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The o rg a n ic  su b sta n ces  vb. Ich  are  c a l le d  horooaes e f f e c t  chem ical 

change# »rh *ah  c o n s t i t u t e  th e  Malow H c o n tr o l o f  th e  l i f e - p r o c e s s e s  o f  

l i v i n g  th in g s*  5’"hit? fu n c tio n  in  in  c o n tr a c t  w ith  th e  "quick** c o n tr o l o f  

th e  nervous s^ aten  o f  a n im a ls , sad th e  c a ta ly s in g  a c t io n  o f  v it& a iiie  

and e n sy n e s• Horsonaa a re  xiiown to  c o n tr o l such  <11 v erse  p ro cea se*  as  

n o tn b a lio  ra te*  s a l t  .--uetftboiistu, «ugar m etab o lism , sex u a l developm ent 

and rep ro d u c tio n , grow th , l a c t a t io n ,  ca lc iu m  m etab olism , and c i r c u l a t o r  

p r o cesses*  iiaay o th er  hormonal fu n c t io n s  arc su sp e c te d , and con se

q u en tly  much work o f  a b a s ic  n a tu re  ia  needed t o  b r in g  th e s e  to  l i g h t .  

Thin i s  p a r t ic u la r ly  tru e  in  regard to  th e  c h i oh , fo r  worse on th e  endo

c r in o lo g y  o f  t h i s  anim al hevs o f t e n  been l im ite d  to  th o se  fa c to r s  

d ir e c t ly  a f f e c t in g  th e  q u a n t ita t iv e  c h a r a c te r s  such as egg p r o d u ctio n ,  

r a te  o f  grow th , and r a te  o f  fea th er in g *  The b a s ic  en d ocrin e  n a tu re  o f  

th e  c h ick  luuj been la r g e ly  ig n o r e d , and th e r e fo r e  th e  r e la t io n s h ip s  

which usuot c e r t a in ly  e x i s t  betw een a i l  th e  en d ocr in e  g la n d s have not 

eosae to  l i g h t  in  t h i s  anim al n» r a p id ly  as th ey  have in  o th e r s .  Fur

th e r ,  th e  r o le  o f  th e  en d ocrin e  s y e te n  o f  th e  ch ick  in  th e  resp on se  to  

e x te r n a l s t r e s s  Is  unknown, a lth o u g h  t h i s  fa c to r  i s  b e in g  w id e ly  In

v e s t ig a te d  in  sasasuils. I t  i s  f e l t  th a t  an in v e s t ig a t io n  o f  b a s ic  

in t t ir -p l w tdular r e la t io n s h ip s  in  th e  c h ic k , and t h e ir  resp on se  to  s t r e s s ,  

may be o f  im portance to  th e  p o u ltr y  producer as w e ll us to  th e  endo

c r in o lo g is t *  h b r ie f  d is c u s s io n  o f  th e  n a tu re  o f  s t r e s s  and th e r o ie  

o f  th e  en d o cr in e  system  in  i t  w i l l  serv e  to  c l a r i f y  t h i s  s ta te m e n t.

I t  has beoe»e in c r e a s in g ly  apparent in  r e c e n t y e a r s  th a t  u n u su a lly  

harsh en viron m en ta l c o n d it io n s  «r.*--rt profound in f lu e n c e s  on the oody- 

p r e c e s s e s  o f  liv in g : th in g # • Evidence has accum ulated to the a f f e c t

sjt&ny "chronic* d iscu ses o f  bit* higher vertebrates have th e ir  o r ig in
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i i i  e x te r n a l s t r e s s e s ,  i t  la  a ls o  accep ted  ti*at s t r e s s

a a | a f f e c t  n u t r i t io n a l  res iu ir^ u en is , growth r&te* rep ro d u ctiv e  ac

t i v i t y ,  and r ec i atunco to  d is e a s e ,  evert when a p p lie d  fo r  & r e l a t i v e l y  

sn o rt tim e. fh e  s t r e s s  phenomenon i s  th e r e fo r e  im portant to  m e  

p ra o tic& i Preader as w e ll ct» to  th e  s c i e n t i s t . ' b a s ic  r esea rch

on la b o ra to ry  aa .̂*aai»lo h:*s revs& leh now ir io ts  about t h e ir  mschanisms o f  

cfedjfustaent to  th e  environm ent. S*he en d ocrin e  system. hue been shown to  

p lo y  & k s /  r o le  h e r e , and c o n seq u e n tly , woe fu n c t io n s  o f  s&se hom onee  

have became known.

«M though th e  en d ocr in e  system  {p a r tic u la r ly - th e  adrenal c o r t e x ) i s  

known to  o© Im portant in  a d a p tiv e  resp on ses to  s t r e s s ,  l i t t l e  i s  known 

.".bout th e  hormonal in t  * r » c la t lo n s h ip s  which mny he In v o lv ed , beyond 

th o se  e x i s t in g  between th e sm ter io r  p i t u i t a r y  and th e  s o - c a l le d  ta r g e t  

g la n d s , t f  cu rren t th e o r ie s  e re  c o r r e c t ,  in c r ea se d  a c t i v i t y  on th e  

part o f  th e  a n te r io r  p i t u i t a r y  to  s e c r e te  one ‘'tro p h ic*  horaoiw d eer  e a se s  

th e  s e c r e t io n  o f  th e  o th e r s , fo r  exam ple, i f  th e  p i t u i t a r y  la  induced  

to  n e c r e te  la r g e  amount * o f  th y r o tr o p ic  hormme {h?:m) by th e  a d tt in is -  

tr fc tio n  o f  a go i t  e ro g e n ic  compound, i t  might be exp ected  th a t th e  pro

d u ctio n  o f  -udrenocor11 o o tro p h ic  hormone { VH) would be d e c re a sed . a

4umxtiy decreased, a c t iv ity  on the part o f the adrenal cortex  would 

tumn rettuer the unimcl unable to withstand s t r e s s .  i*fcis © fin d  slight 

be reinforced by the concurrent lack o f  thyroxine.

Evidence for the ex 1 steinse o f such mt ’’exclusive** mecniyii««k i s  by 

no means co n c lu siv e . I t  i e  pas sibl© that the an terior  p itu ilc r y  smy 

secrete  *■ Cfl'H a t  high le v e ls  niiwulthneoueiy with increased fSH output•

^he present t e s t s  were designed to in v e stig a te  the response to  s tr e ss  

o f growing chicks which received controlled  le v e ls  o f a thyroxine con

ta in in g  o-impound.
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Another ft*ppct o f  t h i s  h^moitRi oonurol which it* not a ccep ted  by 

f i l l  worker* i»  p e r tin e n t to  th© problem* That i s  th e  b e l i e f  th a t  th e  

s e c r e t io n s  o f  th e  tn r y e t  g lan a*  ([th yro id , a d r e n a l, © t o .) e f f e c t  t h e ir  

c o n tr o l o f  p i t u it a r y  8© cretion s by n o tin g  upon th e  c e i l s  o f  tin? l a t t e r  

ffl&iid. I f  t h i s  i s  t m # ,  then on in c r e a se d  l e v e l  o f  c ir c u la t in g  th y -  

r e x in s ,  fo r  exam ple, in h ib i t s  th e p oser  o f  th e  c e i l s  o f  the a n te r io r  

p it a i t a r y  to  s e c r e t e  foH* A g e n e r a l r e v is io n  o f  th e  p i t u i t a r y  a c t i v i t y  

stay fo l lo w , ca u sin g  an a l t e r a t io n  in  th e  s e c r e t io n  o f  o th er  horm ones, a s  

exp ressed  in  th e  th eory  p r e v io u s ly  d is c u s s e d . I f ,  how ever, th e  c o n tr o l  

o f  th e  p i t u i t a r y  hormones i s  a d o a c t ir a t io n  phenomenon r a th e r  than a  

s e c r e t io n - c o n ir o l  phenomenon ami occu rs in  tn e  aody f l u i d s ,  apart from 

and independent o f  th e  p i t u i t a r y  i t s e l f ,  then  a l t e r a t io n  o f  th e  l e v e l  

o f  one ir e p h ie hormone should  have no e f f e c t  on th e  l e v e l s  o f  th e  o th e r s .  

The vl&w I s  h e ld  by some wo rice re th a t  t h i s  i s  th e  tr u e  mechanism o f  

honaonai c o n t r o l ,  end th ere  I s  ex p erim en ta l ev id en ce  to  support, i t .

The p resen t t e s t s  were performed to  in v e s t ig a t e  th e  resp o n se  o f  

th e  p h y s io lo g y  o f  th e  c h ic k  to  a lte r e d  en d o cr in e  a c t i v i t y ,  "mplmsis was 

pinned cm In to rg la n d iilfir  r e la t io n s h ip s  a s  ev idenced  by changes in  body 

w e ig h t , and w eigh ts o f  th e  en d o cr in e  g la n d s , h e a r t ,  and comb, as w e ll  $» 

changes in  m eta b o lic  r a te  and ad ren al h i s t o lo g y .  Fundamental inform a

t io n  was sought on th e  resp on se  o f  th e  c h ic k  to  s t r e s s ,  and on th e  r e 

la t io n s h ip  between g la n d u la r  s ia e  end a c t iv i t y *
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In te r a c t io n  Phenoaieaa.

A* FI t u l t a r y - t a r g e t  g lan d s*  Tine r o le  o f  th e  a n te r io r  p i t u i t a r y  l a  

th e  c o n tr o l o f  th e  a o t i f t t y  o f  o th er  en d o cr in e  g la n d s I s  to o  w e lk known 

to  bear e x te n s iv e  d is c u s s io n  her®. S ev era l e x c e l le n t  tr e a ts ie a ts  o f  th e  

s u b je c ts  arcs B w ila b io  ISO, III, 89)* However, th e  method by which t h i s  

c o n tr o l i s  acco m p lish ed , though I t  any sca n t la s s  bo d is c u s se d  w ith  c e r 

t a i n t y ,  i s  not su b je c t  to  g e n e r a l agreement* tfoore and F r ie s  (b £ } f 

working on th e  p n ^ d - i d i u i U i y  r e la t io n s h ip ,  f i r s t  s ta te d  th e  th eory  th a t  

i s  p r e se n t ly  most p o p u la r , ^ h is  th eory  has been, expanded so  th a t i t  i s  

now g e n e r a l ly  a ccep ted  that. th e s e c r e to r y  product o f  any ta r g e t  g land  

c o n d it io n s  th e  p i t u i t a r y  c o n tr o l o f  th a t  ta r g e t  g la n d 's  a c t i v i t y  by 

n o tin g  on too  c e i l s  o f  th e  p itu ita r y *  vhus tn e  i e v e l  o* c ir c u la t in g  

th y r o x in e , fo r  o x a l i c ,  c o n tr o ls  th e  a c t i v i t y  o f  th e  p ltu it* a >y  in  s e 

c r e t  in g  xi^nrrtropie hormone {Vbii) • Vnia i s  th e  afoore-Frioo Faes*a*«n<Mi, or  

Feriphwrni-iTueieral E ffec t*  An opp osin g th eo ry  i s  s ta te d  ey i*t*wson t7 4 i#  

Ee d e c la r e *  th a t iwii i s  in a c t iv a te d  ey th e  th y ro id  t i s s u e  in  an o x i

d a t io n ’ r e a c t io n  w hich ca u ses  to  **00**1 rx out e mi in t e g r a l  p art o f  i t s  

m o lecu le  to  th e  ^ e t i ib o lis n  o f  th y ro id  t is s u e * *  Support fo r  t h i s  th eo ry  

has been g iv en  by th e  work o f  fta llo n e  raid f t a l iu s s i  (2 4 1 . th e y  found 

th a t  g u in e a -p ig s  tr e a te d  w ith  th y ro id  m a ter ia l l o s t  a l l  1*511 a c t i v i t y ,  

but th a t 93H in j e c t io n  returned  fh®» to  normal* ? h is  in d ic a te s  th a t  

th y ro n in e  l ib e r a te d  no ran i i y  le a v e s  th e  th y ro id  in  com bination  w ith  th e  

•THif which caused i t s  r e le a s e ,  and th e r e fo r e  fh I s  th y ro x in e  has l o s t  a l l  

a n t i  th y r o tr o p ic  a c t iv i t y *  dork w ith  kypephyseatoulM ea r-ufes by C o rn e ll  

ami Hftwson t lb l  .has shown »imt Vdtt s t im u la t io n  o f  th e  th y ro id  w»a l e s s  

In th e  'presence o f  th y ro x in e  than iu  i t s  a b sen ce . f a e s e  w orkers,
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th # r * fo r « , con clu d e  th a t c ir e u lfe t in g  th y ro x in e  may d im in ish  fSfl a c t i v i t y  

b e f o r e  t h e  l a t t e r  r e aches t h e  t h y r o i d ,  i . e . ,  in  th e  body f l u i d s ,  n ot  

th e  p i t u i t a r y .  Barker (2 3 , in  >iiu e x c e l le n t  rev iew  on th y r o x in e , de

c la r e s  th a t  th e  l e v e l  o f  t h i s  hormone control®  f& M -release,  but th a t  

d e ta il®  art? i* c k ln r  fm to  whether t h i s  t#  ach ieved  in d ir e c t ly  through  

e l  to  rat io n  o f  a n te r io r  p it u ita r y  M etabolism  n lon #  ** th  th a t  o f  a l l  o th er  

t i s s u e s ,  or by some in h ib it io n  o f  th e  ? £ H -e ff* e t  on th e  thyroid#

X oet in v a c t iv a to r s  accep t th e  not ion  u u i t  g r e a t ly  in crea eea  pro

d u ctio n  o f  one p it u it a r y  horm one  inhibit!®  p rod u ction  o f  th e  o th e r s ,  

th u s  S e ly e  (813 speaks o f  th e  " s h if t  in  « iiter ie r~ * o b e  hor-uoae production** 

which fo llo w s  an 1 no reused  need fo r  one hypophyseal hormone. He c i t e s  a s  

an extiu&pl* th e  decreueod  undo trap  in  ai«i swan trap in  s e c r e t  ion  in  th e  

p r e o e o e e  o f  in crea sed  c o r t ic o tr o p in  ou tp u t duriaig ad a p ta tio n  to  s t r e s s .

In Support o f  t h i s  v iew , harrow and Harrow (ittwO have shown in n t  ih iotura- 

o i l  a d m in is tr a tio n  caused -in v o lu tio n  o f  th e  r a t a d r e n a l, althoy^;h th e s e  

ndr<maia were s t l l *  s e n s i t i v e  to  exogenous idJTH. ffcey su g g est th a t  t a l e  

in v o lu t io n  i s  due to  d ecrea sed  pituitary--*.07H  output., r e s u lt in g  f ro m  dx- 

e eso iv e - rfSlH o u tp u t.

However, H&l&i - aud Bogdanove {33} h&v«? shown ihnt t/he ndrenocortieo- 

trop ie  hormone content o f  t h e  p itu ita ry  o f  thyroideeton ls edl r e ts  was not

d i f f e r e n t  i r o n  t h a t  o f  n o m s l  c o n t r o ls .  !highes ( 3 9 ) d e c la r e *  

th a t t r e a t m e n t  w ith  ircjit e r o g e n l e  «,»t*rU '-ic, whicH p-renfcly in c r e a s e s  TSH 

o u tp u t, h as no e f f e c t  on fpnad or adrenal w e ig h ts • ? h io  i s  confirm ed by 

th e  work o f  he* then ( 4 8 ) ,  "layer (58 3, and s 'illliv ja s , e t  (98 3. Perry (713 

h as e f o i i t i  t ie r e d  :-C*H to  t h e  in t a c t  r a t ,  and fauna th a t iodine-uptaJce by 

th e  th y ro id  its d e p r e sse d , w h ile  io d in e -r e le a s e  i s  n o t u f /a c t e d .  lie con

c lu d e s  th a t  th e  d ep ressed  th y ro id  a c t i v i t y  io  n ot cue to  in h ib i t io n  o f  

f i l l  by Of!!, but m&y o» a d ir e c t  e f f e c t  on t o e  th y r o id . V ersar and
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V id ov ic  (91 ) s tu d ied  th e  e f f e c t  o f  c o r t iso n e  on  hypephyfteetoaiised r**-ts> 

tr e a te d  w ith  ( in te r io r  p i t u i t a r y  e x tr a c t  a»d *P£H* C o r tiso n e  prevented  th e  

r e s to r a t io n  o f  n a r m l th y ro id  a c t i v i t y  by p i t u i t a r y  e x tr a c t  «md ^Sff•

1*h*?rt« workers d vo ln r*  th a t  t h i s  i s  beoim*** c o r t is o n e  I n h ib it s  th e  thy

ro id  d i r e c t ly  r.nd does n o t in t e r f e r e  w ith  tfSH production*

B. in t e r a c t io n  betw een ta r g e t  grlaode* T h is phenoaMmon i s  being' w *  

t e n o t r e ly  s tu d ied  a t presen t., w ith  l i t t l e  agreem ent on sons p o in ts*  fh© 

horaonee o f  th e  th y ro id  und th e  adrenal t*i?e in te r r e la te d *  iieaiis (lid) In

hi© book on t h ;.• th y r o id , sa y s  th a t th e  a d ren a ls  (snd th e  g on ad s) p lsy  *

r o le  in  th e  c o n tr o l o f  th e  norm*I fu n c tio n  o f  th e  th yro id *  The e f f e c t  

o f  c o r t is o n e  on th e  th y ro id  isss been' e x t e n s iv e ly  stu d ied *  M r m  and 

Telow (3 )  have s tu d ie d  th e  e f f e c t  o f  i n i s  hormone on th e  io d in e -n ccm m -  

lu t in g  fu n c tio n  o f  th e  th y ro io  • U o rtisa n e  (jiven  to  eu th y ro id  huusns a t  

1UU jag/dny -.markedly in h ib it e d  t h i s  tijyroicU tl fu n ctio n *  Bovarui o th er  

workers hove g o tte n  s im ila r  r e s u lt s *  ^ersnr tM  V iu ov ic  191) found th a t  

2*o~£»*a iaif* o f  c o r t i none/duy  prevented  r e s to r a t io n  o f  n o rm a l  th y ro id  

a c t i v i t y  by £HH in j e c t io n  o f  hypophyscotos&is ed ra te*  *Jerry  171} d e c la r e s  

thr-t c o r t is o n e  d e p r e sse s  r a d io a c t iv e  io d in e  uptake by th e  ra t th yro id *  

^ ijn ila r  r e s u l t s  were ob ta in ed  by ttywon (&<H kuhl and K lf f  ( 4 7 ) ,  ¥ « m r ,

et. n l ( 9 0 ) ,  and Boatman (5 )*  Bondy and. Hnirewood (? ) h**ve s tu d ie d  th e

e f f e c t  o f  c o r t is o n e  on p in e a l prot- ein-btrand io d in e  (FBI) in  r a ts*  They 

d e c la r e  th a t  th e  hormone prevented  th e  ex p ected  f a l l  in  PM  l e v e l  In r a ts  

exposed to  co ld  • 'This e f f e c t  i s  in ter p r e te d  as being: due to  c o r U * o » « -  

a c t l  on in  ra isin g : FBI blood l e v e l  by d ecreasin g: FBI d o s t  ru ction *-rate  and 

red u cin g  th y ro x in e  sy n th e s is*

Opposing- th e  v iew s o f  ^eraon and Tnlow, work by i l e i s a ,  e t  e l  (7b )  

shows th a t th e  subnormal I— IB ! upk&xe o f  tn e  th y ro id s  o f  e ig h t  husuois
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w ith  xddiaon*® iJ isea se  was i u o m s e d  wi auoh a s  four fo ld  0 /  50-104) i^ /h a y  

o f  c o r t iso n e *  F red erick aou , e t  u l i 2 t ) agree w ith  neraan and fu io w 's  

finding®  fa r  e u th y r o id s , ou t p ea ln re  th a t h i oh le w e le  o f  co r  N isons f a i l e d  

to d ep ress  th y ro id  n a t iv i t y  in  h y p e r th y r o id i«&• ftt.brllavo  ana i> o f f e r  (£5) 

r e p a r t  n i.a ii^ r  r e s u l t s  In  th e  ra t*  f*?h«y d e c la r e  th a t  apioapiurlii* r a th er  

than c a r t  le o n e  i s  r e s p o n d  h ie  fo r  th y r o id  d e p r e ss io n  la  th a t tm im n l*  The  

resu lt©  o f  hot k in  mod Jensen  |6 j  support t h i s  v i ew.

1 s y n e r g ic t ic  r e la t io n s h ip  between c o r t is o n e  and t ’slf has been re

ported# 'Halt'd |M )  g iv e s  e v id e n c e  t h a t  c o r t is o n e  eahttaees ;H*fi s t im iX a tie n  

in  hypophyoectoaifted ra te#

/-» fa r  a s  neft&urable e f f e c t s  by c o r t is o n e  on th e  th y ro id  tU m ©  I t -  

s e l f  a re  con cern ed , th ere  I s  l i t t l e  e v id en ce  o f  s t im u la t io n . s i n t e r ,  « t  

a l (9 9 ) hsiv* in j e c te d  3 ag* o f  c o r t in o n e /d a y  in to  r a t s  over  a  b-woeJc 

p eriod* a, s l i g h t  In c re a se  in  th y ro id  aw ight was o b ta in ed  w ith  no h i s  to — 

l o g i c a l  ch an ge.

.- 8 fo r  the r e v e r se  n o tio n — th a t o f  th e  th y ro id  s e c r e t io n  on th e  

ad r«n rl a c t i v i t y — i t  I s  turned by ioo©t workers th a t such an a f f e c t  e x i s t s .  

But th ere  i s  d isn g r e e a e n t a s  to  th e  form th a t  i t  ta k e s . 3eJLye (d l)  

d ecl^ r^ e  th a t  heavy d o ses  o f  th y ro x in e  to  th e  h o  c  m i l  a n im il on u ses &dr©a&l 

c o r t i c a l  h yp ertrop h y . Fcidot%a (19) a g r e e s , and adds tn».t in  tad  ab sence  

o f  th y r o x in e , th e  udrenal o f  th e  rut d ecrea sed  in  s is©  and w e ig a t .  

ha^oood fsJS) has e x te n s iv e ly  s tu d ie d  t h i s  in t e r a c t io n  a t  v a r io u s  m aolent 

te a p e r a U ir e s . He hots founu th a t s i  84 #C a s ig n i f i c a n t  U c r e s s e  in  ad rena l 

w eight fo llo w s  th y ra p ro to in  th era p y , w h ile  n s ig n i f i c a n t  d e c re a se  i s  ob

ta in e d  w ith  ih io u r a o ix . Ilhase r e s u l t s  were c a n fim o d  by th e  work o f  

Harrow mid Harrow (1 0 0 ) ,  and ?r*?eds3*m ruid Cordon (2 2 1 .  The e f f e c t  o f  th y ro -  

p r o te ln  m t th e  a sc o r b ic  ac id  re',;uirm «m t o f  th e  g u in ea  p ig  has been stu d ied  

by J*?imd«r {? £ )•  tod  Inc te d  c a s e in  in crea sed  t h i s  r tn i i i i r m m n t  45# •
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In o p p o s it io n  10 tintee f in d in g s ,  aever&l workers have rep o rted  tn u t  

fe e d in g  goifcerogens to  a  v a r ie ty  o f  & n ia i s  produced no o f f s e t  on th e  

a d r e n a ls . M *  1* tr u e  o f  th e  work o f  &iii.ia*ass, «st u i (9 5 ) ,  liey er  4£M*j, 

hmskthim ( 4 6 ] ,  mid Hornet ( 3 $ ) .  an in t e r e s t in g  paper 0 /  Bf l« r iO  and 

P la n t (Id ) su g g e st*  th a t  th e  t ig r o id  e f f e c t s  th e  &t*duii.ti o f  th e  a d r e n a l,  

n ot th e  eort»6X« nip a r t  th a t  a d d it io n  o f  powdered th y ro id  to  *

CM Join-sucroso or soybo&n d i e t  reduced by 60^ th e  a b i l i t y  o f  th e  ra t  

adronol to  s e c r e te  ep in e p h r in e . f h i s  wo® p a r t ia l ly  roveraod by fitcu n in  8 -1 2 .

I t  i s  g e n e r a l ly  oonoedod th a t  th#? th y ro id  e x e r t  a a s t  ir.iulatory  

e f f e c t  on th e  {foiled*, a lth ou gh  th e r e  m i s t  sp e c ie *  d if f e r e n c e * .  Kaqsood 

and Hoineke (54) rep o rt th a t  o l id  hyp erth yroid ism  e t ls m la tc *  sex u a l de

velopm ent in  th e  esttlo raon**, w h ile  hypothyroid  I sa  d e p r e sse s  I t .  n e i t e s  

and Chandrnshitker (5 9 ) co n cu r , but p o in t out sp ecie©  v a r ia t io n s  in  th y

rox in *  l e v e l ,  in so fa r  a s  I t  i s  concerned w ith  a id in g  gon ad otrop in , 

it ic h te r  and W inter (7b ) have found th a t fe e d in g  th y ro id  o u t e r iu l  to  mule 

r a t s  ca u ses  a  27,4 in c r e a se  In. th e  w eight o f  th e t e s t e s  and ep id id y m is .

