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HE IRNIBITORY HORNONE OF THE TESTICLE

IETEOLUCTION

It has been imown for some time that the interstitial cells of the
testicle elaberate a hormone which is necessary in the development of
the secondary sex orgens and characters of the male. This was isclated,
later mede synthetically and is now lmown a3 testosterone. Certain
evidense, which will be developed further on in this th@aia, hag brought
%o light instences in which the presence of thia lipoid soluble hormone
alone, will not explain all the known facts in ihe relationships of the
testioles to other endoorine orpans.

Probably the first reference to the presence of & second hormone
prineiple resident in the testes was made by Hoskins (1L) in 1911, who
stated that an endoorine principle resident in the mele gonads has an
inhibitory effect on the anterior pitultary; the removal of thie prine
ciple or searstion should cause hypertrophy of the pituitary providing
the rest of the ponadal seoretion remains intact.

The purpese of this thesis is to follow the chronologieal develope
ment of the experimental work which makes the existence of 4his testi-
cular secretion tenable, tov review the attempis to isolate and assay
this hormone, snd, specifieally, %o review the published work from the
Laboratory of Pharmeeology of the University of Oregon Fedieal Sehool,
and including recent work not yet publisheds DBrief tribute herein ig
paid Yo Brown-Ssquard for his furndamentel explorations in this rield.
For completeness, mention is made of another testieunlar aubsﬁéna&, hyoe
luronidase, whieh is an aqueous derivative of the renerative apithelivum

of the testis but is not of endocrine pature.



RISTORICAL DEVEIOPMENT OF KNCYWLEDGER OF HCRMCNAL PUNCTION OF THE TBITES
{A TRIBUTE 70 BROWN-SEQUARD'S PICWEER STVDIES)

Drown-Sequard's snnounsemcont in 1889, reperting the effscts of an
agqueocus extraot of the tesliicle on himself, represents the aotual
birthday of Endoorinology es we know it today. Ue proclaimed the
effects as a marked rsjuvonation on himdelf, then 72 years of age, with
such intimecy and enthusiasm that the medioal world began to think along
the line of intsmmal seereiion. In other words, Endocrinclogy begen
with an error in subjective interpretation. We now Imow that his extracts
could not have contained the male hormone (lipoid seluble), the injeotion
of whioch wonld causa gome of the offsete des

Brown~Sequard's report proveked an interesting #cientifiﬁ UPTroars
There were many sclentific and guasi-medionl men who took adventege of
the oprortunity of Brown-Sequard's cleims for their own mste~lal advence-
mont. Elther they accepted this new concept that such extracts would
tause or produse the desired results or, with tongue in cheek, they began
%o use them. Thus treatment with these testicular extracts soon became
widespread. dowever, ther: were those who sooffed and bersted the aubthor
of a new concept in medieinme, forgetiing, in the heat of the moment, the
selentific Integrity of the worker, and his past scientiflo accomplighe
ments. A fow meintained a more mature and caubious aspeot. Some mede an
nonest solentific attempt to correlate Brown-Sequard's resulis with the
potentiality of the extreet. For instence, Dixon (6) used the extrast as
& Lasis for a very selentific pharmacologioml treatise baszed on laboratory
sxporiments. lie found that the aqueons extraed prodused certain effoots
on the blood pressure, myocardial construction, and respiration of the dog,

cat and ;oat. e also found that boiling the sxtract mmllified some of



thege results. DIrom the atandpoint of this thesis, thim work merely
roprosonts an attempt to place Brown-Sequard's work on a secientifie
levels, It is of historic interest onlwv.

However, Dixon migsed the endoorinologicel concept of Browne
Sequard's results entirely. In faot, he did not even mention it.
Later, Stoelwell (57} end Loomis (21), who used the extracts on senile
men, gave some gupport of clinieal nature to the theory as yrbnouaa@d
by Brown-Sequard but were very cauticus in their claims.

Endoerinologists owe a groat deal to BrowneSequsrd. A4t the time
he made his report, while the work of cthers such as that of Claude
Bernard was known, Thomes Addison had desoribed ihe disecse bearing
hia name (1835), Hilton-Fegre had desoribed sporadic cretinism {1871
the Reverdin DBrothers described postoperative myxedema, and Gull had
desoribed myxedema (1873), no single one of these workers gave the
seme impetus to endoerimology. It wes Brom-Sequard's erronecus cone
coption of the efficacy of his aquecus testicular extract, reported and
described in his very pleturesgue way, which opened up the way for the

start of Endocrinology on a scientific basis.
FYALURONIDASE

Recently a factor which increasses the permeability of the skin %o
injeoted flulds has been oblmined from memmalian tasﬁaa by sgqueocus exe
tractions This fanotor came 4o be known at first as the "spreading
factor”. It resides in Lhe germinel epithelium of the testis aud also
has been extracted from spermatosos {13). A sinmilar subsiance hes been
obtained from several other sources such as culture filtrates, extracts

from many spocios of inwvasive bacteria, sneke and spider venoma, and



leeches. Since these "spresding factors” are elogely asgociated, if not
identieal, with a group of ensymes that hydrolize th@'hyalar@nia nold of
the gynovial fluid, vitreous humer and skin, they are called hynlureni-
daged.

