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Julian K. Killer

THESIS ABSTRACT

THE RECIPROCAL EFFECTS OF DIETHYLSTILBESTRCL

AND THYROPRCTEINS ON FOOD AND WATER INTAKE

OP FEMALE MICE

As the literature indicates, diethylstilbestrol
produced a decrease in the amount of food consumed by the
experimental snimals. A corresponding effect was produced
on the water consumption; except in the range of the
minimal effective doses.

Furthermore, the animals exhibited loss of body
wolght at 211 dosage iqvele. while helir and 1ntegﬁmantary
development showed definite detesrioration in direct re-
sponse to dosage.

The activity of the experimental snimals was re-
tardedé while the general aeppearance was indicative of
marked malnutrition. |

On the other hand, the administration of the thyro-
protein, Protamono; produced en inocrease in the ectivity of
the experimental ahiﬁals and an increase in both food and
water consumption. However, the quantity of these increases
was directly proportional to dosage levels only within a
presocribed range. DBeyond this optimally effective rangs,
responses were affected by‘tho Laws of Diminishing Returns.

The Protamone-treated animsals oxhibitod fine, sleek
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ccats in contrast to the estrogen-treated mice. Also, the
body weights of thelo’mioe woere inoreased and the general
appearance and condition of these animals ranged from nore
mal to enhanced.

From the apparent dlametrically opposite effects
produéed by diethylatilbestrol end Protamone, each admin-
istered separately, 1t was presumed that glven together
there should be some measure of sntagonism ﬁroduced which
would reflect in the responses of the experimental animals,

At first; it was gr;tifying to find that such was
the céﬁo. %here diethylstilbestrol had formerly prdduced
emaciation, those misce "fortified" with Protemone with-

atood the deleteriocus effects of the diethylstilbestrol.

However, and this is significant, in every csse the animnls

80 _troated died within, or shortly after, the experimentsl

psriod; while the animals given the estrogen only, had few

fatalities and showed 8 high percentage of recovery.
The seeming paradox of healthy-appearing animnla

being conailtently survived by emsciated animals, is ex-

plained on the following basis:

-1. The Protamone achisves its effect via the
_thyroid-ondocrine system relationships.

 2. The dlethylstilbestrol achieves its effect
via the ovary-endocrine system relationships.

3. Therefore, it does not follow that there
. need be a direct antagonism, since each
drug operates via its own avemues. However,
this does not preclude the poasibility of
an indirect antagonism.

YR n s e . e
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If we assume an indirect antagonism, then
how can we explain tne fect that animals
given both drugs show a radical decrease
in survival ability?

The fact 1s, that the anlimals given both
drugs show & significant loss of body
welpght when dehydreted; as compared to
the controls. In other words, pmch of
the apperont “"welght" wes simply due to
high water retention.

In addition to the preceding circumstances,
the Protamone producod an increase in
metabolic activity which tended to fure
ther consume an elready starved animal,

The combination of the foregoling fectors
explains the high rmortality in the groups
treated with both drugs. Furthermore,

1t indicates that there is no essential
antagonism between the two drugs, though
in some respects elither drug ray have had
a dominant effect. For example, the
Protamone seemed to have a dominant effect -
in regard to halr growth, while the die
ethylstilbestrol seemed to have a dominant
effect in regard to watser retention.

This study indicates that the behavior exhibited as

& result of thyrold-estrogen balances 1s a vectur of a great

many inter- and intra-releted responses which rmst be viewed

not en toto; but rather from the stendpoint of the ertist

who examines the leaves and grass dbefore sketching the panoe-

rama of the forest.
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CHAPTER I
THE PHILOLOPHICAL BASIS OF ENLCCRINE BEHAVICR

A corrocct interpretation of endocrine Sehavlor re-
quires an awareness of a dynamic balance of intarrelating
forces., The study of endocrinology does not consist of
ths observation of morbid anatomy, since it deals directly
with physiological functicn. Therofore a proper under-
standing requires constsnt orlentation-of the variant to
the orgenlism as a whole.

It is well established, in the physical as well as

tho natural sciences, that individual changes within & sys-

tem'produce 8 logarithmic rathoer than & linear changa in the

interrelationships within the system.

As 8 simple 1llustration we might cite the relation;J

shiovs of points A B C. The relationship as now

constituted produces & given plane. However, changing the
pesition of any point on this plane produoés a sories of
relntiénship changes in addition to the changed position
of the individual point.

If woe change Just point C, thus: A B



KT o b gy o = o

Rt Lt

b

-2-

not only position C has been chenged but the relationship

-between A - B constitutes one plane as opposed to the new

relationship of B - C which constitutes another plane.
Also the new relationship of C - A constitutes still a

third pleane.
In addition, if point C had been moved not only down-

ward but off the psper as well; the new relationships of

C to the system A-B-C woulq be increased to the third power.
Now when we consider the multiplicity of endocrine

factors; each interreiated, and the individual relation-

ships of each hormone to the endocrine system and the or-

ganism as a whole, it becomes apparent that observing endo-

orine activity from a purely behavioristic standpoint is

.entirely inadequate, since 1t i1s obvious that the change

observed 18 not a linear entity but a resultant of a series

of interrelated re-orientations. _
It 1s with this dynamiec philosophy in mind that the
behavior of hormone activity should be studied; sinoce 1t

takes into account the many and varied balanced forces and

- systeme® which we recognize as life processes. It is true

that many, i1f not most, of these inter- and intra-related

systems are still unknown; but it is better "science" to

- recognize ignorance than to ignore 1t.

- It 18 therefore with a feeling of great humility

that the study is approached; being aware of the myriad

possible avenues through which the hormone may act, and

[



-3-

of the great number of system accommodations which might

take pleace to produce the resultant observable behavior.
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CHAPTER II
THE PURPOSE OF THE EXPERIMENT

From the preceding, it is apparent that we can not
hope, with thls short work, to untangle all, if any, of
the mechanisms by which our results were obtalned.
However, sinos our repeated‘experiments produced con-
sistent results; we may be permitted to conclude that
certain changes in the hofmone balance under specified
conditions, will produce an accurately predictable result.

Considering all that might take place within the

- organism as a whole, from the initiatlon of the changed
relétionship until the final re-orientation; it is obvious
then that our purpose is a very modest onse.

,dﬁ' -By this experiment we hope to dembnetrate certain
antagonisms between the synthetic estrogen, diethylstil-
bestrol; and the synthetliec thyroasctive protein, Protamone.

From the review of the literature which follows,

»1t is apparent that there are constant physiological
effectsfproduoed by both drugs; some of whioh;racting

individually, produce antagonistic phenomena.

The question which we hope to answer, is: "Will

the drugs, acting together, maintain their previous charac-

’

“h-
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teristics -- or, will they create a new relationship
whereln tdgether they will act as a whole -- or, might
1t not be a resultant of both possibilities?"

Alsd, this experiment should shed some light on
whether the dlethylstilbestrol exerts its effect, at least
in part; via depression.of the thyroid gland., If we assumse
that the hypothyroid-like effects of stilbestrol are due
to an inhibitory effect upon the fhyroid gland, then the
administration of thyroxine should re-establish normaley.
Unfortunately, such re-establishment of normalcy still does
not confirm the assumption since it does not eliminate the
possibility that the stilbestrol might not have reacted
directly upon one or more intermedlate agents; and that the
intermediate agents might have acted upon the thyroid.
Furthermore, the possibility 1s still not ruled out that
the stilbestrol has no effect upon the thyroid, but that
it acts directly upon the organism as a whole to produce
a hypothyroid-like condition. |

It 18 hoped that the review of the literature and
the data of our experimental work may yleld some observa-
tions which will contribute toward a more rational hypo-

thesis upon which the answers to these questions might be

" based.



CHAPTER III

THE EFFECTS OF ESTROGENS WITH PARTICULAR REFERENCE
TO DIETHYLSTILBESTROL (STILBESTROL)

General Considerations

l. DLefinition.--The term "estrogen" denotes sany

substance which will induce cornification in the vagina

of the adult mouse like that of natural estrus.

2 Historx.--Apért from knowing that the sexual
functions of the female depend on the ovary and are not
controlled through its nervous connections, our recogni-
tion of the hormonal basis of ovarlan activity begsn with
the observation by Marshall and Jolly (1905) that estrum
could be induced in spayed dogs either by the injection of
extracts of ovary removed from another dog during estrus or
by implanting estrhal ovariés into the peritoneum. These
workers recognized that the ovary produces two different
hormones, and that the secretion which causes estrus is
different from that formed later by the corpora lutea. A
few years later Adler (1912) reported that estrus could be
brbught on in guinea pigs by intravenous or suboutaneous
injections of extracts obtained from whole ovaries or from

~

corpora lutea. The next great advance was that of Allen

b=
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and Doisy (1923, 192h), who discovered that liquor fol-
licull from the sow's ovary csussd estrus-like changes in

"~ the rat's vagina. The hormons thought to induce thase
changes, thereafter came to be known as theelin, estrin or
folliculin. The active principle was et that time a hypo-
theticsl substance which could be recognized only by its
biologicsl effects, Later, the isolation of the hormone

in crystalline form by Doisy, Veler and Thayer (1930) end

- also by Butenendt (1929), working independsntly, narrowsed
the meaning of the term estrin to the single well-defined
chemical compound now known ss estrons. However, with the
l1asolation of other naturally produced estrogenic compounds
such as estradiol, estriol, equilin end equilenin; the term
"estrin® was again attributed to the originsl reference =0
that 1t might not be confused with the hormones found sub-
sequently (Burrows, 19)5). However, to date the terms are
8t1ll used interchangeably, Altogéther excluded from the
term "estrin" are several artificially produced chemical
compounds which, though prodﬁcing biological}effecta like
those of estrin, have not been found in the living organism
and in some instances are difterént in moiecular conforma-
tion from the naturslly occurring estrogens. The pérticuler
synthetic estrogen with which this paper 1is concerned, 1s
known as, diethylstilbestrol. ‘

3. Chemistry.-rThe dlscovery that estrogenic acti--
vity could be exhibited by substanoces not belonging to the

’
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sterold group 1s due to the work of Dodds and Goldberg
(193¢) end their colleborators. They first investigated
the simple compounds of phenanthrene and found that, though
phenanthrens 1tself was inective, the compound 1:2:3:h: -
tetrahydrophenanthrene possessed definite estrogenic acti-
vity. Other substances were then investigated and it weas
found that estrogenic effects could be produced by & number
of derivatives of 1:2:5:6: = dibenzanthracene. A number of
compounds were prapared and three of them have proved of
oﬁfétanding Interest, viz. diethylstilbestrol, hexestrol
.and dienestrol. These ocompounds are more active than the
natural estrogens snd have added advantage of being very
active when given by mouth (Dodds et al., 1939).

The ester of dlethylstilbestrol, which in mani in-
~stances, indicates an even greater potency; is quite simply
prepared &s dihydrodiethylstilbestrol. This was prepared
by Docken and Spielmsn (19):0) through a short snd direct
- method from the oily, unstable hydrogen bromide addition
product of anethole "deseribed long ago by Orndorff and
Morton". By coupling anethole hydrobromide by means of
magnesium in dry ether there was formed sn oil from which
& high-melting ether was obtained in 15 to 20 per cent
yield. The ether waa‘amoothly demethylated with alcoholic
potassium hydroxide to give dihydrodiethylstilbestrol in a
nearly quantitative yfield. The potency of this substance
was found to be of ihe same order.aa that of estrone and

estradiol.
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he Sources.--The natural estrogens may be derived
from several sources. Thers i1s no need to quote ths earlj
work done which established these sources since at present
there is no longer any question as to their authentiocity.
The principal organs from which estrogens have been ex-
tracted are the ovary, placenta, testls and adrenals.
Estrogens have been found in other animal tissues and even
in some plent substances used as food. There 1s still
some argument amongat histologists as to Jjust which cells
are reasponsible for their production and the intracellular
chemistry of their formation, but the locale of their ori-
gins 18 well established. .

5. Distribution.--There is evidence that even

before birth and even before the differentiation of gonadal
tissue in the fetus, parental hormones permoate tpe rla-
centa, and are carried to the fetus. In support of this
contention Courrier (1630) gave between 80 sna 100 r.u. of
an dqueous prepsration of estrin to guinea pigs during the
last six days of pregnancy. At birth the newborn females
had cornification of the vagina and wvulval swelling, their
mammae secreted a little oolostfum and the uterine horns
were distended.

It is known that finely particulate or colloid matter
present in the blood will become concentrated in inflamed
tissues. Brunelli (1935) showed that estrin becomes local-
ized in this way after its introduction into the bloodstream.

q
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He shaved the abdomens of twelve male rabblits and treated
ench of them as follows., GCauze wet with chloroform was
ébbliod'for some minutes to one psrt of the shaved area

to csuse local inflamstion, end to another part of the
shaved area gauze wet with normel saline solution wes ap-
plied. A watery solution contalning 1,000 m.u. of estrin
was then injected into an ear vein. One hour later each
rabblt was killed, and the two treated sreas of skin were
separstely excised with the underlying tissues, drlied and
extracted. Vhen tested for estrogenlc activity the extracts
prenared from the inflamed tissues gave positive results in
every instance, whereas those prepared from the non-inflamed
saline-treated skin wero sll negative. This phenomenon mey

be of particular significance at a later point of discussion.
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Effects upon Ketabollsm

l. Respiration.--In determining oxygen consumption

in estrogen-treated rats, T. C. Sherwood (1¢h0, 19hl) in-
dicates a consistent decrease in the oxygen consumption
rate. This is explained by Brobeck et al. (19)7), as a
result of leaions produced in the hypothalamus ceused by
the treatment. He advances the hypothesis that the hypo-
thalarms 1s the level of the central nervous system most
intimately concerned with control of oxygen donaumption as
well &s other functions effected at this level. Another
explenation offered by Biskind (1946) 1s that the decrease
in oxygen consumption may be the expression of a safety
mechanism; since the rise of body estrogen, due to the
inabllity of the liver to insctivete the increment, causes
depression of piltultsry activity with regard to the secre-
tion of the thyrotrophiec principle and that in turn accounts
for the decrease in oxygen consumption. 85111 another
theory offered (Gordon end Elliott, 19)7), is that estro-
gens inhibit the action of the estrogen-inactivaeting en-
zyﬁes. These suthors also claim to have produced anes-
thesia in rats by inhibiting the succinoxidase system of
the brain with diethylstilbestrol. This effect finds a

few corroborators amongst other workers in the same field.

2. Circulstion.--Clinical experience suggests that

estrogens might tend to lower the blood pressure. A ralised

blood pressure 1s apt to scocompany virilism, and severe
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hyperplesis 1s more frequent in men then in women, &nd
in the latter 1s thought to be associaéed with the meno-
pause., Liebhart (193h) made tosts on more than thres
hundred individuals, including men, girle, and normel,
spayed and postmenoprsusal women, glving doses of estrone
ranging from 100 to 5,000 m,u. end detormining the blood
pressure. He concluded that estrone has a capacity for
lowering the blood pressure, and that this action 1s more
pronounced in women than in men, and in &dult women than in
girls before puberty. 1In éome instances a fall of the sys-
tolic pressure equivelent to 30 mm. Hg. was obtained within
half an hour of giving estrone. Guirdhem (1Shl) has found
that estradiol lowers the blood pressure in cases of meno-
pausal hyperpiesis, arterial sclerosis, and renal Alsease,
as well as in normal conditions.

Reynolds (19)1) oxamined the effects of estrogen
on the blood vesssls of the ear in the spayed rabbit, and
'also, by means of a plethysmograph, on the blood vessels
of the human finger. The usual results of both tests was
a dilation of the small blood vessels which followed the
injection of estradiol within & few minufes end persisted
for at least two hours. The human tests were performed on
twventy men and on twenty-five women who had passed the meno=-
pause. Other experiments bearing on this matter heve besen
done by McGrath (1935) end Thomes (16%0). Knowlton (15h7)
reports that administration of desoxycorticosterone producea

both renal end cardisc enlargement. It would be interesting

’
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to know whether this i1s a direct effect or e physiological
compensation due to the drop in blood pressure described
before.

An effect of estrogens on the permeability of the
capillary blood vessels in certsin rezlons of the body
has been reported by Hechter, Krohn end Hsrris (19h2),
who treated rats with estrediol, estrone or estriol, and
after an interval gave each of them an intravenous injec-
tion of 1 co. of a 1 per cent solution of trypan blue per
100 g. of body weight., In every instance there followed
an abnormally large concentration of dye in the uferus
and vagina. This was not the consequence of increased
affinity of the genital tissues for the dye, becesuse such
tissues when minced and tested in vitro took up no more
dye than was accumulated by the tissues from other parts
of the body. 6f course in evaluating this activity one
‘can only postulate upon the phyaico;chemical effect which
the dye itself might have had upon the permeability of
the capillaries. '

3. General growth and body welght.--In most mammals

the male is larger than the female. Stotsenburg (1909,
1913) and others have shown that this differenqg is csused
by ovarian action. Stotsenburg found that caatfation of
male rats early in life had 1ittle or no effect on the sub-
sequent growth curve, whereas the female spayed st the same
period grows to a larger slze than her intact sister. These

S,

’
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observations have been supplemented by Steingzbh and
Holzknecht (1916), who interchanged the gonads of young
male and femsale litterﬁate gulnea plgs, lmplanting testes
into spayed females and ovarles into castrate males. The
males bearing ovaries failed to attain the general dlmen-
sions or welght of normal size males or females and the
fomales grafted with testes grew to én unususal size --
larger in fact than normsl untreated males.

Bugbee snd Simond (1926) showed that repeated in-

jections of a folllcular extract retarded growth in male

and female rats, whether their gonads had been removed
previousiy or not. Riddle and Tenge (1928) observed a
similer effect of estrogen prepared from sow's follicular
fluid on the growth of pigeons. Wade and Doisy (1G31)
obtained the same results with estrin in both male snd
female rsta., The results of their work clearly 1n§1catod
that the rats trested with estrogen showed a marked'de-
crease in general body weight. .
Korenchevsky and Dennison (193h) gave to thrae
groups of irmaturs male rats 20, 60 or 100 f.u. of estrin
dailly for a period of forty-three days. At the end of this
time the ratios of weight increase in the estrin-treated
rats compared with controls which received no. estrin were
88:127, 83:11k, snd 86:127 in the three groups respectively.
" An inhibitory influence on body weight 1s displayed
by synthetic estrogens, for example diethylstilbeatrol .

(Gearenstrom and de Jongh, 1939). They implanted into

’
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rats various synthetic estrogens in dry form snd noticed
that they checked the rate of body growth to a greater
degree in females than in males and this effect was not
pronounced until a welght of between 100 and 120 g. had
been reached, after which the body growth became much're-
tarded.

It seems that the growth-checking'aotion of estrogen
is to some extent at least the result of an inhibition of
hormone production by the pltuitary. Reece and Leonard
(1939) removed the ovaries and pituitary from immature rats
and five days later gave them eleven dally pituitary ime
planﬁs. ‘The results indicated a reduction of the growth
promoting influence of the pituitaries of rats under treat-
ment with estradiol.

Gearenstrom and Levie (1939) found that the goneral
growth of immature rats could be arrested slmoat cowpletely
by 4delly doses of 200 or 250 mcg. of stilbestrol. 'This in-
hibition of growth was cvercome by giving pitultary growth
hormone at the ssze time &s the stilbestrol. Gaarenstrom
and Levie do not think, however, that these results must
mean that the inhibition of body growth by estrogen is the
d%rect consequence of a suppression of the supply of growth
hormone from the pitultary; the inhibition of growth might
be due, they suggest, to an interference by estrogen with
the growth of the bone at the epliphysis. Freud, Levie and
Kroon (1939) point out that after hypophysectoﬁy the membrane

bones grow'normnlly, vhereas long bones 4o not;'and they

’
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ibelieva that the terme "growth hormone" end "chondrotrophie

hormone"™

are synonymous.
Griffiths and Young (19),2) arrosted the growth of
rats by hypophysectomy and by the subcutaneous implantation
of 15 mg. of dlethylstilbestrol. Therecafter pitultary exe
" tracts wers given end records were kept of the body welght
and rate of growth of the tail., It was found that whereas
after hypophysectomy and the administration of pitultary
extracts the increase in body weight and tail growth were
in constant proportion, this was not the case in rats which
vere treated by diethylstilbestrol and given the same pitu-
1tafy extracts, a result which suggests that the arrest of
growth cannot bs explained by the lack of pltuitary hormone
only, nor attributed entirely to a deficiency of chondro-
trorhin.
Whether the result is brought sbout bv an arrest
of ths supply of growth hormone or of chondrotrophin, or .
by some other cause, the fact remains that estrogend re-
strain the general growth of the body.
Bogart et al. (1959) present substantisl data to
indicate that breeding stimulates growth in female rats,
The mechanism is not explained but one might infer that
this was due to the decroase in estrogenic hormones prior
to parturition. Another poasibility might be that the es-
trogéna iﬂhibit growth through an inhibiting effect upon .
the pituitary and tho ocorpus luteum removes this inhibie-

tion.
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Korencheveky end Dennison (193)/) note that though
‘estrone decroases the body welght, it doss so without any
changs in fat deposition.

