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IHTROAIOPION

The orgsaic sabatsnces which are asllied horasones effect chealeanl
changes which eonstitute the “slow™ controsl of the life-processes of
living thiangs, This Panction is in contrust with the "gqulick”™ controi of
the nervous syastem of snimals, snd the estelyalny soiion of vitamins
and enzymes. Horaonas sre =znown o conbroi such diverse processes &8
motabolic rate, 3xit xmedsbolisw, sugnr wetwbolisam, sexusmi development
end reproduction, growth, isctution, enlcium aatuboiisa, snd circulstony
progesses, ilany other horsonsl fanctions are susjecied, sud conse-
guently sauch work of = busie anuture is needed 1O bring tiese So iight.
Puis 18 persicaluarly true in regebd Lo the chiick, for work on she endoe
erinology of this animul has ofsen been liamited %o wnose Yastors
diraot;y affeoting the guentiltative cnsrscters such &8 ey provuction,
rete of greowth, sad rete of festhering. The besic endoorine nsture of
she ehick han booen Lopgely ignored, snd therefore the reictionenips
whioch wast cortulnly exist belween sll the endoerine glemis have not
come o Lignt in this asnissl &2 renidly sg they nsve (n otheres. Fure
ther, the role of the erdocrine systaen of she chick in the response Lo
axternal stirsss is unknown, slthouph this fuctor is belny widely ine
vostipntad in oauesin. I% is felt that an investigntion of busle
inteur-glandulsr relstionshipe in the chick, mnd their resuonse 0 sirass,
aay be of laportunce o the pouwltry producer a8 weli wg o the endo-
grinniowist, » brief discussion of the n=iure ol giress sand whe pPoie
of %he endocrine sysiea in it wili serve 19 clarify this stuieasnt,

It hasg becume incressingly spparent in recent yeers Lhst unususlly
progesses of living things. ividence he stowsmuicted o the afiect

Lol wany “enronice” disesses of tae higher veriedrsies huve Lheir origin



in longecontinues externsl ssresses., IV is wise scteepied vhmi stress
may of Ja¢t nabritioanl requiressnis, growth rea’te, reproductive Lo-
Sivity, ~nd res eglsnce %0 disense, oven whsn appiied [or = reloiLively
a4 bilne. Yhe sirese phenomenan is sherefore imporiunt 10 wne
practicnl snimal dresder as weil o %0 the sCientisi. LESLC rusesrch
on Luborstory wamesls hus revesied new 1sC%s s0out their wechanisas of
ad justaent 0 Lthe environment. e endoserise sysiem nny veen shown Vo
piuy & key role here, snd osunsejuentiy, new Sunctions of sosne hormones
have LecHme Known.

Llthough the endocrine system (partlcularly the adrens)l cortex) i
known to be inportunt in sdnpilve responses %o shirese, ilttle is known
«bout the hormonnl inter-elationehipe which muy be involived, beyond
thons exieting betwaen ihe anterior pituitnry «nd the so-called target
glande. I current theories are eorrect, increased sciivity on ihe
part of the unterior nitullsry L0 secrete one "traphle” noraone decreases
the secretion of ihe others. For example, LI the pituitsry 19 induced
to secrese large gm@nnta of thyrotropic hormone (Vi) by the sdminie-
travion of n golteropenic coasound, % might e expswosed thal Lhe proe-
duction of wdrenvesrticosropale bormone {OYH) would De decressed.
eonte uently decresset o83ivity on the purt ol the sdrensi ¢uriex would
tunen resuer the salasl ansbie 50 witnstueng siregs. Phis efiect might
be reinforced by the concurrent isgk of thyrozine.

Seicence for thw existence of sach sn "exciusive’” soensnisa ke by
7o mesns goneclasive. LY ie pospible thud the saterior pliulsnry mey
gperete OO0 at high sevnls simultunecusiy with increesed T5H outputb,.
The present jzeis were dovigned to lnveytigate the reaponge %o atrass
of growing chlcks whiol recelved controlled levels of u thyrovine cone

taining o yapound,



tpother aspret of this horwonel conirol whieh is not secepted by
sll workers is nertinoent Yo the problesa. Thet Lo the beilef tuut the
gecretiong of the targpet glenes (thyroid, sdrennl, ate.} effect their
control of pltuitary secretions by «o%ing upon the celis of the lsatter
gland., If this i3 true, thenh un increassed levei of circalsbing thy-
roxine, Yor exaxpie, inkidits the power of the cexis of siie anterior
pltuitery to secrete THiH. & genersl revision of tias pitalbery welividty
sy Torllow, causing an alierstiion in tne setreilon of ostaer norasnes, &S
exprassed in he Vheory previcusiy discussed. LY, however, Lie conirol
of the pistuitery hormones is & descstivation pnensaenon rather thon &
secrabion=~conirol phenvsenon sad occurs in tne vody fiwlds, upart frox
and indeyendent of the plsultnry liseif, then eliterstion of sue level
of wne wrophie hoprsone shouid heve no affect on the lavels of the others,
The viaw is held by some workers that this is the true sechenisa of
norponsi control, snd there is experimentsl evidence %0 support it.

The present tenis wore perforsied to investigate the response of
the phyzlology of the chiek %o altered endocrine netivisy. “wphnsis wos
plated on interglandulnr reletionghips aw evidaenced by changes in body
welyht, mnd welghiis of the endoerine gluande, hesrs$, snd eoub, «5 well as
changes in setudolle rete snd adrenal hintology. Mundamentel inforas-
tion was sought on the response of the ghisk 0 siress, wnd on the ro~-

inkionshiy setueen glandulsr zize snd aetivity.



VL 8 OF RHG LITHAATURE

Intersction Fhenosens.

he  Pitultsry-terget gluands. The role of Lthe saterior pitultury in

the control of the pativiiy of other endocrine glandyg is too weli known
10 besr extengive discusgssion hera. Seversl sxcellent tres tments of the
subjeets sro avallable (30, 81, 89). YHowaever, the nethod by which this
canfirol is sceoplished, thourh 1% mey snaetinmes be discussed with cere
tuinty, is not subjoet %o gonersl ngreosent. Yoore and Price {(u2),
working on the goned-pitultery relavionanip, first sinted Lhe theory that
in presensiy ost popular. This jaeory hus veen expsmiwvd BU Lhsh 1% 18
now genarslly kocepied thet Siw sescreilury produdy of eay Lerget glsad
conditions tue piiwiiary convroi of thut Sarget gland's sobiviiy by
aetlag On Loe Ceiis ol Yhne pisuklary. Vhaws Lue devesr 08 CLrfeudabing
tagroxine, for exuagie, conlruls lne oQLivily ol bhe pliuiledy in se=
crabing Yiyrotropic hormone (WiHle Saip is the Hoore=Vrice yaencasuen, or
Periphurai-duseral wafect. o opposkng bhoory Ls sbailed oy Aswson (74).
He decinrus basb D.Ld A6 Llasoiivesed uy whe bAyPaia Lissue in 6L OXie
dation rescuion which ceuses TuH Lo "contripute sn integrel psrt of ito
molecule w0 the metoboliss of thyroid tissue.” Suppdbrt for thies theovy
hes been given by the work of CGallone snd Oeliusgi (241, They Sfound
that guinen-pigs Strested with thyroid meterisl lest all P5H setivity,
Put thet P5H injection returned them to norsal. This indlestes thuet
thyroxine libersted normally lesnves the shyroid in conbinssion with the
THY which ceused {tw reieasss, snd tunerofore thiis thyroxine hme lost all
snththyrolropie «obivity. dork wlsh hypephysectomised rote by cortell
snd Rawson (10} Bey shown Shed Yol stimadation of she Sayrold wes iess

®
in the yrezence of thyroxine thun in Lis absence.  Juese Workers,



therefore, conclude thet clroulketing thyroxine wey diminfish TiH netivisy
before the Lutier rasches the hyrold, i.e., i the body fluids, not

the pitultsry. Herker (2], in hiy excellent roview un thyroxine, dee
clures that the Level of this hormone controle Téllerelenpe, Lut that
detuils are lascking ns to whether this {9 seohieved indirectly through
sltorstion of snferior pitultsry wetsbolisn sdeny with thet o8 wll other
tignues, or by some inhicltion of {he Till=effech on Lhe thyrolid.

Hosl investigators wocept the notiun dhaed grestly ingrewsed pro=
duction af one pliuitsry horaone inhibits production of the osthers,

Thus Helye (8L] speuxs of the TSLift AN nterilor-.oue hor.one sroduction”
whioh folivws an fucressed need (00 one L/ pophyse«i horusne. e clues se
wit BRampie Lhe decressnd gluadobropla ang s@u&trxyin sesretion in the
progeney 0 Aincressed GLruicolrapin aubsav durdag adapialion Lo BLIedE.
I Buppart of Lhls Yiew, Lafrow and Leerow {(Lu)] bhave shown bnel Lblouras
cbi sdudalstrantion csaued involatvion of the et ddrounl, sabiugl Ltuhese
sdronais wore sbilis. sensitive B0 exugenows UVH. Vhey swosst $hav tols
invoixblion 18 due %0 decrowsed piltuwitery- U070 sulput, resulting from ox-
alee PUH outpav.

Fowever, Halal and Sogdanove {$3) heve shown thet the sdrenocortico=
teopie hormonos cantent of the visultery of thrvoldectamized rete wase not
gignifienntiy different froa that of normal controie. *ughes (39) declnres
thaf trectnent wiih goiterogeaie wstericvles, which srestly inecrecses THH
au¥nut, hes no ef Vet on ponad or sdronsl wwiyﬁta. Phis Ly vonfirued by
the work of Leathea (48], “ayer (58], ami Siilisas, ot «L {98). Cerry (71}
hes sdmdnistercd OV %0 the lntoel rab, s Pounu ihat lodine=uptuke by
the sthyrsid is ceprossed, »hlie Lodine-ceiowse Lo nov ol agied. He con=
clwios that the depresged shiyrold senlvity Lv nov <ue 0 Lahluition of

RHE by OUH, but may ve a direct er’ecs om the thyroid. Verazur sad



Vidovie {31) stucsles the effect of cortisone on hypophysectomisesd rate
freched with suterior pltuitery extrset snd ©0H, Gortisone prevesmted the
regtoretion of rorsnl thyrold setivity by situltnry extrnot und TuH,
Thene workers feclare that thig (¢ betsune cortlesne inhibklits the thy-
roid dlrectly cnd daep noé interfere wiith TSH produciion,

5. Intersciion botween target gisznds. This phenosmenon is beling ex-

N g T8 -

tensively sswliod ol prasent, with Litile egreesent oa some points. The
poraones of the shyrold wnd toe adrensl sre intercelsiod. Zesns (L8] in
tlw opok on th. thyrold, saye thet the sdrensls {(sud the gonads) play &
roie in she corniroi of the porad functlon of the uyroid. The efiect
of cortisony an the thyrold aae veen extensively studled. Dervon »nd
Yealow {5) naave studied the effect of tnis horwone on ihe ioding-ngcuma=
luting funcsion of %he shyroia. Coriisome gilven Lo eulbyrold Lusens wt
FRRLY) mg/auy sepkedly nbioited balys Luyroildel Tweiioa. ovaroed other
Wworkers hove [otuen 8imiler resuiivs. Yersesr uand Vigovie {21) found thes
Zob=b,0 wgr. OF cartxnana/day prevented restoration of normel thyroid
sotivity by TOH injection of hypophysectomiced psts. Jerry (717 dsclures
thet cortisone depresses radiowetive iodine upbtoke by the rit thyroid,
imiler results were obimined by :Higeon {60) Fuhl wnd HLFF {47}, Versar,
oh sl {90), snd Boatman (B1, Bondy snd Harewond {7) have studied the
nffpet of cortisone on plemse proteinebound iodine (PBI) in rats. They
declere thist the haranne prevented the expected fall fa i8] level in rats
eEppsed %0 oold. This aeficct is interprofed &é peing d.e Lo coriisone-
sotion in roigsing Y31 slond ilevel by decresnslng VBl dasyruwetion-rase ond
reducing thyroxine synihoesis,

OSpposing the views of Serson and Yalow, work by ileiss, et sl {(75H)

gnows that the subnorasl [-18k aptasxe of toe Luayroids of elght husanns



with addison's Jisense was lncreused us much us fourfold by SC-100 wmg/day
af cartisone. FProderickson, @ tl 1@L) mgroe wi%h corsuc snd Yuiow's
fiaotllng s for euthywolidn, wul sallore thay Bl setais of cortiscne failed
Lo siepress Yhyroid wevivity in hyrepthyroidisn. Sebrilove sne offer (B3}
roport sladisr remlie In Whe pabe Thay declore tuoy epliepsnring rather
whun cortisoue is rasronsivle e thyrold ceprossion in thst salasi. The
roerulte 0f dotkin and Jausen (6] support thle view.
gynargletic reissiounnhiy between cortisons snd T5H has Soen ree-

purteds  alsl 134 pives ovidence thes eortisone enhwnces T4 stimulstion
in hypaphysectonized vrta,

fw fur as mesnureble effects by corblisone on the shyrsid Lissue Lt
aal? nre conserned, Shere e 1i%tle ecvidanos of stimulamuiosan. “inter, et
6l [97] have Injented 3 mp. of cargigano/ﬂsy into relie over & G-woek
merind. & slight inerease in thyrsid velight wes optalned wish no histo=

logienl chongen.

Jg for the reverse zctlon~~thet of the Liyrold secretlon on bthe
sdrenel woulivity-=3% L5 syreed by wost workors thnt such an effvct exists.
Bub there Lz dlesgreesent &8s %0 she furm that Lt tenes., Selys {(8l1)
tieclares thnt heoovy doses of thyroxine 0 she norawd asniasdl cuusaes adreanal
cortvicsl hypertrophy. Feldunn (i) psgreee, anu sdds Last in oo sosence
of thyroxine, bthe uwdreasl 38 tne pet decronsed 1o 8lze sad welght.
veyssod (52) nun extensively studled ials lunsoraction &L various smplent
taaparavaras. Hdo haes foanu Saet ob B84°0C & significant incresse in sdrensl
waight fallows thyroprolein therapy, while rn sigaificant decrense g obe
“oined with Shiosurweii. Snone results woere ¢onfirmed by the work »f
Garrow wnd Jerrow {100]), snd Teeedmen snd Cordon {(22). Yhe effeot of thyro-
protein on the agcorbic seld revuiresont of the pulnen pig hos baen studilied

by Pfandaor {72). Iodinsted creein inerenmed this roguiresent 487



In opposition 1o these findlugs, Beversl wWorkers hev¥e reporsad not
feading polverogens L0 o variedty of anianis produced no efisct on the
sdrenals. This is Lrae of tihe eorx of slilisas, ot wi (90), dayer (e},
Leathem (45}, and dHughes {09). in interesting pspar by BPlorio aumd
vihant (lo) sugpesys thot Wne sayroid effecis the meduiis of tha sdroensi,
not the cortex. Yhey report thst sddition of powdered thyroid to =
cngein~sucrose or soybean diet reduced by 505 the sbility of the rat
sdrensl %o secrete epine hrine. %This was prrtislly reversed by ¥iteain Bel2.

Tt &8 generelly conceded that the thyroid esxterts a stiusulntory
effeot on the gonsde, nlthough there axist apecies differecncen. Yegsood
snd Reinoke (54) report that mild hyperthyroidiss stimulstes sexusl) de-
velopment in the mude mouse, while hyppthyrnidisn depresnes it. “aeites
and Chandrashaker {59) coneur, but point out species varistions in tuy-
roxine lewvsl, insofur ag i% is concerned w.th alding gonudosropin.
Fienter and Jinter (76} have found %thut fTeeding thyroid asterizi to male
rats Csuses & 275 ilncrease in the weight of She tesves and epldidyais.
dorprig (64}, »o & result of work with thyroldectoamised cuyons suggests
ey thyroxiug ond sndrogen oxert & synergistlic «ctlon on CoWLd growti.
Fayne {8J) alxo resoprss Lhst thyroxine luas sndrogen $0 Chpons 18 more
effective in reversing the capon efiects Yhan andpogen si0n@. aolnrtaey
and sheffner (b7) have raeported on the effeckt of thyroprotein on the hen.
bt & G.088k 2eveli, iV coused » highly sigoificunt increvse in coub ares.

Dther workers report inaibition of certuin gonndel zctivities by
thyrold sction., Herts, ot al {37), heve sduinistered thyrozine snd estroe
cen simultnnecuply to youny chicks, This procedure suspressed the mearied
hypariipeais obtained with estropen slone. Johnson snd Yeites {(43) heve

resorbted on the effect of ithyroprotein snd tltoursell on the ovaries of
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faminie rodonte. In nice, while thyroprotein slgnificuintly incressed
avarian recnonse to administered ponsdoivoping, the repulits of thiouracil
siministration were inconclusive, In feasle ruts, thyroxine and thyro-
spotein drentienlly reduced searisn reeponze to pregnant dlare's sorws {(Fi5)
wniie shionrucil ineronsed it%. Theose resulis poarillel shose for the male
rodente poporsed by leldves and Uhandrashsker, Just discussed.

