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REQULATION OF PITUITARY GOUADOPROMIIC SEQRETION: IEBIBITION BY
LUTROORN OR {MACTIVATION BY TR OVARYEST

The concept thet the normel level of eireulating estrogen Lshibits
pituitary guandotrophie seorstion has resmained unehallenged long enough
to bave bocoms the traditionaily sccepted explanation feé econtrol of
the ovarisn-pituitary axle. It 13 tavoked to eiplain the ries of gened.
otrophias following ovarien extirpstion. It is also inveked to explais
that the effect of administering sstrogens {s o sappraes pitultary
&nsdotpoohic seevetion.

This view wna qoestioned in 1938 by Lansen, Heller mnd Sevring-
hems 1 upon finding What Aestradiol siministersd in mederate doses 434
not provent the postesastrstion riew of muaotmpm.m in rats. Soen
after 18 was found that dosse of ssbrogen sufficlent to slleviate meno-
pmmsal symptost and to restors ths v@iml and endomeirial histologlaesl
sppeaarange to mommal 413 so$ lowsy the post-menopaussl rise of urinary
gonadotrophing in wonen.® The fellure of phyeisloglosl awounts of es-
Srogem 8o supprese gonadetrophins was confimmed in castrated women.?
Kot only doos madstitution of female sex hormones in the feuale fall
to mppross gonadotrovhine but sleo subetitution of phyalologianl
snounts of androgeie in the male falls to euppress goradstrovhine in
castrated male rate, ¢ in the mele ollmactorte,® and 1 cunugholds. b
Thene data do not sudetantinte the hypothesis that the nommsl lovel
of slreuleting estrogen 1mhibits pituitary gonsdotrophis seoreties.

(%o recognize and have sonfirned the fast that unphyelologienlly large
doses of eslvogens and androgems have a markeldly {shibiting effect wpon
vitaltery gonsdotrophie potency.)

Sinoe the hypotheris of inhibition by setrogen proves 3o be ine
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sdecuate in seversl situations, an altsrmative arplonsbition is row

mlrsd. A teatatively sstisfastory hypothesis s that in stinala-
ting gonndal growth ond eecratien, @onndobrophing are altersd by
the ovary to sush o degres that they besoms inseiive. Setdlinte
observations 7 and those of Heller, Selier and Sevringhans 2 etyong-
1y soggeet this possidilisy.

Bate pre provented in thie communication indicating thst the
rise in gonadotrophing following eaetration g prineipally dus %o
1sek of goandobrophiln inactivation, mnd only in vart dus to lask
of iahibition by sstvozem,

The soncapt thet & target-organ inostivatss the spesifie hoye
mone stimulating 1t 1s not entirely without nressdent, As snzlog-
ous situstion wes vostulaoted for the thyreld-pltultary axis by
Loeseer in 1934 © snd sudetaatisted by Sefdlin ia 1940.7 It re-
mained for the elaselssl work of Rowson, Sterne and Awd ? to cone
clusively demenstrale that thyrold smé lyaphold tiesnes end mot
other tlssues growing in viire, were capable of ingetivating thyve-
tronhie hosmonan,

Moteplads snd methods. Adult virgin femals rats of the Spregue-
Danley straln, welghing 200-380 grams, were dlvided into eix donor
froupe as listed in Tadle I, Autetransplents ware mede by placing
both ovaries in the spleon duriag a elingle sporstive procedurs in
the axperinental groups,

Bonor pituitaries wers mecersted, suevended in ssline sod $n-
Jected twice delly subentaneously into 33-24-duy-s1d Lmmature femele
rats of the same strain for three dags. Autopsios of raoipleate were
made 24 hours latur. One domor glund wes injected into one recizient

rﬂ’i



Regults are lieted in Table I,

Diseussion. Regulation of situitary gonadotrophin sesretion
in popmal intnct saimele (Plgure 1) ocould he necomplished by efther
{or both) of two aahaniems: (s) Inactivation of gonsdotroshine in-
gldent to thelr usage by the ovary sould lead to lowering of clireo-
1ating gonadotrophine {at position 1 im the figares). {b) The Lev-
ol of elrouleting estrogen conld detarmine the swmount of pltuitary
gensdotrorhic sporetion: 1.e., ae the estrogen level inmersuses
gonndotrorhin seoration decrensss snd vise verss (et position 4 in
the figures).