-'korria ( 6 4 ) ,  a s a r e s u l t  o f  work w ith  th yro id eotu a iiaed  capons su g g e sts  

th a t  th y ro x in e  and androgen e x e r t  u s y n e r g is t ic  u e t io u  on eooft grow th.

Payne 4toil) <U*o r e p o r ts  th a t  th y ro x in e  p lu s  androgen t o  capons i s  a c r e  

e f f e c t i v e  in  r e fe r  s in g  th e  capon e f f e c t s  than androgen a lo n e . «aw urtaey  

and J h a ffn e r  (57) have rep o rted  on th e  e f f e c t  o f  th y r o p r o te ln  on th e  hen.

At a Q.Okk/* l e v e l ,  I t  caused  a h ig h ly  s ig n i f i c a n t  in c r e a s e  in  conb a r e a .

Other workers rep o rt in h ib i t io n  o f  c e r ta in  gonadal a c t i v i t i e s  by 

th y ro id  a c t io n .  H e r ts , e t  a l  ( 3 7 ) ,  have adm in isterod  th y ro x in e  find e s t r o 

gen s ia u ltrn ieo iu ily  to  young c h ic k * • $*hls procedure suppressed  th e  marked 

h yp erlip em ia  obta in ed  w ith  e s tr o g e n  a lo n e . Johnson and Met t e e  (43 ) have  

rep orted  on th e  e f f e c t  o f  th y ro p ro te in  and th & uracil on th e  o v a r ie s  o f
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Ztmsil*  rodonto* In n i c e ,  w h ile  th yrop rote lx i s i g n i f i c a n t l y  in crea sed  

ovarian  resp o n se  t o  a d m in istered  gonadotropin® , th e  r e s u l t s  o f  th lo u r n c i l  

adsi& n istration  war© in c o n c lu s iv e .  T» f f w d e  rfcin , th y ro x in e  ^nd th y r o -  

p r o te in  d r f i s t ic a l ly  reduced ovarian  resp on se  to  pregnant stare* * serum iJi-ss) 

w h ile  th io u r is c i l  laerfmsedi i t .  fh e a e  r e s u l t s  p a r a l le l  th o se  fo r  th e  male 

rod en ts rep orted  by ;.!o ites and Chimdrashfaher, ju s t  d is c u s s e d .

There h«.ve he«m r e p o r ts  o f  e o a p le te  la ck  o f  e f f e o t  o f  th y ro id  a c t i v i t y  

on th e  {gonads. «openg and S im f f  ner (53)»  h avin g  tr e a ted  12~w sek~eld c h ic k s  

w ith  th io a r f to ii  and Ih y ro p ro te la  * iiS a ita n eo u e ly ,  rep o rt th a t t e s t i s  s ia e  

was u n a f fe c te d » w h ile  coma growth « m  d ep ressed  oy th io w r a c il su-loae. Co<aD 

s i  so  was a a iiita in o d  ut normal l e v e l s  i»y th iortt& cil p lu s  thyrop r o t t i / i .  Owl- 

lo n e  and ( t a l iu s s i  (27 ) ht-*we found th a t d u l ly  in j e c t io n s  o f  th y r o x in e  fo r  

ton  days d id  not in h ib i t  th e gon ad otrop ic  a c t i v i t y  o f  tno p i t u i t a r y  o f  

c a s t r a t e  m ale r a ts*  ftm ng, o t t*l ( 9 9 ) ,  have »u b jacted  th e  a d u lt  mule guinea, 

p ig  to  th y ro x in e  in j e c t io n  and thyroidectom y* fh e y  rep o rt th a t  th e  s e x -  

driv© m m  n o t a lte r e d  by th e s e  tr e a tm e n ts ,

There i s  some ev id en ce  th a t gonadal ho mort as e f f e c t  th y ro id  a c t i v i t y .

"loney, e t  a l  (6 1 ) have found th a t th y ro id  a c t i v i t y  i«  in c r ea se d  in  th e  

p resen ce  o f  te ttto o ta r o n c , e s tr o g e n , p r o g e ster o n e , *nd o th er  so x -h o m o n e s •

But g a l lo n l  and G a ilu s s i  ( 2 5 ) ,  s tu d y in g  r o t s  exposed to  c o ld ,  d e c la r e  th a t  

e s tr o g e n , t e s t o s t e r o n e ,  and gon ad otrop in  alm ost co m p le te ly  in h ib ited , th e  

u su a l In crea se  In  th yro id  n a t i v i t y .  O thers have s tu d ied  th e e f f e c t  o f  e s 

tr o g e n s  on th y ro id  resp on se  to  g o ite r o g e n s .  Ohutaorro (14) has rep orted  

th a t ra ta  fed  p r o p y lth io u r a c il  p lu s  h e x o e a tr o i showed none o f  th e th y ro id  

hypertrophy observed  w ith  th e  g o ite r o g e u  alone* Chamorro1 s  r e s 'u lts  a re  

oonfirm ed in  an oth er  poper hy C n lim e  uaa O n llu sa i (2e)*  The la v t a r  say  

th a t  e s tr o g e n s  d e c re a se  th y ro id  a c t i v i t y  oy in h ib i t in g  tn e  f«»H a c t i v i t y



o f  th a  p i t u . i t u r g .  isome in v e s t ig a t o r s  p resen t ev id en ce  for th e  th eo ry  th a t  

th y ro id  a c t i v i t y  i s  n o t a f f e c te d  by gonetd hormones. O dail ( 6 4 ) ,  working  

w ith  whit. <3 Leghorn cnp<mwt d e c la r e s  th a t  th e  th y ro x in e  s e c r e t io n - r a t e  o f  

then® n n lm l*  w»» not e f fo o te d  by th e  ab sen ce o f  gamads, or by am lw^«B  

I n je c t  Io n s , Kopf (46 ! p r e se n ts  s im ila r  ev id en ce  fo r  r o t s .

O bservetion V of th e  v i r t l i s i n g  e f f e c t  o f  m d to n u l  tu to r s  in  th e  h w a  

fesm lc  has s t im ila te d  resea rch  ln%® the r e la t io n s h ip  between adren a l ac

t i v i t y  and gonnd a c t i v i t y .  *fh« ev id en ce  p resen ted  by 8rlm»l*6om»  ( 1 2 ) ,  In d i

c a t in g  a p o s i t iv e  r e la t io n s h ip  betw een ACi'K and g jiu u io tr o p in , shou ld  be 

m entioned , f h i s  worker d e c la r e s  th a t  iu .te in isn .t io n  o f  th e  o v arian  f o l l i c l e  

by gonad otrop in  i n  augmented by hCl'H, w h ile  th e  l a t t e r  hormone in h ib i t s  

f o l l i c u l a r  *na o r a t io n . In g le  ( 4 0 ) ,  la  h is  rev iew  on c o r t i s o n e ,  sa y s  th a t  

h e lias e v id e n c e  th a t 5-1.0 -£g. o f  e o r lisc m o /d a y  caused r e g r e s s io n  in  th e  

s ia e  o f  th e  t e s t e s  o f  r a t s .  He p o in ts  o u t , how ever, th a t work by o ta e r s  

g iv e s  g e n e r a lly  I n c o n c lu s iv e  e v id en ce  o f  t t iy  e f f e c t  by c o r t is o n e  on th e  

gonads o f  e i t h e r  s e x , in  r a ts  anti humans•

M a rtin i, a t &1 ( 5 5 ) ,  have s tu d ied  th e  e f f e c t  o f  e s tr o g e n s  on th© r a t  

ndron&l. 1'hey say th a t  e s tr o g e n s  caused  a ejnrked d e c re a se  in  th e  a a c e r b ic  

a c id  c o n te n t o f  th e  adrenal g land o f  o v a r ise to a d se d  r a t s ,  L igh t end 

•Pomnben (5 1 ) have s tu d ied  th e  e f f e c t  o f  androgen and e s tro g e n  on th e  

a d ren a ls  o f  w i le  r a t s .  The adrenals* were markedly en larged  a f t e r  e s tro g e n  

in j e c t io n s ,  w h ile  th e  t e s t e s  were d e p ressed , Androgen had no e f f e c t  on th e  

h is t o lo g y  o f  th e  adrenal c o r t e x ,  w h ile  e s tro g e n  caused atrophy o f  th e  scmn 

gltm erulosn . w ith  s in u so id  d i l a t i o n .

C. I f f o o t  o f  homemos on growth and csetsibQlic r a t e ,  i n  genera1 ,  th e
rttnwf-rr r - i   r  w>irf>wt **»*+,*** aSmm■ >■»»•*-.*■«. — >■*» « w n i» ....................................................................... «m «nih*i

e f f e c t  o f  hormones on ©iota P o lio  rut© end body growth r a te  i s  w a ll known. 

Growth hom ono s e c r e t io n  by th e  mi to r io r  p i t u i t a r y  has been dem onstrated
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in  most h ig h er  nnisuuls* The growth and m eta b o lic  d e p r e ss io n  a s s o c ia te d  w ith  

th y ro id  d e f ic ie n c y  i e  a f^ ix ill^ r  4.-hmw±wnon* 'fovever, a&ny a sp e c ts  o f  th e  

l a t t e r  p r o c ess  ©re still under in v e s t ig a t io n .  and b h u ffn er *17)

havo in v e s t ig a te d  th e  e f f e c t  o f  t h io u r a c l l  fe e d in g  on I ne g en et le e  o f  grow th  

in  th e ch ick* T h eir  r e s u l t s  8^o» th a t  g e n e t ic  v a r ia b i l i t y  d ees  r e s u l t f ou t  

i s  in c o n s is te n t*  The r e la t io n s h ip  hetween, ten p ern tu re  and th y ro id  e f f e c t  on 

body w eight has been s tu d ie d  by  &&qs0 od nnd rtelnake (& 3). They fed  th y ro id  

m a ter ia l and tm lo u r n e ii to  young m ale ad os kept a t  v a r io u s  ambient 

p o r a to r e * # and found & r e la t io n s h ip  s e t  ween tem perature and growth resp o n se . 

They co n c lu d e  th a t th e  to le r a n c e  l im i t s  fo r  th y ro id  sti:> m l^ tlon  are  de

term ined rcalnly b y  th e  u i t im l#8 tem perature r e g u la t in g  c a p a c ity . B&logli 

(1} has shown th a t  r a t s  o f t e n  f a i l  to  show th e  u su a l r i s e  in  m eta b o lic  

r a te  when in je c te d  w ith  th yrox in e*  1?© In je c te d  0 .1 - 0 .5  .«iierc{*r»res, »md 

found th a t  o n e -th ir d  o f  h i s  norethl anim als showed no im e d ia t e  c h a is e  in  

oxygen consum ption . JHngh and S h a ffn er  (&&) have shown th a t th yro id  grow th - 

c o n tr o l i s  dependent upon th e  c a l  oric l e v e l  o f  th e  a l o t  o f  c h ic k e n s .

I  lo b e  and Kelt©* i 5 0 1 h a v e  p r e s e n t e d  e v i d e n c e  t h a t  V itam in is -12  a n d  p e n i 

c i l l i n  fe e d in g  can c o u n t e r a c t ,  t h e  g ro w th -d ep resslo a  o f  y o u a g  c h i c k s  w h ic h  

n o r a a iiy  fo llo w s  b h io u r a c il f  ©e-iing• T his treatm en t d id  n o t a f f e c t  th e  

in c r e a s e  in  t h y r o i d  s i s e  o r  th e  d ecrea se  i n  coma e ls e *

^ ffe o t  o f  S t r e s s

i t  i s  n o t proposed to  d i souas in  d e t a i l  th e  p r e se n t t u s s r i e s  on th e  

roie-of s tr e s s  in  p h y s io lo g ic a l  rea e tia fts*  **©ly@ \b% ) , mao i s  th e  p r in c ip le  

proponent o f  th e  d e n e m l k u a p ta tio n  dyndrome Theory o f  s t r e s s  r e sp o n se ,  

g iv e s  a very  com p lete  trea tm en t o f  th e  s u b je c t  in  h i s  book, r e fe r r e d  to  

above. I t  w i l l  be s u f f i c i e n t  to  s e n t io n  h ere  c e r ta in  ev id e n c e  fo r  th e  

e f f e c t  o f  s t r e s s  on th e  p h y s io lo g ic a l  fa c to r s  co n sid ered  in  th e  p resen t



t e s t s .  'ixGGpt where in d ic a te d , th e <x-torln l io  frost ,'?el/e (*U, U 2), an 

refer®  c h ie f ly  to  jaaraauls.

A. Hea r t * C ardiac le sio n ®  as n o t appear a fter  s t r e s s ,  i f  th© or*  

g a n iss i s u c c e s s f u l ly  ad ap ts to  i t .  However, prolonged exposure to  c e r ta in  

s t r e s s e s ,  such as c o ld ,  produces f ib r o u s  aottu ios in  th e  h e a r t ,  i f  th e  

e a itta l  i s  oh a s p e c ia l  d ie t  and i s  uni in te r s !X y  aepnrectoaiised*

£ • Me t a b o l ic  date* i t  i s  w e li known in n t a fa i*  in  body' tem perature  

sccosapniiles the s y o te a le  snook o f  e a r ly  s t r e s s *  t h i s  i s  e s p e c la i t y  e v i 

d ent in  l a e  u d ron A lactoa iseu  or nypophyeectoaiised. an im al. Jit t h i s  t im e ,  

tine d asn i m eta b o lic  r a te  I s  subnor&uil, o u t l a t e r  r i s e s  to  norm al•

U. Growth, o t r e s s  in h ib i t s  body grow th, p a r t ic u la r ly  in  th e  very  

e a r ly  and v ery  l a t e  s ta g e s  o f  th e  exposure*

dr s e m is . !i*hese g la n d s  p la y  a key r o le  in  th e  resp o n se  to  

c t r e s s .  I t  has been rep orted  many tim es th a t in  sataas 18 th e  adrenal cor

te x  e n la r g e s  under s t r e s s ,  due to  hypertroph y and h y p e r p la s ia . 1*he »d -  

ren a l s e c r e t io n s  are ap p aren tly  n ec essa ry  fo r  a s u c c e s s fu l  d e fo n s e 

a g a in s t  s t r e s s ,  fo r  th e  adrexialectom isea anim al i s  ex trem ely  s e n s i t i v e  to  

saiverse c o n d it io n s .  H ail (3 2 1 r e p o r ts  th a t th e  ad ren a ls  o f  r e t  a from an 

em otion a l ot r a in  are h e a v ie r  than th o se  o f  p h legm atic  s t r a in s .  buyers  

and S ayers {79)  have shown th a t  th e  in crea sed  adrenal a c t i v i t y  in  s tr e s s e d  

r a ts  i s  d ir e c t ly  proportion**! to  in crea sed  hCttf output by th e  p i t u i t a r y .

th e  p ib u ita r y -a d r e n a l c o r t i c a l  resp o n se  to  s t r e s s  i s  thought oy sumy 

workers to  ue the cau se  o f  th e  m e ta b o lic  ch an ges, sucn  as  a r i s e  in  blood  

g lu c o s e  and c h lo r id e ,  wnioh appear in  a s u c c e s s fu l  r e sp o n se . ±**gle id l j  

d e n ie s  th a t t h i s  i s  mo, uow ever, s tn t i i ig  th a t  t h i s  resp o n se  i s  a  uumeo- 

srt&iio jucehunism a lur'd© e s  not rep re sen t th e  e x c i t in g  ca u se  fo r  many o f  

th e  a ie tn o o lie  r esp o n ses  to  s t r e s s •* o th er  workers nave p resen ted  e v i

d ence fo r  th e o r ie s  co u n ter  to  th e  popular one. B u ilou gh  (131 has s tr e s s e d



m i c e  ey o v © rereading th en , »nd  found O u t i  t i w  i -d r m ih l  s i s e ~ in c r e a s e  

is&8 c h ie fX / due# to  laeu u liavy  m ixarmament. Kali, at a l  {21 ) 9 have found 

tln.it treatm ent w ith  d eaoxyeor t  i  co s t e r  one n e o in te  d o es  not Im pair th e  

p itu itn r y -a d r e n n i s t r e s s  response* Snjrers ( 8 0 ) ,  In h i s  rev iew  o f  ad

ren a l c o r t ic a l  fu n c t io n , d e c la r e s  th a t sudden, tem porary s t r e s s ,  mieh 

as n sh o r t bout o f  M uscular e x e r e le e ,  produces l i t t l e  or  no adrenal 

hypertrophy* he fu r th e r  s t a t e s  th a t  trea tm en t w ith  th e  hormones o f  th e  

adrenal o o r tex  d oes not in c r e a se  r e s is t a n c e  to  s t r e s s .

■*• **'r>m<,s a • .Both th e t e s t e s  end th e  o v a r ie s  atrophy under s tr e s s *  

s t e r i l i t y  and eatrsus o r  m enstrual i r r e g u l a r i t i e s  have Peon observed*

7 .  Thyroid* Vue th y ro id  i s  sa id  to  atrophy and. in v o lu te  in  th e  

e a r ly  s ta g e s  o f  s t r e s s *  T his nay be fo llo w ed  by h y p erp la s ia *  bogoroeh  

and T ia ir a s  (b) su b jec te d  m i s  r a ts  to  fo reeu  m uscular e x o r a is e  fo r  £4  

hours ana than measured th e  io d in e -u p tim e  o f  th e  th y r o id . In one t e s t ,  

i t  was s i g n i f i c a n t ly  doeroased  a f t e r  s tr e s s *  T hese workers p o in t out 

tiUft e x e r c is e  oay he l i n e  s o la  exposure in  th a t  i t  m y  tend to  in c r e a se  

th yro id  a c t i v i t y  because i t ,  l i t #  s a id ,  in f lu e n c e s  th e  tin sel lo s tn c o lic  

ra ta*  In  th e  on® t e s t  in  which th y ro id  a c t i v i t y  reced ed , i t  i s  p o s s ib le  

th a t th e  s t r e s s f u l  e f f e c t  o f  fo rced  e x e r c is e  predom inated , and p reven ted  

th y ro id  s t ie su ln t io n  by th y r o tr o p ic  horaoxio* But Smith and Smith 188) 

hikvm found th a t  feed  in #  m ice d e s ic c a te d  th y ro id  produced » d ecreased  

ex erc ise -* to lera n ce*  T his en s  b e l ie v e d ,  how ever, to  b e  due to  a d e fe c 

t i v e  fu n c t io n a l c a p a c ity  o f  th e  hpfurt, ra th er  ihttfi to  1 n ter # la n d u le r  

r e a c t io n s*

'^ fo o t  of S tress on the Snick* The eh io k  has been l i t t l e  used 

o,® a subject for s tr e s s  experim ents. I t s  physiol -%tlcal response to 

s tr e s s  ia  la rg e ly  unknown. So f**r as eon be 4 e t e m ia e 4 ,  the f i r s t
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work employifii? th e  c h ic k  m  a su b je c t  fo r  s t r e s s  t e s t s *  i s  th a t o f  

r*arron f SJ#} In t h i s  la b o ra to ry *  He used Mew Ifnapshir© c h ic k s  which he  

exposed to  foree«l m iaou lar e x e r c ise *  - âriy o f  h i s  t e s t s  were e x p lo ra to ry  

In fif--t-y.ro, but th ey  d id  in d ic a te  c e r ta in  trend s*  U n treated  b ir d s  ex

o r c is e d  to  ex h a u stio n  had en larged  a d ren a ls*  and s l i g h t l y  e n la r g es  

hearts?. th y ro id *  gonad* and s a l e  comb s i t e s  were reduced* but th e r e  were 

la r g e  in d iv id u a l v a r ia t io n s  in  th e s e  resp on ses*  K ales were wore r e s i s 

tant. than fem ales in  a s i n g ie - r c p i i c a t e  t e s t  on sex  d if fe r e n c e s *  *.‘he»e  

r e s i s t a n t  m le a  nu& th e  la r g e s t  a d r e n a ls , o th er  t e s t s  in d ic a te d  a  pos

s i b l e  p o s i t iv e  c o r r e la t io n  betw een tu e  a b i l i t y  o f  th e  th y ro id  to  respond  

to  th io u r a c i i  and r e s is t a n c e  to  e x h a u s tio n , b ir d s  tr e a te d  s i t u  c o r t i 

sone snowed, * d ecrea sed  r e s is t a n c e  to  fati& ue* w h ile  a group tr e a te d  w ith  

th y r o p r o te in  had in crea sed  r e s is ta n c e *  t e s t o s t e r o n e  a ls o  caused  in crea sed  

re s is ta n c e .

H is to lo g y  o f  th e  fcAranal Gland o f  th e  Ohic k

th e  m icro sco p ic  s tr u c tu r e  o f  th e  th yro id *  gonads* and p i t u i t a r y  o f  th e  

ch ick  i s  Jimch th e  suae asr th a t  o f  mmsmnI s .  *?he adrenal s tr u c tu r e  i s  l i k e  

th a t  o f  th e  low er Anim als (am phibia and r e p t i l e s ' *  however* C o r t ic a l and 

m edu llary  t i s s u e  a re  in te r m in g le d , Accord!nr to  B r i l e y  (91* c o r t i c a l  

c e l l s  ’’o c c a s io n a lly *  surround th e  m edu llary  c e l l s *  c m i n ^  %hsa to fo rm  

independent u n i t s ,  C r o l l  sum (3 0 ) in d ic a te s  th a t  the ch rom p h .il (m ed u lla ry ) 

c e l l s  a lw ays occur in  g ro u p s. He sayo th a t two d i f f e r e n t  k in d s o f  cor

t i c a l  c e l l s  can be d is t in g u is h e d *  on the u ^ ols o f  t h e ir  d i f f e r e n t  s ta in in g  

r ea c tio n s*  K eith or o f  th e s e  two au th o rs  d is c u s s  th e  p o s s ib le  e f f e c t  o f  

age on adren a l h ia ts lo g y *

Oauor and Latim er (78  j have stud ied , th e  ad ren a l o f  a d u lt  c h ie a en s  o f  

both  sex es*  They fin d  th a t th e  c o r t i c a l  o e i i s  a re  clumped* in  th e  c e n te r
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of tiii# giund* Kit-r (44 j atudifstfi tn e  ndr<m<«iti o£

■Lo^aom a. Ha found, uni form cortiics&l <.-MXbQ®a t*d?o-u&iii*u% tue *̂faria0. «it& 

Y«euolfttaa a e i i s  o f  s e v e r a l d i f f e r e n t  for**** in  a ans ir r e g u la r ly

arrtuiged in  o f  J2-5 to  #0-4\) c e i l s .

Ifo in fo rm ation  la  a v a i la b le  on th e  h ia to lo g ic a l  response o f th e  

ohiok ad ren a l to  a tr e ss*

/



G eneral frisousa io n  o f  aiethocls

Fnrebrod Mm  Hampshire ahiafcs were uoea U  a l l  but ozie o f  *ae t e s t s  

h e r e in  r e p o r te d . Xn on* r e p l ic a t io n  o f l e s t ,  Wte onicjcs used had & 

s in g le  *?hit« m ale l a  t h e ir  a n c e s tr y . fn e  ami o i l s  were o f  u au i

m ixes, and wore t u a n  a t  ruoaoia from th e  U n iv e r s ity  o f  Maryland farm  

f lc a fc . j-t h a tc h in g , th ey  were d iv id e d  in t o  groups o f  S-iO  b ir d s  each lead 

p la ced  In  e le c t r io n ix y  b a tS e r ie s  h av in g  sc r e e o -w lr e  f l o o r s ,  th e s e

b a t t e r ie s  wore housed fit a c o n c r e te  b u ild in g  under c o n tr o lle d  c o n d it io n s

o f  h e a t in g  end l i g h t i n g .  fh e  b ir d s  were th u s M aintained fa r  th e  d u ra tio n  

o f  th e  t e s t s ,  which extended fro n  h a tch in g  t i n e  u n t i l  fou r weeks o f  « £ * •  

Food and witter were a v a i la b le  in  adequate amounts a t  fell t i n e s ,  ex cep t as  

h e r e in a f te r  n o te d . A lthough d i f f e r e n t  b a t t e r ie s  in  d i f f e r e n t  rooms were 

used  fo r  each r e p l i c a t io n ,  th e  experim en ta l groups were alw ays arranged in  

th e  seme way w ith in  th e  b a t t e r y .  *Phe c o n tr o l grou p , r e c e iv in g  an  unsup* 

piem ented r a t io n ,  we a p laced  a t  th e  to p , and th e  ex p erim en ta l g ro u p s, re

c e iv in g  a r a t io n  supplem ent, were 'placed b elow , and arranged so  th a t th e  

r a t io n  h av in g  th e  la r g e s t  supplem ent was a t th e  bottom . uoch group hod a  

sep a ra te  w uter tro u g h .

fh «  c h ic k s  were fed  a  standard  s t o r t in g  mash. huppieiMuiE* were 

added to t h iw  d ie t  by means o f  e l e c t r i c  m ix ers, Fresh fe e d  was prepared  

fo r  eacn r e p l i c a t io n ,  fend was s to r e d  in  m etal coupm i tn  t i g h t ly  f i t t i n g  l i d s ,  

flic n a tu re  and so u rce  o f  th e  d ie ta r y  supplem ent* were no fo llo w s*

U )  f h io u r a e i l  I7d.t»> p u r e ) . From L ed er le  la b o r a t o r ie s ,  r e a r l  i i iv e r ,  

Sew Y ork.

iS ) lo d in a te d  c a s e in  (P ro to n o n e)• C on ta in s 0 .3 $  ch ic fcw ava liab le

I ,-th y r o x in e , from  G eropft/l L a b o r a to r ie s , Kansas C ity ,  M isso u r i.
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In th o se  t e s t s  in v o lv in g  in j e c t io n  o f  hormone s o lu t io n s ,  a one c c .  

tu b e r c u lin  s y r in g e , w ith  a #20 n e e d le , was used to  p l^ ce  th e  hormone so lu 

t io n  in  th e  p e c to r a l m uscle o f  th e  chick* 'Phe n a tu re  and source  o f  th e  

in je c te d  hormones were as fo llo w s?

f l )  Androgen (P ernn dren). t e s t o s t e r o n e  P rop rion ate  in  sesame o i l .  