There huve Lean resorts of complete luck of effect of Shyroid seblivity
on bhe poneds. ‘oreng end Shaffner (63), huoving Sreated l2-weex-olkd cnicks
with thiourseil aad Luiyroproielsn slacllsnasusiy, resdrt shsl t95uis size
wan unafleciod, while comt growth was depressed by Sasourncil wione. Uowb
gize was asintrined ot normel ievels by Sthioruacil pilus thyroprotein. Gul=
lone asnd Coliuszl (27) nsve found tast dully injsevions of tuyrouxine for
ton doys did not fabloelt vhe gonsdotropic wetiviiy of the pluiulisry of
gnabrite anle roats.  foung, et ul {8U), nave subjected the aduli arle guines
piy o shyroxine injectlion end thyroldectony. Phey report tusl the sexe
drive wos not aliered by these trestaents,

There is some syidenea that ponadel hormones »ffect thyrotd setivity.
“fonay, ob 81 {61) hmve found thet Lthyroid setivity is increased in the
presence of tesioeterone, esirogen, pragesterona, -nd other soax-horammes.
But Oslloni and Gxliuzai (251, studying rats exnoeed Lo cold, declure that
entroyen, ten-osternne, and gonsdotropin alnmost oomnletely inhibited the
usuil inererse in Shyroid sotivity. Others have studied ithe effect of es~
trogsens on threold response to goiterogens. Uhwaorro (14] has raporved
thut, rukts fed propylthiourscil pius hexoestrol siaowed none of the shyrold
hypartrephy observed with the goiterogen aione. Jhamorro's rasuliis ure
eonfirant in snother Duper by Csiione snu Gelluszi {(2o). The iavier say

thot estrogens decreuse dhnyrold activity oy innluiting wne Yol acuivivy



of the pluuitery. Loame lnvestigriors present evidence for the theory that
thyrofd sctivity is nos affrcted by gonsd hormones. Odall (646}, working
with *hite Leghorn cirons, declzres that the thyroxine segretion-rete of
thepe nanfumcle was not sffected by the sbsence of goneds, or by sndrogen
injectione., Fopf (46} prosents similer pridence for rots.

ﬁbsﬁrthiQQ\of the virilizing 2ffeet of sdrensl tucsors in the huann
fomnle hns stimilated zrezenrch inin Lhe relationshly betseen wdrensl ne=
tivity and goned setivity. “he evidence jresentad by Brimolesowe {12}, indie
eating 8 positive relxtionship beteeen L0UVH and gonsdotropin, should be
mentioned., Phis worker dsclares thet luteinisstion of tie ovarisn folilele
by gomndotropin iy cupnented oy (UTH, wnile e labter Loraons lnbivits
foliloular saturation., Iingle (40}, in hie review on cortissue, suys bhst
he hes evidence Yhut H=10 . of eartiaone/dmy cruBad Fregression in the
sise of the testes of rots. He polints out, however, ihut work by otaers
gives generully laconciusive evideuce of cny effect by eortisone on Lhe
gonnde of either sex, in rete snd humansz,

dnrtini, et &1 (656}, have studied the affect of estrupens on the ret
sdronel. They ssy that estrogens crused R murked decrecse in the sscorbic
s#eid content of the sdrensl glend of ovariectomized rate, Lirht snd
Tornohen {51) have studied the offact 0f nndrogen snfl estrogren on the
sdrenclie of male rets, The sdrensls woere workedly enlawred nfter estiropen
injestinong, while the testes were Zepressed. /fndropon hed no effect on the
histology of the sdrensl eortex, whils esiragen eauned atrophy 07 the sons
gleaerulogs with ginunold dilasion.

{. Iffoct of hormones on growth and metnbolic ruie. iIn genersl, lhe

affeat o2 horsones on wetnboiio rete and body growth rale is wall Known.

Growth horuone secretion by Sthe nnterior ysitaltsry hes oeen desonsirsibed



in aost higher snimuale. Yhe growih oml sebuboiiec tepression sspocinted with
thyrold deficivaey Lo & femilivr henoasnon., Yovever, muany «spects of the
lotter procese sre oLill unger investiguiion. Li-Iblary «nd Snalfuner {17)
bauvo invesitignaiaed she eoffect of fhiourwell feeding on tne genetioes of growik
in Lue oninci. Theisr resulls giow that genetis varisollivy doey resuit, bul
is lneonvlasent., The reletioonshi) petween tempersiure snd thyrsid effect on
body weight hus been stunled by ¥agsood and Reinexe (53). They fed Wnyroid
asubarial and $hiswrzell L0 young sele snice Kept »t verious smbient teme
perestures, and found o reistionsihly vetween teoupersture sad growih responsae.
They ennclude that the tolersnce limits for thyroid stiauletion sre dee
terained muinly by the animnl's tempersture resulsting cupscity. Bslogh

{1} hos shown thatl rats often fail to show the ususl rise in mstsboile

rete when (njected with thyroxine. Ve injecied 0.1«0.%5 micraeprume, snd
found thaet one-third of bhis porasl snlnsls showed no Lwrwdiste change in
oxypen conganntion, fingh and Sheffner (88) have shown that thyrold growthe
control is dependent upon the cal rie level of the dlet of ohickens,

Libbe and Yeites {30} huve presensed evidence thnt Vitonin 8-l2 snd penie-
eillin feeding can counieract ths growth-depregsion of ypoung chicka which
nowsliy foliows Yhiocurasell feeiin.. Thig frostaent did nod zffect she

ingresse in thyrold gise or the dgeCrease in Couau Hika.

cffwat ol S%ross

1% 8 sot proposed Lo discusns fu detuil tas present suesries on Lae
roleof' strens fn physloiogicul reweblons. Lelye (68}, wud Ls Whe prisociple
propenent o) the Geagral sdaptetion dyndrome Theury of stiress respounse,
givaes & very complete (rectment of the subject in his book, referred to
shove. 1% wiil be sufficient to aention here certsin evidence for the

effoct of swrese on the physiologleal frcetors conzidered in the presont



tesyr, xeept where indiested, the msierial io froa Jelye (8L, 8}, sa
refers ohiefly %o wsomuls.

“e Henrt, Curdiuc leslons o not appewr ufter stress, if vhe or=
gunloam succeasfully sdapks o it. lHowever, proionged exgosure 0 certuin
stresses, such ss ¢oid, produges fibrous aodubes ln the hesrt, il toe
sniand AB On 4 Bpecisk disl and s uailetsrsily nepnreciomised.

Be. HMetuboiic Hutea IV s welli known tnut o (wli in body tesperature

secoapanies ne systemlc snoidk o6 enxly suress. %nis is especially evie
dent Lo tae cdroaeiagioualsed or aypophyseolomised salanl. 40 tnls viae,
Yhe Lasel wolteboilc rete L8 subnormal, LWL lnler rises 0 nopanl.

Co Growth., Jiress inhibits body growbh, pesrticuiszily in the wvary
enrly snd very rste stages of sthe exposure.

J. fdrennls. These glands play o key role in the resnonse to
ntress, It hes been revorted many times thet in memusle the sdrensl core
tex enlurges under stresg, dus to hypertrophy :nd hyperplzseia, The sd-
ronal secretions sre opparently necessary for o successful defens o
seninet stress, for the wdrenalectomize. anismel iz extremely sensitive to
sdvorse conditions. Hall {32] reports that the sdrenais of ret: froman
emationnl atruin are heuvier ithan those of phlegmsiic sirsine., Jayers
and Bayers (79] have shown whal the ifucrossed adresnsl «@Livity in stressed
rate is dirsctiy proportionnl to ilaerensed «OZH ouspun by the pituitury.

the pliuitary-adrensi cortical response 0 Bitressy i8 Lhowght Oy wany
SOrKers Lo ue e Cowse of the metubolle th.nges, Buch u8 & Plae in Lilsod
gausese bnd cunborlce, waica sppour In & suscessfiul response. sngle (%l
denles Lhab tals &8 80, ocuwever, staling wuaet Luls response 1s & 4owmeo-
Bhakic mechunisa snddoes notl represent Whe excliisy cause for asny ol
the setnoulic responses o slress.” Oluer workers Anve pressnted evis

dence for theories counter %0 the populer one. Bullough (L3} hes stressed
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‘mice by overcrowding tiims, smd found thut the :drenal sise~-incresse
was chiefly due L0 meuullsry enlurgement. Hsli, a2t sl {81}, bave found
thet, treutment with desoxgeorticostersne ncotnte doen not impelr the
pltuitoary-sdrensl stress response. SHSoyere {80Y, in hirs review of ade
reanl cortien]l funetion, declares thet sudden, temporsry atress, suech
es f chort bout of susculsr everdlse, nroduces litile nr no sdrenal
wypertrophy. YHe Turther states that trostment with the horvones of the
sdrenscl cortex does uoi fpcresss resistunce L0 atress.

Be Oonmds. Jloih the testes snd Lhe Ovaries strophy wnder stress.
Sterilisy wnd esiroun or mensbrusd irregeluariiies have been cusarved.

¥o Thyrold. ine thyrold is suld 10 awlrophy sod iuvoiule Ln the
eurly shugoes of stress. Inls say be foliowed Ly hyperplesia. sogoroeh
and Tiairas (6) subiscved wele Puis Lo Jorcey mustwisr exercise for 24
howes ens Vhen wessuwred the lodine-upiuke 0of wvhe tuyrold. Lo one saat,
L owes sloonlficanlsy detrensed slter sbress. These workers poiunt out
tint exertliasy muy ¢ lline cold exposure in thst 1% sy sead L0 fucrease
thyrold seblvity Lecause it, lice coid, ianficeaces the bssal ae tuoolic
raote. In Lthe one test in which (hyrold activity receded, Lt 1ls possidble
thet the stressful sfiect of forced exercise predoain: ted, and provented
thypaid stislation by thyrotropic hormone. But imith snd Smith {88)
have found that feeding mige desicested thyrold produced u decrerped
pxerelse~tnlepsnce, This wes believed, however, to be due %o s defece-
tive fanctisnsxl cepncity of the hosrt, peiher than 40 interglandalar
ranetions.

e Affeot of Strees on the uhieck. Hhe eslok aes peen Little used

as B subjocht for siress experisents. Ite physiol glieal response Lo

sbress is largsly unknoen. 5o for o8 onn be delerained, she Lirst
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work employing the chick &8 & subjeet for stress tests, is thset of

garran (891 in this laborstory. He used Yew Ynmpshire chicks which he
mainred o Tarcomi smacular exercise. Vany of his iaests were exploratory
L peture, bub Shey did indliente certain trends. Untreated birds ex-
oraleed to exhaustlion hsd enlrrged sdrensals, wid slipghtly enlarged
hearte, Thyroid, goned, apd asie comb sises were reduced, but lhere were
Invge individund veariustlions in these reésponses. Hales #ere uore reglee-
(ent then fomcles in & sinple-peplicsite Lest on sex differeasces. hwse
realistont uxles Led ihe largest wlressdis. Jiaer vests Lusicsted & yoo=
slule povitive correistlon bLelween tue soiliity of whe toyrold o respond
0 Lhioureclld wad resistence o esduswslion, Jirds wressed «lli Corti=
BOnE Viuwed & decrersed resisb.nee to foligue, widlie o group wrested wish
shyroprotein hed incressed raslstunce. Teotoslerone 8lgo caased iucressud

raslestence.

Histology of the fdrenu) Gland of the Uhick

The microscopic structure of the thyroid, gonsds, »nd pitultury of the

ehick in wuch the saxe ng thet of memnls. The ndronn) airucture is like
thrt of the lower snimsls {zamhibda »nd peptiles’, howevar, Oortiesl end
medullery $issue sre interningled, ‘coording to Hradlay (9], sortiosl
eells Toconslionslly”™ surround the medullary egells, sasusing thsae Lo foras
{ndevencent units, Orollmen {30) indieantes thet the ohromaphil (nedullary)
aells alwuyreg occur in srouns. He suys thab two different xinds of gore
tiesl colis can se distingulshed, on tne vaeis of thelr diffurasst staining
reactiong. Helthor of inese 9o suthors discuss the poosiele efigct of
sge on odreasd nistology.

SBaanr and Latiser (78] have ssudied the adreasl of sdulii chicaens of

both soxes. They find tasdt the corticsl cel.s sre Chiwmped, in Lwie center
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of the giande XKar {(44) hus stadied bhe wdrenais Of Ld=wontd=olid Srowa
Lbeghorns. He found wanlform: edrticel as8c8 TLaiOugibul bue gibod, ®ibd
vagudletod celrs of seversl alffersnt Loras. J08 avduadlé b8 Lrreguisrly
sreoaged ia ansses of 2=0 0 dU-40 caild.

fo ifnformution is wvalluabie on the histolagloal response of the

ochlock zdrenrl to stress,.



Gonarsl Bisocusasion of deilhous

farebred Hew Humpohire chicks were wseu Ll sli sut une ol Lue Lusls
herein rae orted. In one repliceatios of vae iLgst, Lie ¢nics aped had &
singiie #hite Legnhorn @nle in $Leir aucoesiry. LYae Cuicks wers 07 boib
soxes, snd were Lsken &% Yenlow Iroa e University of Awrylead fars
flock. +%v hatenlng, they were Givided inbo groups of Heil vixis esch and
pleced iln eleCirichiuiy hested bathuries hnviiyg sciresn~wire floors. These
buttericy were housed in & concrete building uuder consroiled couditions

of henting snd ilighting. 7The birds wers thus meintzined for ihe duration
of the tosts, which extended from hetching time wntil four weeks of nuge.
Food und weater were svaileble in sdequste amounte st sll times, except se
heroinafher noted., fAlthough different batteries in different rooas were
usefl for ench repliention, the experimentnl groups were slways wrringed bn
the seme way within the hsattery. The control group, recelving an unsupe
plenented ration, wes dlsced ot the top, snd the experimentul groups, re=
geiving o ration supslesent, were nlsced below, ang arranygsd 80 that the
rebion havin: the larpast sapplement wag st the bdotiva. Lech groap had a
zeparate waiar Lrough.

Phe chicks were fed a standard starting assdh. ougplboaenis vere
sdded wo thie diet by mesns of eieotiric mixers. rresh feed wed prepared
for escn replicallon, wad wWas 8Lored in webnld CasSwitn Vightdy Litwing iLidas.

The nature and source of tae dialery swopleacnis sare a8 Ioilows:

(i) Tniourscil (V4.up purej. From Lederie Lssorstories, iesri :lver,

Hew York.
{2} Iodinsted crsein (Protemone). Conteins C.3% chickwavaileble

Lethyraxine. TFros Veropnyl Leborstories, Kansass City, iesouri.
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In those tests iuvolving injection of hormone solutions, & one cc.
tuberculin syringe, with a #20 needle, was used to plece the horaone solus
tion in the pectoral muacle of the chicke. The nature zand source of the
injected hormonen were a3 follows:

{1} ‘ndrogen (Perandren}. Testosterone Proprionsnte in ses=me oil,

“rom Ciba Pharmaceutical Productes, Tne., Summitt, Few York,

(2) Tstrogen, Diethyl ‘tilbestrol in sesame 0ile Trom “‘erck and
Company, Fahway, Wew Jarsey.

{3) oGonadotropnin {(Conadin Serum). %xtr.ct of presnznt wm=rsa’s serunm,
in distilled water. From Cutser Laborutories, Berkeley,
Californis,

Just prior to sucrifice (and after exercise in the cnse of ithe
stressed groups) the birds were weighed %o the nearest gram on a Toledo
baiunces Those birds measured for aetabolic rate were weighed just before
this determinution was mades AlLl ciiicks were sacrificed «t 4 weaks of
age Dy biseding % the neck. The carcasses were gsiored &t =14°F for a
period ranging froa 24 hours to 7 days. Fifteen nours prior t; autopsy,
they were transferced to an environmeut =zt 55°F for tnawinge.

it sutopsy, the approprinte orgmns were removed, carefully trimmed,
end rapidly weighede <“mell orgsns, such a&s adrenal snd thyroid, were
weighed to the nearest 0.2 mg. on & Roller-=3mith balance. Larger organs,
such &8 henrt, were weighed {o the nearest 0.0l gm. on & sgtandard triple=
benn balance,

Immedictely «fter welghing, those tissues which were to be studied
nistologicnlly were placed in Tellycssznisky's Fixative (Formol, 8.7i;

70, Lthanol, 8753 Gluciul .cetic :scid, 4.3%) for preservation. For
making prepared siides these tissues were ilwdedded in parafiin, sectioned

st 10 wicrons wiil & rotury microtouse, wnd stained wiih .lasson's Yrichrome.



