes
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Nous avons signalé qu'une association d’cestrogine 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, & 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'snalyse 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-
férieures, chez Panimal castré, on provoque d’énormes hyper-
plasies et méme des phénoménes 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’svons, par contre, jamais constaté de stimulation du réseau
mammaire secondaire situé au deld de ces gros tubes collec-
teurs. Avec de trés fortes doses d’un cestrogéne artificiel,
nous n'avons méme pas observé cette action stimulante
limitée a la zone proche du mamelon. Il semble qu’ une
différence se mamfeste entre cestrogénes naturels et artificiels
dans ce cas particulier.

Action des Extraits Ovariens en Absence de



99

STEROIDES ET LA GLANDE MAMMATRE

. . *uopoynua 98 7
(oIpeneD,p ojeoruay ~ G ( {8} 2uoaaD,p Sorualt = R H {3} ﬁa..uﬁzﬂun_:ﬂ__,n = .mmw.w A:w

ospd uou 06 8C1 F g1t [1] TG0 | IuvINI-EN0S 99 26 rgm
L8 $%1 1t owdenvi o ° o - ) 80 orpw
ol8 g [ F 8 [ 1'6°0'g | 2yuTInd-Nos 9¢ ¥8 EEUeH
$oSE 99 0 opydonyy [] [ [ — [ 8 afjpwag
Zo18 56 151 F, 3 s | ¥'e o'g | syumno-snos | 38 €6 sy
84 € ¢zt | amdoniyl o [ [ - [ % agut
oS8 o1 sv1 | omdony| 0 1§ |o‘1ig) e spuwno-snos | o8 oL afpu
X 801 st1 [owmdenv| o [ [ — 0 (23 olgut
nead v snos
gsur Jw g 291583
2opd uou £0 of L F 0 0 |o'Li®) @y | op ywndwod 26 86 af[autay
A
<08 €8 cenn | omdosiy L] o [ - [ §6 o][atudy
L
8a3G S0l $21 jemdony) o [ “a'sa Suodea) 98 18 o
8,98 zor | s jomdonv| o 0 0 — 0 18 alpu
woad of
snog gIgsul
‘g Bw g'ot 211582
8,58 96 epr | sydoniy (s a | op puudwodr| 08 18 | afpwap
2050
858 [1:44 161 | omdony [ 0 0 — 0 18 | atewsy
soppons s auozp (sanof 1) (el
mpanofa | Rus s |spaintooy] 0% i f lydodfy | 00
ypuojoad Touy. sy squde
moat 5 | wpad “But ua agspupuIDY Toaus, ¢
amezpdidag, apIo1y® Sucaion,p aLwiod o80QL up spans

FSIWOIIASALIOISIL LVY 0T
ALVIFOV,] ¥ A0 ANOALSADONJ Y1 ¥ IFL0SSY A0 wIndg ANIO

I°1q8L

ATIIWYIY V1 408 ENOWEISOILLYCIXXOSH([ dd

OWLS) NONYLSIAS AND(] NOLJY




100 A. Cuadorro

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. Toutefois, 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 nous avons
administeées dans 'expérience précédente.

Action des Hormones Stéroides Secretées par I'Ovaire,

sous PlInfluence de Ia 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. Mas leur action toxique devient con-
sidérable si elles sont admnistrées 3 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 I’appétit et une baisse plus accentuée
de la température rectale profonde. Cette baisse de tempé.l‘ﬂ‘
ture qui, chez les ani hypophy isés témoins
atteint 2-8 degrés, se chuffre de 5-7 degrés chez les animaux
traités par des substances cestrogénes. Dans les expénences
réalisées avec des extraits bruts d’ovaire, Ia solution huileU.SE,
administrée en quantités importantes, se résorbe mal, bien
que les animaux se mmntiennent dans un état génlral 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 la répercussion que ce

aurait surla lle des ani 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). Sx un
tel trai est 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 gonadotmphme et de la séerétion ovanenne. Or, chez
les rats castrés et hypophy: és, I’ inistration 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 réaction mammeamre.o._
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Action, sur fa Glande Ma ire, des Implant
. d'Hypophyses
La constatation que les substances cestrogénes sont inactives
' R " " Turner et ses collabora

' . - *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, unc deuxitme seraft sécrétée sous
f de Ia progestérone et produirait Ia prolifération
dacini, la folliculine et Ta progestérone n'ayant d’sutre réle
que d'exciter hypophyse, 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, i lles atrop
' naus avons fait des implantations répétées de trois sortes
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 gonnde, 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-
t 1%

génisés sont implantées en leur jon
d'une h id g Dans ce cas, on




Fi6 3 A Mamelle atrophiée de Jeune rat femelle vierge, 6
semmnes apres hypophysectomie B 1dem. apres admumstra-
ti1on pendant les 5 derpidres semaines de gonadotrophine sérique
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Actlon, sur la Glande Mammaire, des Implantats
d'Hypophyses

La constatation que les substances cestrogénes sont inactives
en Pabsence de Phypaphyse, & conduit Torner et ses collabora-
teurs, & émettre Phypothése de Pexistence 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 hypothése prenait assise
sur la constatstion expérimentale que les hypophyses des
snimaux soumis 4 un traitement westrogine et cefles des
animaux gravides étaient semles capables de stimuler J2
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 répétdes de trois sortes
@’hypophyses provenant de rats normsaux, de tats castyds on
de tats ayant subi au préalable un traiternent 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, pauvres en hormones gonadotropes, les ont
& pewe stimulé.  Si la mamelle, dans ce dernier cas, 1’s pas
é1é stimulée, il semble que ce soit A 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 mdle custré, 110 hours uprés
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onstate une trés nette stimulation mammaire (Fig. 4). Cette
xpérience montre que I'hormone stéroide est nécessaire pour
btenir une stimulation mammaire plus importante,
Cependant les hypophyses des rats normaux possédent I
apacité de stimuler In mamelle du rat hypophysectomisé et
astré.  Mais dans ce cas, Ia stimulation est faible et se
aractérise par Papparition de petits bourgeons de croissance.
/action devient plus intense si, en plus des hypophyses, on
dministre une hormone stéroide mammogéne. Llinterven-
ion dans la réaction d'autres glandes endocrines n’est pas
éearter puisque si, & des rats castrds, & mamelle atrophide,
n extirpe la thyrolde et la surrénale, et on réalise des im-
lantations d’hypophyses, la stimulation mammaire est nulle
u trés faible. D'autre part Lacassagne et Dubois n'ont
as observé un pouvoir particulier des hypophyses des souris
tavides pour stimuler la mamelle de la souris castrée.
SiThypophyse secréte une hormone spécifique pour stimuler
irect la glande ire, cette hormone doit se
rouver dans le sang des ani A glandes ires forte-
lent développées. Nous avons essayé de la déceler dans le
Tum sanguin des amimaux soumis & un traitement réitéré
ar les cestrogénes et dans le serum de Jument gravide et de
‘mme enceinte. Ces produits admimstx:és A dfes rats castrés-
ypophysectomisés n’ont pas donné de stimulation mammaire. *
Ces expériences montrent que Yhypophyse et les hoEmones
[ - . Te e e . .

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

Synergic des fractions hypoyhysazr.es'et des hormorfcs stéroides
ammogénes. La synergie des ’dllfferentes fractions hypo-
hysaires avee les cestrogénes a été recherchée en utilisant le
it castré-hypophysectomisé. Nous avons essayé les fractions .
nadotrope, thyréotrope et la pml‘}ﬂme., et seulement cette
srnitre associée & DPcestrogéne stimulait la mamelle, Ce



Tic 6 A Mamelle de rat femelle adulte Témomn B Idem,
apres propyl: (un mg par jour}
pendant 6 semaines Dilatation des tubes qui contiennent une
1 séorction, et proliferation d'acmni. X -44
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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’expériences, nous avons mis en ¢évidence
le role de la thyroide dans le déclanch t des phé
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

p _
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ce qu rédut & zéro Ia mortahté consécutive &
Topération. cutve
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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 Vexistence d’une hormone mammogine 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 mécanisme d’action des hormones stéroides sur I
croissance normale de In glande mammaire se présente, &
I'heure actuelle, comme un probléme complexe trés loin de
1o simg ¢ de Ia tion p d e
ovarien, Les substances mstrogencs ne snnt actives sur Is
glande mammaire gu'avec la coopémtlon hypophysaire.

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

I'hypophyse sur Pépithélium mammaire.

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

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

Le métabolisme de I'b ide serait provoqué in
situ par des enzymes contrdlés par I'hypophyse. Chez les

hyp ,, y i ces enzymes disparaitraient ou
deviendraient inactifs, d'olt que d'activité de I'cestragéne
introduit dans la ciculation générale ou appliqué in situ.
Cette hypothése permettrait un accord entre le role joué pa!’
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 I'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, 1'administration d’une
quantité de benzoate d’cestradiol de 2+5 ug. 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 de
traitement, des manifestations trés modérées d’hyperplasie
Lystiques; si & ces mémes animaux, on ajoute un traitement
par la thyroxine, on empéche l'apparition de toute stimulation
normale ou pathologique (Fig. 8).

(vi) Dans cette expérience, nous avons étudié I'action que
le propionate de testostérone pourrait aveir sur la mamelle
dans un état d’hypothyroidisme (expérience inédite), Desrats
femelles adultes dgés de 14 A 18 mois sont eastrés et traités,
soit par le propionate de testostérone, soit par une nssocinﬂqﬂ
de propyl-thi ile et de propionate de one, soit
thyrofdectomisés et soumis au traitement par le proplonate
de testostérone. Le propyl-thiouracile et I'androgéne ont
été administrés aux doses journalitres d’un ou deux millt-
grammes.

Les femelles castrées traitées par le propionate de testos-
térone, présentent une stimulation mammaire qui dépasse
I'état normal, avec élargissement des tubes. Chez les animau¥
des deux autres groupes, propyl-thiouracile ou thyroidectomie
associés & I'androgéne, la mamelle est hypertrophiée et hyper-
plaside avec signes de dégénérescence kystique (Fig. 9.
Microscopiguement, 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-
pronate de

A Mamelle de rat femelle adulte, castr( de

muaines, atroplue B Idem, castré, traite par le proj

Fic 9



Fic 8 A, Mamelle de rat femelle adulte casteé, aprés adminstra-
tion de 2 5 ug de benzoate d'westradiol, 3 fois par semarne, pen-
dant 6 semaines 13 Tdem, castré et thy roidectornisé et recevant
le méme tratement que le precedent, hyperphsie hystique
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abondante contenant des cellules spongieuses A Pintérieur
des tubes et des acini, ainsi qu'une réaction conjonctive péris
glandulaire, parfois intense, toutes ces Iésions étant semblables
4 celles qu'on observe dans Is maladie kystique, chez la femme
{Fig. 10). La muqucuse utérine de ces animaux présente
aussi une hyperplasie kystique.

D’aprds ces expériences, dans les états dhypothyrofdisme,
les androgtnes peuvent agir d’une fagon pathologique sur In
glande mammaire. Il faudrait rapprocher ces résultats du
fait que, dans Ia clinique, la mastopathic ¢t le eancer mam-
maire apparaissent le plus souvent A un dge ol la fonction
thyroldienne est & son déclin et ofi Ia séerétion androgine de
I'ovaire augniente.

Le mécanisme de production expérimentale de Phyperplasie
kystique par les cestrogines serait Ie suivant: les substances
cestrogénes agissent sur Phypophyse en y provoquant une
diminution et, & la longue, unc suspension de In séerétion
d’hormone thyréotrope, d'olt 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 chimque, serait un terrain favorable & 1"éclosion
de la mastopathie.

Cet ensemble de tésultats montre que Ia déficience de la
thyroide joue un role important dans la production, par les
hormones stéroides, des lésions pathologiques de In mamelle.

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

. »
N

cellules & eclat ¢
& Vintérieur d’un tube galactophore, X200,
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un état d’hypothyroidisme ou inhibée par administration de
thyroxine. -

Dans un ¢tat d’hypothyroidisme expérimental, les andro-
gines déclenchent rapidement une hyperplasie kystique de
1a mamelle.
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dépend de leur constitution chimique et de Pespéce animale
chez laquelle elles sont administrdes. Les cestrogénes et
progestérone provoquent la eroissance des tubes et la forma-
tion d’acini mammaires, mais Pactivitd 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'neini. La synergie quon 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 le. L'admini: ide de ces
hormones stéroides donne une action synergique.

2. Lesh stéroides nagi: surla glande mammaire
quavec Ia coopération de Phypophyse. Ii sagit d*une syner-
gie sur le récepteur. Mais le mécani intime de cette action

Rest pas encore €clairei, Bien que implantation dhypo-
physes produse, chez les ammaux eastrés 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 rble de protection eontre I'action
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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* Negplastic Drsease

DISCUSSION

Purunger: Do you find this cystic disease in rats spontaneously
In mice, although you can produce the cystic disease with non-physio
logical large doses of estrogen, I never saw it occurring spontaneousls
in the R-III strain. I have seen it in the Sunpson stramn, Does 1l
condition develop in mice which are simply thyroidectomized and not
treated, as opposed to rats? .

Cxartorro’ We have not done these experiments on mice. 5

GARDNER: I am amazed to find that the testosterone when given with
estrogen has augmented the growth of the mammary gland as muth 84
Dr. Ch: has d In our long-t p we have

b id 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 it mean that in t.hyro.ldectomxud
animals the cestrogen is not inactivated so rapidly as it 1s in an intact
anjmal?
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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 increase the sensitivity, to a given dose of estrogen
in th'e rat, Inclinieal observations we! have uttempte(} to sce whether in
RS- gt At S R A TISCNR O

‘whatsoever,



THE EFFEGT OF STEROIDS ON THE INGIDENCE
OF MAMMARY TUMOURS IN MICE

0. MUHNLBOCK

T antglad to have the opportunity to discuss with you some
experiences we at Amsterdam have had in investigating the
effect of certain steroid hormones on the development of
mammary cancer in mice, Qur experiences do not include
all steroid 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 propionafe 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 abbrewviations of their names, is given in Table I

‘Table I N
SrraiNs ANp HypriDs EXAMINED

d=Dlute-brown-(Little) . « +« +« . . high-cancerstramn
B=C,; Black-(Little} .. . « . low-cancer-stramn
0=020-Leeuwenhoehhus . . . . low-cancer-strain
A=A Strong N . . cancer-stram

dB=F, (9 dilute brown xg Cq, Black)
dO=F, ($ dilute brown xg 0%0)

In the first experiments normal females of the d-strain were.
treated with hormone pellets (Table ). Table IT 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
No | it | mammary | T sumoie
age | puvdence | Month® | ajoiia,
Virgins untreated . . - 87 59 18 18
Breeders . . 122 59 15 10
(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 effect, but the mortality was so high
that no safe conclusions could be drawn,
The next experiments were made on males (Table III).

Table I

Na. twing Percentage

No, Jat i | Mammary.

age incidence
ad . ... 78 13 4
dd castrated . m 84 14
Qd virgins untreated . . 87 59
gdB .. 20 19 21
3dB castrated . . 8 8 75
QdB virgins untreated 80 67
340 . e ) e 20 40
3dO castrated . 21 21 71
9dO virgms untreated 78 93

3A castrated . ' 27 l 26 l 46 I

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 cancer 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 prer cent goul:i thi mammary

gland be idered to be sati i}
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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
duets; the swellings are accumulations of cells, among which
many mitoses are to be found (dcta Brevia Neerlandica, 1948,
16, 1).

Comparison of the threshu]d values of normal and castrated
males shows a d it ially 1n males of
the d-strain: 1 pp. cestrone in castrated against 50 pg.
non-castrated animals. 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 remains low; lower than in castrated males of the A-
strain. Experiments 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 1s 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 frequency of tumours was not higher.

The next exp 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.
It is 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 15 2,500 times that of cestrone (0-2 pg.).

A combination of cestrone and progesterone was tried i
castrated Dilute-brown males so as to determine the possi-
bility of producing better mammary development, 1e., 2
higher tumour frequency (Table IV).

Table IV
MAMMARY-TUMOUR-INCIDENCE IN D MALES CASTRATED AND IMPLANTED
wiTH (ESTRONE+ PROGESTERONE PELLETS
Percentage
No No.liingat | ‘mammary Averase Non-tumour
fumourage | tumow, “Months Months
3d 32 24 + 14 18
‘Mommary development vn 10 twhole taunts
No growth Lattle grouth Developed
[} 2 8
T uth Progesterone only
Percentage -
» Average | Non-tumour
Ne N Seet | Timass? | tumour age g
vl “Months Months
3d 7 58 o - |
‘Mammary decelopment 1n 19 whole mounts
i —
No growth Luttle growth Dexeloped
[
1 18 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 that
implantation of pure progest pellets alone ined
without effect. Mammary development was only slight.

In an experiment carried out by Kortewceg 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 | P
age ';;”""" Donths Y . liwing
da 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
frequéncy 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 1 hybrids
treated at one and six months shows the percentage to be
Little Jower when treatment is started later. The average
:lumour age is later, as was clearly demonstrated in hybrids

0.
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Table VI
Nomyar Mares TREATED with (ESTRONE
Beginming No ot Percentage Tum
veatment | xo | aemony | mammary | T
a age o Months
3d 6 25 10 10 18
3d 12 63 [
3d 1 78 M 4 14
adn 6 41 a8 16 17
JaB 1 20 19 21 13
340 6 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 She
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.

CASTRATED MALES TREATED WITH (ESTRONE

Table VII

Beginntng Percentage
reaiment o No, bang | mammary | Tumour
Months age snewdence
gd 6 82 7 18
3d 12 21 — [
3d 12 20 — [
grafted
with
ovanes
4do [ 28 24 29 18
3do 1 21 21 71 12
3dB 12 88 0
4B 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 (sce 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 T
No | attumous | mammary | PG | sumour
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 maminary
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
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 .
GarDNER; Did you implant just one pellet of eestrone and
and one pellet of progesterone? How long did these pellets Ias!
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
pellets, not just cholesterol?
Munipock- Yes; after one and a half years Ihave extirpated the pellets
and put them into castrated there y growth.

cholesterol
t in the
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ForLry: You used pure progesterone?
MunLsock: Yes.
e T LeMerrn Alot £a anb mmrmemmne Sl e e -
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?

MuaLBock 25 per cent. I trred some other cong.entmnonz,'b‘ut it

to six weeks.
ForLrey We have found that 50 mg, pellets of ccstradio] in humans
will last for over a year.

N v P P L)

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 strains
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 as I am aware, no experiments have been carried out comparing
the amount of milk factor in males of various high-cancer strains.
- S e @ Pl 4l matn A aliming.
1 . .

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

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

Mimrsock: X will deal with your second point first. In the hybnds
I found practically the same incidence in females and treated males.
However, Dr. Bonser, who has treated A Strong male mice, has foun
only one or two mammary cancers after treatment, I think that
probably n 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.

Hucarns, To what do you attnibute the mcfen:ed efficiency of the

. e e T Lt thn A walad’

Dxyocoowskr I am not aware that this has been done, vut 2 uv siv=
see ahy reason why they should be inactivated. . s
Happow: You have sssumed, Dr. Mublbock, that the influence ¥

not direct?
Mi Yes. t t js present in castrated

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 [

! ad

= : . ay
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Fusrarn: Yoo thas fo thn Tomnddacte
.. et L

A o e . -
uniquely different from the other mice that 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 occasionally found a2 mammary tumour as well as
the adrenal tumour,

Munrnock: Our subline of the DBA strain 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 avold 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.

I will pass over these second experiments very quickly.
They show that milk factor is present. Where it comes from
is another matter, which I don’t propose to go into. I should
like to emphasize now that all the mice to which I shall have
oceasion 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 received pellets of
stilbeestrol 1n cholesterol, the tumours grew as well as in

, normal females. In one or two experiments the pellets were
124
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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 astrogen 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 strains 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 sooner 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 t pl ble tumours had got
to this stage, spontaneous tumours began coming up in the
breeding experiments, 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 m their orlgmal hosts.