From Oiba P harm aeeutiea l P ro d u cts , I n c . ,  Sum m itt, Wew Tork.

(2) F n trogen . D ie th y l n t i lb a s t r o l  in  sesame o i l .  Prom "Terek and 

Company, Pahway, Kew J e r s e y .

(3J G onadotropin (Gonadin Serum ). "Sxtract o f  pregnant Mare’ S serum, 

in  d i s t i l l e d  w a ter . From C u tter  L a b o r a to r ie s , B e r k e le y ,  

C a lifo r n ia .

J u st p r io r  to  s a c r i f i c e  (and a f t e r  e x e r c is e  in  th e  c a se  o f  th e  

s tr e s s e d  groups) th e  b ir d s  were weighed to  th e  n e a r e s t  gram on a T oledo  

b a la n ce , otiose b ird s  measured fo r  m eta b o lic  r a te  were w eighed ju s t  b e fo r e  

t h i s  d e term in a tio n  was made. A ll c h ic k s  were s a c r i f ic e d  a t  4  weeks o f  

age by b le e d in g  a t th e  n eck . f£he c a r c a s se s  were s to red  a t —14®F fo r  a 

p er io d  ranging from 24 hours to  7 d a y s . F if te e n  hours p r io r  to a u to p sy , 

th ey  were tr a n s fe r r e d  to  an environm ent a t 55#F fo r  th aw ing.

At a u to p sy , th e  a p p ro p r ia te  organs were removed, c a r e f u l ly  trimm ed, 

and r a p id ly  w eigh ed . Sm all o rg a n s , such a s  adrenal and th y r o id , were 

weighed to  th e  n e a r e s t  0 .2  mg. on a H o ller-B ia ith  b a la n c e . Larger o rg a n s , 

such as  h e a r t ,  were w eighed to  th e  n e a r e s t  0 .0 1  gxs. on s standard t r i p l e -  

bean b a la n c e .

Im m ediately a f t e r  w e ig h in g , th o se  t i s s u e s  which were to  be s tu d ied  

h i s t o l o g i c a l l y  were p laced  in  T e l ly c s s n is k y f s F ix a t iv e  (Form ol, 8.7%;

70% E th an ol, 87%; G la c ia l .c e t i c  A cid , 4.3%) fo r  p r e se r v a t io n . For 

making prepared s l i d e s  th e se  t i s s u e s  were imbedded in  p a r a f f in ,  s e c t io n e d  

a t  10 m icrons w ith  a r o ta r y  m icrotom e, and s ta in e d  w ith  Masson’ s fr ich ro m e.
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XtotaboiiG r a t e s  mem  measured i-t 4 wee&u ox &*.e u itn  the  c losed  sys

tem i i i a u i r a t e d  in  tf la te  x . I’lte 1 Xft 4̂1*6 U/ %2 $ X A- 0 U it* t  0 © XX •

Length o f  run  was SO u iauteii*  The eiro© were taa en  o f f  Xtsea Xx? aoarx 

p r io r  to  te s tin g *  X 'etaboiic r a te s  were c a lc u la te d  an th e  b a s is  o f  th e  

amcuat o f  oxygen removed from th e  ©ygt©s Murine th e  ru n , and t# r s  ex

p ressed  «8 s d l l  U t t e r s  o f oxygen resaovad per k ilogrm z o f  body weight per  

hour. *fh« ch icks *«r© s e e r if ic e d  lasted l a t e ly  -after th e  ran  « rs  mnde.

St r e # » was induced by running th e bird© to  ex h a u stio n  in  the r e 

v o lv in g  oag<*s shown in  P la te  2 . The f i r s t  run was ns^ue when the o ird *  

were 17-<!0 day© o f  a g e , and th e  speed o f  revGXa.ti.ew was la  r e v o lu t io n s  per  

a i i iu te .  The e x p e r i m e n t  th en  proceeded a© fo llow © » becona run a t  2 1 -/E  

days o f  age} sp eed , IS rph* T h ir l run a t  *;&-4<u *Uy© «?f ..v^ej speed Ih rpa* 

fo u rth  ( f in a l }  run a t  H ? S o  buys o f  «•$•} sp eed , la  x*|»:** ex cep tio n  to  

th in  scheme occu rred  in  th e t e s t u  in v o lv in g  th e ©ex g la^ das t i l l s  s i l l  be 

brought nut la te r*

i t  iiHSL GGUii no te a  in  p r e i i**in*r/ «ris*ls ta u t  i f  tne  b iru s  were ro -  

voivea so t a n t  tuey  newi t*m -£* V$ Old ci  ̂ lb&* **».* Ji» 0*1 V) J HA V 0JT £ £?t? -lS*i*8

a. h i^u  u<%irao a i  ;Ui41 viduui* *y in  tu a  postu ra*  reap on© e , &ad consequently  

muon in d iv id u a l v a r ia t io n  in  r e s is ta n c e  to  e x h a la tio n . To e lim in a te  

t h i s  ’’I n te l  i  ig au c* ;* f t s l a r ,  tn e  G irds were o i l  pinoeft between two m etal 

p la t os ao a rra n te d  th a t  th e  su b je c t wa© forced  to  run s t r a ig h t  ahead in 

to  th e  ro tR tio n i l  movement o f th e  cage* Vhe b ird s  were art a h ie  to  tu rn  

around o r  to  neeuM* a s idew ise  stance* They were ab le  to  ba lance  them

se lv e s  somewhat by r e s t in g  t h e i r  wings a g a in s t th e  p la te s*

*/hwse l a t e r a l  panels were taoved outwurd an n ecessa ry  to a llow  fo r  

th e  In c re a s in g  a is e  ©f th e  b ir d s  as the  t e s t s  p ro g ressed . They were a l 

ways placed in  euch a  way a® to  induce the  bird® to run s t r a ig h t  ahead »t
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f i l l  ti& fta, but not 9 0  9 ,8  to  in t e r f e r e  id ih  t h e ir  b a la n c e . The n® r4*poin tM

tioxi eass kept const:vnt fo r  eeeh  o f  th e four ru n s, was w tprcnssa a s  number 

o f  r e v o lu t io n s  to  exhaust* The I n i t i a l  run* a t  10 rp**, was regarded as a

#rooiuii t ianinjl" rim , exibbling th e  b ira e  to  be come aettuotoaed to ia c  C^gea*

and i t s  r e s u l t s  were not used lu  o a lc u la i ln c  r e s is tfe n c e  to  fau igae*

l a t e s t  î -fe 1 1 tma in to  Vue h i f e e t  o£  h lte r # d  '^ iyrolu  ic f c lv l t y  on w e  
i h y s io loi.;/ o f  Xhe'Qhitiit,

h t o t a l  o f  £7b  o iru «  ilbO  s e l e s  g 145 fecia l e s )  were used in  th e s e

t e s t e *  Ftiro r e p l ic a t io n s  were pmde, over  e period  o f  th ree  sum ths, fro®

h j t r i l  to  Ju ly* The c h ic k s  were d iv id ed  in to  s ix  group <», on th e  hr-sio o f

th e  ty p e  o f  d i e t  fed* as  f o l lo w s 6

Croup I .  Pcjsrettve c o n tr o l .  Bn s a l  r a t io n .

«r*ran f .  P o s i t iv e  c o n tr o l .  co n ta in ed  0.1?T th i  c u r e d  1*

Grotto 3 .  ^ c t io r  con ta in ed  0 .2 f  fchiour?.ciI p iur 0 .5  f% o f  ?r»t«aon«

Crcrajp 4 .  1%*tton con ta in ed  O.BS th io u r & e il p lu s  1 .0  #?. r ro tu u o n e /ew t•

Croup b . Eats*on c o n ta in ed  0 .2 1  t h io u r a c i l  plum  2 .0  fr. rrot&M one/cwt•

Croup 6 .  N ation co n ta in ed  0.2/> W io u r a c ll  p lu s  a .d  g .  ?rot«£K>*;e/efrt*

The b ir d s  were p laced  on tn eo e  d i e t s  a t  notch ing* .«epuiauL#s 1 ,  2*

4 ,  ana i> ware Measured fo r  ae Who l i e  rat© , h i i  b ir d s  were s a c r i f ic e d  a t  

4 weeks ana autopsieu . a s  p r e v io u s ly  d e s c r ib e d . in  a a u iw e u  to  ooay weight®* 

id© w e ig h ts  ©i w y r a id *  ud.ren.fel # gonads , and e©*»b «*re racerued*

i c e  resu lts o l  m e s s  t e s t e  hr© suaMiirijied. in  i n s i s s  i ,  t i l *  and i l ‘# 

anu î*4*rt s i^ io * rud  »*© i. t®« aouy wexgivi at * our w ceits w&3 greatly nmucaci 

fe si €!** j. c m&fn- tiirOuTfeCxr. i*uumg # ro t ax*oii© to t n i & ©let xnoroaectd body

o f  coaa?>letc cxh.-..u r*tihr taken ^a th a t  t is ic  when th e  b ird  f e l l  to  th e

l e i e l y  un ab le to

I m irth o f  run w. .surcd in  a Inc® o f  revoiu-

per loo l b s .  o f  feed Ccwtl.



w eight a t  a l l  l e v e l s ,  but body w eight was u lw eys below tb n t o f  t im  D»8«l 

group 442icier t h i s  trsa ta u su t• L i t t l e  d i f f e r e n c e  ex istssd  betw een to d / w e ig h ts  

w-t th e  v a r io u s  Protmaotie l e v e l  is used*

Thyroid w eight was g r e a t ly  in c r ea se d  by t i i io u r & c ii . There was a  

s t i l l  g r e a te r  in c r e a s e  in  th y ro id  sissn in  th e  group which g o t  0 .5  g .  o f  

Protastone and thloum & ell • Thyroid w eight f e l l  o f f  in  th e  groups which  

g o t h ig h er  Froteaone l e v e l s ,  w ith  th e  g lan d  r e tu r n in g  to  nora&l s lo e  be*  

tw een th e  2 .0  and 3 .0  g .  l e v e l s .  C o n sid era b le  v a r ia t io n  was noted  in  th e  

resp o n se  o f  th e  th y ro id  to  P rotan on e, e s p e c ia l ly  a t th e  15.0 g .  l e v e l .

kCrenal, w eight was not g r e a t ly  a f f e c t e d  by th e  a lte r e d  th y ro id  a c t i 

v i t y .  5obw» s ix cr -d ep ressio n  was noted in  th e  p resen ce  o f  t h io u r ^ c i l  a lo n e ,  

and a ls o  when 0 .5  g .  o f  Irotamona was fe d . However, a t  the 1 .0 ,  2 .0 ,  and

3 .0  £ .  le v e l© , ad ren a l s i s e  was c lo s e  to  th a t o f  the b a sa l group .

Jl&lci gonad w eight was n o t g r e a t ly  a f f e c t e d  by th io iu r n o il trea tm en t. 

However, in  th e  p resen ce  o f  Prottuaooe, th e s e  g la n u s  were c o n s id e ra b ly  

la r g e r  th an  th o se  o f  th e  b a sa l group. T h is e f f e c t  was n o te a  a t  a l l  l e v e l * ,  

but was g r e a t e s t  a t  l . d  g .

bernale gonna w eight was c o n s id e r a b ly  reduced, by t n io u r a c i l  in g e s t io n *  

A d d itio n  o f  ProtnsKmo g r a d u a lly  rev ersed  t h i s  c o n d it io n , w ith  th e  o v a r ia n  

w eight b e in g  n o rn a i a t  th e  2 .0  g .  l e v e l .

in  c o n tr a s t  to  i t s  e f f e c t  on th e  t e s t e s ,  t h io a r a c l l  fe e d in g  was ac

companied by a g ro a t red u ctio n  In male eoab s i  s o .  Protsiscuie fe e d in g  tended  

to  in c r e a s e  corah e l s e ,  a lth o u g h  i t  was n o t o f  n o m a l s in e  even in  th e  

p r esen ce  o f  3 .0  g .  o f  Prot&scme*

f t i o m e i i  treatm ent was a ls o  aceosipsaiied by a g r e a t  r ed u c tio n  In th e  

a ls o  o f  t.he fem ale comb. The r e s u l t s  o f  fe e d in g  Irotaiaon© were much th e  

sane a s  in  th e  m &loi & tend ency to  In c re a se  in  s i t e  w ith ou t a c tu a l ly  a t 

ta in in g  n o m n i e l s e .
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M etab olic  rat® mna >:i«crea8«d by th lo u r w e ll • i'rotamone in crea sed  

m eta b o lic  r a t e ,  n l though m etab o lic  r u t a was n o t re a to red  to  normal ay 

Protaaorte. C on sid erab le  v a r ia t io n  was noted  eetw esn  r e p l ic u te  v a lu e s  in  

80001 OU0«9»

Dutu on body w eight , mix w eight o f  th y ro id  end. udren&l iia»o bean ©&l~ 

euiM ted fo r  th e  two s e x e s  s e p a r a te ly . f  h e s e  f ig u r e s  a re  p resen ted  in  

f a b le  IV* nociy w eight was red uced  by th io o ra O il in  both  s e x e s ,  w ith  t t «  

wuius showing th e  g r e a te r  p r o p o r tio n a l r e d u c t io n , i ’n e  fcaanuoa were a l -  

ways tn© s m a lle r , out th e  two se x e s  snowed p r o p o r t io n a lly  e Auni g a in s  in  

th e  p resen ce  o f  Proteeume*

Sxoept in  th e  groups fed th io u r a c i l  c lo n e ,  th e  fea ts les  had th e  la r g e r  

th y r o id s ;  th e  two sex e s  responded to  th e  g o ite r o g o n  w ith  a ln o s t  id e n t ic a l  

amounts o f  th y r o id  f m l n r g m m n l . Both se x e s  showed fa r th e r  enlargem ent a t  

th e  0*5 g .  Prctcunone l e v e l ,  A p ro p o r tio n a l als© ~deere& se occu rred  above

th in  le v e l*

'The a d ren a ls  o f  th e  fem ales were alw ays n w i i^ r  than th o se  o f  th e  

m o le s• 1*he two s e x e s  tended to  fo llo w  p a r a l l e l  c o u r se s  w ith r e sp e c t  to  

th e s e  g la n d s;  a sIe® d e p r e ss io n  at low l e v e l s  o f  th yro id  a c t i v i t y ,  w ith  an 

in c r e a se  in  e l s e  a t th e  h igh er  Prot&mone l e v e l s ,  th®  e l s e  d e p r e ss io n  was 

somewhat g r e a te r  in  th e  tan les, how ever.

In v e st  1 gut Iona in to  th e  H a ln tlo a s iu p t between s t r e s s ,  th y ro id  a c t i v i t y ,  
ana th e  P h y sio lo g y  o f  th e Chick
nwin « ■■« * m»»riw  m m»» » irj*En» i i*r. > mm *+«•*" urn On <mm m

h t o t a l  o f  u%& b ir d s  i lk b  m u les; iku  f e m a le s ) were used in  in  e sc  

t e a t s ,  l*hree r e p l ic a t io n s  were made in  h period, o f  two m onths, ex ten d in g  

from th e  l a s t  week in  August to  the f i r s t  week in  Movember* fh e  c h i oka were 

d iv id e d  in to  n in e  g ro u p s, on th e  o a s is  o f  th e  d ie ta r y  su p p lem en ta tio n , a s  

f o l lo w s |
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Group 1 .  n e g a t iv e  C ontrol* B asa l rat Ion .

Group ii. P o s i t iv e  C o n tr o l. O.E# T h lo u ra o ll added*

Group 25. 0.£& t h io u r o o l l  ♦ 1 .0  g* Fro t&mone/ewt •

Group 4 .  O.aC t h lo u r s o l l  # 1 .5  g .  Pret«NHt<m*/ewt*

Group 5 . 0*8# t h io u r o c i l  * 2 , 0  g ,  F ro ta » o n e/o w t.

Group b . 0.215 th lour? e l l  ♦ £ .5  g .  Frataoone/ow t*

Group V. 0 .2 €  th io u r n o il  ♦ S.O g .  Frot&mone/ovt*

Croup 8 . O.fffc t f i lo u r n o ll  + 3 .5  g .  F r o tso o n e /ew t.

Group 9 . O.arl t h io u r a o l l  + 4 .0  g .  Frotuanm */out•

T h e  b i r d s  w e r e  p l a c e d  o n  t h e s e  d i e t s  a t  l i a t e h .  iv t 1 ?  d a y s  o f  a g e ,  

n i l  o f  t h e  b i r d s  l a  t i i o  n i n e  g r o u p s  w e r «  run t o  e x n a u s t i o n  i a  t h e  e x o r 

c i s e  c a g e s *  * * h is  w a s  r e p e a t e d  t h r o e  t l e u » s ,  a s  p r o v ic ia e ig r  a o s o r i o e u ,  <un4  

t h e  ©ir& tj w e r e  t h e n  w a i t e d  a n d  s a c r i f i c e d  a t  a  a y s  o f  i* g e .  D u r in g  

a i x  o f  iJtio e x o r c i s e  r u n e ,  a l l  o f  t h e  u l r a s  i a  t h e  t e s t  | i . e . .  t n o s e  r e -  

u a i u i i i | r  i n  t h e  C a t t e r i e s  u s  w e l l  u s  t a o s e  a c t u a l l y  b e i n g  e x e r c i s e d )  w e r e  

t a x  o n  o f f  f e e d ,  s t o r a g e ,  t h a w i n g ,  artd a u t o p s y  w e r e  it s  p r e v i o u s l y  o u t 

l i n e d .  O b s e r v a t i o n s  w e r a  r e c o r d e d  o n  e x h a u s t i o n  t i n e ,  b o d y  w e i g h t ,  a n d  

w e i g h t  o f  t h y r o i d ,  a d r e n a l ,  g o n a d s ,  c o s ib ,  a n d  h e a r t *

th e  r e s u l t s  o f  th e s e  te s t©  a r e  l i s t e d  in  T ab les I I ,  I I I ,  and ? .  In

C harts 1 , 2 , 3 , 5 ,  8 ,  9 ,  and 1 0 , th ey  ere ooapared to  th e  r e s u l t s  ob

ta in e d  w ith ou t s t r e s s ,  ju s t  d is c u s s e d . Chart 6 p r e se n ts  th e  r e la t iv e  re

s i s t a n c e  o f  th e  n in e  groups t o  e x h a u stio n .

Body w eight was dep ressed  in  th e  presend* o f  t h io u r a c i l  and s t r e s s ,  

and approached but d id  not a t t a in  n o m a lc y  when Protnmono was r e d ._ Chart 1 

shows th a t  th o se  r e s u l t s  ta k e  mush th e  same for® as d id  th o se  w ith ou t  

s t r e s s .  Body w eight a f t e r  s t r e s s  d id  n o t f a l l  below  th e  u n str e sse d  l e v e l  

u n t i l  h ig h e r  l e v e l s  i a .0 - 4 .0 g . )  o f  Frosut&one were fed*



‘1‘hyrolu w eight again  showed u m*wkmi in crea se  w ith  fh io u r a o il which 

was exetttacdi by feed ing tbtournoll plus- th e  low est l»v«sl o f  Protamone•

A d eitxan a l i*rotaoione caused ttt© exp ected  th y ro id  r eg r e ss io n *  stra w s appar

e n t ly  hiid l i t t l e  e f f e c t  o s  th e  a b i l i t y  .o f th e  th y ro id  to  respond to  v a r y -  

in #  thyroxin©  1 e v e l»; Chart 5 shows th a t th e  s t r e s s  cu rve p a r a l l e l s  th e  

n o n -s tr e s s  o n e , and d oes not l i e  fa r  fr e e  i t  a t  meet p o in ts*

Can# id or in #  th e  e f f e c t  o f  th e  trea tm en t an th e  a d r e n a ls , Chart 5 re 

v e a ls  th a t  th e y  were d ep ressed  In a i s o  below  th a t o f  th e  con tro l®  in  th e  

p resen ce  o f  s t r e s s  end th lo u r & e il ,  were a lm ost o f  normal &l%m e l t h  1*5 g .  

o f  brotxueone, but were sm a lle r  w ith  £ .0  end £ .5  g* C reator amounts o f  

Prob&monc are con cu rren t w ith  a  n e a r ly -n o m a l adrenal s i x e .

Chart & b r in g s  out s t r ik in g ly  th e  s im ila r ity  in  fo r a  and the d is 

s im ila r ity  in  p o s i t io n  o f  th e  two eurvea w ith s t r e s s  th e  on ly  variab le*

*h© adrenals wore g r e a t ly  en la rg ed  a f t e r  s t r e s s  a t  * i i  x ev ex s  o f  thy

r o id  a c t i v i t y ,  but they reepondea in  a s im ila r  manner a t th e  v a r io u s  

th y ro x in e  l e v e l s  w hether s t r e s s  was p r e se n t or  n o t .

ite le  gonads were d ep ressed  in  s i  so  by t h le u r a o i l ,  and o b ta in ed  

grea ier^ b h sft-n oran l e l s e  a f t e r  P r o tm en s  and s t r e s s ,  a t a l l  i*ret*uacme 

le v e l s *  Chart 8 shows th a t  th e  g r e a t e s t  d iv e r g e n c e  betw een th e  s t r e s s e d  

b ir d s  and th e  n o n -s tr e s se d  b ir d s  occurred a t  t h e  1*8 g* Protattone l e v e l ,  

a lth o u g h  d iv e r g en ce  ex isted . a t 8 * 0 , 2* 5 , and 5*0 # .  l e v e l  s .  .it 5 .5  end 

4*0 #* o f  fro tifa o n e  and s t r e s s ,  th e  m ale yennds were la r g e r  than under 

any o th er  treatm ent*

O varian w e ig h ts  a l# »  were reduced by th io u r n o 11 in  th e  s tr e s s e d

b ir d s ,  but Protamane trea tm en t was accom panied by m  in c r e a se  to  si®#® 

above th a t  o f  th e  c o n tr o l group* The g r e a t e s t  g a in  la  ov a r ia n  w eight 

was sco red  in  th e  p resen ce  o f  1*0 # • o f  P ro taaon e . Ohnrt 10 compares
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t h m ®  r e su lts  with those in  the absence of s t r e s s .  At the tt.o 4;. le v e l  

% he ovarian weights o f the two groups are s im ila r , but at l .C , 1 .5 ,  2 .6 ,  

ana 3 . 0  g . , the stressed birds had larger ovaries than the unstressed  

b ird s. ?hose bira® on t h &  basal d ie t  and tneoe on th iou ru cil ouxy and 

somewhat la r g e r  fem ale gonads w ith  s t r e s s  th en  w ith o u t.