HOVLUDLLC Fadel wEre mahduwlte b & wEad U5 L0 wihi Whg cilused 8syoe
bem flivptretied Lo Slate L. Thy baras werd rw di groaps of Zour L2 siz.
Length of run was ZU nloutes. She 0lpos were bantn 010 feed Lo sowrs
prisr to bestlug. Jetsbolic rates were cnlowloled on tue dusis of the
smount of 2uyyen rexdved Yrom the systes during the ran, aud were axe
preneed ns miliiliters of oxygan rewoved per kilograa of body weight per
hour. The ehioks rere seerificed immedlisiely «Tter {the run wes nade.

Stpeas was infuced by runalng tne biras to exisusiion in tue re-
volving csges shown in Plate £, The first run vas muue when Lae oirds
ware 17-10 days of age, wnd the spwed of revoialion was lo revoiutlions per
minute., The experinasnt then procesued ar f0liowd: oB0LRE Puil wl Ci-dD
days of sge; speed, A% rpo. Third ran ab &8-40 wags ai o sge; sened 1D rpa.
Fourth {final)] run ut £7=Zs days of wge; upued, bi rpae . aicaptlon Lo
thin sclase ocowrred La bine Lesbe lndolving tae sex glawds; tals wlll 6e
brought ouws luler.

L s e wabed A PEelicdnecy Winds wasd I a8 bDirues wers re=-
VRLVEAE BO Uiah LaBy fsd w.d wabdhre Cagh M wkdoi W oabARVer, wihare wus
G bhel MOESEQ OF LOULVIMWERLL WY L& Ghe publulos Fesgonse, cod conseijuentiy
it Lodividasd veriaclon Lo resistanes Lo exhsuasvion. To siisiustie
Bhais Thatelligance’ fnotor, wae 0lrds ware alli pirced debtwsan two metal
Plot 88 80 arronged hnd Lthe subjeot wup farced to run strelipghl shesd ine
9 the rotsbionel aovement nf the onge. The Firds wers untble fo turn
sround oy %0 ugsumn & atdevise stanee. Phey wore nile 1o Balance thepe
selves somewhst by resting their wlnge sgulnst the plutes,

These laternl panele were woved ouwtwurd ss necesrary to slloe for
the inerossing size of thoe birds ss tho tests progressed. Tuey were ale

vays placed in cuch & way af to induee Lhe Lirds %o run streighl shead at
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&1l times, Lubt not 20 wma %0 interfere with their Velunce. The "end-point
af gamplete axbovabion woe Seken af that time when the blield fell o the
botiom of the cure apnd bumbled repontedly, boing cuonlelsly anatle to
rige. Loogth of ram woy cexzured o alowtes, and, sisced sres: of revoin—
tion wes kopt gunetant for esgh of the four runs, wWad eXyroased us nusbsy
of revelutisne %o exhsust. The initiel run, st AU Dpu, was rogurded ao &
“gonditioning” ru, enstling the Dirds 0 bBeoome weCLBILned o Lae omged,
a3l ite rezdalts were not used in oslouwlating reslstenoe 30 Jpiligu€.

LOVestignlions 20%0 Lue 4iiect of hitered fngrold ACLAVILY UL Lue
Fhysioiogy of %ne Uhick

Lo obtotnl of 275 oplrds (150 malesy 14b fensles) were used la these
tests., Five replicstions were sede, over s period of three mnonthus, from
hpril to July. The chicke were divided into siy srouss, an the breia of
the type of dlet fai, zas follows:

froun L, ¥Yegntive oontrol. Buasal ration.

Opoun *, Paaitive cantrel, “ztion comleined Q.8 trinanreeil,

Croan 3, "ation contulined 2.27 thisursell cluy 2.5 g. 0of Protasone
peYr 10¢ 1be,. of feed {ewti.

Group 4. Hation contained C.2% thiourseil pius i.U ¢. Urotunone/cwt.
Croup 5. #ation sontained 0.2% thiourseil plus 2.0 ¢. rrotanmvne/cwt.
Group 6. Gntion sontained U.27 thiowrseil pius J.o g. Frotumviefeat.
“ne birds were plunced on Laese diebs ot anvoolng. aepaicailes L, €,

&, «hiG b were newsured (or metuboliic rave. il Bipdo wers seeraiiced ab

4% wGBAS ANl ouLDpEied 4F previdusiy Gescrlboed. {0 &ldividii 0 00Uy welghts,

Ghe wWelgaAbs 03 WGPEOId, oUrehnl, pOoksdd, skl SUwb dele DuCoTuud.
Al PeBWALE O) LLESE L8HLI LIY Sweabllied Lo Jewles L, Lii, Bod LV,

Bl wibel b hwdlly ailhwblV@s D0Uy BELgAt sl J0ur WOUAS Wes rewbly reduced

Ly AVERLLE Ledpy LhaUuluiie  nlubbiy s Cobsaone o Lbls wlel Lacrensed body



£0

welgnd &b wii leveis, vub body welgnl was ciways deiow whuit 9f tue basal
#roup under this sreciaent. Little differonce existed belween bhody welghis
6t the variout FProtsmone ilevels used,

Thyrola welght wap greatly incressed by tihdlourncil. There wes &
atill grestar incrosse in thyreoid sisze In the groap which got 0.5 g. of
Protumene and thiourceil. Thyrold seipht fell off in the groups which
Fot higher Frotamone levels, with the glend returning to normul slige be-
tweon the 2.0 and 3.0 g. levels. Considereble veristion wss noted in the
resnonae of the thyroid to Protemone, especislly nt the &.0 g. level.

rdrgnel welsht was not grestly sffected by the alterad thyroid scti-
vity. Some sizae-depression was noted in the prescnce of thiourucil slone,
andl =180 whon 0.0 g. of irotemone eans fed. fowever, st ne l.U, 2.0, wad
3.0 . levels, sdrenul size wus elose to that of the bussl group.

¥ale gonnd welight was not greatly affected by thiourscll trestaent.
dowaver, in the proseusce of Proluaone, these glanus wers cousidersoly
lurger vhan those 98 Lho ool goupe wWals offvct ¥8B noved ab wll Leveis,
but was greatest atl l.U g

Yemule gonud welght was cousldarsbiy reduced by tialourecil ingestion.
tddition of Protumone graduslly reversed twhis condition, with the ovarisn
weight belng normsl as the 2.0 g. level.

In contraul o ite effect on the testes, thlourscil feeding wos see-
companied by & grent reduction in merlo comb size, Profumone feeding tended
to Linoreuse comd sise, slthoush L4 was nod of normel sire even in the
nresence of 3.0 g. of Protnmone.

Thioursclil trestnent wses ulnp scesapsnied by s great recuction in the
size of thae femule comb. %he resulte of feeding rrotemone were suwceh the
asme as in the ssle; s tondency 4o inersesse in size withoul avtuslly &t-

taining normal size.



Hoetnbalie rote was gecreased by thiourweil. Irotunmone ingcrossef
matubolic rate, slthouyh metsbolic rote wus not resiored %o nomnl by
Protumone., Consideruble veristion weg noted vetueen replicute vulues in
BOSN OuB8S,

Dete on body welght, sno welgnt of thyroia snd wdrensl hnve been oalw
cuinied for tne two sexes sepsrately. % hese flgures are presenied ia
Tuble Ve sody walght was reduced by thiocarscil in both sexes, with the
mitlws showing thne greater proportionsl reduction. Thne fomsies were ale
ways 10 bumiier, Jut Lhe LW0 sexXes showed proportiovnelly e,usl geins in
the presence of Profemona.

sxoept in the groupy fed shiouracil slone, the femsles hed the lurger
thyroids; the two sexes responded to the goiterogen with slmost identiesl
anosunts of thyroid enlergement., HRoth sexes showed further enlargement at

the (.5 g. Frotamone level. & proportional)l size~decresse cecurred shove

thin level.

The adrenales of the femsles were slways susller thun those of the
males. The two sexes tented to follow perallel courses wiih respact 1o
thone glandag o size deprossion nt low levels of thyroid activiiy, with an
inoresse in size at the higher Protsmone levels. 7Tha sise depreusion wus
sonewhat greater in ithe mules, however.

investigutions into the Helstionsnips between uwlress, iayroid ~GLivity,
and the rhysiology of the hiek

H totuk 0F et blrde {180 meles; LliZv leonles) weres useld fn Lnese
testis., Yhree repilentions were :wkie Ln & period of two moains, extending
frooa the iest week Lo August 0 tho {irst weaek in Noveusber. The chicks were

divided Loto nine groups, o0 LYhe vsnsls of the dietery supplesnentation, as

foilowe:
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Croup 1. HNegutive Contrsl. Bnssl rstlon.

Group £. rositive Comtrol. (.25 Thioursoil ndded.

Group H. 0.20 thiourseil « 1.0 g. Protamone/cwt,

Group 4. 0,20 thiourscil » 1.5 ¢. Protanmone/cut,

Croup 5. 0.2% thiourneil » 2.0 g. Protumone/ewt.

Group 6. 0.2 thiourseil « 2.5 g. Protrmone/cwd,

froup 7. 0.27 thiourseil + 3.9 g. Protumone/cwt.

froup B. 0.2% thiourscil + 3.5 g. Protsmone/ewt.

Oroup 9. 0.2% thiourusil + 4.0 g. Protusmone/cwt.

The birds were placed on these diebs uwl AntGh. L% L7 dnys of uge,
all of the birds Lo she nine groups were run to exassustion in the exerw
cise Capas. Phis was repoated three slaes, o8 Provivwsiy descerised, wad
the pirds were then welghed wand swerifloed =t 20 deays OF wge. Jariug
#lke 0 bhe exercise rang, il of tho birds in she Vest (l.e., vH068e roe-
wainlng in She bobieries w8 welii us those actunlliy being exurcieed) were
token off feed. Htorsge, bhuwing, il sulopsy were &s previously oute—
lined. Observutions wers recorded on exhaustion iime, body welght, snd

welght of thyroid, sdrensl, gonnds, comb, and hesrt.

The results of these teosts eare listed in Tables II, IIJ, snd ¥, In
Charts 1, 2, 3, 6, 7, 8, 9, and 10, they are compured %o She results obe
tzined withouk stress, just 4l acuseed. Chart & presents the relative re-
sigtnnce of the nine groupe %0 exhaustion.

Body weight wps depreseed in the presence of thiourscil snd stress,
and epprosnched but &id not sttain normuley when Protsmone was red. Churt 1
shows that thess results toke muoh the same fora os Aid thowe without

stress. Body weight ofter stress did not full below the unsuressed level

until nigher levels (2.0-4.0g.) of Prosmscone were fed.
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Yayroiu welght sgein showsd o e rked inorease with tnlowrseil which
wag excesdied by Teeding tibursceill piue the lowest level of Prosesone,
fdul siontd Frotesone oswsed the expeoied thyroid regression. ‘tress sppar-
ently hud little effest on the ebility of the thyroid to respond to vary-
ing thyroxine levels; Chart 8 showes thet the stress curve parsllels the
nop-stiress one, and does nov ile for from it at woat pointse,

Congidering the effect of the trestment on the sdrenuls, Chart 5 re-
vasls that they were depressaed in sige below thut of the controls in the
presence of stress snd thiourseil, wers ulmost of normel oize with 1.5 g.
of Protnmone, but were smuller with 2.0 wnd 2.5 g. Creator anuwounts of
Frotamone sre concurrant with & pearly-normal wdrensl siza.

Chart 5 brings oubt ssrikingly the similurity in form snd Lhoe dis-
gluklerity in position of the Llwo gurves wilh guress the only Voriabig.
The adrenals wore grestly enlarged sfver stress av all ieveis of shy-
roif wObivity, but whey respousen in o shalioar swiaor &% bhe verious
thyroxiae lavels waetlioer streass was proeseal or sotb.

dsle goneds wers uepressed in slze ay tnlowracil, snd obtuinod
grecier-thsn=norant sise «fter Srotusone and stress, sl sll Frotamone
levols, lﬂn&rt 8 siows that the grestest divergance batween the stressed
birdes sand the nan-s%réasadxbirde veeurred b the Ll.5 g. Protamone level,
elthourh divergence existed ot 2.0, 2.5, end 3.0 g. levals. "t 3.5 nnd
4.0 g. of Protumone and styess, the nule gomads were lurger than under
any other trestment,

Ovardnn weliphts aleo were reduced by thiourscil in the stressed
birds, but I'rotamone trestment was wcosmpunied by un incresse % glzes
above that of the conirol group. The grestest guin in ovarlan welght

was scored in the presence of l.U g. of Jrotaemone. vhsrt U cowpares
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thone results with those in the shuence of atrzes. At he L.0 g. lavel
the oynrian weighds of the two groupz? sre similar, but st Ll.46, 1.5, 2.5,
and 3.0 g., the stresnad birds hsi luarger ovaries thnan the unesresssed
birds. Those bircs on the basul dietl and wose on WLOWr:CLl ouly aad
goacwhat inrger femule gonuads with streus thosn wiihout,

Hule comu welghts {(Chert 7) nfter strese showed the foaliiur re-
duction with thiourscil trentment, but inerewsed in size in the presence
of ¥Protusone, selng luarger tnean the busal growp vt L.d g. of ¥rotsaone,
snd Lncressing shurply with wdditionsi Prossmone plug sbtress. Little 4f{fe
fersnce in sverage welght existed between the streassed bessl group and
its unsiressed counterpart; the ssme is true in the presence of thiocursell
alone. £f% 1.8, 2.5, and 3.0 g. of Protemone, the difference in n:le
gonmh sizne between the ntressed snd the unstreseed groups {8 amarked, sand
the streazed birde shnw s continued Increanse sbowve the 3.0 g« lavel.

Female comb welight in the siressed groupe was depressed by thioursmeil,
but rose to supro-normal levels st 1.5 g. of Protamone {Chart 9}, ¢t
hirFheyr Treotomone levels, the fomule comb welght dropped below that of the
buenl group, with little v.riztion betseen the various Srenumsents. There
war Little difference in $his deterainsntion in the buasal group and in
the thiourusilefrostod group sfter stress. .owever, Whe suresdbed Lirus
slways nnd the grester wverage eunle gouwb welgubn, with wils sugeriorily
peing «ost acrked with 1.0 wui 1.5 g. of iyroteaone. o tendency wus
apgurent for tnis rise to continue wish higbsr levels of Protmaone., %he
ovarlan curves show {Chert 10) & siamilsrity in fora to those for the fe~
msle combe, bobth with end witiowut stress. This 19 not true in the ouse

af the mule reprodquetive fuctore nensured.
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Heart wolght was below normsl on feedling Sbhiovurscil L0 stivessed
bivds, end reained po even in the prassnce of 4.0 g. of Protsaone, Chort
2 shows that the hesris of the etressed blrds were somewhats larger than
those of the unstressed ones in the basal group, the thiournell-fed
groups sng the group seliing L.0 g. 0f Frotomone. ‘bove this Protsmone
leval, however, the hespts of the stressad birdes were balow those oY the

unstressed birde in sise,

The sverye nusber of esge-revolulions necesssry 0 sxrhsusk iha ohicks
in eseh group is preosented in Tebles 1@ and ¥, wnd Vhazt . The wbilisy
to reaist sjusouler fuyvigue was {ahlcited Dy thiouracii, cul wus Con~
gidorably above the normel level =% 2.5 g. of Prolssons.  dasistange %0
Cotigue was also high with L8, .8, sl 4V go o Srotmsong, dut was
iow withh lev and $.0 ge

The datea on vouy-welgnt, weignt of thyrsia, w«drenal, s howrt, aod
exhsustion time ware mnnlyged for tho two sexce separstelry. This msterial
ks prasented in Pable V.

The femnles of emch of the %two exparimental grouns {(stress and none
straess) were aasller than she coapersble nales at wmost levels of thy-
roxine woiivity. The difforence {s grestest however In 3he astiressed
group, snd 18 more spparent Lu Hoth groups st the higher Protamone levels,
On thiourrcil slone, the mireossed snles were smaller than the femsles.

‘M the busal diet, the sizse of the males wes appurently liittle sffacted
by stress. Often chiexs of one sex were lurger in the presence of
styoas than withous i3, This ocours a8t several different thyroxine
levelas.

Thoueh the femele inyrold way genorally sonevhas lepger than that
of the mnle, espesislly in the presence of Frotusone, tne saucle sousbines

had the grester shyroid weipht in the prezence of siress sud JFrotasone.



Differences in sdrensl sige between the two srxes ig narked st
mest Protamone levels in the stressed birds., Vhe feunlwes always had the
sunller adrannla.  Haeh soX suaowed the same varistions in sdrensl sise st
varying rojaunone levds ap 4id the opposite gsex undergoing the tuace
srontasnt.

The malas were viwsys wole 10 resiasl exboustion vebter tusu the Lo=
maies. 8 for e effett 0F Froftamuno B VDi0ursGii, L% Cuu ve seen
tiue s $HO W0 vexos were rowlldy Jnralaes Lo resgonse, mui tasd vuth re-
shated sUross pest &% She £.0 g. Jroteaone ievel. Vhe uutrested males
wore greatly supusior 0 Lhe anirested femalaes in resisting stress. The
#owe Lo Srue &% vhe higher Protemone levels, especialiy ot 4.0 g.