Bvidence has been found that the hyaluronidage activity of gsemen is
of testicular origin, and, also that the gel surrounding the mnmwnliaﬁ
ovum in the Falloplan Tubes contains hyaluronic mecid {(31),

The question of why nature requires the preduction of enormous nume
bers of aperm oslls for the fertilizetion of e single mammalian ovum
has alweys been of intersst. The fact that reduction of sperm cells to
below GO million per ocubie centimeter rapidly leads to infertility of
the individual hag been somewhet of o mystery. Cortainly, it would seem
that even a low count of 40 million gpermatozon per cuble centimoter
appears too large a number to miss fertilization of the ovum continusug~
ly, when considered statistically on the basis of numerical hits and
misses. Apparently, it must be assumed that each gperm cell vontributes
something that aids in the fortilizetion process, and thal. s certain num-
ber of sperm must be presont io srovide a sufficlency of this substence.
Thia substance could well be hyaluronidase, serving the function of ligui-
fying the hyaluronic gel which surrounds the ovums HeClean and foewlands
{31) have demonstrated this for rat ove, and Fekete and Duran-Reynals (18)
ghowed this for mice ova, The clinicel applicetion of this concept and
these observetions for the treatment of infertility would be tremendous.
Kurgrok and his group (17, 20) have done some work along this line which
is promising, but requires further substantiation. The suthor of this
thesis is also interested in this phase of the prohlem,

Although hyaluronidase is derived from an aqueous ontract of the



germinal eplthelium of the testicle or the sperm cell, ez iy also the
second or the inkibitory hormome of the testicle, ne fumctionmal cone

nection between the two hasg been noted to datv.

TG YNEIBITORY BORMONE OF THE TRSTICLR

i, Theorsticel Considerations Supporiing Its Existence, -

The concept of & $$@Ondth?MQﬁ6 in the %testicle wos postulaeted
from the observation that the lipoid soluble hormone [testostercns)
derived from the interstitial cells did not fulfill or answer all the
findings of gonndel relationship and gonsd - hypophyseal relaticnship.
To logieally and chromologlonlly dewelop the thesis of the presence of
& second hormone it iz necessary io firsd rovise the Basic wor
literature from three standpoints: (1) The effeet of castration, (2)

The effect of omstration in parabiotie animals and {3) The effect of
destruction of the germinal epithelium of the testicle, elther dy z-ray,
eryptorehidiam, or by pressure atrophy from was ligation.

as Castration Effects.~ The investigations of Steinach (55) and

Hoore (LL) established that the main effect noted after castration of
the male rat was the degensration or atrophy of the seminal vesiclos
and the prostete gland. These castretion effeots wore later used ag a
method of masay for the androgen hormone {testostorons) by ¥oore, Price,
Gallagher, and Koch (L5, 16, & L7).

Experinental studies have shown that gonadectonmy in both sexes
leads to hypertrophy of the anterior pituitary, This may be chserved
both histologieally and in changes in the physioclogieal funotion of the
animals Histologieally, thera is an increase in the size and number of

basophile cells, which under; o wacuclisation and development of signet
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ring or "eastration cells". The incresse in physiclogloal funetion ean
be shown by implantation of such altered hypophyses into normal Limature
animals or by parabiosis siudies on gonadectomized rats snd mice united
with marmai enimalg. The chenge in the goneds of the normal partner,
and of the sesondery sex organs of these animals is very definite.
Fichera (10) found thot castration in the rooater and other snimals pro-
duced hypertrophy of the anterior pituitary. Biedl (2) noted this exper-
imémﬁally and in addition swmariged the literature on this subiect.
Lehmann {13) and Svans and Simpson {7) alme satablished thisg point be-
yond reasonable doubts

Further experiments of this type lend to a signifiecant discovery.
Lelmann (19) injected a water soluhle tes‘icular hormons into sastrated
rats and prevented the usual expected histologionl chenges in the pituil-
tary glend. This was the first direot experimental evidenos that there
is an inhibitory hormone in the testicle. This extract aid not prevent
atrophy of the secondery sex orgams of the sastrate animal.

be Parabiosis Experinenty. -

Considerable information as to the interaction and gecretory effects
of the endocrine glands may be learned by Jolning two animels, such as
rats, together in perabiosis, This may be accomplishod by surgically
suturing the incised skin down one side of the animel to the other amd by
keeping the animals in this epposition until healing takes plave. This
allows an intermingling and conjoint cireulation of the tissue juices of
the two animels although no direct contaet exists hetwoen the individual
cireulatory system of either animal.

In 1921, Vatsuysma (L2) showed that when a castrated fomale rat was

Joined in paradiosis with & normel female rot, hypertrophy of the ovaries
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end uterus of the normal rat resulted. This was confirmed by Yatsu (8l),
and by Goto (12). In 1929, Fellas (16) found thot when & castrete infante
ile rat leither sex) was Joined in parsbiosis with a normal infantile rat,
signg of prescolous sexusl maturity appesred iz the normal éaﬁ« e alse
obtained the same effect by injesting blood from an infantile castrate vat
into & normal rat (infantile) (16). Sowe vears later, Fels {19) repeated
the same experiment and found similar results. Fels aseribed these re-
sults to the physinlogieal overactivity of the anterior pituitery pland of
the castrate animal, I{ must be remembered that when ¥els did his work,
he had the edvantage of the fundamental discoverios of Zondek and Ascheim
{65) and Smith and Bugle {(56).