R. Bogart et al. (19))) indicate that progesterone
increcsed body weight. Similarly, LCeanesly and Parkes
(1511) contend that the anti-growth and anti-gonadotrophie
effect of stilbostrol in male rats can be inhibited par-
tially by the 51mu1taﬁeou8 administration of testosterons.

Noble (1939a) produced evidence that body growth
may be directly affected by estrogens and not via the
pituitary. Noble (1938) concluded that synthetic estrogens
produced a mgrked decrease in fluid intaks.

Richards and Kueter (19)1) confirm that the effect -

of stilbestrol upon growth and welght can be offset by ad-

(73
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ministration of growth hormones,

Marx.and Evans (19)1) report that estrogen does not
reduce growth by inhibiting secretion of growth hormone.

It has been known for some time that estrogens, when
administersed at relatively high levels, inhibit the growth
of normal enimals. This was originally believed té be due
to effocts upon tho hypophysis. Simulteneous administra-
tion of anterlor pituitary extracts and estrogens to hypo-
physectomized rats indicated an inhidbitlion of the former's
growth promoting ection by the estrOgens. (Reace and
Leonard, lqnl.) Tha possibllity can therefore not be ex-
cluded that en extra-hypophyseal mechanism is responsible

for the observed eantagonism.

’
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h. Inactivation.--The ephemeral naturs of the ra-

sponses to gonadal hormones when given artificieslly, shows
that these hormones are not stored in an active form in the
body and that they(muat be continually produced in order to
sustoin a biological effect. Fee, Varrian and Parkes (1929)
conducted an experiment wﬁich soemed to indicate that the
inactivation of estrin in the bloodstream might be caused
by oxidation in the lungs. Zondek (193)i) conducted some
experimental work which led him to believe that the inac-
tivation probadbly took place iIn the liver. Subsequent work
by Israel, Meranze esnd Johnston (1937) as well as a host of
others confirm Zondek's contention that the liver i1s the
site of inactivation. The fact bears special significance
in that 1t related 1liver injury to the 1nability to inacti-
vate these hormones. Heller (19h0) attributes the inacti-
vation of estrogens to spccific enzymes in the liver.

Apparently the thyrold may take part in the inactie

vation of estrogen. Vsn Horn (1933) gave large doses of

desicéated thyroid daily to rats. This treatment caused
a loss of body weight and persistent anestrus.

Golden and Severinghaus (1538) made homotransplants
of ovarles to the mesenteries of rats so that the ovarian
hormones, including estrogen, would mostly pass. through the
liver before entering the gsneral circulation. In other
rats their ovaries were transplantel into the axillae. The

transplants became established at both sites. The rats
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wiih ovaries attached to the mesentery reriainad eanestrus
throughouts; those with ovariea in the sxillae showead nor-
mal estrus cycles. Furthermore, when the pitultarles were
assayed for gonadotrophie potency, those of the rats with
mesenteric ovaries showed an enhanced potency equal to that
of the spayed rats. In some of the rats with mesanteric
ovaries these were removed from the mesentery and implanted
into the axilla. In all but one of these animals estrus
oycles were resumed within the next eight to twenty days.
The results seem to indicate that ovariasn estrogens are
inactivated in the liver.

OthQr experiments have shown insctivetion of estro-
gen by the liver. Biskind (19h1) implanted pellets of
estrone into the spleen in normal adult male rats and dis-
placed the spleen with its contained pellets of estrone
into the subcutesneous tissues of the loin. In some of
these rats the splenic vessels were tied sixteen deys later.
The animals were killed forty-two days after the insertion
of the pellets. In the rsts with intact splenic vessels
which had allowed immediate acoess to the liver of dissolved
hormone the testes were normal eand there was no svidence of
any reaction to estrogen in other organs. In the rats with
‘11gated splenic vessels the testes end accessory generative
organs were atrophic, showing that the dis;olved estrogen
which had baen prevented from passing direcﬁly through the
liver had not been Qo quickly inactivated.

From later experiments, Biskind end Biskind (15h2)

’
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have concluded that vitsmin B corplex 1s nzeded to enable
the liver to 1nacf1vate estrogzen. They i-planted pellsets
of estrogen into the splsens of spayed rats. As long ss
the aninmals were kept on a norrel diet they remsined anes-
trus. If, however, thoy worse piaced on a diset deficient
in vitsmin B conplex protracted estrum ensued. The addi-
tion of the necessary vitamins to the food casused the rats
to become anestrus egsin.

In some of the earliest work with estrogens it hsad
been noticed that these hormonss were relatively ineffective
vhen given by ihtraperitoneal injection; probably this was
because they had early encountered the influence of the
liver. 4

The influence of the liver on the insctivation of
estrogen in man 1s 1llustrated by the fact that hepatie
cirrhosis may be accompenied by an excess of free estrogen
in the urine. Gless, Edmundson and Soll (1940) examined
fourteen men who were suffering from chronlc disease of
the 11§er.‘ Signs of excesslive estrogenlc actlon were no-
ticed, atrophy of the testicles being present in all. Assays
of the urine showed & diminished output of androgén and a
raised excretion of estrogen; moreover, the urinary estrogen
vas in a free form, showing that the liver had fsiled to
conjugate 1t., To discover In what part of the llver estro-
gen becomea inactivated Zondek end Sklow (19l;1) blocked the
retioculo-endothellal system of immature rats by the intra- |

cardiac injection of O.h co. of a colloidal solution of

’
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copper. Half an hour later 0.25 mg. of estrone wss glven
subcutaneously. Control rats, untreated with copner, were
given sim!lar‘injections of estrone.- Four hours later the
enimals were killed and macerated. Extraction of the tissue
showed that in both groups 98 per cent of the estrone had
been insctivated, from which the experimenters conclude that
the hepatic ¢ells and not the Kupfer cells contalin the in-
activating factor. |

< Heller (19)0) found that slices of liver inactivate
estradiol in vitro, and that this inactivation 1a prevented
by sodium cyanide. Estrone, also, 1s rendered biologicslly
inert by the liver, but all the other tissues examined en-
hanced the potency of estrone, probably, Heller thinks, by
enzymatic reduction to eatradiol. The endometrium showad
this enhancing ability in the greatest degree among the
tissues examined. The inactivation of estrone by liver,
Heller ascribes to enzymatic oxidation. Estriol was less
affected by the liver than estrone. Heller states that the
kidney, though to & less degres than the liver, has some
capacity for inactivating estradiol.

Westerfeld (19%0) has stated that tyrosinase, on
incubation, inactivates estrone, sestradiol and diethyl-
stilbestrol. Zondek and Sklow (19)2) believe that the
inactivation is caused by an enzyme (ostrinaéé)‘which,
though having propertiss closely feaembling those of tyro-
sinase, is not 1dentical with 1it.

It has been found by Smith end Smith (1938) that

!
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the inactivation of estrogen is intorfered with by proges-
tarone, under the influence of which s larger smount of

- active estrogeﬁ will boe avellable for use in the body and
the increased quantity will bdbe fopnd in the urine.

hnother side of the hormone-enzyme relationship is
reported by YcShen and Meyer (19%6) who have observed that
atilbeatrol, hexestrol and dienestrol sre effective inhi-
bitors of the sucecinoxidase system (carbohydrate metasbolism),
oytochrome oxidase (respiratory enzyme)., Thelr gork was
done with mixtures of enzyme extracts with hormones.

Hortz (19):6) indicates thet of the B complex vitamin
factors necessary for estrogen 1lnactivation, folle 8cid is
the specific agent which acts upon the estrogens. His work
shows that follic acid deficiencies are directly related to
a failure of estrogen inactivation. Prior to this discovery
Hertz (1946) had already established a definite relationah1p2
between the role which the B complex vitamins play in the
endocrinological sspeats of reproduction. )

Heller, Rollin and Theyer (1¢h8) corroborasted the
work done by Hertgz, by malntalining chicks on a dlet defi-
cieﬁt in folic scid. This produced a very slight oviduct
response when estrogen was adminiatered. As folic &cid was
increased, 8 ten-fold increase in size of the oviduot was
observed. Thus a highly specific dietary factor may be
shown to be involved both quantitatively and quslitatively
in a hormonal response resulting in new tissue formation.

Hormones affecting the somatlc system for the most

’
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part stimulate elther new tissue formatlion or qualitative
- . gltoration in the constitution of pro-exiating tissus.

Those effects naturally create a demand for the essontisl
constituents of such tissus substance; consequently their

absence impairs the hormonsl response,

5. Excretion.--The primary estrogen elaborated in
the ovaries appsars to be estradiol. According to Callow
(1938) estradiol is converted by oxidation into estriol and -
estrone, in which forms they are excreted by the kldneys.
Estrone hag been isolated only from the urine; 1t may be
regarded therefore as a weste ppoduct.‘ Estradiol is not
normally present in the urine. except perhaps in small qusn-
tities. Smith end Smith (1938) noted the presence in some
samples of urine of an estrogen which was neither estrone
nér estriol; they suspected 1t to be estradiol. Later
Huffman et al. (19M0) identified estradiol in urine col-
lected from women during labor. They hsd chosen this urine
for the invsestigation because it was known to contain the
lergeat amount of an estrogen which, until then, had not
been identified in the urine.

In their combined forms estrons snd estriol are
relatively inert, and in the eerlier estimations of estro-
gen in the urine only the amounts of free estféﬁe'and
estriol were recognized. In spite of this drgwbaok useful
information was obtained. |

The site of the change from estradiol to estrone

’



2ha

groms uncertain. Fish and Dorfman (19"1) gave 50 mg. of
alpha-estradiol diproplionate Sy mouth on two successive
| deys to each of four female guinsa pigs, the first doso
being glven a few hours after the beginning of estrum,
The urine was collected during the next six days, in the
luteal phase of the cycle. ‘They found that the admini-
stered estrogen was excreted as estrone., The same ob-
servatibn was made with spsyed females and normal meles,
from which 1t appears that trensformstion of estradiol
into estrone does not necessarily take place in the ovary
or the utserus. . |

Loews and Laenge (1926) discovered tﬁat the emount
of estrin in the urine of normal women varies st different
times, the highest yleld being obtained sbout the middle
of the menstrual cycle. Siebke (1930, 193);) made perilodie
assays of urine throughout the menstrual oycle in normal
women, and found the highest concentration of estrogan,
nameiy about 200 1.u. per diem, twelve to ten days before
menstruation, and the lowest during menstruation. Gustav-
son and Green (193)4) end Gustavson, Wood and Hays (1936)
carrled out.similar investigations and noted a sudden rise
in the output of estrogen dbetwaen the ninth and twelfth
days of the cycle, about the time of ovulation,ugollowed
by a rapid fall to zero. A second rise occurred between
the fourteenth end twenty-first days of the cycle and was
followed by a gradual fall. Frank, Goldberger and

Spielman (193)h) observed an increased exoretion of estrin

’
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on about the tenth day of the cycle followed by a fsll and
a second rise about threes days bafore menstruasl bleeding.
Smith and Smith (1935) found in normal women the highest
output of estrogen on the fifteenth day of the cycle and
the mininmum on the first day of menstruation. Palmer (1637)
obtained corresponding results. He says that on about the
fourtesnth day of the cycle there is a sudden large output
of free estrone, that 1s to say estrone not combined with
glycuronic acid. Yerby (1937) found two high peaks of
estrin excretion during the menstrual cycle, namely at
about the middle of the cycle and just before menstruation.

Spurrell and Ucko (1935) tested thes estrogen excre-
tion of two normal women throughout the menstrual cycle.
The early morning specimens of urine during each successive
period of four dsys was bulked and assayed. In one of the
women the meximum output of éstrogen took place bstween
the eleventh and fifteenth deays, aﬁd in the other between
the sixteenth and twentieth days. In both, the lowest level
occurred at menstruation. .

Allen at al. (1936) made similar asseys of urine
during the menstrusl cycle in the chimpanzee., Estrin ias
present 1n‘the urine throughout the c¢ycle., The highest
yield being at about the time of greatest genltal swelling,
midway between two menstruations and corresponding appro-
ximately with the time of ovulation; the lowest yield was
obtainéd during the menstrual flow. Palmer (19)0) states

that menstrual bleeding is accompanied by the exocretion of

’
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uncorbined estrogen in the urine, end this is found also
to acoormpany normal labor, abortion and menorrhsgla.

Others have confirmed these observations (Smith,
Smith and Pincus, 1938; Von Heam and Rothermich, 19%.0).

It seeris possible that the seccond hlgh levael of estrogen
excretion during the estrus cycle may be attributed to the
action of progesterone in preventing the inactivation of
estrogen or in essisting 1ts conversion into estr101;
wvhich 18 more readily exereted (Smith, Smith and Pincus,
1938). . |

Refersnce has been made already to the formation
and excretion of estrogen by males, snd to the fact that
the srtificisl edministration of androsterone or testos-
terone to msn is followed by an increassd oconcentration
of estrone in the urine. The results show that the output
of gonadal hormonas in the urine is not widely divergont in
the two sexes in adult 1ife; in normal conditiona men, re-
garded collectively, excrete more androgen &nd less estro-
gen than women, but the sverage amount, in each cese, lies
within the limits of individual variation in the othef sex.
This is shown by the results of assays carrled out by
Gallagher, et al. (1937).

Kochakian (19)'6) showed that the state of gonadal
:unctibn of the individusl modifies the effectliveness of
the protein ansboliec properties of the sterold hormones.

Qualitative as well as quantitative differences

~ have been recognized in the excretion of estrogens during
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the menstrual cycle. Smith and Smith (1931) noticed that
in eight woman who were being treated with chorionie
gonadotrophin the concentration of estrin in the blood

and urine decreased after four or five days of treatment.
Following up this observation they experimented on rabbits
and found that by the administration of either a luteiniz-
ing gonadotrophic extract or progesterons to normal ferale
rabbits the urinary ocutput of estrin could be increased
tenfold. No increasse occurred in spayed rebbits under the
influence of gonadotrophin. If & dose between 600 and T00
Tele br estrin was givan intravenously into spayed rabbits,
sbout 30 r.u. ware excrefed in the urine.during the next
four days. The same dose of estrin, if progesterone also
was given, was followed by a recovery of 500 r.u. of éstrin
from the urine. From these results Smith and Smith con-

cluded that progesterone facilitates the excretion of estrin,

| In a later paper (1938) they give the results of urine assays

rade In a twenty-saven year 0ld woman at Aifferent stages
of the menstruasl cycle. Throughout the cycle the output
of estrone was greater than that of estriol but the amount

of estriol excreted was Incressed during the luteal phase.

~ They believe that progesterons facilitates the formation

of estriol; which is & less active estrogen end is more
readily excreted than estradiol or estrone.“rTheir views
are supported by observations on the output of estrogens
during pregnancy and pseudopregnancy.

Apparently the liver not only inactivates estrogen

’
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but takes part also in lts excretion. Cantarow et al.
(19"2) made biliary fistulae in dogs snd examined the

bilo for estrogen. In twenty-four hour specimens of Dbile
from untreated dogs no estrogon was detected. After a
single intravenous 1njoction of 250,000 3.,u. of estrone,
12G,000 1.,u, of total estrogen, of which 100,000 i.u. were
free, were detected in the bile excreted in the twenty-four
hours succeeding ths injecticn, &snd 120,000 i.u.; of which
86,000 f.u. were frea,'were excreted in the next twenfy-
foﬁ;_hours. These workers belisve there may be an 'entero-
hepatlisc eirculatlon of estrogens' like that of bile. It

is clesr that further experiments will have to be done
before eny estimate can be made of how much active estro-
gen 1is oxcreted‘by the kidneys and liver respectively, and
how much is 1nactivatedbin the body.

An éffect similer to testosterone 1s produced by
eastrogen in that they both cause reténtion of salt and
water (Meites, 1Sh7), which is generally true of ell
hormonally active steroids. COf course, as already notéd,
estrogen hes an opposite effect of testosterone in rsgard
to growth and'metaboliam. |

Ingle (19)1) has shown that stilbestrol is capable
of inducing a prolonged hyperglyceria and glycosuria in the
normal rat, though he weas unable to explain the mechanism
of the diabetogénio activity.

Janes and Dawéon (19%6), in studying the effect of

stilbestrol upon Alloxan disbetes, observed a marked decresse
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2n food inteke but sn incresce in liver glyvcogan. Thoy

concluded thet 1t 4s not anpsarent that stilbestrol 1s a

dlebetogeﬁic agent or that 1t esmelliorstes diabetic avrp-
toms: but that the decrease In glycosuria may simply bs
associated with the reduced food inteke. The seme conclu-
sions were drawn from a 3imilar experiment by Ingle.et al,
(19h7). 5

Noble (1939b) reports a rmarked decrease in fluid
intake as a raesult of estrogsn acdministration: and at the
earme time an increasse in flﬁid raetention. This work was
dons on rats. Confirmation of the seme resnlts was rernorted
on work with monkeys, by Zuckerman (1939), on humens, by
Thorn and Fmerson (19)0) and on frogs by Dow (1939),

In £ddlson's dAlszease the adnministrstion of sestrogens
orouced a retention of urine after large amounts of water
vere Ingested (Reforzo-Membrives, 19)6).

Adolph (19)7) sums up pert of the astrogan effect
by noting that pehtterns of Ingestlon and excretion were manl-
fested that showed the coordinotions among the severnl fac-
tors of turnover. Not only was water ingestion tempored to
excretory capacitles, but also water ingestion to absorptive
end rougheage-handling capacitlies, These patterns ars items
in a large complex of regﬁlatory mechanisms concerned in
bcdily maintenance.

Another explsnation of the cause of water retention
1s offered by Shipley (19h5). He suggests that the greatest

portion of the administered water is reteined in thes extra-
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cellular compartment and probably remains unsxcrated becnuse

of feilursa of elimination by the kldney. Under such condi-

“tiona the plasma volums is Elightly decreased and as a rasult

of this there is leakage of protein through the capillaries.
An interesting observation was made by Gordon, Li

and Bennett (19M6), who noted that though urine volume de-

ereased, a8 a result of the estrogen, urinagz'q}EpPﬁggng-

| S

eretion incressed in diroct proportion with loss of body
—— e —

—

velght.

Thorn and Harrup (1937) also noted a marked decrease .
in sodium excretion in the urine of dogs treated with estro-
gens; ‘

Reduction of both urinary nitrogen and salt were /Z

e =

further oconfirmed by Zuckerman et al. (1939); Gaunt and

Hays (1938); Berdnickoff and Champy (193)); and Selze end

Priedman (19%0).

Kenyon et al. (19'0) believe that body weight would
decrease much more were it not for the large retanplon from
the urine of nitrogen, sodium, potassium, chlorine, croatine,
inorgenic phosphorus'and water. Selye (1940a) howevar, re-
ports that in cows estrogen administration produced diuresis,
¥hether this is & chance observation or a real species dif-
ference will require further study. In eanother study by
Selye {1939) he notes that in many instances Sf hydroneph-
rosia, supposedly .induced by stilbestrol, the urinary passage
was obstructed by concrements.

, An interesting point is made by Ingle et al. (19h7)

’
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shoxing the releationship between the verying effects pro-
duced by sdministration of estrogens with ohanges of dlet.
Generally, they noted increased excretion of non-protein
nitrogen in the urine, also inhibition of growth, loss of
body walght and glycosuria; but animals on a high proteln
dlet showed the least response, vhile those on a high fat
diet showed the greatest response, Thls 18 interesting in
the 1light of a previous study made by Korenchevsky and
Dennison (1$3);) who noted that despite the msny changes
produced &8 & result of estrogenic adminiastration, there was

no change in fat deposition.
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Effects upon the Endocrine System

1. Antorior pituitarv.--Evans and Simpson (192%a)

noticed tﬁat in the female rat the pitultary is larger than
in the male. In nlinety-two male rats the average welght |
of the pitultary wes 8.8 mg., and in eighty-four females it
vas 11.6 mg. Hohlweg (19%h) found that in the female rat
fepeated doses of estrin caused enlargement of the enterior
pitulitary lobe with characteristic histological"ohanges.
Selye, Collip and Thomson (1935) noted that £00 mcg. of
estrone given to lactating rats daily for ten days caused
enlargement of the pituiltary to an aversage weight.of 18.5 mg.
Zondek (1936a) treated male rats by injecting large doses

of estrin, 5,000 or 10,000 meu. being given twice a week.
Zondek says that whercss the pitultary of the male rat 1is
always senlarged after prolonged treatment with estrin, that
of the female treated in the seme way 18 usually mescroscopic-
2ally unaltered. The pitultary of tﬁe female rabbit &lso,
Zondek says, fails to enlarge under the influence of estrone.
Other workers have found that the pitultary becomes enlarged
in both sexes under the influence of estrogen.