In the s%ressed grouss, the neles always had $ne larger heurte. This
dlf¥eronce was aont pronounced fn the untrested birds and at the higher

lavals of Protsmone (1.0-4.0 g.1.

Studies on the Role of the Gonade in Response to Stress

£ total of 174 birda (38 meles and 36 femmnlen in the first test; 44
malee wnd 56 females in the second test) were used. Two mepsrinte teats,
not exact replicstions, were performed. In the first tent, 74 birds were

tresnted ws follows:

Group L. Poultive eontrol. G.U07 mg. of tesiosterone praprionsve
per bird injecsed. Ho exorclisae.

Group 2. Hagative control. 460 injecsiong 0o exercise,.

Group 5. D007 ag. of tvostosterone proprionste » exeseisea.

Group 4. Ho injscbion; Sxercice.

#il of the birue were fed She Lusal dieb. Yhey vere depriwed of
feed during the exercise runs. The injeotslions wore dlvided intu seven

dosus of U.UL ag. of andeogen oech, every sther day. Thows lajections



Cozuenced Laree dayu tefore bhue shert 0l okKercisd.  Jue LIrdY &4ere gacrie
ficed &1 Jour weens 0 tge, g subogsied. The reswlivs of taiyg Lesd
sre presented In Yaole Vi,

The voay wel.Hit of the :rdrogen-exercise group (Group 3) was not
depressed as much after exercise ag was that of the wminjected group
{Croup 4), »nd was close to the body welsnt of the conirol srouap (Group
11, Thyraicd size wes uncffected by sndroren snd evarcise, but either
snirogen =lone or exercise rlone wng concurrent with »n reduction in
sive of thie gland. ‘“drensls were onlnrped to the sune degree by exeps
¢ire, und by exercise plus androgen. They wers reduwen in sise with
androgen zlone, clthoush male goneds were somevhal enlarged wilh asudro-
ren, when exarcise and snlrogen were glven Logether, s welgntereduction
oecurred in thaese glands. Ovaries veroe sowewhsad reacucct in size in tne
pregence of sirogen, anarogen plus exercise, ond exerclse sione. .ale
conbs were largest witn sudrogen alone, sud smariest with exercise wlone,
ag waere Jeaale comba, Oxerclse trecwiuend sse 80ue curdint eniurgomsont,
votn with sand withoul androgen.

It was eviuent tusab Lie woGroges-ievel usea ln thils Lest wes suf-
Ticiont to exert only & miidly stimudelory wotlon on the cnick, ss indi-
cuted by 1ts efyect on comb growth. T“he experimental pian wes therefore
altered and expunded in the second test, &s follows:

Group L. liegetive controly Ho injection. Ten birds.

Croup 2. Positive control., {xercised to exhzuntion. Ten birls,

froup 3. 0.) me. of tectosterone provrionste/bird/fdny injected.
Twenty birde; ten exercieed, ten not exercised.

Croup 4. 0.2 . of tectosterone vrmprianatm/bird/ﬁug injected,
Twenty bimisy ten ex-reised, ten not exercised.



Group 5. 0. mg. of wmtilbestrol/bird/dey injected. Twenty birde;
ten oxsreiced, ten nst exarcised.

Group 6. 10 anits of gonsdotropin/bird/dey injsatei. Twenty
birda; ten evarciand, ten not oxercieed,

Thas there were 100 birds in this test. #ll were fed the busal
diet. PTood snd water werve glven ad libidues, sxecept rhon exercise runs
gore mnrda, The injeetion sehedule wan the sase a8 in ithe presceding test.

Spead of revoluiion of sho oxercise @sges was incrossed over thnt
previously used, The iniiial speed wan lU rpwm., aod tnese reswivs nos
used in the calculutions, as pelore. <Jhe gsecond Ful Was »% AL Fpa, and
she Suird ran &b @u Ipae For bVae I0wrsSi run, Urowp £ was exerclsed st
4U Fpm, Wnia® Erdwps 9, 4, U, sl v were revoived ol 20 opau.  Jieee
CLulig; 8F wWers anue Lecesyary by the greatly incresmsed resistangs (o
fatigus guoGQwabered 11 %thene LLrds.

The results of this vest usy be found in Tabies VII snd VIII, and
in Sharte 1i-1Y inclueive, Jt will be seen that the biwxis® resistunce to
shriss wuyg conslderably inereased in the presence s?f mndrogen. However,
doubling the G.7 m¢. dosnge of this hormone 41id not eignificantly add to
this incresve. Htilbessrol sdministration was noncurrent with s slight
guin in stresg-resistonce but the greatest gain of all was registersd dy
thons birds whioch reosived gonndotropin,

izxoroise reduced body-wzight in the untrested birde. indrogen
cauned sn Snorecze in weight, which was elimin ied by exercise. Stilbes-
trol hod the seme effect, uithoush in this cuse both the exerclised birds
and thelr controls were «#bove nuegative conilrol level. 1L wos noted that
#ll the oirds trested wish dhis borwone soguirsd consisershle wvdominsl
fat. Gonadotropis a0 Ffalled S0 protech (be exdrcised birds fros weight~

A088 with GRerciso.
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fdronnle tnoressced sherply in slse on exerclse, =8 in Jrevioun tests,
Thilg sweurred in the nrevence of injlectsd androgen &g well zs in the wo-
injected controals. Unexerclised dlrds receiving srdrogen had sdrennls
whioh were seaewhat reduced in size. In the presence of s:ilvestroal, the
sdronsls were enlerged, winoest sn egusnl aaount wish and without stress.
Sonadotropin injeetion meintsiged the adreussls b nser-norsmaul levels in
Bothh the stressed and unebtressed groups.

Teases wers conslderuvbly suslier afier exercise alone. mirogen
crused o considerable sizg-ceductiion, waicih was unafiected by exerclse.
Thin size~raduction was nleo sppsrant sfter stiivesiroi, snd wses here
adgh marked with axercise. Gonsdotropin stisuluted mnle gonsd growth,
in both %test griups.

The overies wers unafiested by exoercise nlone. ‘ndrogen plus oxer-
cise caunad « considerable overian atraphy 8t the 0.7 ag. level. In the
prasaence of stilbestrol, overiusn slme was reduwed, and to the saue dogree
in both Yeat proupsa. Ovsrian wsight was lower than normsl in the birds
tronted with rencdatronin, snd a further decresse followed w«fter stress.

Tale comb welisrht was such less in the piressed group thun ia the
untrested conirols. ndrogen aleays osusad o narked inCGreese in combd
wolghts of msle birde, though ihis was somewhat greater without added
etress. <he higher anirogen level had & saperior avlilivy %o increuse
¢omb size only in the stressed birds. OSilivestrol trestwent Cuused »
parked docresnse in msle conb 8ise which was 0ot asrked after siress.
Gomudotropin caused no sise incrasse in asle comusy in fech, the wiexer~
cised average was considerably below that of the neguiive controi groupe.

This was partiy overcoums sfter olress.



L wus DOt posniole 0 seigh Vhe couus 0f Yho wasisjoectsd group of
wrercloed feaslen; Luwabling in the exercise cheey hed desnged those ore-
gung 09 severely. It Cup however bDe seen thet feanls coab weight wes
grently inerensed afbar andpogen irestcent. &4 the lower iovel of sandro-
gen dosege, this efTeol wes musch levs nfter sxercise, but not 8% she

W

higher Zovel. tilbestrol trestaens sltared femele cowd size slightly,
end the exercised birds hed Llhe saaller Combs., The results with gonado=~
tropin clusely reaenvle those with stllbeassrol.

‘pdrogen=trested birds hrd somewhal larger hearts then Ald untreaied
virds. It ie noted, bowever, thet thio is noi% the case oi the G.7V mg.
androgen lievel except in the presence of stress. Jhe hesris of stiloes-
troi=tronted birds were sleso larger than normal, bBoth witn and without
strass, with the stressed pirds heving the sauliur heutis. Gonudin-ireaved
Bivedy hud sasll hearvs, ond Shls 958 eapeclalay rue in (he swiressed
Froup.e L% wap noted ob awtopsy thatl wie anacogen-treated ol as Lnd Leansis
Wihlen dere surrouwnded @it 2 haavy coruns of fev, wnd whas tuds fu% had
inveded She grocardiwa a% seversl pointa. 'Fhis e88 8lso Lruag 9f Lue
gviluentroi-tranted Dirds, vuv to &8 Lesser exleub.

In Yeble VIIiI, the auts of thiv second tess on she role of the
pex-=noracnes in siress is further snalysed. dedy welght, welghs of ad-
rennk, thyroid, snd hesrt, snd exhisustion timo sre siversged by sexes.
“xcapt in the cnse of 3he unexarcised birds injected with stilbestral,
the moles weré lurger then the femnles. [Ixercise reduced tho body
welyht of both sexes, repardless of horamonal Injecetion, except in the
arles retelving goncdotrapin. s in the other tests, the fewnle thyrold
was upaally the larger. “ignifican: ercepiiona *o thip occurred w«ith

a7 mge 0f nndrocen spd exercise, and in both of the gonsdatropin~-injected
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grours. “Velg thyrsids wora lorvger than norisl in woed ol ihe Lranued

grouna, and this ta:uiasd %9 ho eanherized with sirees. wamie Layrolds

werd healow normil in aize In 2ot of e Arousts, ol ware saedied o Lhe
sgeproised grouns then in thelr Convroin. rouaidd gonersidag .l Lae
sanller sdrensls regn:&iéns of Lorwaoasl Lr@ubatit, &LLa0uwh Ah GG GXue
sance 598 led mg. o0f snurogen wod axsr@@aw, Glientkd suluedgasent W grautest
in the Ieuuies. 2Xoreise cuused sdrenel enlargewent in both sexes, with
Lhe ReleB genersily dhoeulng @ grestor PeBHOoRsv. L4 008 Ansbuacse {with
avikbesirol ) fewuie wdpunnls were sanlicr with exerciss Shan whiihoube. The
isilure of the adrensis Lo enlorge significsntly in the presenco 0f goe
nedosropin ocourred in both sexes eyunliliy.

The aske birds had the larger hearte. ¥Male hesnrt sive was unchunged
by excreise slone, while the hexrts of the femules wors sowmewhat eniurged.
in the presence of anndrogen, the msle heurts =are consillerably lurgep
nftnr exerclse thern thove of ihe unexereised wwles. Feusle heart slge
wen lapper ofier exerclee only at the lowor sndrogen levds., Ttiivestrsl
trentod mrles showed no change in henrt slse after oxereige, vhile alo-
1iarly trested fermalee had sasnlier hrarts than thelr conirois, Gonsdo-
teopin felled 4o prevent same carding enlargement in %he msles sfter
gxercing, while it was sccompunied by w redwction lo Lewrt slie in Vewslea.
Injeciion 0f (.7 mge 0 wndrogen was followed by & grester resisgibunce 0
Pnbigue Sn o bho feasles Saan in bhe sanles. Lo sii obaer trestasuts, Whe
senden wore anke guccesslul Shadi the feundes in resistliny the siress. Lt
snoukd be wmpnosiged shst sndrogen treatuent was followed by & considerably
increesaed roskeianse W siress in Lhe feuuloes, wialkle tne siallsely
trectied oodes showed b comprruble incrosse only &% She nigher (1.4 ugll

lavol of sodrogeo sdaloaistpetion. Usiibostrol trestuent waes foilowed by
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Bumeuhst increased resistunce to exhwmustion in ooth sexes. YThe gelin in

stresse~roasistance rogistored witer gomsdoiropin trestwment was asninily due
9 Lthe sedes in this group, which showed the grestest incresce over busal
ieval of any group in these Ltests, “he femnles of this group slso showed

in increcged stresyeresistunce.

Histologienl Htudles on the indocrine Organs (Plate &1

thout twenty nlides were prepared of thyrold znd sdrens]l tissue, in
the manner previously desoribed. These slides contained wn aversgse of
14«16 gectionn, snd ware studied with 8 regsearch-type binocular mioro-
scopa &t LOUK, 4BOX, and 970X.

Thyroid tiosue from normsl Birds wus cowmpured with st {rom bLirds on
0.2} thiourscil. I% wap found that thlowuracii srestuent was foliowed 0f
& compieve digruptlion of the Lypleal [LLliicuiaer BLRucturé. Jhe iadividuamd
folilcles could svili be distinguisned oy their circuliar form, owl were
gompletaly devoid of coilold.e This museried bud been replaved by fole
Licudar celis, lorge massses of which filied tne w8ini. These tayrofds
wWers Gis0 sean 0 e NCre vasculsr than norasl.

“he unormril sdrensl (Plate §, Upper) of the ¢-woek~old Chick was
vound by s thin eollagenous connective tissuse shesth. Below this wore
nwarrous cell cluaps of varying sises which ware scsttersd through s
mekrix composed of strands of suunller vells. These celle-clusps were
sherply delimfted, snd sppesred %0 bve surrounded by & single luyer of
econnective tisswe. The celis were irregulerly srranged within the olumps,
but tendad %0 line up »% the edge. 7 hese cells had sn abundont, granuae
lor evtoplnsm, steining red as here trested. "Their nuclel were smull,

vacuolated, and centrslly located; they conisined u nucleolus.
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The me$rix cells were of two types. iype one hut & densge, spindle
shaped nusleus and seanty oytopleama.  Type two huad s rouns, vsouolated
nuckeas snd o more sbundant, fommy oytoplism. in DOWR Yypus, Whe ¢yuo-
piess stnined olue, with the nucleusdsrk, uuder the sluin amed. JoCusion~
Biiy, sundl groups of Llymphoogysic round-celis were seen in the wairix,
@Bpusisiiy near viovd=siauses. dhwse antler vessels were AURGPOUS
Pardughoul the anirix.

sironel Sissue from uuressed Dirds was next studied {Flete §,
Lowarl. These slides were diYierentisted on Sie busig of the relutive
reslatrunce Lo stress disployed by the biras from wnlelh the tissue wes
tulkan, Tor convenience, thege two clssses were designrted "ahorte~run™
to indicate sdrenscis froa biwxde shich fuiled to resiet stress, «nd "long-
ran' to indicate adrenszls from Lirds which resicted wmiress.

In both of thess clusses, the nomul edrenul astructure juprt dese
erived had been coopletely diesrupted sfter stress. Consideruble hyper—
LrOophy nnd hyperblasia hed scourred in both tiesue clexents, resuliing
in a disperalon of the cell-clumps. The two bLypes of tissues were
cloancly interaingled. selow the espsule, the matrix celils foraed a
rathepr soarked band of tiligsun. Tho genter of the gland wus oecupled by
vory iresgalsr cluaps of the red-stalnlng coelis, surrounded 0oy convoe
iubeg strondes of end.rged, blue-stalning celis. Voasculurity ned ia-
creused markediy over tie uorasl coadition, und lerge ovoeld uesses of
rowid-~Ceiis wara seen &% She pariphery.

Aicroscopic differences veswsen the "short-ran’” sdrenal snd the
*Longeran™ sdrensdl wos asioly one of difference in over-sail size of the
gachion. “he "long=run’ glond weas the lurger. vartsin other differences

wers aoted, hwwever. fhe “longerun” glsnd wsg even more vasculsr than



the "short-run™, with DLoOG~3lhuses and Sauii VESSELN Very nWaerowus
tiiroughouts Yhe siz: increuse in the "long-run” glond was apparently
due Lo hypsrirophy and ayporplesia of voth wsiriX-celis snd cluwap-Celis.
The elosae interaingling of these Ywo elemenss mude eveiusiion dirYficuls,
but uifferencesz in staining chorsoterintics mude iV sppesr that the sisge
increnss of sthe "long~run” edrencl wes chiefly due to sn incresse in the
numbaer of blue=stalning matris celis., The cluamps of red cells could be
distinguished with difficulty in the "sghoyt-run”’ ginsnds, while in the
Ylong-run® glends, the matrix-tissue had eompletely overgrown the clumps

nsnd mingled with thelr cellsn,
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sffuet of alosered ?uyroid AGLAVIGY

Certein fucts sbout the neture of the tests must ve «<ept in mindl
while evelunting whe results obtuined, First, vecsuse tne tests sterted
ut time of hetching, when {1t regquires highly specisnlized koowiedgs %0
fdentify mexes in =08t pure broeds of chickens, both sexes were used ine~
disorininstely in the various groups in these tests,. Ocoassionally, n
group contsined o henvy prenonderance of one sox, bul geperally they
wars in almosd equnl nuzbers.

“egond, the time o0¢ yesr in which the tegts wore perforued must be
congidored. “hiz wns the hot sesson, when thyroid seiivity is reported
to Ve low. “hether this lowsred scuivity I8 present in growing chlcus
as well a8 laying nens 1o & @003 piine, however. it @usi olso ve resiized
theat thyrold wobivivy An these Losts was nol physiologicesl (except in the
untreasted groups | Lat was arvificially asintuined by Teeding Sshyroprovein.