In 1930, Yerting (37) noted that in & parablotic pair of animals the
aocesaory sex orpang of the ecastraied snimal atrophied, whereas the same
organs im the normal partner Lypertropiied, He alse found that animals
with a oryptorchid testicle showed en incresse in Leydig cells end normal
accessory gex organg. In 1930, Martins and Rocha {39) used infaniile rats
to demonstrate that they could prevent anterior plsuitery hypertrophy when
they injected testiocular mush or saline extracts of the testicle into the
castrated male partner of a parablotic union with elther a mele or femnle
sormel pariner. This wae shown by the luock of precocious maiurlty in the
norral partner. Thege anthors repeated this work in 1931 {L0) and cone
eluded that there was & horuone in the testicle wiich Inhibits the antew
rior pitultary, that this hormone is pregent im the infantile testis, end
that this hormone wes nct the game as the androgenic, lipoid soluble hore
mone, zince its injectlon did not prevent the atrophy of the secondary
gox orgeng of the eastrated partner. In 1931, they again repeated the

work end concluded that the hormone whioch regulates the developmont of the
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secondary sex organs is different then that which regulatos the antericr
hypophysis. Lower end Hicken (26) confirmed thig work guggesting that
the irternal seoretion of the anterior pitultary of the castrated parte
ner caused hypertrophy of the sex orgens of the mormal partuner.

MeCullagh and Walsh (3L) found that the hyperfunction of the ante-
rior pituitary in the dastrated partner of a parabiotic pair could be
inhibited by s lipin soluble male hormone concentrate, and also by a
testis mush, but that much more lipin material was required to produce
this effect than testis mush. Furthernore, the lipin concentrste rew
generated the seminal vesicles and prostate in the casirate anixzal, but
the testis mush had no auch effeoct,

»

& using parabiolic enimals showed thet the

2

the previonz sxnerime
horumone which regulates the anterior pituitery is not the ssne hormone
which is responsibdle for the maintenance of the secondary sem organg.

¢» Destruction of the Germinal Epith;lium, -

Bines it haus been postulated that the inhibitory hormane of the
teatis iy formed in the perminal epithelium, another approsmch to ths
problem of establishing its identity would be the removel of ita acuree
in the experimental snimal and studying the effecis of‘;ubsﬁitutian
therapy with water soluble testicular extraets obtained from othor
animals. Various technics have been devised, such as ligation or irrge
distion, to produce s aselective atrophy of the germinal epithelial sells
of the testis. Only a few references will be made +o point out {he
pogsible presence of a hormone in the testicle which is inhibitory to
the anterior pituitary but whiech does net control the activity and growth
of the secondary sex organs. Ancel and Bouin (1) used rabbits to cause

degonsratisn of the seminal enithelium by ligature and resecticn of the



duclus deferenss They noted that this procedure caused no éhange in the
leydig cells. lassaglia (!11) repested the work of Ancel and Bouin, but
uged the rooster lustead of the rab-it. He ligated the ductus delerens
and produced atréyhy‘of the seminal epithelium without loss of sccondary
mele gex characters, He then removed the entire testicle and noted hy«-
peritrophy of the antericr piituitery. However, he missed the signifi-
canoe of the lack of seoundary sex organ atrophy and snierior pltuitary
hypertrophy until after the entirc testicle was removed. Hottram and
Cramer (48) studied the effect of irradistion on the rat testicle and
obaerved that the tubular elements underwent degeneration while inter-
stitial elements remained normsl. Also, chanpges ooccurred in the snte-
rior pltuitary gland which simulated those seen in sssivelisn but no
airophy of secondery sex plands osccurred. They concluded that ome testie
cular mechanism controls the pitultary gland, while snother is respune
gible for the maintenance of the zeoondary sex glands.

Gvang and Simpson (7) noted that the changes which tete place in the
testes in cryptorchidism are the same as those which follow Roentpen irra-
diation. These are cluracterized mainly by a repid degeneration of tubu«
lar elements during the first month, whereas the interstitial cells pere
sigt for a considerable periods. Then, following destruction of the tubue
lar elements, definite changes ocecur in the pituitary gland, identiecal
with those ocecurring in castration, In other words, the eryptorehid
tostes elaborates encugh male hormone 4o maintaln the secondary sex orge
ong, but the mechanism which controls the pltuitary has failed. Witschi,
Levine, and W1l ({3) showed that when a mele rat, which has bLsen steri-
lised hy'x~fay one month previously, is joined in parabiosis with a normal

Peunale rat, there is continuous estrus in the vormal rat. In spite of
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thla over activity of the anterior pltuitary, the testes of the steri-
© lized ret becomes 257 heavier and the acgeggory sex organg are distinot-
ly enlarged, Since it is apparent that the pituitary became more active
because of tho destrustion of the perminal cells, the conclusion is thet
& Yesiis factor which controls the enterior pituitary resides in the
germinal opithelium, and not in the interstitial tissue.

dartins (38) ligaved the internal spermatic artery snd caused degen~
eration of the semiﬁnl epithelium. Heo stated that the interstitisl cells
hyportrophied, but the anterior hypophysis presented the same appeerance
as following cmstration. NHis conclusion was that the germinal epithelium

must elaborate sowe hormone, the lack of which causes ihe chisnges in the

Johnston (15) irradiated rat testes and destroyed the tubular ele-
menige Prostatie hypertrophy resulted in some ihstances, presumably hee
cause of the inoreased ectivity of the anterior pitultary of the rat.

In 1932, MeCullagh (32) came te the conelusion that the testicle
slaborates two factors, one cslled sndrotin which maintaing the secondary
'sax organs of oastraied rates but which will not prevent hypertrophy of
the anterior pituitary of the canstrated rat, and a second hormone which
has no influence on the secondary sex organs of the castrated rat but
whieh will provent hypertrophy of the anterior pituitery. The name of
Tinhibin® was piven to the secend of these hornones. &cﬁﬁllagh also pro=
poesd the comcept of ths dual endocrine functicﬁ ef the fosticle nz =
cause of prostatie hyperirophy.