‘When tumours began app g 1n the b g experi .
it was noticed that & tumour found one week couldn’t be
found the next week, When that had happened a few times
1 locked 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

10
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I call “unresponsive,” as it grows without any regard to preg-
naney or parturition, was rey ted by an npproximatel
straight line. The other tumours, which were in o majority
and which I call “responsive” tumours, were represented by
wnves whose peaks corresponded approximately with the
times of parturition in successive pregnancies, There were
two masn types of “responsive’ tumour. In one type, the
tamonrs reached about the same peak size in suecessive
pregnanctes and regressed, often completely, between pregs -
nancies, In the other type, the peak size inerensed steaddly
in ive preg and reg between pr

was sometimes complete, but often only partial, Regression
after parturition was often remarkably sbrupt. Tumours of
substantial size {e g., 1-5x 10 ¢m.) often disappeared within
24 hours, The responsi ti persisted through
many pregnancies over a long time.  Thus, 1n & mouse unc?ﬂ‘
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 hittle fluetuation
about the time of each partunition. Sometimes there wasa
much bigger swing and tumours reached a substantial size,
the maximum being about 25 ¢m. m dinmeter, whilst still
responsive to pregnancy. If breeding were stopped by
removing the male, the tumours disappeared end, as 2 rule,
they id not eome back agnin until the male was brought back
and breeding resumed. Then they premptly reappeared-
Some tumours maintained the same type of behaviour
throughout their clinical course, but otbers 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 occurred m only one
of them, For example, two tumours appeared simultaneously
i one mouse 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
pr 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.
e : :
| I
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I call “unresponsive,” as it grows without any regard to preg-
nancy or parturition, WAaS repr d by an app imatel
straight line, The other tumours, which ‘'were in a majority
and which I call “responsive” tumours, were represented by
waves whose peaks corresponded approxi ly with the
'times 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+5 x 10 cm.) 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 parturiti?n,
whilst another grew gradually, showing a little fluctuation
about the trme of each parturition. Sometimes there was 2
much bigger swing and tumours reached a substantial size,
the maximum being about 2+5 ¢m. in diameter, whilst still
responsive to preg y. 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 reappeared.
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
. ot . .

e o dbmmanncly
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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. It 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
nesr the end of pregnancy and at about the peak of growlh,

' have a centre occupied by small ducts and columns of epithe-
lial tubules radiating outwards. There is a certain amount of
branching of these radiating 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
Hanpow: There 15 no doubt this 1s a very important observation.
ppcintiibbeiniini-sugrt hendnd P e LRI

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,
Hapnow: Willis, I think, described a case of the

ofa
mammary Cancer i a young woman during pregnancy. For other
Teasons, the 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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closely related to Compounds E and F, On the other hand there
appesr in the urine some new steroids whose nature is not known,

s been on of
human malcs? b halfadozen
males With prostate cancer who hnve deve]upcd breast tumours under
cestrogen treatment.

‘Happow: I think there are four papers describing development of
breast cancer in the male after @strogen treatment.

Hucomns: It 1s not certain whether it's breast cancer or prostatic
cancer which has metastasized to the breast.

TTammme T ot

PR R CT I I - .

oo e o ‘ PP
and cervical cancer. Perhaps a number of these people who have been
treated with cestrogens for prostatic cancer clinically presented
their prostatic cancer before they presented their second primary
breast cancer, I don’t think you can jump to the conclusion that there
1sa cause-eﬁu.-t relnhonshlp.
Troemmen ¥ omnie — T
i v . .
The bone metﬂstases dnd nnt have 2 hxgh ﬂcxd phosphatase wntent

o ranmad n b cacinn

as to the recurrence of these tumours. For the last two years we have
had t up on similar lines to those of Dr. Foulds.

FOULDS: Une tranenlantad imane smmq ewm—-ae-3 foa w g
Hs presen - - e P
offspring ¢ .

incidence * . .
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GanoNen: T have been extremely interested in this work which Dr.
Foulds has described. On one occasion I saw, I think, three tumours
. . N R e e el g,

- .o . - . ith

H - . . sof
. PPN . 8t
B - wy

i - . ant
' - ous
. em

vt . . the

, .- s
tissue. How does the metabolism differ from that 1 Lie Wanunaly
pglands that do not disap ? e i p seems to
be the same as in human tumours that disappear under cestrogen

treatment.

Herrz: It is doxical that the gy of tumours disapp:
under i i should be o 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.

Hertz: We've seen that in cases that I'll talk about tomorraw,
which we continued to get very marked degrees of regression after
stopping testrogen in older patients with breast cancer who were Do
longer responding to therapy.

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

Hzrrz: That 13 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 it's part of the truth, but not all. In the early
days we had a joint chmieal tral by about 12-14 people, all of whom
‘worked ipdependently for 2bout a year and then came together. About
balf of these investigators had had thus very distinet impression, and
when they all came together it seemed to be much more than that,
although not the whole truth,

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

regnancy?
P }iﬁnow: Apart from any specific effect, the question of blood
supply is important.
Dobeiner: 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 brng it back artificially.
D 1t is very i ing that you have a host-tumour
- * Tr4-Ife Annandant an the hormonal environ-
i L . L imal changes in mice
. . there are two major




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 biol 1 studies on ids include Dr,
Woolley’s jons on the inft of ds 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 acknowledge the valusble assistance of Dr. Konrad Dobniner
in this programme.

135
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carry milk factor obtained somehow or other, and the tumour-free Fy
animals, which are in the majority, do not.

Dsocrrowskr: 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 biologcal tests are
concerned, contain the rmlk factor. We have 20 at the moment that
are being tested biologically, and I can say, for cendain ‘th?t some :f

.

T Ll 41l fe 4LIe bemn of hepact fnmanT

breeding. It seems to us that forced breeding may produce t¥w0 types
of tumour, one which contaimns the milk factor, and the other which docs
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
presented at this conference,

Our results with cortisone were foreshndowed by those of
Heilman and Kendall (1944) on the inhibition and regression
of a mouse lymphosarcoma, and by Murphy and Sturm (1944)
on the inhibition of the development of transmitted leukemia
in rats by adrenal cortical extracts. Clinical studies with
cortisone and ACTH were under way in patients {Pearson,
Eliel, Rawson, Dobriner and Rhoads, 1949) at the time our
experiments with steroids on transplanted tumours in mice
and rats were initiated.  We were interested in determining:—

(1) Whether the lympl in our o herap

programme, under the test conditions employed, would
respond to cortisone.

(2) Whether types of tumours other than those of lymphoid

origin would be nffected.

(8) Whether there are differences in patterns of activity of

different steroids on different tumours,

It was soon apparent that some steroids would be available
in amounts too lmited even for preliminary trials in the
animal. As o result, studies were initinted in the chick
embryo and, since cortisone showed a marked activity against
the embryo, all available steroids have been screened in the
chick embryo (Karnofsky ef al, 1050). The experiments
with cortisone revealed such striking effects that & diseussion
of them snd the results with other stercids seems wmurfttd
prior to a discussion of the activities of sterocids against
abnormal growth.

Landauer {1947} first reported that an extract of adrenal
cortex would inhibit the grawth of the chick embryo. In
Karnofsky’s experiments cortisone acetate has exerted 2
marked inhibitory effect on the.growth of the chick embryo.
Initially, aqueous suspensions of 2-4 mg. of steroid were
injected into the yolk sac of the four-day-old embryo. The



N ANTI-TUMOUR ACTIVITIES OF STEROIDS 187
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 embryo is sacrificed and graded
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ANTI-TUMOUR ACTIVITIES OF STEROIDS

for effect. With this
technique a number
of steroids have been
tested with the re-
sults presented in
Figs. 8, 4, 5 and ©.
Fig. 8 shows the
approximate minimal
amounts of com-
pounds E, F, A and

corticosterone needed ¥io.2.
to achieve definite in- "™

#CH20CCHs
1 ft

®G=0 0
w

ACETATE

189

1= DEHYDRO-17-HYDROXYCORTICOSTERONE

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

. Ha-C-OH
¢=0
o, HO, Gl
IS 0%
t72 HvoRoxY
COMPOUND & COMPOUND £
ACETATE 4 O Smg. 4+ 002mg
FREE
Hz-g-on Ha-C-on
=1 14
Q. o,
o o
"
(xenoaLL's  COMPOUND &)
ACETATE 4 O2mg
FREE +02mg

Fio. 8, Formulz of compounds with approximate munimal
quired to inhibit the devek Foren
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Table I
AVERAGE Rasurts OF E¥FEcrs ON CuicK EMBRYO FROM VARIOUS AMOUNTS
or CORTISONE ADMINISTERED BY SEVERATL ROUTES
AcTIvVITY OF CORTISONE ACETATE IN TEE Ciick EMBRYO

A-doy yolk sac  day yolk sac 8 day charloallantois
Embryo Embryo B
Dose fect | Weght, effect | Werghs, ffect | Pewht, ¢
og legg 14, {average] {14, {average) (14, {average)
average) average) }
(Sacrificed at 17-18 days)
0.2 o 169
0-5 {40 8(5)%|] 145 -4} +227(7) 10-8
10 [+18(2n)} 1830 [+1 04| 138 [+2:52 108
20 |+24(19)] 108 2 8(11)) 88 |+4:0(8) 52
40 [4+40(8) [ 101 4:0(3) 44
*Number of embryos,

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

Table IT

AcTiviTY OF 24G[EGG OF CORTISONE ACETATE IngECTED 1NTO THE YOLE
SAC AND ON CHOAIDALLANTOIC MEMBRANE {0-15 Days oF Act)

Route
Yolk sac Chorsoallantow
Time of
mpection
i Er 3 Weght, 8. .3 Waht,
Eoed | iemsy | Rumdn | S
Saerficed 17-18 days
P
[ +2-1(6)1 10-0 - -~
2 +2 1(8) 113 - -
4 +1 8(7) 10-7 - -~
6 +2 1(5) 10-0 — -~
8 2.8(8) 84 +4-0(6) 32
10 +2 2(8) 100 +8 8(4) T4
12 +3 1(14) 71 +2 8(8) 78
15 o) 175+ (9} 15 8%
Controls (16 to 21 g)

*Sacnfleed, 19 days
{Number of embryos
The effects are graded from I 10 4 a1 prescnted in Fig 1
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for effect. With this
technique & 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 Fio.2.

to achieve definite in-
hibition of the embryo.

189
BCH,0CCHy
[ n

t1-DERYDRO-17-HYDROXYCORTICOSTERONE
ACETATE

system for reference onsterords listed i the tables
The greater effectiveness of Compound

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

. HyG-OH H2-C-OH —I
=0 =0
o oH HO, <OH
07 0%
COMPOUND € COMPOUND F
ACETATE  + 0Smg. + 002mg
FREE
Ha-g-oH Hp-E-OM
cr0 )
o, 1o,
o o
n
{xenoALL's  COMPOUND 4)
ACETATE  + O2mg .
FREE +02mg
Fic, 8. Formule of compounds with spproximate

‘amounts required to Inhlhlt the development of the chick embryn
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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
G=0 Cc=0
< OH
o 0

N ~DESOXY -17& -HYDROXY-

CORTICOSTERONE ACETATE DESOXY CORTICOSTERONE ACETATE

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

Fio. 4.
CH:
CHs GH3
C=0 c=0
0\\ < OH q~
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 progesterone
and Ab-pregnenolone series have an activity quantitatively
similar to that of Compound . Over twenty other steroids

have been tested at 5 or 10 mg. levels without showing any

CH3 CH3
<=0 =0
< OH
o7 I'%

PROGESTERGRE 17L-HYOROXY PROGESTERONE
g3 Hp-C~DAC
cz0 =0

HO- HO-
A’-’!EEH!MELDNE 2|-A¢E'5!V-ls-PI!GN!HN&NE
POSITIVE Smg/EGG

Fio. 6,

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

hibition of the embryos. In Table III these are listed by
name and grouped ding to certamn aspects of
structure.

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

i 38,17 and 2. y acetate.

coLL. Ivpoc —1
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‘Table IIT
STEROIDS INACTIVE A9 TESTED AcAINST THE CRIcK EMBRYO

Compounds wuh an 11 oxygen function and @ saturated A and B ving .

Maz. dose level
jegg

11-keto-pregnanolone acetate . e -
8, 11, 20-triketo-4, zl-dmcetoxy,nrOH pregnx-ne N
Dlhydm-comsnne acetate PN

Compounds without an 11 ozygen function and a saturated A and B ring

Mar dose lecel
torted, mg fegg
Allopregnanclone . . . . . . -100
20-acetate 3 {Comp L) L. =50
Pregnane.da, 124, Z1-triol-2p-one, 21 ncetate . - . =50
A compound wrthout an 11 ozygen function and an unsaturation at Cy
Mz, dose letel
mud.mtltu
A1T hydroxyprogesterone e e e e ..
Compounds without an 11 ozygen funchon and no carbonyl group of Cie
2oz, dose
tested, mg legg
... =380
TolL —100
- . PR S
. ... -5
. X L =50
. LUl £
. PP Ay = ]
A compound wnthout an 11 ozygen function and unsaturated ot Cie
Maz. dose teoel
mdmultu
AS%-pregnadiene-3g-0l-20-0ne acetate Co e .

To sum up, certain steroids have been found to inhibit
chick embrye 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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5 mg.. . . . - Reichstein's Compound 8
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. Tt is believed that this will offer a useful tool
for detecting small of certain biologically active
steroids, though the steroids active against the chick embryo
may not duplicate those showing any other type of biological
actvity, 1t 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
(2-8 days). So far, there have been observed inhibitions in
weight gain, measured at 10 days, a pronounced effect by
compound F, shght effects by DCA and cortisone, some
lesser activity from Compound §, progesterone, and testos-
terone and none from dihydro- and tetrahydro-cortisone
compounds A and L, and ACTH (Karnofsky, unpubhshcd
data).

The remainder of the report consists of the studies of the
action of ds against transplantable tumours i in ammals‘
The technique has isted of dally subcut:
for one week of ssline 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 against a variety of tumours is included in
Table IV. The maximum tolerated dose has been 87-5 mg. fk{
day (0-75 mg./mouse/day) and 1t has shown delayed compli-
cated metabolic side effects. The strongest inhibitions have
been obtained with the ly

AL )

and
sarcon y EO 771 has been
hibited d 1y, while 180 has not been affected
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Table 111
STEROIDS INACTIVE A8 TESTED AGAINsT THE Cmick Fsmryo

Compounds wih an 11 oTygen functun and @ saturated A ond B g

nlne

11-keto-pregnanolone acetate .. :‘ 50

3, 11, 20-triketod, 21.dmcemxy,l1.0n pmgnane ... —50

Dnhydmccmsone aceu\ PPN ~10:0
Compounds without an 11 erygen function and a saturated A and B ring

e

g fe

Allo-pregnanclone . . . . . . L1000

All 7. 20.acetate 8 (Cﬂmp. L) . ~ 50

Pregnane-aa, 126, 21-tnol-2p-one, 21 neetate . ~50

A compound wuhout an Y1 ozygen function and an unsoturatin ot Cy

Maz, dose leced

tested, mg fegf

A'-17 hydroxyprogesterone . . . . . . . . . . =50

Compounds without on 11 oxrygen function and no carbonyl group ot Cm

Maz dose fevel

. 9 tested, mg s/flg
.pregnene-trol one PR -

—10-0

A Lo
3-keto-ACpregnane-178.20, 21 triol _ .

A compound without an 11 oxygen funchon and unsatureted ot C

e terind
Ab-pregnadiene-38-0l-20-0ne acetate . . . . . . 590

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



ANTI-TUMOUR ACTIVITIES OF STEROIDS 145

aspects of these compounds are 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-

EFFECT OF CORTISONE ON OSTEQGENIC SARCOMA IN MICE
CORTISONE CONTROLS
a2t 7 14

%5 21283y
L e |-.°'
IR )
3. 9 8 3..,

4 . . e a .
s« o @

s« o @

]
°®

L)

.

®

[J .g
's - 0%
¢

.
'8...~
L4 [ ]

[

9+ s e s . .'
0« e m-.o h
i
[

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 3-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

ErFecr or CoRrisoNz oN Vakiovs TuMours v Mice

8 sor
Sar | sar car, | B0 | mrp
180 fr2a | MA | ohs | o | afx | wos | ros | ers | s

~l+t -+ ++

e+
L

4
+35
bt
4+

-~ idicates no effect, + indicates glight whibition, + indicates modetate infibition }
+ % indicates marked wbiion Hon o i

EOm1 = Mammary Adenocarcinoma EQ771
H-Pmel = Harding-Passey Melanoma
WOS = Wagner Osteogenic Sarcoma

ROS Ridgway Osteogenic Sarcoma
PLS Patterson Lymphosarcoma
MLS = Mecea Lymphosarcoma

at the maximum tolerated dose. The degrees of mhibition
of the lymph and osteog are illustrated
in Figs. 7 and 8. In the case of the lymphosarcomas an in-
crease in survival time is also noted. Thus far, the histo-
logieal studies of the intubited tumours have not revealed
more than a mixture of viable tumour cells and those with
degenerating nuclel.
The results with cortisone encouraged the study of
* numerous steroids 1n the spectrum of tumours with emphasis
upon the lymphosarcomas and osteogenic sarcomas. These
studies have offered some mformation on the relationship
of steroid structure to inhibition of the lymphosarcoma
(Stock, 1950; Sugiura et al.,, 1950). Compound F is nearly as
active as cortisone, Whereas two to three times as much
compound A 1s 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
tetrahydracortisone have shown no activity. The structural
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Table V.
STRUCT URAL ASPECTS OF STEROIDS TESTED AGAINST MoUSE LYMPIIOSARCOMA

147

: Dose - | 1. - 17- | 21-
Compound majke] | Aty bio| OFF 1%&« keta| ort | 03 | OH
Cortisone . .| 875 + L el B I I I S O
Compound ¥ . .|31:5] + [—[+|j+|+]-]+]+
Compound A
(17-desoxy  corti-
sone} . - w5 4+ [+~ +{F]-[—]+
21-desoxycortisone . | 875 |—tok| + [ -} + |+ - |+ ]| =
Dihydrocortisone . | 875 | ~ [+ |~ [~j+]{—|+]|+
11-keto pregnano-
Tone L. wo [ ~ [+]|=-|=-[+]+|=1]~-
Compound S
(11-desoxycorti-
sone) . w0 | ~ |=|=]+|+i=1+]+
Desoxycorticosterone
{11, Tr-desoxycor-
tisone) . - as | ~ | -|-|+]+]|-|-1+
‘Table VI
STRUCTURAL ASPECTS OF STEROIDS INACTIVE AGAINST MoUSE LYMPROSARCOMA
Dosr . x . - . .
compena AP S AT AT AFA N
Testosterone . . . .| 500 | — + {—|—-]+]-
Progesterone . . 800 | —| + |+ |— -
Abpreguenclone . 0 f—| - [+]+]|~|=-[-
ASdt-pregpenolone . . | 1875 — | — | + |+ — -
Desoxycorticosterone . . [ 875 [ — | + [+{~[— S
21.0H-pregnenclone . . | 875 | — | + |+ -1+
17a OH-progesterone (A% | 250 | — | + | + | — | + | = | —
174 OH-progesterone (AY) | 230 +ar|+ =]+ -z
178 OH.progesterone . | 150 | — | 4 |+ | — |+ ] =] —
17a_OH-allopregnanolone
(Cmpd L) . ol [~ - [+ |+t~
17a, 21-OH-progesterone
(Cmpd. Sy . BELARENEA AR
otnoloe . . . .| 300 | — —{_
Trganclons . . . | oee | T |ZiZ b 1 I
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“ group has been present inl 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 essentjal, )

EFFECT OF CORTISONE
ON LYMPHOSARCOMA IN MICE ,

CORTISONE CONTROLS
@21 78 714 Zidays

e - s @l e ‘,
z - — 8 .1 2 @ -
3 - 0 @iz e
4 . .9 . a9
50 - 0 @15 @
6 « o @ ¢ @
I B . .4 7@
8 .+ —t s @
8 - L 4 9 [ ]
o - —t N
B S P SO PPN

Ouxbstudies upon the anti-tumour effects have not mc:luded
& survey of the organ changes. Dr, Woolley has heen inves-
tigating these effects and has reported that the compot{ndz
with an anti-tumour activity in mice depressed the welgh»
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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 the nctlvxty

SOOI P RS SRS RV OIS SRS N

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 ltet:;m\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.