Noble (1938), Deanesly (1939) and others have observed
an inorease in the size of the pituitary in rats and mice
under the influence of estrogen. Noble found that stilbes-
trol caused enlargement of the pituitary in male and femsale
rats, the two sexes reacting alike in this respect. Brooksby

(1938) has recorded enlargement of the pituitary in spayed
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rats under treetment with estrogen, the increase in size
being accompanied by a considersbls incroase of mitotic
activity. Deenasly has noted that, 1like most of the effects
of estrogen in the adult individusl, the enlargerment of the
pituitary 1s a reverslible chenge, the orgen returning to 1ts
norrmal size after cessstion of trestment. Her experiments
consisted of the éubcutaneous implentation of tsblets of
estrone (2.25 to 16 mg.) or estradiol (11.8 to 16.5 mg.),
which were removed after varylng periods; Cramer and Horn-
ing (1936) reported that of twelve mice treated by them for
prolonged periods with estrin, eleven had enlarged pltul-
taries, eight of which were normal in shape while three were
adenomatous,

Nelson (19h1la) made the interesting observation that
enlargement of the pitultary in rats under the influence of
estrogen does not progress steadily with time, but shows a
pronounced acceleration after the treatment hascontinued
during a considerable period. He gave 50 meg. of diethyl-
stilbestrol daily to twenty-elght normal male and female rats
for eight months or longer, and noticéd that the enlargement
of the pitultary increased rapidly after the eighth month.
The increased size of the pituitaries was due to the presence
of chromophoble encapsulated adenomata, )

Although, as Zondek remerked, the pituitary which has
become enlarged under the influence of estrin as a rule has a
decreased gonadotrophic function, thias perhaps may not be so
always. Burrows (1936a) has exemined a male mouse whose

’ '
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pituitery, efter prolonged subjection to estrone, was rmuch
enlarged, being 5x5 mm. in its two sccessible diamoters; it
congisted mainly of chromophobes. In this mouse features
were present which suggest that the pltuitery was still pro-
dueing trophins in spite of the continued appliocation of
estrohé; among these features were & thyroid adenoms, ex-
tensive mammeary development with secretioﬁ,‘and testes of
normal size showing spermatogenesis.

There can be no doubt that the pituitary tumors
occurring in estrogen-tfeated mice are attributable to the
estrogen, for the spontansous occurronce of such tumofs in
mic; 1s a rarity. Selye, Holmes and %Wells (1931) state that
in 11,168 mice only one instence wes seen. Gardner, Strong
end Smith (1936) have reported an exeample which is of par-
tiocular interest. The mouse was &an untreated breeder,

695 days 0ld. The pituitary was hx3x3‘mm. and the pars
anterior consisted of chromophobe c¢ells with a few mcattered
eosinophiles. Both overies were much enlarged. They con-
tained no follicles or corpora lutea and consisted of tumor
tissue resembling that of the so-called granulosa c¢oll
tumors of human ovaries. Cystic endometrial hyperplasia
was présent, and there were six mammary cancers. In this
case it seems, as with similar ovarian tumors in man, there
must have been an excessive output of estrogen to which the
other abnormalities, including the pituitary enlargement,
may be attributed.

Oberligg, Guerin and Guerin (1936) have made some
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surious observations on the occurrence of pitulitary tumors
in rats. Thoy castrated immature male rats end grafted
thom with ovaries from iittermates. Among seven of thasse
vhich lived for more than a yesar aftef the operation pitu-
itary tumors were present in four. In one of these the
ovarian graft had disappeared, 1n the othsr three the
grafted o;aries were present and functionally actlve. 1In
another serles of ten rats a crystal of 3:li-benzpyrene was
placed under the pia mater in contact with the brein. Three
of these rats survived for more than ten months and sll of
them had pitultary tumors.

An instance which may perhaps exemplify onlérgement
of the pituitary in man under the influence of estrogen has
been recorded by Zdndek (19hOg). The patlient was a twenty-
8ix year old woman whose breasts had been removed for csncer.
¥etastases appeared, and on this acecount she was given daily
doses of 0.6 g. of estradiol benzoate during the sixty re-
meining days of her 1ife. After death her uterus showed ad-
vanced cystic endometriel hyperplasia and her pituitary
weighéd 710 mg. as compared with the normal of 595 ﬁg. and
microscopical examination revealed en adenoma or localized
hyperplasia of eosinophil cells.

Richards and Kueter (19"1) determined that inhibition
of growth and loss of body welght produced by stilbestrol,
could be fully compensated for by adequate administration of
pituitary growth hormone. This, they suggest, indicates

that the mechanism of chronilc suppression 1s at least partly
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due to inhibltion of proitucticn of pltultary growth hormonse
by the stilbestrol treated anlmala, Suprort for this conten-
tion is offercd by ERoece and Leonard (19h1a) who administered
both estrogon and growth hormanse to hypophysectomized rats.
The estrogen, they bellevsd, inhibited the normal effect of
the growth hormone, resulting in & decreasn in body wolight.
In a subsequont papaer Reeco and Leonard (19h1b) come to =
somewhat dlfferent conclusion. They note that though estro-
gens, when administered at relatively high levels, inhibit
the hypophysis, simultaneous sdministration of anterlor pitu-
ftary extrects and gstrogens to'hypobhyseotomized rats indi-
cated an inhibition of the former's growth promoting action

- by the estrogens. The possibility can therefore not be ex-
cluded that an extra-hypophyseal mechanism is responsible

for the observed ;ntagonism.

Buchwald and Hudson (19%7) report that estrogens
administered to hypophysectomized rats results in marked
:hangés of the blood chemistry. The mechanism. is not ex-
plained but the writer notes that absence of the pitultary
might well affect bone formation which in turn would be

reflected in the blood picture.

Mixner, Meites and Turner (19hh) report
™n lactation in response to limited doses of stilbestrol.
This they explain on the basis of an increase of lactogenie
hormone from the pitultary.

Keltes in a later work (19h7) reports that while

stilbestrol may deoresse milk production and food and water

’
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jntake; the corbination of thrroxine end stilbestrol pro-
guced an increase in these factors. The paresdoxicanl effects
of afilbestrol upon lactation sre expleined on the basis of
dossgeoe. It scems that & specified limited cdose stimulates 2?
gecretion of pltultery lasctogeniec hormoﬂé, while an exces-
slve dose decreases lactation ss a rasult of incressed !
adrenal-cortical asctivity vhich incresses the rate of de=-
sminization of the nitrogenous precursors of milk protein.

- Korenchevesky, Burbank and Hall (1939) report that

the administration of estrogens to ovariectomizad snimsls
resulted in hyperplasia of the hypophysis,

Sarmiels, R. ¥. Reinccke end Petersen (19h1) found
that well nourished hypophysectomized rats did not shbw
mammary development when stimulated by large doses of es-
tradlol. They concluded that some pitultary factor plus
estrogen 1s needed to produce mammary development.

Von Haem et sl. (19h1) reports that stilbestrol
produced an increase in weight of the pituitary but a de-
crease in the number of acidophils end bassophil oells,

Bradbury (19)7) also notes an increass in pituitary
welight as a result of estrogen treatment: éoncomitantly he
also finds a decrease in gonadétrophlo content of the glands.

Baker and Everett (19)7) injected stilbestrol daily
1n£o irmature thyroidectomized rats for four days: or into
adult ovarlectomized-thyroldectomized rats for ten days.
They noted an increase in weight of the hypophysis, ecellular

enlargement, an accelerated mitotic activity among the acido-

’






rhils end an increase in their nuxzber., Thus, it was demon-

gtrated that the stimulating action of estrogen on the
hypophysis 18 not medliated by the thyrold gland and that
1t may be elicited in adult as well as in Immature rats.

_ Biskind (19"6) belleves that estrogen depresses the
pituitary with a resulting diminution in secretion of the
thyrotrophic principle. He found that administration of
estrogen to hyperthyrold casses resulted in reduction of the
basal metabolic rate.

Thera seem to be two schools of thought on the ef-
fact of astrogen upon the hypophysis. Bogart and Sperling
(1939) support thé contoention that eatfogen inhibits growth
hormone secretion. Griffiths and Young (1941) observed that
when young rats, whose normal increase in body weight has
been inhibited by the implantation of aiilbestroi/tablets,
ara used for the assay of growth-hormone preparations, the
dose per unit body welght response is satisfactory, but the
reésultant changes in body weight and tail length are not
proportional. .

Schilling end Lagueur (19h1) administered both es-
trone and progesterone and observed that as far as the pil-
tuitary was concerned the two hormones appesred to nullify
one anothsr,

Sermels (16%7) contends that the.effeotéﬁﬁpon the
body of malnutrition may not be due to any direct cause but

that the resultant effecta are produced on the whole body
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due to the principal effoct of melnutritlion upon the

pituitary. It eppears to this wrlter thrat Snmuels will
heve to produce considerably more evidence to prove that
malnutrition manifests 1tself only via the piltuitary;
granted that the pitultary certsinly plsys a very im-

portant role.
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2. Thvroid.--Refser to: Chapter V "Thyroid-

ovarian relationships”.

3., Adrennls.--Leiby (1933) gave dally doses of
h mg. of estriol to adult spayed mlice for six days. At
the end of this period the adrenals were found to be con=-
siAerablj enlarged. Andersen (1935) spayed rets at about '
eighty deys of ege end six weeks later gave them 5 r.u.
of estrin three times a day for two days; She killed the
rats at intervals of 2h to 120 hours after'the first injec-
tion, and found an increased welght of the sdrensls with an
increasa of l1lipoid in the cortical cells accompanied by

~congestion of the reticular zone. These changes were
present even in the rats killed twenty-foﬁr hours after
the first injection of estrin.

Korenchevsky and Dennison (193h, 1935) have shown
that injections of estrone cause enlargement of the adrensals
in rats, and Ellison and Burch (1936) obtained similar re-
sults by glving estrone, estradiol or estriol to rats whe-
ther castrated or not. The effects on the adrenal depended
on the presence of the pituitary. Selye, Collip qnd Thom-
son (1935) and Selye and Collip (1936) found that dailly
doses of 100 gemma of esatrin did not cause enlargemant of

the adrenals in irmature rats nor did the continued giving

of 200 gamma of estrin daily prevent involution of the

adrenal after hypophysectomy. Further, they state that

with adult rats the adrenals enlarged by the influence of
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estrin contain but little lipoid, whereas abundant 1iroid

is preéent in the adrenal cortex within forty-eight hours
of hypophysectomy even 1f the doses of estrin are continusd.
They belleve that enlargement of the édrenal in female rats
treated with estrin is an indirect action mediated by the.
pituitary, and they suggest that the presence of corpora
lutea may be necessary for the result.

Noble {1939b) reports that the synthetic estrogen,
triphenylethylene, like the natural estrogons, does not cause
enlargement of the adrenal in hypophysectomized rats.

The x zonse was first described by Elliott and Armour
(1911) and by Thomas (1911) e&s occurring in man, aﬁd since
then has been 1hvestigated in mice by many inquirers. The
x zone 18 present in the adrenal cortex of infantile mice of
both sexes and is composed apparently of the cells of the
zona reticularis and the innermost psrts of the zona fasci-
culate, These cells iIn early life are especially numerous
and cause a relative increase in thidkness of the cortex.
The cells forming the x zoﬁe are smaller and stain more
densely and evonly with eosin then those of the outer part
of the zona fascioculata, the cells of which contain a varye
ing emount of materisl which 18 not stainsad by eosin.

Martin (1930) studied in mice the effects of pro=-
longed treatment with estrone and observed that e total
degeneration of the x zone is caused in immature cestrated
males and in normal and spayed females. In immature none

castrated males estrone caused a persistence and in non-
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cestrated adult males a reappearsnce of the x zone. It
poems that osstration and the administration of estrone have
a similar influence on the presence of an x gzone in the male
rouse. However, the‘effects of estrone on this zone depsand
}argély upon the size of the doses, the length of time during
which théy are given and perhaps on the age of the animal,
waring (19h2) gave 0.01 mg. of estrone during fourteen days
to spayed and non-spayed female mico which were forty days
0ld when the experiment began. These goaea had no effect
on the x zone, which remained intact.

| In o0ld untreated female mice there 1s often to be
seen a pecullar degenerative change 1n the adrenals (Burrows,
19%6b). The chlef festure is an accumulation ofAlipoid-liko
material in the cells of the zona reticularis and the inner-
most cells of the fasciculate zone, tha;.is to'aay in the

same situation as the x zone. As the condition advances the

- accurulation of lipoid increases and eventually adjacent

.cells coalesce to form rounded masses lying in the vascular

stroma between the cqrfex eand medulla, These masses are
composed of (1) droplets of lipoid-like material which are
not stained by the usual dyes, (2) a small but variable amount
of cytoplasm stained pink by eosin and (3) scattered, often
pyknotie, nucle; stained with hematoxylin. Thé';ascular
stroma occasionally appeefsvto be increased in amount and

& pronounced hyperemia may be present. An identicel change
can be induced 1n the adrenals of merle mice, whether castrated

or not, by giving ocontinued doses of estrogen. This form of






degoneration in the adrenal cortex may often be seen in
untreated o0ld female mice and occasionally to a slight

extent in untreated old males.

ho Overy.--It has been established that estrogens
fnhibit the production of gonadotrophin by the pituitary and
it seems that this is why estrogens, when given to an im-
mature animal, sarrest the develorment of the ovaries and
testes.,

The arrest of ovarlan actlivity caused by estrogen 1is
not permanent; the ovaries soon resume thelir normal appear-
ance and function 1f the excessive supply of estrogen 1is
stopped.

In spite of the atrophic effect of estrogens on the
ovary which 1s so obvious when they are supplied persistently
and in large enough amount, several observers have noticed
that estrogens in certsain circumstances exercise an effect
comparable with that caused by gonadotrophin. As already
mentioneqd, androgen; in suitable conditions oxerq a similar
influence on the ovary and testicle,

Williams (19h0) implented tablets of stilbestrol
into immature hypophysectomized rats weighing between )0
and 50 gm. with the result that ovarian atrophy was pre-
vented or retarded and the response of the ovarian follicles
to gohadotrophin from pregnant mare's serum was greatly in-
orsased. The rats were killed end examined fifteen days

!

after the operation and}implantation. The same doses of
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stilbestrol did not cause eny Incroasad welght of the
ovaries.in normal rats of the ssms age and weight., Pen-
chaé;v(lého) performed the sacrme kind of experiment on rats
with the same results. Lypophysectomy was done when the
anirnels were betweén twoenty-one and twentye-three days old
and was followed &t once in some instances, &nd seven days
lator in others, by the implantetion of éablets of dlethyl-
s}ilbéstrol, estradiol diproplonate, or testosterone propl-
onate. fo some of the rats chorlionic gonadotrophin
("Antuitrin S') was given. Both of the estrogens used
caused enlargement of the ovarles, which contained'numeroua

moedium-sized, closely packed, folllcles, with a reduction

in volume of the interstitial tissue. The largest ovaries

were found after the combinod administration of estrogen and
gonadotrophin. Testosterone proplionate had no effect in

preventing ovarian atrophy after hypophysectomy. It is curi-

* ous that the addition of 'Antultrin S' did not csuse enlarge-

ment of the ovaries in the rats treated with testosterone.

' At all ages an excessive supply of estrogen will pre-
YQnﬁ the maturation of follicles by checking the supply of
gonadotrophin (FSH) from the pituitary. In consequence of
this action no fresh corpora lutea will form, and if none
are alroady present when the administration or'éétrogen is

begun the ovarics will becoume diminutive compared with those

‘of untreated controls. ELven if ocorpora lutea are present

at first, when they eventually degenerate the ovary will be-

come infantile in type end remain so as long &s the treatment
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vith estrogen 1s continued (Bialet-Leprida, 1933).

Estrogens, while preventing the output of FSI from
the pituitary, enhance the output of LH; consequently they

will cause any corpora lutea already present to hypertrophy
and to remaln In an active condition. Because of this ab-
normal development of the corpora lutea the ovaries will be
enlarged as compared with those of untreated control animals
(Hohlweg, 193h). This enlergement of the ovaries caused by
the maintenance of luteinizatlion led to some confusion as

to the influence of estrogens on the ovary in some of the
earlier experimental work in which changes in ovarian weight
alone were used as criteria of effect.

Several facts suggest that estrogeqa cooperate with
FSH to enhance the output of LH. Selye, Collip and Thomson
(1935) found that if rats were given pltuitary extract alone
the heaviest ovaries obtained weighed 6} mg., whereas when
estrin in dally doses of 100 germa was administered in con-
Junction with the saﬁe pituitary extract the ovaries weighed
165 mg., the incresse beilng due entiroly to the enhanced
slze of the corpora lutea,

Champy (1937) states that in marmals an overgrowth
of the ovarian rete is invariebly induced by persistont
doses of estrone, and that small adenomata are apt to appear
in this region. Nearly elways, he says with a prolonged
period of estrin injections invaginations of the germinal
epithelium occcur and cause the formetion of mucoid cysts

within the ovary.

’
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Then considering the verlous effects of estrogen
on the ovary Jjust mentioned 1t is to bs romembersd that the
result i1s mainly indirect, being the consequence of estrogen
ecting on the pltuitary so as to alter the supnly of gonado-
trophin. 1In addition to these indirect actions, 1t seems that
estrogen may affect the ovary directly. Robson (19379) in-
duced pseudopregnancy in rabblts by injecting gonadotrophin
intravenously. Later he ascértained the presence of corpora
lutea by direct inspection. He then removed the pitultaries
and thereafter gave dally doses of 10 gamma of estrone or
5 gamma of estradiol. As a result of these injaections and
in spite of the absence of the pituiltary the corpora lutea
wvere maintainsd in an active condition. Merckel and Nelson
(1911) found that the corpora lutea in the rat's ovary could

be maintained by estrogen efter hypophysectomy.

5. Pencreas.--Goetsch, Cushing and Jacobson (1911)
noticed that dogs with pituitary insufficlency withstand the
effects of partiesl excision of the pancreas better than nor-
mal dogs. Some time later Houssay ;nd Biasotti ‘1931) dis-
covered that hypophysectomy reduces the glycosuria and pro-
longs the 1ife of dogs after pancreatectomy, and they say
that when deprived of the pltuitary dogs become very suscept-
ible to insulin coma, from which they recover if given injeo-
tions of suger. Barnes, Regan and Nelson (1933) found that,
80 far as the reactions Jjust mentioned are concerned, effects

comparedble with those of hypophysectomy can dbe produced'by
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giving estrogen. Deily subcutaneous injectiongﬂof 200 reue.
of estrogen ('Amniotin') were given to four pancreatectomized
female dogs, threo of which received this treatment Suring
three veeks before pancreatectomy; the other dog's panoress
vas rerioved so as to cause copious glycosuria, and not till
then were the dally injections of estrogen begun. Glycosuria
was checked by the injections and, though losing some welght,
the dogs remained lively. At the end of three weeks the
treatment with estrogen was stopped and within three dsys

the dogs suffered from severe glycosuria. Nelson and Over-
holser (193" ) made the same sort of experiment on rhesus
monkeys. Daily doses of 100 r.u. of estrin were given for

a fortnight, at the end of which the pancreas was exclsed,
the injections of estrin being continued for six days after-
ward; during this time no apprecisble glycosuria occurred.
Cessation of the injections was followed by glycosuria, which
disappeared under the daily administration of 200 r.u. of
estrin.

Vasquez-Lopez (161h0) noticed, in mice which had been
treated with estrogen for several months, in every cell of
ell the islets of Langerhans a hypertrophic Golgl apparatus
larger than ever seen by him in the normel mouse. " He sug-
gests that this histological change 1ndicates‘a functional
hyperactivity of the cells resulting from thelinfluence of
estrogen on the pituitary. Fraenkel-Conrat et al. (19M1)
support thils suggestion. They implanted 10 mg.e of estradiol

into normsl rats at weekly intervals. The rats were killed
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on the twenty-first day. Contrcl rats were hypophysectcnizad
and treéted in the same way, receiving pituitaries of un-
treated rats. The insulln content of the pancreas was then
estirated for the donors and recipients of the pitulteries.
In the pituitary donors the administretion of estradiol di-
propionate had caused & rise of the pancreatic content of
insulin by Sh per cent in one batch and 90 per cent in
snother. The implantation of pitultaries from these estro-
gen-treated rats Into hypophysectomlzed rats caused a rise

in the pancreatic insulin of the recipients of 39 per cent

as compared with hypophysectomized econtrols which héd re-
ceived pituitaries from untreated rats. Griffiths and Young
(19%0) implanted tablets of estrone or stilbestrol subcu-
taneously in Wistar rats and found that a rise of the insulin
content of the pancreas was thereby caused. One month after
the implantation of 12 mg. of estronq the psncreatic content
of insulin amounted to l.l12 units pef 100 g. of body weight,

and a comparable result was obtained with stilbestrol.