The sugrestion of the dual andeérinﬁ function of the tsstes wags
enlarged by Lower (22). Briefly, the theory of this conveption is that

sengsocnoe produces depenerative chenpes in the perninal epithelium snd
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retardation of spormatogenesis., Then, in such case, "inhibin” elaborst-
od by these cells would be decremsed and, with the removsl of the
"uhibin® effect on the anterior pi%uiﬁa?y, this orpen bsoomes hyper—
trophied. In turn the overactivity of the hypertrophied pituliary
stimulates the intersiitial colls of the testicle te elaborate more 1i-
pold scluble male hormone. This leads to prostatic hypertrophy.

ileCullagh (33) and Lower, HoCullagh, and Walsh {29) further brought
out these points ebout the presence of the inhihitory hormone of the
testicle, resident in the permiral epitheliwm, and its rale>in the pro-
dustion of prostatic hypertrophy.

CRITICISM OF THE TESORY OF THR INWIBITORY DORMONE CP THR TESTICLE

e HN (o 3 AW Lmivela A W dasld L Lad

2« Role of Hstrogen in the Male. -

Fot all workers accept the theory that am inhibditory hormone is
found in the testis. Nelson (52) and Nelson and Gallagher (53) are of
the belief "that it is not necessary to hypothecate™ another male hor=
mous for pltultary control sinse sullicient sstrogen is present in the
male Yo exert an inhibitory effect on the pitultary of the castrate rate.
They feel that the biologisal role of satropen in the male, conbined
with androgenic subgtances, is suffieient to mecoount for the natural
eontrol of the anterior pituitary hody. However, the statement ebove in
- guotes {teken from Xoch's review, 1537) is not acceptadle in view of the
facte. SBimllarly, Tormblom (50} ceme 4o the conelusion that there is an
inhibitory hormone in the 4ssticle, that it is resident In the rerminal
epithelium, but thet it is estropgenie in nature. ¥hile it is well knowa
hat estrogen is present in the testicle, and thai estrogon is inhibhitory

to the anterior pltultary, there is no proof thet Tornblom's results were



based on an estrogenic hormons derived from the germinal epithelium.

b. Exporiments Falling to Show Inhibitory Effect,

Rubin (G4} fed normal mele rats s dessicated dull testes meterial
and alsc ﬁaeﬁ & sodium sulfate prscipiteted squeocus extract of the
testicle for Injection. Neither of these testioular preparations
caused any effect on the testicle or secondary sex organs. Om the
basis of this experiment Rubin found the whole theory of "inhibin® un-
tenable. e believed the good results of others o be due Yo changes
in nutrition. A similer criticism has been volced by Yoore (L3),

Nelson (51) has nlso shown that 4f oryptorchids are observed long
enough, other siructures such as the seminul vesieles end prostete
gland show eastration effﬂﬂ%é; Pg pointed oud thet whils ihe pitul-
tary was the most sensitive to charges in mele hormone coneeuntration,
the seminal veaicles and the prostate con be meintained st lower levels
of male hormone consentration. Therefore, in oryplorehidism chanpes in

the pltuitary are noted first.
CLINICAL APPLICATION OF THE “INHIBIN™ TUBORY

1% ia perhapa regrel able thet olinical considerations should be
entertained before the lnhibitory hormone had beon definitely isolated,
proven, and assaysds A comparison could be drawn, without nuch diffie
culty between the Brawu»éaquarﬁ episode and the progsent ons, Without a
wethod of assay, control is impossible and without isclation of the
hormone fhere is no mothod of assay. Furthermore, the elinical conditions
involved sre of themselves diffioult to control.

Lower, ingle, end MeCullagh (25) treated 0 patients with orostatic

hypertrophy by feeding them G0 grams of dried fresh testes daily for
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three months. This wes based on the work done by Myoers, Vidgoff, and
Hunter (L©) to be discissed beolow. They considered 65 of thase to be
improved, judged on the disappesrance of ayuptoms, although there was
ne reduction in the sige of the enlarged prostate. Later, Lower {23)
added 36 more similarly treated cnses to the above seriss and claimed
shat of the total of 76 emses treated, L6 showed improvement Judged by
disappearance of symptoms. The patients also reported & feeling of
well being. le mentioned that the group which ghowed improvement, per-
haps would heve improved without any treatment. If so, then too many
oages were being operated on. I have no brief with him on that point.
In 1936, Lower and MeCullagh {27) reviewed these 76 oases. In 1037,
lower (2L) rerorted a total of 151 cases of prosistie hypertrophy with
79% of the patients experiencing relicf from symptoms. Tn 1940, Lower
and MeCullagh retold the same suory (28)s Also in 1900, Lower,
Sohlumberger, and Ferguson {30) gave a collective review of Lhe pro=-
state problem and ite hormonal control. MoComd and Pesrse (36) treated
17 patients with "inhibin", finding that 7 improved, elthough there was
no change in the size of the prostate,

Eutsoher (18) used a non-gndrogenic extract of bull testes which
contained "sipnificant amounts of inhibin” in Pour pationta. One had
6 Zunuchoidism and pitultery tusor, and the other three had fundic
changes and impaired vision. These coses were treated from 17 months
to 24 years. The report states that visual aculty improved, fundic
chenges cloared up to greater or lesser degree and derk adaptation re-
turned to normal. Emboldened by these regulta, he trested three other
oages; lustle atrophy of optie nerve, 5ptic atrophy associated with

pltultary tumor, and retinitis pigmentoss. These eases alsc inproved.
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It &g a little diffieult o visvalire why the extraat was ugsed for
these conditions in the first place, and it is more difficult to
visualize why the extract should produce the resulte reported in
these Lypes ol cases,

Beoloman (3) wnd Cassner (11} reporied on the use of the inhibitory
hormone extracts {aquecus extracts) on mammary cencer of the bitch.
According to both reports the effescts were quite considerable, resulie

ing In & reduction in sisze and vascularization of the cancer.