REFERENCES
Apar, F, E., and HErrMAN, J. B. (1946). Ann. Surg., Chicago,123,1023.
Apair, F, E., Metrors, R. C., Farrow, J. H., Woopwarn, H. Q,
EscrER, G. C., and URBAN, J, A. (1949). J. Amer, med Ass , 14D,

Res., 10, 209,
GArDNER, W. U. (1947) Recent Progress in Hormone Research, 1, 217
Happow, A., WaTtrinsox, J. M., Paterson, E., and Korrer, P.C.
(1944). Brit. med. J., 2, 393 .
Henman, F. R,, and Kenvaty, E. C. (1944). Endoerwinology, 34, 416.
Hucoeins, C. (1942). Adnn. Surg., Chicago, 115, 1192
Huaeins, C, (1946). J. Amer. med. Ass, 131, 576.
Karnvorsky, D, A., Stock, C. C., and Rroaps, C. P. (1950). Fed. Proc.,
9, 200,
LaxpAUER, W. (1947). Endocrinology, 41, 489,
Frivia LR R s T 110442 Caesmes QO 202

.;-.,..\, : . M . ™ -+ 1 at National
i Center Sym-

1950.
EEN t . CP. (1950).




GENERAL Discusston 151

LRSI PR VRN Spises e B

SUR R O e

. .
3 year. RN e e ae .
which s i ion of uscful stermds by

fung1, They are interested 1n thxs tst as a possible method of picking
up activity,
Gross: Did you try ACTH too in this test?
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demonstrating any possible activity,
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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 toxiaity.
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 fe, I believe Dr, K showed some activity
for Compound S in egps, 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.

-BecG: I wondered if we are not seeing examples o'f th faz‘:'t ‘ﬂmt

Stock’s studies on pre-natal chicks, we have used the tostrogens a5 3
magnifying glass to bring aut differences in tissue growth eifects on the
gemtal tract, and, as I showed you yesterday, have found that proges-
terone has a marked 'y effect on duced tissue
growth n the gemta® B L 8t irva crraened
a considerable numt
and there 1s a very
Emhryu as opposed

Er e e e faggna e

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

- st

combmation of several tests .

Smopper: Have you tried to correlate your different degrees ©f
activity, not so much with the actual functional groups present, but
simply with the number of oxygen atoms, as an indreation of solubility
in tissue fluids?
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Stock: We've thought ubout the possible influence of solubility but
there seems to be no correlatio

Forrzy! 1 think that you will ﬂnd that anhydmhydm(y progesterone

or ethinyl 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

a year,

muxtires, On]y a small amount of materal 15 needed. We know one

ich 15 § d 1x the di of useful steroids by
fungi, They are interested in this test as a possible method 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 anumal 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 toxie and if they do
no good they wresk 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 sbout 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, being acted upon, so far as is known,
by only two types of hormones, the androgenic and eestrogenic
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
cecretion 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 mtervals for rather long periods of time
and the effects of substances with endocrine activity on the
output of the gland were invest d In brief, orchi; y
and tion caused a d of secretion.
But androgenlc substances initiated, and maintained an
d prostatic ti

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 interfering 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
nereased 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
conditions, 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 phosphatase, a in
human prostatic eplthelmm in rich concentrauon, 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 1929 that
when the bl are stimulated the alkalme phosph
of serum increased. We could then make a synthesxs 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 nctivity 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 ad ration of t terone 1 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 dosage 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-

farly, thus biishing the fact that control lies within
the physiological limits. Diethyl stilbeestrol happened to be
the first 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 moderately

long.




ANTI-ANDROGENIC CoNTROL OF CANCER 155

In the foilure 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) Certan of the cancer cells
acquire or retain the property of androgen-independence. We
conceive of control as the withdrawal, in effect, of androgen
from certain cells which require it as an essential nutritive

element. Some of the prostatic cancer cells find ways of _

ma ing th 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
1nternal environment of the host is capable of effecting long
continued control of certain widespread cancers of human
beings.

DISCUSSION

FoLizy: You showed a slide of the weight of the dog prostate in
which the dog was starved and given testosterone and the prostate
grew. You swd that you thought it was probably due to waste tissue
coming from the catabolism of the body. Have you ever done that
experiment in an adrenalectomized dog?~ As you know, adrenalectomy
euts down tissue catabolism.

Hucemys: No, we haven't done that, Ths is & rather widely dsversi-
fied activity of tissues of the genital tract. The salmon, for};xample,
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in swimmir:g_; up the river exhausts his proteins but turns out a magm.

fRaneat vemrm

SeLlivls 100K TnueiL the same?

Hucums: I don't go on sections.

Burnows: Does the innocent prostate react towards cstrogen in
the same way as the malignant ones?

Huceins: Yes, it does, It takes quite a lot longer 1o react, Tt takes,
say, 900 days, whereas & malignant prostate wiil react in one or two
Avve  Qaiba afion e mat oo 20 S L E = ntams hecase
r still maintain

. . oped following

studied them from the standpoint of acid phosphatase content. I'm
not entirely persuaded that these are not metastatic nodules to the
breast, whose soil has been prepared by cestrogen,

Beeo* This might be a manifestation of multiple tumours. Someone
once showed that if yor remove !h? breast cancers Imn: mice “;h:
RO M I

Aayrelan $have qoante
1 .. . . .
1. .o
¢ o . . - . . .
and gets a breast cancer that the stilbaestrol necessarily vaused the
cancer. .
Herrz: It s well established that those who have one primary
carcinoma have o greater susceptibility to a second primary than the
rest of the population. .
Do i 5n dogs ever form metastases in
the bones?
Hucomns: They are mostly henign tumours  To the best of my
1 ledge, sp i has never been observed in the
living sumal.  Histologienlly we find that the incidence of carcinoma
in these dogs is about 2 per cent, but they have not mietastasized.




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 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 Ty 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
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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-
h I 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 urnary and h logical 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 supphed by
Ayerstel\li’clgenm & Harnson Ltd , through the courtesy of Drs. G, H. G
McKeown ond E, C. Retfenstein, Ir, )

I 1 cestradiol was obtained through the Committee on Therapeutic
Tr?al;;!z?)t'he 'AM.A. and from Ciba & Co., through the courtesy of Dr. E.

Oppenhemmer.
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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 arc 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 Sevringl {1939). Determina-
tions of blood levels of wstrogens have been made at varying
intervals following 87 intravenous infusions, 40 subcutaneous
mfusions and 21 oral treatments. All assay values are
expressed 1 microgram equivalents 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 poaled 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 300 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
Iimit of gastric tolerance, have afforded much lower blood
levels. For example, the highest blood level observed follow-
mg orally admnistered conjugated cestrogens was 8 pg. per
ml. and this resulted from the ingestion of a total of 8-¢ £
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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.

Th’us, our data afford useful information regarding the
relative lack of toxicity of dosag previously idered to
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Fic 1. Blood level of cestrogen after ntravenous 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 & 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. '?his
limited experience has indieated that such prolonged infu_smns
may prove a practicable method of maintaining a higher
bloodlevel 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 estrogen 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 13-3 g. of cestrogen and the
almost constant maintenance of 2 blood level of 400 ug.
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



Roy Hrrrz, Joux Paur Younc anp W. W. Turiyer

162

‘uaonis® -3 g-1 Jo Yo oYL Futmp quened 190usd otyeysosd ur wonsw jo asy pooyg

+ Iy
LU RS YT IIUGo e B LY YEZIUNO 6B LS YELiTumag LY Ye)

[ETEPTTHE
NOLLIIMNL

W 0SOY
SHIOH 92 w2

0148 LIENELILUOGY L9 YILIUNOISR LIS nS

+ Y v
DTS TN LIS Y SIS s Las v e pilumgn s ve dTEY

oW ey
SUNDH ¥Z ist

SHOITH Nnow 1L
NIUNIAID 201

DA OLLY
)
SONIAA-NIONISI0 W {§ 20RO

¥) IIVISOVA HH

9K O50r
SUNOH 42 ouZ

'8 ong

1L

L

9N 009¥

V101 ¥K ¥

TIATT NIDO¥LSIO WNY3s
WY¥0¥IIN

OW GIAITIIY NIIOWLISIO



Massive DosAcE oF (ESTROGEN 163

upon interruption of the cestrogen treatment for three to four
days and with the use of a salt-free diet. Nausea of varying
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 hquid
diet during the course of the infusion.

In addition, an aged debihitated 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 accident. 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 diseas¢. Also, one of the prostatic
cancer patients, 62 years of age, who had been given 40 hours
continuous ntravenoils 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 unob-
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
quite 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-intestmnal tract. The
kidneys showed a diffuse p hymatous swelling d
with lower urinary tract obstruction due to extensive carcino-
matous invasion. It was considered that death had occurred
from urzemia.

Hence, despite careful autopsy examination in these two
cases, it remains difficult to determine the role of the cestrogen
as 8 toxic 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 in these two patients ean be more readily attributed to
other phases of their advanced disease-state,

Laboratory studies referred to above have indicated no
evidence of hepatie, renal or haematological damage in any of
OUT cases,

Our data so far are admittedly of more pharmacological
than therapeutic mterest. We have seen significant thers:
peutic effeet from massive cestrogen dosage in five prostatic
cancer patients and i five breast cancer patients. In the
prostatie cancer patients these favourable effects included:
(1) & rapid reduction 1 size of the palpable prostatic mass;
(2} relief of severe bone pain with an associated abrupt drop
inserum acid phosphatase levels; (3) general clinieal improve-
ment a8 regards weight, appetite and feeling of well bemg.
In the breast cancer cases, these effects have included: (1}
prompt and marked regression 1 the visible breast Iesion; {2)
marked suppression of pleural eflusion; (8) decisive relief of
pain from bone metastases; {4) reduction in size of metastatic
lymph nodes; and {5) general clinical rehabilitation of the
patient.

Tig. 4 shows the treatment record over o period of 49 days
of E.B., a 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-
out the entire period. Fig. 5 shows the wnitial appearance of
the breast lesion 1n contrast to sts appearance when treatment
was discontinued seven sweeks later. The gross regression
which was accompanied by a 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 yapid and decsive clinteal effects as this have stimulated
our interest in further evaluating this intensive form of hor-

therapy.
mc;x:‘e cg;chiyivon it should be emphasized that this repart
is offered to indicate only some initia! 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 disease-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 supp of pleural effusion; (3) decisive rehel 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 Jesion in
greater detail at about two week intervals during therapy.
Such rapid and decrsive chinical effects as this have stunulated
our 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 persunded that tmmendous doses o( these Lhmgs are
what is needed 1 think, from my Lmil ce; thnt mmu!e
P prvaigiueeii ity

SNRX DN

Herrz: 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 eosmophil reactivity to
an ndmxmste‘red dose of adrenalne of the patients durmg the course

amounts of i terial
DosriNer: There are a number of reports that in mice, rats and
rabbits the adrenals increase in size after treatment with cestrogens,
but this may not always invalve an mcrease 1n n sdrenal function,”

allow 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 Hospltal 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 astrogen
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.

Stocx: Although progesterone showed marked activity in our tests,
1 would not have expected it to be effective necessanily n_chmeal
trials, because we would have anticipated that there Would be false
positives.  On the other hand, we may be missing activities in some

e e 3 L etk dla amnield aohs e vena Af dumane and WE

N .
> we

1ave

1 lear
hat
the clearing was of renal origin ?

Herrz: Yes. We haven’t completed our studies, but we know that
3050 per cent of the admmstered eestrogen given mn 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 1t all,
and perhaps there 1s an additional
the ix}:activatmg capacity of other tissues. There may also be loss from
the bowel, and we are intending to study that. /

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,

T'm not at all persuaded that tremendous doses of these things are
v:hxt is needed. I think, from my lnuted experience, that minute
[OOSR B el SoVou Sy PRI ASREALIRTI

DL R SRPURIPAR SR

HezTz. 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 reactinity to
e 1 Phiiie 4 s [R Tt eu

1 level, which would be low if the adrenal were activated.
1 studies on the unne are limited by the presence of
b 8 ot bl

Hertz's results
out by Dodds.
reference to 1t i

The only similar investigation I know of 15 one carried
It was not published, although I think there is a
n the annual reports of the British 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?

- ™ e P T-A3- P (8 T hrmebenl oulnhata and hexestro]

N 0 o there's

- ® yection

. . a con-

1 . 7 would

have to convert it into a wat bl 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.

Hzrrz: We have studied the blood levels in patients who were carry-

e . - - ~f hnth otiThenctr] and sterod types qf

- =ur working hypothesis

we can attain a blood

get a therapeutic effect

. » whether or not it 1

* biologically active, the vaginal smears 1n these patients show very

definite cormfication. .
Broa: Did you show inhib: of -induced
tissue growth in the mammal? N
Hertz: In the 1 in 3! ly low dosage p is
to the growth-st action of , in terms

ytot 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.
YT thunk that Dr. Folley mentioned that the mammary glands,
- t = ——estoclen mmawr dieneannrhionately, and there i3
the monkey’s”
- - fect for & Jong
far. I think i
‘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 . 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 i 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
RELATIONS 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
tumour, and in which no evidence of metastatic malignant
cells is found, They may be anatomical, of a nature deseribed
by Parsons (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 clinieal 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). Hemoglobin 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 cho]est?ro],
which has been described in the tumour-bearing animal
(Savard, 1948; Haven, Bloor and Randall, 1949) 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 2 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 IV (Conn, 1916).

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 .

The Walker and Jensen tumours gave comparable systemic
effects and the results obtained from rats bearing these
tumours have been combined, R

The mean body weights of the different groups are given in
Table 1. 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 I_I.
There is a progressive increase in adrenal weight and a fall in
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thymus weight after the turhours have attained  size of

20 mm.

The results of the estimation of hzmoglobin and liver
catalase activity are tabulated in Table III. Hemoglobin

‘Table T
Bony WEeiGHT oF CovTRoL AND TUMOUR-BEARING TRATS
Tumour nae AN Body weght (g}
Control . . . . . . . . e e s l704
Omm . . . . ..o L « o« .« . 160%7(16)
20mm, . . . . . N ... . 181EY(0
Somm. ., . . L. . D = S e 0]
Omm . .. . e e e e ... 182312(10)

2:Standard error of the mean,
Number of oheervations in

Errecr oF TusmouURs oX ADRENAL AND Trvuus WeicET

brackets,

Table 1I

Tumour wize

Adrenal weght (mg)

. ] 13410 8(7)
. 17:540 4(16)%
. .} 18 8X0-3(10)*
.. 21.34+2 0(10)}
. .| 30 23x4-0(s)*

Errecr or Tomours on HEMOGLOBIN AND LIVER CATALASE ACTIvITY

Table III

Catalase Setinty

Liver
Hamoglobin < b
te 100 i) (xag et 1 me
L] 15430 8 1570:74(6)
o[ 16208018 | 2orexizzqiey
o] sz eop | 1msiis(io
10 7E1 1(10)* | 1332%125(10)
.| “se%osiox | vsaxsigiop

A Standard ervor of the mean.

Number of
P <001|nl

rvations in brackets

1P<nounn¢n

©OLL, ENDOG,—i
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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 . 46810 52(7) 0 41340 012(7)

10 mum, N 4 1610 38(16) 0 8720 012(13)
20mm, . 8 790-52(10) 0 324£0 OI7(IDI*
30 mm. P 3-253.0 15(8) 0 31430 022(9)*
40mm, . 2 9730 $(10)t | © 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 Teaction
as exemplified by the Type III adrenal response of Sayers
(Sayers and Sayers, 1948), on an extended time scale. This
could be the result of an itial stimulation of the adrensl
cortex being maintained and leading to eventual cortical
exhaustion, 3

The progressive fall in adrenal cholesterol and ascorbic acid
would suggest that the host was approaching the stage of
adrenal cortical failure (Sayers and Sayers, 1948). In the

b of the determination of peripheral effects known o
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 increa.sed
storage of glycogen, with a diminution in the amount of liver
glycogen 1n the terminal state, This problem should be
studied with the use of intraperrtoneal glucose (Young et al,
1947).

It 35 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 requlre('i-
All of the systemic effects cannot be explained on the basis
of this deficiency, and some other mechamsm ml}st be
responsible for many factors known to be altered in thf
tumour-bearing host. .

As the tesult of the present and related investigations 1t is
necessary to explain how the presence of a tumour at 2 remote
site brings about a stimulation of the adrenal cortex, 2
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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 account for these characteristic
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 increase in hmmoglobin and liver catalase
activity in the normal rat, but that the administration of the
steroid 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 probl Tmpl 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 animals. 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 mamtaned 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 eyelopentylpropionate 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

T o Tttt v a2 eretable
ol
pound

+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
0 2 mg per pellct 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 significant difference
between the control and treated groups is increased thymus
atrophy in the rats given TCP. The mean adrenal weight is

Table V
LCrrEcT oF T CYCLOPENTYL oN Tustour BEARING
Rats
Control TCP P

Rody weight, g 245 147 3(10) | 242 813 $(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

Thymuy weight, mg | 103 420 7(8) | 105 2%14 0(11) | <o 01
meonlehm, 2100
80340 43(10) | 7 67+0 721) | >0 03
Laver catalase,
Kx 1965:£342(10) | 2053 £213(11) >0 03
Advenal cholesteral,
mg /100 mg. 2 2040 28(8) | 17310 2001) | >0 05
Adrenal ascorbic
acid mp /100 mg | 0 815:£0 028(8) | 0 31510 017(11)| >0 03

\umhr of nl)skr\ n‘l_xmu in brackets
the mean
‘l' hlbl]lllll ov.v 1
FobebtE i et S = iy mmBeat
smaller mn the treated group, but the variation considerable;
a stmilar response 15 noted in adrenal cholesterol. The fatlure
to 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

Contro! Peltets

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)

Hexmoglobin, g/100
ml, 8 0340 44(10) | 8 39.£0 YO(11)

Liver catalase,
Kx10 .o 1064114200) | 23004118(11)
Adrenal_cholesterol,
mg /100 mg, .
Adrenal ascortie
acid, mg /100 mg | 0 81510 029(7) | 0 80610 018(11)

2-2440 28(8) 1 09£0-23(20)

Nurber of observations in brackets,

Standard error of the mean,
ity fo § test, < 0

< 0 01=highly sigmifiant,

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 tl:le
animals were not tube fed, and the reduction in w:'?xght gain
may be a reflection of a d d food The
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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 control
group.

Table' VII
SrAQUE-DAWIEY RaTs BEARING WALKER 256 CARCINOMA
Control Lapo-adrenal cortex P
Body weight, g. . { 823.447 2(11) | 209345 1(12) <0-03
mour dismeter,
mm. . . . .| 46-83x20(12) | 43 8x1 202} >0 05
Adrenal weight, mg. | 29 4%1 6(11) 27 4X1 5(10) >0 05

o(
Thymus weight, mee | 207 (,iw 6(11) | 88 0%6 0(10) <0 at
Ht!;\og]ubm, £/100
m

[ 8 510 4(11) 10 $40-5(12) <0 01
Liver catalase,
Kxw - 033.£94{11) 7591123(10) >0:03
Adrenal_cholesterol,
mg /100 mg_ . 2 6340 30(11) | 32840 4410) | >005

Adrenal ascorbie
acid, mg /100 mg. | 0 314::0 016(11) | 0 291+0 015(10)] >0 03
Lier glycogen,

- g {100 mg.d 0 4440 05(11) | 0 45£0 06(10) | >0 03

Nurnbe; r nf obumtlunl in brackets.
% Stas ﬂTlI
'Prob‘blmy in ! test: <O H 'hmhln 7
< ﬂl— 1 o) cant.
Kespressed s glucone, twa houss shes 200 ™F rlu"ne iatrapertoncaly
Timined an & live extract t prepared by grnding mortar Thur
e e e e B T ens o T e e ey
the n!w ot activity in l,he Livers of contro} and tumour banlnz rats is the same 10

It will be noted that in no instance was tumour growth
inhibited, and histological examination of the tumours from
the treated enimals did not show any variation from the
control group.

Discussion

The magnitude of a systemie effect is related to the size of
the tumour (Part I). For this 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 Trials Committee, 1949).
In the rat bearing the Walker 256 carcinoma there is no effect



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
m 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 sigmfi Such a possibihty 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 anemma. 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




184 R. W. Beao

256 carcinoma, and to Mr, T, E. Dickinson, B.Se., and M, D. G.
Withery for technical assistance, The work svas 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 of
. the Canadian Cancer Society.
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Pormmes YL L aal v .t

arginase in tumour-bearning ammals.