Third, the ijaet vhad thiourscil s rrouwadne wers red vaibar thuan
injocted asgowr 3neir physlosloglesi ievels dependent on food intuke and
introducss sdditilonss gouress oF experimmtsl veriotion. Howaver, 1%
was desired $0 slauliade nxvurndl condivions in siese Yueds wvhersaver pose
st die. in nudition, this procedure isg frequensly usod in isborstory
tests with the smberiuls in questiion. /ippesrently, nsny workers feesl
thut the veristions intr:duced sre n -t significant.

Fourth, it might be questioned that glendular glse is nacessurily
n eriterion of set{ivity. %“here have ueen teets which indicnte o nositive
gorrelstion between thyrold weight snd uetivity, for examnple (38), butb

pthors polnt %5 the nature of thyrold resoonse to thiour-gil sws preof
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that 1% L8 deongerous $o asgume such & corrcletion. In the present tests,
sinte ithe thyroxineesccreting funcition of the thyroid hsd been superceded
by exopencus thyroxine, no sttespt is ssde to correlste sizse (nd funee
%ion of this glund, Punctionsl netivity of the pituitery is the thing in
guestion here. In the cese of the gonde, wn sddltionsl indication of
thelsr noetivity is present in the comb welghte., Adrensl weights sre used
%o ovaluste the effect of Lhyroid horsone on them. Aevher Sthan simply
wesuming thut there was & necesssry correlsbion volween walght and so-
wivity, uiie srue reiubionsalp beteoon these two fuctors was asde ome of
the objeciivey 0f the tests nere reyoried, especisily in she case of ine
mirensl .

Fifgh, slsnough purebred 0irds were genersily wsed, it cunuods e
dented that genetlic veristion influenced the resuiss. this fsctor is, of
Cuurse, present in sny biociogicel tent, and is wianisized by using inbred
srgonisnse-on unwisoe proctice in work invelving chickens due %0 the
presence of muny undeslirsble recessive genes in the genoiype of Lhese
spianin. To refuce this feetor & responably laorge number of birds was
uged, =nd several roeplicetions were mde 10 deteraine reproduclbility.

Tt i{s believed thet the dnta here reporied have s relisble degree of
reproducibility.

Pinally, it muet be =ointed out that since the pressnt tests ex-
tondaed from hatehing time to four woeke of age, the findings apply only
to rapidly growing snicels in gornsral, sad to chickens in particuiar.
Hotornel fmetors are iaportant in the physiolngy of the young anlawl.

I% is shown in the Litersture leview thaw species diifervuces exist ia
gliandular responses. ~hase Focts aust e cvusidered ln the preseat

instance.
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The depression in pody welpnt walch was  ovserved after feeding V.20
tiadourscll i3 o wel.-znown resctlon wnd is dee 0 inkiweition of vhw thy-
rolda’s abilisy 0 sgynihesize Layroxine. 7 he seprossion at tie higher
Arotamone bevels is niso to be expecied, lor hyporshyroidisa interferes
with growin, spperently due $o gyeteamic toxlicity of itrge naounts of
whyroxine. Howaever, Vrotsmone might Le expecied to return the body weight
1o norasl &% some level of sdministrsztion. This it did not do, though
the difference in pody welsht between the untrested group snd the Fro-
tamone groups is emsll (Chaert 1l. This difference may be due to the
route of adninistretion. Some thyroprotein mey necome unsvallsule to
the animel secsuse of the szotion of digestive ensymes. Further, little
diffaponce exlsted In the effect on bvody welght of the varisus Protasone
levels used. One grem of Protrmonef/owt wes &3 effective as three. This
indjcntes that manll swounts of irotumone contuin sufficient thyroxine
to ptimulste prowth to the sene extent as the normal thyrold secrsilion
doeye [t must ba borne in mind shatl shiouracil was preseal af ali tiwes,
as wa@li as Sayroproiein. The fallure 10 sttsin noruul growih oy ioe-
ersuping %he smount of Yrojsacne mey ve dus Lo & suxic effecst by she
coiserogen on all sissues. it is inveresting to note in this cvnnection
whut the effect on muvnboliec rale paralleled vhe growth effeet (Chert 4j.
That is, rotasmone adsinisutrasion incrensed meteboiic rave bus did not
reise 4% o norsel st eny level. Table IV indicates that the effects of
the srestment on body weight and thyrold welght sre oot influenced by sex.

Hagt of the reports on work similasr to thet reported here deal with
the feading of thyroprotecin alone to normal chicks. Jork by vwheeler, et
sl {94}, Parker {68), and Irwin, et =l (42), indicates thst thyroprotein

{at levels higher then those used in the present teste) incrensed carly
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growth rate, The tncory that the thyrold produces aore than sne horamone
i Found in the work of verner snd flanilton {93}. “hey noted 15 cuses
af luasn hyperthyroidism without appurent hyper-metubolism. The work of
Rivers snd Lopasn {77) indicstes thst U=thyroxine is one=elghth (0 oOnee
tenth as active metebolicelly sp is Lethyroxine. Dethyroxine usny, howe
ever, be copcerned with T3Heantngonisn, Turther work is needed %0
investigzote this point,

In geneprsl, the thyrold gland responded 0 the thivwrnoli=siyro=-
profein tLrestuent in the expecied ssuner. Lt Snouwld be esmphusined, oW
aver, that sdainistretion of u sanli smount of Frotesaoue (U.b=L.0 g/ﬂwti
50 thioursCll-treatod d-weok-=-0id chicks causwd & farther ifacressge ia
thyroid size over that of itne ciiicke fed thiowpscil wione. One wouldd

oxpett, of gourse, on the basis of thyronine's known sbillity %0 oppose

w

i

SHeagtliaulus of thyroid enlacgeacnt, ihot even Bmall saounis of Pro-

»

Lamone wouid somewhst reduce ihe sise of the goiter.

This sise-increuse hap been noted before in $his leboratory by Worsng
end Shaffner (68). They used ll2-week-old Hew Hewpsuire chicks. adding
1.0 go 0f Protumone and 0.2% thiourseil to the rotion resuited in a
medisn thyrold weight that wes slmost twice that of the group fed G.2%
thiourseil slone.

The results of the present teste as to body welght, metubolie
rrete, and thyroid sirze present the foilowing frete which deamund ax-
pisnation: In normal and in thiourecil-treanted unimsis, the THH appo=
ging affact and the growth-stimulating effect of thyrold horwone wre
aponreantly equsl ln degree. In goitersus chicks awintained on 8uswell 8iOunls

25

of Prot.ions, sie growthe-stinuiating sflect exceeds the Tul=opposing

gffect. In those Dirds On lurger asounts of rrotamone, Whe iwii=- oppo—

#ing eifect is greater than tne growth effect.
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It is sappurent that a different typs of effect is ovialned depoude-
ing on whether the uvhyrold hormone Lo sw.lied by Lhe sayroli giund or
by exopanous Loyroproiein. 1t is therefore sugpgestied ihei PFrotsawone
supplies o growthesiiauleting fector shion is uviiized for this purpose
by the 4ewoek-0ld chick only up to & certein rather low level. %he
periphernl aetivity of this fector is further nindered by the preeence
of thiourscil. #Also supplied iw & TuH-opposing fector, which is wtilised
rlauost without limit, hence the finding in these tepte thet Lirds oa the
higher lovels of Protnmone hed very amall thyroids, but were slightly
below norsal in weight and metsbolism. These two factore might be two
sepurete functions of Lethyroxine, or one (the growthestimulsting fector),
might be Lethyrozine and the other (the Til-opposing fector), might be its
optical isoner or sn cnalogue.

‘n exuainetion of the adrenal weighte revesls thut Lhese glsnds were
the gmallest when PS5H activity was the grestest. This lndicates that the
output of the mipenotroplic horwones of the pituitary was inhiblved by the
grontly incrsased THH outpus, thus rending welght to the theory, discussed
in she Introduection, shat the pitaltsry cun socrete lurge saounls of only
ong tropic hormone ot sny one %time, snd whad the Targetegland doraones act
wpon gha ceile of she pitultnry. However, resulis involving stress, to be
discussed loter, fudicnte thud hie conclusion iz erroneous. - more
lisely axplﬁnntiun of the udrensl welght reduction is thet the metsbolie
activity of these pglunde is enpeecielly reduced in hypothyroidisn. Jome
welpht reduction 8t high Frotumone levels, noted LOth with snd without
stress, shows thet these glonds sre sensitive mnlso to high thyrolid-
hormone %iters. Thus the experimental resulde presented here support

the contention of Selye nnd oshers, =mentioned in the Literature lieviews,
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thet thyroxine huas & stlaulatory affect on sdrenal sise. They do not,
hogwevaer, support the view thut high levels of thyroxine csuse adrensl
hypertrophy.

ilthough Protamone sdministrstion was followed by an ineresse in
asle goned size sbove that of the untreunted group, it is doubsful that
any speelnl significance csn be given to this. V iristions i{n the controle
group renlicates mekes tha pooled sverage of inis group low. It is this
depreasion, rather than any grest incrense after rrotamvune whioh is re~
sponsible for the smount of airferense, It yppears, tnerefore, thul male
gonsd size was decressed by thiourucil, bul resthed 138 highest Levels
in the presence of reduced suyroxine activity.

Activi%y of the sesvis, ag xeapured by mnle Comb welghl, was drage
tleeiiy reduced in the uwvsence of thyroxine. rddition of vrotiwone
cnused aule comba to astain nesre-normal slze, There is, therafore,
l1:t3le indication of correlniion bDetween tesils size and nctivity. Doth
hypo= and hyper-thyroidism depress sotivity, with hypothyroidism having
the grentest of¥fect., “he resuits indicete thet norms]l testis stimulstion
of neconkinry sex characters depends on & normsl smount of circuleting
thyroxine. Phis effect might be due %0 either (1) dependence of the
level of gonadotropin secretion on the level of T5H ougput, or (2] & direct
aftaet by the thyroid horaone on the tissues of the testis snd comb. The
fact that msle ooab size feils to reach normsl in the uresence of thio-
uracil mnd ‘rotzmone is probably due o the toxie effect of thilourscil
praviously aentioned.

Svarisn sl femulie comb welghts show o much closer correistion then
do bthelr xale counterparts. Hypothyroidisa depresses ovarian size, waich

ig  inereased by Protumone. Oonedodropic ackbivity in the feawule chick,
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as sessured DY overien sise wnd wellvity, is therefore wipstrently depen-
dent on whyroid setivisy, ‘2 in the cune of the muies, it iv tunsrefore
necaassry Lo concliuwie Whst Vhiese reswlis wre dug L0 eliner (1) dependence
of the gonedotrapin jevel on PUH ovutput, or (2] & direct sffect by thy-
TOXAine on ovary and eowv. 48 wiil be brouwght 0ud in she discussion on
sirass-effects, the latter explunaiion Lis favored, for both sexes. Jale
buntiov (656) states thut the ovary of the chick Is rafrustory to gonsdo-
vrople stiaulation until Jjust before sexual wavurity. If this is true,
then gonndoiropin invoivement in the fewmsle chicks of the present hest

is ruled out.

In sumaery, Protemone caused more metabolic stimulstion than TiHe
opponsition ut very low lavela, sn effuet which was reversed at higher
levels, This is attributed to & dual noture of the factor or fuctors
provided, ‘drensl weight, and weight and sctivity of the gonsds, were
dircetly proportionsl to thyroid =ciivity, indiesting direcs asciion by
thyroxine on the sex glands. These effecis were somewhol opposed by the

toxte aetion of thiouracil.

iffact of Liress and sltered Thyroid ctivity

Yhe fuets menvioned ak the beginning of the aiscussion on the none
atress tesis, Jjuet procesuing, sre eyusliy applicuble here. osex eflects,
time of year, route of sdministrution of the deuge, genusic factors,
and age Limitetions all must be conaldered. It ashould be mentioned shat
thege siress jestg were carrvied ous ut & different time of the yenr from
the previous serieg--wicn She aversge tempersture 18 lower. In addition,
sithough the type of siress chogen—--ausculsr exnnustlion=-iy generslliy

cnlled "non-specific™, iV is doubtful whether eny stress could be so
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designated. Xercise Yaligue, for oxsuple, ls more divectly relnted o
certain phyniologlend systens than %0 others. Huscular developasnt end
efficlancy nffects resistunce, ns does circulatory and respirastory effi-
eiency. It i1z even possiole that learuaing sblilty enters into the plctare,
for it wess necsasary Tor the birds to lesrn %o bulunce themselves in She
riovolving euge, und to adopt the most efficient response to the snforged
erercise. The proilininsry Yesndlcioning’ run was asde Yo offzet the
effects of this fuetor. It is felt, alwo, that the pressuce of the lateral
pleves, which forced nlli of the Birds Yo make Lhe run i the same o=
asivion, eilninsted sn isportant source of vardstion that mey e associated
with learnfing ability. Thenwmber of "extreas” individusxls-~those running
a very shart or very long tiue--wag requced.

The question sriess as 0 how the ondoorine systea msy be favolved
in the rueeponse %o musculur eoxhumustion, anud how soue of its products mey
enhsnce resistance.  Agsuming thret no psthologiesi vonditions exist, it
is Kuown thet in the unsrested humsn the resietunce to exarcise futigue
i# not dependent upan the suscieus theasekves, nor on meluboliie fusl-supply,
blood oxyeen transport, or respiratory afiiclency. The osnly bodyeasystem
reasining which could possibly be invoived is tho cirsulstory sysien. in
ingpection of the lilterature roveale that physiologiste believe that the
compensatory power 5f the hesrt and cirgulsiion sets the iiait to capsoity
for exercise.

Thus the most significesnt incresse in sxercise~tolerunce would be
accomnlished by » bdenaficiasl effect on the heart mus cle und the vessels
of the circulatory systeam. [t gannot be agsuased, however, thet Lhe other
fectors mentioned are insensitive to stimulus, and wre incspsble of in-

ereaning their asetivity in the presence of huwsorsl fectors, w0 add o
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the resistrnce obtuined. The ciroulatory factor L8 the principle one,
but not the only ons.

Epinephrine, the hormone of the vdrensl medulla, 18 known to affsct
directly the circulstory system, purtleulsrly in response to exercise.
inereagsed pulse-rase and vassgonstriction responses ure due 10 the sction
of this horaone. However, vascular responses vory. donsiriction oouurs
in skin snd viscers, while henrt and skeletul wmw cle vessels sres diloted
for grester blood supply.

Thyroxine has o sinller asction. It hes a direct durdiotropic effect,
producing incressed pulse-rote, vlosd preassure, cardlec output ang heart
size,

Vertain hormonee of the adrennl cortex, at hignh levels, heve been
shown 0 crnuse enlarpged heerts anq ineressed blood pressure.

“gbrogen hag & veeodilator smetion thet L8 well-known, snd other
actions are suspected salong sialler linea. Androgen acts similarly.

fm for the s-stems gl fasctars sther than the cirsulatory which may
be inwvolved in responss to exercise, sdrensline increnses rate wud depth
of respiration, snd relaxes the muscles of the broschioles. It is also
known to exert :» beneficiel sction on the skeletel uuseles, csusing a
postponesent of futigue and lnors.sed work espacity. ‘However, iits role
in thus incressing musculsr efficiency is questionsule.

Thyroxine spparently hes o beneficlul scetion on mustular strength
sf physiologicsnl levels. High levels of this horusons heve the opposite
ef fact.

hAndrogsen is beliceved to be rogppusible for the superior cusculsture
»f the muie of most specles,

The eadtocrine systes is known 10 ve importsnt Lo She function of

the mebnbolic snd oxyren tronsport systems,. Any incressed endoorine
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sotivity that wmieht tend to siiaulste muscle aetobolisa by intressing
lecliste metabolien or raise the levele of glrooren, glutsthione, snd myo-
globin, woauld lnocreasse resietonce to futigue. This in true for the wmuscles
fnvolved in respiretion as well o those useé in lacowotion, and slseo
for the crriline muscle.

tpterlor plitultery und sdrensal cortiesl hormones are kaown $o be ig-
valved in usetsbolic systems. “‘helir exsed roles wsre in dispate, howaever,
with cur:ent theories shifting rapidly in repponge %0 new findings In this
aetive field of research. ISome worxers believe thal thdase Lornones e
seieruite glyooneosgenaesio by influsncing either phospnorylition reagtions
or deamninession. & pisultary horusne ocontrols the ievel of glyoogen-glucose
converslon in the liver. jo adrenul hormone is =120 spprrently involved,
witiie the invalvament of thyroxine in this response is snluo suspecred.

dpinephrine snccelerstes production of glucose by the liver, sud in-
cerouses luctic nold levels in the tissues. The sdrensl cortlosl hormones
atimalste production of glucvse {rom non=Curbohydrute sources, and sp-
paronily check the combustlion of this gsugsr. Insuiin hes long been
known %0 inbibit glucose production, by blocking gliycogsn breaskdown and
production.

ixercise increwnes red blood eell count. ithysicloglets belizve that
thigs s scesaplished not by incressed production of elrculstion of the
orythrooytes, but by hemoconcentration due to & shift of fiuld from the
nlood~vosculer sysiom ts the intercellular spsces. Certuin sdrenul core
ticnl hormones =re xnown %0 be importzat in water wmetsbolian and disirie
pution. “These hormones atvongly affect caplllary permesbility snd
excretion 0f wineranl ssitg. Thuz ineressed wetiviily by thege horaonus

whouid incresage the tutel axygene~currying Cuprelsy of the slood.
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Turning now t0 wn sppreisul of the resulis obteined in the present
tests, mn exwsinetion of “hart 1 shows thet the body weirhts of sll birds
fad thilourscil mnﬂnﬁrot&m@n@ wore Loge after sthis trestaent thwn the
boty weipht of unitrested birds. Thig ocourred botn in ihe provence of
stress wud In ite sbsence. This s belicved o be dus o zhe 0rlC &Cw
tion of iniowrscil. It i evident, however, thel the birds ehioch aeur
resisted growth depression in the presence of utress wopoe olLher norasi
of hypothyroid, for oxercise depressed hody weight belsw thut of the un-
exeprcigad groupse ounly at higshor Protassna levslis.