WORK DOEE AT UNIVERSITY OF OREOON

In 1850, I becane interested in the agqueous inhibitory hormone of
the testicle with Dr, Varold B. lyers, the lute Professor of Pharme-
eologys Qur first attempte were with feeding experimaaiag‘ FHorual rats
were fod deossicptod beef testis material for a pericd of 4ime wvarving
from €5 to 117 days. The amount [lven was 0.2 gram daily for five days
per wesk, In 1933, Myers, Vidgoff and Hunter (L9) reported that the
testes, prostate, and seminel vesicles of norual mele rats so trested
were groasly, oconglderably smaller than in the conirol animels. The

atrophic appoarance of the sex glande was most striking in those
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longest perioed of times.

Mistelegleally, the prostate and seminal vesicles of the experi-
mentel anismsls showed evidence of parenchymal rodustion with all the
characteristics of simples atrophy. The testiisles of the experimental
aninmals showed asperwla and evidence of deg@ﬂerafisa of the spermatic
cell, and the primary spermatocytes as well. The interstitial cells
shiowed no recognizuble change.

In 1936, Vyers, Vidgoff, Schade, and Yunter (50) reported susch
Teedings on 1l animale end found the seme findings as rogards the pro=-
gtate, semlinal vesicles, and btesilicles cf the normal rats fed the heaf
tesils material (Pig. I).

In 1938, Vidgef?, Vehrs, and Hill {52) made a orude extract of
beef tostea by extracting with alcohel, and then remeving the fat
soluble materials with bongene. The agueous layor was ovaporsted and

the residue taken up in propylese glyeol. EBach cubic centimeter of
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the final solutlon was equal %o 25 prams of the fresh testes meterisl.
Normal male rate were given 1 ce. of this golution subeutevecusly dslly
for three wooks, and then sacrificed. MNo gross changes could be made
oud, dut thers wus definite evidenee of mieroscopio alterations in the
gex oryang of the mele rats which received the extract. Tho normal
eontrol and the "propylene™ control showed no such effeots.

In an effort to furiher isolate the inhibitory hormone of the
testicle in more potent solution, Vidgoff, Will, Vehrs, and Kubin (60),
made an extraoct according %o & modificetion of & method sugreated by
Doutsch, Zggleton, snd Eggleton (5). By this method, proteins sre PrGw
cipitated with sodium sulfete, and at the ssme time the material ig
concentrated. The method of preparation was as follows:

Frogzen bull testes were obtalned from the packing house, The
tunics were removed, the pulp cut into small picces, and then ground in
e moat ohoppers The resultent mash was then warmed to 329C., and 1/3
i%s welght of anhydrous sodium sulfate was added. The mixiure was
stirred frequently for five hours at this tempersture. It wag then
pregsed through muslin by hend. The thick juice obtained was Piltered
under suction through an sabestos mat, Throughout thiz procedure the
temperature was kept at 32°C., or a little better to provent erystalli-
gation of the sodiun sulfate, The slear filtrate was then cocled te
0°C., and the deonhydrate erystels of sodium sulfate wore removed. The
filtrate was then extracted with benszens. The agueous fractlon was con-
centrated se that eseh cc. represented 25 prams of the originel mesh.
The final solution algo conbained L7 sodiue sulfate.

The results reported in this series of papers (50, 60, 61) were of

three series of experimentel animals, A fourth series of anivels wag
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injected with an extract from whieh the remaining 47 sodimm sulfate was
precipitated with sloohol. The results showed that the active vrin-
eiple bad been losts Since a group of five animals was given Ll sodium
sulfate subocutanecusly for Pour to five weeks and showed no changes,
the sulfete was not removed from ihe other series. White adult male
rabs, Se6 months old, wore chosen for the experiments, Injections were
glven daily for m period of 20 days. The results of this work showed
the following: (1) The fox organs ¢f the experimental animals were
reduced in size and weights (2) The prostatic lobes ahowed more
chenges than the other orgars. Their weight was reduced 1/3 to 1/2 of
the controls (3) The seminal vesicles were smaller and had less cole
loide (L) The testicles of +he experimental animels showsd a songls-
vert loss of weight. (5) Histologieal chenges in the prostate end
sominel vesicles wore atrophic and degenerative in nature, and simulated
the chenpges seon in eastrade rots. (6} The histologieal changeﬁ in the
testicle were atrophic and cegenorative in pature and showed arrest of
spermatogenesis, These changes were wery similar to those seen in the
hypophysectomized rat. (7) The pituitery pland of the experimental
snlmals wes decreasod in welght. Histologioally there was vacuwolization
and signet ring formation in the bagophile cellss (9) The adrenals
showed an increase in weight and hypertrophy of the fageiculate and rew
tieular layer. These Firdings are illustrated in FPigures II to VI.
Aeooording to MoCullagh and Schneider {35) this extract proved more
effective in depressing the eatrus oycle of the white adult female rat

than eny employed up te that time,
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EEW EXPERIMENTAL WORK

The above published results showed the effects of the scdium gule
fate precipitated, aqueous extraet of the testicle on the sex organs,
pitultary, adrenal, end thyroid of the intamot mals rat. For the past
yeer experiments were directed to show the effost of the oxtract directw
iy on the pituitary, in order 4o accunnlate further experimental proof
and %o definitely define the nature of the inkibitory effect on the an=-
terior pituitarys. In order to definitely classify the extract as a
specific and separate hormone, whieh has an inhibitory effeet on the
anterior pitultery, the followiny eriteris were decided upon ag
neosssary:

1. The exiraet must prevent the physiologlieal hyper-funchbion of
the amﬁag%er pituliary which ocours in the castrate animal,

2. It must be pon-androgenic.

3« It must be non-estrogénic.