Brea: Greenstein supported that view,

Happow: I am always a lttle anxious that effects of the kind D
Begg described are not sccondary. We may have minor_degrees
infection which do not substantially hold up the tumour but mayt
responsible for some of these effects. Iave you any view on the
possibilities?

Beae: I think fit's very difficult. e have tried to limit our resul
to cases where the tumours were the same size and of standard micn
scopic appearance. If you're studying tumour-host relations, ¥
must keep to a standard size, otherwise you would get a greater of le
amount of catalase simply from a larger or smaller tumour.

Henrz: 1 think this matter of the mystery regarding the mechanis
of death of cancer patients has been very much ovcmm}}hnsnﬂ
ECAR DAY C il ey Jutmarth R Ssapqee s

' L. .
eventually die, in how many would you expect to get hemorrhag
intestinal obstruction and so on? .

JIERTz: The experimental situation 1s different from the clinical.

BeGe: Clhinically, althougth a large proportion of patients have ha
some metastases to the lung and some to the hver, there are ma
people who have much greater destruction from old tuberculosis an
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
chnical studies. The results have been reviewed at intervals
by a number of authors (Lacassagne, 1939; Allen, 1940;
Gardner, 1947; Nathanson, 194%; Lipschutz, 1950). Even
before knowledge of the structure and the physiclogical
action of the steroid hormones was available, keen observa-
tions by Lathrop and Loeb as early as 1916 indicated that
gonadal function was concerned mn the wtiology of cancer.

, These workers reported that early gonadectomy caused a
marked reduction 1n the meidence of spontaneous mammary
cancer n mice, After the 1solation of astrone by Doisy and

dt 1n 1929, L (1932, 1939) n 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 investigations, 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 admmistration of
male and female sex hormones  Gardner (1947) in his review
of the steroid hormones in experimental carcinogenesis,
summarized the present view by stating that estrogenic
hormones and genetic factors have independent wtiolagical
significance 1n several types of experimentally induced

lymphoid, 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, Helman and Kendall demonstrated 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 lymphatic 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. (1948) and Sayers et al. (1943) failed because
industry was engagcd 1n the emergency of war and because
there was no prom1se of a cancer cure.

There ined 1, the possibility that } 1
jmbalance might be mvolved 1n 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 certamn 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
occurred prevented the adrenal and pituitary tumours. This
close relation of endocrmme 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 muce, testicular, pituitary,
lymphoid, cervical and mammary tumours occur after
cestrogen admunistration and that the incidence of these
tumours can be decreased by the simultaneous adrmmstratlon
of it C q y, the ma]clr 31 may. be
drawn that carci g i 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 wmtiology of
human cancer is much more diffcult, since experimental
condmons cannot be made equal to those avallable with

Theh ared ly metab dint *
and in lower animals, and it may weIl be that their function
and interplay is similarly variable. That the steroid hormones

play a role in the wmtiology of human cancer is strongly
coLL ENDOC.—1 14
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suggested by certain observations, for example, the failure of
eunuchoids and eunuchs to acquire prostate eancer 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 endocrine imbal or deficiency
We therefore 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 owr
results that o decreased gonadal function and an abnormz_ll
adrenal secretion existed when cancer was present. .Thxs
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 1 canbe illustratedbythreg
examples (Dobriner and Lieberman, 1950): (1) The prolonge!
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administration of testosterone changes the endngenous pm-
duetion of the precursors of and and setioch
since the urinary level of these metabolites decreased markedly
after the treatment (Fig. 1). {2) The prolonged administra-

FATE OF 90 mg TESTOSTERONE N
@ CONTROL PERIODS W EXPERIMENTAL PERIOD

R H T )3

]
< e e

Fx(z; 1. The 'q}lanbt{t‘wﬁ e‘lcrehou of five steroid metabolites

= post-testosterone control period. et

tion of very small amounts of adrenal extract decreased the
production of both 11-desoxy and 11-oxygenated hormones
(Fig. ") (3) Removal of the testes decreased the excretion
of andr and wtiocholanol the metabolites of the
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suggested by certain observatiohs, for example, the failure of
eunuchoids and cunuchs 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 P in
femal The age incid in human cancer may well be
linked with demonstrable endocrine jmbalance or deficiency.

We therefore investigated in patients with neoplastic
disense whether there were gquantitative and quefitative
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 st these facts, it is clear that the decrease of gonadnl and
adrenal hormones 1s of major importance in cancer aud that
to influence the disease, 1t is necessary to restore & mare
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 8%
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 an 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 ’lf”'
mones cause in the endagenous production of the glands, whicht
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 Iymphatic organs. The
clinical aspeéts of this work were conducted by Dr. Pearson,
Eliel, Burchenal and others* (Pearson et al., 1949; Pearson
and Eliel, 1950, 1951; Pillers et al, 1951). The complete
metabolic balance studies were made by Dr. Pearson, Eliel
and others in the department of clinical investigation

DIBEFORE CASTRATION.
W AFTER CASTRATION

Fie. 3. The effect of orchiectomy on the excretion of five
steroid metabohites by two men with cancer of the breast The
values are expressed m mulligrams per 24 hours,

(Pearson and Eliel, 1951), and in many of these patients the
steroid excretion patterns were established, as I shall show
later in 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 leukzmis, lymphosarcoma, acute lym-
phatie or granulocytic leukzmia, plasma cell myeloma and
Hodgkin’s disease. No effects were observed 1n patients with
chronic myelogenous leu.kaemla, acute mxcrocync leuk®mia,”
Ewng tumour, and

#Dr. Burcheral reports the ehnical Sindings on p, o198
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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 CONTROL PERIODS .
DISEASE M ADR’ CORT EXP PERIOD

: 5 . ek
24 ERONE]  EYIO~ VI-HYDROXY~ | 11-KETO-ETIC-
hes CHOLANOLONE| CHOLANOLONE|

T e on
MMBTR OF DAYS OF COLLECTION  COVTADL wi 23 CONTAOL #2 3  EXPERWENT 50

g B e ek setien meeation ~F e gtennid 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 1849, the opportunity was at hand
to investigate their effect on neoplastic growth. It was



StEROID HORMONES AND CANCER 195

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 icipates in the elevated metabolism of tissues
and is thus not available to the neoplasm. This is certainfy
suggested by the experiments of Pearson and Eliel (1950).
Xf 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 nto 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 1nitial stages by study and examination
of the urinary sterowds. These substances therefore provide
one of our few indices of physiological change d with
tumour incidence. (3) The “sex” hormones may be impli-
cated 1 the cause of some tumours, especislly 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 apprectation to Dr Thomas F.
Gallagher for his valuable and generous m the
preparation of this manuscript.
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several types of sarcoma and earcinoma. No differences have
been observed 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 adrenals
responded adeq ly to 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 Eliel that deserve special comment. First: They found
that adrenal hormone administration in chronic lymphatic
leuksemisa with large tumour masses caused a disproportionate
excretion of phosphorus m comparison with nitrogen. This
finding is of great importance. It proved objectively that
Iymphatic tumour tissue was being destroyed, since lymphoid
tissues are characterized by a high ratio of phosphorus to
nitrogen. Second: After the combined administration of
cortisone and testosterone 1n several patients with chronic
lymphatic leukeemia 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. One 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 food.
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
t was not significant., Itis a difficult thing to understand because tissue
s being broken down and yet the products are not excreted. They
nust be used for rebuilding.

~Boyraxp: It would be mnteresting to hknow the nature of the excess
itrogen excretion, One mught expect it to be denved from nucleic
cids, and that there would be an excess of uric acid,

Dosriner: There is in some patients and not in others,

It seems to me that the importance that was formerly laid

SR ip - St A ke

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-consummng 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 ¥?

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 sti is certamnly not C d E;
1t 13 Compound F
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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 Cyq 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 1n acute leukemia 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 mamnly for Dr. Pearson. Dr. Pearson
has treated some 31 cases of acute leukemia and did the
original work and the metabohe work on the study of this
disease. Our group has been mterested m 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
remissions, 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 leukcrmid
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 enimels will die at the same
time as the control ammals, but they will not die of leukmmidi
they will have no infiltration. Nineteen days after inoculation
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marrow, but they have decreased to a very small percentage.
On the other hand, I don’t believe that a hematologist seeing
those marrows, without knowing that the patient had lew-
krzmia, 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 seen
that with other drugs in acute leukzmia,

Figs. 1 and 2 show an example of what we mean by a good
hematological remission. Fig. 1 shows the marrow of 2
patient with acute leukeemia after he had been treated with s
little cortisone. His marrow was approximately that way
before any treatment at all. He had 50 mg. a duy for 28 days:
an insufficient amount so far as he was concerned. As yonest
see, his marrow was made up all of one type of cell, stem cells
of acute leukemia,

After he had been treated with 400 mg. of cortisone 2 d3y
the cell picture (Fig. 2), instead of being uniform as it was
before, showed nucleated red cells, myelocytes, metamyelo-
cytes, and polymorphonuclears, the more mature cells of the
rayeloid series,

T would like to discuss a ease that is typical of those w¢
have been treating. This is of a seven-year old girl who had
been treated with other drugs for some time before and ha
responded to them, but had eventually failed to respond to
anything. Her bone marrow showed 87 per cent stem cefls.
Her white count was rather low, down around 5,000, but the
pereéntage of abnormal cells was almost 100 per cent. She was
then treated with cortisone. There was a slight rise at rst
in the white count and then s fall, and the thing that is really
important is that the percentage of stem cells decreased 0
10 per cent, and that the marrow showed essentiglly a pormd
picture. Stem cells, of course, should not be pre:'.EHt ina
normal matrow in any appreciable quantity, but it's very
difficult to differentiate between Iymphoid cells and stem
cells, particularly in children, so that it is poss'{ble that that
figure may be 16 per cent Jymphocytes, which is not too for
from normal. During the time that she was improving the



ACTH anp CorTisONE IN AcuTE LEUkZEMIA 201

eosinophils 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 5 rapid reversion to an abnormal marrow picture. She
was started on treatment with antifolies, to which she was
resistant and had never 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 rmght 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 1n 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 d in treating some patieats as ouéputients
because of lack of beds, we tried giving these doses in a single
daily injection and X think that our results have been reason.
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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
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, In some
of these cases, an i ptibility to infe 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, a 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 mp. per day and Y 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

lutely no chimeal 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 nntngomsts are going to cease
to work. An example of this is LD, a five-year old boy
who had been treated smce December 1948 with folic acid
antagonist and had rep P 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
accident, 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 retlculocytes

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 Xray 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 a 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.

DISGUSSION
Ganoen: The laboratory tests have been on transplanted leukwemia

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
the human cases and the prolonged survival of the cells m the animals
that had trausplanted leukemia?

Burcnenar: I don’t know. But we do have experiments underway
with the Patterson lymphosarcoma and with the Wagner osteogemc
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BURCHENAL. We tried to stay away 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 hine of 150
cases that were treated with transfusions and a certain number of
antibiotics, but there always is a possibiity that if you put a large
amount of blood 1n there that you Inay get some temporary remission.
‘We have had to use antibiotics fairly frequently because of infection.

BeGG* You have some cases there in 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.

X will try to compare briefly the values of these compounds
with some of the known therapeutic agents in cancer. X-ray,
of course, 15 useless i acute leuksemia, and HN2 and the
various 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 leukesemias, 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 remisstons 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 lymphoeytic
leukemia and the acute leukzmias  As Dr, Dobriner has u_:ld
you, if you treat a case of chronic lymphoeytic leuksemia with
cortisone or ACTH, the spleen decveases 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. (?ﬂ
the other hand, this drug does seem to have some beneficial
effect in patients who, if treated with X-ray, might well
develop throm ytopeni: ia, and so on.

There seems to be some suggestion of stimulation of t.he
erythroid elements, so it has usefulness there compsared with
HN2. In Hodgkin’s disease and in lymphosarcoms there i
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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
GarnNER. The laboratory tests have been on transplanted leukema
rather than on the spontaneous disease i all cases so far, have they not?
LR N LT .

very large numbers of mice.
GARDNER: Do you think that there might be a certain pomnt of
sunilarity between the resistance to the second and thurd treatment in
© human cases and the prolonged survival of the cells i the animals
that had transplanted leukemia?
BurcreNav: T don't know. But we do have experiments underway
with 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 1n 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
anhblo‘t:cg,k?ut}hm always is & possibility that if you put a large
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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 chrenic lymphocytic ia we find that we can

inue to get issions on rep d After Dr. Pearson
treats his chronic Iymphocytic leukzzmias and gets a response, they do
well for about three months and then the nodes start coming up agait
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 to start out with. These were all adults. It seems rather
surprising to me that the chronic lymphocytic leukwemias should con-
tinue to respond just as well, whereas the acute leukemias in a:dul!s.dﬂ
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definitely stimulated, as shown by the reticulocytes.
Broa, What about the effect, of antibodics to ACTH? s thers
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effect. Itlooks ns 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,

Bovzann Have you tried simultaneous treatment with antifolic
compounds and cortisone?

BuncmexaL: 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.

SosmErvizie: 1 was surprised to hear that you got hypertension
with both cortisone and ACTH. In cases where you gave ACTH for
Pprolonged peniods, did you find that the electrolyte change that was
remarked earlier 1 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.

BoMrorn: 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.

Bece: Hench and his group reported 1n the Archives of Medioine
in February, that they got 1 hzmoglobin 1n
their theumatoid cases,

Boumrorp: There was no depression of white cell formation?

Bunrcuenar: I don’t think so. You very seldom get an aplastic
marrow as you do with the mustards or with X-rays,

Lvons Did you get any mflammatory reactions at the sites of the
wjections, 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,

Lvons' Do you try sensitivity reactions before you start the patient?

Burcnenar: No, we haven’t done that.

Lyons: I wondered 1if it could be connected with the development of
antibodies, as Dr Begg suggested.

BurcnenaL: I think 1t is more likely to be a guestion of poor absorp-
tion 1n some of these patients,

Lyons: Da you recover any of this ACTH 1n the unine?

Dosriner: We have never tned




ADRENAL FUNCTION AND STEROID
EXCRETION IN NEOPLASTIC DISEASE

KONRAD DOBRINER

Trs 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
onc makes the reasonable assumption that steroid excretion
is a measurc of the hormone production of the adrenals and
gonads. Since 1940 our investigations have been directed
toward the developient of methods for the study of steroid
excretion patterns, with the aim of understanding the
re]ationship between endocrine function and diseased states,
with special emphasis on neoplastic disease (Dobriner, 1948,
R.elfenstcin, Homburger, and Dobriner, 1950; Dobriner an
Licherman, 1950). We have thus far developed our pro-
cedure to its present use which requires a one day urine
sample. By means of careful chromatography after chemical
separation of the principal classes of steroids, we are able to
obtain all or very nearly all the ketosteroids as single pure
compounds or binary mixtures (Dobriner, Lieberman and
Rhoads, 1948; Lieberman et al., 1948; Lieberman, Fukushima
and Dobriner, 1950). Ry the systematic application of infra-
red spectrometry on a micro scale, we ean define the pure
‘compounds or simple mixtures {Dobriner, Lieberman, Rhouds,
Jones and Williams, 1948; Jones and Dobriner, 1949). Quan-
titative analysis by microcolorimetry then permits  the
determination of the amount of each steroid excreted during
the twenty-four interval.

If we examine the steroi
males and females (Fig. 1) we
pounds that make up the major part of the keto:

210

d excretion patterns of normal

¢ find that there are four com-
steroids.
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Androsterone and its isomer wtiocholanolone are two meta
bolites of gonadal and adrenal hormones of the C-11 deox;
type like test and pound S (Reichstei \ wheres
11-hydroxyand and 11-} iochol ar
derived from adrenal cortical hormones with a C-11 oxyge
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Fia. 1. Steroid excretion patterns of four compounds in normat
male and female subjects.

function, ike compound ¥ and cortisone. In addition to thest
major metabolites, small amounts of many other steroid:
are excreted, including compounds F and E. In norma
subjects there are no qualitative deviations from the norma
pattern, but the amount of each compound varies somewhat
in different individuals, just as there are quantitative dlﬂ'crences
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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*
uj

o m

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

cretion of cancer patients is especially marked with 11-deoxy
type of steroids; for example, androsterone and wtiocholano-
Jone 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
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compounds was significantly decreased. A similar but

somewhat smaller decrease in the excretion of 11-oxygenated

compounds (11-hydroxyand and 1l1-ketoztiocho-

lanolone} was observed, The gualitative difference is of

much greater significance, since mn the patients with neo-
1 2

plastic disease a new p 15 11-hydroxy-
COMPOUND COMPOUND S | TESTOSTERONE
e 7
o
_— ﬂ?ﬁ ,[I?ﬁ HORMONES
«

METABOLITES

d "

110 ANDABSTERONE. anorosTERONE

Fic. 3 Metabohe relations of hormones and therr unnary
metabolites.

wetiocholanclone, 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-
droxytiocholanolone 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 as 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 speate
for cancer. 11-Hydroxymtiocholanolone is consisten
excreted by patients with Cushing’s syndrome, a disorder due
to adrenal cortical hyperfunction with increased productiot
of adrenal hormones of compound F and E type. Theon
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 ]
found in the urine of patients with the adreno-genital s
drome, another disorder characterized by the production of
large amounts of adrenal hormones, The metabolic spd
clinical significance of the excretion of 1l-hydroxyzi®
cholanolone 15 that in patients with neoplastic disease there
is an abnormal adrenal function, somewhat reminscent of
the Cushing syndrome in the type of steroid Pmdufcd'
Whether this 1s only a derangemerit in hormone product®®
or whether there is in addition a)faulty metabohism ?“
normal hormone, must be decided by further investigatioss
with labelled hormones. We believe, however, that our
results definitely indicate a very pertinent role of the 32
gland in cancer, as I discussed in some detail this morning:
In addition to the abnormal sdrenal function, there is3 werf
marked deerease in gonadal hormone production, to such 88
extent that in certain instances no trace of the metabolt®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. ad
Two problems then arise: are these changes m adrens! Bar
gonadal function connected with the cause of the dusens @«
Yy metabolism

e olt t0
consenne~ « of the discase? Both questions are {llﬂ"_”“lt o
S v ht that debﬂlta*“’“'m,

08

laryn.. o~ " have an influe "l
other typ
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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
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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 ges 1n sterond fon in cancer i
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oceurs in the urine of some patients with essential hyper-
tension and rheumatoid arthritis, its presence is not speciic
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 ¥ 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-hydroxyztiocholanolone was nob
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 d in gonadal production, to such 88
extent that in 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 i
gonadal function connected with the cause of the disease,
is the abnormal hormone production and metabohsm #
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%
hormone production. That debilitation is not the principsl
reason for the change in steroid ,2xcretion is well illustrate

n adrenal and
or
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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 perfeet health. This is 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 years
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 of o cancer of the fung.
These twu instances certainly prove that the adrenal abnor-
mality was present when cancer was not diagnased. This
adrenal disturbance seems to be present where early cancer
may not be d d {ly, 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 b 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? (Dobmmner et al, 1950, 1051g, 1951b; Dobriner,
1951). In six normal males and nine pzments with neoplastic
disease, the ¥ and f¢ ldehydogenic steraid levels
were measured during 2 control period and during 2 period of
12 days when each of the subjects received 100 mg. of ACTH
daily in four dw)ded doses. In five normal subjects the
of } ids and formsldehydogenic steroids was
remarkably sirnilar (Table I). In one sub]ect 10 ncregse in
ketosteroids was observed, but there was an increase of for-
maldehydogenic steroid to & level within the range of other
normal males Sxmxlar lack of response to ACTH as for as
the k is has been observed by
us in several patients with neoplastic disease. It is elear 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, 1,

NORMAL FEMALE P, oPy
lEls(2nlals] [satalntaiammslas

ANDROSTERONE

ETIOCHOLANOLONE

Hi-HYDROXY ANDROSTERONE

774
H-KETO-ET IOLANOLONE

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 3) 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
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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
anD F StEROIDS BEFORE
AND D(mmu Am{ TNJIECTIONS IN PATIENTS WITE NEOPLASTIC DISEASE
KS {mg [245r) FS (mg {24 4r) -
Contrul 12 Days ACTH Contral 12 Days ACTH
TR 63 6 42 1
16 G 427 17 a7 8
17 0 417 54 24:0
247 32 6 10 18 3
16 5 38 6 24 25:5
107 48 6 — ik
160 105 404
151 55-0 02 19
171 749 50 430
Average
165 | 509 38 ] 26 6
Ratia
10 | 21 | 10 ' 70
Table II1

C or
StEROIDS Bzmaz an Dowing ACTIT Txvecrions ix NOWUAL SopIEcTs
SUBJECTS WITH NEOPLASTIC DISEASE

KS (mg [240r) | FS (mgl2anr)

1 Control l ACTH ST \ Controt ‘ ACTI ST.
Average
Normal (8) I P 3 59
Neoplastic Disease () 16 5 50 9 8 26 G
Rt
Normat (6) 10 2.5 10 TR
Neoplastic Disease (9) . 10 31 10 70
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that there is sometimes o changed or abpormal 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
ketosterold response of both groups is of the same order of

Table 1
E or K AND FORMAL 'DOGENIC STEROIDS BEFORE
AaND During ACTH InJrcrions In Nowsal Svsyecrs
KS. (mg 124 br ) FS (mg 24 hr)
Contrat 12 days ACTIT Control 12 days ACTH
227 58 1 03 81
20-2 60.7 04 12-4
231 298 02 7-1
15-0 540 [:] H1
17 4 55 9 02 09
210 39.7 01 55
Average
19 | 207 I o3y | 99
Ratio
L 1.0 | 25 l 10 l 7

magnitude while, in contrast, there is a striking difference
in the excretion of the formaldehydogenic steroids (Table IT
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 o 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
raore 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 lke compound S
(Reichstein). On ACTH treatment the patients responded
with d ts of some ds, and in addition new
compounds appeared. These were not the same in all sub-
jects. 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 pahents with neoplastlc disease function differently
both quali y and ively from normal glands,
There is a decrease m excretion of the metabolites of C-11
deoxy h and some belites of the C-11 oxygenated
steroids are qualitatively different from those of normal sub«
jects. The excretion 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

imulated. 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 wnuld hke to express my deep apprematmn to Dr. Thomas F

Gallagh and valuable
thiy manuscnp

s mnvestigation was aided by g'mnt! from the American Cancer
Soc:e_ty_ (on ot Lhe on Gmwth o( the

coLL ENDOC —1
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Fi16. 6. Effect of ACTH admnistration on ateroid excretion
patterns in patients with neoplastic disease compared with the
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sdrenal bolite, 11 ! 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. .
ForiEy: What sbout the possibility oLf' elugetion‘of sterglds in the

PRt e AL S ST W N SOUAY i S

danger of some erroneous conclusions?