Male cornu w e ig h ts  (Chart 7 }  a f t e r  s t r e s s  showed th e  f o a i i i a r  re-* 

d u ct a on w ith  th io u r a o il  tr e a tm e n t, but in c r ea se d  in  & im  in  th e  p resen ce  

o f  ProtiuacMe, c e l  tig la r g e r  th an  th e  b asa l group a t  i . b  g .  o f  p ro ta a o n e , 

and in c r e a s in g  sh a rp ly  w ith  a d d it io n a l  Protooone p lu s s t r o s s .  L i t t l e  d i f -  

fa ron ce  in  average w eight e x is t e d  betw een th e  s t r e s s e d  b a sa l group and 

i t s  u n str e sse d  co u n terp a rts  th e  sets* i s  tr u e  in  th e  p resen ce  o f  th io u r a e t l  

a lo n e . At 1 .5 ,  2 .5 ,  end 3 .0  g .  o f  P ro taaon e, th e  d i f f e r e n c e  in  m ale 

comb s i s e  betw een th e  s t r e s s e d  end th e  u n str e sse d  groups i s  marked, and 

th e  s tr e s s e d  b ir d s  show a co n tin u ed  in c r e a se  above th e  3 .0  g .  l e v e l .

kernel0 comb w eight in  th e  s t r e s s e d  groups was d ep ressed  by t h io u r a o i l ,  

but r o se  to  m pra~norm al l e v e l s  a t  1 .5  g .  o f  Protamone (Chart 9 1. ?.t

h ig h e r  P roteaone l e v e l s ,  th e  fem ale c&hb w eigh t dropped below  th a t  o f  th e  

b a sa l grou p , w ith  l i t t l e  v a r ia t io n  betw een th e  v a r io u s  trea tm en t a . There 

wan l i t t l e  d if f e r e n c e  in  t h i s  d e term in a tio n  in  th e  b a sa l group and. in  

th e  t h ic u r a o i l - b r e a t ad group a f t e r  s t r e s s ,  iiow ever, the s t r e s s e d  b ir d s  

a lw ays had th e  g r e a te r  «.ver*£e fe sm ie  comb w e ig h ts , w ith  t h i s  s u p e r io r i ty  

being' w est marked, w ith  1 .0  mui 1 .5  g .  o f  irotnaicm e. ilo ten d en cy  was 

apparent fo r  t h i s  r i s e  to  c o n tin u e  w ith  h ig h er  l e v e l s  o f  yrotamone* She 

o v a r ia n  cu rves show (Chart 10) a s im i la r i t y  In form to  th o se  fo r  th e  f e 

m ale combs, both  w ith  and w ithout s t r e s s .  1?hi» i s  n ot tr u e  in  th e  c a se  

o f  th e  su ile  r ep ro d u c tiv e  factor®  m easured.
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Henri weight was below  normal ou feeding th io a r n o il to  s tr e s s e d  

b ir d s ,  mid rwm inod  oo even in  th e  pr«Bftne« o f  4 .0  g , o f  ?rota® on*. Short 

2 shows th a t the hearts o f  th o  s tr e s s e d  birds w©r© somewhat la rg er  than 

th ooa  o f  the u n str e sse d  ones in  th e  basal grou p , th e  t h lo u r a e l l - f e d  

groups and the group g e tt in g  1*0 g . o f  Fretamo&e. ^ o ? c  t h is  Pretamene 

l e v e l ,  however, the h ea rt a o f  the a t reared  b ir d s  were b e lo *  th e s e  o f  the 

unstressed  b ir d s  in a la s .

fbe 6 ¥#n g«  number o f  eage-rev© lutions naeeoaiiiy to exhaust the ehieks 

In m*eh group la  presented In ta b les  II and !/ ,  and Chart y , ?u« a b i l i t y  

to  r e s i s t  muscular fa tigue fa t  iu h iotted  by th iourm eii, out was eon- 

aid a rah 1 /  above the nortaid le v e l  at 2..: g . o f i’rotamene* ileal at anoe to  

fu tigu e was ale© high with X .b, 2 .5 ,  *od 4 .0  g . o f  ^rotamane, but was 

low with l .u  ana 0*0 g .

th e  b o te  on b od y-w eigh t,  s e ig h t  of th y r o id ,  udreru&i, unci h*i*rt, nod 

e x h a u stio n  tim e were a n a ly sed  fo r  thts two sex©* s e p a r a te ly . f h i s  m a te r ia l  

ia  p resen ted  in  Stable V.

The fem a les  o f  each o f  th e  two exp erim en ta l groups [ s t r e s s  and non- 

s t r e s s )  wore sm a ller  than the com parable m ales a t  most lev e l©  of th y

roxin© a c t i v i t y ,  ?he d if f e r e n c e  i s  g r e a t e s t  however in  th e  s tr e s s e d  

grou p , and i s  ®or© apparent ir* b o th  groups a t  th e  h ig h er  P rotaaone l e v e l s .  

On V h io u m c il a lo n e , th e  s t r e s s e d  m ales were w a l l e r  than th e  fem a le s .

On the b a s a l  d ie t ,  the sin e  o f  the males was a p p a ren tly  l i t t l e  a ffec ted  

by s t r e s s .  Often c h te x s  o f  one sex  were la r g e r  in  the* p resen ce  o f  

s tr ite s  than w ith o u t it#  'Fhis occurs a t  s e v e r a l  d iff© refit  th y ro x in e  

l e v e l s .

Though th e  female th y ro id  was g«n«r^lly somewhat la r g e r  than th a t  

o f  th e  m ale, e n p e o la l ly  in  th e p resses*  o f  Frotam aae, the m ole som etim es 

had th e  g r e a t e r  th yro id  w eigh t in  th e  p resen ce  of s t r e s s  and tfrotamone.



D iffe re n c e s  in  A drenal ate© between th e  two K'ctes i s  marked a t  

most ProtAiieite l e v e l s  in  th e  s t r e s s e d  b ir d s • 'fke fem ales alw ays h»d th e  

sm a lle r  A drenal a .  Such sex  shewed th e  same v a r i a t io n s  in  A drenal sis®  a t  

v a ry in g  Protnmone ie v d s  a# d id  th e  o p p o s ite  sox undergo ing  the  cam® 

trea tm en t.

Wh® sto les w ere always a o le  t o  r e s i s t  ex h a u st!o n  h o t te r  *n*n th e  fe ~  

e x ile s • <\jj lo r  th e e f f e c t  a !  rrotu aono a:** tb u o u r a o il, i t  can oe seen  

th a t th e  two s e x e s  were rou gh ly  part& *el i n  r e sp o n se , and tu n i d oth  r e 

s i s t e d  s t r e s s  b est a t  th e  £*0 g .  Pro ten on  e l e v e l ,  ifhe u n trea ted  m ales 

wore g r e a t ly  su p tir lor  to th e  ant ren ted  fem a le s  in  r e s i s t  ia #  s tr e s s *  fh e  

satao i s  tru e  a t  th e h ig h er  Protuaono l e v e l s ,  e s p e c ia l ly  a t  4 .0  g*

In  th e  s tr e s s e d  g ro u p s, th e  m ales a lw ays had th e  la r g e r  h e a r t s .  f h ia  

d if f e r e n c e  was moat pronounced in  th e  u n tr ea ted  b ir d s  and a t  th e  h ig h er  

ie v e la  o f  Prot®mono ( 1 . 0 - 4 .0  g . } .

S tu d ie s  on th e  H ole o f  th e  Gonad® in  Resgnmse to  S t r e s s

*. t o t a l  o f  174 b ir d s  {88 s a l e s  and 86 fem ales in  th e f i r s t  t e s t ;  44  

m ales and 56 fem ales in  th e  second t e s t )  were u se d , two sep a ra te  t e s t s ,  

not e x a c t r e p l i c a t io n s ,  were perform ed. In th e  f i r s t  t e s t ,  74 b ir d s  were 

tr e a te d  as fo l lo w s :

Group 1 . P o s i t iv e  c o n t r o l .  0*07 mg* o f  t e s to s t e r o n e  p rop rion ate  
p<ar b ird  I n je c te d . U'o e x o r c is e .

Group £ .  &«#&*.Ivw c o n t r o l ,  ho in j e c t io n ;  no e x o r c is e .

Group 3* 0 .0 7  mg. o f  t e s t o s t e r o n e  p r o p r io n a te  ♦ e x e r c i s e .

Group 4 .  Ho in j e c t io n ;  N e r e is ® .

a l l  o f  th e  s i r  us were fed  th e tm sai d i e t ,  th ey  were d ep rived  o f  

feed  durin g  th e  e x e r c is e  ru n s. Tim  in j e c t io n s  wore d iv id e d  in to  seven  

d o se s  o f  0 .0 1  mg. o f  androgen ea ch , ev ery  o th er  d ay . ¥h e*e in j e c t io n s



coaiman cod th ree  buys o ts io i \ -  tu e  s t a r t  u i  oxerciad* fu e  uirass *ero sue r i 

f l e  oa i*t fou r  « 6 0 k8  o f  ngw, said a u io p s ie d . riie r e s u l t s  a f  t h i s  t e s t  

a re  p r e s e n t e d  I n  T a b l e  V I .

The oody w eight o f  th e  d r o g e n -e x e rc i s e group (Group 3} was not 

depressed. a s  tnucth a f t e r  e x e r c le e  ee  was th a t  o f  th e  unirijm sted group 

(Croup 4 ) ,  «n(l. wne c lo s e  to  th e  body w eight o f  th e  c o n tr o l group (Croup 

1 1 . th y r o id  six©  wee u n a ffe c te d  by androyen and e x e r c i s e ,  but e i t h e r  

androgen a lo n e  o r  e x o r c is e  a lo n e  was concurrent vfith n red u ctio n  in  

®1bo o f  th in  g ln n d . *drenaln were en larged  to  th e  a ante d e c re e  by e x e r -  

c i s « ,  and by e x e r c is e  p lu s  androgen. They were reduces:* in  a is e  w ith  

androgen a lone*  '-.Ithough raule ^oiui4o were somewhat en larged  w ith  andro

g e n , when e x e r c is e  and m arogen  were g iv en  to g e th e r , a w e ig h t-r e d a c tio n  

occurred  in  th e s e  g la n d s . O varies were souawhat reduced in  e l s e  in  th e  

p resen ce  o f  androgen, aiuirogen p lu s  e x e r e ia e ,  aud e x e r c is e  a lo n e • ...aile 

combs were la r g e s t  w ltn  androgen a lo n e , and sm a lle s t  w ith  e x e r c i s e  a lo n e ,  

as were f  wuiai© cowba* Sxereia© treatm en t saw some c a rd ia c  en largem en t, 

ootn w ith  and w ithout androgen*

I t  was e v iu e n t tn a t th e  androgen-1e v e l  usea in  t h i s  t o s t  was su f

f i c i e n t  to  e x e r t  o n ly  a m ild ly  s t im u la to r y  a c t io n  on th e  c h ic * ,  a s  in d i

ca ted  by i t s  e f f e c t  on cosab grow th. The exp erim en ta l p lan  was th e r e fo r e  

a lte r e d  and expanded in  th e  second t e s t ,  a s  fo llo w s ;

Group 1 . n e g a t iv e  c o n t r o l ,  No in j e c t io n .  Ten b ird s*

Croup 2* P o s i t iv e  co n tro l*  n x a rc ised  to  ex h a u stio n . Ten b i r d s .

Group 3 . 0 .1  rag. o f  t e s t o s t e r o n e  proprionntf»/bird/d*vy in je c te d *
Twenty b ir d s ;  te n  e x e r c is e d , ten  not e x e r c is e d .

Group 4 . 0 .2  jag. o f  t e s t o s t e r o n e  p r o p r io n a te /b ir d /d iiy  in j e c t e d .
Twenty b ir d s ;  te n  e x e r c is e d , te n  not ex o rc ised *



ZQ

Oroup &• 0*1 mg, o f  »t 11 &e s t r o l /b  1 rd/dny in j e c t e d .  Twenty b ir d s ;
t  an exerc 11; ed , t  an not are i  b €d •

(5roup fc# 10 u n it s  o f  {^ n a d o tro p in /b ird /d a y  in j e c t e d .  Twenty 
b ir d s ;  te n  e x e r e i sad , ton  not ero rc tsed *

Thus th e r e  war© 100 b ir d s  in  t h is  t e s t ,  *11 were fad th e  b a sa l

d i e t ,  rood and w ater ware g iv en  ad lifcldum , excep t whan « x » r o i« i runs

were «Rd«. The in j e c t io n  sch ed u le  was tb s  same as  in  %hm p reced in g  t e s t .

Speed o f  r e v o lu t io n  o f  th e  e x e r c is e  #age» was in c r ea se d  over th a t

p r e v io u s ly  u se d • The i n i t i a l  speed was 10 rpm ,, and tn e s e  r e s u l t s  n o t

used In th e  c a lc u la t io n s ,  as b e fo r e ,  ~ne second run was a t  io  rgm, and

th e  th ir d  run a t ftO rp**, fo r  tn e  fo u r th  ru n , Oroup £ was e x e r c is e d  a t

*£u rpm, w h ile  groups o , 4 ,  &, and o were r ev o lv e d  a t  Z& rptu, These

changes were ioiuie n e c e s sa r y  oy th e  g r e a t ly  jtncra&sod r e s i s t a n c e  to

f a t ig u e  encountered  in  th ese  b ir d s ,

¥2u» r e s u lts  o f th is  to s t  fiicgr be found in  Tables VIi and VIII, and

in  C harts i i - l fJ in c lu s iv e , I t  w i l l  be soon th a t  the birds* r e s is ta n ce  to

s t r e s s  was c o n s id e r a b ly  in c r ea se d  in  the p resen ce  o f androgen. However,

d o u b lin g  th e 0 ,7  mg. d osage o f  t h i s  hormone d id  not s i g n i f i c a n t l y  add t o

t h i s  in c r e a s e ,  f t t i lb e s t r o l  nd£» i n i  s t r a t i  on was concurrent w ith  a s l i g h t

gain in  wt res  s-»resi s ta n c e  but the g rea test gain o f  a l l  was reg istered  by

th o se  b ir d s  which r e c e iv ed  gonadotropin*

Harare!»e reduced body-w eight in  th e  u n trea ted  b ir d s .  Androgen

caused an in c r e a s e  in  w eight f which was a l l  sain ted by e x e r c i s e ,  S t i l b e s -

t r o l  had th e  same e f f e c t ,  a lth ou gh  in  t h i s  c a s e  b oth  th e  e x e r c is e d  b ir d s

and th e ir  c o n tr o ls  w«re above n e g a t iv e  c o n tr o l l e v e l ,  i t  was n oted  th a t

a l l  th e  o ir d s  tr e a te d  w ith  t h i s  h o m o a s **a<iuired c o n s id e r a b le  Abdominal

f a t .  &mndo tr o p in  a l s o  f u l l e d  t o  p r o te c t  th e  e x o r c is e d  b ir d s  fr o *  weight-*

lo s e  w ith  e x e r c is e *
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M ren& le in c r ea se d  sh a rp ly  in  si?;© cm e x e r c i s e ,  ’■*.# in  p rev lo u s  t e s t a ,  

^ h is  occurred in  th e  p resen ce  o f  in j e c te d  androgen a s  w e ll a s  in  th e  un- 

in  je o  tad c o n tr o ls ,  ttn ex ereised  b ird s  r e c e iv in g  said regen  n&d fed ren a l#  

which were somewhat reduced In s i s e .  In th e  p resen ce  o f  s t i lb e s f c r o l ,  th e  

a d ren a ls  were e n la r g e d , alm ost an equal amount w ith  and w ith o a t s tr e s s *  

G onadotropin in j e c t io n  m ain tained  the a d ren a ls  u t a«erf*aom al l e v e l s  in  

doth th e  s tr e s s e d  and u n str e sse d  g ro u p s.

‘fe a te #  were c o n s id e r a b ly  s e l l e r  a f t e r  e x e r c is e  alone* .androgen 

caused a c o n s id e r a b le  s la e~ i* ed u ctio n , w nleh was u n a ffe c ted  by e x e r c ise *  

fh io  s i  a e-* red a ct io n  was a ls o  apparent a f t e r  s t i lb w s t r o i ,  and was her#

/te st ttarked w ith  e x e r c ise *  G onadotropin stim u la ted  sta le  gonad grow th , 

in  both t e s t  groups.

^he o v a r ie s  wore u n a ffe c te d  by e x o r c is e  nlcne* '-ndrogen p lu s  oxer*  

e l s e  caused a c o n s id e r a b le  o v a r ia n  atrophy at th e  0*7 l e v e l .  In th e  

prooence o f  e t i l b e s t r o l ,  ovarian  s i s #  was rodoced t and to  th e  same d egree  

In b o th  tetrb groups • Ovarian w eigh t was low er than nor,m l in  th e  bird®  

tro.nted w ith  g o n a d o tro p in , and a fu r th e r  d e c re a se  fo llo w ed  a f t e r  s t r e s s *  

*-h*l© comb w eigh t was much l e s s  in  th e  stream ed group thfc.ii In  th e  

u n trea ted  co n tro l® . -ndrogen a lw ays doused a marked in c r e a se  in  ooab 

w eig h ts  o f  mil© b ir d s ,  though t h is  was somewhat grim t e r  w ith ou t added 

s t r e s s ,  I’he h ig h er  androgen l e v e l  Imd a su p e r io r  a b i l i t y  to  in c r e a se  

eoab s i s #  on ly  in  the s t r e s s e d  bird® , d t i i c a s t r a l  treatm en t cuusea  a 

cwrtoft d e c re a se  in  la&le coat* sits© which we# a o s t  ;*mrued a f t e r  s tr e s s *  

G onadotropin caused, no s i s #  in c r e a se  in  m l #  co a o sj in  f a c t ,  th e  un exer- 

c l  sod average was c o n s id e r a b ly  below th a t o f  th e  n e g a t iv e  c o n tr o l group . 

£ iiia  was p a r t ly  overdosi# a f t e r  s tr e s s *
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i t  was cot p o ssib i*  to  xuigh  the eott&s o f the luilnjooted, ^raup o f  

w xeroi»ed f  s c a le s  4 VuM*blir*g ia  the ex er ts ise  e a £;■;?& had. tiaoaged th o s e  or** 

C^na to o  s e v e r e ly .  I t  c«r however be seen  th a t  fe r u le  coab w eight was 

g r e a t ly  inartm sed a f t e r  androgen tr e a t  &i«nt . At th e  lo v e r  l e v e l  o f  an.clro~ 

C«m d o sa g e , t h i s  o f f  ea t vks tsush I s  s? $ a f t e r  e x e r c i s e ,  but not ».t th e  

h ig h er  le v e l*  - t i l b e s t r o l  tv e u tu e n t  a lte r e d  f  earn!e oocb sis®  s l i g h t l y ,

»U& th e  e x e r c ise d  b ir d s  bed th e  tsnalicr eoabs. *̂he r e s u l t s  w ith  gonado- 

tr o p in  c lo s e ly  reaem bla those? w ith  s t l l b e a t r o l .

^ndrotfen** treated b irds had somewhat larger hearts than did untreated  

b i r d s .  I t  I s  n o t e d ,  h o w e v e r ,  that thio i s  n o t  the c a s e  &t the 0 . 7  sag. 

androgen le v e l  except in the presence o f s t r e s s .  !*he hearts o f  s t i lp o s — 

tro l-tra a te d  birds were a lso  larger than normal, both with and without 

s t r e s s ,  with the s i  re a said birds having the sn a ilo r  h earts . Gonad in** treated  

birds luid a&all h ea r ts , and th is  was e sp e c ia lly  true in  the stressed  

group. I t  vao noted, at autopsy that van uta.*og«rt-t routed sir us hod h earts  

which were surrounded with a heavy corona o f f a t ,  and th&t th is  f a t  had 

ihvnded the o^/ocartliua at several p o in ts , ‘/h ia  ess a lso  true o f  fcae 

s t i lo e o tr o l- tr e a te d  b ird s, out to a le s s e r  ex ten t.

In  1'febie V II I , th e  a n te  o f  t h i s  second t e s t  on th e  r o le  o f  th e  

ser^horaumes in  s t r e s s  i s  fu r th e r  a n a ly se d , body w e ig h t, w eight o f  ad*» 

r e n a l , th y r o id , and h e a r t , and exh&uetion t in o  a re  averaged by s a x e s .

Ibcoept in  the case  o f the unexercised b ir d s  in je c te d . with e t i l b e s t n l ,  

the males were larger  than the fe n s i* s . Sxevctls# reduced the body 

weight o f  both sex es , regard le e s  of homonaX in je c t io n , excep t in  the  

rwtXe» rece iv in g  ganadotrapin• "s in the other t e s t s ,  the fetasl* thyroid  

was usually the la rg er . S ig n ifica n t exceptions to  tfcio occurred with 

C• 7 mg. o f  «jidro«':vn and e x er c ise , r.nd in  both o f the goirm&otropin — in jected



were below no rEa.il in  a lso  in  *o*t o f tho group a , ana s a i l e r  in  the

e x ere i*©4 groups than in  th e ir  c o n tro ls . /emai** gen era lly  iu*4 tne 

samilor nctrenttin regard!eus of hormonal treatment, ai&uoagn in tiie ^ry- 

sonne of 1.4 issg. of aiuirotfeh and exareio©, adrenal 4uiar^.-i^it was greatest 

in  Uii# fem ales. igxcroise caused adrenal ttoilargement in  oeth siixai! with  

the mule* gen era lly  shewing n groator response. in  one instan ce {with 

e*iii#<§si'irai i fetanie adrenal* were wm^lxup with exorc ise  than w ithout. f h i  

fa ilu r e  o f the adrenals to  enlarge sign i f  ioanfcly in  the pres cane o o f  go

nadotropin occurred in doth sexes equally .

cfh© m il« bird* had the larger heartnm &alo heart ©is© wne unchanged 

by exorc ise  a lone, while the hearts o f  the fondles wore somewhat enlarged. 

In the presence of androgen, the smXo heart® ^ere considerably larger  

a f t  or ex erc ise  than thoos o f  the unexerelsed m ales. Ve^i© heart sit©  

was larger after ex erc ise  on ly  at the lower androgen lev& t. ? 'tiih estro l  

trented males showed no oimnge in heart e ls e  a f te r  e x er c ise , w hile sim

i la r ly  treated  females had sm aller hearts than th e ir  control©# donado- 

trop in  fa ile d  to prevent saa© cardiac enlargement in  the m le e  a fte r  

e x e r c ise , while I t  was accompanied by a reduction in heart sis©  in  fem ales, 

in je c tio n  o f  O.V mg. o£ androgen was .followed by a grea ter  ree lstan ce  to  

fa tlgu *  in  the females than in  the maiea. in  ail, other treatm entet the 

itoioo m m  m m  su coessfu i than the female* in  r e e l *11%.;; the a tree** i t  

shou ld  do eftyh asised  th a t androgen trea tm en t wee fo llo w e d  Oy a  c o n s id e r a b ly  

increased rea l evince to at roe* in  the fem ales, while tne s im ila r ly  

trea t tin males showed a comparable in crease  only a t the higher |1 .4  mg. \ 

le v e l  o f  androgen o& ain istrnticn . f t t llb o str o i treatment was followed by



somtsm&i in c r ea se d  r e s is t a n c e  to  e x h a u stio n  in  both sexes#  ffce g a in  ia  

s t r e s s - r o s i s t a n c e  r e g is te r e d  a f t e r  gon ad otrop in  treatm en t was m ain ly  due 

to  th e  m ales in  t h i s  g rou p , which uhawad th e  g r e a t e s t  in c r e a s e  over b a sa l 

l e v e l  o f  any group in  th e s e  te n ts#  The fem ales o f  t h i s  group a ls o  showed 

in  Inereneed  s tr e s sw r e s ls ta n c e #

H is t o lo g ic a l  Stud le g  on the ajndo c r in e  Organs (P la te  $1

? bout tw enty  a 1 id e e  were prop.?*rod o f  th y ro id  end nd rerinl t i s s u e ,  in  

th e  manner p r e v io u s ly  d escr ib ed #  These s l i d e s  co n ta in ed  an average o f  

14*16 section ?*, and s tu d ied  w ith  a r e se a r c h -ty p e  b in o cu la r  m icro*

scop e ».t 100a p 450X, tutd 970X.

Thyroid t i s s u e  from  normal b ird s  was compared w ith  th a t Cross b ird s  on 

0#2?J th io u r a c l jt. I t  was found th a t  th io u rea  i i  treatm ent was fo llo w ed  by 

a com plete  d is r u p t io n  o f  th e  t y p ic a l  f o l l i c u l a r  s tru c tu re#  i&’he in d iv id u a l  

f o l l i c l e s  cou ld  s t i l 1 be d is t in g u is h e d  oy t h e ir  c ir c u la r  fo r a , but were 

co m p le te ly  d ev o id  o f  c o l lo id #  t a k a  am t e r in i  hud been rep la ced  by f o l 

l i c u l a r  c e l l s ,  la r g e  m asses o f  which f i l l e d  vh® a n in i • f b e s e  tisyro4d» 

were a ls o  seen  to  be more v a sc u la r  th an  normal#

The uo ratal adrenal (F lu te  3 , Upper} o f  th e  4-w©ei£-ol€l c h ic k  w h s  

bound by a th in  c o lla g e n o u s  c o n n e c t iv e  t i s s u e  sheath# helow t h i s  were 

numerous c e l l  clumps o f  v a ry in g  s i s e s  which w ere s c a t te r e d  through a 

m atrix  composed o f  s tra n d s o f  maallo r  c o l l s .  Those c o l 1-clum ps were 

sh a rp ly  d e l im ite d , and appeared to  be surrounded by & s in g le  l» y e r  o f  

c o n n e c tiv e  t i s s u e #  The e e l  I s  were ir r e g u la r ly  arranged w ith in  th e  clum ps, 

but tended t o  l i n e  up a t th e  edge# T h ese  c e l l s  had an abundant, granu

la r  cy to p la sm , e tK ln in g  rad as  h ere  tr e a te d . T h eir  n u c le i  were s m a ll ,  

v a c u o la te d , and c e n t r a l ly  lo c a te d ;  th ey  c o n ta in ed  a n u c le o lu s .