The riee in plinitery gonndotreshic potemgy from 10.3 ng.

- {welight of ovariss of resiplent asssy sulmals) for the intasi con~
trole %o 93.4 mg. for the gastrate gontrols (Yigure 3) ocsn be ox-
plained By elthar or beth of the two hypotheses: (a) Castration
removes the organs {(the ovaries) shioh srdinarlly inactivate some
of the sirenleting g«nm&emmiav&wmg thelr normel sotivity,

After castration, gonsdotrophine sre mo longer removed from the
¢iroulation and therefore incresss; sonseuently, pltuitary gonad-
strophie enntent inorsnss. (D) Ceetration removes She ovgsne {the
ovaries) whish ordinarily ssevote smough estrogene e suffielently
inhibit pitultery gonadotre-hie seqration snd content e thet levals
are kept low. After coestrstion, (nhibition of pltundtary pusdotronhie
seoretion snd content are remowel; Somsesusatly, pliuitary gonsdo=-
trophis content inorasces.

In selther the intsot enimel mor the costrate animsl osa the
two hypotheses be tested separately. However, administering estro-
gens in physioleglesl replacement smoants =ill preveat otlier poste
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é
castration ghenges dut will mot prevent the post-castrstion riss ia
gonndotronbin content of the nituiSary.l Thuls observetion is not
consonant with the *inhibition by estrogen® hypothesie; but, other
than belng & perwissive, it zdde no mmprort to the “insetivation by
the ovaries” hypothesls.

' In srder to test the “insctivation By the ovsries® hypothesls,
the ovary must have acoens o the olroulating gonsdotrophine, so thes
A7 fnsotivation of gonsdotropbins ococurs, this cnn bo detected. AS
the same tine estrogens must de provented frem reashing the plitaitary,
ensbling its potenay %o rise in the svent thet thie is the correst
explasation. Thewe cliroumetsnces are met by aubotressplantstion of
both ovaries to She tpivm» Thwe “tﬂlﬂl are olaborated directly
into the portal cireulstion and are tmmedlately inastiveted by the
liver. Thus no estrogens ressh the anterior pitaitary, sad ite
estrogenic environment Lo tdendiesl %o that of é. asstrate., On the
other hand, the ovaries rensin available to the goasdstrophine in
the systenic olreulation and gould (meotivate them., Under these
olrcusstances the gonsdotrophic content of the pltultery should Az~
tinguish between the two hypotheses., For axample, 1f *ianibition
by estrogens” alone ia responsibdle for contsolling pituitary gonado-
Srophlc astivity, then the pitultary gonsdetrophine sdould Yo ee
high as thet seen following o-etretion, elnse &n doth instsnces the
pousibility of “inhidition Dy sstroges” has been removed. On the
ether hand, if “inactivation By the ovaries” alone is respensidle for
sontrolling pltultary goncdotrophia setivity, then the pltuitary
congdotrophine shonld be as lov ar in the fntact contrels. If both

peshanimns are In operntion, & velus hetween these two eztrames
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should remult,

In the eaiperimental group (sutvotransplantation of both ovarles
to the spleen) (Figure 3) no estregens reseh the pituilary gland,
The lack of clroulating entrogen ie indicatsd in Table 1 sed Figuve
& by the faot that tiymis and ubering welghts and vaglinsl oelle are
ek esstrata levelw,

The eraolal gquestion fe 414 the pitaltary glenfis of the splesn~
transplant rade contain emounts of gonsdotwvophing comparable te the

intest control level of 10.3 mg. or coapsrable to the cactrats cone

trol lovel of 93.4 ng.? The pitultary sgonadetyophin aseays of 20.4
g, for the spleem~iransplants olsarly indlcate that they are not
somparabie to the casirais gonirole (9§3.4 mg. J, but are comparsble
to the normal contrels {10.3 mg.). The gonedotrophin content is
nmm bt signifieantly alevated above normal.