DosriNer, We have done one experiment on normal humans, We
injected a labelled steroid, and worked up the fwces, and we could
discover only mis amounts of bob whule more than 70
per cent of the injected matenal was found 1n the urine in the first day.
Different species have different routes of stercid excretion. Mice and
rats excrete steroids in the fxces for the most part. The horse is sup-
posed to excrete very httle in the fieces, 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?

DopriNER. We have only used cortisone acetate

SoyMERVILLE. Iask because when I administered pregnanediol to
human subjects it reappeared mn the urne, whereas administered
pregnanediol diacetate did not do so.

Doprmver' For metabolic studsies we would like to have the free
sterord, but since we could get only the acetate, we have studied that
derivative,

BovranD Is there any evidence that response to ACTH is dependent
on the saturation with ascorbic acid, or do all patients have plenty of
ascorbic acd?

Tonn.

e s ma 3t r o e e

deficient diets There was considérable difficulty in getting the patrents
to take the diets, and when we got the riboflavin levels mn the unne, it
turned out that the diets weren't completely deficient.

T UL the duets vieren't compl o .

a powertul leukzmogenie agent?
BurcmENAL: So many of the compounds which have an effect on

cancer are also carainogemc. 1 dom’t know whether 1t would be a
leukzemogenic agent or not.
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DISCUSSION

DobrINER: We do feel that we are justified in speaking of adrenal
b 1 in L patients n the same way that we
sperk of o conditioned vitamin deficiency. The ndrenals in these
patients may be functioning well enough to supply the hopmones
tequired by a normal person, but in disease the tissues require larger
emounts 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 swhich we don't understand, causing

af of the nd.

Brce: There are really two ns’ilects té this question* these changes 1t

adrenal steroid patterns previous to the detection of the tumour may

be one aspect, and another aspect the changes that take place ina host
after the tumour 1s there.

DosrINEr: I was always very careful not to make a statement of

what was primary snd dary. Dut 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

. T3 o4t B -

FOORIRTRR DU

the thing that crops up is very often some feature q{xite unex:
peeted that the sereen 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. However, on continued

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. I 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.

DaogriNer: 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 apj liﬂi 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

225
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factor of acumen or whatever you may care to call it 15
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 between 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 speafic
proteins.

Another matter of some interest js 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 so 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 globulns 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 lmk-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. We made an
interesting observation in this field about two years ago.
Actually the fact was noted without our being aware of the
proper circumstances for some time, b\_xt it appears that in
the growth of two or three rapidly growing rat tumours there
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is & 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 sxgmﬁcant here. Ve 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 g to hol and
glucuronic acid by tissue B-gl dase was first employed
as the basis for gl d assay by M {1938).

Measurements were made of the mcrease in the reducing
power of the digest which is due to the liberated aldehyde
group of glucurome 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-
mining B-glucuromdase 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 8-glucuronidase activity employ-
ing phenolphthalemn B-gh ide (Talalay, Fishman, and
Huggins, 1946; Fishman, Springer and Brunetti, 1948) is
based on the principle that phenolphthalein in alkaline
solution absorbs light at 540 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

229
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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 glucuroni 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.,




£-GLUCURONIDASE 231

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 optuna..
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 pounds.
1t was further observed that our purest B-g! id:

preparation exhibited a marked activation of its activity in
the presence of deoxyribonucleic acid. Accordingly, it is

bel won in +icsue Tepresents & complex o
the .o one of the most important
of - o . 1 1e significance of this postu:
lation remains to be established through more expcrimental

work.
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to & 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 nssay corresponds with
the optimal concentration observed in the substrate-activity curves.

Fowry; Have you tned 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
constants can be calculated, which would presumably correspond to
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?

Fisuman: At pH 8.

MiLts: We have observed progressive inactivation 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-

B T L oo

magnesiumn?
TisaMan We haven’t found any specific effects of the cations which
\Zvould lead us to believe that one of these was essential for activity of

enzyme,

Mitis: We have tried vanous metals, calcium, zine, magnesjum,
ct&pper, and o on, as inhibitors and none of them had any sigmificant
effect.

Etsox: Have you tried 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 mhibitors.

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 difution, may or may not be related to the disease.
Eisox 'I was wondening whether you have tried it m the blood
plasma. You mentioned the plasma 10 surgical cases, where it doesn't
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show this inhibitory activity. It might be thst cancer patients m
general don’t show this. -

Fismman: T don’t believe that 1 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: inhibition, no
change, and activation. We would like to obtamn pure §-glucuronidase
and test the effects on it of plasma, serum and tissue extracts, It 18
difficult to interpret the results with the relatively crude enzyme
extract employed, because it may contain constituents which wil
influence the results.

SToreY: Does the idase p d by alkaline

Ipt ipi behave in 8 h nanner over & Tange

of pH?
Fisaman: As far as we know 1t does.



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
experj; ing with low T 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 whibitors affect the glacuronidase in dfferent WAy

235
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Table I
PropERTIES OF OX SPLEEN 8-GLUCURONIDASE
Ox Spleen Glucuromdase
Substrate
t n m

pH optima (1 acetate buffers)
1-menthylglucuronide 4.5 50 34
phenylglucuromde 45 52 a4
phenolphithalen glururomde 45 5:2 34
Enzyme-substrates  Dissocra-

fion constants at 38°C

(caleulated according te

Lineweaver and Burk (1934)
1-menthylglucuromde 4 7x10 | 19 0x10°°
phenylglucuromde 2:0%x103 | 515109 | 1.2x10-3
phenolphthalein glucuromde | 0-8x10-% | 2 8x10-3 [ 1.0x10-*
Energies of actwanion

(calories/mol )

henylglucuronide 14,700 16,000 19,300
phenolphthalem 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-GLUCURONIDASES
ExERTED BY CERTAIN INHIBITORS

Enzyme
Intabator -
1 1 r m
Citrate Competiti No I Ci
Oxalate * No Inhibition Competitive
Mueate Competitive | Non-Competitive Competitive
Compt Non-C P

. *[nhsbition of such a low order as to prevent an accurate assessment of type:
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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 =1l the inhibation expcnments it would appear that
a prime requlslte for a pound to inhibit g
the possession of an-acidie groupmg in its molecule, w}nch

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 snd 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 earrying 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
purified 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 glucumnidase exists as
& complex of closely related protens in the original tissue,
possibly a series of protein molecules on a carrier protem
molecule and that each activity can be sepa.rated but is only
active in the p of the carrier mol

¥rom our electmphotetlc and other studies, we have
cohcluded that the 1soelectric points of the various glucu-
Tonidases all lie near to pH 5.

ot ENDOC—T

7
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Table I
PRrOPERTIES OF OX SPLEEN 8-GLUCURONIDASE

( O Spleen Glucuromdase
Substrate

1 i m

PH optima (in_acetate bugfers)

1-menthylglucuronide 4.5 50 3e4
phenylglucuronide 45 5-2 34
phenolphthalem glecuronide 45 52 3.4
Enzyme-substrates Dissocia-

tion constants at 38°

(caleutated according to

Lineweaver and Burk (1934}
1-menthylglieuromde 4:7%x10° | 19-0x10-*
phenyiglucuromde 2:0xW0 | 5 Ixi0s | 1exi?

phenolphthalemn glweuronide 0-8x10" | 2.3x107* | 10x107*

Energies of actwation
(ealortes/mol )

phenylglucuromde 14,700 16,000 19,300

phenolphthalem glucuromde 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 glucurenidase, 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 trypanocidal

Table II
Tvre oF INmprTiON OF THE THREE OX SPLEEN B-GLUCURONIDASES
Exerten BY CERTAIN INRIBITORS

Ensyme
Inhibntor
I ' n m
Citrate Comp No Competit
Ovalate 4 No Inhibition Competitine
Mucate Ce Non-C: ity 7
Saccharate | Competitive | Non-Competitive Competitive

* [phibition of such a low order as to prevent an accurate assessment of £y pé.
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1

level by 20 days of nge, and is thereafter constant. From our
results it is clear that the glucuromdwse 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 liver snd 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 coincidental 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 7-0,
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.

e next turned to a study of rat liver during its phase of
rapid growth which follows parhal hepatectomy. Levvy et
al. (1948) recorded that in motlse liver tissue following partial
hepateetomy, 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
380 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 hver glucuroni-
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 1n glucuronidase activity only
oceurs when the rapid phase of growth is over.

This finding suggests that the increase in glucuronidase
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 2 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
impression 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 1s much more obvious. We are at
present studying the separation of the liver glucuronidases
by ammonium sulphate fractionation and low temperature
acetone fractionation, and have obtained fractions contain-
ing increased amounts of this fourth glucuronidase.

In-'all experiments on the physiological function of glucu-
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-
cerning 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
& relationship k the gl 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 ]evgl
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 deoxyrbonucleic acid (DNA)
content of the tissues as an indication of cell number, as sug-
gested by Davidson and Leslie (1950 @ and b), and this enables
us to obtain an indication of the glucuronidase activity per
cell. Our results indicate that in the young rat the glucuroni-
dase activity per cell is low at birth and rises to & 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

-

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.

Fraon Do these diffarannas voth ama nenle < ond 821 oo e boe oo

R

i

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

THE mechanism by which glucuronides 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 in these gl ides of relatively
low molecular welght, glucuronie acid is wndely distributed
throughout the body in polysaccharides 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

N .

. . . .
cursor. As such, he suggested lactate, or some other 3-carbon
compound derived from the breakdown of glycogen. Similar
conclusions were reached by Lipschitz and Bueding (1939) in
their experiments 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.
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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. . .

Mever: Do you find a constant ratio of these four enzymes in dd-
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.
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S
iver slices) it suppresses glucuronide synthesis at least 90
ver cent.,

Sulphate ion is also an inhibitor of the synthesis, and this
1as been shown to be due to the formation of an ester sul-

phate of inophenol. It thus app that the ester
,ulphate synthesmng system is competmg with that forming
de for the 1 available.

" In the present work, the only substance which has been
bserved to cause any stimulation of the synthesis of glucu-
ronides is bicarbonate. The rate of synthesis in phosphate
Ringer is very low, but the addition of aslittle as 27 millimols
flitre of bicarbonate can double the rate, and Krebs’s bicar-
bonate Ringer, which contains about 16 mlhimols/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 trir
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 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 rapid
method for the measurement of glucuronide synthesis, using
o-aminophenol as aglycone, was employed {Leyvy 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 3t was without effect. The
reason for the discrepancy between these results and those
of Lipschitz and Bueding is not at present apparent. Further-
more, the last-named authors used glucuronate at s concen-
tration of only 0005 3, whereas it has been found that at
0-02 1, 1t 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 monocarb-
oxylic and dicarboxylic acids tested showed only slight
inhibitory activity. This apparently specific effect of glneu-
ronate suggests that an analogy might be drawn with the
eatalysis by phosphorylases of glycosidic linkage formation,
to form starch, glycogen and nucleosides, 1in all of which an

Idose-1-phosphate is one comp of the system. Cor,
Cori and Green (1943) showed that glucese competitively
inhibits the fc tion of glycogen by liver phosphorylase,

t inst: it seems a r ble explanati

and in the p 3
that glucuronate may be competing with glucuronic acd-1-
phosphate, or some closely related compound.

FEvidence has been obtained that glucuronide synthesis,
like other hiochemical synthetic processes, depends on high
energy phosphate genetated by oxidative metabolism. The
observations of Lipschitz and Bueding (1939) on the
inhibitory effect of cyanide have been confirmed, but their
experiments with fluoride and iodoacetate are diffieult to
interpret, One agent which is known to suppress the
formation of high energy phosph is " 4-dinitropheno),
and in the present work, at a concentration of 1x10¢ M
(which may actuslly 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
syothesis which we have observed with ¢-aminophenol are approxi-
mately the same as those observed by Lipsclutz and Bueding using

. “
. : .

ssolation. ” :

Frsmpan, With regard 4~ *%- - -='=- =2 a0 "
vitro, the relative failure 1 !
selvgs 10 observe incorpo
manidan ~lamm wmsl —aL - .

. ' .

bynLnesis

MiLrs: This in verv intaracting fn smaew A% 6l fo0 sL_x 1o
acid s i
gates of
aad 1s
that the

Ttis q\me pumme that the synthetic system and conjugation system
may :ixst’ ct, and that glucuromdase may play some part in
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never been reported in nature.
I also found it difficult to wnterpret Lipschitz and Buedimg's data
because they made no distinction between the of gl
et e . . 1 Lt w-senm amd the
. to
-

1 . .
glucuronate 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-glucuromdase i extracts, and we
now see that they are mlubitors of synthests. The failure to observe

ji ion when pure gl acid 1s present i the system ma};
not be surprising. I;ipsch:}z and™ T -~ %, ooy

er unusual
tive amine
which may undergo reactions i the 11 titro system, and 1 would tank
it would be important to 1solate and identify aminophenylglucuronide
after the slices have presumably synthesized s 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 gly ide and ethereal sulpt formation. It has long
been the practice in carrying out experlments on the meta-
bohsm of phenols to measure 1ncreases in the total combined

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 15 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 15 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 metabohc 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 carrted 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 etheréal sulphate is preferes-
tially formed in & number of compounds, particularly ones whmh' do
not contain a phenol group; but with certam compounds, e.g , 4-anino-
a the i benzidine, the ethereal sulphate
des. We
ed with
in the

mechanism seems to fail, and they are excreted as glucurol}i
were struck by the fact that this process seems o be associat
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@;'l::



THE METABOLISM AND EXCRETION OF

SYNTHETIC (ESTROGENS, WITH SPECIAL

REFERENCE TO THE FORMATION OF THE
GLYCURONIDES

D H. CURNOW and E. C. DODDS

Tut two most well-known mechamsms 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 Blochemlstry under the direction of
Professor Dodds

It had been shown that the urinary excretion of adminis-
tered synthetic estrogen in a biologically active state was
much higher than in the case of administered natural steroid®
aestrogens,

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
avariectomized 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 stilbeestrol 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 a much lower
excretion—4 per cent recovery as glucuronide and 1 per cent
as free cestrogen. The urine of the cat is acidic, while that of
the rabbit is alkaline under normal conditions, but this differ-
ence was shown not to be responsible for the low ion 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 diencestro! 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 Short’s
“isodiencestrol” and Adler and Hagglund’s “indencestrol A.”

H
H=C~CH, ]
1 H~C ~CH,
N ¢
C—C,HAON Ne—camion
”—cn € —CH,
HO ‘f 3 HO' I 2
H
Diencestrol Indencestrol A.

This compound possesses about one tenth of the activity
of diencestrol, and it is this which probably accounts .fot the
low recoveries of diencestrol obtained by Stroud in his early

work,
But to return to Wilder Smith’s work—very similar results

to those obtained with injected were d after
the oral administration of h ol, di trol or stilheestrol
to rabbits.

Orally administered stilbastrol glucuronide was exc.refed
as the glucuronide in 13 per cent yield; subeutaneous 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 eestrogen 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

/
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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 & much lower excretion of sulphate, as little
as 0-04-0-5 per cent of ijected stilbcestrol, 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 monogl\mummdes of
stilbeestrol, hexcestrol and diencestrol were isolated and identi-
fied and their chemical and biological properties were studied.
They each have only 5-10 per cent of the cestrogenic activity
of the free cestrogens, using either subcutaneous or intra-
vaginal application in the bioassays.

Recently we have started some work on the metabolism
of 17-ethinyleestradiol. In the clinical use of this cestrogen
there have been reports of sustaned activity, and although
these have not been very well supported, there has been
suggested 2 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 material 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 ize the very
1mportant part that glycuronide synthesxs plays 1n the
metabolism and excretion of the synthetic estrogens, and the
ease of this synthesis and excretion, in contradistinction to
the small excretion of the glycuronides of the natural steroid
cestrogenic phenols.

T

DISCUSSION
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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, |
] HeCch,
c
N C
C—CH,OH Ne—cyHioH
c” cH ! e
HO (TN o §TCH
H H
Diencestrot Indenstrol A.

This compound possesses about one tenth of the activity
of diencestrol, and it 1s this which probably accounts for the
low recoveries of 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 administration of h 1, di 1 or stilbeestrol
to rabbits.

Orally admnistered stilb ol gl t
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 3

In prostatic cancer patients, administered stilbeestrol 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

ide was excreted
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ForLey: I believe Emmenin, a prepamnon of astriol glucuronide
made in Montreal, 13 orally active. Does it give satisfactory results?
Curxnow: I don't know its activity relative to wstriol.

Fouiey: Have you any evid of the of gl d
in clover or grass? .
Prrilial CAus i U L -
grass. . - .
no acty .
RN ..

pared by Dr, Graham, which I tried to use for preganediol glucuronide
mn unine, but the hydrolysis was fat from completz.

Fisnman: Dr. Dobriner s ysis with
diol glucuromde and gau s the amount of enzyrne to use from its

ahilityr $a herdualuon nn

e have needed rather a lot of spleen to get enough enzyme,
Mires Very roughly we get 8-5 mg. of pheny]glucuromde hydro-

Tyead ~ne

T

practicable, #s seems to have been done.

Fisuman, 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.

Srorey: How long do you have to mcubate the urine with glucu-
ronidase?

Fismuane T think that Dobriner incubates overmght, about 24 hours |

StorEy: 1 wondcred whether the ether extl’actmn of the urine before
downg the n 15 really fool-
proof Some glucuronides are not soluble ta ether, that’s why we do
them in acrd solution

Cursow. We have tested the glucuronides of the synthetic estro-
gens by adding them to urine, and extracting with ether. They were
quantitatrvely recovered.