The m atrix  c e l l s  were o f  two typ es*  ly p e  one h«d a d e n se , sp in d le  

shaped n u cleu s end sca n ty  cy top lasm . T y p o  two had a round, v a cu o la ted  

n u cleu s iiM  n im r o  abundant,  tommy ey to p la  san In  sofcft ty p e s ,  th# c y to 

plasm  s ta in e d  c lu e ,  w ith  th e n u c leu sd a rk , under th e  s t a in  uaed* O ccasion -  

a l l y ,  stauil groups o f  lym p h ocytic  r o u n d -c e lls  were ©eon in  th e  m a tr ix , 

e s p e c ia l ly  near o lo o d -s in u se s*  fiiaa© l a t t e r  v e s s e l s  were numerous 

throughout tn e  m atrix*

Adrenal t i s s u e  from ©treeend b ird s  was n ex t studied (P la te  3 ,  

lower)* ?h«2&* a lid oe were d iffe r e n t  luted on the b asis o f  the r e la t iv e  

r e s is t a n c e  to  s t r e s s  d isp la y ed  by the b irds from which th e  t is su e  was 

ta k en . For convenience, thee© two c ia e so a  were designated "short—run" 

to  in d ic a te  a d ren a ls  from b ir d s  which fa i le d  to r e e le t  s tr e s s ,  and "long- 

run" to  in d ic a te  a d ren a ls  from b ir d s  which r e s i s t e d  s t r e s s .

In. both of th ese  c la s s e s ,  the norad  adrenal structure ju st des

cribed hat! been com pletely d isrupted a fte r  stress*  Considerable hyper

trophy and hyperpins i»  had occurred in both t is s u e  e la a e n ts , r esu ltin g  

In at disp ersion  o f the cel1-elumps* -he two types o f  t is s u e s  were 

c lo s e ly  interm ingled. o@io» the capsu le, the matrix c e l l s  forced a 

rather marked band o f t i s s u e ,  ^ho cen ter o f the gland was occupied by 

very irregu lar clumps o f the red -sta in in g  c e l l s ,  surrounded by eoavo- 

iuMid strands o f enlarged, b lu e-sta in in g  c e l ls *  ifuscularity had in

creased ta-urkedly over tho normal con d ition , and large  ovoid masse* o f  

ro 'u iid -oe lis  were seen at the periphery*

m icro sco p ic  d i f f e r e n c e s  between, th e  " sn ort-ru n "  ad ren a l and th e  

"iajig-ruft* adrenal was m ain ly one o f  d i f f e r e n c e  in  o v e r - a i l  e l s e  o f  th e  

se c t io n *  :fh «  "1 cng-run" glnn d  was th e  la r g e r .  C erta in  o th e r  d if f e r e n c e s  

were n o ted , however* *?he " long-run" gl&nd was ©van saaore v a sc u la r  than
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the * short-run'*, with oiooa~oinue«a »iui &m^kk v e sse ls  very nuaaraue 

tnroaghaut • *he oi» in ereu se  ia  the "long-run" gland wus apparently  

due to  hypertrophy &ml hyperplasia  o f aoth a&.tri*>‘<ieiis &nd clum p-celis#  

'-he c lo se  l o t em ix ig lin g  o f  these two elsaw nts mui® evaluation d i f f i c u l t ,  

but iiffo ren co a  la  s ta in in g  c h a r a c te r is t ic s  made i t  appear that the a lso  

increase o f  the *loji|£~run,f adrenal »»• c h ie f ly  due to  an increase in  the  

number of b lu e-sta in in g  tan t r ie  c e l l s ,  -he clumps o f  red c e l l s  could 'be 

d istin gu ish ed  with d i f f i c u l t y  in  the * short-run* g land s, while in  the 

?lon&-rxm* g lands, the a e tr ix - t is s u e  had coop l a t e l y  overgrown the clumps 

and mingled with th e ir  c e l l s .



i&fftiot a t Altar mi thyroid A ctivity
w o*''1 *»**m  «»i . * > ■*—*<«» ■ «** <iiiii-t«mwiw> i»nwi mu inrmiKu m i nnrni». 11 tSrmiii nwi in nv n n  mum—> »j in  m  i—nr > r »■

C e rta in  fa cta  about th e  n a tu re  o f  the ta c ts  Must be «mpt in  caind 

wliiXm e v a lu a t in g  th e  roau .lta obtained* F i r s t ,  becau se tin? t e a t s  s ta r te d  

at tlm o o f  h a tc h in g , when i t  r e q u ir e s  h ig h ly  s p e c ia l i s e d  luiaw le d g e  to  

id e n tify  sa x es  in  most pure broad a o f Gfeickonn, both  se x e s  were used in 

d is c r im in a te ly  in  the various groups in  th e se  t e s t s .  O c c a s io n a lly , a 

group co n ta in ed  a henry preponderance o f  one s e x ,  but g e n e r a lly  th e y  

urnrn in  alm ost equal numb e r a .

Second, th e  tim e o f  y ea r  in  which th e  t e s t s  wore performed must be  

c o n s id e r e d , * h is  was th e  h o t sea so n , when th y ro id  a c t i v i t y  i s  rep orted  

to  be low . -diether t h i s  low ered n a t iv i t y  i s  p ro sen t in  grow ing c iiie x s  

ar. w e ll  a s  la y in g  hens I s  a  moot p o in t ,  how e v e r . I t  btus t  a ls o  o© r e a l i s e d  

th a t  th y ro id  a c t i v i t y  in  th o se  t e a t s  was n ot p h y s io lo g ic a l  {ex cep t in  th e  

u n trea ted  groups I but was a r t i f i c i a l l y  m ain ta ined  by fe e d in g  th y ro p re te ia *

fh irb *  tii© i'act th a t  t h io u r a c l l  and rrotneaone ward ie d  r a th e r  than  

in je o te d  aoxee tn e ir  p h /s i  o io g ic  e4 i s v e l a  dependent on food  Int&E* and 

in tro d u c es  a d d it io n a l so u rces  o f  exp erim en ta l v a r ia t io n *  how ever, i t  

was d e s ir e d  t o  s im u la te  n a tu r a l c o n d it io n s  in  th e s e  t& bts wherever pos

s i b l e .  in  a d d it io n , t h i s  procedure i s  fr e q u e n t ly  usod in  la b o r a to r y  

t e s t s  w ith  th e  m a te r ia ls  in  q u e s t io a • A p p aren tly , many worhers f e e l  

th a t  th e  v a r ia t io n s  in trod u ced  are n ;t s i g n i f i c a n t .

F ourth , i t  might bo q u estio n ed  th a t  g ltu tdu lar s is®  i s  n e c e s s a r i ly  

a c r i t e r io n  o f  a c t i v i t y .  Vhere h»ve been  t e s t s  which in d ic a te  a p o s i t iv e  

c o r r e la t io n  betw een th y ro id  w eigh t and a c t i v i t y ,  fo r  example 1385 , but 

o th e r s  p o in t to  th e  n atu re  o f  th y ro id  reopens© t o  th io u r ^ a ii  as p ro o f
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th a t i% i s  dangerous to  nssu/ae such a Co r re? 1 a t  io n .  in  th e  p resen t t e s t s ,  

s in c e  the* th y r o x in # -s e c r e t  in*' fu n c tio n  o f  th e  th y ro id  h»*d been superceded  

by exogenous th y r o x in e , no attem pt i s  ande to  c o r r e la te  a i s e  and func

t io n  o f  t h i s  gland • F u n ctio n a l a c t i v i t y  o f  th e  p i t u i t a r y  i s  th e  th in g  in  

q u e s tio n  h e r e . In th e  c a se  o f  the gon&df*, un  a d d it io n a l in d ic a t io n  o f  

t h e ir  a c t i v i t y  i s  p resen t in  th e  comb w e ig h ts . M r en a l w e ig h ts  a re  used  

to  e v a lu a te  th e  e f f e c t  o f  th y ro id  hormone on them. ft&ther than sim p ly  

assum ing th a t  th e r e  was a n e c e ssa r y  c o r r e la t io n  betw een w eigh t and ac

t i v i t y ,  th e  tru e  r e la t io n s h ip  betw een tn e s e  two fa c to r s  was made one o f  

th e  o b j e c t iv e s  o f  the t e s t s  here r ep o r ted , e s p e c ia l ly  in  th e  c a se  o f  tn e  

a d r e n a l•

F ifth , although purebred oirds were gen era lly  used, i t  cannot be 

denied that gen etic  var ia tion  influenced th e  r e s u lt s . This fa c to r  i s ,  o f  

oourso, present in  any b io lo g ic a l t e s t ,  and i s  ttln in ised  by using inbred 

organisos— an unwise p ractice  in  work in volv ing  chickens due to the  

pr f̂semc® o f  many undesirable r ec ess iv e  f « « a  in  the genotypo o f  th ese  

im im ln . To reduce th is  factor a reasonably large  number o f birds was 

used, and severa l rep lica tio n s were made to  determine rep rod ucib ility*

I t  i t  believed  that the data here reported have a r e lia b le  degree o f  

rep ro d u c ib ility .

F in a lly , i t  must be oint#*d out that sin ce  the present t e s t s  ex

tended from hatching time to  four weeks of ago, th* find ings apply only  

to rapidly growing animals in  genera l, and to chickens in p a r ticu la r . 

Maternal factors are import suit in  the physiology o f the young 1 •

I t  i s  shown In the L iterature devte* that sp ec ie s  d lffeven oes e x is t  in  

glandular responses, **toe»« fa c ta  must u i considered in  the present 

i n s t a n c e .



fhm d a p resa io n  in  body weight m lull was ooaerveu a f t e r  fe e d in g  0*2/1 

ih io u r & c ii ia  ia weii-xnowxi r e a c t io n  and i s  due to  i n h io i t i a a  o f  th e  th y 

roid* s a b i l i t y  to  s y n th e s is e  th yrox in e*  T ike a© proscion  a t  th e  h ig h er  

Protamon© l e v e l s  i s  a ls o  t o  be exp «c te d , fo r  nyp arth yroid  JLsa  in t e r f e r e s

w ith  grow th , a p p a ren tly  hue to  sy stem ic  t o x i c i t y  o f  iarg®  amounts o f  

th y ro x in e*  However, F rotsmoko \-dght be exp ected  to  re tu rn  th e  body w eigh t  

to  normal a t com® l e v e l  o f  a d m in is tra tio n *  T h is i t  d id  n o t d o , though  

th e  d if f e r e n c e  in  body w eigh t betw een th e  u n trea ted  group end th e  Pro- 

tamo no groups i s  sm all (Ghart 1)*  f i l l s  d i f f e r e n c e  any be due to  th e  

ro u te  o f  a d m in is tr a t io n . Some th y r o p r o te in  may become u n a v a ila b le  to  

th e  anim al because o f  th e a c t io n  o f  d ig e s t iv e  ensym es• F u rth er , l i t t l e  

d if f e r e n c e  ex isted , in  th e  e f f e c t  on body w eig h t o f  th e  v a r io u s  Prota&one 

l e v e l s  u sed . One gram o f  Protrimine/o w t was a s  e f f e c t i v e  as th r e e . T h is  

I n d ic a te s  th a t  sm all amounts o f  Protcuaone c o n ta in  s u f f ic ie n t ,  th y ro x in e  

to  s t im u la te  growth to  th e  same e x te n t m  th e  normal th y ro id  s e c r e t io n  

does* I t  must be borne in  isind th a t fciiio u r a c i l  was p resen t a t  a i i  t im e s ,  

as w e ll a s  th y ro p ro te in *  The f a i lu r e  to  a t t a in  jw m td  growth by in 

c r e a s in g  th e  amount o f  Protamon® m y  o® due to  a to x ic  e f f e c t  by th e  

g o ite r o g e n  on a l l  t i s s u e s *  I t  i s  in t e r e s t in g  to  not© in  t h i s  co n n ec tio n  

th a t  th e  e f f e c t  on M eta b o lic  r a te  p a r a l le le d  th e  growth e f f e c t  (Chart 4 ) .  

That i s ,  Protmoin® a d m in is tr a tio n  1 no reaped m eta b o lic  r a te  but d id  n ot  

rain© i t  to  normal at ? ny l e v e l .  T ab le  I?  in d ic a t e s  th a t the e f f e c t s  o f  

th e  treatm en t on body w eight and th y ro id  w eig h t are  n o t In flu en ced  by sex*  

Host o f  th e  r e p o r ts  on work s im ila r  to  th a t rep orted  her® d en i w ith  

th e  fe e d in g  o f  th y r o p r o te in  a lo n e  to  normal ch ick s*  »fork by w h ee ler , ©t 

s i  ( $ 4 ) , Parker (6 8 1 , and Irw in , e t  n l ( 4 2 ) ,  in d ic a t e s  th a t tjfcyroprotein  

(a t  l e v e l s  h ig h er  than th o se  used  In th e  p resen t t e s t s )  in crea sed  e a r ly
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grow th r n te*  The t hoary  th a t  th e  th y ro id  produces nor© than an© normone 

I s  found in  th e  work o f  Corner and ftaa.il ta n  {*95 I . fh ey  n o ted  15 efcses  

o f  k i f i n  h y p e r th y r o ld ina w ith o u t apparent hyp«r-»etabQ  1 less . The work o f  

??ivera artfi to r tm n  {77 5 in d ic a te s  th a t  !>• th y ro x in e  i s  o n e -e ig h th  to  on e-  

te n th  as a c t iv e  w o ta h o lic f t l ly  as i s  L -th yrox in e*  P-thyroxin©  cyty, how

e v e r , bo concerned w ith  TSH -antnfym ims• Further work i s  needed to  

in v e s t ig a t e  t h i s  p o in t .

I n  | t © n o r a l ,  t h e  t h y r o i d  g l a n d  r e s p o n d e d  to  t h e  t h l o u r n c i  1 - t h y  r o -  

p r o t e i n  t r e a t m e n t  i n  t h e  e x p e c t e d  m i i f t e r .  I t  s h o u l d  b e  e m p h a s i s e d ,  how

e v e r ,  t h a t  a d m i n i s t r a t i o n  o f  a  s m a l l  .am oun t  o f  M r o t m o n e  ^ Q . 5 - i . O  g / a w r t )

%o t n io u r a e i l - t r e a t e d  4 -w eek -o id  c h ic k s  caused a fu r th e r  in c r e a s e  in  

t iiy ro id  e l s e  over  th a t  o f  tu e  chiCKs fed  th io u r u o il  a lone* One would 

e x p e c t , o f  c o u r se , on th e  O asis o f  th y r o x in e 9a known a b i l i t y  to  oppose 

fr>H~stig»ilu» o f  th y ro id  en largem en t, th a t even  sm all amounts o f  P ro- 

tnmim® would somewhat reduce th e  e l s e  o f  th e  g o i t e r .

*hi3i s i t e - in c r e a s e  has been noted  b efo re  in  t h i s  la b o r a to r y  by 'doreng 

and nh& ffnor  { 6 3 } . They  u sed  1 8 -w eek-old  Mew Hampshire c h ic k s .  Adding

1 .0  g-. o f  Protmaone mid G .2$ th io u r a c i l  to  th e  r a t io n  r e s u lte d  in  a 

median th y ro id  w eight th a t  was a lm ost tw ic e  th a t  o f  th e  group fed  0 .2 $  

th io u r & c il a lone*

The r e s u lt s  o f  th e  p resen t t e s t s  a s  to  body w e ig h t , m eta b o lic  

r a t e ,  and th y ro id  s i s e  .present th e  fo llo w in g  fact®  which demand e x -  

pl&n&tion: In normal and in  t h io t t r e c i l - t r e a t e d  a n im a ls , th e  TSH oppo

s in g  e f f e c t  and th e  fp row th -stiim l& tin g  e f f e c t  o f  th y ro id  hormone are  

a p p a ren tly  equal in  d e g r e e . In go i t e m  us ch ick s  m ain ta ined  on sm all amounts 

o f  Protwi^ane, %'ae g ro w th -stim u x u tin g  o f  1 s e t  ex ceed s th e  u%4i—op p osin g  

e f f e c t .  In th o se  b ir d s  on la r g e r  amounts o f  Protasfcone, th e  iT*»h- oppo

s in g  e f f e c t  i s  g r e a te r  th an  tn e  growth e f f e c t .



I t  i s  apparent th a t a cii t f e r m n t  %yps o f  e f f e c t  I s  o b ta in ed  depend

in g  on whether th e  th y ro ia  hormone ia  su p p lie d  0 /  th e  th yro id  g la n d  or  

by exogenous b n y ro p ro ie in . i t  ia  th e r e fo r e  su g g ested  th at ^roti^aoa* 

s u p p lie s  a growtlifc-@tiauiatiitf;r fa c to r  which i s  u t i l i s e d  fo r  t h i s  pu rp ose  

uy th e  4 -* e e k -o ld  ch ick  o n ly  up to  a c e r t a in  ra th er  low  l e v e l ,  fh e  

p e r ip h e r a l a c t i v i t y  o f  t h i s  f a c t o r  i s  fu r th e r  hindered by th e  p resen ce  

o f  t h io u r a c i l .  A lso su p p lied  i s  a r£yH~ opp osin g f a c t o r ,  which i s  u t i l i s e d  

elt&ost w ith out l i m i t ,  nonce th e  f in d in g ’ in  th e se  t e s t e  th a t  b ir d s  on  th e  

h ig h er  l e v e l s  o f  Prot&ttone had very  sm all th y r o id s ,  but were s l i g h t l y  

below  normal in  w eigh t and m etabolism * These two fa c to r s  m ight be two 

‘?ep?».rate fu n c t io n s  o f  L -th y ro x in a , o r  one (th e  g r o w th -s t ijm l atin#r f a c t o r ) ,  

m ight be L ~thyroxine and th e  o th er  (th e  'PSIf-opposing f a c t o r ) ,  m ight be i t s  

o p t ic a l  le o n e r  or an a n a lo g u e .

' n e x iu iln a tio n  o f  th e  fidren a l w e ig h ts  reve& la th a t  th e s e  g la n d s  were 

th e  s m a lle s t  when a c t i v i t y  ims th e  g r e a t e s t • T h is  in d ic a te s  th a t  th e  

output o f  th e  R tirenotropic hormones o f  th e  p i t u i t a r y  w&o in h ib it e a  by th e  

g r e a t ly  in crea sed  TSM o u tp u t , thus le n d in g  w eight to  th e  th e o r y , d iscu ssed  

in  th e  I n tr o d u c tio n , th a t th e  p i t u i t a r y  can a c c r e te  la r g e  amounts o f  o n ly  

one tr o p ic  ha m an e at any on® tim e , and th a t  th e  ‘fo r g e t—glan d  hormones a c t  

upon th e  c e l l s  o f  th e  p itu ita r y *  However, r e s u l t s  in v o lv in g  s t r e s s ,  to  be 

discuss sod l a t e r ,  in d ic a te  th a t  th is  c o n c lu s io n  i s  erro n eo u s. a more 

l i k e l y  e x p la n a tio n  o f  th e  adren al w eight red u c tio n  i s  th a t th e  m e ta b o lic  

a c t i v i t y  o f  th e s e  g lan d s I s  e s p e c ia l ly  reduced in  h yp oth yro id ism , s w m  

w eight red u ctio n  a t  h ig h  Protuiaoiie l e v e l s ,  noted  both  w ith  and w ith ou t  

s t r e s s ,  shows th a t  th e s e  g la n d s  are s e n s i t i v e  a ls o  t o  h igh  tb y r o id -  

hormone t i t e r s .  Thai th e  ex p erim en ta l r e s u l t s  p resen ted  her# support 

th e  c o n te n tio n  o f  S e ly e  and o th e r s ,  merittoned in  th e  L ite r a tu r e  H ev iee ,
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th a t  th y ro x in e  has & s t im u la to r y  o f f  a c t on a d ren a l s is® , They do n o t ,  

how ever, support th e  view  th a t  h igh  l e v e l s  o f  thyroxin®  ca u se  ad ren al 

hypertrophy*

1though Proteunone edm inl str&t io n  was fo llo w ed  by an in c r e a s e  in  

mala gonad © isd above th a t  o f  th e  u n trea ted  pro up, I t  i s  d o u b tfu l th a t  

any s p e c ia l  s ig n i f i c a n c e  can be g iv e n  to  th is*  V ; r ia l io n s  in  the c o n t r o l-  

group r e p l i c a t e s  makes th e  p ooled  average o f  t h i s  group low . I t  i s  t h i s  

d e p r e s s io n , r a th e r  than any g r e a t  in c r e a se  a f t e r  f  rotumime w hich i s  re

s p o n s ib le  fo r  th e  amount o f  d i f f e r e n c e .  I t  a p p ea rs , t h e r e f o r e ,  th a t  male 

gonad si& e was d ecreased  by t h io u r a c i l ,  but reached  i t s  h ig h e s t  l e v e l s  

in  th e  p r esen ce  o f  reduced th y ro x in e  a c t i v i t y .

A c t iv ity  o f  th e  t e s t i s ,  as measured by male comb w e ig h t, was d ras

t i c a l l y  reduced in  th e  ab sen ce o f  th y r o x in e . A d d itio n  o f  rrotam one 

caused male combs to  a t t a in  near-norm al e l s e ,  There I s ,  th e r e fo r e ,  

l i t t l e  in d ic a t io n  o f  c o r r e la t io n  betw een t e s t i s  s i z e  and a c t i v i t y .  Both  

hypo- and fcyp er-th yro id isa  d ep ress  a c t i v i t y ,  w ith  hyp othyroid ism  h av in g  

th e  g r e a t e s t  e f f e c t ,  '-‘he r e s u l t s  in d ic a t e  th a t normal t e s t i s  s t im u la t io n  

o f  secondary sex  character©  depends on a normal amount o f  c ir c u la t in g  

th y r o x in e . This e f f e c t  n igh t be due to  e i t h e r  (1) dependence o f  th e  

l e v e l  o f  gon ad otrop in  s e c r e t io n  on th e l e v e l  o f  TSH o u tp u t , or ( 2 }  a d ir e c t  

e f f e c t  by th e  th y ro id  hormone on th e  t i s s u e s  o f  th e  t e s t i s  and comb. The 

fa c t  th at male comb s is®  f a i l s  t o  reach  normal in  th e  p resen ce  o f  t h lo -  

u r a c l l  tmd Trotnmone i s  probably due to  th e  t o x ic  e f f e c t  o f  th io u r a e il  

p r e v io u s ly  m entioned.

O varian and fem ale oocab weight© show a ouch c lo s e r  c o r r e la t io n  than  

do th e ir  male c o u n te r p a r ts . Hypothyroidism d e p r e sse s  o v a r ia n  a ix e ,  which  

i s  in c r ea se d  by Proteuaone. Gonadotropic a c t i v i t y  in  th e  fem ale c n ic x ,
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as measured by o v a r ia n  s i t e  said a e - iv l t y *  i s  th e r e fo r e  a p p a ren tly  depen

d en t on th yro id  n a t iv ity #  ■"■» La the ©as® o f  th e  m ules* i t  ia  th e r e fo r e  

n e c e s sa r y  t o  e e n e la n e  th a t  iri«M  r e m i t s  a re  due to  e i  tn er  (1 I dependence  

o f  th e  gon ad otrop in  l e v e l  ©a fl5il output* or (2 )  a d ir e o t  e f f e c t  by th y

r o x in e  oa ovary mo© coiao. As w i l l  to  brought o u t in  th e  d is c u s  a io n  on 

© tress—e f f e c t s *  th e  l a t t e r  e x p la n a tio n  i s  favored* fo r  both  s e x e e . Ji&l- 

baniiov (05) s t a t e s  th a t  th e  ovary o f  th e  c h ic k  i s  r e fr a c to r y  to  gonado

tr o p ic  s t im u la t io n  u n t i l  j u s t  b e fo re  sex u a l m a tu r ity . I f  t h i s  I s  true*  

then gonad otrop in  involvem ent in  the te a m l e  c h ic k s  o f  th e  p r e se n t t o s t  

i s  ru led  out*

In euraoary* Protsmone caused  more raothboli© s t im u la t io n  than T3H- 

o p p o s it io n  a t  very  low  1 a v a ls * an e f f e c t  which was r ev e r se d  a t h ig h er  

l e v e l s . 1*hl® i s  a t tr ib u te d  to  a  dual n a tu re  o f  th e  fa c to r  o r  fa c to r s

p ro v id ed . d ren a l w eight * and w eigh t and a c t i v i t y  o f  th e  gon ad s, were 

d ir e c t ly  p r o p o r tio n a l to  th y ro id  a c t iv i t y *  In d ic a t in g  d ir e c t  a c t io n  by 

th y ro x in e  on th e  sex  g la n d s , fh e s e  e f f e c t s  were somewhat opposed by th e  

t o x ic  a c t io n  o f  t h io u r a e i l .