Pha hypouhyrold groups in this test wore on ihiourseil, and their
thyroids were therefore unable to synthesize shyroxine. It is thus
negessary o look elvewhere for the cuuse of the growti respouse uvbserved
in Lhese groupea. deference L0 vhart U snows uh=t Lhe g;rowth response
is prrallelaed by the incressese in «drensl size in these grouys, after
shrass.,  cibthouwsh it Is well known thed sdroonlectomy iznhivits growth,
it nes never been shown shebt corflcesd hormones sre concerned directly
with tnio process (89). IV is sugpesied instesd that ineroosed adrensl
sebivity exerved o beneficlal effect on growth in she pressnt tests, by
i1ts gonersl systemic «ffects on salt actniollam sad vugny nabayoiisu.
These effoots ware most ob¥ious in norsmsl birdes end in hypoobthyroid birds.
They were countoracted by high levels of circulsting thyroxine, sppupe
ently due to thie hormone's toxic effect on mdrensl sctivity., This affect
was mnost pronouncesd in the femanles (Table 5}, which nay ve due Ld Lhe
grevhor sensitivity 1o thyroxine in the fomule.

He fur as thyrold welght is concorned, there is no indioation that
the ihyroid gland toox part in the reesconse tou stress, of the basal

group {Churt Bi. However, this any serely be san indicsation thet size io
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no necespury coriterion of activity in this gland, In the irselad groups,
weisght chunyre wfter stress does not landicunie invervention on shne part of
the thyrold, since the «C3ivisy oF thils gicnd e mulaiiilew by thiowracil.

Gsresg effecied f wore profouwnd Cnnnge in the sdrensis bhan Lo ooy
other tiveue studied (Churt Bl. The some increases in sige {8 o fumdiliar
response in asamels wnder svress. The presont tests wa0uw thet the young
cilok responds in & glimilser maaner.

Since it has Doen regorted oty tlses Lhet aypopiysoeciomy inhibite
the ndrensl corticsl response %0 stress {81), it ix obvious tust the
factor rasponsivle for adrensl enlusrges-nt ls sdrenocorticotrophic hor-
mone {(/0TH), In the present tests, therefore, » corried incresagse of Wiy
recretion weas effected Ly stress ot all levels of thyroprotein trestment.
In those groups which got little or no thyroprotein, the thyrotropic
horpone producstion was necessarily »lso high, %o auinteln the snlargeasnt
of the thyrolids vhich wan noted. Thue 11 sust be concludod thmt the
pitultsary onn gecrete gresily ineressed ievelwy of two tropnic horsones
sizitunesusly.

The observation thai tne pltultary cun secreve bign .evels of two
norasones sixmultsneously lewds o certuin other conciuwsions. It nes been
asatisned in She Introduction Hhsy meny invessligsntors bellieve thaet Lne
hopaones of the tarpet glands st on Lhe celis of whe pltultary o cune-
Prol ite horsonsd osubpul. It is sssomed Lhsat the pliulisary secreies &
relatively fized sxount of tot:l normone, and thal veristions Lo the
lovel of sny component nopanone sffect Line levels of the olher Componentss.
Baut since i1 has been soown in the present sests thvt Swo component
horpones e grestly incresse in output sismultaneously, without notlcesmbly

gisturbing tue levels of the others, it ils obvisus thxt either (1} the
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ritultery can greetly incrense 1ta totel noraon.l outpub, or (&) control
of the level of effective snterior pitultasy horncne tskos plece outside
cf tre pliulterp--githsr in the body flulde or fa the tarpet glands. This
lutter process would be one fn shich the turget gland hornones desctiveie
the pitultary hormones, walher then influenclog the sctivity of the celle
wihiieh producs thes. Dizturbence of sny one of these desctlivation
phensmenn should have no nesessary effeat on sny of the others.

Llthowgh the sotivity of sny organ cetn very considersbly, there wre
physlologicsl lianlts beyond which this sobtivivy ecannot ¢os. It ie likely
that this in true Inr $he pltuitary ns well a8 for other orgens. 7Theree
fore, the explenetion for the control of pitultary sctivity offered

under {(2) sbove is favored over that glven under {l].

It L2 interesting Lo rote & elmilarity in the form of the ted curves
fin Chort B. PThie indicstes thet whatever effect thyrorine concentr:ition
hed on sdrennl activity wvas exerted and responded to regeurdless of sther
faotors, such s gtress., The fuilure of the wdrencl glands of Lhe
stresged birds on “rotumone 4o attuin the sige of the glonds of the busel
groap (alt ough they spprowched this size very closely at oune level) is
nttribputed to {1] the toxic effeet of thiowrsell, axa {2) in the “Lyper-
thyrold” groups [2.0=4.0 g/owt} to added toxicity of the high thyroxlne
levels.

hn exsainstion of the recorded dste on iadividual birde lesde to
the conclusion thav, at =1L levels of thyroxine wetivity, adrensl ene
lorpgoment iy woeuully assoclisted with sn Locressed resistesnce 0 stross.
However, it 1o noted that enile vhose Lirde which bast resisted sireess
#era Llweys caong those having the largoest sdronsls, this sdrensl gslzee

incresse was no gukrentee 9f & successful resistence. Hixde with lerge
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seirenuls somebimes feiled to perform woll in the exerolase cuges,. Jub
birds wnich showsd the lousd cdrunnl snispposend were dover siie 10 wiihe
sband wtross well. Thorcefoure wdrensl soisrimsent 1o nssoclicted with an
anhanced regietonce to siress in the present tesis, bul hle enhunce=
aenat is sometinmes loterferes with by unknown fzotors, Cane 0f these
Inttor muy be & failure to soquire the sbilit, to selntelin belunce in

the exercaize eage, for which purpsse the flrst ran wes made. Lnother
may be nhat increpased sise of sn sndoorine orguu 18 nol necessarily ro-
tated to incressed aetbivity. Yhe results obteined indl@ate that this is
true in the osse of the mdrennl.

L slgmificant lack of eorrolation exists Letwewn adrennl oniarge-
aent and reslutence o fatigpue when the duts are considered oy groupes
Comparison of Charte § snd o shows thal soas groups, sach v thuse on
2.0 wnd 2.8 g.o of rotacsune, whiilch snowed the lewmst averwge sdrensl en=-
Lapsrguent were aile to rogist stirsms very welle-betiter, ian fuer, saan
she uniresied group. Jwrther, seversl of the trested groups (1.5, 2,0,
2ol sl 4.0 ge) wupe sole to withstand stress betier than the untrested
birds., Phis is conirery to the finding on adrensl enkuwrgement, which in
the treshed groups never siceeded thnt 0f bhe norsals.

It Ls postulsted thsl these Findings lndicele tne following fucts:
{1} Yhyroxine level muy huve effected the exhsustion resistmnce. L1l
of the Sreated groups were sasller in body welghd then normst, bul wost
resisted siress better thap 4l she norasl group. The Protscacns-group
which resisted stress must succesefully (2.0 g.) was mede up of birds

wiich wore the suullest of say grou. &t the end of the sests. sirde
Fed 4.0 g. 0f Probemone resiewed stress well. 16 1o sugpested shst Lhe

saounte of thyroxine proviced by the Protemomne levels ued wvere sufiicient
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10 ineresses reslistiuce Lo strass to above-normul levels. {2) Although

& poaktive relsationshiy exists bhetwaon sdrensl enlurgsment vnd resistance
o atresg, it i3 not 4 gquantitative one. This illusirstes Lhe genewsl
principle, just wentioned, sthat gliud size is not & necesssry criterion
fbat & good indication) of aesivity.

The fuet that cardlse enlargement ¢id not socowmpany stress at any
lovel {lhars Z) indicatas (1] tha% the clroulstory system of the chick
sdepts to noute, short-term stress as does that of numasls, snd {2) the
smowunt of nyperthyroidism {(4f Lt cun be so designested) present was not
sufficient to casume cardive damsgre. In faot, 1t ile possivie to say ihat
the heurte-roesponse indicstee thet the coneclusions drawn f10m the resalss
of thyrolid weleht end body welght wre true, and that in these testis, the
antasle eore all elther setusbolically unorsel or hypothyroid. Tnose
groups on hiigher Protnaone levels sotuslly hsad reduced henrt sisze. A
¢close correlrtion vetween heart size and body welght is noted. Tnus the
toxie effoots of thiourscil wad thyroxine on genernl tissus devalopaent
are reflected by henrt size, rather than eny speiflic trestaent effect
on the orgsn itsalf.

The most spparaent effect of saitress on gonatd snd coub welghts wuas itsg
productkion of sn increzse in these fuctors, especlslly &t aigher Frotosone
levels. 4 oluse correlation existed hetween ovurinn weights snd femnle
comb welghts sfter stross.(Charts 9 and 10U), indicnting that the combs
asourately reflected ovarian activity chenges. The nhape oL both curves
i similur %o thet previously found for body welght, sdrensl wei,nt,
and heart welghts This indicates that overisn und ocomb size reflects
the effect of the trestment on the vody ns & whoie. Howevesr, the siamiler-

ity petween sdrenal response Lo stress wnd resgonse of ovaries sad combs,
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and the npporent ineresse fin overiaen swotivity efter sirees, indigaten
thet sdrensl seeretion hoes hed o poultive aeffect on the female repro-
dugtive systen. This any ve elther a dirsct, snfrogen~-lice effect on the
fennle comb, or s stimumlestion of the sndrogen-seareting sctiviity of the
VLY. The ovarisan enlargement observed muy londicste that L{v ig the
lutver whiah oecurs, althouch 1t is not impowsible tnst doth tuke pluce,

The male goneds and osube showed & sismilar response o siregs, al-
thowel o nsrked inoreaso in the size of both orguns wie noted in the
Frotemone=trented groups [Cherte 7 snd 8). This cannot be socounted for
on the bupls of adrensl wetivity slone, since thies latter factor showed
no tendeney to rise slong with incressed thyroxine levelo., [t is appmrent,
therefore, thoat thyroxine had » stimulatory effect on testis growth,
snd especislly on mule eomb growih, in the presence of incransed sdrenal
netivity. %his effect did not sccur in say other tivsue. Thusm we may
conclude that {1) thyroxine scts synergisticully with some adrensl
factnr 40 stimulete anle peproductive devalopment, sund (2] inerconsed an-
drogen aotivity asy be v part of 8 successful response to stress.

It should be pointed out agsnin theat anle chicke hud grester sody
weli, nte, evaellor thyroids, lapger sdraensin, sod lerger nonrss Lhan thelr
comparable fem«les, both with and without stress (Teble V). However, it
is noted sthat Lhese differences ure sometimes incgreased wfter stress.
Body weight reduction in the rrotasione~trented groups wus lnfluenced
eniefly by the sanll size of the faseles. Thus the sdverss effecus of
straag on gsrowtht wore most pronruncaed in the {emnlesn.

The sdllity of the femele tnyrold to respond to Tull, whlch normally
exceads that of the mele thyroid, is accentucted by stress iln the presence

of Migh T5H levels, but is below thnt of the mules at low THH levels (high
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thyroxine levels). It is believed thal thls is an indiestion of stigome
Intion of mantebollsm of the thyroid $issue of voth sexes by corticel nore
monas. The alse reduction ng nighoer thyroxine levels wey bLe relsied

o roduced body smize,

The sex differences in sdrensl welghis Lndlcote thel both sexes re-
sponded nurkedly %o stress with adronsl size-insresse, though the in-
arense wag somewhat wmore osriked in the mnlep., This grester sdransl size
is wndoubtedly responelble for she grester abliity of ithe msles to
resliet stress nt all thyrovine levels, though thelr superior cusculser
developmant to start with smet =180 te & fuctor.

Sumpserising the effects of stress, s asrked sdrenul enlorgesent wes
produced, which was indiective of but rot neceeserily sllled with s ine-
orenged uwdrensl hormone secretion. Thege hormones, in conjunction wish
thyroxine, cnused un incremsed siress resistunce, growth rete, sod re-
nroductive develooment in dolh 2sxer. The 9fYects varled nccorcing o
the loavel of elreulsting shyroxine, sns wers influanama by talsuraclil
toxicity. Sex aiffersences in body welght, thyroid sise, sdronal aise,
cnd resiutsnce to fatipue were -oue %0 intersetion of sax difforences in
physiology of the Shyrold wnd skelatrl muecles with lnerensad sdronsl .o—

ti?ity.

sffect of Yax Horaones on Dasistence Lo Ytress.

The gonersl comrwnde adout =Xepolise strens which weore msde in the
previous dlscussion sre spplicsble here. Howvever, the remsrks oopn-
cerning sdminlstretion of Protamone sapnd thisursnclil do not spply, for the
horumonen used in the pressnt tests were injected. 1 more conastant and

unifors level ormn therafore be snsuaed.



[
&

It Ls sppucent frow the resaits of the fissy test {Teble VI iLhut
sdding 50 the Siter of @lroucsibing sndrogen inorenged siightly %o poe
aloboace 6o fubigue. e lncrsase was 5o the extent of zuoutl LU ravoe
lutionyg, on the wverase, sod s therelore not congiderel 10 da n mapRod
reguponsae, bub only su indiastion thet Lhe tresitsent asd hsad s Lavoruble
affact.

The redustion in shyreld alze in the presmence of sddeg sndrogen fne-
dicunten the sxistence of a direct efisst aof nndrogon on thyrosid tissuo,

A similer achion of the sdrenel horsones ia {ndiested hy the obasrvation
thel exercise slone was foilowsd by & reduetion in thyrold weleht,. These
resuliv sre like thnge obtained ot higher wndrogen lLevels, to be disoussed
istar.  No explenstion oan be offered for the faillure of stress and undroe
gen torniher to csuse thyrold welisht reduction in the present test,
altourh they éid so st the hipher :rdrogpen levels.

The androgen trextoent in this first test wpprrently hod no effect
on the abllity of ntrens $o elicil asdronsl enlarxgenent.

The frnot that the wule gonsd wag not reduced in slse in the presence
of Q.07 e 0Ff sndrogen indicstes that this level wks nol suflicleny Lo
crune the oxpooted pepression of gonscotrople sctivity. The grester
teatin pize in the spdrogen-trested group over thast in the onirol group
rev . lts From Lthe prasence in the foreer growy of one bixd wlth very lerge
tegien,

The ovnries, however, were lohivlted Dy smirogqen, indlesting kbst
this hornone opoosed the gonodotropie st imulas on thelr growish.

The sndrogen wes suf'ficlent 1o stlmulste cond growih in bath sexes,
whilah shows Shet this tissue Ls very sensiivive %o mule hormone. The
sasller slon of theve orgune in the presence of exercise is due to

damgre resuliing from tunbling In the exercise osged.
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In beginning the discus:ion on the sacond of the two tesis involving
sex~horaone injeotions, 1% must ve emphaslied that, since the speea of
revolution st which %hcese birds were exercis o was grester {(in the lstter
rans} thsn that =aployed in any previous vest, the legree of siress
represented by the number of revolutions to exhsust 18 not exsactly cowm=
poruble to that in the previosus tests involiving Protimone a&nd thiouraeil.
The teust presently under discussion was therefore not ialilicied ss o
repliesto o1 the atress spplled in the Frotuamone=thiourseil tests, or in
the preliminsry sex-~hormone test, but & an independent test, in thie
regpect. It is doubtful, however, ihat the physiologicul responses ine
volved wre different st the different spveds of revolution, since the
end-polnt ons the sume in oll Oonses--gomplete extinustion. 4 high blood
tectete and high oxypen debt would be expested, therefore, to ocour in
11l subjects.