Trom this is can ba oconcluded that the primary regulation of
pituitary gonadotrophin content ia the removal of eotive gnade~
trophine from the eirenlation by the ovaries, It muet furthor be
condladed thst inhibition by setrogen pleye o definits Lut misor
role in this gontrol.

Histologlosl sxemiznation of the pituitaries of onch of the

~ three groups warvants the identicsdl conclucion in thai the pitut~

taries of the sxperimental group (owvaries transplanted to splesn)
ishlbttd oells reminissent of "eastratlon cells.® These, however,
are ot oo well devsloped as for comparsbls castrates,

Are the changoe oheerved in the experismntal group mot elmly
inoldental to manipulation attending the transfor of ovaries to the
splesn? Some oporated rats developed opllaters’ c¢irealation frem
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tie splomn {contsining ovariss) to the systemic cireulativn by way of
sdhesions. Thoss served as unwitting dut admirsble controls. The
ovaries in tholr new oite wers ospeble of wsborating estrogen in
| st loast normel quentitioes as julged by the following findings: vegl-
nal sueare observed delly ezhibited the coma oyelen as intast gon-
trole, taypus wolghte wers identical to intest sontrols, and uterine
developnant varled socording to the stage of the gytls as in intect
sontrels. I% was someehat puysling thevefors to find pitul tavy
gunsdotrophins slightly cleveteld above that of ilntest contivle

{28.8 mg.). A possidle emplanation 15 thet since the overipe at
£iret unlerge psriisl airophy follewlng tranwplentation, osd since
they did not regeis thelr presporative size, they say have utilised
lees gonadoirophine. The eventusl sontent of gonsdotrovhin in the
pitaitary soons 30 ba s resultant of thees tws fastors, This is
farthor {llustrated by adnislstration of grodusted smounts of <ese-
tredlel to rats with ovaries transplsated to She spleen. Adninistra-
tion of large dally doses (5.0, 1.0 and 0.5 /g) for 34 days, from 6-18
doye after operatlon to sutepsy (Table I}, csused Sotal supuression of
pitultary gonadotrophics. This was acgompaniod by complete ovarian
strophy for the 5.0 /g group. Hod ovarian~utilisation basn the omly
mechapien ia operetlion, the pitultery contant would have been le.udv
- %o castrete levals, Ib contrast when smaller dowes (0.35 and 0.06./g)
were adainistered, physiologiesl lavels of estrogen ware spproxinated
as judged by veglnal ouwlls, nterine developmsnt snd thymue welshis,
Howaver, thess doasges falled to permit ovarian growth (321.1 me.) te
m 25 sxbtent that they neither resched tho splesnetransplent level
of 149.5 ug, vor thelr own operative control welght of 48 mg, iad
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1shidition by estrogen been the only meshaniss in operstion, the
pliuilary gonedotrophin content €hould have bsen as low as for ine
teot contyels (10.7 mg.) instess of uz'mtﬁ to 23.% ng. The slava-
tlon can be aseribed to fallure of the emeller then mormel ovaries %o
utilice the neme smount of gonndotrophin ns larger, nosmal ovaries
would,

Aupasyy

By sutotransplantation of both ovarles ints the splosn of maturs
female vats, the ovary continaes $o be bathed By pitultary sonaio-
trophine bus the pituitary 1s no longsr bathed by estrogene beosuse
in eseense the liver hss Lean incerted betwesn the ovaries sad the
pituitary and has insetiveted the estrogens,

The pitultaries of tueh rats ware ssssyed for thely Zonsdotraphio
content, They more necrly reseudled (40.4) that of intact sontrols
(18,2}, thas that of castrated gontrels (92.4),

From this 1t was ponaluded that (1) ovaries normally inssdivate
gonadotrophine and that the rise of gonadotyuphine asen follewing
castration is dus Yo fallure of sush insetivation to tske plsee.