The last two criteria were fél% to be necessnry since those who
eriticized the entire concept o the inhibitory hormome, bused their
eriticlem not on the results mentioned herstofore, but that thess re-
sults could be obtained by the presence of eithor androgen or estrogen
in the extract.

Two sebs of experiments were decided upon to fulfill these criterisa.
In one set, which would satisfy criteries 1 and 2, the castrated male rab
preparation wes used, testing the physiclogleal function of the pitui-
taries of these animals by injoeting e suspsnsion of the pltuitary inte
the immature female rot. Wormally, the immeture female rat of 23 to 25

days of age presents the following characteristics; the vagine i3 closed,



the ovaries weigh about & mgm,, and show no evidence of follicles, the
uterus is pale, avaseular, with no fluld and weigh about 10 mgme When
the pltultery glend of a male ret, that has beon custrated 21 deys pre-

viously, is injechbed into such an immature femsle rat, the offect is

one of precoceicus maturity. That is, the vwagcing is agsme&, the ovaries
begowe injected, have follicles end sorpora, and inecrease greatly in
welghty the uterus hecomes very wmasular, inoreases preatly in weight
and gsize end is £illed with fluide This precocious puberiy denctes an
inerease in oubput of the pitultery gonadotropie faector, or &gperfune—
tion of the piluitary.

The mevhod wes as follows. Vhite rets of the Sprague-Devwley
strain wore used., The rate were adult, warying from five o eight
wonths in age. It would be well to mentlon here that particulur atten-
tion was rald to the nutritioual needs of these animmls, sinece one of
the oriticiems of this work was that our resulte could be obiained dy a
nutritional deflciency in ihe anlmals.

A series of mle rots was castrated and injections of the égéium
sulfate preeipitated aquecus extraet of the testicle were started the
next day, and continued daily fer 21 days. In one series a comierelal
aguoosus exiracs, Androsiine A (Giba Company), was injected imstend of

the aadiun‘sulfa%a pregipitated extract which wag =ade in the laboratory.
A% the end of 21 days, the animals were sacrificed., The pituitery glend,
progstote gland, seminal wvesicles, and adrenals wore woighed and the gross
appeerance noted, as compared with the controls. The pituitery gland was
then ground up and sudponded in 3 co of saline, Thiz suspenaion was

then injected inte immeture female rate, 23 to 25 daye of age, twice



daily for three days. At the end of that time, the condition of the
vapine was noted, aﬁd the ovaries end uterus emmmined end welghed.

An examination of Table I, which im a typical control series,

nows the effect of castration on the prostate and seminel wesicles hy
welght. There is & gross atrophy of these organs, which is very marke
ed in the threc week castrate. The injection of the pituitary of ‘these
castrates into the immature femmle resulted in o very merked "meturity®
reaction as shown by the increase in weight, and appearance with folli=
cles and corpora in the ovary; increased vascularity, increased welpht,
and fluld in the uterus, end the cpen verina.

Table II shows en example series done in the same way as the contrel
series with the exception that the eastrated anime} wesolved 11 eé
Androstine A daily for 21 deys beginning the dey after castration. From
the gross picture and the results it can be seen thet the @iaﬁuré is
'axneﬁly the seme ag that found in the control series, within experimental
limlés of error.

Table III is & resume of a typical sories of animels injected with
our own sodium sulfate precipltated extrset, 1 ce twiee daily, ét&r@e&
the day after cestration of the mele rat end comtinued for 21 days. As
osn be sesn from the protocols, we had difficulty with {he goneral health
of these animsls, In spite of this, the 21 day mele csstrates demonstra=
ted the expescted strophy of the secondary §ex organg, and their pituitar-
iés caused & marked maturiby resction when injected into the immature
famalese Because of the illness of the animels the welghts were not rew
corded.

Table IV is included to show a representative group of animals in

which the pituitaries of the castrate male rats were titrated down to
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507 and 257% of their weights befere injection into the lmmsture fomale
test animals, The resulds in general were the same; the marked preco-

ciocus puberty developed even after the dose of the pitultary gland
was cub down. A finding on Teble IV, and repested in other arnimals,
which I cannot explain, is that the immature femsle rats which receive
od smaller titrations of the pltultary tended to show & greater maturi-
ty response than the test snimals which received greater doses. This
finding was also noted by Gasswer at Fort Collins, Colorads {Personal
comaaniocation).