‘oLLEY" Do you get a monoglucuronide of stilbeestrol?
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glue\uomdase. ‘Would 1t be possnb\e 1o use vegetable ghacuromdases,
or ones d by micro-org:

Fxsmum Dr. Dobriner st the Cancer Memonal Hospnal is using
spleen plucuronidase added directly to urine concentrates after they've
been fractionated, and he is satisfied with the results of hydrolysis, in

at ly there are no d, no changes such 8s

h aad h)dtolysxs Dr, Doisy ¢ and Ius group m St Inu)s arlc
“oh

7,

) 5
i
. 1
and
biolo
One
admimstered.
CurNow: With injected stilb: ) 3 hough there 1S

nbuut '15 per cent of 1t not excreted us sueh, it 15 mteresting that durmg

1 . s

P N or cent
ride, I

+ cation

PURTRESN S Y




THE EFFECTS OF HORMONES ON
B-GLUCURONIDASE ACTIVITY

. H. FISHMAN

Mouse Tissues

IN 1940 it was observed (Fishman, 1940) that the f-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 8-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 examned,
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 viro function of B-glucuronidase: the enzyme may be en-
tirely hydrolytic, completely synthetic, both hydrolytic and
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Curnow: Yes. :
FoutEy: Why isn’t it a diglucuronide? \When one of the phe:ml:c
e T a8l S e T L e et b

for example), and there may bé some diglusuronide prescnt, although
this is doubtful.

Mices: Pl h ide §s also & 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 conjugated 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-ecl ia often p
extraordinarily high serum Bglucummdase 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-
ronidase activity in vngmal fluid oceurred, with low values
predommatmg m the pre-nenopausal state and high values

tl 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 ]3 glucuromdase activity cannot
be used as a d

g P
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synthetie, or have another function still unknown. 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, s 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 Glucuronide in Vitro .
From an examination of the Michaelis Constants (Ky) and

. 1y° . . .
the affinities 'I—(—) determined in experiments (Fishman,

m
1989; Talalay, Fishman and Huggins, 1946) in which the
varjous glucuronides’ were hydrolysed by spleen p-glucurons
dase, it is evident that the enzyme has a rather high affinity
for cestriol glucuronide. No significant difference was found
jn the K, values obtained when cestriol glucuronide was
hydrolysed by mouse ovarian and splenic glucuronidase
‘Ppreparations. o
Concerning the in vivo function of B-glucuronidase, it 1§
desirable to point out that glucuronidase represents a protein
of tissue which has a high affinity for cestriol glueuronide.

Bload B-Glucuronid ia Pr ncy and
Toxemias of Pregnancy
The activity of P-glucuronidase in the blood cells.z!nd
a of women throughout pregnancy and parturition
1947b) has shown o relatively high concentration
of th enzyme in the cells (which is true also of non-pregnant
subjects} and a progressive increase in the glucuronidase
inated at parturition. This phenomenon has

h is terml
;,ehelﬁ vestigated  extensively and independently by

plasm
(Fishman,
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McDonald and Odell (1947), who limited their investigation to
the serum B- glucurumduse activity, It is interesting to note
that the elevation in B-glucuronidase activity of the serum
and plasma coincides with the excrehon of pmgresswely
greater amounts of jugated sterod 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 pr 1c ia often p
extraordinarily high serum Bg]ucurumdase values

Observations on Human Vaginal Fluid
B-Glucuronidase Activity

Odell and co-workers have reported (Odell and Burt, 1949)
that high glucurenidase 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 inve g the i of physiol
factors on vaginal flud 8- glucummdase activity, It was
observed that in normal subjects a very wide range of glucu-
romdase a_chv1ty in vaginal fluid occurred, with low values
in the pre-i pausal state and high values

ing in post ] women. It was also
observed that in women who have undergone pan-hysterec-
tomy in which there remams 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 flnd B glucummdase 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 P-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

e e o sy g

FOLLEY. 1 womuteva tavesve sy

ical secretion. s
(Q;V;SC;MAN: We know Lttle concerning the glucuronidase activity of
hlr e cmmiop Sealf

‘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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lenndy T catale va af

~=nes 4 ot A the changes 1n glucuronidase

. ® * e placenta for glucuronidase

“Fisman: 1 don't recall the figures which we obtained. They were
not excessive for the human placenta.

Goucn, Could glucuronidase activity 1n the utenne endometrium
[ i i v 50

-

Fismuan: Very hitle is understood of the hormonal state ymmedi-
ately after partuntion. There must be quite & violent transform-
ation going on, and that is why we are not certain how to mterpret
tle stilbeestrol factor. But this 1s one situation where eestrogen has
an efect. Many people try to explam all of the hEhavm:‘xr of ﬂ-g]uc'l‘l-
PAMIARGn r Fhee e A8 o1 ot b e sty | ol o o $he

endometrium of pregnant women?
Frsuman: As I understand 1t, there 15 a decidual tissue which 15 not
gurev endometrium any more, because the growth of the placenta pre-

because we haven’t been able to construct a satisfactory assay method.
However, we have seen some very mnteresting phenomena in ascitic
flud or pleural fud taken from patients with eancer. We 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 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 1it, starts some tune 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
p-glucuronidase Tesponse must occur after the phase m 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 bic  glycolysis Y 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 alkaline phosphatase n 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 Dr E. G. Shipley

263
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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,

REFERENCES
—= M ¥ -d AfaGe.. W I sneay Adenosine
" 1 tea during
: . B - N.Y., 62,
W. H., Erway, W. F., and Mayer, R, K, (1948), Malc
se and Cytochrome Oxidase of Lutein and Other
During Pregnancy and Lactation _Arch. Biochem.,
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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.

REFERENCES
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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 *hn ~mmbenl A8 $hn dentn o gt
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 lactation 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 )

PraceNTOMATA produced artificially in the pseudopregnant
rat were examined for the presence and quantities of alkaline
and acid phosphatases, B-glucuronidase, succinic and malic
dehydrogenases, and nucleic acids. Tissue was eollected for
analyses on the sixth, seventh, ninth, tenth, eleventh and
twelfth days after the uterus was traumatized.

Alkaline phosphatase activity mereases 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 declmes 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 i concentration on the
seventh day, and decline slowly through day eleven.

inic and malic dehydrog and B-glucuronidase are
found most active during involution and necrosis.

REFERENCE
SrarForp, R. O. (1949). The Influence of Hormones on Enzynes in
Some Endocrine Target Tissues, Thess submutted for the degree
of Doctor of Philosophy, Univ. Wisconsin.

DISCUSSION
3otomen matiang an albalbne nhaenhataen in mammary
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TickNer Can you tell me at what stage of pregnancy the adrenals
Were remov

Mever' 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 comp 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,

FouLgy: Iave you stud.led the adrenal cortex?

MeyEr. No, we haven”

FoLu:Y' We have studled the nlkalme phosphatase 1n the whole

ve tween the cortex and
medulla—nnd we ﬁnd that the alkaline phosphatase level 1 the kidney
15 surprismgly constant in pregnancy and lactation,

Kocraxran: I would expect as much from cestrogen 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

0.

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
ave 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.

KocHaRIAN: We have some phosphatase studies, with and without
magnesium, and no divergence 1 results has been observed as yet.

greater activity than has been demonstrated. Funherr;ore, 1 these

have to that we have d the cyto-
arclutecture of the cell and that the enzymes may not be working st
he potential actvity which they would have in the intact cell,

corL, ENDOC —1

1
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adrenslectomized pregnant rat. Wil the animal’s corpus luteum
protect it?
Meyrr: We have been doing some expenments along that line. I

you ad \! i Tats the p wilt be

although partunition is difficult. The corpora Jutea do not underpo

Fowemsesok E oo parent animal,

. . [ sphy 107 and g
Lo . . v, L "This indicates

as an end organ.

Forrey: ifave you done any experiments on making rats pseudo-
pregoant and then giving Isctogenic hormone? Might it put up the
alkaline phosphatase, for instance, above the value you get in late

pregn:mcyz .

‘ . . .
I .
. " A} '
onit,
PPN VSR RN DR . . .
. . . -
those, .
Meven: Yes, We made similar studies, but not as completely, with
succinic dehy - ds during pseudo-
i 3 8 e i .
preguancy I nbp, C TR IR e
: ; . . R .
' ", . . . 0 . ‘

“
Y ' " tem
W;va:m\-gge *We haven't been domg anything with lutein tissue. It's

7 the programme, bul we were, 5o to speak, cutting our teeth on Lives.
o



THE EFFECTS ON ENZYMES OF ANDROGENS
AND GROWTH HORMONE*

CHARLES D. KOCHAKIAN

Dr. Kochakian presented data from many experiments by
himself and co-workers, MMost of this material has been pub-
lished elsewhere, and summaries of these publications, prepared
by Dr. Kochakian, are given below.

Toe Efrect OF CASTRATION AND TESTOSTERONC PROPIONATE ON

n-AMINO Acrp OXIDase AcTiviTy IN 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.

Tue ErFect oF C AnD TE ON THE
“ALKAL!NI: AND “ACID” PHOSPHATASES OF 'nm KipNeY, LIvER,
[NTESTINES OF THE Mousc. J. biol. Chem., 153, 669-674

(1944) Charles D. Kochakian and R. Phyllis Fox
There wasa decrease in the“alkaline” (pH 9 8) phosphatase
d byani inthe*“acid” phosph (pH 4-9)
in the kidneys of normal and castrated mice treated for 85
and us days with a subcutaneous pellet of testosterone
7 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 w.ay on the size of the Iitter? Sup-
posing you happened to have a small itter or took some away, would
one corpus luteum be enough?

Meves: 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.

Busi: How does the actiity of ADT-ase compare with that of
muscle?

Mever: 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 identical resp
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 s suggested that the increased arginase activity is
related to synthetic processes such as protein anabolism and
glycacyamine formation.
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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
follows: 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-
3a:17a-diol, 71; 17-vinyltestosterone, 55; testosterone-8-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.methjvlandrostene‘3[3' 17a-diol, and 17-methylandrostane-
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8f: 17a-diol caused decrenses of 38 to 39 per cent. The
changes were not related to changes in kidney weight or
amount of material absorbed.

The increases in arginase sctivity 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.

‘TRe ErrEct or DosE AND NuTRITIVE STATE oN KIDNEY ARGINASE
AFTER STEROID STIMULATION. J. biol Chem , 161, 115-125 {1945)
Charles D. Kochakzan.

The increase in arginase activity obtained in the kidneys of
.castmted mice treated for 80 days with various 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 1.ts maximum response. This initial phase is followed by a
rapid increase in arginase activity, These two phases are
altered by the chemical structure of the steroid. Testos-
terone, t propi d -3a:17a-diol, and
androstan-17a-0l-3-one produce almost identical responses
per mol of steroid absorbed. The introduction of the 17-
methyl group (17-methyltestosterone and 17-methyl-andro-
stane-3a: 17a-diol) causes a rapid 1nitial 1ncrease mstead of a
decrease in arginase activity, which then continues at a slower
rate of i until it b dentical with that of the
former compounds.

Undernutrition 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 1n kidney

It is suggested that the increased argmase actwity is

related to synthetic processes such as protemn anabolism and
glycocyamine formation.
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ErFecr oF TESTOSTERONL PROPIONATE AND Growrn Homyons ox
THE ARGINASE AND PHOSPIATASES OF THE QRGANS 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
(3} treated simultaneously with bath hormones for 10-, 20-
and 34-day periods. Testosterone propionate produced the
expected marked increase in kidney arginase, small increase
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 EFFCCT OF A anND Hypor! Y ON
AnD Prosenarases oF THE KIDNEY AND Liver oF THE RaT.
Arch. 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 increased 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 irregular but persistent small increase.

Hypophysectomy of adult male rats resulted in a marked
decrease in arginase, a slight d in acid phosphat:
and an increase in alkaline phosphatase activity of the liver.
All of these enzymes of the kidney rapidly decreased. Tes-
tosterone did not affect the liver enzymes but restored 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-
17a~ol-3-one; androstan-l’fmol-a-one; 17-methylandrostane-
8a:17e-diol; and androstane-3e'17e-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 kabl The greatest
increase, 79 per cent, was produced by 17-methyltestostemne,
while t one was e. The h

tration of a relatively large dose, 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?

Kocuaxian: We planned 1t, but other things have been more
pressing. o ars . N

Forrev: ~ 7 Sremm e -

Kocnaxt v
sttracted by

YoOunG.
You compared,

imals.
a“;g(‘)ﬂcxsmmn. 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
e 4 Fondentale afabo s RoE o e ‘The hypophysee-
" . per day over &
veight and nitrogen

for instance, hypophysectomized ammals and normal

LI, B .
"‘;‘,‘Um: Your first experiment was made on groups of animals
which were not consuming the same smounts of food?

v G ” ) S
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 witro on arginase and
phosphataset

Kocnagian: We did add testosterone to homogenate and got
nothing Also we did some expeniments with adrenal cortex extract
and got nothing,

Lovenmprmes To s o sqmpoirnantn wdth andenman s b o w e

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 1s probably more concerned with internal
reshuffling of protein,

FoLrey. What do you think of Edlbacher's theory of the function of
arginase?

Kocmaxian: That was the hypothesis which first gave me some
support in these views. I gather, however, that Fraenkel-Conrat thinks
that this is a specialized type of synthesis.

FoLtoy: We've done a lot of studies on the mammary gland, some
of which Dr. Greenbaum will mention thts afterncon, and we are faced
with the same problem there—finding a function for the mammary
gland arginase 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, smce m prehminary expenments he
hasn’t been able to observe urea formation m mammary gland shees
m the rat. Another difficulty is that in herbivores, particularly rumi-
nants, the mammary pland 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
hver‘have & much higher content of arginase than the hver of the
rabbit, goat, or cow. Have you any cbservations on this?

Kocmaxian: As I remember, our gumea pigs showed low argmase
activity,

| —
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Tarvmve Wa heeean? et 3 o0 3 <o

teal wiel sightly lowered the Liver argmase levels.
Kocnaxian: How long did you feed it?
Forrey: Three weeks.
KocHakiaN: V- trore — o = v 4o
a source of prote 1 .
on arginase. If
you get a possible slight ncrease, but after about three weeks you do
get a definite increase. Laghtbody also found that same effect several
years ago.
Forrey: Dr. G \; you ran some i ts with an ordinary
high protein diet, d:dn’t you? N
GrEENBAUM: Yes, Our resulgs didn’t really confirm Dr. Li%htboﬂy 8
At i e e oiy

findine Wa Bd oab am & ays on 8
. » another 10
. . - 1at an ani-

mal which has been chewimg up protem at a high level for so long 18
going to have a very mcreased arginase,

KocuAxian: That’s tight, And that’s what makes me even more
suspicious of the urea function for arginase,
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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
Edinburgh* that the activity of g-glucuronidase 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.
0 repeating these exp , we prepared fresh tissue

homogenates which were centrifuged at high speed and the
supernatants were assayed for g-glucuronidase actwvity,
employing phenolphthalem g-gh 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 increased activity as compared
with the organs of the maternal organism. Simular results
were found in the dog, comparing feetal 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,
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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 glucuroti-
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
fn PR AP ARSs amietam T6 s el Basdg camon ol F Akiama bn camea TARTH

\ .
[ .

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 prog one inhibit the stimul 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
FisusmaN: I'm very much interested m the water hypothesis because
1t may help explain some of the results that we’ve found mn 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. As a rule the reporis show that the unne of these women £08-
tams I 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 relationship between strogen and water retention i 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 8 wa (:Iu‘ble dern:'ah\ic, 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,
und then you get an emulsion which is stable 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,

Wu.u,uxs-Asmux:_Have you trnied 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
glucuromdase?

:n: That is what Friedenwald and Becker used.

Forey: What is the method?

Fisman: They used 8-hy yquit 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

L 3 emmanthrarene
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Another effect of this carcinogen on rat liver is to cause an
‘rease in ascorbic acid content. This increase was found
be greatest in animals maintained on a 10 per cent protein
t, with which the maximum growth-inhibitory action of the
mpound was observed (Elson, Kennaway and Tipler, 1949).
Thus, as a result of this and other evidence concerming the
icity of 1:2:5:6-dibenzanthracene in rats maintained on
zh and low protein diets (Elson, 1949), it appears possible
at the carcinogens may interfere with the normal hormonal
rulation of protein and carbohydrate metabolism, not, as
likely in the case of cestrogens, by antagonism of protein
abolic hormones themselves, but by a more direet inter-
ence with the action of some protein synthesizing enzymic
stems under their control. It is thus possible that the
reinogens may be preventing the utilization of energy rich
osphate bonds for protein synthesis, and the energy rich
osphate is then available for an increased carbohydrate
ctabolism, of which there is some evidence in treated
imals. Indeed, the increased liver ascorbic acid may well
 related to this increased carbohydrate metabolism.

There is a considerable amount of evidence that carcinogens
ch as the polycyclic hydrocarbons and aminostilbene deri~
tives exert thewr biological action through a “‘toxic”
etabolic product, and the action of these carcinogens can
us be considered as a dynamic process i which the rate of
rmation of the toxic metabolite depends to some extent on
€ rate of metabolism of the ammal as a whole, The toxie
etabolite itself upsets the balance of energy distribution
tween protein and carbohydrate metabolism which is
rmally regulated by h infl

T_he Possibility that glucuronic acid and glucuromdase play
! Important part m these metabolic processes is suggested
y the observations of Elson, Goulden and Warren (1946).
1 studying the excretion of aromatic amines 1t was found that
e simpler amines such as aniline, 4-chloroaniline, etc., when
dministered to rats in small doses are excreted almost entirely

S etherea? eolctaa - op the corresponding phenol derivatives.
COLL END 20
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1 Eaind

These amines are not carcinog 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-amino-
stilbene and the N.dimethyl-4-amino-diphenyl have been
shown to be carcinogenic; aminostilbene 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
serum, ete., 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
bserved m all these expennments?

2 v oAb  #ha pestinn

inhubition, but not all, because some anumals maintam or even increase
their food intake under treatment, when therr growth 1s completely
inhibited.

Youne: Did you analyse the total body content of protein of of fat?

Erson No. We dudn’t,

Youns 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
Young: Y

u think that stilbeestrol suppresses the activity of the
Mo
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These amines are not carcinogenic. Compounds contain
more than one aromatic ring, however, such as 4-ami
diphenyl, benzidine and 4-aminostilbene, were found to
excreted as glucuronides and some of the free phenol &
vatives were also found in the urine. Benzidine, 4-ami
stilbene and the N-dimethyl-4-amino-diphenyl have b
shown to be carcinogenic; aminostilbene and its derivati
in particular producing a large variety of tumours in m:
organs of the rat.

In this connection T would like to suggest that glucuro
acid formation and the role of glucuronidase in ani
metabolism may not be exclusively concerned with the
called detoxification mechanisms, but may also be that
providing a transfer mechanism for conveyance of a i
soluble but water-insoluble substance such as a ster
hormone from one organ in the body to others on which i
required to act. The substance 1s transferred by being ¢
verted into a water-soluble glucuronide, which may no lon
show hormone activity, and this is carried in the blo
stream, and, in this water-soluble form, is able to enter t
cells of various organs. The active hormone is then liberat
4in situ in that organ by means of the glucuronidase prese
in the cell. On this conception the rather vagne relation
glucuronidase to growth may be explained by the grovw
effects being really caused by the liberated hormone, gnd th
only indirectly related to the enzyme. Thus we would hav
instead of the more usually accepted process of a hormo
regulating enzyme activity, in this case, the hormone active
regulated by the enzyme. This regulation could be controlk
by the varying amounts of glucuronidase in the differes
tissues andfor by the presence or absence of an inhibitor ¢
glucuronidase, The presence of such inhibitors in bloc
cerum, ete., is probably significant in this respect. A
elaborate ism for fairly te regulation of hormon
activity in different organs could therefore be visualized.

The observation that, in passing from the simpler nop
carcinogenic amin

es to the carcinogenic ones, a change fror



THE EFFECTS ON ENZYMES OF ADRENAL
CORTEX, DIET, (ESTROGENS, AND
EXPERIMENTAL DIABETES*

CHARLES D. KOCHAKIAN

Dr. Kochakian presented date 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 Ereecr oF A My, A CorTicar ¥
aNp T £ Pruvs A CorTICAL
ExTrACT ON THE AnmNASE AcTivity oF THE LIvER anD KipNEY
oF THE RAT. J. btol, Chem., 169, 1-6 (1847) Charles D. Kochakian
and Virginia N, Vail,

ADRENALECTOMY 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 mitrogen 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.