S f f e c t  o f  S t r e s s  and A lte r ed  fh y r o id  A c t iv ity

Th* f a c t e  M entioned a t  th e b eg in n in g  o f  th e  d is c u s s io n  on th e  n o n -  

s t r e s s  t e s t s *  j u s t  proceed in g* a r e  e q u a lly  a p p lic a b le  h e r e , a ex e f f e c t s *  

t in o  o f  y e a r ,  ro u te  o f  a d m in is tr a tio n  o f  th e d su g s , g e n e t ic  fa c to r s*  

and age l im it a t io n s  a l l  must bo c o n s id e r e d . I t  should be m entioned th a t  

th e s e  s t r e s s  t e ^ t s  were c a r r ie d  o u t a t  a d i f f e r e n t  tim e o f  th e  y ea r  from  

th e  p rev io u s  s e r i e s — when th e  average tem perature i s  low er# In  a d d itio n *  

a lth o u g h  th e  ty p e  o f  s t r e s s  chosen— m uscular ex h a u stio n — ia  g e n e r a l ly  

c a l le d  ’'n o n -s p e c if ic * *  i t  i s  d o u b tfu l w hether any s t r e s s  cou ld  be so
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d es ig n a ted . :bcercise fa t ig u e , for  ex&aple, i s  more d ir e c t ly  r e la ted  to  

c e r ta in  p h yeio logio& i system s than to o th e r s . Muscular development anti 

e f f ic ie n c y  a f f e c t s  r e s is ta n c e ,  a a d o e i c ir c u la to r y  ana resp ir a to ry  e f f i 

c ie n c y . I t  la  even p o s s ib le  th a t lea rn in g  a b i l i t y  an taro  in to  the p i at tiro, 

for i t  ©as n ecessary  for  the b ird s to  lea rn  to  balance them selves in  th e  

r ev o lv in g  cag e , and to  adopt the most e f f i c i e n t  response to  the enforced  

e n e r c ia e . The prelim inary ’*eondi t lo n in g 1 run was made to  o f f s e t  the  

e f f e c t s  o f  t h is  fa c to r . I t  i s  f e l t ,  a l s o ,  that the presence o f  the la t e r a l  

p la te s ,  which forced a l l  o f  the b ird s to  ctake the run in  the earns po

s i t i o n ,  e lim in a ted  an ImportUnt source o f  v a r ia t io n  th a t May be a sso c ia te d  

w ith  lea rn in g  a b i l i t y .  The number o f  “extreme'* in d iv id u a ls— th o se  running 

a very short or very lon g  tim e—wits reduced.

The q u estIoa a r is e s  as to how th e endocrine system  May be in vo lved  

in  th e response to  muscular ex h a u stio n , and how some o f  i t s  products aay 

enhance r e s is ta n c e .  Assuming th a t no p a th o lo g ic a l c o n d itio n s  e x i s t ,  i t  

i s  known th a t in  the u n treated  human th e  r e s is ta n c e  to  e x o rc ise  fa tig u e  

i s  not dependent upon th e  m uscles th em selv es, nor on m etabolic  fu e l-s u p p ly , 

blood oxygen tr a n sp o r t , or re sp ir a to ry  e f f i c ie n c y .  The on ly  body-aystea  

rega in in g  which cou ld  p o ss ib ly  be involved  i s  the o iro u ln to ry  cystcm . in  

in sp e c t io n  o f  th e  l i t e r a t u r e  r e v e a ls  th a t p h y s io lo g is ts  b e l ie v e  that the  

compensatory power o f th e  h eart and c ir c u la t io n  s e t s  th e  H a l t  to  ca p a city  

fo r  e x e r c is e .

Thus th e  most s ig n if ic a n t  in crea se  in  e x e r c is e -to le r u n c e  would be 

accom plishod by a b e n e f ic ia l  e f f e c t  on th e  heart m uscle and the v e s s e ls  

o f  the c ir c u la to r y  system . I t  cannot bw assumed, however, th at th e  oth er  

fa c to r s  mentioned are  in s e n s i t iv e  to  s tim u lu s , and are incapable o f  in 

crea s in g  th e ir  a c t iv i t y  in  th e presence o f  humoral fa c to r s ,  to add to
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th e  r e s !  tit* .nos o b ta in e d .  c ir c u la t o r y  f a c t o r  i s  th e  p r in c ip le  o n e ,

but n o t th e  o n l y  a m .

lapinephrine, th e  ho n&cme o f  th e  ad ren a l m ed u lla , i s  known to  a f f e c t  

d ir e c t ly  th e  c ir c u la to r y  sy ste m , p a r t ic u la r ly  in  resp o n se  to  e x e r o is e .  

In creased  p a ls o - m t e  and v a s o c o n s tr ic t io n  resp o n ses  are  duo to  th e  a c t io n  

o f  t h i s  horsaone* However, v a scu la r  resp o n ses  v u v y* C o n s tr ic t io n  o ccu rs  

in  sk in  and v is c e r a ,  w h ile  h e a r t and s k e le t a l  mm a l e  v e s s e l s  Atm d i la t e d  

fo r  g r e a te r  blood su p p ly .

Thyroxine hes  a  s i a i l n r  n o t io n .  I t  has  a  d i r e c t  C a r d in t ro p ic  e f f e c t ,  

p roduc ing  in c re a s e d  pui»e-»rc» t e ,  blood p r e s s u r e ,  c a rd ia c  o u tp u t  and h e a r t  

ais&e.

C e r ta in  hormones o f  t h e  a d re n a l  c o r t e x ,  a t  h ig h  l e v e l s ,  have been 

shown to  cau se  en la rg ed  h e a r t s  and in c re a se d  b lood  p r e s s u r e .

E strogen  lias a  v a s o d i l a to r  a c t  ion  th a t  i s  w ell-know n, and o th e r  

a c t i o n s  -are su sp ec ted  a lo n g  s im i l a r  l i n e s .  Androgen a c t s  s i m i l a r l y .

As fo r  th e  n stem s and fa c to r s  o th e r  than th e  c ir c u la to r y  which may 

he in v o lv ed  in  resp o n se  to  e x e r c i s e ,  a d r e n a lin e  in c r e a s e s  r a te  and depth  

o f  r e s p ir a t io n ,  and r e la x e s  th e  n u sc la s  o f  th e  b r o n c h io le s . I t  i s  a ls o  

known to  e x e r t  a b e n e f ic ia l  a c t io n  on th e  s k e le t a l  ta u se lo s , c a u s in g  a 

postponem ent o f  f a t ig u e  and in c r e a se d  work c a p a c ity . However, i t s  r o le  

in  th u s in c r e a s in g  m uscular e f f i c i e n c y  i s  q u e s t io n a b le .

T hyroxine a p p a r e n t ly  hue a b e n e f i c i a l  a c t io n  on m uscular s tr e n g th  

a t  p h y s io lo g ic a l  l e v e l s .  High l e v e l s  o f  t h i s  hormone have th e  o p p o s i te  

e f f e c t .

Androgen i s  b e l ie v e d  to  be r e s p o n s ib le  fo r  th e  su p e r io r  m usculature  

o f  th e  n ttle  o f  mast s p e c i e s .

The e n d o c r in e  system  i s  known to  be im p o rtan t to  th e  fu n c t io n  o f  

t h e  m eta b o lic  and oxygen tr a n sp o r t  system a . Any in c r e a se d  en d ocr in e
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A c t iv i t y  t h a t  m ight tens1 to  s t im u la te  m u scle m etabolism  0 /  intor® 88lag  

l a c t a t e  m ettiim lism  o r  m is *  th e  la v e i?  o f  fr l/c o r e a , g lu ta th io n e , end myo

g lo b in ,  would in c r e a s e  re siatomic© to- f a t ig u e .  T his i e  t r u e  for  th e  m u scles  

in v o lv ed  in  r e s p ir a t io n  an s o i l  as th o se  used in  lo co m o tio n , and a ls o  

fo r  th e  ca rd ia c  m u sc le .

in t e r io r  p i t u i t a r y  end T iranai c o r t i c a l  hormones are known to  ha in 

v o lv ed  in  m eta b o lic  sv stem s. 'fh eir  e x a c t r o le s  are  in  d is p u te ,  how ever, 

w ith  cu rren t t h e o r ie s  s h i f t i n g  r a p id ly  in  resp o n se  to  new f in d in g s  in  t h i s  

a c t iv e  f i e l d  o f  research *  Some w orkers b e l ie v e  th a t  th e s e  hormones ac

c e le r a t e  g ly o o ite o g e n e s is  toy in f lu e n c in g  e i t h e r  p h o sp h o ry la tio n  r e a c t io n s  

o r  d e a u in a t io n . a p i t u i t a r y  hormone c o n tr o ls  th e  l e v e l  o f  f^ y o o g eu -g lu o o se  

c o n v e rs io n  in  th e  l i v e r .  Mi adrenal hormone i s  a lso  ap p a ren tly  In v o lv e d , 

w h ile  th e  involvem en t o f  th y ro x in e  in  t h i s  resp o n se  i s  ivlso su spected*

iSpinephrine a c c e le r a t e s  p ro d u ctio n  o f  g lu c o se  toy the l i v e r ,  and in 

c r e a s e s  l a c t i c  a c id  l e v e l s  in  th e  t is s u e s *  The ad ren a l c o r t i c a l  hormones 

s tU m la te  p rod u ction  o f  g lu c o s e  from n o n -carcoh yd rate  so u r c e s , and ap

p a r e n tly  check th e  coMtouation o f  t h i s  ougnr• in s u l in  has lon g  been  

known to  in h ib i t  g lu c o se  p r o d u ctio n , toy b lo c k in g  g ly c o g en  breakdown and 

p ro d u ctio n .

N e r e is ®  in c r e a s e s  red blood c e l l  c o u n t, ih y s i o l o g i e t s  b e l ie v e  th a t  

th in  i s  accom plished n o t by in c r e a se d  p ro d u ctio n  o f  c ir c u la t io n  o f  the  

e r y th r o c y te s ,  but toy heakCMBoneentretion due to  a s h i f t  o f  f lu id  from th e  

b lo o d -v a sc u la r  system  to  the in t e r c e l l u la r  spaces* C erta in  adrenal cor

t i c a l  hormones t,r® known to  toe im portant in  e n te r  m etabolism  m d  d i s t r i 

b u t i o n .  These ho m o n o s s tr o n g ly  a f f e c t  c a p i l la r y  p e r m e a b ility  and 

e x c r e t io n  o f  m in era l s a l t s .  Thus in crea sed  a c t i v i t y  by th e s e  h om on os  

would in c r e a se  th e  t o t a l  oxygen—c a r r y in g  c a p a c ity  o f  th e  blood*
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T u r n i n g  now t o  a n  a p p r a i s a l  o f  t h e  r e m i t s  o b t a i n e d  i n  i k e  p r e s e n t  

t e s t i l y  an  e x a m in a t io n  o f  ^ h a r t  1 shows t h a t  t h e  b o d /  w e i g h t s  o f  a l l  b ird®  

fed  t h i o u r a c l l  and  P ro taffica*  w ere  io®» a f t e r  t h i s  t r e a t  :aen t t h a n  t h e  

body  w e ig h t  o f  u n t r e a t e d  b i r d s .  'P h is  o c c u r r e d  b o t h  i n  t h e  p r e s e n c e  o f  

s t r e s s  an d  in  i t s  a b s e n c e .  t h i s  i s  b e l i e v e d  t o  h e  d u e  t o  she  t o x i c  a c 

t i o n  o f  t k i o u r & c i l .  i t  i s  e v i d e n t ,  h o w e v e r ,  t h a t  t h e  b ird ®  w hich  a os?' 

r e s i s t e d  g ro w th  d e p r e s s i o n  i n  t h e  p r e s e n c e  o f  s t r e s s  w e re  e i t h e r  A orrn u  

oV h y p o t h y r o i d , f o r  o x e r c l  so d e p r e s s e d  h o d /  w e ig h t  b e lo w  t h a t  o r  t h e  ua~ 

e x e r c i s e d  g r o u p s  o n l y  a t  h i g h e r  P r o t a a o n e  l e v e l s .

The hyp othyroid  groups in  t h i s  t e s t  were on t U io u r s c i l ,  and th e ir  

th y r o id s  were th erefor©  unable to  s y n th e s is e  th y r o x in e . I t  i s  th u s  

n e c e ssa r y  t o  lo o k  e lse w h e r e  f o r  th e  cau se o f  th e  grow th resp o n se  observed  

in  th e s e  g ro u p s . R eference t o  « h a rt 6 shows th a t th e  grow th resp o n se  

1® p a r a l le le d  by th e  in c r e a se  in  adrenal s ia e  in  th e s e  g r o u p s , a f t e r  

s t r e s s ,  a lth ough  i t  i s  w e ll known th a t  adrenalectom y in h ib i t s  grow th,

I t  has n ev er  been shown th a t  c o r t i c a l  hormones are  concerned  d ir e c t ly  

w ith  t h i s  p r o c ess  1 8 9 ). I t  i s  su g g ested  in s te a d  th a t  in sreu sed  ad ren a l 

a c t i v i t y  ex er ted  a  b e n e f ic ia l  e f f e c t  on grow th in  th e  p r e se n t t e s t s ,  by 

i t s  g e n e r a l sy stem ic  e f f e c t s  on s a l t  m etabolism  end sugar :a e ta b o lish .

These e f f e c t s  were moat o b v iou s in  normal bird® and In h yp oth yro id  b ir d s .  

They were co u n tera c ted  by h igh  l e v e l s  o f  c ir c u la t in g  th y r o x in e , appar

e n t ly  due to  t h i s  iio m o n e#s t o x ic  e f f e c t  on ad ren al a c t i v i t y .  T h is e f f e c t  

was most pronounced in  th e  fem ales (T able 5 j ,  which may be due to  th e  

g r e a te r  s e n s i t i v i t y  to  th y ro x in e  in  th e  fem a le .

Ho f&r a s  th y ro id  w eight i s  con cern ed , th e r e  i s  no in d e n t i o n  th a t  

th e  th y ro id  g land  took p a r t in  th e  resp o n se  to  s t r e s s ,  o f  th e  b a sa l 

group (Chart &)• However, t h i s  any .-.aerely be an in d ic a t io n  th a t  s i s e  i s



46

no n e c e ssa r y  o r i t e r io n  o f  n o t; iv ity  in  t h i a gl& ad. i n  th e  tr e a te d  group# ,  

w eight change a f t e r  s t r e s s  d oes n o t  in d ic a te  in te r v e n t io n  ou  U m  p&rb o f  

th e  t h y r o i d ,  mine® th e  a c t i v i t y  o f  M ils g land  i s  n u l* i f ie u  by t h io u r e a i i •

S t r e s s  e f f e c t e d  n «.*ore p ro la u a a change in  th e  a d r e n a ls  than i n  to^y 

o th er  t i s s u e  s tu d ied  (Oh&rt 5 | .  I’Ue seme iu o r e a so s  in  s i s #  i n  a fa m ilia r  

resp o n se  in  a i m i a  under s t r e s s *  th e  .prosant t e s t s  show th&t th e  young  

oiiicK responds in  a s im ila r  n aan er.

S in c e  i t  on** been rep o rted  a&uy t iia e s  th a t  nypophyuootomy  I n h ib it s  

th e  adrenal c o r t i c a l  resp o n se  to  s t r e s s  ( 8 1 ) ,  i t  i s  ob v iou s th a t th e  

fa c to r  r e s p o n s ib le  fo r  adrenal e n la r ^ m -n t  i s  a d r a n o c o r tie o tr o p h ic  hor

mone (ACTH). in  th e  p r e se n t t e s t s ,  th e r e fo r e ,  a etftrtted in c r e a s e  o f  J^iil 

© aeration  wen e f f e c t e d  by s t r e s s  nt a l l  l e v e l s  o f  th y r o p r o te in  tr ea tm en t. 

In th o se  groups which g o t  l i t t l e  or no th y r o p r o le in , th e  th y r o tr o p ic  

hormone p rod u ction  was n e c e s s a r i ly  a ls o  hif*h, t o  siulnW tn th e  enlargem ent 

o f  th e  th y r o id s  which was n o ted . 'Thus It, sm.9% be concluded  th a t th e  

p i t u i t a r y  can s e c r e t e  g r e a t ly  in c r e a se d  l e v e l s  o f  i s o  tro p h ic  hormone a 

s im u lta n e o u s ly .

The o b se r v a tio n  th a t  th e  p i t u i t a r y  cun s « c p o le  h ig h  le v  e is  o f  two 

nom cm os e Irm ltn a eo u s ly  le a d s  to  c e r ta in  o th er  c o n c lu s io n s .  I t  has been  

m entioned in  th e  In tr o d u c tio n  th a t anay in v e s t ig a t o r s  b e l ie v e  th a t tu&e 

ho m on os o f  this ta r g e t  g la n d s  a c t an th e  c e l l s  o f  th e  p i t u i t a r y  to con

t r o l  it©  hormonal o u tp u t. I t  i s  a s  flamed th a t th e  p i t u i t a r y  s e c r e t e s  a 

r e l a t i v e l y  f ix e d  amount o f  t o t a l  hormone, and th a t v a r ia t io n s  in  th e  

l e v e l  o f  any component hormone a f f e c t  th e  l e v e l s  o f  th e  o th er  com ponents. 

But s in c e  i t  has been nmwn  in  t&e p re se n t t e s t s  th a t  two component 

hormones can g r e a t ly  in c r e a s e  in  output s im u lta n e o u s ly , w ith o u t n o t ic e a b ly  

d is tu r b in g  th e  l e v e l s  o f  th e  o t h e r s ,  i t  i s  ob v iou s th a t  e i t h e r  i l l  th e
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p itu ita r y  ©an iricren©*; i t s  to t* !  hormonal output, or {£) control

o f  the l e v e l  o f e f fe c t iv e  an terior  p itu ita r y  hormone takes p k e e  out sid e  

o f t i e  p i t u i ti s.ry—*© i ther in  th e  body fluid© or in  the tu rret glmids* T his  

Xnttor pro©as© would b© one? in  which the target gland homones deuctlvut®  

the p it u i t a r y  hormonesf rather then influim oing the a c t iv i ty  o f the c e l l s  

which produce thorn* «)1®turb?mce o f any ©no o f  the©# d eactiva tion  

phenomena should his?# no no a© ©eery e f f e c t  on any o f  the ©there*

Although th e  a c t i v i t y  o f nay organ cub vary c o n s id e r a b ly , th er e  a re  

p h y s io lo g ic a l  lim it©  beyond which t h i s  a c t i v i t y  cannot go* I t  i s  l i k e l y  

th a t t h i s  i s  t r u e  fo r  th e  p i t u i t a r y  m  w e ll a s  for  o th er  organs* f i i e r e -  

f o r e ,  th e  e x p la n a tio n  fo r  th e  c o n tr o l o f  p i t u i t a r y  a c t i v i t y  o f fe r e d  

under (£3 above i s  favored  over th a t  g iv e n  under i l } *

I t  i s  in t e r e s t in g  t o  n o t e  &. e i a i l a r i t y  In in© f o r a  o f  t h e  two c u r v e s  

in  C h a r t  5 .  ¥ h is  in d ica te©  t h a t  w h a t e v e r  e f f e c t  th y ro x in e  c o n c e n tr a tio n  

had on a d r e n a l  a c t i v i t y  w as  e x e r t e d  and  r e s p o n d e d  t o  regardlas©  o f  o t h e r  

f a c t o r s ,  s u c h  a s  s t r e s s .  ?h© f a i l u r e ?  o f  t h e  a d r e n a l  g l a n d s  o f  t h e  

s t r e s s e d  b i r d s  on rroti&feon© t o  a t t a i n  t h e  s i t e  o f  t h e  g l e n d o  o f  t h e  b a s a l  

g r o u p  { a l t h o u g h  t h e y  approached t h i s  ©la© v e r y  c l o s e l y  a t  o n e  l e v e l ) i s  

a t t r i b u t e d  t o  (1 ) t h e  t o x i c  e f f e c t  o f  th I o u r n o il ,  and (S3 in  t h e  ,#liyp er-  

th y r o id ” g r o u p s  ( £ . 0 4 . 0  g / o w t 3 t o  a d d e d  t o x i c i t y  o f  t h e  h i g h  th y r o x i n ®  

l e v e l s .

■An exam ination  o f  th e  record ed  data  on in d iv id u a l bird© lend© to  

th e  c o n c lu s io n  t h a t ,  at a l l  l e v e l s  o f  thyroxin©  a c t i v i t y ,  ad ren al «m- 

larijvtatint i s  u s u a l ly  a s s o c ia te d  w ith  on In creased  r e e l s ta n c e  to  s t r e s s .  

However, i t  i s  noted  % lint w h ile  th o se  bird© which b e s t  r e s i s t e d  s t r e s s  

were alw ays among th o se  h avin g  th e  la r g e s t  a d ren a ls*  t h i s  ad ren a l ©!&©;*■* 

in c r e a s e  wao no gu ara n tee  o f  a s u c c e s s fu l  r ea lo ta n o tj . h ir d s  w ith  la r g e



40

nhrtm nls soLiefcisGts ft. l i e d  to  p e r f  qjpei w a ll In th e  ox era i  m  c a g e s . dut 

b ir d s  wr.lch showed bh© ica&s* adruKinl enlargem ent were novor &bl® to  w ith 

stand  s t r o s e  w e ll*  th e r e fo r e  ndranal tmlH^^auonfc 1© a s s a c lu te d  w ith  &n 

enhanced r e s is t a n c e  to  s t r e s s  In th e  p res  sent t e s t s ,  but t h i s  enhan ce- 

stent i s  som etim es in te r fe r e d  w ith  by unknown f& etore* One o f  th e se  

l e t t e r  m y  be a f a i lu r e  to  a cq u ire  th e  a b i l i t y  to  M aintain  b a lan ce in  

th e  e x e r c is e  ca g e , fo r  which purpose th e  f i r s t  run was and®. Another 

may be th a t  in crea sed  s i s e  o f  «*a en d ocrin e  organ i s  n ot n e o e s e e r i ly  re 

la te d  to  In crea sed  a c t i v i t y ,  -h e  r e s u l t s  o b ta in ed  in d ic a te  th a t  t h i s  i s  

tru e  in  th e  c a se  o f  th e  adrenal*

A s ig n i f i c a n t  lack  of c o r r e l a t io n  e x i s t s  between ad ren a l  e n la rg e 

ment arid r e s i s t a n c e  to  fa t ig u e  shen the d a ta  a re  considered  by groups* 

Coagmrificm o f  Charts 5 and o shows th a t  0 0 :4© groups, such as th ese  oh 

2 .0  and g . o f ProtiuKme, «hioh snowed th e  l e a s t  average ad rena l  ©u- 

lsrtf&uent were ab le  to  r e s l e t  s t r e s s  very w ell—b a t t e r ,  in  f a c t ,  than 

th e  un tro u ted  group* -U rtl ie r ,  severa l o f  the t r e a te d  groups (1*5, 2*0, 

2 .0 ,  f«nd 4 .0  g .  1 ware ab le  to  w ithstand  s t r e s s  b e t t e r  than  th e  u n tre a te d  

b irds*  "M b i s  co n tra ry  to  the  f in d in g  on ad rena l en largem ent, which l a  

the  t r e a te d  groups never exceeded th a t  of th e  normals*

I t  i s  p o s t u l a t e d  t h a t  t h e s e  f in d in g s  in d ic a te  t h e  f o l l o w i n g  f a c t s :

11} t ’h y r o x in ©  l e v e l  a n y  h a v e  e f f e c t e d  t h e  e x h a u s t i o n  r e s i s t a n c e .  P H  

o f  t h e  t r e a t e d  g r o u p s  w e re  s m a l l e r  i n  b o d y  w e i g h t  t h a n  n o r m a l , b u t  : a o s t  

r e s i s t e d  s t r e s s  b e t t e r  t h a n  d i d  t h e  n o r m a l  g r o u p • *2he F r o tM a n n e - g r o u p  

w h ic h  r e s i s t e d  s t r e s s  mx&t s u c c e s s f u l l y  | £ . 0  g . } was made up o f  b i r d ®  

w h i c h  w o re  t h e  s o u l  l e s t  o f  n a y  g r o u p  «»t t h e  e n d  o f  t h e  t e a t s .  b i r d s  

feci 4.Q g . of F ro t f^ x o n e  r e s i s t e d  s t r e s s  w e l l .  I t  i s  s u g g e s t e d  t h a t  t h e  

a m o u n t s  o f  t h y r o x i n e  p r o  v i a  e d  b y  t h e  P r o t c c v m e  l e v e l s  u s e d  w o re  s u f f i c i e n t
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t o  in o r e n e w  r e s i s t a n c e  to  feb ra a s  to  a b o v e - n o r m a l  l e v e l s .  {2 3 A l t h o u g h  

a p o s i t i v e  r e l a t i o n s h i p  w ct»t«  betw een m brm tm l enlargem ent a n d  r e s is t a n c e  

t o  s t r e s s ,  i t  i a  n o t  a  q u a n t i t a t i v e  o n e .  T h i s  i l l u s t r a t e s  t h e  g e n e r a l  

p r i n c i p l e ,  j u s t  M e n t i o n e d ,  t h a t  g i i  *iKt w ise  i s  not a  n e c e s sa r y  c r i t e r i o n  

(hu t  u g o a d  i n d i c a t i o n )  o f  a c t i v i t y .