T
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Effects upon other Thysiological Functions

1. Appstite and nutrition.--lNost investigators agree

that stilbestrol consistently produces a decrease in appetite
and water intake. This is corroborated by Korenchevsky and
Dennison (193h); end bf Biskind (1916), who relaete the phe-
nomenon to deficient inactivation of the eatrogen by the liver.
Brobeck et al. (19)7) relate the phenomenon to the estrus
cycle. They find a decrease in food and water intake during
the estrus phase and a compensating intake of nutriment during
the luteal phase. Hertz (19)6) explains the mechanism as ;Z
an inhibition of certain vitamins of the B somplex. .

Reduction of food and water intake 1s further sub-
stantiated by Csmeron, Guthrie and Carmichael (19M6); Keltes
(19%7); Mixner, Meites snd Turner (19h)i); Noble (1939b) who
report that though estrogen decreased water intake it also
caused an increase in wéter retention. This is further cor-
roborated by Zuckerman (1939); Thorn and Emerson (19h0);
and Dow and Zuckarman (1939).:

Kenyon et al; (19h0) report en increase in weight of
women though their appetites décreaaed, as a result of reten-
tion of ﬁrine, nitrogen, sodium, potassium, chlorine, cre-
atine, inorgenic phosphorus and water. ' This i1s substantiated
by Thorn and Harrop (1937) who got similar reéﬁlts on the
dog. Samuels (19)47) explains this phenomenon as a pituitary
response which shifts the balance between synthesis of pro-
tein from, and deamination of, amino acid 15 the direction

of the latter.
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2. Narmas and lectatlion.--Heape (1906) noticed

a close assoclation batween the primary development of the
marmae with proestrum. This observation led him to attri-
bute the early stages of mammary growth to some substance
secreted by the ovary at this stage of the estrus cycle.
yarsﬁall.(1916) extended our knowledge by noting that the
formation of corpora lutea 1s acoompanied by events which
differ from those occurring at proestrum; he was thus able
to infer that the ovary forms two different kinds of secre-
tion each of which corresponds with a particular stage of
follicular evolution.

It 1s now generally recognized that during each
estrus ocycle changes oscur in the marmae in response to the
output of hormones from the ovaries. In women there is apt
to be some fullness of the mammae, perhaps with‘discpmfort
or even pain, in the second half of the estrus oycle. These
happenings ray be attributed largely to hyperaemia of the
breast and distension of the mammary ducts by secretion,
such effects being due to the combined asctions of estrogen
and progestin derived from a young corpus luteum. Astwvood,
Geschickter and Rausch (1937) observed in the ret that dure
ing proestr?s end estrus the mammary ducts were narrow and
empty whereas at metestrus the ducts were distended with
fluid. Doubtless progesterone shares in the production of
these changes. The general effect of ovarian secretion on
the breast was tested experimentally by Steinach and Holz-
knecht (1916), who grafted the overies of guinesa pigs into

’
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the kidnays of castrated male littermates; after this
operation the nipples and memiac became enlarged, milk
formed and the guinea pigs, thoupgh male, woroe able to
gickle young and showed an inclination to do so. Lipschutz
ard Tutso (1925) carried out similar experiments on guinea
plgs and rats and obtained results like those of Steinach
and Holzknecht. Vintemberger (1925) gave repeated injec-
tgéna of folliculsr fluild obtalned from cows into ralo 9nd
femaele rabbits and so induced an increased size of the meme
mae in both sexes. Hartman, Dupre and Allen (1926) observed
s similar result in the opossum, and Loeb and Kountz (1928)
in the guinea pig. Allen (1927) reported that injections
of estrin caused extensive development of the marmary ducts
in ovariectomized rhesus monkeys.

Mixner, Meites and Turner (19li)i) report that small
optiral injections of stilbestrol increased lactation; largér‘z
doses had an inhlbitory effect. They explain the lactation- ‘
stimulating effects of sﬁall dosago; of stilbestrol as being
due to its ability to stimulate the secretion of the lacto-
gonic hormone by the anterior pltuitary gland, while the
lactation-inhibiting effects are believed to be correlated
with inocreased adrenal-cortical activity resulting in an in-
creased rate of deaminization of the nitrogenous precursors
of milk protein. | -

Samiels, R. M. Reilnecke and Peterson (19)1) report

that hypophysectomized rats given estrogens, show no‘mammary
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dsvelopnznt, leading them to bslieve that estroaons’and
sone pltuiltary fasctor must both aat Airestly on thy ﬁnmmory
gland to produce norral davelopmont.

Gardner (15)1) roeports that estradiol benzoate and
propionate, given in largse doses, inhibited mammary devel-
oopment in both male and female animals. Spielmsn and
Ludwick (19"1) record an increass in butterfat of cows®
milk with no effgct oﬁ total produsction; after sadminis-
tration of stilbestrol.

The first step toward milk nroduction 1is tho ana-
tomicel devselopmant of the marmae. Vhen thlis development
has proceeded far enough the onset of lectatlon and its
continuance sesm to dspend malinly on the pitultary. Heepa
(1906) showed that lactetion does not depend on any in-
fluence darived from the fetus or placenta for it occurs
in pseudo-pregnancy.

Before considering vhat part Qstrogena play in
this process, attentlon may be given to the influence on
lactation of the pltuitary.

The dependence of lactation on pitultary hormones
is proved by the facts (1) that it can be induced by pitu-
itary extracts, and (2) that it 1s prevented by hypo-

physectomy. o
Stricker and Crueter (1928) gave repeated injeactions
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of an agueous extract of pltullary to Immature fomale
rebbits betwsen one end one-half end two snd one-hal?

monfhs 0ld. Under this treatment the folliocles matured

and ovulation took plece with follicular hemorrhage &nd
lutelnization, but no apprecisble change occurred in the
narmae. Nine mature rabdbits were submitted to infortile
coitus and eight to ten days later pltultary extrasct was
ziven; lsctation followed in all. Four rabbits were spayed
ten days after sterile coltus and a course of injections
of pitultary extract was begun on the next day. Two or
three days after the first injection lactation ensued and
beceme abundant. In addition to these experiments Stricker
and Grueter gave pituitary extract to a rabbit fifteen days
after she had weaned her young, with the result that lactsa-
tion was resumed. The seme result was obtainad after a
single injection of pituitary extrasct into & dog ten days
after she had weaned her pupples. ;Strickér and Grueter
(1929a) and Gruetser (19%0) also found that, provided the
memmae wore fully developed, lactation could be induced

by pitultary extracté though the goneds were absent.
_Houssay (1935) injected an alkaline extract of bovine pitu-
1tariesl1nto male and fe§ale dogs. These injections cauaed
lactation in adult females whose msmmary glands were already
well developed, but did not have this effoct i; males or
dmmature females., In the latter, after’preliminary treate

ment with estrone, lactation could be induced by pituitary

extract.
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3, Liver.--Koronchevsky snd his colleagues
(Xorenchevsky and Dennison, 193h; Korenchevsky, Hell and
Ross, 1939 ) reported a dGacrease in the welght of the cas-
trated rat's liver under the influence of estrogen; this
result was less obvious in non-castrated rats. Selye
(19h0b) noticed a reduction in the weight of the liver in
rats which had been given estradiol. Such an effect of
estrogen does not appear to bs a pronounced or constant
reaction. Griffiths, ¥arks and Young (1941) noted en in-
croase in the weight of the liver in rats which had been
treated with estrogen.

. Histologlcal changes in the bile ducts have.bean
observed by Gardﬁer, Allen and Smith (19%1) in mice after
the administration of estrogen. The compounds used were
estradiol dipropionate or benzoate (16.6 to 50 gamma weekly),
estrone (250 garma weokly) and stilbestrol (250 gamma
woekly). This treatment caused the blle ducts to become
thicﬁened, rigid, white and somewhat'nodular. The main duct
was less affacted towards the duodsnal end. The cystic duct
was thickened up to the neck of the gall-bladder, ¥icro-
scopically the énlarged ducets showed an increase of the
epithelial folds and of the glands, which sometimes reached
as far as the serosa. The epithelium was hyperplastie and
the duets incraased in extent. :

Battaceano and Vasiliu (1936) say that when given
to dogs eostrone causes at firast a diminution 1n‘the volume

of the liver whioch i1s followed by an increase. In a dog
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with a biliary flstula doses rangling from 1,000 to 5,0C0
reu. arreated the flow of bile.

lFacBryde et el. (19M0) report liver degeneration
gs a result of both synthetic and natural estrogen adminis-
tration. Russell et el. (19)1) &lso report liver desmage
but only after sustained high dosage.

Castrodsle et al. (19h1) report liver degeneration
vhich they attribute to a serles of 1ndirect causes. lThey
belieﬁé'thatvthe liver 1s only ultimately affected due to
the principal degenerative effects upon bone and bdlood fore
rmation.

Richards snd Kueter (19'1) failed to find any appre-
cieble seffects upon the liver aefter sustained high dosages
of estrogens, There are many investigators who corroborate
this: The wiiter will discuss this point further in the
section relating to toxicity. Since there are two definite
and opposing opinions on this point the writer has taksn
pains to note that neither school of thought opposes the other
since in each instance corroboration occcurred where the ine

vestigators worksd on the same species of animsl,

. Bone and blood.-=There is 1ittle doubt that the

effect of estrogen on the body weight 1s largely thelresult
of bony changes. Students of human anatomy have noticed a
precocity of akeletal‘deve10pment in the female compared with
the male., This precocity appesrs in two forms, namely (1)

an earlier establishment of some of the assentres of oassifi- -

’
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cation, and (2) an zarliar unicn of epiphysis and meta-
rryeis. Frazer (1920) in his textbook of humen aﬁgtomy
etgtes that the centres of ossification in the csrpus ap-
peafwfrom a few months to a year eesrlier in the femele t}an
in .the male. The sccondery centres of ossification Iin the
humen vertebras elso errear earlifer snd reach full devolope
rent sooner in glirls than 1In boys. As the growth in length
of a bons cesses vhen the epiphysis unites with the shaft,
the fact thet such union occurs earlier in the female than
in the wsle accounts largely, and perhaps entirely, for the
jreater stature of the latter.

Steinach and Holzknecht (1616) demonstrated thet the
difference between the two soxes in skeletal growth is due
to ovarisn action. They grafted ovaries obtained from female
guinea pigs into castrated msle littermates and after the
animals had attained full growth various elements of the
skaleston were measured.

The effect produced on the bones by the ovary grow-
ing in the castrated male is grester than that of the ovary
growing naturally in the famele., The counterpart of this
effect was noticed, inasmch as the spayed females carrying
grafted testes grew to greater dimensions than normal males.
Spencer, D'Amour and Custavson (1932a) obtained thebéame
effects on the length of bones in rats by injections of es-
trin.

Zondek (1936b) has reported similar results in rats

treated with estrin, their long bones being shorter than
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those of untroeataed controls. Thne length of other long bones
and of the skull showed sirllar changes.

That the reduced length of bones under the influance
of estrogens 1s due to & premature union of thoe epirhvssas
with the shafts hes been demonstrated in dogs by Tausi and
de Frerery (1935) and by Gardner snd Pfeiffer (193La) in
mice. This effect wss obsaerved &lso in the vertebras of the
rat's tail by Levie (1938), who treated two groups of cas-
trated mele rats, forty-two days old end weighing &0 gm. at
the start, with daily doses as follows: Group I, 500 garma
of estradlols Group II, 500 gamme of testosterone. Other

rats of the same &ge were used as untreated controls. At

-

the end of fourteen deys the tails of the rats trested vith e
patradiol had grown less then those of the control or the w
tastosterone-treated snimals., Premature union of the epi-

physea wa; found to be the cause of the diminished tail-

growth,

Estrin has other effects on bones than the epiphy-

o=

o~

seal changes mentioned above. Zondek (1937) observed in
rats and cocks which had been under continued treatment with
estrogen a supercalcification of the skeleton with partisal
obliteration of the marrow cavities. These changes were
rendlly detected by X-rays, and on splitting a fermur longi-
tudinally it could be seen that the medulla was iargely oc-
cupied by finely porous, easily crumbling, osseous tissue.
In’;ddition to the change of texture, the bones wers shorter

than normal because the epiphyses had united earlier than
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usual with the shafts., Gardner and Pfeiffer (193Lb) also
reported slterations in the structure of bones brou;ht about
by estrogens. They trested thirty-four male and ferale mice
vith estrone benzoate or equllin benzoate for periods ex-
tending to 3h8 days. After this treatment the femurs were
white, opaque and very hard and brittle, and the marrow ca-
vities were almost completely replaced by compact bone.
These changes, which it seems ares reversible, were shown

by radiographs to be present throughout the skeleton except
In the bones of the symphysis pubis. Testosterone propionate

prevented the osseous changes 1lnduced by estrogen; woekly

doses of 1,25 mg. inhibiting the action of weekly doses of

1,000 1.,u, of estradiol benzoate. Sutro (19)0) reports ai-
milar osseous changes in mice following weekxly doses of es-
tradiol benzoate ranging from 150 to 1,000 r.u. He says
that proliferation of new bone in the medullary cavities is
especlally pronounced in the femur and tibla, and that the
calvarium is affected in the ssme way. Miller, Orr end
Pybus (19):3) have made a detailed study of the osseous
changes induced by estrogen in mice. They have observed,
l1ike Gardner and Pfeiffer, that the changes are reversibdble,

Lorenz, Chaikoff end Entenman (1938) found a great
rise in the fat content of the blood of fowls within forty-
eight hours of an 1ﬂ£ramusoular injection of 3,000 r.u. of
eétrono.

Entenman, Lorenz and Chaikoff (1938) obtained the

same kind of effeoct by injecting a pitultary gonadotrophin

’
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into immature hens. ' They say that all the blcod lipids
were increased, including cholesterol, phospholipid and
froe and corbined fetty acids. Even more striking results
were obtained by Zondek and ¥arx (1939) by giving a cock
h mg. of dlethylstilbastrol on each of six consecutive days.
H. G. Loeb (1942) has noticed & similsr, but less pronounced,
effect of estrogen in rats, He kept male rats on a diet
which was rich in faet and treated them with estrediol for
a period of twenty-four days, at the end of which their
blood showed betwesn 531 and 566 mg. of lipoid per 100 cec.
as compared with 351 mg. per 100 cc. in the controls fed 1n
the same way but not glven estrogen. |

— In connection with the changes already mentioned
as ocourring in bone under the influence of estrogen, it may
be noted that estrogens cause a rise of the blood calcium,
This was first observed in birds, and though in them it oc-
curs in a pronouhced form and probably assists the formation
of egg-shell, it 1s surmised that 1t very likely 2lso hap-
pens in mammals.

Riddle and Reinhart (1926) noticed that each .ovula-
tion in the pigeon 1s accompanied by a large rise in the
blood calelum. The rise begins about 108 hours bafors ovu-
lation and 123 hours before the beginning of the formation
of the shell. At the time of ovulation the concentration
of calcium in the blood may rise to 19 mg. per 100 cc. of
serum. During sexual quiescence no Adifference was found in

the blood content of calcium in the two sexes. As a result
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of further studies Riddle and Dottl (1¢36) state that go-
nadotrophin causes en Increase of serum caleium in normal
or hyporhysectomlzed pigeons but not after gcnedectony.
The reaction 13 obtained more qulckly in msles then in fe-
rales, and 18 not ceused by corticosterone or testosterone.
Estrone, thsay say, ceused an increase of blood ealcium in
normal, castrated or hypophysectomized pigeons and rats,
and in normal_doga} fowls and cdoves, but thse reaction was
not obtained in rabbits. Progesterone, they found, had the
seme effect in a less degree.

A mobllization of calcium by estrogen in some in-
stances may ceuse urinary calculi. Burns and Schenken (1939)
gave estradiol dibenzoate in weokly doses which ranged from

100 to 1,500 r.u. to mice of the C,H strain. The mice were

fed on Purina fox chow with lettucz once a week. Among the
mice so treated calculi were found with considerable fre=-
quency 1n the bladders, uretors and kidneys,

It seems probable, if the formation of erythrocytes
1s to some extent regulated by a piltuitary remespoletis hor-
mone as Flaks, Himmel and Zotnik (1938) believe, that estro-
gens might, in view of thelr depressing activity on the pitu-
itary, hinder to some extent the supply of erythrocytes.
Several workers have reported that red cells aré'normally

more numerous in the male than in the female. Such observa-

tions have been made on many different species. Steinglass,

-Gordon and Charipper (16¢"1) have investigated the matter,

using.an inbred strain of rats, They found that after gonad-
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ectomy both the red eells and the hemoglobln inecreassi in

the females and fell in the rales. In spayed females es-
trogen reduced the erythrocyte count from 8.9 to 6.7 millions
per rm> end in castrated rales the some treatment caused
hypoplasia of the marrow.

VacBryde, et al. (19112) found that in dogs daily
doses of 10 mge. of estrone, 1,66 rg. of estradiol benzcate
or 5 mg. of dlethylstilbestrol casused changes in the msrrow
with a dimi;ution of erythrocytes and hemoglobin in the cir-
culating blood, and Tyslowitz and Dingemanse (19h1) obtained
similar results in dogs with daily doses of 1 to 5 mg. of
estrone,

Plum (1942) found that in womsan both the reticulo-
cyte count and the smount of erythrocyte-ripening substances
in the blood are at their maximum during menstruastion and
at a minimum in ths mid-menatrual'peripd. The rise in both
1s rapid and begins about one week before mnenstruation,
rfalling rapidly after this phase. The observation accords
with the supposition that estrogen checks the formation of
the red blood cells.

There 18 little doubt that estrogens affect the pro-
duction of white cells. Tyslowitz (1939); end Tyslowitz and
Dingemanse (19h1) found that daily injections of § hg. of
diethylstilbestrol to dogs brought about an esgranulocytie
anemia within the next twenty-five to fifty days. ;n un-
treated mice various abnormalities of the white blood cells

ere frequently seon, and they éomprise an unbroken series
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from a goenersl leucemia to lymphosarcoma. Thesa conditions
are more frequent in female than in mele mice. Morciler
(1938), basing his obsaervations on 165 mice of e single
atrain, recorded lymphosarcoma in 611.9 per cent arong the
25) females, and in 3l;.1 per cent among the 211 malss.
Others have called attentlion to the special procllivity of
female mice to leucemia and lymphosarcoma (Gorer, 19103
Pybus and NMiller, 19)1; Miller and Pybus, 19h2). Cole &nd
Furth (19h1) point out that leucemia occurs not only rore
frequently in ferale mice than in males but appears sarlier
in the femsles.‘ It seems probable that this tendehcy to the
development of leucocytic neoplasia among females 1s in part
at least dependent on the action of estrogen. Lacassagne
(1936a) noticed the occurrence of lymphosarcoma &nd leucenisa
among mice which had been under treatment with estrogen.
Heller, Rollin and Thayer (19)8) repcrt thet stil-
bestrol produces an 1ncr¢ase in cholesterol but no increase
in the fatty acid content of the blood. Buchwald and Hudson
(19h5) gave daily injections of .1 mg. of stilbestrol and
.2 mg. of testosterone propionate to castrated mele and fe-
rale rats.respectively, for twenty-eight day period. There
was no change in the serum caslcium or phosphorus nor in the
output of calcium and phosphorus in the feces. As in the in-
tact_maléa, stilbestrol produced a decrease in the acid phos-
phatase activity of the blood serum. Castration did not mag-
nify the effects of the hormone injection. The level of the

acid phosphatase activity of the blood serum was raised by

castration.
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5. Inteurent and heir rrowth.«-There ere aroas of

the body surface where the svecific effects of estrogen are
vrall recognizod. These areas are nct tho.aame for sll spe-
cless the reactions iInclude those cutaneous pecullarities
by vhiech the two sexes can be distinguished, for exrmple
the hen-feathering of birds. Apart from these widespread,
though régional, rasponses to estrogen thsre are certaln
local responses vhich occur in most, and perhaps in all,
mermals, nemely a thickening of the epidermls of the nip-
ples. (Burrows, 19h5).

Apart from the speclal effects to which reference
hes just been made, estrogens seem to eiert 8 general inhi-
bitory action on the growth of epldermis. It seems a fact
that, in many species at least, the male possesses a thicker
hide than the femele. ¥ilson and Yorris (1932) compared the
pelts of male and female angora rabblts which had been kepnt
on the same food snd were of the seme age when killed. W%hen
9leven months 014 the average weight in ounces of the pelt
in males was 9,08 as compared to 7.58 in females; in rabbits
‘at twenty-four months the rgtio was 8.92:8.25.

Gardner snd De Vita (191t0) gave estradiol dibenzoate
in weekly dosos ranging from 133.3 gamma to 333.3 germa to
five male end five female fox terriers. Under this treat-
ment the hailr falled to regrow after shaving or clipping.
The arrest of halr growth continued if testosterone propi-
onate in weekly doses of 5 or 10 mg. were given also.

¥ulligan (19"3) performed & similar experiment on dogs,
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using stilbestrol, with the same results, 1.e. the helr did
-5t becorie restored after clipping; roreover 1t becamrme
thinned over the abdomen, perfneum &nd around the base of
the tail.