S -
¢ ) .
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pituitary extract could cause resumption of growth in animals whery
the growth had been d d or pi d by inistration of

«estrogens.

Kocmawsan: I have often thought it way more an effect upon the
food intake.

Forrzy: But you do get eytological changes in the pituitary ot
cestrogen sdnunistration. One would think there would be a profound
effect on the secretory mechanism

Youno: ¥ am sure there are profound effects on the pituitary.
secretory mechemsm with respeet to gonadotrophin, for instance, but
¥ don’t think as regards growth harmone that there is any elear evidence,
We have @ good deal of unpublished work which siuggests that there
may be some alight effect which is not merely the result of changes in
1the food intake, but the differences are so small as to be very doubtful

Fison. What do you fee! about the possibility of the inhitatory
action being through an effect on bone growth?

Young: Grifiths and Young found that growth of bone was de-
pressed but not prevented. It is slow and may go on even when the
body weight 14 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.

Adrenal y slightly i d 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-op ive day was ive 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 or Hicut PROTEIN AND Hicn Carsouyprare DMETS ON THE
ARGINASE AND PrOSPATASES 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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Tue EFFECT oF CRVSTALLINE ADRENAL Corticar Stzrows, i |

TavaoXive, anD EPINEPIRINE ON THE ALRALINE AND Atid
PHOSPHATASES anD ArGiNast oF THe Liveh avp Kiowey or
e Nomyar Avvir Rar. J. bio! Chem., 176, 242-237 (3948}
Charles 1. Kochakian and Mary N. Bartlett,

Aqueous (beef) adrenal cortical extract, lipoextract (hog
adrenals), and 11-dehydrocorticosterone acetate produced
very marked mereases i the “alkaline” (pH 9-8) phosphatase
of the liver of fasted rats when injected eight times at houtly
intervals. The ncrease in enzyme activity did not parallel
the degree of glyconeogenesis. Thyroxine produced a marked
depletion of liver glycogen and a decrease n the enzyme,
Epmephrine produced a tremendous deposition of liver
glycogen but did not affect the activity of the enzyme,

In none of the ahove treatments were the activities of the

arginase and “acid” (pH 5-4) phosphatase of the liver or the
enzymes of the kidney altered.

Conticords avp Boby awv Oncan Wrrenrs, Nirrocry Barancn:

Axp ENzswes  J. biol. Chem,, 199, 481, (1950) Charles D Kochak-
ian and Evangeline Robertson.

The stimulatwn of ramd glyconeogenesis 1 mice by cor-
ticoids did not alter the argnase activities of the liver or
kidneys. On the other hand, a subeutaneously 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-
mined wath CoCl, as the enzyme activator or by pre-activation
at 50°C with MnCl,. The alkahne phosphatase of the liver
was not increased until after 7 days. The body weight of the
treated mice decreased very sharply, accompanied by an
i 3 nit: xeretion, a pl disapp of the
thymus, and nﬁ maximal decrease in the size of the spleen;
but the food mtake was increased about 20 per cent, so that
after 7 days the extra protei.n catabolism was no Jonger
evident and the loss m body weight abruptly ceased. "

11-Dehydrocorticosterone smplanted 2s a pellet produce

{Tects qualitatively simular but quantitatively much less than
:hose of 11-dehydro-17-hydroxycorticosterone acetate.
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implanted as pellets consisting of one part of cestrogen and
three parts of cholesterol. After 30 duys the mice were
autopsied. The addition of cholesterol to the cestrogens
decreased the rate of absorption about 800- to 400-fold.
The wstrogens increased the body weight at the lower dose
but inhibited or decreased it at the higher dose. The kidneys
were not or only slightly increased in size. The thymus was
decreased and the seminal vesicles and prostate were in-
creased about the same by both doses of cestrogens. The
arginase activity of the kidney was increased equally by both
dose levels. The arginase nctivity of the liver was not re-
markably increased.

ErrecT OF (ESTROGEN ALONE AND IN COMBINATION WrithH TESTOS-
TERONE ON THE BODY AND ORGAN VWEIGHTS AND THE ARGINASE
AND ProsPHATASES OF THE ORGANS oF THE Mouse. Amer. J.
Physiol., 155, 265-271 (1948) Charles D. Kochakian, E. E. Garber
and Mary N. Bartlett.

Male mice castrated at 17-19 grams body weight were
implanted subcutaneously with a pellet of testosterone,
a-cestradiol, methoxybisdehydrodoisynolic acid (MDDA),
I-methyleestradiol or 1-methyleestrone.  The first two
@strogens also were implanted as pellets consisting of one
part of cestrogen and three parts of cholesterol, and simul-
taneously with a pellet of testosterone. All of the experiments
were for 16 days. In addition, the testosterone and o-
cestradiol experment was performed at 10 and 80 days.
The rate of absorption of MDDA was about eight times, and
that of l-methylcestradiol, four times that of a-cestradiol.
The introduction of the 1-methyl group into cestrone did not
alter its rate of absorption from a pellet. The simultaneous
implantation of a pellet of testosterone did not influence the
rate of absorption of e-cestradiol or MDDA.

MDDA and e-cestradiol, as pure pellets, greatly reduced
the body weight 1n a manner resembling inanition. There
was a concomitant retention of urine which was exacerbated
by the simultaneous administration of test . Also
deaths occurred only in those mice that were implanted
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or a “standard” prepared diet to 24-hour fasted adult make
xats for 10 hours caused a deposition of liver glycogen and the
expected changes in umnary nitrogen snd ures excretion,
but did not change the activities of the arginase, “alksline”
{pHO -8or“gesd” (pl{5 4) phosphatasesof thehverorkidney.
The feeding of 80 per cent glucose by stomach tube at one-
or two-hour intervals also wmereased the liver glycogen without
any changes in the activities of the liver or kidney enzymes.

The feeding of the above diets for seven days at 10 mg./day
to normal 250-gram male rats showed that the high carbo-
hydrate diet caused a loss m body and kidney weight but no
change in enzyme activities. The hvers of these ammals fost
weight and protemn, but contained a large amount of glycogen.
There was & decrease 1 arginase but a moderate inerease in
“alkehne” phosphatase. The hugh protein diet, on the other
hand, maintained the body weight and increased the kidney
weight and protem, with n concommtant increase in the
enzymes. The hiver wesght, protemn and enzymes were some-
what increased. The glycogen content, however, was only
one-half that present i the hivers of the rats fed the high
carbohydrate diet.

The feeding of the Ingh protein diets as above to completely
and pertially adrennlectomized, castrated rats increased the
kidney and liver weights but did not change enzyme activities
of these organs. Organ and enzyme changes are not eompat-
able ta those after admmustration of protem anabolic of
catabolie sterard hormones

Estrogens
r CESTROGENS ON THE BopY axy OrGAN WrIci1s ARD THL
E’"EAC:G?NASE AND “ALKALINE” asd “Acin” PHOSPHATASES OF THT
Laver AND K1pNEY OF CASTRATED MALs Mici. Amer J. Phystol.,
151, 126-120 (1947) Chavles D, Kochakan
Male mice castrated at 16 € to 19 5 grams body weyht
were ymplanted subcutaneously with a pellet of pure eestrone,
wilin, eestriol, a-cestradiol, a-@stradiol benzoate and e~
fx?stmdiol dipropronnte  The first four cestrogens also were
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The ch istic protein anabolic and enzymic effects of
t propi were not impaired by the diabetes.
. DISCUSSION

Eisox: There scems to be some divergence of opinion between this
t‘o\mtry and the United States as to what constitutes a high protein

content above 20 per cent has very httle effect upon succinoxidase;
wrionlovos S an hpeeaa: (A A

needs. We have also used manganese, and Have used pre-icubation
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with both testosterone and pure pellets of MDDA or
a-cestradiol.

The renotrophic property of testosterone was not altered,
but the androgenic property was greatly reduced by both
a-cestradiol and MDDA, The increase in arginase activity
produced by testosterone and MDDA or a-cestradiol sum-
mated when the androgen and either of the cestrogens were
administered simultaneously. The cestrogens did not influence
the effect of the androgen on either “alkaline” or “acid” phos-
phatase. MDDA at the high dose produced a remarkable
increase in the arginase activity of the liver; a-cestradiol
was ineffective. MDDA also produced a remarkable
increase in the “alkaline” phosphatase at the high dose and
a-cestradiol a moderate increase at its high dese. MDDA
stimulated a small increase in “acid” phosphatase at the high
dose; a-cestradiol was ineffective. 1-Methylcestradiol and
1-methylestrone were ineffective in all of the above tests.

Diabetes
FFrECT OF TESTOSTERONE PROPIONATE ON Tissue EnzyMES OF Dit-
sETIC RaTs. Unpublished. Charles D. Kochakan, Phyllis M.
Wright and Evangeline Robertson
The extra endogenous protein metabolism occurring in
phlorrhizin and alloxan diabetes was not sufficient to change
significantly the liver arginase or phosphatase activities of
normal or castrated adult male rats. Moreover, no correlation
between the degree or duration of the diabetes and the
enzyme activities of the liver could be detected. Tremendous
increases, 400-600 per cent, in protemn ingestion, however,
stimulated an increase 1n the arginase activity of the diabetic
as well as the non-diabetic rats. Smaller increuses,’ 100 to
200 per cent, produced increases in argmase activity con-
comitantly with the increase in liver weight.
The kidney weight and nitrogen content was increased but
the enzymes were not changed except in those rats that had
considerable sclerosis of the tubules after prolonged and severe

alloxan diabetes.
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Kocnaxian: I would expect that. That fits in with our subsequent
expenments on animals treated with phlorrhizin or alloxan, where we

ok Tammn Fovaman.

“ . .

Mt e emmeetad o= g certain
[ haven't

Kocmakian: It's broken down to ammonia mitrogen, and in an
animal that forms protein, that must go into protein.
Frenci, But 1 think it's very doubtful that this is from urea.
FoLLEY: Some work on the rumunant points to the utilization of
urea by the protozoa and bactena of the rumen. The theory is that the
bacteria eventually die and their cellular protems are digested by
Pproteases of the alimentary tract and are absorbed into the body as
amino-acids,
4 KI;CIMK!AN: ITas anybody studied these protozoa to see how they
o it’
Forrey: I don't know.
Vorrgne ¥o ttiman masdlemn om a1 bamatermn s ak agolndap Sl plmnla

Kocnakran: None that I know of. We did some paper chroma-
tography in experiments on hamsters which had been treated with
androgen and found in these pilot experiments nothing remarkable 1n
.the blood amino-acids.

Young: They're apt to be deceiving. Of course, the tissue amino-
acids would be of greater interest, but 1t is rather difficult to get experi-
mentally an index of the integration of, say, the liver free amino-acid
concentration over the whole of an expenment.

e i rae AVS o Amin mos e e v mnbn Smandnd Fas T A

In a recent paper by Dunn in Califorma in which he stidiéd the tissuss
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with both cobalt and manganese. Manganese will give higher absolute
values. Pre.ncubation at 37° will give further incresses and pre-
Plutpr bt el b Eye

P SPENERYS AP a et A mea of the

100 per cent with the cobalt method with an 1ncubation period of 8
hours at 37°, the same increase, within 10 per cent, would be obtained
by the use of MnCl, in the determnations. .
Our main interest 1n trying out mangsnese way to see if we could
possibly show it to be a different activator, and as yet wé haven't. It
looks as if it is a paralfel phenomenon. If you use both together, s0
that the molarity would be the same or even greater, you will find qlnl
the cobalt will decrense the effectiveness of the manganese, 1 thisk
on.

tins needs further explorati
[ RIS B L i a steva If you TuR
" . ' o ¢ hour, then
. ' . o the "cobalt
o = =+ pminations
T A ppeared
in your rats in the war, did you notice jt at 8]l ip the walls of the blood
vessels? . Lt
e . e xe JIRIRN
. . . )
- . i
. ' .
. . f .
. o hl .
A} . .
. .
C

.
:&’fmd on salt.

This is A HILIEL 1004LT plasvns S



TISSUE ARGINASE IN RELATION TO THE
ADRENAL CORTEX AND DIABETES

A. L. GREENBAUM

THIs communication is a brief summary of the work that
was done in Dr. Folley’s laboratory at Shinfield on arginase
in relation to lactation and diabetes between 1945:48.

The earliest experiments were a study of the changes in the
Lver and mammary gland arginase of lactating rats which
had been adrenalectomized and mamtained on normal and
high protein diet (Folley and Greenbaum, 1946). The results
were essentially similar on both diets, m that adrenalectomy
caused a profound decline in the level of arginase in both
liver and mammary gland. Treatment of these animals with
adrenal cortical steroids, 17-hydroxy-11-dehydrocorticos-
terone (Kendall's Compound E} and 11-dehydrocorticosterone
(Kendall’s Compound A), as well as deoxycorticosterone
acetate (DCA), restored the liver arginase level toward
normal in all three cases, but failed to raise that of the
mammary gland. In this latter tissue it was felt that the
fatlure to achieve any significant restoration could be attri-
buted to the methods available at that time. When these
experiments were performed no effort was made to measure
the amount of milk in the gland. Milk acts as an inert diluent
in the enzyme assay, causing under-estimation. If these

could be rep d using the hods now
available to correct for this milk error, there is little doubt
that the cortical steroids would be active in restoring the
arginase toward control levels. None of the cortical steroids
effected complete replacement in the liver, but DCA was the
most effective of those tried.

The failure to find an increased liver arginase on the high
protein diet was rather surprising in view of’ the results of

209

e
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of o number of species of nnimsls. lt appeared that the amino-acid

t d by the ca] method, in various tssues

were very similnr. I am wondeﬂng ]ust how far we can get Wi that

* 4t ememe ta me more hkely that lhe Rmm(Hll‘lds are
. v

o I e . you
i \ . .o . . with
growth * L . .
Kocr+ »~ " e el C . ourexe
perime* * . . s, even
though * ° “ C— . nabohe

effect. § * -t o
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deamination of amino-acids, and it is on this basis that the
results can most profitably be discussed. We can reasonably
interpret the results after adrenalectomy in terms of decreased
protemn catabolism. It must be admitted that the superior
replacement therapy provided by DCA in the fivst experiment
described is rather lous on this expl ion, but this
can most reasonably be ed for on the g ds that
an adrenslectomized rat with a salt and water balance
severely upset is in a semi-moribund state, and functions, such

must be p ding at a very low ¢bb. Insuch
a mt the DCA therapy restorcs the salt and water bslance
and thereby i ly imp: the general well-being of

the animal. Increased deamination is, in this context, not so
much a specific effect of DCA, but rather a secondary effect,
arising from the improved physieal condition of the ¢ nimal.
These experiments on replacement therapy, together with
the increascs that one finds i liver arginase of the disbetic
Tat, that is, in rats in which gluconeogenesis presumably is
proceeding in full measure, lead us to the conclusion that the
changes in liver arginase level are secondary to the rate of
deamination. They provide no support at all for the con-
ception of a direct connection between the adrenal steroids
and liver arginase itself. The results of Russell and Wilhelmi
{1910) do seem to show such a direct relationship between
adrenalectomy and the rate of deamination by kidney slices.
I think the most probable explanation of the change in the
liver arginase levels, in our own expenments uny\vny, lxes
in the rates at which ami ids are | d for
tion and the amino groups subscquently presented to arginase
for detoxication,

REFERENCES
Cowre, A, T., Foueey, S, J., Frexcn, T. H., and GrezxpAts, A. L.
x
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Lightbody and Kleinman (1939), but the results are in
keeping with those of Kochakian,

These preliminary experiments were open to ctiticism on
the grounds that, as arginase is an enzyme which mght be

iderably infi d by gl genesis, variations in the

quantity and the quality of the diet had to be considered. This
factor is particularly important in adrenalectomized animals,
which invariably suffer from anorexia as a result of the
operation. Further, the upset of the electrolyte balance
could also cause severe secondary effects. These various
factors were investigated later (Cowie, Folley, French and
Greenbaum, 1947: Folley and Greenbaum, 1948), and the
effect of variations in the concentration of sodium in the diet,
and the dietary sodium-potassium ratio were also studied.
The pair-feeding technique was used to minimize effects aris-
ing from dietary disturbances. It was demonstrated that
restriction of the food intake of the control rats to that of the
operated animals failed to cause any lowering of the hver
arginase, and anorexia could therefore be eliminated as a cause
of the decrease. It was further shown that DCA was the most
effective therapy even in rats maintained on high salt diets.

Some further experiments were also reported on the Tevel
of liver arginase in experimental diabetes (F ‘olley and Green:
baum, 1949). Rats were made diabetic with alloxan, left fqr
10 days in metabolism cages, and then killed. Over !h}s
period they excreted about 1 86 g. of sugar a day, and this
was accompanied by a considerable increase in the urinary
urea, suggesting that the sugar excreted was derived from
protein by gluconeogenesis. Measurement of the’ .]wer
arginase of these rats revealed that it had increased consider-
ably over that of the control rats.
* The results of the two sets of Ex?erimints, 'co

nsidered
- -“the
" itis

v , . the

e -authenticnted function so far described is that it is

iO:‘}vilye%l in the detoxication of ammonia produced by the
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Fourey: Youdid get an incrensc in the arginase content per gram of
lver? .

GrEEYBAUM: Yes, we got an incrense per gram of liver, but then the
Iiver is decreased in weight markedly.

Kocmakran: If the liver weight had gone down, I'm quite prepared
1o call that “no change.”

GrEENBAUM: Yes, I think we can say “no change.” That's why I
neglected to mention the experiments.

'oLEY: The kidney alkaline phosphatase went up, which is rather

tosterone, but that wasn’t successful.
WiLLiass-Asmyan: Have you ever done any experiments on local-
ization of arginase? You've no idea whether it 1s 1n the mutochondria?
GrEENBAUM: We have no id

superior. R
Busi- You can't very well explain the advantage of DCA in terms of
salt retention activity. i ..

drenalectomy 1s one of the i herni duresatbest
anyway; 1t's such a drastic procedure 1vs as though you eviscerated
an aninal entirely and replaced four inches of colon in the hope of

Kocmarian- He just published some 1n tro work, too

have looked at operated anjmals and suspected that I have left behind
that hittle bit of capsule that mght be left on the blood vessel, looked
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DISCUSSION

KocmaxiaN: What kind of diet did you use in these diabetic
animals?

GRepNBAUM: Stock diet,

Kocrakian: We have yet to see a definite increase in liver argnase
either with our standard diet or with the high protein diet, I don’t
think your diabetic ammals are as diabetic as ours. We’ve had ammn.h
putting out as much as 10 g sugar daily. The only large increase in
arginase that I've seen was mn an animal with an ovanan tumour.

Foriry: We have been trying for some time to get partially depad-
creatized rats to excrete more sugar, but the strains of rat that we've
tried are all peculiarly resistant to the operation and we've never been
able to get much sugar excretion.

Kocnaxian- How long have you carrted them after you've depan-
creatized them? . R

Forrey: We depancrentized them ot, I think, 60 g. and carned them
up to—was it 200 g., Dr. Greenbaum? -

GREENDAUM: At first we pancreatectomized an older ammal, kept

1t for about 6 weeks. Then we tried pancreatectomuzing them at only

- . REREES . . o+ ot the body
aally they -

N . w’t know

boratory?

Korrmy. Yes. 1 suould say Lml L, uleetbaum awon't med-
tioned that we have also done one or two experiments on phlorrhizin
diabetes. .

Greenpaun: I think they’re not so clear-cut. Phlorrhizin must
have a toxic effect on the hvers because they decreased in size Very
considerably. )

Kocmaxian 1 think ours showed an mncrease in size, We used a little
henzyl alcohol to make a smooth suspension of it, We have gven doses
of 30, 60, and 90 mg per day. Sixty mullgrams per day gives close to
the maximum response.

GreenBaUM 1 don't think we're far off that, 50 mg. a day. We've
dissolved purs in propylene glycol, which 1s a very good solvent anci-
dentally.