This fa c t  th a t onrclluse ea lnrgaasati d id  n o t accompany s t r e s s  a t  any 

l e v e l  (Chart 2 ) in d ica tes  CD th a t  the o irou l& tory  system o f  th e  c h ic k  

adftptB to  acu te , s h o r t - t e r a  s t r e s s  as does that o f  a a ^ ia l s , and ( 2 } th e  

amount o f  h yp erth yro id ism  ( I f  i t  can he so d e s ig n a te d ) p r e se n t was not  

s u f f i c i e n t  to  cause cardiac damage• in  fa c t ,  i t  i s  p o s s ib le  t o  say  th a t  

th e  h o tr t -r o sp o n se  in d ic a t e s  th a t  th e  c o n c lu s io n s  drawn from th e  r e s u l t s  

o f  th y ro id  w eigh t and body w eight are t r u e ,  and that in  these t e s t s ,  th e  

an im als were a l l  e i t h e r  m e ta b o lic a l ly  normal or hypothyroid* Those 

groups on h ig h er  P rotaoone le v e ls  a c t u a l ly  had reduced heart s i t e .  A 

c lo s e  c o r r e la t io n  betw een h ea r t s i  so  w fi body w eig h t i s  n o ted . Tnus th e  

t o x ic  e f f e c t s  o f  t h lo u r a o i l  and th y ro x in e  on g e n e r a l t i s s u e  development 

are r e flec ted  by h ea rt e l s e ,  rather than any s p e c i f i c  treatm ent e f f e c t  

on th e  organ i t s e l f .

The most apparent e f f e c t  o f  s t r e s s  on gonad arid comb weights was i t s  

production o f an increfc.se in  th ese  f a c t o r s ,  e s p e c ia l ly  a t  h ig h er  Protm&oae 

l e v e ls ,  h c lo s e  co rre la tio n  e x is ted  between ovarian w e ig h ts  and fem ale  

comb weights a fte r  s tress .(C h a rts  9 and 1 0 3 , in d ic a t in g  th a t the comps 

a c c u r a te ly  r e f le c t e d  o v a r ia n  n a t iv i t y  changes* The shape o f  both  cu rv es  

i s  » ic iiiar  to  th a t  .previously found for body w eight, adren al w e ig h t ,  

and h eart w e ig h t• T h is in d ic a t e s  th a t  o v a r ia n  m 3  oottb s i t e  r e f l e c t s  

th e  e f fe c t  o f  too treatm en t on the body as a whole. However, the s im ila r 

i t y  between ad ren al response to  s tr e s s  and response o f ovaries and combs,
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ana th e  txppnrmit in c r e a se  in  o v a r ia n  a c t i v i t y  a f t e r  0 tr « 8 8 , in d ic a te s  

th a t adrenal s e c r e t io n  has had & p o s i t i v e  e f f e c t  on this fem ale rep ro*  

d u c t i l e  system * T h is ( m y  &w e it h e r  a d i r e c t ,  jsndrog#n~liiui e f f e c t  on th e  

fm anic comb, or a s t im u la t io n  o f  th e  i*«dr og o n -c e d r e tin g  a c t i v i t y  o f  th e  

ovary* The o v a r ia n  enlargem ent observed  may in d ic a te  th a t  i f  i s  th e  

l a t t e r  which occur a , a lth o u g h  i t  i s  n ot im p o ss ib le  tn a t b o th  ta k e  p la ce*

The stale gonads fend combs showed a s im ila r  resp o n se  t o  s t r e s s ,  a l 

though a marked in c r e a s e  in  th e  s i s  a o f  both  organs was n oted  in  th e  

Pr o tnmone-tr e a te d  groups (C herts 7 end 6)*  T h is cannot be accounted  fo r  

on th e  b a s is  o f  adrenal a c t i v i t y  a lo n e , s in c e  t h i s  l a t t e r  fa c to r  showed 

no tenden cy to  r i s e  a lo n g  w ith  in c r ea se d  th y ro x in e  le v e l s *  I t  i s  a p p a ren t, 

th e r e fo r e ,  th a t  th y r o x in e  had a s t im u la to r y  e f f e c t  on t e s t i s  grow th , 

and e s p e c ia l ly  on stale comb grow th , in  th e  p resen ce  o f  in c r ea se d  adrenal 

a c t iv i t y *  T h is e f f e c t  d id  not occur In m iy  o th e r  t is s u e *  Thus we may 

co n c lu d e  th a t  (1 )  th y ro x in e  a c t s  a y n e r g is t ie a l ly  w ith  some adrenal 

fa c to r  t o  s t im u la te  m ale rep ro d u ctiv e  developm ent* mid (2 ) in c r ea se d  an— 

arc gen a c t i v i t y  xmy b e  a p art o f  © s u c c e s s fu l  r esp o n se  t o  s tr e s s *

I t  sh ou ld  be p o in te d  o u t a g a in  th a t  m ale c h ic k s  had g r e a t e r  body 

w e ig h t s ,  e m a ilo r  t h y r o id s ,  la r g e r  a d r e n a ls ,  and la r g e r  h e a r t s  than  t h e i r  

com parable f e o n le a ,  b oth  w ith  and w ith o u t s t r e s e  (T a b le  V)« H owever, i t  

i s  n o ted  th a t  t h e s e  d i f f e r e n c e s  a r e  som etim es in c r e a s e d  a f t e r  s t r e s s .

Ilody w eight r ed u c tio n  in  th e  rrotam one~treated  groups was in f lu e n c e d  

c h i e f l y  by th e  sm all s i s e  o f  the fem ales*  Thus th e  advera© e f f e c t s  o f  

s t r e s s  on growth were most pronounced in  th e  fe m a le s •

The ability  of th e  fem ale th yro id  t o  respond t o  Tbft, which n orm ally  

exceed® th a t  of th e  sole thyroid, is accentuated by ©tress in the presence 

o f  High TSH levels, but is  below  that of the males at low T3M levels (h ig h
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t h y r o x i n *  l e v e l s ) ,  i t  I s  b e l ie v e d  th a t t b l s  i s  an I n d lc a t lo i i  o f  Btiaiu- 

l o t i o n  o f  o f  th e  th yro id  t i s s u e  o f  b o th  s e x e s  by c o r t i c a l  hor

m ones. I’he e l s e  r ed u c tio n  a t  H igher th y ro x in e  l e v e l s  may be r e la te d  

to  reduced body e ls e *

1*he sex  d if fe r e n c e s  in  edr*n«d w e ig h ts  In d ic a te  th a t  b o th  sex e s  re 

sponded m arkedly t o  s t r e s s  w ith  ad ren al e l s e - in c r e a s e ,  though th e  in 

c r e a se  was somewhat store marked in  th e  m a le s . 1'hie g r e a te r  ad ren a l s is®  

i s  undoubted ly  r e s p o n s ib le  fo r  the g r e a te r  ab i i l t y  o f  th e  t o

r e s i s t  s t r e s s  a t  a l l  th y ro x in e  l e v e l s , though t h e ir  su p e r io r  tauscuicx  

d wvciopisent to  s t a r t  w ith  must a ls o  b o a  f a c to r .

SumE&nrislng th e  e f f e c t s  o f  s t r e s s ,  a isarked adrenal enlargem ent was 

produced, which was in d ic a t iv e  o f  but not n e c e s s a r i ly  a l l i e d  w ith  an in 

crea sed  ad ren a l hormone s e c r e t io n ,  T hese horm ones,  in  c o n ju n c tio n  w ith  

th yrox in ® , caused an in crea sed  s t r e s s  r e s i s t a n c e ,  growth r a t e ,  -:tnd re 

p ro d u ctiv e  developm ent in  doth s e x e e .  The e f f e c t s  v a r ie d  a cco rd in g  to  

th e  l e v e l  o f  c i r c u la t in g  th y r o x in e , ana were in f lu e n c e d  by t h iour© oil 

t o x i c i t y .  Sex d iffe re n c e ©  in  body w e ig h t, th y ro id  e l s e ,  a d ren a l © is# , 

and r e s is t a n c e  to  f a t ig u e  were cue to  in t e r a c t io n  o f  sex  d i f f e r e n c e s  in  

p h y s io lo g y  o f  th e  th y ro id  and s k e le t a l  mm c l e s  w ith  in c r e a se d  a d ren a l ac

t i v i t y .

E ffe c t  o f  &*x Ttcraemos on K oo lstan ce  t o  £>troan.

The g en era l comments about e x e r c is e  s t r e s s  which were made in  th e  

p r e v io u s  d is c u s s io n  a re  a p p lic a b le  h e r e . However, th e  remarks con

cert ting a&mnisrfc r a t io n  o f  Protfuoon* and t  h i our no 11 do not a p p ly , fo r  th e  

horaones used  in  th e  p resen t t e s t s  were in j e c t e d ,  f  more c o n sta n t nnd 

uniform  l e v e l  can th e r e fo r e  be  assum ed.



i t  i s  apparent from th e  r e s u l t s  o f  th e  f i r s t  t e s t  (T able VI} iim t  

cd d ln g  to  ih© f»ii©r o f  c ir c u la t in g  androgen i ncr©aoed s l i g h t l y  th e  r e 

s i s t a n c e  to  f a t ig u e .  The in c r e a s e  «u* to  t h e  e x te n t  o f  scou t IOC w o »  

i u t i o n s ,  oil th e  a v e ra g e , end i s  th srefo r©  not co n sid ered  t o  feo n aarfctxi 

r e sp o n se , but o n ly  an IndlC A tion th a t th e  t r o u t e m t  iisd. had & fa v o r a b le  

o f f o o t .

The r e d u c tio n  in  thyrc.-14 a ls o  In t m  p re sen ce  o f  added androgen in 

d ic a t e s  th e  e x is t e n c e  o f  a d ir e c t  e f f e c t  o f  androgen on th y ro id  t i s s u e ,

A s im i le r  a c t io n  o f  -the adrenal horjiam s i s  in d ic a te d  by th e  ab s e r r a t io n  

th a t  e x e r c ln e  a lo n e  was fo llo w e d  by & r ed u c tio n  in  th y ro id  w eight* These 

r e s u l t s  are l i k e  th o se  ob ta in ed  a t  h ig h er  ttfidrogen le v e l© , to  be d is c u s se d  

in t e r .  Ho -earpXctnetton can be o ffe r e d  fo r  th e  f a i l u r e  o f  s t r e s s  and eM ro«  

gen  to g e th e r  to  ca u se  th y ro id  w eight r ed u c tio n  In th e  p r e se n t t e s t ,  

a l t  a curb th ey  d id  so  at th e  h ig h er  androgen l e v e l s .

The endrog «tu trea tm en t In t h i s  f i r s t  t e s t  a p p a ren tly  had no o f f s e t

on th e  a b i l i t y  o f  s t r e s s  to  e l i c i t  ed ro n c l im l& rgosiim t.

The fa c t  th a t  th e a b le  gonad was n o t re&uoeu In e l s e  in  th e  p resen ce

o f  0 .0 ?  sag. o f  androgen I n d ic a te s  t e a t  t h i s  l e v e l  was not s u f f i c i e n t  to

cnuite th e  ex p ected  r e p r e s s io n  o f  g o n a d o tro p ic  a c t i v i t y .  The g r e a te r  

t e s t i s  e l s e  in  th e  a n d ro g en -trea ted  group o ver  th a t  in  th e  c o n tr o l group  

r e s . i l t e  fr o n  th e  p r e se n c e  in  th e  t& r m r  group o f  one b ird  w ith  very  la r g e  

t e e t e e .

The o v a r ie s ,  how ever, were in h ib it e d  by androgwtt, in d ic a t in g  th a t  

t h i s  hom ono opposed th e  gon ad otrop ic  n\> I m lu s  on t h e ir  grow th .

The androgen was s u f f i c i e n t  to  s t im u la te  co&b growth in  both  s e x e s ,  

which ©hows th a t t h i s  t i s s u e  i s  very  s e n s i t i v e  to  taale hornume. The 

sm a lle r  s is©  o f  th e se  organs in  th e  p resen ce  o f  e x e r c i s e  1© due to  

dMPigo r e s u l t in g  fro®& tum bling in  th e  e x e r c is e  c s g e e .



§3

In bs&infsing th e d iscu s- io n  on th e  second o f  th e  two t e s t s  in v o lv in g  

fiX -hoFiioR i in j e c t io n s ,  i t  must we eisssphasiiaed th a t ,  s in c e  th e  speed  o f  

r e v o lu t io n  a t which tu e s e  b ird s  wore e x e r c ise d  » es g r e a te r  ( l a  th e  l a t t e r  

r o n e } than th a t employed in  any p rev io u s  t e s t ,  th e  d egree o f  s t r e s s  

rep resen ted  by th e  number o f  r e v o lu t io n s  to  exhaust i s  not e x a c t ly  com- 

p arab le  to  th a t  in  th e p rev io u s  t e s t s  in v o lv in g  Protaaone and t h ia u r a c i l .  

The t e s t  p r e se n t ly  under d is c u s s io n  was th e r e fo r e  not I n i t ia t e d  a s  a 

r e p l i c a t e  u f th e  s t r e s s  a p p lied  In th e  P ro ttu a o n e-th io u rn a il t e s t s ,  or  in  

th e  p re lim in a ry  sex -h orn on e t e s t ,  hut a : an independent t e s t ,  in  t h i s  

resp e c t*  I t  i s  d o u b tfu l, how ever, th a t th e  p h y s io lo g ic a l  resp o n ses  in 

vo lved  a re  d i f f e r e n t  a t th e  d i f f e r e n t  sp eed s o f  r e v o lu t io n , s in c e  th e  

e n d -p o in t was th e  same in  n i l  c a s e s — com plete  exh au stion *  h h ig h  blood  

l a c t a t e  and h igh  oxygen d eb t would be e x p e c ted , th e r e fo r o , to  occu r  in  

a l l  s u b j e c t s .

The r e s u l t s  ob ta in ed  in  th e  second t e s t  (T ab les VIIand V III ; C harts 

1 1 -19  in c lu s iv e )  show th a t  androgen , e s tr o g e n , and gon ad otrop in  onoh 

f a i l e d  to  p r o te c t  n g e ii is t  w e ig h t l o s s  aft-ar. e x e r o is e - a tr e s s *  T h is  

occurred  in  both sex es*  I t  i s  e v id e n t ' th a t  th e  sex -h o ra o a es  d id  not a c t  

on th e  p i t u i t a r y  to  in c r e a s e  s e c r e t io n  o f  grow th h om on a• Jiui tint f a c t  

th a t  th y ro id  e l s e  i s  m arkedly d ep ressed  a f t e r  s t r e s s  and an d rogen s, w h ile  

adrenal s lu e  i s  in c r e a s e d , in d ic a te s  th a t a hormonal in t e r a c t io n  i s  in 

volved* The fo llo w in g  e x p la n a tio n  f o r  th e se  r e s u l t s  i s  o f f e r e e s  th e  

in jec ted , and rogens, and trie a d ren a l hormones g r e e t ly  in crea sed  l e v e l s  

o f  which are  s tim u ln ted  by s t r e s s ,  a c t  to g e th er  upon th e  th y ro id  t i s s u e  

to  iit.iiaulti.ttt i t s  thyroxin©  o u tp u t. T h is  h igh  th y ro x in e  l e v e l  in h ib i t s  

Tdll s e c r e t  io n , r e s u l t in g  in  s e l l e r  th y ro id s*  T his r e a c t io n  i s  most 

marked in  th e  fe m a le s , which d id  not snow t h e ir  u su a l .uarfeed th y ro id



• is ©  s u p e r io r i ty  & f t e r  s t r e s s *  f h i e  i n  a n e t h e r  in d ic a t io n  o f  t h e  g r e a t  e r  

s e n s i t i v i t y  o f  t h e  fem ale th yro id  to  TS-B*

The f a i lu r e  o f  s t l i b r s t r o i  end gon ad otrop in  to  i m i t  e  » th y ro id  else** 

r e d a c t io n  in  a p p a ren tly  r e lu te d  to  th e  f a i l u r e  o f  th e  a d ren a ls  to  mi**

Xaxgre a f te r  s t r e s s  in  th e presen ce o f  th e se  horooro-l • elem ents* However, 

i t  in  p o ss ib le  th a t t h i s  *ppii.r«mi f a i lu r e  In duo r a th e r  to  a co n d itio n  

o f  ndrenftl tmltrgomtmt e x is t in g  in the u n stressed  birds? o f  th ese  groups 

(Chart 181 • T his in  the os;so a f te r  s t l l b e s t r o i ,  so tnat so must conclude  

th a t  t h i s  s y n th e t ic  fem ale  hovuocie eoastifcuted  h sy s te m ic  s t r e s s ,  fit® 

sane thin& i s  tru e  o f  g o n a d o tro p in , though to a l e s s e r  exten t*

f 'he e f f e c t  o f  th e  horstou?*! t r e n ta a n t ,  both  w ith  and w ith ou t s t r e s s ,  

its u& would. be exp ected  in  v i e s  o f  th e d e e r e -^ r lc e  th eory*  in crea sed  

androgen l e v e l s  caused  d ecrea sed  gonad e ls e *  jftiis i s  oeouuse th e  in — 

crea sed  l e v e l s  o f  t h e  gonad al H o jw a e  d ecrea sed  the gon ad otrop in  le v e l*  

i t  i s  noted  th o t ©tree® hmi no e f f e c t s  which a lt e r e d  t h i s  p ic tu re*  ! t e  

th y ro id  e f f e c t s  which n eve J u s t  been d is c u s se d  u r e  post s i d e  because o f  

th e  f a c t  th a t th e  p r e se n t treatm ent in c lu d ed  no a l t e r a t io n  o f  th e  Thii- 

th y ro x in e  b a la n c e , a s  was th e  c a se  in  th e  p rev io u s  t e s t s *  Ho th lo u r & e il  

was p resen t to  in h ib i t  th y ro id  a c t iv i t y *

h» fo r  ooedi s i t e ,  s t r e s s  seewsed unablo to  w od ify  th e  exp ected  r e 

sp on se  a B ter lts lly *  The reduced e l s e  a t  the 0 .7  l e v e l  o f  *y»d regent 

i s  probably due t o damage r e s u l t in g  from  tum bling in  the- e x e r c is e  c a g e s ,  

The d e p r e ss in g  e f f e c t  o f  e t l l b t s t i r e i  on th e  comb# o f  both s e x e s a w ith  

Mid w ithout s t r e s s ,  sa%d con cu rren t w ith  a body w eigh t in c r e a s e , in d ic a te s  

th a t #, s p e c if ic  a c tio n  o f  the humane Is  in v o lv ed , r&ther than the mere 

r e j e c t io n  -of b o d y -s is e  ehuujtes • ;* tila e» tr» X  a p p a ren tly  reauee# gonado

tr o p in  o u tp u t , th ereb y  l im i t in g  andfregea produ ction*



The f a i lu r e  o f  th e comb* o f  b oth  sex e s  to  respond to exogenous gonado* 

tr o p in  a d m in is tr a tio n  in d ic a te s  ( I )  th a t  th e  t e s t i s  d oes n ot respond  

m arkedly to  gon ad otrop in  s t im u la t io n  w ith  g r e a t ly  in c r e a se d  androgen o u t

p u t, w ith ou t th e  p resen ce  o f  an oth er  f a c t o r ,  end {&) ta&t th e  or n r /  U  

r e f r a c t o r /  to  t h i s  treatm en t*  T h is o th er  fa c to r  may be an In crea sed  

output o f  th y ro x in e  and ad ren a l hormone whiuh a c t  to g e th e r  on odd rogea- 

produoing o<fiX«*

The apparent c a r d ia c  e n io r g m e n t a f t e r  stro n g  a t th e 0*7 l e v e l  

o f  androgen la  due to  the g r e a te r  resp o n se  o f  the » l e  h e a r ts  to  e x e r c is e  

s t r e s s *  lhi@  a p p a ren tly  i s  not a s u c c e s s fu l  a d a p ta tio n  to  s t r e s s ,  fo r  

very l i t t l e  enhancement in  exhaust io n  tim e over th e  b a sa l group i s  noted*

In  a d d it io n ,  th e s e  m ales were l e s s  a b le  t o  w ith stan d  s tr o p s  than t h e i r  

com parable fe m a le s . I t  w i l l  be r e c a l le d  th a t  th e  androgen tr e a te d  groups  

had f a t t y  h e a r ts .  Thus th e  n a le  hormone, ae w e ll  as th e  fem ale hormone, 

has e x h ib ite d  n l ip o t r o p ic  a c t io n ,  e s p e c ia l ly  a t  a  low er l e v e l  o f  in j e c 

t io n *  The androgen e f f e c t  was l o c a l i s e d ,  how ever, b e in g  e s p e c ia l ly  

pronounced i n . th e  h e a r t ,  w h ile  th e  s b i ih e a t r o l  induced f a t  d e p o s it io n  

was more g e n e r a l.  The ca rd ia c  fa t  d e p o s it io n  was in c r ea se d  a f t e r  e x er 

c i s e  in  th e  an d rogen -tr e a te d  male* T h is su g g e s ts  th a t ad ren al hormones 

w*y have been in v o lv ed  in  s t im u la t in g  fu t  d e p o s it io n *

In s p i  to o f  th e  ad verse e f f e c t  o f  androgen on th e  m ale h e a r t ,  i t s  

o v e r a l l  e f f e c t  wan to  enhance markedi y  t h e  r e s i s t a n c e  t o  s t r e s s  o f  a l l  th e  

e x e r c is e d  b ir a s  (Chert 1 4 J. However, r e fe r e n c e  to  T able V III shows th a t  

th e  major reason  f o r  t h i s  o v e r a l l  e f f e c t  was not » g r ea t in c r e a s e  in  

m ale r e s is t a n c e  a t o i l  l e v e l s ,  but ra th er  was due t o  such an in c r e a se  on 

th e  p a rt o f  th e  fe m a le s . Wm may p o s tu la te  th e r e fo r e ,  th a t  th e  h ig h er  

androgen t i t e r  in  th e  m ale* e&ased &ore s e r io u s  f a t  damage to  t h e ir  h e a r ts



th an  th a t occurring: In the fe m a le s . T h is e f f e c t  i s  a p p a ren tly  overcome 

by g r e a t ly  In c r e a s in g  th e  androgen l e v e l  & th e  etlanU.fito ry  e f f e c t  o f th e  

hormone on m uscular e f f i c i e n c y  more than o f f s e t s  uny p o s s ib le  *;d vern© 

e f f e c t  on th e  h en rt a t  1*4 sag* o f  androgen* A lso , i t  i s  e v id e n t th a t  

s in c e  th e  f e m U a  la c k  g r e a t  amounts o f  andro*:©tt-pro<luoInr t i s s u e ,  th ey  

n ig h t be ex p ected  to  show a  sharper resp on se  t o  exogenous male s e x -h o m o M . 

T h eir  androgen t i t e r  i s  n orm ally  much fa r th e r  from th e  h y p o th e t ic a l upper 

11 g ilt than i s  th e  male t i t e r .

I t  i s  worthy o f  n o te  in  t h i s  co n n ec tio n  th a t d o u b lin g  th e  amount o f  

androgen in je c te d  (from  0 . 7  mg.  to  1 . 4  ag* } d id  not g r e a t ly  in c r e a se  th e  

r e s is t a n c e  to  s t r e s s .  I t  i s  a p p a ren t, th e r e fo r e ,  th u i p h y s io lo g ic a l  

l im i t s  do e x i s t  na to  th e  resp o n se  which the organism  can suafce to  any 

hoxw m e. lo r  tn e  fo u r-w eek -o ld  ch i o x , t h i s  H a l t  e x i s t s  at ta u t  concen

t r a t io n  produo eh by 0 .7  ag* o f  nnu rog en . f  h i s i s  e s p e c ia l ly  tr u e  o f  

th e  fem ale*

Such p h y s io lo g ic a l  * a e l l in g s "  arc w o il-know n to th e  e n d o c r in o lo g is t .

I t  ia  worthy o f  n o te , how ever, th a t  th ey  p la y  a p a r t in  l im it in g  resp on se  

to  sitrotts, and a ls o  th a t  th ey  are not a p p re c ia b ly  a l t e r e d  by s t r e s s .