Imrens (19)2) studled the growth of hair in rats
snd conclucded thet In normel males the halr grows fester
than in fercles, whereas In cestrated meles it grows &t the
asme pece; he noticed further that by plving estrogoen the
regrowth of halr in epi]ated.reginns of the skin was ratar-
ded. Hooker and Pfeiffer (16"3) found that 63 gemma of
estradlol dlbenzoate givon subcutaneously twice & wask to
rats caused some loss of hsir, roeterded the regrowth of heir
after shaving and caussd a dimirution 1In the size of the
sebacoous glands. These effects could be prevented by giv-
ing testosterons,

The loss of hair and "seddle-nose™ appearence of
mice treated with stilbestrol has genefally been observed

by most workers in the fileld.
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Toxicity in Relatlon to Losags snd Specles

There have been conflicting reports as to the toxicity
of varlous estrogenic substances. Stilbestrol, in particular,
has been reported as belng snywhere from extremely toxic to
completely nén-toxic. As will be observed however, the res-
ponse to the drug seems to indicate & specles diffefence.

Selye (1939) reports many fatalities in mice, given
stilbestrol, that resulted from livor damage; or death re-
sulting from hydronephrosis due to obstruction of the urinery
passage by concrements,

Ingle (19%1) notes an induction of ‘prolonged hyper-
glycemia and glycosuries in rats given stilbeatrol.

' Page, et al. (19)11) report that stilbestrol in ex-
cessive doses produced toxie changes in one-~third of their -
experimental enimals. lacBryde et al. (19%0) report a high
degree of toxicity 1n studying the effects of stilbestrol
upon dogs. This is corroborated by Arnold (1939) who also
noted a decrease in the hemoglobin and red blood cell count
of the dog, with a corresponding increase in the number of
leukocytes.

In women however, no toxlic effects of stilbestrol
have been observed even after prolonged administration of
very excessive dosages. This 1s corroborated by ﬁatschow
(16%1); Karnaky (19h1); and Russell et el. (19'1) who did
note some adrenal hemorrhage. MNorrell and Hart (19h1) did

extensive work in this field snd were able to autopsy several
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vornen end a fow men thus trestad., The autopsies showed no
dageneretion attributeble to the prolonged erpllication of

et4lbestrol.
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Surmary - Stflbestrol

The review of the llteraturse indicates substsntiel

egreement upon ths following effects produced by the sad-

ministration of estrosens. In general, 1t is agresd that

thess hormones msy cause:

1.
2.

3.
M.

10.
11.
12.
13.
o
1h.
15.

16.

17.

18.

Enlargement of tne pituitary.

A decrease In the gonadotrophle function of the
pitultary.

Tumors of the pltuitary.

A cdecreace in thyrotroohic function of the
pituitary.

Adrenal hypertrophy.

Atroohy of the ovarles.

A decresse in growth hormone formation.
A retardation of growth,

A decreass in body welght.

A degeneration of bone.

An 1nhiblition of hair and skin growth.
A decrease in oxygen consumption.

An inhibition of the sucoinoxidose system
(carbohydrate metabolism); cytochrome
oxidgse (respiratory enzyme).

A decrease in food and water intske.

A decresse in milk production, except in
minute doses.

An inhibition of estrogen-inactivating
enzymes.

A vitamin B deficiency, especially signifi-
cant in the liver.

An 1nabllity of the liver to excrete sastro-
gen into the bile.
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19. Usuelly a cdecrcase followed by & ziorked in-
creasa in welght and size of the liver.
20. Liver degeneration, except in man.
‘3.21.' Vasodiiation and decrease in blood pressure,
22. An increase in caplllary permeability.

23. A retentlon of water and calts-in the extra-
cellulear compartment.

2. The plasna volume to decreese ss u result ot
leakage of protein through the capillaries.

25. A decrease in hemoglobin and red cell count
‘ with a corrcsponding Iincreese in leukocytes.

26." An increese in blood calcium. AAK \ﬂﬂﬁl‘

27. Interfearence with estrogen excretion in the
urins.

28. Hyperglycemia and glycosuria.
29. Renel insufflcliency and urine retentjon.

20. A decrease of urine volume and en increase
of urine nitrogen.

31. Urinary obstruction due to concrewment for-
mations.

322. An incresse of pancreatic activity and in-
sulin production.

33. Renal snd cardlac enlargement.
One must bear in mind that the foregoing effects were
accomplished over a wide range of dosage and under varying

experimental conditions.
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CHAPTLR IV

TAR EFFECTS OF THYROACTIVE SUBSTAMNCES, YITH PARTICULAR
REFEREMCE TO THE THYROPROTEINS

Gennral Cohsidorations‘

The effects which the thyroid produces were amongst
the earliest studles undertasken in the endocrine fileld.
This gland and &n explanatlion ¢f 1ts functions were described
as early as the fifteenth and sixteenth centuries. In 1855,
Clasude Bernard published his epic,, "Lecons de Phyﬁiology
Experimentale”", 4in which he differentiated betwseen glands
of external and those of internal saecretion. He correctly
described the thyroid as a glend of internal secretion.
Since then, subsequent workers have amassed a good deal of
corroborative data pertaining to the functions of this giand.
Of oourse theré is s8t1l1l much that is in the realm of con-
troversy. However, since 1t is not the purpoase of this paper
to discuss the highly theoretical espests of thyroid behav-
lior, this writer considers that it shall be sufficient for
the purpose to offer 1in condensed form the works of a few
authoritative observers whose studies represent the classic

contributions in this field.

-69-
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1. Effects of thvroidectorny.--The lethal effcct

of surglcal removal of the gland from animals in early at-
teripts was a handicap to further progress since there was

no known way to experlmentally produce a hypothyrold con-
dition. As a result, it remained for the next real progress
to be rade as & result of surgical removal of the gland

from humans. Kocher (1878) was the first to practice sur-
glcal removal of the thyrold for treatment of goiter., A

few yeors later, Kochor (1883) and Reverdin snd Reverdin
(1883) published papers dealing with pathological condi-
tions arising 8 few months aftsr total thyroidectomy.

Kocher termed the condition "cachexis strﬁmiprivia"'and
described & condition similar to myxedeme. Reverdin end
Reverdin described the condition as "operative myxedema".
Nelther of the authors apparently recognized the parallelism
oé myxedema and cretinism. During the same year Lombard
(1883%) reviewed the previous literature on the thyroid in-
dicating thaet the gland was essential for proper development
of children end that its integrity was essentlial for normal
mentality and appesrance of adﬁlts.

In 188} Horsley 'reported that thyroidectomy of young
monkeys led to myxedema and pointed out the similarity of
the condition to that described by Schiff arising from thye
roidectomy of dogs, the "cachexia strumiprivia™ of Kocher
end "operative myxedema"™ of Reverdin and Reverdin (Pagot,
1919). He concluded further that the conditions arising
from thyroid removel closely paralleled the condition found

in clinical myxedema.
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2. Effects of thyroid replacerent.--The patholo-

glesl features appearing after the removal of the thyroid
from hunian patients naturally led to sttempts at replace-
ment therapy. The first reported, however, was made by the
physiologist Schiff (18Gh). 1In that year he published en
importent paper reporting that part of the harmful effects
of thyroidectomy couid be relieved by tranaplanting a gland
from enother dog. He even ventured the suggestion that
similar results might have besn sscured by injectlion of an
extract or by ingestion of thyroid glands. Yurray (1891),
following the suggestion of Schiff, found that myxedeme 1in
humens was relieved by injection of an extract of sheepAthy-,
rolds. The following year, Fox (1£92) successfully treated
a case of myxedema by giving thyrold by mouth. The tech-
nique of studying the physiology of a gland by removal, fol-
lowed by replacement therapy, was firmly established.

About that time Magnus-Levy (1897) added another
metﬂod of approach. He reported upon the feeding of thyrdid
to normel subjects and studied the effact on oxygen and ni-
trogen metabolism. He also studied the metabolism of myxe;
dematous patients and those who had been treated successfully
by thyrold therapy. Moussu (1899) reasoned that if a small
amount of thyroid is necessary for growth, would not a iittle
axtra result in more‘rqpid growth? Acting upon this hypo-
thesis, he fed fresh thyrold to dogs and observed rapid
skeletal growth with early maturity.

" Thus, knowledge of the physiology of the thyroid
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gland was baginning to expand rapidly. By 19C0 publlcations
on thé gland wefe nuricrous and investigations extendedkinto
reny branches of blology end modicine. The thyroid was be-
ginning to attract the attentlon of chemlsts, also. As early
as 1820 1odine was shown to relieve certain types of goiter
(Marington, 1933), and Baumann (1£96) had shown that 1odine
was & normal constituent of the thyroid.

The developments slong the different types of inves-
tigation have given rise to a multitude of reports, a review
of which 1is quite beyoﬁd the scopo of a dissertation such as
this. This review will consequently be confined to aubjecta

vith which this investigation has been concerned.
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Effects upon ietebollism

1, Carbohvdrates, fats end proteins.--Kendall (1929),

Harington (1933%) and Lerman (19)1) have reviewed the litera-
ture on the effects of hypothyroidism on carbohydrate metabo-
11sm which indicetes that the results have been quite variable.
There is a tendency for blood sugar to be low (Bodansky, 19“2)
and liver glycogen 1s frequently iow. Incressed sugar'toler-
ance is usuaily associated with hypothyroidism, but Hsrington
(1933 ) has suggested this may be due to decré;sed ebéorption
from the gut. This suggestion 1s supported by the report of
Althausen and Stockholm (1938) that dextrose absorption from
the intaestines 1s low after thyroidectomy. They have suggested
that the rate of sugar Absorption méy be used as a criterion
of thyroid function.

Fat metabollsm 15 altered also in hypothyroidism.
There 18 a tendency for fat to be stored in the tissues
(Harington, 1933) and apperently the fat cannot bg oxidized -
for energy as in normal animals (Kommerell, 1629). Blood
14pids are high (Schmidt and Hughes, 1930; Lawson, Fleisch-
mann and Block, 19)1a; Entenman, Chalkoff and Relichert, |
19)2) and vitemin A is poorly utilized (Patek and Haid, 19h1;
Lerman, 19)1). The ability to transform csrotene into vi-
tamin A is also impaired (Salter, 19)0). B .

‘2e¢ Growth.--If thyrold deficiency develops early
in 1life the skeleton is also affected in a striking manner.

The long bones are shorter and frequently more dense than
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norrzal (Aub et al. 1927). There 1s a msrkod delay in eppesr-
ance of the ossification centers and in epiphyeseal unions,
resulting in a subnormal "bone age". If the deficlency de-
velops efter growth has been attalned, skelotal derangements
are not necessarily noticeable tut myxederma, elong with
mental derangsment, rough, dry skin, and course hair, are
soon manifest (Kocher, 10U3; Reverdin end Revordin, 1E33).

The features of hypothyroldism in anirols are ana-
logous to those observed in humans., Schiff (1856) first
thyroidactomizedIGOgs and & faw lived long enough to develop
conditions rssembling myxedera in humans. Dott (1923) thy-
roidectomized dogs, taking precautions to lesave the‘para-
thyroids intact, and kept the animals allve for long perlods
of time, They greow subnormally, assumed a dull, lethargle
appearance, and sksletal development was markedly reduced
#s shown by radiograms. Siﬁiler results with dogs were re-
ported by Binswanger (1936) from an extensive study of thy-
roidectony of young puppies.

In vitro studies of Kaeda (1927) indicated that
thyroidectomy resulted in a lowoered oxygen consumption of
all tissue. Harmmett (1926) exprsssed the belief that thyroiad
defliciency resulted in de;reased size of the cells, but had
no good evidence in support of hils theory. The work of Von
Haam and Cappel (19h0) with heart tissue in vitro showed that
the rate of cell division of heart tissue 1is accelerated by
thyroid treatment, |

Aoctivity of the growth zones of the bones is clearly
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depressed by hypothyroidiem. Dott (1923) concluded that
epiphyseal ectlivity In ths thyroidectomized dog wes re-
duaad by 81 per ocent am judged by radiogroms of the onds

of the long bones. He reported that there were no degensara=
tive changes which took place and that the result was sirply
an arrest of cell ectivity. To all appearsnces the bones
remained in much the same state as those of younger dogs.
Boattigor and Osborn (1936) likewise found the epiphyseal
picture of seventy day o0ld dwarf mice to be rmch thse ssme

as twenty-five to thirty day old normasls. Thyrold treatment
restored the picture to normsl. Todd, Wharton end Todd
(1938) made an extensive study of skeletal maturation of
sheé§ thyfcidectomized at one to five months of age. They
found deficlient growth and modelling of the epiphysis and
vhen ossification was as completed as would be possible in
operated animals, the epiphysis was abnormal in character
ard was inedequate to cep the growing end of the shaft.

The long bones were short due to decreased velocity of
gé&wth, and duration of growth was not extended to compen-
sate for this deficiency. The authors stated that the skel-
etal proportions were similar to those of primitive wild
sheep. Laqueur, Dingemense and Freud (19)11) observed sim-
ilar derangements 15 bones of yoﬁng rats thyroidectomized
at an early age. The detailed histological studies of
Silberberg and Silberberg (19)/0) on guinea pigs end of
Becks et al. (19)2) onlrats have shown that thyroidesctomy

results in virtually e cessetion of proliferation of the
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epirhyseal cartllage. Thus tho evidence is clear that
hypothyroldlism sunpresses bone growth.

Topper and Cchen (1928) fed thyroid to children who
showed no gross 8igns of hypothyroidism. They observed no
increase in metabolic rate but a spurt in grewth occurred.
Dorff (1935) administered small emounts of thyroid to grow-
ing children and obtalned resulté similer to those of Toprer
and Cohen. Tc¢ explaein the response of children with appar-
ently normal thyroid function, he postulated the condition
of "maskea hypothyroidism". Nolitch and Poliakoff (1936)
treated forty-three boys of subnormal stature, but with no
other signs of hypothyroidism, with thyroid alone or in com-
bination with pitultary extract. One grain of thyroid per
day resulted in en average growth of 1.25 inches in 3lx months
a3 compared to 0.75 inches for untreated boys. Variation
within the groups cast doubt on the significance of the re-
sults, but thay were 3uggesti§e. Wilkins (19),0) has stated
in a general discussion of thyrold moedication of children
that growth 1s more repid when hypothyrold cases are made
slightly hyperthyroid then when metabolism 1s morely raised
to normal.

The above reports have all come from treating chil-
dren with some evidence of retarded growth and no results
have been reported_with strictly normal children.ﬂ Hertz and
Galli-Mainini (19h1) and Reilly (19h2), however, have pra-
sented evidence that a cardinal symptom of hyperthyroidism
of children 1s rapid skeletal growth curing childhood and
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adolescence but that maxirnum stature 1lg no greater than
that of normal individusls. Body weight was not rmontioned
but would presumably be momewhint below nornal due to thin
condition. Rapld skeletal growth of dogs fed fresh thyroid
has been observed by Noussu (1&99).

Johnston and Maroney (1939a) and Johnston (19h1)
have studied theleffect of m11ld thyroid treatment on nitro-
gen and calelum retention of childreﬁ. In certsin casas they
rave observed greater retention of both elemants when small
smounts of .thyroid were &dministered to chilcdren with normal
rmetabolic rates. Cslcium rotention was Influenced to a
greater extent than nitrogep. They have stressed ths point,
however, that 1f the motabolic rate is raised much above
normal, decreased retention, especlally of nltrogen, will
occur., Nitrogen excretion was usuelly 1lncressed by thyrold
medication but was compensated for by Iincreased food intake.

Moussu (1899) reasoned that 1f small amounts of thy-
roid were essential.for normal growth, would not & little
extra thyroid result in growth above normsl? He used paired
littermate dogs and cats and fed small amounts of fresh horse
thyroid to one of esach pair. He boncluded that thyroid in
small amounts always resulted in faater growth in young.doga.
They became less fat, however, and never reached more than
normai stature. Fe used height as an index of growth and
stressed the finding of long limbs, Ile did not mention the
cat in his rdsults. Dott (1923) confirmed loussu's report

of rapid.growth of dogs following thyroid medication. He
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repoerted that growth stopred prematurely end that the dogs
rever rerch2d the raximum ststure of the controls.

Birchor (1910) fed rats nrrll emounts of thyroid
and reported accelerated skeletal growth but body weipght was
alightly below nermal. Schafer (1912) fed smsll erounte of
thyrold to growing rats and observed Incressed rate of growth
and feed inteke of femrales. The rales were apparently un-
affected. FKerring (1917) fed 0.1 to 0.2 gm. of fresh shenp
thvroid to female rats, On ﬁhe average, growth raté wvas not
groatly affected. Some anlmals grew repldly snd to a large
afize while others were retarded. Hoskins (1916) fed 10 mg.
daily of dry thyroid to growing rats and from his oﬁserva-
tions statad that "the treated animals asveraged slightly
heavier than controls but the difference 18 perhaps too slight
to be significant. If thse loss in fat of the thyroid fed
animals be taken into account, an increased welght of the re-
rainder of the body appears.™ Dulzsetto (1928) injected
twenty to twenty-five day old animals with s thyroid extract
(not deseribed) and obtained slight, but probsdbly insigni-
fican%, gain above controls. TFvens, Simpson and Pencharz
(19%9) injected smell quantities of thyroxine into rats end
showed growth curves of treated rsts that were slightly
above those of controls, but the differences were insigni-
ficant.

The effect of mild thyroid treatment on growth of
mice was studied by Robertson (1928). In a series of trials
he found that both meles snd females responded to feeding of
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1.9 mg. fresh thyrold per day by increased rate of growth

esrly in 1ife. The animals reached the same maximun welght

a3 controls but obtained this woeight in & shorter period of

tine., Kean 1life cduration was reduced by about fifteen wecks

or to about 85 per cont the 1life span of controls.
Evidence hes been pressnted that the growth rate of
ghicks during early life cen be Increased to a2 limited ex-

tant by feeding small amounts of thyroid while feathering

13 rerkedly improved (Parker, 19%3; Irwin, Reinoke and

Tarner, 19h3).
There are severel theoretical considerstions sug-

gesting that an active thyrold state 1s assoclated with

repid growth: (a) The thyrotrdphic potency of the anterior
pituitary 18 highest durlng the period of rapld growth of
rats (Turner and Cupps, 19%0), rabbits (Bergman and‘Turner,
1911), cattle (Resce and Turner, 1939) and swine (Elijah

end Turner, 19)2). (b) In rats, a species wherein the male
grows more rapidly than the female, the thyrotrophie potency
of the antarior pitulitary i1s higher in the male than in the
ferale (Turner and Cupps, 19)0), whereas the thyrotrophic
potency of the two sexes is similser in fabbits, a specles
in which the growth rate of the two sexes 1s similar (Berg-'
ren and Turner, 19h1). (o) The pituiteries of slow-growing
stralins of swine have been reported to be lower in thyro:f

trophic potency than those of faster growing strains (Elijah

and Turner, 19h2).
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3. Appetite and nutrition.--Feed intake 1s low in

rynothyroid animals inelnding men (Kojimi, 1617: Kunde,

19263 Johnaton and Yaroney, 1939b; Richter, 1933), end as
would be expected, nitrogen retention 1is decreased below
that of normal. The efficliency of utilization of nitrogen
by hypothyroid animals is not established. Prctein re-
quireméht is low in hypothyroid;sm and nitrogon excretion

1s usually lower then in normal individuals (Kendsll, 1929).
Nitrogen retention was increased iIn others but was accourted
for by increased nitrogen ingestion.

Zanasi (193)) first reported that mild thyroid
treatment stimulated gastric motility in laboratory animals.
He also found that several other hormones caused a similar
response and attached 1ittle significance to this property
of thyroid meterials. Increased peristalsis of stomach snd
intestines has been reported also by Rossiiskii (1937),
Althausen (1939), Morrison, Samuel and Feldman (1939, 19M0)

and Castleton and Alverez (19)1).
Eidinova (1936) fed small emounts of thyroid to dogs

and by means of Pavlov and Heldenhain pouches determined
that the flow of gastric Julces was increased above normal

and that the "digestive powsr" of the julces was also in-

Yost 1nveét1gatora have reported incressed ﬁitrogen
excretion upon thyroid administration. This finding has
been universal in treatment of myxedema patients and rep-

resents nitrogen lost in connection with diuresis. At the



gaxs tirme the fluicds In the tissues ere rsiuceld arni tre
urirne nitroren Is dhou ¢ 4o Inilszts 53 Izes o7
protein™ (Lerran, 15"1; HAsrington, 1923)., Thls Incrarsad
excretion of nitrogon disappoars upon continued trestrent.
Sinflerly, a smaller amount of nitrogen may be lost upcn
administration of thyrold to normal individuasls, FRudinger
(1905) stressed ﬁhe point that increased nitrogen excreticn
éd1d not occur in states of moderate hyperthyroidism pro-
vided sufficlent cerbohydrate is avallable to meet the en-
ergy requirements of the increased metabolism. Thus,
Yeymuller, Tyatt snd Levine (1932) administered thyroid to
vell-fed infants end observed no incresse in nitrogén excre=-
tion and in some cases excretion was actually decreased,
Johnston and Maronay (163¢b) have shown that small amounts
of thyroid administered to children lead to increased nitro-
gen retention so lcng as metabollsm 1s not raised much above
normal. The above reports are not evidence of benaficlal
effects of mild hyperthyroidism, but do emphasize the fact
that ample thyroid activity is essential for optimal nitrogen
retention. |
Terroine and Babad (1939) reported increased reten-
tion of nitrogen by rats even though thyroxine was given in
amounts to cause an actual loss in weight. MNarx et sl.
(19h2) have presénted evidence that rats reéeiviné "purified
thyrotrophiq“ preparations stofed more nitrogen than con-
trols but failed to note a similar retention after short

periods of thyroxin injection. It is of interest that
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mitewsitaya (1939) fourd thet llvers of thyrofd-treated
¢cpe hed the ebllity to synthesize smino ccid from pyruvie
acld arnd smmenla in vitro at a nurkoedly faster rate than
iivors of control dogs.