The regulte 2btsined ln the second teet {(Tables VIiand YIiI; Charte
11«19 inclusive) show thuat undrogen, essrogen, snd gonadotropin euch
falled to proteet nguinst welght loss after exercisee-stress. This
neourred in both sexen. It is ovident ihas e sex~hormones did not sct
on Lthe piiullery %0 incresse secretlon of growth hermonu. Bub the fact
that thyrolu size i8 mariedly depresged after stress snd sundrogens, while
sdroasl sive is increesed, indientes that « hormonal intersciion is in-
volved. %he followlng exolunation for tnese resulis is offered: The
injected sxivogens, cnd wie sdrensl horaones greatly incressed levels
of shibfeh wre stimuloted by strens, net togelner apdn the Luyrolid tissue
to sriwmdste Lto sthyroxine outgut. This nigh thyrozine Lavel ipbibits
el seeretion, resulsing in sasller tunyrokds. This resction f& most

anpiked in the feanles, which did not asnow their usucl wrked thyroid
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sise superioriiy sfter stress. This i snothor indicsntion of the greater
sensliivity of the femnle thyroid to TLH.

The f:ilure of stilibeatrol snd gonadotropin to lneive & thyrold sisee
rodaction Ls appsroctly releted %o the failure of the sdronsls 50 anie
lupjre ufter atress in the presence of thewse hormom:l elensnts. However,
it &5 popsible fhat this spperent Foilure Lo dus rather Lo & eonaition
af pdrensl enlopgesent exizting in the wunstresaed dirds of shese groups
{Chart L3). Yhis %o the cuse after stiluesursi, »0 thet we auel concluie
that this syntuetic fonule homasne eonstitated & sysvesic stress. The
same Shing iz true of pgonsdotropin, shough L0 o kesser exient.

Phe effect of the hormoual trestaent, both with wnd without stress,
in we would be expected lo view ol Lie Hdoore-srice thwvory. insreased
wodprogen Aevels Ccaused detrensad ponsd s$ize. Tuis e secuude Law e
ereused leveis of the gonedsal hopaone decrensel the gouadosropln ievel.
it Lo noted %hot estress had no effects wilch aitered this pioture. Yohe
thgrole effeeds wilob neve Juss prven discessed wre possisie weduuse ol
the fact shet Lae present srestment laciuted no xwiserstion ol uhe Tolie
thyroxine belance, &8 #us tne cuse in Lhe previous testy. Ho thlourseil
wus present to lnhivit Lhyrold scuivivy,

La for ocowmb sive, stronsg groned waeable t0 wudify the expecied re-
spnnas anterinlly. The reduced size =% the (.7 mg. Level of sandrogsen
{2 probably due to dumege resuliings fron tumbling ln the exercise onges,
The gdepressinge effect of glilbestrel on the combe of both sexes, ulith
and without stress, nnd eopsurrent w18 o boftiy welshy lneresse, iandicustes
that & gpecific notisn of the hupsear Lo favolved, rsther s a8 wers
rofleckion of vodyedise chauges. LLLLueBLrod wpgisrentiiy reduces gobado=

tranin sutpul, Wherpsby Liadtlng codiogen production.
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The fuilure of the coubas of both gexes $o respoud L0 @XogenOus Fonaio=
tropln sdministration indicutes {1) that the tostis does sot respond
markedly o gouasdotropin gilmulatlon with grestiy increuced snGrogen oub-
put, withoult the presence of wnother faotor, sad (2] tnal the wury is
refractory Lo whis trestment. This other facvor any be an increused
aubput of shyroxine snd adrenscl hornone walch 6% Logetiher on sfidrogens=
producing celis.

The apprrent cermiiae enlargonent afier stress »b the U.7 mg. level
of sndrogen Las due to the greaster resgonse 0f the mule hearte 1o excrcise
stross. “hie wupparently is not u successful sderpistion to stress, for
very little enhancement in exheustion time pvaer the basal groupy is noted.
In ewddition, these melen were less nble t0o withatend stress thsn thelr
compursble Lomales. It will be recalled that the andrvogen trasited groups
had fatty hearts. Thus the wmsle hormone, as well ms the femule hormone,
hns exhibited » lipotropio sction, especinlly =% o lower level of injece
tion. The androgen nffect wng loculized, however, belng aspeclally
pronounced in Yhe heart%, while the ssilvastrol isduced Tet deposition
was more genersl. The curdise fnt depozition was incressed afiar oxer-
cise in %he sndrogen~irested mule., Yhis suggoosts that sdrensi noraones
may have veen involved in stisuleting fat deposition.

In splze of the adverss effect of androgen on the male hesrt, its
oversil offsct wag %o enhanoa aspeiedly whe reslstance o siress of all the
exercised biras {Chart 14). However, refecence to <uble VIII shows that
the major resson for this oversll effect wes nod a greut inorssge in
mmle resistsnce ot sll levels, bud rutner was due t0 euch sn incresse on
the part of the feunlien. We moy postulute therefore, that the higher

wicilogen titer in the merlies coused sore seriovus f£at deange %0 thelr hesrts
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then thet occurring in the femsles. This effeot is cpparently overcome

by ¢rently intreasing the endrocen levely the stimulutory efroct of the
hormsone on nusculsr efliclency more than of fasts wny sossivle sdverse
ef7ect on the hosrt ut 1.4 mg. of sndrogen. flso, 1% 1s evident thst

since the femules leck gremt snounts of sndrogen-produsine tissue, they
mirht be expected to show & sharper response to exopenocus mnle Bex=hormone.,
Thelr androgen titer is nomally much farther from the nypothesionl upper
limit then is the male $iter.

It is worthy of note in this conneotlion thet duuoling the wnowunt of
androyen injected (from 0.7 mg. 30 .4 wg.) dic not groeatliy lnorsuse the
reeiotnnce to stress. It ie spperent, sherefore, that physiologlesl
limits do exist us to the response which the srgenisa can neke Lo any
hormone. ¥For tue fourewesk-old enlex, this Lliult existy st tnat conceu-
tration prodaced by OU.7 mge of awnurosen. *hiw is especlully true of
the feanle.

Such physlologicul "cellings” sire walleknowen to the endoerinologist.
1t Ls worthy of note, however, thet Lhey play & psrt in liwiling response
to nmiress, and also thet they are not spprecisbly nltered by stress.

The grest ineresse in resistunce to fatigue cfier gnnndotropin ie
eapaciolly nuarked in the males, but 0ot inesignificent in the feasles,
fonsd and eovmb size in the gonudotropineirested groups do not indicnte
uny ineressed mndrogenic mctivity nse n result of this trestment. There
ig very iitile sdrenal enluergement. Hesrts sre saaller than in sny other
group, showing that this orgsn huad not sdepted Lo the stress by enlaryge-
went. Thyrold size is like thas of the sther groupg Lo the test. ib
raast sherefore be concluded thst the incrsused resistunce Lo siresy exe

hibited vy this group of cifeks Ll due 0 gowe foctor not aewsured lu the



prasens observationsa. Vne jresence of csniaminsnts in the injeected pre
paration ocsnnot be raled ovab.

Suman rizing i effect of sax-nowanies on atiressed Dirds, cndrogen
and edresad hormasies Chused intresssd Yuyroxine praduciion in siresged
Sirde, wialie stilbestrol seved as xn sdded strose. Gonasdovropin csased
ingressed slruss-vesist.age, bat Hhe wechenlsm Ly which thale wss produced
g nov &nown., High snarogen levels csuged =ty fafilirction of the nears,
which w&8 nos sefflcientily deamaging o oifset lthe marked stress-resisiasnce

induces.

Histology of the fdrenal

The obrervstions on the normsl cdrensl show thet the mieroscopie
ghructure of this lend in the young chick closely resembles thul reported
for sore prinltive forag, such ss the ligeard (88). Che "matrix" cells
deseribed in the present pzpor sre corticsl, snd thesy surround wmsny
sherply diccrete units of medullary celis, which are more regulurly sre
ranged than has beon reported for sdult cnicxens.

The obserwniionsd on the strassed wdrensl show that both weaulls and
caortex resvond to stress wilh hypertrophy and hyperpleaslia, incressed
vasoularisstion,and lyapnooytic invasion. Albvhouwh the acsture of she
tisague relebtions. . ipg in the chiock sdrensl aske definite conclusiuns
dlfficuly to wrrive %, it zppewrs bhat 3he youny chlcek lg chiefly de-
pendent on the cortex for siress-resistiace, vul L0 & issser degree than
sire macasalien forms. lotensive histologiownl and oytologicsl studies vre

noaded %o ciaprify this point.



CONCLUL LOKS

Thyroprotein st very low levels kan little power to rffect the ace
tivity of thyrotropic hormone in golterour chicks, tut does posness
grovth=stimulating properties, 44 high levels, thymorotein is =0re so-
tive in opposing thyrotropic hormone then in stisulusting growih in the
praenence of thioursell. This msy be dus to toxie setion of thioursell,
nowover. YThyroprotein provides two wnejual efischs, wne of which is the
opposition of iue thyrotrople hormone, =nd iLne other of whieh is whe
stimalution of metabolism,

The wdrensl glands of the calck enlurge In response to siress, wnd
shin enlargesent ks ludlcutive of, uud not slways silied witi, & BuCCess=
ful response., Thyroxine =ids in the resistunce 10 BYress.

Thyroxine stimulates ponsdsl growti, whille wuurogen wmnd Lhe sdrsnsal
hormones stimulste tnyrold wotivity.

Aadrogen lncresses the soility of the enick w0 replst siress. Gonedoe
tropin also L8 wctive in this respect, bvut the mechmnlem of aotlion is
not mppnrent.

The alze of endocrine orguns is nol necessarily s asesure of their
seilivity. Yowever, lucrenssd setivity is wusunlly pssocinted with ine
arenned size of Lhe sféransls, thyrold, snd gonads.

The sdrenals of the chick rospond to stress with hyparsrophy snd hy-
perplasia of both cortiesnl snd masdullisvy elossnts, with oversll sine=-
inorecse being somewhat grester in the cortex.

The pltultzry of the chick is ceprble of peereling high levels of
shyrosropie horsone and sdrepnocorticotropic horsone simultaunedusly. There-

fore, the output of any pitultary horsone i not necesseriiy conditioned



by the output of any other, and it is likely that control ¢f she level
of pituitary hormones by turget-glsnd hormones ocours upart from tht
pituitary iteelf.
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Dute Analysed for the Two Lexes Lepurilely

1, Thiourscil

U0 0.2 Gl Oe2 0.2 Q.2
Cas. Irotsuone/cwd
Oall 0.0 Q.8 1.0 £.0 3.0

ftverapge BDody Weight, Gms,.
nles 333:12.8 216« 8.7 296+1C,. 6 314+ 9.0 306+10.8 S10+8.1
Femules  Bll< 9.9 200+ 7.5 276 8.1  200:58.4 296r 9.0 29548.0

sveraga Thyrold velght, "ig.
“ules 19.1« 1.0 178.1+26.0 1935.1+28.1 16B.7+18.2 24.6% 1.4 1L.0+1.5
Vanulen JI.J* 1.7 178.28 137 4 dﬁl.ﬁ:ﬁ&.ﬁ 1&&-3:;9.@ QS.QiQQ.Z 14.?1&-1

syerage idrennl seight, <g.
?;Nles 050(1"‘ 1.?' Bb.&l la? is? 'J:i"‘ l 9 b"l)!\)'f’ l rf‘ J."’;L:‘ l-& dﬁ‘o&:.kiltf
Femnles 26.0% L.07 20.9% 1.8 24.9% 1.6 27.8+ 1< 2bedy 1.7 2be4sl.7”

"l fference batween these mesns significant &t 6. level {t~tost).

**Difference between these ueans significant at 1L level (tetest).



Povled iesn Values of Body weight, 7eight of Thyrold, 'drensl ang R
vxposed to Stress Yhile on Sormal diet, and on Uiet Jontaining 7
Dute snalyzed for the Ywo sexes

:gngtely

i ihiouracil

. @pd Yxhaustion Time of Hew Humpshire Uhicks
‘puracil Plus Graded Levels of rrotuiongs

()00 0-3 Uc&n \)-E U.fi’ g i‘ 002 Q.i’;’. 002
Gams. irotamone/cwt |
D-G o O.U l- 7] lob 20U f 2.0 5.0 &ob ‘z.U
Average w»ody welght, G
Sfules b + 1l.9 LY+ Bk olT + 9.0 J2b v Lé.b vld + 104 * lo.y S0L ¢+ 9.0 295 + 7.0 09 + 12.9
Femunles  OLd + 12.7 246+ B.7 old + LU.U GUS ¢+ Ul 279 » 10s * 0.2 289 + 6.8 278 + 8.0 298 + o0
iversge Tnyroid ﬁeigntj
.ﬁ&tl(‘“j’ﬁ lﬁcq :‘. 1.k 141}.8 -'if_ 2Ue 0 ibh.0 1 ‘zzb." Lukﬁ.l :. 1‘308 GO el) * . :. lbo? lg.b :‘_ 7.7 Vb : l“::‘ 6.@ : l.U
?mﬂ?ﬁles tilol _‘: 5.U Ll2Y.4 :. Gtde O .I-f%lo“ :. O o bk lU‘Jné :. EQ.E dl-? + Qe :’- 0.0 1002 + l-‘J 005 +* 0.4_{* 1U.0 + 601
hversge harvensl .eight, Mg
Mules 4.6 » Z.0"* 4lev « 200 48.0 » 2.0° 50.9 » O.0° 40.9 = a7 g‘_:_ DeS* 474 ¢« Llo7* 45.5 « 2.7 47.6 + 2,07
Fei'mlles 59-9 :" l.u"" 0}:5.(.) : 514’ 580‘) :. Eng‘ 40.8 :'. 1-?‘ 58'0 1 5.0 0 + 2-0* 3809 L 4 3.4‘ 40.3 L 4 3.0 :‘Sa.b * 201**
tveprge Heart Seight , £
inles 2.268 + 0.04™"  1.39 » 0,08  2.07 » 010 2,07 » 0,14 2.20 + 0.4 i + 0.11 1.90 ¢ 0.07 2,04 « 0,20 2,08 + 0.10
Femnles 1.87 ¢ 0,10 1.31 + 6.08 1.89 + 0.05 1.80 » 0.06 1.76 + 0.0 + 0.10 175 + 0,05 1.64 +» 0,08 1.7% 5 0.09
‘vernge "ovolutions to Oxheust, ‘& Rangae
Yales 470(15-2070) 281{15=-1455) 435(16-1440)  5395(45-13C5) é&@ﬁ(lf”-l?&ﬁ“ "K I{15=1860) 497{350-16530) 432 (151085  ©35{15-18003
Temnles 237{15-1440]) 215{15=1140) 209{15~ #525) 371 (3C=1590) 512{30=2100 - '415-1575) 257(15-1440) 339({30-1650) 282(30=1300)

=i fferance between these «esns significsnt at 5% level (t=tezt].

*sniffeprence betwoen these mesns significant ut 1. level (t-testi.
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Bridisn €L

Mean Vilues of body ~efight, -eight or Thyr.id, Ldremnsi, Gonsds,
Comb, asnd Heart, snd ixhoustion Wime of Sireused and
Unpiressed Hew Humpsulire Chicks Injected with

Small fuounts of Audrogen

Trentaont

0.07 Y. ina

Ga07 Mg, Yo drogen Plus

sngrogen Trestaent Xercise
tvarage dody Jelght, Cms.

S09 «  B.9 291 + 4.9 SOL + 1U.S

55.8 « 2.0
B7.u + 18.0
BY.T +  4aR
2064k » Gl.4
103.6 » 9.9
1.71 = 0.05

iveresge Thyroid -elght, .g.
17.0 « U9 7.0 + l.o

hverss e .drenal seight, iig.
4Ue8 :. del 4.0 :: ¥oald

Lhversge dsle Gonnd salohh, dge

hversge Yemale Gonad veignt, g

UG ek :‘_ Gedk Boedd : Te9

ivernge Hule Youb velgut, e

20540 + 3B.3 18h.2 » 21.2

Averoge Feaela Uomb Jelght, .

tvarcge Hesrt Jelght, g
1,63 + .05 1.59 ¥ 0.06

ixercise

207 + 11.0U
1o.4 » 1.2
4b.u + 2.8
TYeb 2 SR
boel * Ledd
1651.0 + 15.2
HH.0 > S22
1.8 « 0.07

Lveragrs Revolutlons to Txhaust, and lange

TOG{1E0mE510

885 {45=195)



deun Viajuaes of sody ~eight,
Instresged kew fHaupshire Chlcks inge cted

Lelght of Yhyroid,

Ledul VIX

Yrestment

ke i o

adrenel, Gotauds, :oFc.