(3} Large and unphysiolegleal dones of osiregen ars patent inhiditore
of pitultery gonadotrophic potency. (3) Physiologloal amounte of
estrogen in the eirgulation exert very 1ittle inhivitory sotion uron
the pltuitery.
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RAGULATION GF OVARIAN OROTSTH: INRIDITION BY
ESTROOZN OR STIMULATION BY GORABOTRGIHINSY

In the praveding seation, it wan demonatrated that the
lavel of efreulating gonadotrovhic hotmons fluotuates with the degras
of ovearian sativity. ihen overies ars insotive or sbeent, they rise;
when actlve, they fell. Fezheps overisn growth and seorstion are
not solely regulated by the amounte of gonadetworhin present, dut alee
by soms sthor mesns. In 1942 the results of estrogen sdminlstyration
to unilaterally ssatrated rsts led lisller, Reller and Sevringhaus 2
to enggest tiat the regulation of ovarian sstivity wae the blood level
of elrdulating eetrogen. Tius s rise in blood level of estrogen could
canse pvarins iohidition. Conversely o fall im blood level would re-
move fubilblition end thevadby stimulaie the overy,

Date ars presentsd in this sommmunication to indicate that estro-
gons secretad by the ovary oot to Lahidit growth of the eovary.

The concept that the elroulating hlesd level of horsones seoreted
by & target-organ tends to regalste the prodwstion ef hormone Dy that
Sarget organ 1o not without precelent. The snalagous relstionship
botwesn elrenloting thyrold-hormons sad the produstion of thyroid-
hornone vas pressnted by Galll-Malning, 10

Yontrol of ovarian growth end seeretion in p mormsl intaet animel
nay be by either {or Yoth) of two meshanisms: (a) Stimulation of
grewth by pitultary gonsdotrophin eecrotion {at poesition 1 in Pigwre 1)
snd (B) sotive suporession of growth by estropenie inhiditisn (at posi-
tion 3 in Figurs 1).

To study this prodbles, = preparation must be devised whish will
separats these two poseibilities. By autotransplanting the ovaries te
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£’xm spleen, the ovaries vemaln under the influence of pltuitary gonsd-
sbrophin stisuletion; bovevar, the estrogen ssersted by the ovaries
in the spleen is enrried Dy the portal vels to the liver snd izse~
tivated, this resoving the ovaries frum the effests of sireulating
estrogen. This is confirmed by the gssbtrate aprearsnte of the thymmus,
the ubarus and the vaglne of the ezperinental wnimale.

Latorisls and metheds ars deseribed ia the preceding peper,

Agsults are Listed in Tible I of the preseding peper.

Discussion: When overies wers transplested to the spleen, =
marked hypertrophy oocurred (normel, 49.9 wg., traasplant, 149.5 mg. ).
This ocould be dus to imoreseed production of pltultsry gonsdotre hin
or te decrsaze ia olrculsting sstrogen resohing tha overies, Assay
of gonadotreophin content of the snterior pitoltary glends of the
transplant animele revesled peletively nommsl gonsfotrophin lavels
{sormel 10.3 mg., transplent, 30.8 mg.) mililating sgains the pos~
sidility of Aincroased gonadotrephin stimulatieon. The hypothesis of
decresss in sirouvlating estrogems (removal of imhibitien by estrogen)
is favored by the 200§ issrense in ovarian welghts moted in the autew
Sransplonts $0 the spleen. Tt is unlikely that the slight ries in
pitaitary gonsdotrephle content sccovate for the ineresse in ovarian
vedght, since the adheslon sontrol rats develored similaer gonadotroph-
is potanoy without eimiler overien growih. Ths ifnhibition of ovarian
growth in the antotransplent rats with vassular sihssions to im 8y 8
tonlec olyoult muet have beon due te the presence of oiroulsting setro~
gon in ths bLlood.

To sonfien this cheervatlon, two sots of snimsls wers injested



14
subsutanecusly datly for 24 days w#ith estrailol-bansoets, Oroun

roceiwd from 0,8 /g to 5.0/ g per dey. These dosen were grester
than normally required by the animale, Juiged by the decresse in
thymae wolght from 164 mg. W 132 mg., sad the estrus eondition of
the uteras. Ovarlen woights were narkedly sucprecsed by the injee-
tlons, The aversge st operstion was 62.3 ng. and after tajestien
(st satopsy) 14.9 ug. Suopression of pltuitery gonsdotrevhia poe
tency %o below mormel wae moted,