The second experiment waz dome to setisfy coriterion number ihree,
or to show that the extract was non estrogenics Thite eduli female
ratg were injocted with our extract for five sonseeutive days. The
vaginal smear was followed before, during, and after injestion twice
daily for some time. Betrus ceccurs in the adult female white rat
every fowr or five days. This cen be determinmed by the microscopis
picture of the smear, teken from the vapgine by means of & swab. Any
inhibition of the gonadotropie facter of the pituitary gland shouléd
delay the eppearance of estrus or cause its disappearance. As & test
for the inhibitory hormome of the testicle, this procedure i@&vas much
%o be desired because other factors will csuse such deley in the estrus,
However, for the purpose of demomstrating the absenoce of estrogenic
effect, the experiment lends itself io our cause. The presence of
estrin should cause an inecrease or the appearance of more or less cone
tinuous estrus. Table V shows a prolenged sxperiment. It can he seen
thet in some cases there was & delay in the estrus (¢ designated as X)

but in no case was there any incrsese in estrus,



SUNMAEY

The results of this year's work disturbed us, st first. It was
felt, ae o result of the work, that there was adequate proof thut the
extract was non-androgenie and non-egirogonic. However, the smme ox—
traot whieh caused suﬁh!ﬂidaapread changes in the intact male rat,
failed to show any inhibition of the pituitary, which should ceuse
the chenges in the sex orgens. This was shown by the hyperfunction of
the pituitary of the castrate male rat. Gassner (personal edmmunieac
tion) found this same situation, using a differeut approach to the pro-
blem. It is folt now that the testicle, or some system in the test=
icle, must be present before the inhibitory horméne of the testicle
can be effective. Gasener's work also demonstruted that this sube
stance iz not testosterone. Toakine (1h) intimated thet this would be
the cmse in his statement mentioned in the early part of this thesis.
In further experimental work this possibility is to de invéstigated.

It is alse contemplated to renew efforts to isclate the hormone.
A new approach has been developed for extraction. The poasibility
thet the hormone may be present in some other fraction of the testiocle
than the aqueous portion is Yo be thought of. There is some evidence,
perhaps, that the phospholipinme shouid be invnatigatéd {Eogh -~ letier
goen by the author).

Since the onget of this work, it has been difficult o eonvince
workers thet the concept developed in this thcsig,vth&t'there isa
bormone in the testicle other than androgen or agtroger. which has
marked inhibitory effeot on the pltuitary, iz a walid one. MNost of

the criticism has been more or less non exvarimental theorizing.



¥hat experimentel work has beeu done, in the effort to disprove the
conoept, has been very [limsy. From the incressed efforts by more
workers today, and especially the recapitulation of some of the nen
who were loudest in thelr disapprovel, it beoomes evident that this

field of work will be widened.



PICURE I

In the figure are shown seotion of testes at
oqual magniication (X32) taken from litter
mate rats, 4, control, B, fed beef testin as
described. These sections were chosed as rep~
resantative of the changes observed in the 2
groups. Representative seciions of prostate
glands from C, control, snd D, an esperimental
animal, at equal megnification { X70} ave re-
prodused, also contrasts found in the seminal vesicles
of the 2 growps, each magnified X 70, are shown
dn Eand ¥,

(Reprinted from ENDOCRINOLOGY, 201389, 1996
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FIGURE II

Pig. 1. Anteriod view of gonital tract of rat.
Control rat 74, weight 196 gm,; experimental
rat 63, welght 194 gm. recedived 1 co daily
suboutansous injection of the extract for 36
days.

Fig. Bs Anterior view of genital tract of rat.
Contrel rut 67, weight 268 gm.j; experimental
rat 88, weight 280 gm. veseived )} os daily
subsutaneous injection ef the extract for 30
days

{ Reprinted from ENDOCRINOLOGY , 255391, 1939 }
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FIGURE 11X

FPige. 1. Fhotomicrograpy of normal rat prostate

Pig. 2« Prostate of litter mate which reseived
oxtrant,

Pig. S Seminal vesicle of sontrol (m animal
as x;go ‘J

Plg. 4. Sominal vesicle of experimenjal animal
{same as fig. 2

All magnifications X 84

{ Reprinted from ENDOCRINOLOSY, 25:568, 1939 )
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FIGURE IV

Pig. 6, Fhotomiorograph of mormal wat testicle
{same animal ae fig. 1,5, in FIGURE III)

Fig. 7. Tosticle of experimental rat showing
second stage changes (same animal as fig,
2,4, in FICURE IIT )

Pig. 9. Testicle showing third stage changes in
the experimental rat

Magnifioation X 72,
Pig. 6,8, 10, Higher magnification of the above figures

each one correspomiing to the figure on the
lefs, { X 172 )

(Reprinted from EWDOCRINCIOGY, 251568, 1939 )
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FIGURE ¥

Fig. 3. Section of anterior pituitary of ex~
perimental rat showing vacuolated cells
{ X 288 ),

Fig. 4+ Contrel adremal | X BO)

Fig.5, Experimental adrenal showing hypertrophy
of the cortex { X 80 )

Pig. 6. Control adrenal showing cells of the
s, fascionleta { X 205 )

Fig.7. Experimental adrenal showing hypertrophy
of the cells of the 2, fasciculate (X £0B)

(Reprinted from ENDOCRIBOLOGY, 2631856, 1940)
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FIGURE VI

Fig. 1. Section of gontrol thyroid
Pig. 2. Section of thyreid of rat which

reeeived loe of extract daily for
30 deys {X67)

{Reprinted from HENDOCRINOLOGY, 261656, 1940)
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TABL

w

X

CONTROL SERIES OF CASTRATE MALE RATS

U Vs 7 Wis o0, WI,
RAT RAT - MEH PITUI- TPROS- B8Hi. ATEE- NESULDE o PITNITARY  COEDITION « ACCRSS-
RAT BEGIN. ®D DORA= TARY TATE VES. NALS INJBCTION INTO IH- ORY 88X CRGANS -
HO. GMs,  ous, IOy jiiz: H0M. HGH, NGH. HATURE FEMALR RAT CONDITION OF ANTMAL
3 320 330 3 wesks 10 o3 185 36 Mied Atrophied
2 230 8 = * 16 70 150 L1 Vagine opened - o
Cwaries 27 mgm.
Follioles -
Tterus 92 mpm. -
Ho fluid,
3 30 R * = 18 51 g 43  Vagina opened - =
Ovaries 55 mgm.
sorporahemorrharicum -
Uberus 93 mgm.
L 250 o " ® il 67 132 ki Vapina opened - b
Uvaries 108 wem, -
Follicles =
Uterus 92 mgm.
5 268 500 * =» 10 38 3 33 Yarina opened - ®