< : Very 1rmtating to the skin.
th“_m“N P bt % +n mind nndnlv and there was m}

t



SUCCINIC DEHYDROGENASE AND ANAEROBIC
GLYCOLYSIS IN THE LIVERS OF DIABETIC
LACTATING RATS

R. K. MEYER

LACTATING rats were made diabetic by the intravenous
injection of alloxan. Rats which were diabetic for five or
eight days showed an increase in liver succinic dehydrogenase
activity as much as 100 per cent over that of normal lactating
rats, .
The elevated enzyme activity 15 correlated with larger
numbers of mitochondria in the cells of the livers of the
diabetic rats.

A smaller increase (31 per cent) 1s found in anaerobic
glycolysis of diabetic lactating hivers when compared with
control animals. No increase in either enzyme system was
found in the brain tissue of the diabetic rats.

REFERENCE
Snuterey, E. G., MEYER, R. K, CopENuAver, J. H , and McSman, W. H
(1850). Endocrinology, 46, 334.

DISCUSSION

Fonveareant an Tano wova $haga an‘male 4 ahatiaa

off too.
Kocrakian® Tt looks like an effect upon the pitutary.
Meyer: That’s right.

303
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for it at autopsy and couldn't find it, and then did the liver argmase and
confirmed my suspicion. -

Mever: What do you find in mice?

Kocnaxtan: I would suspect that you find the same thing. Lhaven't
done any studies in ad \! ized rmice.

MeveR: There are reports from Bar Harbor that about 50 per cent of
some strains of mice have accessory adrenal tissue.

Kocnakian: I'would like to see that confirmed by doing the argwase.
T think it is possible to have some tissue that looks very muc}l Tike
adrenal tissue but does not have a complete adrenal cortical function.




GENERAL Discusston 807

ta alterations in the ip
conceivably limit the overall glycolytic rate?

Mevex: No. I have not. Only this overall method. I might add
that Potter and lus group have, with some of the carcinogenic dyes
tl}‘:at they use in producing hepatomas, also found increased mito-
chondna,

setivity, which could
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. Kocsaxtan: There again it's the same problem, Is it & dwect or an
mdltsct effect of alloxan on the mtuitary? Might you be producing s
P ypop hy 5 by ions i fon due to the aflosan
diabietes?

Mevza: In human dibeties therr duetive are pormal.

An expeniment we should do is to admimster alloxan and clamp off
the ven to the pancreas and then do these studies subsequently.  That
would controf the alloxan effect. We have just given a smgle intravepous
injection of 75 my per kg., and according to the hterature the effects
nre over i a fet munutes.  We hasen’t done that type of expesiment
because the crreumstantial evidence would wdicate that the effect on
the prtuitery gonadotrophin and the ponads and accessories iv due 1o
the dubetes. We've done complete autopsies on these rats, snd the
adrenal glands sre 11 most ammals markedly hypertrophied by eight
taten days. So if there is an wterference sith mitwtary ghand secretion
1t must be differential,

Etson, I take it thet the sucemic dehydrogenase s the debydro-
genase component of the suceinoxidase enzyme system that you estinate
by the methylene blue technigue?

Meves: It was measured by the Potter method with cytochrome ¢

i chloride and sul, added.

Ersan. Have you thied just using the methylene blue snstead of eyto~
chrome ¢?

Meyra. No. .

Eisox Because if 1t 1s manly debydrogenase component, we have
shown that that component 15 very sensittve to the smount of protein
1 the duet, in fact, the amount may o some extent measure the smmaunt
of protetn synthesis going ne. 1 am wondenng 1f you might be getting
a reversal of the sort of thing ¥ suggested with the growth nbshtors.
Perhaps the of hung hke energy-nich phosphate i
affected, and is not being used for i ! hob
But for extra protem synthess, which shows up in the increase m the
sucernie dehiydrogenase, N

WILLLIABS A ~N. Have you the lytic activity of

our mmtochondna per mg of mtrogen? Is that wncreased over the
Iitechondra isofated from normal tissue? ©Or are you sure w's Just
more taitochondria per umt of the homogenate?

Meves  We have determined st on a nitrogen basis, but the voume
dion 3 tube angd the

d w the i
greater volame of mutochondria, or large

on 33 n
ustolagical studies show a

granules.

Wi A x [ am very d m that, because of course
one way of elevatng the hver sucemoxidase activity 1s to admimster
Lyroxine, and some p work by Dr J. D Judah suggests
that in that case the total smount of mutochondna 13 not greatly altered,
but the mttachondns themselves seem 1o be smare catalytically active
in terms of either nuceic afxd :?Ss?Jhams ar mlligrams ?v(x t'tlull}f:gs"é
Do you think your mcrease could be relate”

You your
diphosphate a3 substrate.
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is being expended in this field, particularly in regard to argi-
nase, the best-known of the phosphomoncesterases, and also
some of the respiratory enzymes like the succinic-oxidase
system. That type of research has been described in many
of the papers presented at this meeting, and we can feel sure,
from what we’ve heard, that considerable progress is being
made along these hnes.

I fecl that it must be regarded as significant that the most
fundamentalfieldof all,namely thestudy oftheeffectsof steroid
hormones and other hormones such as the trophic hormones
of the anterior pituitary on 1solated enzyme systems has not
been touched on at all at this conference That is for the very
good reason that we know practically nothing about the way
in which hormones act in the hiving body. A start has been
made with the studies of Cor: and his followers on the mecha-
nism of the action of insulin, and we may expect that greater
progress will soon be made in this field, which I personally
consider the most fundamental field remaining in endocn-
nology, namely the elucidation of the i
of hormone action. All we can say at present, from what has
been said at this meeting and from what we know, 1s that
hormones probably act by modifymg the action of enzyme .
systems.

We may hope that this conference, which for all I know
may be the first of 1ts kind on this subject, certainly the first
held 1n this country, will stimulate further research and en-
courage others to take up this topic, so that we may expect
rapid progress towards solving the fundamental problem of
how hormones actually govern metabolic processes within
the living cell.




CHAIRMAN'S CLOSING REMARKS

S. J. FOLLEY

£

In ing on the proceedings of this
which has dealt with the interactions of hormones and en-
zymes, a subject of ever-increasing interest, I would point out
that three main fields of endeavour can be distinguished.

First of all, there 15 the study of enzymes which are believed
to be concerned in the metabolism of hormones, a considera-
tion which in this conference has been limited to one enzyme,
glycuronidase, about which we have had a number of com-
munications. Since the cestrogens and the progesterone
derivative, pregnanediol, seem to be excreted, at any rate
partially, in the form of conjugates with glycurome acid,
there might be some reason to think that perhaps B-glicuront-
dase 15 concerned with the metabolism of the female sex
hormones. However, we have heard contributions’ which
indicate that this enzyme probably has a wider implication
in metabolism than that. For mnstance, it may be concerned
with cellular growth, and the opinion has been expressed that
glycuronidase may not be responsble for the synthesis of the
glycuronides of the sex hormones. It seems rather unfashion-
able nowadays to postulate a simple synthetic role for
hydrolytic enzymes within the body. Thus at one time we
thought that alkaline phosphatase might be concerned in
Phgsphorylation by simple reversal of 1ts hydrolytic action,
ut this is no longer a fashionable pomnt of view. Nevertheless
Dr. Kochakian doesn’t seem to be afraid to postulate it in
connection with the action of arginase.

The second field, represented again by a number of papers,
is the study of the changes in the enzyme equipment of various

tissues iD relation to the metabolic effects of steroids, and in
Panicular the sex hormones. ::: the present time much effort
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is being expended in this field, particularly in regard to argi-
nase, the best-known of the phosphomoncesterases, and also
some of the respiratory enzymes like the succinic-oxidase
system. That type of research has been described in many
of the papers presented at this meeting, and we can feel sure,
from what we've heard, that considerable progress 1s being
made along these lines.

1 feel that it must be regarded as sigmficant that the most
fundamentalfield of all, namely thestudy of theeffectsof steroid
hotmones and other hormones such as the trophic hormones
of the anterior pituitary on isolated enzyme systems has not
been touched on at all at this conference. That 1s for the very
good teason that we know practically nothing about the way
in which hormones act in the living body. A start has been
made with the studies of Cori and hus followers on the mecha-
nism of the action of msulin, and we may expect that greater
Progress will soon be made 1n this field, which I personally
consider the most fundamental field remaimng in endocn-
nology, namely the elucidation of the i hani
of hormone action. All we can say at present, from what has
been said at this meeting and from what we know, is that
hormones probably act by modifying the action of enzyme
systems,

‘We may hope that this conference, which for all I know
may be the first of its kind on this subject, certainly the first
held in this country, will stimulate further research and en-
courage others to take up this topic, so that we may expeet
rapid progress towards solving the fundamental problem of
how hormones actually govern mietabolic processes within
the living cell




INDEX -

ACTH, alkalosis, 202
alopecia, 224
and corpus lateum, 268
and food 1ntake, 202

Aminophenyl  glucoromde, svn,
thesss, 246
Aminopterin, 17, 18, 21, 81
see also Folic actd antagonisty
Aml end 3

and 11-hy e
cretion, 214
Cushimg’s syndrome, 202
dosage, 201
hypertension, 200
n children, 198
mflammation at wyection site, 209
m Hodgkin’s discase, 163
n leukemias, 193
marrow aplasia, 208
pigmentation, 224
psychosis, 20§
p iiie ans ong

and gonadectomy, 180
weight in cancer, 173
Aerobic glyeolysis and mahgnancy,
2

5

42
ALtiocholatofone, I1-hiydrovy, ex-

cretion, 213-217
Agtucuronometric assay, S-glucu-

ronidase, 229
Alkaline phosphatase, sec¢e Phos-
hatase
Alkalosis after cortisone, 202
Alopecia after ACTH, 224
after antrfolics, 224
Amino acid oxidase, 271
o0-Aminophenol m ghicuros
thesis, 243

,Lginase,
ted again by a number of p:
/{n the enzyme equipment of V[7
metabalic effects of sterouds, § ¢
ones. At the present time mucl, §
308

8, 286
growth inhibition and protein in-
take, 284
Angemla in cancer, 173, 175 ',
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Liver—continued
catalase activity, 170,
mtala.se in cancer, xu 115, 17,

mzyme content and duet, 202
enzymes and diabetes, 1
£-glucuromdase, 238

Luteotrophln and alk. phosphazm

Lymphn!lc Tekcmia, steroid exeres
tion,

Lymphotd hyperplasta, 26
*issuca and ACTH wad eortisone,

tumours, 24-30, 53, 60. 67, 220
Lymphosarcomata

Mammary factor, 2
Mammary gland, alk, phorphatase
content, 277, 2!
development, i1z
growth mensirement, 7074, 240
with ammopters
vwath endrogens, s, 0
sath chordomo
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Methoxyblsdehydrodoisynolic
acid, and atk. phusphnme. 294
and arginase nctmtiy
Methyl ptercyl aspartic md.
Methyl chrysene, 8
Metbyl pterolc umd, 20
Methylcholsmhrene and careino.
and prus!aﬁc tumours, 32
and uterine !Ilmoum, a2
in metabalism,
Milk factor, 68, 12:. 124, 183
Mitochondria and catalytic activity,

and succinic dehydrogenase, 268,
5

in diabetic livers, 260
Molecular configuration of steroids,

1-7, 10
Mylase P and hydrolysis of steroids,
254

Nitrogen mustards, 6, 226
Nucleic anid synthests, 20

100
with eomcmds, 86, 02, 98
with hypophy seal

49

(Estradiol, 5

90, 95
with @strogen and progester-
one, 78.81, 90, 101, 104, 116
with progesterone, 121
with ovaman
influence of thyroid, mun-r
male, and cestrog
and progesterone, 90
tumours, 114-120, 124, 133
Tesponse to cestrogen, 21
size and umformity, 85
teat growth, 71
tumours, and androgens, 112.120
and eestrogens, 5, 53, 124, 156
and progesterone, 112-120
and steroid excretion, 220
genetic factors, 67
Tustology, 129
in pregrancy, 125-181

and adrenals, 167
‘and aminopterm, 21
and arginase activity, 292
and biotin actmty, 14
and carcinogenesis, 5, 52, 55
and folic deficiency, 16-18
and geneti factors In tumori-
es1, 67
and B—glucuronidzsc activity, 257-
1, 262,
and lmdmtion tumuun, 58
and mammary gland, 74-81, 240
and mammary tumours, 112-120,
157, 1
and phosphatase actmnty, 202
and utenne enzymes, 241
and water retention, 282
application by pafating, 25, 26, 28
assay, 84, 15
blood levels, 159-163
and biological action,

thyroid function, 107
transplants, 45, 125
wath ovanan transplants, 117
with prostatic cancer, 133
Mammogenic hormones, 102-104
Menthol glucutonide, excretion, 254
y of f-ghucuromdase, 220

10
eontinuous infusion, 161
dosage, 157-187, 169
excretton 10 urine, 250
m clover, 255
in Jprostatie cancer, 158-156, 157,



812 Inoex

Glucurpnides—continued
synthesn 243.248

Genltal twmct, growth with cestro. '
gens and progesterone, 150
Glucuronic acld and
245

y 249-258
xlimulatmn by hicarbonate, 245
suppressionby dinjtrophensl, 244

eonjugation, 246
Gonadegtomy‘ and adrenal tumours,

distnbution, 243, 247
f-glucuronidase activation, by
coitrate 10ns, 241
by deovyribonuclele acid, 2
nlﬁmtv for estnol g\nmmmde 255
and cell proliteration, 238.2 10, 257
and diet factars, 2:
and hydrolysis in unne, 254
and mgcsuon of menthol and bor-
neal, 2!
and mstmzens, 257-200, 261, 281
and substrate concentration, 232
apd water retention, 281-282
nssay, 229, 231
s transfer mechanism, 286
‘bactenial, 241, 254
distribution 1n tissues, 241
E, coli, 254
funetion, 238, 257
histochemical methods, 283
in aseitie flnd, 261
in blood 10 pregnancy, 258
in feetal and maternal tissues, 279
mhibition by glucuronate, 246
by hepann, 31 237
by memls,
nic md;, ‘.\:n, 285
by nmhc acid, 241
by plasma, 230
by plasma in cancer, 233
by saccharic acid, 235
by Suramin, 237
o h\'cr, 238-240
in uterus, 261
in vagunnl fluid, 2.
pH optlmum, 2(”. 233. 238, 241 :
sul-

and amino acid oxidase actinty,

and aTginase setivaty, 272

and tumour growth, 37-39, 193

on sterord excretion in cancer, 183
Gonadotrophin  deficiency  after

alloxan, 305
Grafting, subcutaneous, 32
Growth hormone, and argnase ac-

tivity, 974
and @strogens, 287
inhiition, 6, 284

Histidinuria n\'ter progesterone ond
cortisone,

Hodgkin® s duense and cortisone,
183, 206, 209

Hormone balance 1n cancer, 190393

Hydrocarbons, carcmogemc, 1,3
growth inhibiing, 6

and protein intake, 284

Hydroxymtiocholanolone see Ati
ocholanolons

Hypervolemia with ovarian tu-
‘mours, 57

Kidney, alk, phosphatase content,
arginase content, 272, 278, 289
Lucmuun and enzyme activity, 299,

nnd tohc deficiency, 21 .
Lurd and camnagenes)s, 48 .

193
nnd ACTH nnd wr\ue-ne, 109, 193,

by
* phate, 251 ..:m
roperties
g\mﬁcﬁtinn. 231, 233
species differences, 230, 280
wuh age in rats, 238

mouse, lss
steroid excretion, 220
mmplamed 188, 207

1, hydro. 15

ml&ntml and cestrogemcity, 254

eulphate formation and carcino-
nesis, 248,

Glumrcnldes. excretion, daily van-

. ahionsg 249
soecres differences, I51

er
Llpold lubxmnvcs,
Liver and glucuronide lyn\hnis‘ 247,

argnase, 272, 289, 200
arginase in cancer, 186
Bantu, 4

esncer of, 50
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Ribonuclease and cell dmision,

Rous egent, 7

Sarcoma, 143148
after cholesterol injections, 47-51
. Sernlnal vesicles, atrophy in cancer,

Spleen, g-glucuronidase content, 235,
, 255
Steroidu and g-glucuromdase acti-
vity, 281

excretion, after ACTH 217221
as glucuronides, 23
in bile, 223
in cancer, 212-221
normal patterns, 211
on arginase actinty, 212
water solubihty, 232
Sterols and careinogenesis, 46-51
Stilbeestrol see (Estrogens

Testls, hyperplasia, 19
tumours, 5, 53, 58-62
Testosterone and leukxm:
and mammaty tumours, uz "
and ovaran tumours, 58
and pitwitary tumours, 53
and thymus tumours, 28
qclopen!)lpropmnale, 118
0 lymphatic leukemia, 194
on iose. actmity, 177
on steroid excretion, 191
on mammary growth, 91
on prostate, 95, 37
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‘Testosterone—continued
eystemic effects in cancer, 177-
180, 182
see alto Androgens
ymus and gonadal hormones,
24-50, 20
in cancer, 175, 182
phosphatase reaction, 29
weight i cancer, 173
Tissue culture and malignancy, 48
Tri-p-anisyl chloroelhylene and
testicular tumours,
Tumorigenesis, \-mys, 53, 58
Tumours, itrasplensc transplants,
56

ntramuseular transplants, 171
subcutaneous transplants, $,54,171
sec also under organs and tissues

Urinary steroids and cancer onset,

105
hydrolysis by p-glucuronmtase,
254
by lu!phauue, 254
Uterus tumours,
£-glucw rontdsst vaginal fluid,
50

Virus, carcinogenesis, 7

Water retention with wstrogens, 232

Wheat-germ oil and carcmogenesis,~
49

X-methy] folic, 20
X-rays, tumorigenesis, 53-58
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(Estrogens—continued

on gonadal and pituit;
iy Pltuitary tumours,

on lymphoid tumouts, 24-30

on manumal
124“ Ty tumour transplants,

on prostate, 35

on thymus, 24.28

pellet implantation, 121, 23
protein bonds, 9

rena) c.'t.wmn're, 188
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Phosphatase, alkalme—continued -
1 mammary tissue, 266
in placentoma, 266
Phosphorus balance and leukzmia,
194

excretion and lymphaid tissue, 208
Phytosterols, 50
Plgmentation after ACTH, 225
Pituitary, eftect of alloxan, 305
tumours, 5, 52-55, 64, 68, 67
Plasmagene, 7

Plasma, mhabf of p-gh

249-253 specie P dase, 230 -
s serum g-gl

251 dase, 259, 282 i

toxic resctions, 158, 161, 163
water solubility, 167, 188
Q.strone, 5
Olive oil and carcinogenesis, 49

Orchiectomy and twmnour growth,

37-39
see also Gonadectomy
Ovary, transplants, 117
tumours, 53-38, 84
and arginase setivity, 308

-

274

and gonadectomy, 271

and growth hormone, 274

and progesterone, 43

in corpus luteum, 263

1n placentoma, 266

mn prostate tumours, 133,153,156
alkaline, and adrenalectomy, 291

and androgens, 43, 274, 275

and corticoids, 290

and gonadectomy, 271

and growth hormone, 274

and luteotrophin, 267, 268

and MDDA, 294

and osteoblasts, 153

and phlorrhizin, 303
- 1 267

Pregnancy, f-glucuronidase tn blood,
2358

hormonal changes, 133
mammary tumours, 125, 131
Progesterone and adrenalectomy,

and avidin secretion, 14, 16
and f-glucuronidase actrvity, 262,
2

281
and histidinura, 169
and mammary tumours, 112-120
and ovulation in hen, 22
1n prostatic cancer, 43, 166
mtermedsary metabolism, 85
mammogenic effects, 73-78
pellet implantation, 121
Pro-cestrogens, 10-11
Prostate, grafts, 82-35
hyperplasia nnd cestrogens, 156
squamous metaplasia, 37, 43, 43
tumours and adrenalectomy, 155
and androgens, 6, 153, 155
and antifolics, 20
and wstrogens, 6, 152-136, 251,

253
and orcluectomy, 15%
in dogs, 153-155, 156
mduction with hormones, 35
1 eunuchs, 190 ‘
n mice, 31-85
relapse rate alter cestrogens, 154
sterord excretion, 215
with breast cancer, 133
Protein bindmg by steroids, 9, 10
synthesis and cateinogencsis,
Purine antagomsts and arstrogens, 20
and 21

wn kadney, 2
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Reactions, bi- and {ermolecutar, 7

Reductimetric assay of -glucuton-
dase, 22