553

nnd

ixheustion Pine of Stressed and
wibih Large Anouwnvs cn Jagmg matrogen, and (onedotropin

75

Ue? e Ruurogen/Bird 1e% Age luarogen/idir 0.7 Mg, hstrogen/Bird 70 Units ncugoﬁ%wiﬁa
Lo io Ho B Ko . L9
___diress iwress Stress stress Stress GLress Stress wtress dtrees Sbress
Lverage Body veight, Gud - s : "
R49 » 18.9 275 + 10.0 252 5 11.1* 292 » 9.9 T 366 + 1l.2  B0L « 1 272 % 7.0% 305+ 12,57 235 4 A7.8 kod s 7.9
[versge Thyroid “eight, a e - 2 ; K 8
PG-H -,..vi Psmw HGUO l..'l l.0 HC-@ .._.fb N.@.{ HC.@ .N... Ho-\t 12.7 « .Nﬂll H\C.ﬂ - . ,Wao-w |.....l Hob hww.P ....vl Red H:.(Q.N I¢I 2.0 Hrvopil..vl Lo
fverage ‘drenal ‘elght, - ﬁ,_l. e ;\ ; 34 1ot $3.0 iebs
44.0 + 3.8 7.4 % 1.9 40,9 5 5.5% 35,5 & 1.3 T dB.o B T T o 407 2 2.8 445 1.9 38l deo 9002
svernge 'lnie GConad vely bf. W . . s : P
68.2 + 944 11445 + 7843 40,9 + 402 40,8 + 0.0 &0.4 3 5.0 47.3 + ,mq.a x Sed @Beo 2 10.3 79.9 o 1.7 7.8 2 11.9
Lversge Feucle Gonsd ...cwwnw o . . ‘,
5.2 & 0.0 59.7 + 4.4 3u.b s+ D.8% 49,2 3 8.4% 42.0 v 5.8 SR 4 &E %.q 2 Se8 475+ 6.4 B0 4 2.9 D424 4.8
sveruge sdsle Coab veight, ) ) o _ )
Pcmnﬁ + mu,-mw*& G48. P..M. QQ.P&* QHC.N ‘Whﬂo@ TP IQIUHT-Q 820.0 .H- rug...( .\.wﬁaﬁ *PUN‘.O %0.0 I.?i 28.8 HN@.& .Ifl H.w.G vamaﬂ .M_- 25,86 Hmm-m I#I umwom
Avorege beacle voub scelgnt, M . i )
- 7heZ x Bed  Olbeb 2 L7.0M007.7 3 08,977 BTu.s £1UT.8 UDL.0 +iGIgo 63.4 + 844 77 ¢ 7.3 616 » 10,2 772 4 11.9
iverage Heurt welght, Gas . . , . ,
1e78 o UaU9 179 3 0,07 1.8 v G.10 lewb v 0.0 T 1.080 s G.U8  L.dh v v 1.80 » 0.06  1.9b 3 0,09 L83 » 0.10  lew2 » 0.07
Lversge Hevolutions o Ixhaust, a@d’ 2
] o ) - : - ——— s O " .ll N T o &
YULLLE5=2080) 1lo8{520=-2190) 1508{345-2570) 1054(255-2080 ) 1403 (210=2040)

*vifference between stress end no-stress mesne gsignificant st 6§, level (t-test).

“*Lifference between stress snd no-streas mesns significent st 1. leovel {(t-testl.
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TLBLE Vi

HMean Velues of Body Velght, “eipght of Thyrold, fdrensl, Heart, and | Etion Tiue ol LUtressed nund Unsbtressed Hew lsagsikre ¢hicks
Injected with Large hnounts of fhndrogen, “strosen, snd Gof popiite  butyx Loulyzed for Lhe two Jexes Sepurviuely

Treat:

0.7 Y. Androgen/sird 1od oy, JEBEEEG: /i ro Ue? iigg. nebro, en/sira 75 Units Gonadotbropin/sid
to ko Talek - lio Ko Ho
Utress stress Stress Stress itress siress shrees stress Streag atrass

pverage sody @
G.2%% 507 ¢« leo 282 « 18

tlalesn

2ud + 85,4 274 « 18.2 278 « - « Jo5 » 204 275 + 16U 2FY » B.eb 275 ¢ 20.4* 207 + 14,9
Fenules 239 » 18.2 272 » 17.7 212 & Z2.4°" 288 ¥ 12.0 249+ 9 61+ 35.3 272+ L6 H0B s Ll.i 209 ¥ 16.5% 202 7 10.9
sverage Thyroid
inles 1{3:9 :_ 100 1-2-‘2 1 0‘7 li)oﬁ :. éol’ lulll 1 QoY 1led 1» 1.4 lt’&.{} - Se0 l;z.f} + 1. . 153.1 * 4.2 1?.{) * 2.7
Formales 16.2 « 0.0 217+ 0.5 5.9 % 2.0 lood + 2.2 i4ed + 1.8 17.2 % 0.9 21.9 5 3.2 10.5 % LB 1M ¢ 2.3
iverage sdurenal)- Wel
MiBles 52,4 4 J.4” 36.2 ¢ 2.0 40T + 4.2 S8eu + 0.2%* 40.2 + e 2.5 BT+ 248" 4.9 » 2.6 4209+ L8* 4200+ 287
FQE"'}&IGB édo@ :'- @o?‘ 3005 1 5od :JDQB 1" 4.3 \)2.2 : 102*‘ 44.9 * -‘; 4.4 ‘}r»’.:‘n? ‘1 2.5* ‘(‘t“{o“} :’_ B-‘j c)b.? :'. 109* tj{'lnl *1 .)-C’*
Lversge Heart weight, fHus. .
deles  L.Bu 2 0020 1.80 v 0,08 2,08 » 0.10 1468 + 0020  2.00 » G0 1.86 » 010 2095 + 0,10 1.95 » Oudu datk 3 UudU*= boob v U0
Feunles 1.?2 + (10 1007 ¥ Unlu luUB + 0510 1.57 » 0.07 leb0O ‘Q 0;0&’ x ?8 * Ue 10 1'?1 .: UaUu l.ésg lu-lU Lewd ‘: VadUxx 1409 :_U.GB
fverage Hovolutions to. Exh&““t& “ﬁa ﬁunge o .
10308 1086 1426 1145 Lo77
Males  (195-2080) (520-2190) [670=218 5) (560=1570] A750-2040)
‘ : 566 FPFRY)
918 1051 1286 (B2 035 ) A BLUeZ00]
Perinles  (200~1840) (1060=1860) [345-2370) \EDum= 089 \Edim2obl)

; *Difference between these male und femmle mesns significant at
% letel [t-test),

**Difference betweon these mule snd fomsle means significant nt
17 level (t~test!l.
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€HART]

CHARTI « PooLen MEANSOF Bopy WEIGHTS OF STRESSED

meaw ooy AND UNSTRESSED CHicws Feo NokMAL RaTioN AND RATIONS
wr,6ms,  CONTAINING THiIoURACIL AND PROTAMONE..

340 |
— — — STRESS
? No Srness
320
300 : \\ O— - p
\ 3 e
- ~
o o — -0~ o
2 b
260 b=
240
1220
L i 2 A A i A A A A [
o, Tiovsac’ NeNE O] 0,2 0.2 0.2 0.2 0.2 0.72. 0.1 a2
GASPrcanoni. moye  NowE  O.5 ) 1.5 2.0 2.5 3.0 35 40

C HART 2: PooLeo Means o Heart WeionTs

oF STREsSED aANo Unstressap CHicws Fep Noamal
MEAN JEART 2 7i0n AND RaTioNs CONTAINING THIOURACIL AND PROTAMONE.

— —— —— 5TRESS

220 NOSTRESS

2.40 =~
2.00p
190
Lol
e
Léof
.50
1LY
130

1,20

Lo e Y 3 I g 4 ! g2 2 r
Y THIOURACIL Noxe 02 02 02 o031 01 02 02 02 0.2

.PROT4-
z‘ﬁ—_zo'vz::;;noue Nowe 05 1O 1.5 20 25 30 35 4.0




CHART 3' PoorLep MEeANS oF Tuyroio WEIGHTS OF

o rirns | OTRESSED AND UnsTressep Cuicks Feo Nogmar Ration AND
ara RaTions ConTAINING THiougAciL AND PROTAMONE.

220)= — ——STRESS
o STRESS

200
180

160
140
2op
100
80k
60 @

“4Opm

20p

- ——0

'} L A 1 i 'y A

A
g7 TH'OUR‘C'L NONE 6.2 o.2 0. o2 0.2 0.2 (o & Q.2 0.2
Nl —

ML_E%QIAQ@L&NouE None 0.5 |0 .5 2.0 2.5 30 35 4.0
PER CWT
| CHART 4.
. PooLep Means or MetaBoric

0 RATES oF UnsTrRessep Cuvexs Feo NormAL RATIioN AND
ML =ZK"-#"/4’ RATiens CONTAINING THIOURACIL ANO PROTAMONE.
{20

1800 I»

11700 b

16850 b

1500

1400 =

1300

2 et
Jo THIOURACIL. MNONE XY o.
" RR0 y o

1 f
G OTAMONE . NONE NORR .5 1.o 2.0 30
PERCWT,



C HA RT 5 e PooLED Mcans oF ADRENAL WEiGHTS

MeAn AQRENAL  OF S}'RESSED AND Unsrressep CHiens FED NormaL RaTion

WT, MG. AND RAaTIong ConTAns THIDURACIL ANO PIROTAMONE.
50
—— — STRESS
q /Q NO STRESS
s \
\ Pog \ . P~ o---0
\ - \ p
40 ¥ Y~ g >---—¢
30r
% 20 A n i x r'y A R olz .2 olz
Tﬂlougng“. . NONB 0.1 o z, o.z 0.7 0.2 0.2 o
GAS. PROTANQN © None NOWE (-5 2.0 2.5 30 3.5 ‘ [}
PER CWT.

CHA RT 6 PooLep Means oF EXeRCISE

MEAN Revs Times oF Stresseo Crucs Feo NogrmaL Ration
To EXHAUST  AND RaTionS ConNTAINING THIOURACIL AND PROTAMONE,

550 p
A
/ \
500 / \
/ \
\
Y450 = ,P/ \ //;3
/ Q\ /
Hoopm ? // \\ ,,d
\ ! o

350 \ /é

300~ \ /

250}e of

3 A

A
1[[{[03(‘;/1_; NoNs 0.2 0.z
GMs. PROTAMONE: Nowe Nowe 0.5

PER CVT
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CHAR T 7: PooLep Means oF Mars Comsa

Mean Mace Comg  WEIGHTS OF STRESSED AND UNnsTRESsEs CHicKs FED
WT, Mo. NogmAL Ration Anp Ration ConTAin NG THIOURAUL AND PROTAMONE,

— — —CIRESS
NO STRESS

Hosf-
380} P
/

355 /
330 s /
305} /})\\\O—'"‘d

280 /
/

255 F P“*O/

230
205
180
155
130 |
o5 -
80
55+

2 0.2
§ 4o

30 I [\ A i | 1 5 3 ] 1
ATHIOVRICIL: NONE 02 022 02 02 02 02 02 O
3

GAS. PROTAMONE ; NONE NONE 0.5 (.0 5 2.0 25 3.0

PER CWT.
CHART 8 . PooLep Mennsor MaLe Gonnp

MEAN Maie Gonao WEIGHTS oF STRESSED Ano UnsTRESSED CHiews FED

WT., Mo NormAL RATION AND ARTioN CONTAINING THIOURACIL ANP PROTAMONE.
——-ST1AL5s
o b No 57nss59
100t /
/c)—-—c-uG/
90
80
70
60 Ir i A i 3 i i 1 i 1
RTHIOVRACIL: Wome 02 02 02 02 02 ar 02 02 02
63, PRoTAMoNE: Nons None 0.5 1.0 L5 20 25 3.0 35 4.0

PER CW L



GHA RT 9 : pOOLED MEANS OF FemALE Coms WEIGHTS

OF STRESSED AND UNSTREsseD CHics Fep NoRMAL

MeAN Femare
Coma Wz, Mo. Ration anp RaTions ConTaiNING TRIOURACIL AND PROTAMONE
90
—— ~SIRESS
/Q\ NO STRESS
80 7\
/ \
S g
/ N - _ LO--0~- o
\
60r
5ot
2o}
30F
4 re _ 4 1 g e e _ ] - '
“LIHIOVRACIL: NONE 01 0.2 02 02 02 62 02 02 02
6M5. PROTAMONE: AONE NowNs 0.5 (O (.5 2.0 2.5 3.0 3.5 4.0
PeER CWT,
L 2
CHART l 0 . PooLep Means or Femare Gonap Werchrs or
MEAN Fe STrRessED ANp UnstRessep Cricis Fep Nogmar Ration ANO
@?@fw;,m, Mo, RATI0Ks ConTAINING THIOURACIL AND PROTAMONE.
— — —STRESY
sor No STREgS
1O 0
0 /X o -~
q / AN P
60F
50
Yot
%TH]QVROCH.: N:ﬂl dl.z 0.12- a‘.z, GT‘L ofz, O.L aA.z, of; ‘01.1_
GML PROYAMONE . NomE  NONE 0.5 1.0 1.5 2.0 2.5 3.0 35 4.0

PER CWT.



C HART 11 « Mean Booy WeienTs oF STRESSED AND UNsTRESSED
Mean Booy CHICKS IwiecTeED WiTh ANDROGEN, ESTROGEN, AND GONADOTROPIN,

— — —~$TRESS
300 I ———NOSTYESS
290
2801
270}
7
260 pd \
< \
7 \
. \
1250 i~ O___ — \
\
\
240 |- \
A i 1 1 1 1 1
YREATMENT: nNO EsERCISE 0.7m¢ L9 Mo Q.7 mo 70 UntTs
EXNERC(ISE oMLY ANOROGEN AMORQGE N STILBESTROC CoNADIN

CHART 12: Mean THYROID WEIGKTS OF STRESSED

AND UNSTRESSED CHICKS INVECTED WITH
Mean Turgoe  ANpROGEN, ESTROGEN, AND (GoNADOTROPN.

1, I

19} —-——33RESS
——No Sraess

TN

' i A \

TEEAIﬂii NT: WO ERERCISE 0T me. 1 4N0 .76, T0Unirs
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CHART 13- MEAN ADRENAL WEIGHTS 0F STRESSED

AND UNSTRESSED CHicks INVECTED WITH
MEAN Ackena  ANDROGEN, ESTROGEN, AND GONADOTROPIN.

!__'J_
— — —S$TRESS
/O NO STRESS
45 / oM
N\
Yo I
s r
L A L 1 1 A
. NO EXCRCUSE 0.7MG 1.4 mo 0.Tno 70 UNLTS
TREATMENT: EXERCISE ONLY ANpROGEN ANCROGEY STILBEST ROL GONADIN

CHART 14-: Mean Exvaustion Times

oF STRESSED CHICKS INJECTED WITH
Mean Revs. ANDROGEN, ESTROGEN,AND GoNADOTROPIN,

— — —STRESS
1300 NO STRESS
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13260 /
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100 / N\ /
oo / \ /
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1000} / S
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/
soo p- /
/
d L L 1 i
TREATMENT! CLERISE 0.7M¢ L4 Mo 0,16 TouNiir

onlLy A NogeGEr ANsROGEN STuBESTROL GONAIN



CHART ,5 e Mean Mate GONAD WEIGHTS oF STResSED AW UnsTRESSeD

Me AN GvAQ CHicws I nvecrep WiTu Anprocew, ESTROGEN, AND GONADOTROPIN

— ——3TRESS
/10 ————O J(RESY
ol

/00 |
S0k
8o
7}
60
S0
4o |-

A

I\ A i Il
T NG 5 CRERCISE 0.1 MG [1.% MO QC.T ™Mo TOUNCTS
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CHART 16 Mean Mare Coms WEIGHTS oF STRESSED

AND UNsTRessep CHICKs INVECTED WiTH ANpROGEN, EsT-
ROGEN, AND GONADOTRO PIWN.
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CHART 17 Mean Femaie Gonao WEIGHTS oF

STRESSED AND UnsTrESSeD CHicks INVECTED

Mean Coxae WiTH ANDROGEN, ESTROGEN, AND GONADOTROPIN.
L — ——STRESS
60 No §TRESS
Sor
40 |-
A A A n Y 1
TAEATMENT, NO EXERCISE Q.m0 1.4 Mo C.’ Mo 70 UNIT
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CHART 18: Mean Femace Comp WeiGHTs of

STRESSED AND UNSTRESSED CHICKS INJECTED WITH
mean cams  ANDROGEN, ESTROGEN, AND GONADOTROPIN.
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CHART 19: MeaN HEART WEIGHTS oF STRESSED

AND UNsTRESseED CHicKs INJVECTED WiTH AND-

Mean HetiT RoGEN, ESTROGEN, AND G ONADOTROPIN,
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180
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PJuAfIS 1

Apparatus Used to Measure Metabolic Bate of Chicks Fed Normal
Batlon and Bations Containing; fillouracil and Pvotasoone*

1 - Air Pump

B - Animal Chamber
3 - Oxygen Supply
4 - Soda Lime

5 - Kymograph

B * Concentrated Hydrochloric Acid



PLATE &

Revolving Cages Used to Stress Birds on Homal Met
and on Diets Containing Thiouraoil and Prottuaane,
and Birds Injected With Androgen, Estrogen, and
Gonadotropin.

$1:1°(Iffl 0%
®m

1 - Birds were placed between these plates#
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of Jtjotiono of .mareiwti elands* of

+<Groaned fxiiit i»n»iife»80a chicks ,i»o«?iviuc *vorii*jL

;twtiori and tiv In

Lowor -
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