4 sscond group was lajested with 0,05/ g to 0,38/ of estre~
410l benszoste delly. ¥his lowsr dosage was more phyeliologlon), as
Judged by the sorwal welghts and apposyanse of the dhymse and uSerus,
However, mot only was the SO0P luorense is ovarian welghi prevented
but satusl atrephy ccourred. The ovavian weights fell from 45.0 mg.
at operation to Z1.5 ng. st sutopsy. 7This mugpression in ovarien
wolght 19 not likely dus to sstrogen imhibition via the pltultary
@and but dus to direst inhibitien of the overy, stace pliuitaery
potensy 414 sot drop. In faot, se could be axpaented frum the deavonss
in ovarien astivity, the pituitsry potemoy eotuelly rose above mormal
during the perfod of estrogen administoation,

hile the prosenpe of sivenlating piitnltary gonsdstworhin $s the
Sing gzua nop of ovarlan etimulation, in the presence of asdequate
amunts ovarien notlvity seens to lsrgely De regulated By the level
of cireulating eetrogens prosmmt.
Supmayy

Joth ovarias of maturs femals rate wore autotransplanted iato
the splem, allowing the ovaries to Da stimulated by pltuitery gonmado-
trophing, but demying thow the presenss of etraulsting sstrogen by
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interpoeing the liver betwemn the ovaries and the mystemic elveule-

tion.

The overise of thess sulmpls incressed threefold io welight
aftey 30-67 daye truneplentation (149.85 mg.) sver thely wolght at
tise thme of operation {49.0 mg. ).

Ywe grovpe of emperimentel sximals were injected with sstre-
éiol henwonte. One group recsived amovuts exsesiing shysioleglosl
reqnirssenta and the viher mmounts aporoximetely mesting physiclog-
ical requivesante, In both groupe, the ovarisn welghts showed a
mariced deorssvs below the wolght at operation.

It is concluded that ovarian growth Lc inhidited by the pres
suce of cireulating ostrogens.



1.

2.

&,

4.

6.
6.

Ve

8.

LS

10.

16
BISLIOGRAPEY

Lenwon, H., Heller, C. &., snd Sovrioghans, R. L. Insdequasies
of estredlol substitution in ovarisctomized aldimo rats.
Endoerinology, vol. 23, pp. 479.484, 1838,

Heller, C. G., Holler, % J,, and Sevringhans, %, L. Doss estro-
gon subatitution materdally 1mhibit pitultary gonadotrophle

3'11”’ ﬂt Go. Mw. Kn S‘i. aﬁﬁ a’”‘q ﬁ»; Bi Mf”t a’
small snd lsrge doses of diethyleetilbostrol wpen menopruesl
symptome, vaginel emeer and wrinary gonadotrophins in 23
ang;emum women., J. Olin. Zndoorin., vol 4, pp. 10¥~
316, 1944,

Haller, €. G, Segaloff, A., and Neleon, ¥, €, Bffect of testo-
storone proplonate on pdtuitary gmonadotroihie potensy of
sartrated mele rete. Badoorinology, wel. 33, pp. 166.188,
1043,

Unpubl ished date.

Heller, C. 0., Beleon, W, 0. and Roth, A, A, Fanotionsl pre-
pubsral ecsetration in sales. J. Clian. dndeorin., vel. 3,
PP& 5?3“&3. 3’43.

“eidlin, S. M. The netebolien of the thyrotrophic snd gonado-
trophie hormones. Endocrimelogy, wel. 26, po. 696-703, 1640,

Lovsor, A. Hypophysenverderlsppen und schildrare. Dis wirlomg
dos thyreotropen substsns des bypophysenverderlevsens saf dle
aobennlieren. Areh, Z. sxper. Path. u. Fharmalel., wol. 173,
po. 6271, 1933,

dawson, K. 9., Sterne, 0. D. and Aub, J. 0. PFhpsiologloal re-
actions of thyreld-etimmlating hormone of pituitary; its
insctivation by exposure to thyrold tiesue in vitro. Sndo-
erinology, wol. &, pp. 240248, 1942,

Gulli-Mainind, €. uffect of thyreld and thyretropic hors-nes wres
oxypsn oaneumnption ((0z) of she thyroid of the guines pig.
Endoorinelogy, vel. 29, pp, 674-879, 1941,