There have besn no reports of increased caleium and
phosphorus balance cue to thyrold treatment of normal hu-
rans or experimental animéls. Hovrever, thyrolid modlcation
of hospital patlents with apparently norriel thyrold function
has led to improved calciuwm balences (Silvestrl and Tossati,
1907: Johnston, 19%1). Again Johnston has emphasized the
noint of keeping the metadbollc rate neasr to normel if in-
erensed balanc?s‘are to be expected. The finding of increased
axnletal growth of dogs, mice and children in statea of mild

hyperthyroidism would suggest that the condition is not un-

favorabla for cslcium and phosphorus rstention.

h. Vitamin relationshipa.--The literature has been

reviewed recently citing numerous reports of an "entagonism"
between thyrold hormone and vitamins A, C and the B complex
(Korenchevsky, Hsll and Claphem, 19h3). This supposed "anta-
gonism" has been assumed to explain the finding that hypere
thyroidism 15 relieved to a 1limited extent by vitamin therapy
sand that thyroid treatment exaggerates vitamin deficlencles,
Korenchevsky et al. (19)3) interpreted these findings, logi-
cally it seems, to Indicate that vitamin requiféﬁents are
incresged by thyroid treatment dus t6 inoreased metaﬁolism.
This suggestion 1s in keeping with the well-estadblished fact
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that the vitemin By requirenent 1s préperticnal to tho rate
of matabolism of thse tissues (TLir1l1l, 1938).

Korenchavsky, flall and Clepham {(19):%) fed rets on a
norrmnl ration and found thet mild thyroild treatment did not
greatly affect the animals while larger doses of thyrold
wera toxic. Fortifying the ration with cod liver oil, crys-
t211ine vitsmins C and B and yeaat extrect relleved the
toxie effects. Vith a vitemin deficlent restion which barely

aupported control animals, mild thyrold treatmont was toxic.

rddttion of crystalline vitamina relieved the toxic symptomns

comnletely.

Thus, it saems well established that thyroid trantment

increases tha requirements of most vitaminas. It would ap-

pear loglecal to assume that many of the contradictory reports
on the effects of smsll amounts of thyrold cen be expleined

on the basis of fallure to recognize this fact.



Effects upon the Endocrine System

1, Pitultsrv.--The avallable evidence indicates
thut the welght, and to & greater sxtent, the sotivity,
of the thyroid gland 1s depressed by thyroid administration
(Cameron and Carmichgel, 1920; Hewltt, 1920; Kamiovskl,

1938; Azerad et al., 1939; Irwin, Rsineka and Turner,
191,33 Korenchevsky, Ilall and Clapham, 19)3).

' A few reports concerning the effects of thyrold
feeding on the pltultary are not 1n complete agreement. It
seems woell established that the basophilic cells ere in- /Y\
creased while the relative number of acidophils are reduced .
(Severinghaus et al., 193hs Campbell and Volfe, 19§h5.
These'obaervations ware made following large doses of thy-
roid.

Eogt reports indicate that the welght of the pltu-
itary 1s decressed b& thyroild feeding (Herring, 1317; Carpbell
and %olfe, 193h; Evans and Simpson, 1930). However, Hoskins,
(1916), Herring, (1917) end Cohen (1935), working with smell
numbers of animals, reported increased weight of pituitaries
of male rats followlng thyroid feeding, Irwin, Reineke and
Turner (1§h3)76bserved a slight reduction in pituitary
voelght of male chiqks due to feeding small amounts of thyroid
while the effect in fomales was inconclusive. Koger end
Turner (19)3) report that the size of the pituitaries of
rale rats was not affected by the levels of thyroprotein
‘used in their trials. There was a slight indication of de-

pression of the size of the pltultary in females due to
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shyroprotein feeding.

Reineke, Bergman and Turner (19)1) and, Stein snd
Lisle (19'2) have raeviewod the availeble evidence concern-
ing the effects of thyroldectomy on the pltultary hormones.
The reports concerning thyrotrophin and lsctogen are incon-
clusive and no very merxkxed departures from normal concen-
trations has been reported. EKeports sgree that gonado-
trophin is reduced in hypothyroidism. Reineke et a&l. (19"1)
reported that the pitultarles from thyroldsctomized gcats
showed a marked decrease In the factor which elevates blood
sugar and in gonadotrophin, whlle lactogen and thyrotrophln
ware unchanged.

It would be expected that the thyrotrophic potency
of the pituitary would be reduced following thyrcid treat-
ment and Kuchinsky (1973) end Eohlweg and Junkmann (193%3)
have reported this to be the cese. There 1s indirect
evidence also that hyperthyroidlism results in decreased
thyrotrophin secretion. The stimilation of thyroid gleands
of test animals by injectlion of thyrotrophic hormone 1is
reduced by simultensous injection of thyroxine or feeding
of thyroiad (Aron'et gl., 1931; Loeser and Thompson, 1Gh1l).
Loeb and Seibert (1930) fed thyroid to partielly thyroid-
ectoriized gulnes plgs and reported that the thyrold rem-
nant failed to hypertrophy end that the ecinar epithelium
wvas low and the acini filled with hard colloid. A decrease
in thyrotrophic hormone content of biood and urine has been

reported in thyrotoxicosis (Cope, 1938), although the evidence
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is not conclusive. Reforzo-lembrives (19"13) has repcrted

a thyroid-inhidbliting principle in pltultariea from animals
rec2iving thyroid treatment. He Iinjected normsl and hyno-
physectomizoad gulnea plgs with pltultaries from thyrold-

fed rats and rcported that the welight of the thyroid glands
and metabollism of these pgulnea pigs were raducsd below those
of control anirals,

Increased gonadotrophic potency of the pitultary due
to thyroid feeding has becn reported by Evans and Simpson
(1930), Van Horn (1933) and Cohen (1935). Smelser (1939),
reported that experimental hyperthyroidism did not affect
the gonaéotrOphic hormone in the blood of castrate réts.

Reece and Turner (1937) found that injection of 0.0l
mge thyroxine dally into rats prcduced no significant change
in pitultary lactogsn, whlle larger doses which ware toxie
ceused a marked depression. Hurst et al. (19"1) injected
thyroxine into goets in amounts which Incressed milk flow,
but observed no change in the lactogenic hérmone excreted

ia the urine.

2. Thyroid.--Koger and Turner (19%3) report that
differencés in size of the thyrolds of different groups of
animels were within limits of experimental error due to the
great variabllity of size of the gland within groups of
simllar treatment. However, there was a tendency for the
thyroids of treated animesls to be slightly lighter than

those of controls, especially in females., Histological
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axaminatlion of the glends showed tha thyrolds of all trected

antmels to be inactive and 111-4 with collold.

B 3. Adrenals.--larked hypertrophy of the edronsls
occurs in both sexes of rats due to thyrold treatment. The
extent of hypertroprhy perellels roughly the level of thyro-
protein~fed. This response confirrs numerous roporté in

the literature (Koger snd Turner, 19)3).

L. Ovary.--Overien functfon is abnormal in both hy-
po- and severo hypérthyroidism. Krestz (1939) reported that
briel treatment of virgin ferele rats with thyroid previous
to mating, resulted in fncreased litter size if thyroid
trnatnent was cerriad out in & ccol environment. Zr=atment
dnrihg hot weather reduced the litter size. Ierring (1917)
and Korencheavsky, Hall and Clasphan (194 3) reported hyper-
trophy of the ovarles of fenale rets due to thyrolid treast-
rent., Inteinization was pronounced 1In most casea. Velchert
and Boyd (1933) have reported that typical pseulo-nregnancy
res produced in rats by feeding dried thyroid. Kemiovsky
(1928) fed large amounts of thyrold to rats end reported. a
deprassion of overian wgight. - ‘ _

Kogor and Turner (19)3) rcport that fceding thyro;v-
protein at the levels of 0.01, 0.02 and 0.0} per cent of the
ration to female rate did not &pparently affect the velght
of the ovaries. Fecding at the levels of 0.08 snd 0.16 caused
an 1ncreaeed'weight of the ovaries with histologicel evidence

of iIntense luteinizatlion. This observation agrees with
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certaln reports in the literature. Feeding thyroprctain

at the 1lsvel of (.32 per cent of the retion, sn oxtremely
toxic dosage, resulted in ovarics somawvhat lighter in weight
then in the controls. The ovaries were depressed on gll
lavels of treatment. Sexual imrmeturity may possibly account
for this result since the trested animals were smsller in

size,

5. Pancreas.--The pancress has been renortsed slso
to undergo hypertrophy following thyroid treatment. Kojimi
(1¢17) reported that the islet tissue of tbe rancreas under-
went hypertrophy as jJudged by increased numbers of mitotiec
figures in pancroeas from animals which had undargone thyroid
treatment. Florentin and Volff (19110) confirmed the report
of Kojimi. Cameron and Carmichel (1920) reported that the
woelight of rabbit pancreas was jincreased by thyroid feeding
and cited several earlier reports confirming thils response.
Fraenkel-Conrat et al. (19h2) reporfed en incraased ingulin
content'of,normal rat pancreas following thyroxins injection.
The insulin content of pancreas Bf hypophysectomized rats

was decreased by the ssme treatment.
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1. Hesrt, liver 2nd kidnev.--Kojimi (1917) thy-

roidactomized growing rats and obsorved raterded growth,

roluced eslciun and nitrogen retoantion, and decreesed feed

Intace. Harrett (1927) observed liks offects and elso re-
nortsi that both relative and sbsolute weights of the heert,
1ivor, lungs, kidneys, and spleen wers bolow those of nor-
mal eontrols. Salmon (192Ca) reviewad the litereture in-
dicating that thyroldectony of young animals resulte in
rmore acute symptoms of hypothyroidiswm than i1f the operetion
i1s nerformed on older animals. Sha thyfoidectomized rets at
birth and observed eariy growth stasls with such animals
rﬂachiné a mexirum weight of about 30 gm. Replacement ther-
epy started at time of operation resulted in practically
normel growth, whereas therapy bsgun later was ineffectiva,

Simpson (192") thy;oidectomized one each of saven-
teon palirs of twin lambs and left their mates as controls.,
"’hen the'operation was performed two or three weeks after
birth, marked stunting resulted with the controls resching
a velght thrée times that of the operated enimsls. The sx=-
périmental‘animale showed the.usual short legs, short dished
face, slipped wool, and "pot belly". If operation was da-
layed untll the animal was three or four months.of agé, ra-
terdetion of growth wes only slight.

Similar_symntoms of hypothyroldism have besn recorded
for a great number of animals including the mousa (Lavannort

and Swingle, 1927), tha guinea pig (Silbsrberg and Silberber.,

- temay S s e e
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19%0: "11llsms et al., 19h1), tho cat (Lott, 1623), the

robblt (Xurde, 1926; Basinger, 19016), the goat (Simpson,

1924 Reinaka and Turnar, 19hla), the cow (Brody and

prenkenbach, 19h2), ond the ronkey (Flelschrenn, Schu-

~acksr end Strous, 10h3).
Hypertrophy of the heert, liver, spleen, kidneys

snd sdrensls following sdrministreticn of thrrolid to ex-

narimental snimals Is well knovwn (tlosiins, 1916; Herrirg,

1017 Hewitt, 1920; Cameron and Carmichsel, 1920; Adiis
et 2l., 1938; Sternheimer, 1939; Xorenchevsky, Hall and

Clephem, 19h3). This finding has been slmost universel

among, experimenters and apperently, lerge smounts of thyrold

raterial ers not reguired to el'cit this reaponse. The in-

erecse in relght of thess organs appears to be cdue to true
groth since it i1s accompenlied by increased nitrogen content
of the tissues and increascd mitogic figures (Addis et sl.,
16383 Sternheirer, 1938).

Both sbsolute and rs2lative weight of the hesrt,
liver and kidneys was inereesed due to thyroprotein feeding
of male and ferale rats, according to Kogar end Turner

(193). The degree of enlargerient parslleled the amount

of thyroprotein fed., With the smallest dosages in males,

no noticeable effect occurred.

It is well known that thyroid produces enlar:ament

of the heart, liver and kidneys, and the data from thasse

experimonts bear out the fact. Cn the other hand, the low-

est dosages given tc male rats did not bring about thias

response. (Xoger and Turner, 1¢'3),
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The lowvast levels of thyroprotoin treatment piven
nsla rats enparently dld not affect the welght of eny of
tha wlands or organs wel, hed. Larger arounts in althar sex
resulted In hypertrophy of the heart, liver and Widneys.
The adrenalé were enlaryged in most cases, but males friled
to show this response. The pltultary welght of females was
derressed by thyroproteln treatment, while in meles, nltu-
itery size was unaffected. The wai ht of the thyrold wes
not significsntly eltered, but there was & tendsoncy for
thyrolds of trested enimals to be reduced in size and they
showed histological evidance of inactivity. Tho ovarles
vore enlargoed by moderate levels of thyroﬁrotein while
lerger dosages caused a depression. loderate amounts of
thyroprotein did not affect testes weight, while largs
anounts caused a reduced welght. The thymus was enlarged
in thyroprotein-fed females, but wes unaffected in the
other enimals.

The effects of thyroproteln feeding on organ welghts

are variable with dosage, sex and strain of asnimels.

2., Circulation.=-It is well known that oxygen up-

tske 1s low in hypothyroidism. Blood flow is reduced &nd
anemia 1s usually present (Kendall, 192G:; Abramson and
Sidney, 19h2).

The effect on endogencus metabollsm of nitrojen has
not beoen studied extensively. Palladin and tavrew (1927)

raported that thyroidectorny does not change the excretion
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of crecatinins. Allison and Leoncrd (10h1), working with
tnyroldectermlzed rats, observed a deacrease in crsatine
avereticn with no change in creatinine. Glaser (1¢)2)
trwrofdectomlzed rats with like recsults and found further
+het the opersated animels had & grceter tolerance for in-
jected creatine. OSince the iInjzcted creatine could not ba
cocounteld for by changas in creatinine excretion or by
storege in tlssues they suggested that the thyroid exerts
sore unknown influence on creatine metabolism.

Silvestrl snd Tossatl (1907) also reportei’ roducad
oxcration of cslcium following administretion of thyroid
to patients with low metabolic rates. It Is clesr tﬁst
+total colclum retention is low in hypothyroidism and the
svallable avidence indlcates that utilizstlon of avallable
rinerels is lower than normal. Thus, Breitbarth (1%'0)
hes reported that calcium excreticn of thyroidactomized
doss was lowered by administration of small amounts of thyrcid.

At the same time calclium Iintake was Incrsessed.

3, Water, salt and colloids.--Vhen thos organism 1is

derrived of the thyroild, there tskas place storage of water,
salts and protein. In 1925, Boothby and essoclates showed
thet in human myxedema & large amount of extra protein --
so-called "deposit protein" -- is stored in the bedy. It is
contained in the body flulds and not in the.cell protoplasr,
fihen thyroid i1s edministered, this extre deposit protein is
quickly oxidized and eliminated in the urine along with the
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extra gslts and water held in combination with the protein.
Censeguently, an spprecietle cdluresis is a characterlistic
finding when active horrone 1s acdrminlsterad to myxednnatous
patients for the first time. In fact, the dluratic rctlion

of thyroid may also be striking in ncrmsl perazons, and Is
made use of In the treatment of nephrosis. The wori of

Byrom (193);) indicates that the diuresis produced in patients
with myxedema 18 ascccmpanled by a loss chlefly of sodium
saltsa, whereas in normal persons the loss 1s chiefly of po=-
tassium salts. Consequently, in the former the flulds sara
derived largsely from extracellular sources whareas in the
latter the fluids are derived largely from intracelluiar
sourcés. Byrom has suggested that the abnormally collected
protein in myxedems 1s 1n the nature of a mucoprotein derived
from the ground substance of the cell. Sinée fetal tlacsue,
like myxadematous tissue, contains an excess of mucin, 1t
seams that ona function of the thyroid‘is to provide the
cells with a "mature" typs of environmﬁnt.

) Soon after Boothby's work became known, Thompson
(1926) described a significant reduction in plasma volume
in myxedema and a return to normal on treatment with thy-
roid. These results have been confirmed by Gibson and
Harris (1939), who rade the additional finding that the
blood volume in thyrotoxicosis tends to be above normal.
Along with the reduced plesma volume thsere is an increased
concentration of plasmse protein, with a cbrresponding in-

crease in spinal fiﬁid protein (Thompson et al., 1929).
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On administration of thyrold both the plasma snd the spinal
fluld revert to normel. In thyroldectomized onimals the
changes in the blood are simller to those in myxedermea,
The metabclism of varicus Inorganlc salts is bound
up with the state of thyrold sctivity. Aub e&nd collabora-
tora (1927) showed that in hypothyroidism there is a di-
minished rate of exchange of calcium and phosphorus, the
smounts eliminated in the urine snd stool belng less than
in the normal person. The actual concentrations in the blood
are not sreatly altered. The reverss holds when thyroid 1is
administered and in spontanéous hyperthyroidism. These effects,
according to Low, Wilson and Aub (193)), are not brought
about by changes in phosphatase activity in the bones.
Talbot (1939), however, described low phosphatase in.chil-
dren with untreated hypothyroldism, sssoolsted with delayed
osseous development. Thyroid treatment repairs these abnor-
malities. In the growth period the effect of thyroid on
caleium metabolism may be different from that in later life.
Thus Maroney and Johnston (1938) found that retention of
calcium and nitrogen was increased by the administration of
thyrold to a cretlin and to an adolescent after thyroidectomy.
¥ hen administered in large doses thyroid may sctually leed
"€o premature cessation or retardation of growth (Smitp and

ticLean, 1938).

h. Interument snd hair grovth.--The literature 1is

4 n» agreement that hypothyroidism, whether indueced or spon-
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taneous, i1s detrimentel to growhth. Curling (1850) first
asgsociated the absence of the %thyroid with tha character-
istic conditlon known as cretinism irn humens. In such
individuals body growth In genercl 1s subnorrmal with cher-
acteristic disproportions of the body. The Iindlvidual is
extramely short with ccaras features, dry, rongh sikin and
hair, and usually a typical "pot belly". Thers is en ac-
curnilation of fluid in the intercellular spaces of the body
giving the characteristic myxedema of hypothyroldism
(Lerman, 19h1).

In addition to subnormel growth, hypothyroidism
causes s depression of other processes such as lactation
(Graham, 193); Preheim, 19'10), egg production (%inchester,
19%9) and growth of hair (Chang, 1926). Thus, hypothyroid-
ism appears to be unfavorable to &ll the "anabolic" pro-
cesses,

Hair and feather growth have also been shown to be
affected. Chang (1926) reported trat undernourished rats
showed a retardation of hair growthe Thyroid fed to such
animals kept on a semi-starvation dlet improved hair growth
in spite of further decreased body welght due to treatment

of the originally deficient animals.

5. Lactatlon.--It has been well established that
treatment of cows or goats with moderate amounts of thyroid
wi1ll increase milk and fat production for short periods of

time (Graham, 193); Ralston et al., 1940; Reineke and Turner,



Toxicity in Relation to Losage and Spacles

The effecfs of severe hyparthyroidism are woll known
and will be mentioned only briefly here. Thyroid in lisrge
amounts 1s.toxic, resulting in loss of nitrogen, extrene
emaciation and hyperirritablility. Given in lsrge enough
quantitles, the unusual finéing of reduced oxygen consump=
tion and feed intake may be encountered (Xojimi, 1917),
followed quickly by death. Usually, however, food intake
and gaseous metabollism are incressed.

WOrklwith experimental animals indicates that uncom=-
plicated hyperthyroidism does not lead to decelcification of
bone. Calcium retention, however, 1s low or nil (Dfill,
1941 Smith and McLean, 1938). Since excessive hyperthy-
roidism is toxic, the reactions of an organism to the con-
ditions are nonspecific and a study of the severe hyperthye
rqQid atate actually contributes little to the understanding
of normal thyroid physiology.