Cwvaries 31 mrm. -
Foillelas =
Tterus 1% mgm. -
Fluid




TABLE II

AUDROSTINE “"A" OF CASTRATED MALE RAT

Vi.  Wi. BiPERI- Wi,  Vils ¥®Ts Wie
RAT BAT  MERT PITUI~ PROS~ SEM. ADRE~ RESULTS - PITIITARY COFDITION -« ACCESS-
RAT BEGIE END DURA- TARY TATE VBS, NALS  INJECTICH IETO IM- CRY SEX ORGANS =
BO. £BMS, GHS. TION VOM. MGM. MGH, u0K. HATURS WALE RAT CORDITION - ARIMAL
1 300 31 1} eo. sn- 285 127 210 sl Overies © mgm. Atrophied
drostine "A" ¥o Follicles ~
Baily - 21 . Uterus not enlerpged.
days.
2 25 2090 *” 12 59 1@ 5%  Vagine open. »
Ovaries 54 mgu. ©
follicle formation.
Uterus 126 mgm. -
Vagcular © mush fluid.
3 3o 390 " 11 60 iUs 57 Vagine open. ol
Ovaries 72 ngm, -
Follicles
Uterus 65 mgm.
4y 250 338 " 27 10 156 173 49  Vagina open. "
days Owaries S, mpm. -
. Folliclas
Tterus - 145 mgme ©
5 264 350 ’ 28 10 62 212 LB  Vargina opem. _ =
days Cvarics 23 mgm. ¢

Follieles =
Uterus 150 mgm. ¢
fluid,
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TADLE 11X

mﬁ.ﬁmm EXTRACT OF CABTRATED MALRE RAT

Wi, Wi, BEXPANI- Wi.  Wie Wl. Wl.  RESULIS - PITUITAIY  CORLITICH = ACCRES-
RAT RAY  WENT PITUI- FROS- SBM. ANIRE- INJSCTION IUTO IV CRY SEX ORGANS -
RAT BEGIW. ERD. DITRA- ‘ TARY TATE VES. NALS MATURE RaT. CONDITION - AWIMAL
RC. &GS, (¥%8. TION KGM. BN, HeM, ¥GH.
Harked meturity re-
1 155 188 1 ce. Ext. 10 120 iMsm Ly action on owaries Ltrophied.
Bal.Dis MWM.WHM and wlerus.
2 33 322 1 eo. Ext. - - - - o change. Yo change - 3 days
B.I.Ds 3 days | died.
Harked maturity re-
3 250 240 1 co. Ext, 11 115 156 L8 asction on ovaries Atrophied.
Belelle 21 mwﬁ%wﬂ ) and uterus.
L 308 274 " 10 125 160 50 . -
| Afrophied - Kight
5 14y 138 - 9 120 o  Lb ® lung conaolidsted.
6 300 208 & 1 days 11 130 155 L7 - Atrophied.
7 210 228 " 2l days 11 80 120 Lh e "
Right lung - white no=
8 312 308 . 21 days 12 100 130 L7 » Atrophied -  dules.
9 184 160 < 21 days 10 80 100 L5 " Atrophied.
Atrophied = Rt. lower
10 188 176 4 21 cays 10 85 110 L5 " lobe lumg consolidated.
Left lung cousolidated.
11 356 248 " 16 days 12 ? ¥ 50 - large eneapsulated mass

in pelvis,
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TABLE IV

Bap80), EXTRACT OF CASTRATED MALE RAT

“Wie Wi, BAPENI= Wl.  WTs WTe WIa PITOITARY ILJECTION
BAT RAT UERT ; PITUI= PROS« 3FM, ADEE~ INTO IIMATURE MALE COVNDITION = SEX ORGANS
RAT BDEBGIN. SED. DiRbe TARY TATE VES., NALS RAT. FRACTIOBIZATION CONDITIUN - OF ANIMAL
0G. QES. FiS. TION NCHM. HGH. MGM. NGM. 509 PIT. 25% PIT.
Heture rew ¥ature ro-
1 288 22, 1 oo. BExt, 11 90 110 43 action, action, Atrophy
Selela 21 days Ovarics & Tterus & REight lung consolidated.
Uterus Qvarios

100 mgme 160 mgme
ature re- Yature ro-

2 2% 200 » 2l days 12 100 130 L5 sction, action, Avrophy
TUterue & Uterug &
Uvarios Ovaries

210 ngm. 375 ngn.

- Hature re-

3 160 158 . 21 days 10 70 W00 L2 actiom, Med Atrophy
Uberug &
Cvarics
150 mgm,
us - Tterus -
L 24 208 ¥ 7Tdays 7 120 150 L0 Siightly swollen snd Atrophy - Died
swollen vosouler Pneumonia.

Ovariea - lic CUwveries -
follicles. follicles.

228 210 " 21 days 10 80 120 W Died Tled Atrophy

5
Mature re-

6 20 180 ¥ i4hdeys 9 130 160 L0 aotion, Died Atvrophy
Uteras &
Cvaries

190 Bgike
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STUDIEC OF VAGINAL CYCLE IN RAT
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