Vost of the experiments that have been reported have
dealt with relatively large doses of thyrold material.
Parhon (1912) early emphasized the point that dosege largely
determines the effect to be expected and suggested that a
small amount is "anabolic", whereas a larger smount is "kata-
bolic". Still most workers failed to appreciate thyroid po-
tency and in many cases worked with severe hyperthyroidiem.
Aub and coworkers (1927) esctually oriticized early work that
had s8hown small amounts of thyroid to c¢ause an increase in

calcium retention (Silvestri and Tossati, 1907) because dosage

was "too low".



Summary « Thyrosctlve Substances

The review of the literature indlicates a concsnsus
of opinlon upon the following effscts produced by the ad-
minlstration of thyroactive substanceé. In general, 1t 1is
grreed that these substances may ocsauss:

1. An Incrense in growth.

2. An incroase in metaﬁolism.

3. An Increase in food and water intaka.

he A loss in fat.

S« An incresase in pitultary growth hormone se-
crotion.

6. An increase in peristalsis.
T. An incresse in flow of gastriec julce.
8. Diuresis and reduction of tissue fluids.

9. A loss or increase in body welght, depending
on dosage.

10, An increased requirement of vitamins B and C.

11. A decrease in weight and activitj of the thy-
roid gland.

12. A decrease in pltultary weight.
13. A decrease in thyrotrophic hormone secretion.

1):. An increase in gonadotrophic hormone secretion. '2

15. An 1incresse in milk output with no increase in
" lactogenic hormone secretion.

16. lHypertrophy of the ovaries, except with exces- ?

sive doses. ,

17 Hypertrophy of the pancrecas and increase of
insulin secretion. :




18.

19.

20.
21,
22,

23.

2’! .
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Ilypertrophy of the hesrt, liver, spleen,
kidnoys and adrenals,

An increase in protein &nd cerbohydrate
oxidation.

An increase in salt and water excretion,
An iIncresse in plasma volume.

An increase or decrease (depending upon
dosage) in retention of calcium, phos-
phorus and nitrogen.

An imvorovement of skin, halr and feather
growth.

"Anabolic" effects in smell doses end
"katabolic® effects in high doses.

One must bear in mind that the foregoing effects

wera accomplished over a wide range of dosage and under

varying expérimental conditions.



CHAPTLR V

THYROID-CVARIAH RELATICYN3HIPS, WITH PARTICULAR REFLRENCE
TO THE RECIPROCAL EFFFCTS CF DIETHYLSTILBESTROL
AND THYROPROTEIN

Chu and Yon (19h5) present evidence that in the raba-
tit, the secretlion of the~f0111cle stimulating hormones ere
under the direct regulation of the thyroid which medlatss
the effects of estrogmen. Nelson (19);2) reports that estrin
v111 correct the basophilism which occurs in the hypophysis
of thyroidectomized rats.,

Kochakian (19h16) reports that steroid hormones pro-
duced greater sensitivity to thyrold treatment., Korenchevsky
and Hall (1¢h1) suggest that when both thyroid snd estrogen
are given, the two drugs produce a greater loss of body weight
than would either administered individually.

Sherwood (1938) however, believes that estrogen re-
duces the duration of thyroid intoxication of rats.

Reece and Leonard (19)1b) claim that estrogens do
not af};ct the sacretion of thyrotrophic hormone. '

Biskind (19)16) claima that excessive dosages of
8strogen produced a low metabolic rate which is a reflec-
tion of a diminution of the secretion of the thyrotrophic
principle. He Qubstantiates this by pointing cut thét ad-
ministration of estrogen to hyperthyroid individuels leads
to diminution in the basal metabolic rate.

Brobeck et al. (19)7) present some experimental
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thvroid-ovarian relstionshin migsht be found in the hypo-
thalmr';ua;

Saadhu (19h7) sugprsts tho poseibility that thrroid
sctivity decreases, aftar administration of estrogen, as a
rasult of the accumulatlon of excass vitemin A, the infer-
ence beling that the estrogen interfersg with the normal
oxidation of the vitamin. Cn tﬁis basis he snggasts that
thore would be a decrease in metaboliec rste and thvroid
a1ze becsuse thyroxine iodine i1s taken up by the double bond
of the vitamin‘A. The resulting l1odinatel vitamin A acts

like thyroxine to depress pltuitary thyrotrophic hormons

secretion, thoreby reducing the thyroid size. IHowaver, there

1s no expsrimentel proof of this.

Lipsett and Winzer (16)%7) in a report on the effects
of vitamin A deficlency on thyrold function studled with
radio-active Jodine concluded that: a) in vitamin & defi-
clency, the thyroid glands of the rat wers heavier; b) the
thyroid showed distended follicles ss wsell as some degen-
osretion: ¢) that despite the increasse in the size of the
thyroid, the total 3131 upteke wss normal; and d4) vitamin A
deficiéncy decreascd the rete of formation of thyroxine.
These results indicate that 1odine metabolism 1s abnormel
in the vitamin A deficlent rat.

Shilling and Laqueur (19h1) report that neither
castration nor subseguent roplacement with estrone affaected

thyroid weights. Progesterone, howover, when Injectad into

e T AT BT g Y. S K T TS oM T G & RS A e YLe - By, W T & P W 1a
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castrated animels, teth eleons en? sirultaneously vith es-
trone rasulted In a cdacresse in weight of a llke crier,

Thus the effect was due to proresterone and not estrons,
rhich 1s conflirmed by the fect that the thrroldfs of eastrated
anirals treated with progssterons slone showed a significant
decrocass In welpght when compared to untreated castratea,

Blumsnthel and Loeb (1¢)2) bslieve that if nothing
elsz3e wonld inhibit the thyroid, the mers effect of decressa
in food intake resulting from estrog:n adzministration wculd
orocuce a marked diminution of ritotls activity in the thy-
roid gland.

Aron and Bendlt (192)i) bslleve that a direct inhibi-
tory effect of estrogen upon the thyroid glsnd is irplied in
the observation that 1t prevents the thyrold hypernplasia
and hyperactivity which would otherwise follow the &dminis-
tration of anterior pitultary thyrotrophic extract.

¥eyer, Thewlls and Rusch (1¢)0) éontend that tho
effects upon erythropoliesis 1s conclusive evidence that the
estrogens suppress thyroid activity.

Sherwood (1938) suggests that the effect of astro-
gens on the basel metabollec rate is at least bartly independ-
ent of the thyroild gland, since tryroidectonized animals
receiving thyroid substence followed by estrogen return mors
rapidly to their previous hypothyrold lavel than those given
thyroid substance alons. Thls contantlion 18 supported by

Laprida (1933) in sn earlier work which indicated similer

conclusions.
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Sherwood (19%6) concludes that in the lower enimals,
large doses of estrogen or prolcnged treatment deprosces
the thyroid gland. In a previcus experiment by Pincus and
Werthessen (1933) they observed that injectlions of estro-
gens for five to ten deys lead to thyroid enlargement; but
,wheﬁ adninistered for longer periods, estrogen produced
-thyroid involution.

Fleischmann (19h6) notes that the inhibitory effect
of thyroxine 1s confined to metabolic changes, whereas the
structursl changes brought about by ostfogen are not affected.
This Involved a study on the effect of thyroxine on estrogen-
induced changes in fowl.

In a study of the effect of the level of thyroid ec-
tivity upon the response of ovarlectomized rats to estrone,
Wright and Gustavson (19)7) found that the weight loss and
decrease in sensitivity to estrone appesred to be logarith-
;io functions of the thyroxins dose.

Emge and Laqueur (19'1) report that increased metab-
olism incident to the feeding of thyrcid substances, in-
creased the speed of estrogen elimination. Also, that the
demand for estrin rises with the increased supply 6f thyroid
hormone and conversely, withdrswal of ovarian hormones pro-
duced a decrease in thyrold activity. They contend that
pitultary gonadotrophin can be depressed when‘fhjroid ag-
tivity 1s increased, by the adminiastration of thyroxine or

desiccated thyroid.
Chouke and Blumenthal (19h2) report that in female



gulnsa plgs during the soxusl cycle, thes proliferetive
activity of’ the thyrold yland !e ¢rester than in nels
enimnls of corraspondlins welpght and age.

Brobesk, Yheetland and Strominger (1¢h7) concludas
that In estrus the rat aspeads rore ener;y than 1t takes in;
wvhilse in dlastrus end naeuvdo-vpragnsney it takes in uore

-than 1t spends. They b2licva that thls balancad mechanism

1s controlled by the thyrold snd ovary via the pitultary.

¥eDonald, R13ddle end &mith (19h5) report that thy-
roxiﬁe pfevented the rarked Increass of pla=ma neutral fat
vhich fecllows the usa of estrcgen alone. Also, that thy-
roxine inhiblta2d the astrogen-induced 1ncfease in blasma
caleclum, inorganic phosphorus, protein nhospnorus, lipid
phosphorua; and 1t d4id not 1Inhibit the abllity of catrogen
to nromota zrowth of the oviduct.

) Astwood, Bissell and Iughzs (1945) found that gen-
erally thers ars two types of chemical atructures which
inhibit thyrold activity. The more.active clazs noasessed
a thilocarbonamide grousing; the less aciive en aminobenzene
group. . |

Selle snd Selle (19).&) report that the eduinistration
of dlethylstilbestrol to chicks that received thloursacil
for forty-three days hed no effect upen the welght of the
thyrdids per kilogram of body welght. Following the with-
drawel of the thiourecil, either with or without stilbes-
trol, the males recovcered completzly., In the ferieles thers |

was & lag in the recovoery from the effects of the thlouracil;
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end those that had reseived stilbsastrol in addition,
showed f slightly grester roccovery then those that hod

not.

Fahaux (19));) renorts that sdrinistration of largs
dcses of estrogen c;used a repid fall iIn the basal metabo-
liem, The c2lorigonic ection of thyroxine wes decressed
in intenslty and duration. The mechanism of this behavior
is not explainnd, towaver, theee results arse corroborated
by Sharwood (19h0) who reported similar results. Further
credence for this bshavior 13 given by Gessler (1936);

Sherwood (1936): and Janes (16h2).
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Summary « Thyroid-Cvearlsn Reletlonshinps

The roview of the literaturs indicstes & concon-
aud of oplinion unon the followlnyg offects prroduced as a
result of the reciprocal action of estrogenic asnd thyro-
actlive substances. 1In gaenersl, 1t 1s agread that the

reciprocal effacta of these hormdnes may be:

l. Theat sterolds produce greater ssensitivity
to thyroid.

2. That estrogen roeduces thse duretion of thy-
roid intoxicetlon. (%:hile thils contradicts
the first statement, thrre 1s sufficient
support to rataln this controvarsy.)

3. That estrogens do not arfect the secretion
of thyrotrophic hormonse.

h. That estrogens reduce metabolism by reduc-
tion in Tood intake.

5. That thyroifd activity decreases after ad-
ministration of estrogen due to excess ace
cumulation of vitanin A,

6. That estrogen may hevo ¢ dlrect inhibiting
effect upon the thyroid.

7. That tho metabolism-decreasing effect of
estrogens is st lesst partly independent
of the thyroid gland.

8. That the weipght loss and decrease in sen-
sitivity to eatrone eppesra to be a
logarithmic function of the thyroxine dosse.

9. That increase in thyroxine produces an
i1acresse In epead of estrogeon climination.

10. That thie domeand for estrin riscs with the
increased supply of thyvroid hormone; the
reverse 8lso being true.

11. That increasod thyrold suppresses pituitary
gonadotrophin.
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12, Trat thyroxine Inniclts estrogan-induced
incresses in nlescsrme celelium, inorganie
phosphorus, prot-in phosphorus and lipid
phosphorus.

13. Thot estrogen decreases the calorigenic
intensity and daraticn of effects pro-
duced by thyroxins.

Again, one must besr in mind that these effects
wera obtained under specified conditiona. Theorefore,
it follows that an intelligcnt understanding of these
results requires a knowledge of the circumstances under

which they were produced.



CEAPTLR VI
LXPLRIVTHTAL PRCCEDURE ARD DATA

In the follcwing experiments all possible condi-
tions were stendardized so that the only variables were the
drugs and their concentrations. All the mice used through-

out worse of a geneticselly well-established cormercial strain.

A N
BRIV VPR

They were all of similar sge and size; r6c7 tly &ature fe-
males 23 to 25 grems in woight. Thelr food consisted of a
cormmerclally standardlized laboratory product providing a
balanced normel diet. The fcod (Purines Laboratory chow)
was in the form of finsly ground mesl and fod in a spe-
clally constructed tray to prevent spilling.

Water was avallable at 81l times from anainverted
bottle which allowed of no spilling. Food snd water was
provided s8d libltum snd consumption was noted with regu-
larity. Temperature-end humidity were charted every day.
Howovor, these data have been omitted since the labora-
tory conditions varied so slightly as to meke such data
binsignificant. A temperature of 22-2h°9C. was maintained
by automstic devices designed for this purpose, while the
humidity veried from )5 to Sh per cent.

The hormonally-ective materials, in powder form, were
thoroughly mixed into the feed to the desiréd dosage and uni-
formity was assured by extensive use of & mechanical mixer.

Data were recorded every twenty-four hours on the
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ermount of focd talen, the smount of water concumed and the
appearence and bohsvior of the experimentel enirels., Con-
trol croups wore run with esch experimant snd cormnarisons
noted., Uespite ertifliclal 1lighting, conditions of lirht ’z
end darkness were =Imiler to that preveilling In the norral )
day. So far as is known, .there were no undue changss in
the physical environment which may have had any significance.

Animal wolghts were recorded every other day. Dead
animals were removed as scon as discoversd, to prevent being
consured by those reraining.

A1l groups consistad of ten matched mice in each
cage. Aslide from the confinement imposed by the csges, &ll
the animals wers ad libitnmgin regard to thelir normal hebits.

The drugs ussd wore cormrierciel products of standard
quality &nd determined potency. To 1lnsure uniformity, all
drugs used ceme ffom the same lot.

In all the experiments, the snimals were put on
the experimental diet for fifteen days after a preliminary
run of five days ﬁo determine the normsl levels of consump-
‘tion. In some instances a fifteen dey recovery peribd wes

recorded after conclusion of the experimental treatment.
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The Effects of Varying Concentrations
of Protearmone

The control animnls consumod approximately \ gns.
of food per day per &nimrl throughout the recorded period
of. thirty days. Vater consumption remained st approximately
7 ce. por dsy for each aninal,

The experimental animels were kept on the experi-
mental diet for fifteen deys and a recovery pericd of fif-
teen days was recorded subsequently.

- The animals-feceiving 3 per cent Protemone showed
a rise in food conanmption after the sixth dey and this rise
continued steadily until the fifteenth. dey, when total in-

take reached 7.5 gms. of food per animsl (Figure 1). The

. fect that the penk was reached three days after the Prota-

mone was withdrawn may be expliained on the basis of time
leg evident when the drug was first edminiatoered. This lag
seems to 1ndlcaté that physlological edjustment to the drug
is not very immediate. Tnis is also borne out by the fact
that the rise in water consumption did not occur until the
sixth day esnd amlso reached its peak of 1h.5 cc. per asnimal
on the eightéenth day; liowever, thlis delay in fesponse may
be more apparent than real, eince the welghts of these ani-
mals began to show a marked increase on tha second day.
Animaels welighing 25 gnms. began'to gailn welght and continued
to rise to a level of 28 gns. from the twelf%ﬁ to the eight-

- eenth days, after which there was a steady decline. These

animals survived the entire period without fatalities.
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The enimels receiving 2 per cent Protsrmone showed
g risa In focd consumption after the sixth day until the
seventeepth day when a peak of 6.5 gms, was recorded; Va-
t2r intaske exhibited & sixilar curve to that shown by the
JZopar ce:i sTosp, exs:pt that the curvs rcss to sicus
0.5 cc. less.

The welghts of this group showed a rise sirilar to

that of the «3 per cent group, except that the risg continued

for five days beyond the oxperimental period and exceeded
the peak of the «3 per cent group by epproximetely 0.5 gm.

Those recelving .1 per cent Protemone followed a
eimilar curve to the preceding two groups, except fhat the
rise in food consurption was approximetely .)i gm. less than
that attained by the .2 per coent group. The same was true
for water consumption, with an intake of 1.2 cc. less than
the .2 per centigroup. welgyht showed a rising curve simi-
ler to the .2 por cent group, except that the peak was
1.5 gns. less than the former.

Those receiving .05 per cent showed & similar curve
to the others for food intake, except that the pesk at-
tained was 5. gms., or an amount proportionately less to
the concentration of the dfug; the same could be said of
the water consumption. However, though the curve of weight
increase paralleled the previous doses it continued to rise
until the twentieth day end rose to a level of 29.3 gms.

to exceed all the previous trisals,
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In the ,025 por cent group, %he riqo Jn foo?xjntake
was rnore immediete but at its peesk 1t roiFrwliybflv higher
than with the preceding stronger dose @he water Inteke
clossly paralleled this, in that it slso rose quickly but
at its peék was approximately egqual to that observed with
the preceding dose. The Iinteresting observation noted at
this pbint, was that the weight of this group at its pesk
exceeded that of all the previously treated groups.

It appears from the preceding, that food and water
intake are in themselves no criterion as to weight. Ve
note that those animals with the highest consumption of
both did not experience the rnaximum increase in weight.
This suggesta that there is a point of diminishing returns,
whereiﬁ the increass in metebollsm induced by the Protamone

exhibits a preddminately "katabollic" effect in relation to

the relative "anabolisr" showrn. From the stasndpoint of

~weight incresse, one might conclude from this study that

the .025 per cent concentration was the most effective dose.
Also, as 1s apparent frcm the curves drawn on all of these
groups, the effect of Protemone in all the experimental
concentraﬁlona produced a corresponding increasse in food
and water intake and an increase in body weight; though

it is noteble that in this lest respect the increase d4id

not necessarily correspond to the Protamone dosage.
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The Effects of Varying Concentrations
of Etillbesatrol

The econtrol animals of this experiment indicated
an average welght of slightly over 25 gms., an average food
consumption of )0 gms., and an average weter intake of
60 co. daily (Figure 2).

Three groups of mice were used, each given .1 per
cent, 50 per cent snd .25 per cent atilbestrol respec-.
tively. In all instances the effect upon food intake was
immediate and dropped in almost identicel curves to a low
of 1 gm. per animal daily at the fifteenth day. Recovery
was not quite aa.rapid as the esrlier decline but at the
‘end of the fifteon day roecovery perlod ali the groups were
fairly close to normsl food consumontion. However, it 1is
.notable that the group reaceivirg .1 ﬁer-cent recovered more
repldly and estually showed a slight Incresse in welght.

| The water intake was somewhat different. Vhile the
fooA decrease was identicel for sll three doses, the wster

decrease wes in indirect retio teo the concentretion of hor-
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tody weights of these groups follcwed the same pattern
with a drop to 17.5 gms. per enimal for the .1 per cent
group, 16.0 gms. for the .50 per cent group and i5.0 gms.
for the .25 per cent group at the fifteeﬁth day.

~
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It is obvions from this study that stilbestr01
has, in whole or in psrt, sn inhlbilting efféct upon food
and water intake resulting in s decreess in weight. The
Interosting point however is this seeming psradox --
that since food decreese wes ldentical and since the
drug obviously inhibits food and water intake, one would
expect a direct relatiohehip between dosage snd decrcase
in both food and water consumption; yet the drop in food
showed no relationship, direct or otherwise, Fo the dos-
ages glven. On the basis of this then, one would expect
the water intake curves to resvond similarly; yet oddiy
enough the drop in water intake 1s in inverse rastio to
the concentration of the drug, as 1s also the decresse 1in
body weight.

.From the fact that there 1s no spresd in the de-
clining food consumption curve, one might surmise that
this may be because the dosagses used surpass the maximal
range, therefors each concentration achieved maximal sup-
pression, |

The ratio between water eand body welght loss can
be explained logically as a direct one. Namely, the
.1 per cent stilbestrol group suffered the least loss of
water intake and consegueontly the least loss of body weight;
the remaining groups following the same pattern. The ques~
tion still remaining 1s why should this water-weight pilc-

ture be in inverse relationship to the concentration of a
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drug which 13 &n established inhivitor? If we surmice
that the drug has the abllity to increase water retoen-
tion, thon this inverse ratio 1s logiecals since tho
smount of water retention would be in direct provortion
to drug concentration; 1t followa thet the higher the
concentration, the more water roetalined, and ths more
wvater retalned, the less loss there will be in body
weight.

| This still leaves one dangling plcce of 1llogic.
If there is en increase in water retention, then whj
does the higher dose cause more water consumption? .For
lack of & more positive explanation onse would like to
postulate that, as a raesult of water retention there is
also an incresse in toxie accurulation and that this in
turn may be ths cause for the higher water intake with
the higher drug dossgs.

As in the experiments with Protamone no fatellitles
occurred throughout the.recorded period. Howover, hare
the parallel ends, for while the Protemone treated mice
remained active snd healthy in eppecarance, those treated
with stilbestrol soon bacame unkempt, inactive end ema-
clated. The degree of degeneration seemed to be in
direct ratio to the dosage conceﬁtfation. This may give

further credence to the postulation expressed above.

3
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Tha Effects of Verying Conceontrstions of Pretamona
with & Fixed Concentraticn of Stilbestrol

In this experimant the animals of the threa ex-
vperimental groups were givon .1 por cent stilbastrol in
comdination with ,1 par cent, .2 per cont and .3 per coant
Protambﬁe respactivaly., This experiment was watched with
narticnlar interest since it was hoped that on the basis
.of the preccading experiments one might expect to ses &
racloprocal antagonism on ths part of thess two drugs.

From the-stqndpoint of focd intake 211 the groups
showed sinmllar curves to those produced earlier by stil-
bastrol alona, namely an immediate decrcase (Figure 3).
Towever, thls continuad until only the seventh day and

then returned to normgl. This behavior is similar to

- that observed 1In the study on Protamone alone; namely,

that in regaerd to the food picture there 18 a six to seven
day lapse before an incresss iIs noted.

“ ‘ ~From the stendpoint of water intake it 1s inter-
esting to note that the inhibiting effect of stilbestrol
was overccme, and that the effect of Protemone on water

intake was the same as previously shown; nahély, an imr-

‘mediate rise in Inteke. It is also worth noting that

unlike stilbestrol, the relatlionship between Protamone

concentration and water intake remains in direct pro-

poffion; the presenco of stlilbestrol notwithstending.
From the effects already evidenced upon food in-

take, it was loglical to expect all the groups to undsrgo
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a dacrease In body welght. This dscrerse continued until
the ninth to tenth days when the I’rotnmone effact observed
at the seventh day in regard to food intska, begsn to be
avidenced in body welight.

This situatlon poses secvoral Interesting questions.
First, 4in regard to food, the curve seems to be a composite
in that the stilbestrg} effsct wes manifest first; followedl
as expected, by the opposite Protamone effect which seemed
nodified or to some extent "entajonized" by the stilbestrol.
Ths body woalght curves for all the groups saem to indicate
this same relative effect. Ilowover, the curves for water
Intake show no stilvestrol modification. They indlcate an.
fremediate increase in wator intake and that, in dirocct ratio
to the soncentration of Protamonse. This poses the following
question -- to what extent 13 ths welight piature influenced
by either the food and/or water curves?

In this instencs it eppears that the Prctrrnone-water
effect, as marked as it was, was unable to offset the par-
allel and opposite effocts of the stilbastrol upon food and
weight. If this is so, the question neit arises as to what
happened to this additional welight assoclated with the
marked water increase? If we recsll, this is consistent
with the obsarvation mode on Protamone alone, whore we found
that the highest concentration eansedl the grestest water and
food intaks as sgalnut a relativsely low weight increase.

before we éan answer theée questions 1t 1s important

to note that, though it wes intended to run these animals

’
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for a fifteen day recovery period after the fiftean day
experirontal perlod, so many cnimals had dled by the sev-
9ntgontﬁ and aipnteenth Aaya that further data would have
besn of no ;tatistical velue, The number of dead varled
directly with ths concentration of Protamone. It 18 inter-
esting that those ssme concentrations wilthout the .1 per
cent stilbestrol produced no fatal results. !Yost of the
dead animals were approximately their normsl weights at

the time they died. The unkempt appearance seen in the

«1l per cent stilbestrol group was modified to a fair degree
and the emaciation associated with the .1 per cent stil-
bestrol treatment was totally absent. However, the animals

were so inactive that they barely moved,

In the light of thesse observations we might explein
the.results as follows -~ since the food decreased and the
water intake markedly increased, the weight should not have
changed drasticslly but since the weight loss was propor-
tional to the food loss, the incresse 1n water intake can
dnly be explained on the basis of the carcassa welght being
actually much less than the apparent weight, sinoe that al-
ready contained the welght of the increased water. If this
is s0, 1t expleins the fatalitles, the lack of sctivity and
the seemingly normal weight at time of death. However, data
merely on food and water intaks, without excretioh:data, pro=-
vide no definite evidence on the amount of each retained in
the body. This still leaves the gquestion of the possibdle

mechanism for this behavior. Ve shall postulate upon that

L

later.
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The Effects of Varying Concentrations of Stilbszstrol
with a Fixed Concontretion of Protamone «- Part I
In this experiment two groups of anlmals wers gilven
1l per cent Protarmone with .05 per cent and ,025 per cent
sgiibestrol respectively. Two other groups were given the
same doses of stilbestrol without Protamone and used as a .
control.
The controls performed s expected (Figura l). The
.05 poer cent stilbestrol group suffered the greatcest loss of
food, water and welght. Next, In the same manner but to
losser degree was thoe .025 per cent stilbestrol group.

‘ The experimental groups also performed as antici-
pated. DBoth Protamone-stilbestrol groups showed & daecline
in food intake until ths sixth to eighth days, after which
the Protamone restored the .05 perlcent stilbestrol group
to normal by the fifteenth day; during the latter period the
«025 per cent stilbestrol group excseseded the norm. |

The water intake record of the experimental groups
confirmed oﬁr predictions, The Protemone effect was pro-
duced immediately; but unlike the previous experiment, the
stilbestrol effect was not completely inhibited since by
the eighth day the high Protamone-induced water level was
reduced to normal, only to return to its previous h}gh by
the fifteenth day. Howsever, since the water levels differed
between the controls and not between the experimental groups,
we might surmise that this "leveling" effect was due to the

action of the Protamone in the experimental groups.
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The reast of the ovs=ervaticns of thls experiment con-
firm those made in the preceiling experimont. The body walghts
varled as follcocws: The least loss wes noted in the Prote-
none-low stilbeétrol group; the nert group was ths low stil-
bastrol group; the next group was the Protamone-hich stile
bestrol group and the lowest body weights were recorded for
the high stilbestrocl group.

Hare agnln we encounter the low food-high water-low
velght -- "what beceme of the water?" -- problem. This time
the answer scems quite sprarent and confirms our previous
suppcsitions, for here agaln we encountered many fatalities,

Of particular Iinterest 13 the fact that the desaths
occurred only smong the groups receiving both drugs desplte
the fact that the group which suffered the greatest wolght
loss was the high-stilbestrol group. There 18 no proof at
this point that the two drugs In combination cauee an exces-
sive welght loss which 1s mediated by the increased water
intake due to the Protamone. However, since we are desling
with only three variables, two of which show a twin reletion-
ship while the third shows a mirrored relationship, it is
obviqus that anj changes which occur must come as a result
in the chahge of the mirrored factor -- in this case, the
water intake which i1s the opposite of the food-weight pic-
ture.

In the next experimont we shall attempt to 1ift
this reasoning from the realm of postulstion to something

more- substantiable.
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Tha Iffaects of Varving Concentretions of Stilbastrol
v1th ¢ Flxed Concontration of Prot:ironz -- Pars II
" This experiment invelvad aevon prouna of mica,.

Group I wes used as e control. Group II racelived .1 per
cégg Protamone snd ,0125 per cent stilbestrol. Greun III
received..l por cent Proterone and . 00625 per cent stil-
bestrol. Croup IV recaived .1 per cent Protamons and
.C0%3125 per cent stilbestrol. Groups V, VI and VII were
ucsed ags stilbestrol controls, each received concantrations
of .0125 per eceont, .00625 par cent and .0b3125 per cent
respectivaly. In each case the horrmones were given as the
indicated percentage of the food.

Group II, the Protamons-high-stilbestrol group,
responded as anticipated by showing é decreass in food in-
take followed by a compensating inereese (Figure 5). This
was consistent with the nrevious bshavicr except that the
subsequent increcase was not as large. The water intske
curve again showed ths typieal Protemons rise, whi1ls the
body welight took the smallest drop. Allowing for slight
variations, due to doéage, the pattern for the remaining
Protamone-stilbestrol groups was 1dentical. MNamely, a drop
and rise in food intaks, a susteined rise in water con-
sumption, and a ateady decline in welight.

Howevser, the stilbestrol controls at these doses
bshaved differently than bafors. Their food intaks went
down 8lightly and thalr welght went down markedly but their

water intske was not adversely affected. In fect 1t even
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showed & little rise. Since the water consumption ra-
mained static, 1t seams 1likely that the drop in weipght
vas In direct response to the drop in food consumption.

Again, és in tho previocus experiments fateallties
wore cignificently highor iIn the grouns recelving the two
drugs than in the ccntrols., Also, as previonsly noted,
cannsbalism was rife arongst the groups treated with both
drugs. As 1s krown, mice often eat thelr dead, but in
those groups undergoing both thyrold snd estrogen treat-
ment, the stronger devoured the weak without evaiting
necropsy. This bshavior was nct noted smongst those groups
that receiﬁed high stilbestrol diets and whose weights in-
dicated the greatest malnutrition.

It 1s apparent at this voint, that bedy weight under
these circumstances, i1as not necessarily the criterion for
determining relative malnutrition. In order to confim
this, it vas intend=d to withdraw food from all the cages
for a 1limited time to allow the clearing of the 1nte§tinal
tract and then sacrificse the mice and determine the dry
matter content of the carcasses. However, within one hour
after removel of the food trays, the miece in grouvs II,
II1 énd IV (particularly groups II and III) set upon each
other with feroclty, necessltating immediate death for tﬁe
entire population.

The body weights, after death, were fscorded and
compared to the original welghts. All of the six experi-
mental groups showed a weight considerably less than the

control group, so appsrently from the standpoint of welght

~
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no "antagonism" of stilbaestrol by Protarone could bso demon-
strated in this experiment.

The viscara wars rerovel from all cf the cnimals
and weighed. It was noted that the livers in both ygroups
recelving tho higher stilbestrol doses were exceedingly en-
larged. Those raceiving the lowest satlilbaestrol were less
30, but still mich larger than the controls. To é lessar
extent the same was trus for the kidners and sadrensls.

The carcassas were then thoroughly dshydrated in
one batch under identical conditions by drying in en ovaen
for ten hours et LSOC. After dehydration the temperaturse
wes reised sufficiently to casuse rendering of fst. It was
noted that fat was rendered only by the control animals.
This was collected and included in the weight of the éry
mattor.
) Aftor dohydretion tho carcasses wore veighcd again
and the amount of water loss was determined in vercentage
of body welght. Thls was sdded to the percentage of body
weight of the viscera and the total subtracted from the body
welight et death., This left us the weight of the cercass dry
matter.

It 1s recognized that the viscera constituted an
inaccurate entity since a certaln amount of body fluid

flowed out of the peritoneal cavity upon excision and a

caertain amount of food was still contained within the gut.

However, when we consider that the intake of food anounted

to 2;0 to 3.6 gms. per day (Figure 5) we can estimate from



the food chert approximntely how much food wes contrined
in tha tracts of each group. t eny rete, the differance
in this factor is so smnll comnpsared to the totel cercsas
welghts that it i1s of no particular significance in the
Interpretation of the results.

This work was conducted under the supprositicn that
Protamnone enhahced groxth, body weight, etc., while stil-
bestrol inhibited these seme processes, Since this vwsas
not effected by equel dosages, it was essumed that the stil-
bastrol was dominant eand therefors an attemnt at & balance
was made by favoring the relative Protamons concentrations.
This still feiled to establish the expected balance.

In retrospect 1t is now apparent that only tho
lowest dosage of Protamone produced an ineresse in body
welght relative to food and water consumption. That is,
in relation to quantity of food‘and water intake, the rel-
ative body gain wes much higher. Also, where we used the
smallest doses of stilbestrol s slight Increase in water
Intake was noted, though food intake and body weight exhib-
ited the usual effect. |

It 18 suggested that on the dosege levels referred
to, an apparent antagonism could be produced since neither
drug at these levels has entered the "self-consuming” stage.
In fact there 1s‘raason to belleve that these dosdges come
closer to those produced in vivo and which exhibit what we

recognize as normel endocrine adjustment.
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It 48 suggectod that when excessive doses are ad-
ministered the dclicate balence of the whole endocrine
system is upset to the point where the usual checks rnd
adjustments are unable to opsrate. An extension of this

study into the dosage realms indicated might well be
highly rewerding.
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CHAPTER VII
- DISCUSSION

In (Teble I) we nots that the control group showed
an average carcass welght of 2 per cent as compared to the
Protamone-stilbestrol groups which shoved average carcess
welghts of approximately 32 per cent; the stilbestrol groups
showed average carcass welghts of approximately 23 per cent, |

Since a rise in water consumntion was noted for
both groups in this experiment (Figure 5) we might attribute
the higher welghts of the Protsmone carcasses to the higher
amount of food intaks.

So far in the discussion one point has been studle
ously evoided and that 18, -- in this food-water-weight
balance, what part doss diuresis as well as weter retention
play? It 1s obvious that an interpretetion based on ex-
clusion of this factor ﬁust be quite inadequate, However,
we have now arrived at the point where we can pursue this
factor with logioc and deductivg reasoning. Since no record
was kept of urinary excretion 1t was useless to postulate
what percentage of body welght was increased or lost by
urine retention or excretion. Vith the data now before us
it should be possible to reconstruct some of the physiolog-
io8l functions which resulted in the observable behavior.

First, the problem as first visualizoed, waa based

on the assumption that there is a direct relationship of
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body welght with food and wator Intalze. Thls handleap
was eliminated at the ocutset in the philosophlcal dlacuse-
sion which recognized that endocrine behavior, like any

system, reacts esccording to the comnoncnts of 1ts vari-

ables. Therefore high food intake and high water intake
may be so offset by high urine excretion as to result in
wolght loss; and this assumes a static celorigenic situ-
ation. |

The difficulty then of assessing one varisble in
a system which 1s completely rs-orientated as a result of
that variablé,‘is not to be solved by the mere observance
of a factor which 1s the resultant of a series of adjust-
ments. Therefore, in itself, the data collected is of
little, or no value. On the other hand, i1f we recognize
the data 1In the light expressed, it becomes meaningful,
since 1t 18 not removed #s a static factor from a dynamle

system.

The original premise can be réstatea here in this
question -- where is the "antagonism®™ of a drug which when
administered to its "antagonist" produces death in an in-
dividual that formerly withstood each drug? This "anta-
gonism™ 1s based on a superficial observation of the
"living-sick" and the "healthy-dead"”.

This study shows that Protamone will increese food
consunption, water intake and body weight (Figure 1). It
i1s important to note that this Is true up to a point of

diminishing returns. Beyond this point, output bdbegins to
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excesd inteke. This study also shows that stilbestrol will
decrense food consumption, water intake and body wel:ht
(Mpgure 2)e Agein 4t 1s important to note that there is a
point vhore this relationship changes. Assuming these
phonormena to be results of a linear progression, one is
Justified iIn expocting these hormicnes tc be cou;terparts,
each to the other. The fact 1s, that both hormones to-
gether had a rmuch more dovastating result than either act-
ing singly (Figure 3). This cen be explained on a dialectie
basis,

The increase in water Intake resulting from the Pro-
tamone administration followed from the Incresse in meta-
bolic rate. A comrparcble increase in urinary excretion was
also to bae expected as a result of increaeed metebolic wa-
ter formation,

In the case of stilbestrol administration it wes
loglcal to expect a decrease in food and water Intake as a
result of an inhibited metabolism. By the same token, it
follows that urinary excretion would be decreased,

If we made a unilateral assumption that Protamone
stimilates the metabollsm and stilbestrol inhibits the same
function,“we could Iogically expect a cancelling of the
effects; but while one drug produces its effect via the
thyroid mechanism, the other produces its contrafy effect
via a.different machanism. The result is that the ?rota-
mone increases ths metabolism in an animal whose food in-

take 1s reduced via another mechanism. This burns ths
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cendle at both ends, The increased matabollsm vhich 1s
now a predominately "kstabolic” affair domands Incre=zcaed
water Intake. In edditlon, metabollo wster 1is pilling up
In the system of an anirial which due to the stilbestrol
effect, is not "ansbolizing". The resultant effect of
these forces i1s to consume more quicikly the enimal's
snergy "reserve"™ and rsosplacs it with the "laft-over"
water. The wvater, llke the food reserve, deygenerates

in two diroctions at onces VWhile the Protsmone csauses

an increase (Figure 1), the stilbestrol csuses a reten-
tion (Figure 2). Tfrom the standpolnt of body welght, thls
may appsar like an antagonlsm (FPlgure 5), since the mice
treated wita ovoth drugs Qre heavlier than those trested
with stilbestrol slone (Figure 5). This seems to be con=-
firmel by the fact thet the dry carcass weights (Table I)
shcw a greater loss of actual body substance on ths stil-
vestrol-treated mice as égainst those "antagonistically-
treated". However, when we consider the bonse structure

" and luxurious halr and heavy integument of this group, we
must bear In mind that the substance for this maintenance
was dorived from the body substance of the animal 1tself.
The groups hsving the most effeoctive stlilbestrol doses out-
lasted by far the mixed grouns. This was accomplished by
the normal physiologlcal adjustments accompanying melnu-
trition. CTnergy was consarved by retarding of growth, dse-
crease in actlivity, decreass 1n amount of nourishment to

hair, skin and other of the lesser essential structures.



-133-

Of conrse the preceding, vhile preoented g a
positive srgsument, 1s'not intended es fact. The vriter
ia fuily awnre of the lanalt of ecnelusive oevidance to
confirm ﬁis point. Therefcre this restionsllizstion is
offered for confirmation, deninl, desbzte or jJust ss a
stirmlsnt for dfscuvesion., If thils paper provok:ss any

of these, it will have adequately served 1ts purpose.
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DATA

All figures indicste the totel welghts
for each group. Since 8ll groups consisted of
ten mice, a shift of ths decimal point one in-
teger to the left glves the average welght per
mouse. As mice died the welghts were divided
by the totai number of survivors in each group
and multiplied by 10, giving a figﬁre wvhich could

6ont1nually be compared to the controls,
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CHAPTER VIII
SULLARY AND COYCLUSIONS

As the literaturs indicates, dlethylstilbesirol
produced a decrsase 1n the amount of food consumed by the
experimental enimala. A corresponding effsct was procduced
on the water consumption, except iIn the rangs of the

minimal effective doses.

Furthermore, the snimals exhibited loss of body
welght at all dosage levels, while ﬁair and integumentary
developmént'showed definite deterioration in direct response
to dosage.,.

The activity of the experimentél enimals wes re-
tarded; whilse the goneral appeerance was indicative of |
merked malnutrition.

On the'other hand, the administration of the thyro-
protein, Protamone, produced an increase in the activity of
the experimental animals and ean incresse in both food and
water consumption. However, the quantity of these increases
were directly proportional to dosege levels only within a
. prescribed range. Beyond thls optimally effective range,
respo;;es were affected by the Laws of Dimlinishing Beturns.

The Protemone-treated enimels also exhibiﬁéa fine

sleek coats in oontrast to the estrogon-treated mice. Also,
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ths body woights of these mice ware increased and the
general appearance and condition of these animals ranged

from normal to enhancer,

From the spparent diamsetrically opposite effects
procuced by dlethylstilbestrol and irotarmone, esch edmin-
istered separstely, it was presumed that given Lorether
there should ba some meaaure of antasgonism produced which
wouigrreflect in the reaponses of the exnerimantal enlmsls,

At first, 1t was gratifying to find that such wes
the case. There dlethylstilbestrol had formsrly produced
svaciation, those mice "fortified" with Protamone with-

stood the deleterious effocts of the dlethylstilbestrol.

However, end this 1s significant, in every case the snirals

80 traeated died within, or shortly after, ths exnerimental

period; while the animals given the estrogen only, had few
fatalities and showed a high percentage of recovery.

The seeming paradox of healthy-eppearing animals
being consistently survived by emaciafed animals, 1is ex-
plained on the following basis:

1. The Protarione achleves 1ts effect via the
thyroild-endocrine system relationships.

- 2. The dlethylstilbestrol achieves 1ts effect
via the ovary-endocrine system relationehips.

3. Therefore, it doas not follow that there
need be a direct antagonism, since each
drug operates via ita own avenues. However,
this does not preclude the possibility of
an indirect antagonism.
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If we assume an indircet antaronism, then
how can we expleln the fact thet enimels
gilven both drujs sheow & radical decreace
in survival ebility?

The fect 1s, thet the animals glvoen both
drugs show e sifmirficent loss of body
weight when dehvdrated; &s compared to
the controla, In other wcrds, much of
the sppsrent "wolght" was simply due to
high water retention.

In addition to the preceding circumstances,
the Protamonc produced an Increase in
rnetnbollic activity which tended to fur-
ther consume &n already starved animsl.

The combination of the foregolng factors
explains the high mortallity in the groups
treated with both drugs. Furthermore,

i1t indicates that there 1s no essential
antagonism betwoeen the two drugs, though
in soms rospects eithar drug may have had
a dominant effect. For example, the
Protanone ssocmed to have a dominant effect
in regard to hair growth, while the di-
athylstilbestrol sseemed to have a dominant
effect in regard to water retention.

This study indicates that the behavior exhibited as

a result of thyrold-estrogen balences 1s a vector of a great

many intere and intra-related responses which rmst be viewed

not en toto; but rather from the standpoint of the artist

who examines the leaves and grass before éketohing the pano-

rama of the forest.
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