The g r e a t  in c r e a s e  in  r e s is t a n c e  t o  fa t ig u e  a f t e r  g'mr-do tr o p in  I® 

e s p e c ia l ly  narked in  th e  m^Xe e , but n ot in s ig n i f i c a n t  in  th e  fem ales*  

ftonstd and comb sis©  in  th e  gon ad otrop in —tr e e  tad  groups do not in d ic a te  

any in c r ea se d  an d rogen ic  a c t i v i t y  b b  a r e s u l t  o f  t h i s  trea tm en t. There  

i s  v ery  l i t t l e  adrenal en largem en t. H earts are m a i l e r  than in  any o th er  

grou p , showing th a t  t h i s  o r g m  Had n o t adapted to  th e  s t r e s s  by e n la r g e -  

Kumt* Thyroid s i s #  i s  l ik e  th a t  o f  th e  o th er  groups in  the t e s t .  I t  

must th e r e fo r e  be concluded, th a t th e  Incroused  r e s is t a n c e  to  s t r e s s  ex

h ib ited . by t h i s  group o f  citiclce in  due to  sone fa c to r  n o t measured in  the



pretient o b se rv a tio n s*  '*h© ;c e s a n c e  o f  o o u ta a in a n ts  In the in j t c t e d  pr% 

p artition  ©rnmot oo ru led  o u t .

S u im a risin g  th e e f f e c t  o f  sex -h o m o n e s  on s tr e s s e d  b ir d s ,  undrogen  

and adrenal haivaonea oauseu in crea sed  th y ro x in e  p rod u ction  in  s tr e s s e d  

b ir d s ,  w h ile  s t l l b e s t r o i  a c ted  hr an sdded s t r e s s .  Gonadotropin caused  

in c r e a se d  s t r ^ s e -r e s i^ t^ n c e , but th e  m echanlsa by which th l»  wag produced  

i s  n o t known. High *uaro£*n l e v e l e  caused f a t t y  i n f i l t r a t i o n  o f  th e  h e a r t ,  

which was not s u f f i c i e n t l y  d a m p in g  to  o f f s e t  the *ar.rkcd s t r e f t s - r e s i s t a a e e  

induced.

H is to lo g y  o f  th e  Adrenal

The o b se r v a t io n s  on th e  normal I'dren&l show th n t th e  m icro sco p ic  

s tr u o tu r e  o f  t h i s  pltovtl in  th e  y o u n g  ch ick  c l o s e l y  resem b les th a t report® ! 

fo r  2^0re  p r im it iv e  f a m e , such  as  th e H ea rd  (8 9 1 . './he “aa-trix** c e l l o

d e scr ib e d  in  th e  p resen t paper nre c o r t i c a l ,  and th ey  surround canny 

sh a rp ly  d i s c r e t e  u n it s  o f  m edullary  c e l l s ,  which a re  saore r e g u la r ly  ar

ranged than has b^en rep orted  for a d u lt  c h ic k e n s .

?he o b se rv a tio n *  on th e  s t r e s s e d  ad ren a l show th » t both w e a u lla  and 

co r tex  respond to  s t r e s s  w ith  hypertrop liy  and h y p e r p la s ia , in c r ea se d  

va& oulurlnation,& nd 1 /o p n o o y tio  in v a s io n . A lthough th e  n a tu re  o f th e  

t i s s u e  r e ls .t io n 8 i.ip s  in  th e  c h ic k  a d ren a l mak# d e f i n i t e  c o n c lu s io n s  

d i f f i c u l t  to  a r r iv e  a t ,  i t  appears th a t  th e  young ch ick  i s  c h i e f l y  de

pendent on  th e  c o r te x  fo r  e t re  iv s -r e s i s ta n c e , but to  a  l e s s e r  d e c re e  than  

a re  Mamanlinn form s, in t e n s iv e  h i s t o l o g i c a l  «ad e y t o lo g le * l  s tu d ie s  are  

needed to  c l a r i f y  t h i s  p o in t .



GOi?CU):,XOMS

T h yrop rote ln  a t v ery  low le v e l c  him l i t t l e  power to  e f f e c t  th e  ac

t i v i t y  o f  th y r o tr o p ic  ho m ono i n  g o ite r o u s  c h ic k s ,  but d o es  p o s se s s  

grow th-st, in*u.la t in y  p r o p e r t ie s .  At h igh  l e v e l s ,  thyjoprotein  i s  nor* ac

t i v e  in  op p osin g  th y r o tr o p ic  hormone than in  a tl«m i& tln y  growth in  th e  

p resen ce  o f  tM o u v w eil*  T h is  m y  be due to  t o x ic  action , o f  t h t o u r c e i l ,  

how ever, T h yrop rote in  p r o v id e s  two unequal e f f e c t s ,  one o f  which la  th e  

o p p o s it io n  o f  th e  th y r o tr o p ic  iiom on e, and tr»a o th e r  o f  which I s  the  

•  tin vo lu tion  o f  m etab olism .

The adrenal g lan d s o f  th e  C lic k  e n la rg e  in  resp o n se  to  s t r e s s ,  and 

t h i s  en largem ent i s  in d ic a t iv e  o f ,  uut not alw ays a l l i e d  w ith , a s u c c e s s 

fu l  r e sp o n se . Thyroxin© a id s  lit th e  r e s is t a n c e  to  s tr e s s *

T hyroxine s t im u la te s  gonadal grow th, w h ile  auurogim and th e  adrenal 

hormones stim u li* te  th y r o id  a c t i v i t y .

androgen in c r e a s e s  th e  a b i l i t y  o f  th e  c h ic k  to  r e c i s t  s t r e s s .  Gonado

tr o p in  a ls o  i s  a c t iv e  in  t h i s  r e s p e c t ,  but th e  mechanism o f  n o t io n  i s  

not a p p a ren t•

The f*i«© o f  en d o cr in e  organs i s  not n e c e s s a r i ly  s. cen su re  o f  t h e ir  

a c t i v i t y .  However, in crea sed  a c t i v i t y  i s  u s u a lly  a s s o c ia te d  w ith  in 

cre a sed  e l s e  o f  th e  a d r e n a ls , th y r o id , and ^ n a d s .

The a d ren a ls  o f  the c h ic k  respond t o  s t r e s s  with, hypertrophy and hy

p e r p la s ia  o f  both  c o r t i c a l  and m edullary e lem en ts , w ith  o v e r a l l  s i s e -  

in ereas©  b e in g  somewhat g r e a t e r  in  th e  c o r te x .

The p i t u i t a r y  o f  th e  c h ic k  i s  cmpnble o f  s e c r e t in g  h ig h  l e v e l s  o f

th y r o tr o p ic  hormone and a d r e n o c o r t ic o tr o p ic  hormone s im u lta n e o u s ly . There

fo r e ,  th e  ou tpu t o f  trny p i t u i t e i y  hormone i s  not n e c e s s a r i ly  c o n d it io n e d
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fey till# output o f  nay etfeor, and i t  1# ii&#ly ilint eo&tvoi # f th« i###i 

o f p itu itary horssoo## fey turgot-giand horaott«» ooo«ur» apart from tfe# 

pitu itary ita a lf .
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D. xt'uV* X

R e p l i e & t e  ife-ufi V a l u e s  o f  Body w e i g h t ,  * n ig h t  o f  - n y r u i d ,  

ad ren a l ,  O o a a d s ,  a n d  OauB, nod M e t i U W i i u  Bate o f  Bow H a m p s h i r e  
C h i o f c v  o r i  l l o r a w i  . D i e t  & nd  o n  5 l e t s  C o n t a i n i n g  I ’h i o u r t i C i l  P i u s  

Grtided Level s o f  Protanone

fh io u ra c i l
0 . 0 0 . 2 U*«' O.H 0.8?

(kan. Protcuaofi«/c*t
o .a 0 . 0 0 .5 1 .0 '"Yfd

HapXIcute Body h e ig h t , G&g.

l 263 *r 11.4 163 * 5*6 250 * 10.4 260 + 14.4 249 -r e
2 350 4 8 . 2 2Q2 * 1 2 . 2 87b * 15.4 299 ♦ 18.8 824 * 1
3 349 ♦ 1 1 . 1 216 7 9.7 821 7  9.1 348 •* 9.8 322 4 I
4 352 4 1 2 . 0 227 ♦ 7.3 2 m  7  13.1 814 *T 11.3 307 4 9
5 307 4 15.8 241 7 2 1 . 1 28? 7  14.9 290 4 6 .3 80S + 1

Replicate Thyto id Weight, £i
1

~ T 18.6 4 1 . 0 79.7 * 3.6 126.0 ■* 30.3 6 8 . 0 * la .  9 1 v . 6 4
2 20.7 •i 2 .3 242.2 - n 5 . 8 888.7 7  49.0 259.b * 51 * 8 67.6 * 2

3 2 2 . u + 1.9 226.5 * 63.1 812.8 ^  34.7 154 . 1 4 15.4 1 1 . 2 4
4 19.3 * 1 . 8 172 . f  7 32.0 206.6 ■* 30.6 lb o .5 ♦ 27.2 2 u .b * i
5 21.3 4 4.1  ..... ■ 185.6 26.2 215.9 +• 36,2 162.6 4 21.9 o8.9 * 1

Replicate
■v

Odrenal * e igh t, % •
1 2b .4 4 3 .0 22 .5  ♦ 1.7 19.9 ♦ 2.6 2 u • 9 + 1 . 0 24.0 ♦ |
2 28.0 ♦ 2 .4 2 6 .CM 1 . 6 23.8  * 7 .8 27.3 * 1 . 0 58.5 4 1

3 29.3 ♦ 1.7 28.4 7 6 « 8 50.3  + 8 . Q ♦ 5.2 25 « 0 4 |
4 33.5 ♦ 2*4 £ 8 .4 > 2 . 0 29.2 * 2 .u 34.5 ♦ 5*4 29.0 4 ;;
5 2o • 7 ♦ 1  • o 25.3 4- 3 .0 27.0  ♦ 2 . 1 30.0 ♦ i . l 27.0 * ]

Replicate Male Gonad height, ;
1  ~~ 48.9 ♦ 8 . 0 8 6 . 6  4 a . 9 6 6 . 8  ^  11.4

....
o3 . 5 <4 9.5 o l . 6 ♦ I

2 70.9 ♦ 7.8 52.3  7 6 .7 6 8 .9  ♦ 8 6 ,7 77.9 4 20.4 • 7 ♦ jy
3 9o.5 ♦ 8 , 8 6 3.4 + 1 0 . 2 94 . 6  ■* 4 .0 06.2 f 10.0 8 8 . 1 ♦ ]
4 78.9 ♦ 5.6 104.1 7 81.1 74.2 7  7 .7 89.6 ♦ 7.2 74.8 4> )
5 54.0 ♦ 8 . 0 64.0  ♦ 4 .8 80.9 7 10.3 8 4 .B ♦ 14.4 b9.1 * i

Replicate Femal e Gonad Reight, iiSL
1 46 . 3 ♦ 5.1 36.2 ♦ i ”.4 4 7 .e _♦ 7.3 52.1 ♦ 4 .2 59.2 ♦ j
2 63.1 ♦ 6 .3 23.6 7 5 .3 46.7  ♦ 8 .5 48 .8 * 2 .8 59.9 4 1
3 70.2 ♦ 7.8 37.2 7 3 .4 55.0  7 6 .0 60 .8 ♦ 3.0 79.0 -7
4 6 9 4 ♦ 4 .0 40.7 T 2 ,8 55.5 + 3 ,4 42.9 ♦ 4 .7 58.0 * 1
5 60.3 * 3.4 40 .0  * 3 .7 56.7  •* 9.1 56.1 ♦ 1 .4 60.7 * I
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,•>2., I (Cont'd)

• e p i i c ^ t e il&le Goab
1 170.2 ♦ 26.1 84,4 * 4.5 154.1 _♦ 4-..0 l6«i • 2 ♦ o4»6 158.5 ♦
2 220.7 ■t 19.7 21 • x •¥ 8.3 lu8.6  + 74.6 1x2.5 ♦ 37.6 143.1 *»•
3 359.3 ♦ 56.6 26 • 8 * 4.2 190.5 ♦ 83.6 ~oo. 9 61.7 599.0 +
4 2,>7.2 + 48.0 : 36.0 * 4.4 122.4 7  15.8 159.6 + 23.5 816. 6 ♦
5 203.0 + 44 * 8 o l.b ♦ l a . 9 18;>.7 ^  19.9 179.1 ♦ 26.0 100.8 -r

.Ictite i'etat.le Ooaib 3©i^in, g*x 52.3 ♦ 9.6 la  • 9 * 1 .4 35.a ♦ 4 .a 43.6 1C 1 .5 49 .6 ♦
2 73.3 ♦ 7.3 20.4 ♦ 3.1 39.0 ♦ 6.1 37.3 * 3.9 o2.7 ♦
3 70.0 ♦ 5.0 24.4 + 3.0 îl .  2 ♦ o .  w 67.1 •*> 7.2 60 . 3 ♦
4 60.3 ♦ 10.6 83.4 ♦ 8.1 40.7 ♦ 3.3 31 .6 ♦ 5.1 47.8 ♦
5 »6.b ♦ 4.1 23.7 ♦ 4.0 34 #4 •» 6.2 53 . 4 ♦ 1 .7 o5.6

1642

P oo led
1843

Metubolic Hate,
«ar>8 286?
1316 1484
53? 699
921! 1195

1283 lfe li

All./Kg./Hr,
2456
1768
1059
1011

If: 73

♦ «>3.7 
**” ] [8? *|f6 o. 0 ♦ 12 ?. 9 

i  f§p2.3 7 HO.2
3^4-.2 ♦ 29.5

2731
1952
960

1256

1274

01 9 ♦ 0.9
7.8
5 .3

or&o .7 ■*• 9.7
52.9  ->■ o.l

+ P
^  f-
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Hepl i c a t e  -Teari Values o f  Body H eigh t, h e ig h t o f  th y r o id ,  
'•drenal, Gonada, Canto, and H eart, end. h e s is ta n c e  to  

Tfccha.untion o f  New Hampshire Chicks Exposed to  s t r e s s  'h ile  
on Normal D iet and on D iets  C ontaining Thiour& cil arid 

Graded L evels o f  Protamone

/o T h iou ru cil
0.2    0 .2  0 . 2   0 .2

Gas. Protumcne/ewt ~
0.0 1.0 1.5 2.0

R e p l i c a t e  body H e ig h t ,  Gas.
1 353 + 16.9 214 ♦ 4.2 319 ♦ 10.9 640 ♦ 11.4 554 ♦ 17.1
2 02 8 ♦ 18.5 240 ♦ 10.2 304 + 11.9 601 ♦ 12.6 273 ♦ 9.8

o u a 24.6 256 + 8.0 318 + l o . l 29a ♦ 16.o 276 ♦ 15.0

Heplicute Thyroid  weight, d g •
1 lo .9 ♦ 1.4 147.5 ♦ 7.2 200,4 ♦ 47.8 145.8 ♦ aO.o 45.8 ♦ 7.6
2 14.5 + 1 .o 172.7 ♦ 18.0 192.0 ♦ 18.4 67.6 + 22.4 37.8 ♦ 8.0
5 17.2 ♦ 1.6 196.2 * 10 . 0 236.3 ♦ 35.4 u7.5 ♦ lo .5 60.1 ♦ 8.7

Rep l i c a t e Adrenal Height, dg.
1 43.9 ♦ 2.6 66.7 ♦ 2.9 58.1 ♦ 5 .5  44.0  ♦ 6.1 46.2 •V 4 .2
11 44.9 ♦ 5 .5 65.2 ♦ 3.6 ^7 . d _+ 4.u 44 .2  7 2.6 54.6 ♦ 2 .2
O 46.8 ♦ 4 .1 4 4 .6 2.4 48.1 ♦ 1 .4  49.4 ♦ 5.9 46.9 ♦ 0 .3

Heplic&te [ a le Gonad w e ig h t ,  Pig.
1 77.9 ♦ 9.5 46.4 + 2.8 67.3 ♦ 5.1 110.8 ♦ 8.7 102.1 ♦ 12.0
2 97.5 ♦ 10.3 6 9.6 ♦ 8.6 90.9 ♦ 8 .7  71.4 7 4.6 59.7 + 1.1
3 67.3 + 4 . 6 90.6 ♦ 8.9 107.5 7 5.1 120.4 ♦ 1!3.0 73.9 ♦ 10.7

Re p lic a te  !'enifcle Gonad /e ig h t , s*g.
1 74.3 + 10.3 39 • 3 ♦ 4.5 64.6 4- 8.1 78.9 ♦ 8.5 71.7 4 15.2
2 69.2 + 0.0 48.1 6.5 7b .6 ♦ 11.8 68.8 + 5.4 58.9 4- 3.5
2 58. 7 + 6.2 49.0 ♦ 4.2 67.0 + 29.1 64.3 4- 10.1 67.0 4 6.4 ,

Replicate Dale Oomb e ig h t ,  Hi . •
1 2 b 2. 3 ♦ 50.5 88.1 * 8.3 165.6 ♦ 36.1 26o .3 + 26.9 274.6 4 46.8
2 886.4 64.6 47.5 + 4 .0 28 b . 9 + 39.9 284.7 4* i i  .b 178.9 + 85.5
3 179.0 37.9 48.4 ♦ 6 .4 208 • b ♦ 38.7 567. b 4 o4*b 214.9 4 61. 3

Replicate Hemale Oomb i*e ig h t , •
1 74.3 13.8 39.6 ♦ 6.6 64.6 + 10.8 78.9 + 16.5 71.7 4 21.3
2 69.2 1.4 40.1 + 1.3 7c.b + 18.8 68.8 ♦ 15 • b 56.9 4 9.1
3 ;>6. 7 * 6 .4 49.0 ■* 1.7 87.0 ♦ B.7.wrr* ... u4 .3

qgaia..
9.1 67.8 4 o.8

OyO

0 .0

67

# £* iy # <

<0* • O tJ » 1

& 3a + lb  .5
881 4 14 .  4
4a 0 2. 1 1 . 7

eiti * fc) +■ 14,0?
17.7 + l b . 7
1 7 . 4 4 4 . ?

34 .1 n o41 (!».«»
** - '• r* e ; ♦ 8 .  c>
4 6 . 4 ^  5 . 0

9 7 . 9 * 8 . 9
7 3 . 4 ♦ 12.1

1 1 8 . 6 * 8 1 . 8

hai ♦ Xw.4* Jiio ♦ ifci.O »>iw * 1 4 .6
«?0c ^  lu .7  294 7.1 899 ♦ 11.5
5Qa i«i.0 271 * 1J.5  299 ♦ 7•£>

2 0 . 0  ^  1 0 . b 3 . 2  ♦ 1 . 3  8 . 2  ♦ 0 . 6
1 1 . 2  *• 2 0 . 4  7 . 8  ^  1 * 4  1 2 * o  -f* 4 . 8

8 . 5  7 0 . 6  1 0 . 5  ^  1 .1  7 .8  7 1 .2

5 9 . 5  + 5 , 4  3 4 . 2  * 3 . 5  0 2 . 9  ♦ 2 .
4».’ .  o ♦ «i . 4  4 a . 6  ♦ 5 . 5  4 1 . 2  ♦ X.
4 o • 9 +■ 4 . 1  4*.'-«0 ♦ >!.8 4 9 . 8  ♦ 2 .

7 2 . 4  ♦ 1 1 * 6  1 1 4 . 0  *• 1 5 . 0  l 2 t > . 9 * 7 . 0
j. . .v. i-..̂ 0. ju 69.**  ̂ 8 .9  9x • 6 ♦ 1 • b
l -w .4  + 10 .9  99*8 ♦ 0 .4  x 02 • 5 ♦ i O . 7

6 5 . 8 ♦ i> • 9 7 0 .  b ♦ a * 8 6 8 .  7
67.1 + 5 . 6 7 0 . 6 + 6 . 9 7 a . 2
7 3 . 1 4 6 a 4 7 1 . 9 ♦ 12  .1 7 0 . 0

4.7 70.9 + 4.1
0.9  / 0 • a * o .o
o.7 62.6 ♦ 9.9

ooB.U ♦ 5o.U 221.5 ♦ 4 4 .o  2o2 .4  * l l o » l  box .0 ♦164.6
1 ♦ fa • 8 280.0 + OU.9 2ss8 .0  ♦ 6 7.3 40o.2 ■* a l • 3

40o.6  ?.0 491.1 ♦ l a .7 %0/ . i  ♦ o o .0 <o54.6  ♦ oo.O

09 .0 .  «”.o / 0 . o ♦ 1 w.4 u9« / t a .9  7u • 9 •#■ o .o
©7.1 _+ 8 . 0  7 0 . 8  _* 0 4 . 7  7 a . 8 £  1 2 . 0  7 0 . 2  7  1 2 . 1
7 0 . 1  •■?■ 4 . 7  / i  . 9  * 7 . 7  7 0 . 0  •» o . 9  8 2 . 8  ♦ 7 . 6



TABLE II (Cont*d)
t>8

Replicate
1
2
3

2.23 «■ U.10 
2.55 ♦ 0 .20  
1.90 _+ 0.10

1.20 ♦ 0.01  
1.42 7  0.10  
1.49 0.10

Heart *» e ig n t , Guts.
2 .14  ♦ 0.20 2.03 ♦ 0.10  
1.85 ♦ 0 .10 1.90 ♦ 0.10  
2.07 + 0.1O 1.89 ♦ 0 .10

2.29 + 0 .10  
l.oO + 0 .20  
1.97 0.10

1.77 ♦ 0.10  
1.81 ♦ 0.10
1.78 ♦ 0.20

1.76 ♦ 0.20
1.76 7  0.30  
1.78 ♦ 0.10

2.01 ♦ 0*30 
1 .83  7  0.30
1.51 ♦ 0.20

1 .94  ♦ 0.10  
1.78  ♦ 0.10  
1.93 *■ 0.10

Replicate
1
2
3

195(15-1005) 
455(30- 975) 
545(45-1905)

Average 
165(15- 945) 
180(30- 495) 
480(60-1455)

^evolutions to  
255(15-1035) 
390(45- 885) 
495(60-1440)

Exhaust (with Range)
420(30-1185) 465(15-1380) 
330(30- 915) 405(45-1035) 
720(45-1575) 7o5 {60-2100)

285(15-1245)
420(30-1860)
6,30(75-1725)

345(15-1200) 
495(15-2925) 
240(60- 525)

210(15- 735) 
375(30-1035) 
495(30-1650)

195(15- 855) 
540(45-1680) 
675(45-1800)

Pooled
M ean 405(15-1905) 355(15-1455) 360(15-1440) 465 (30-1575) 540(15-2100) 435(15-1860) 375(15-2925) 405(15-1660} 465(15-1800}



69

T:\BLK III

Pooled ”!©im Values o f  Body h e ig h t ,  Weight o f  Thyroid, 
and Unstressed New Hampshire Chicks on Woraal Diet find on D iets  c

^dren&l, Gonads, Comb, arid Heart o f  s tr e s se d  
o u t l in in g  Thiouracil Plus Graded he vela  o f  Prota;aoa@

s tr e s s  
Mo c tr e s s

S tr e ss  
Mo O tress

Otress 
Mo otreas

0 .0 0.12 n p

0 .0 3.0 0.5

Stress  9 . 0  H35 + 6 .4
Tio S tress  316* 5.1 *213 * 11.7 Z80 * o .7

16.2+ C.9T* 170.3 * 22.3
20.5* 1.1** 102.0 7  18 .8  206.6 ♦ 17.3

45 • 9+̂  1 .<f * 38.8 + l.o**
26.9* 1 .0 *  25.7 + 0.9** 0o*U + 1.1

81.0+ 3 .4
o 6 .3+ 14.9

o 8.3 ♦ d.Q 
t> 6 .0  + o .7 77.1 + 4 .9

\ Thiour^cil 
0 . 2 0.2

Oms. ‘ r:rot uaone/ 
1 .0  1 .5

aody weight, Cm
518 _+ 6 . 8  314 * 7.7
801 + w.o

Thyroid fe ig h t ,  
2 0 ? .*  4 19 . T  108.8 _+ 15.4  
152.8 7  13 . if

0 .2

2 .0

a.
285 ♦ 18.9  
301 7  7 .0

JS&1
ilto.2  * 4 .7
86. 4 * 9.7

0.2

2.5

0 .2 0*2

5.0 3.5

885 * 7 .6

24.2  4 5 .5

d re n a l h e ig h t , j i g . .,.
4 2 . 7 ^  8.5*'* 45 .7  7  ‘ 2 .2  5?7? ■+ 2 .ff*  89.7 _+ 1 .7
OU.o 7  1.2** 27.5  ♦ 1.1**

y<- hv»<?

67.4 +
82.9 7  4 .4

Sale Gonad 3e ig h t  )jg.
5 .3  1 01 .o ♦ 9 .3  86.7  + 8.'

73.4 -  3 .7
08.5 4 9 .0

895 4 o .5
299 7  5 .7

15.1 4 4 .1
12.7  7  1 .7

285 + 5 .8

7.5 + 0 .0

0 .2

4 .0

803 ♦ 6 .7

9.2 4 1.6

43 .3  4 2.0** 42.4 + 3 .3  48 .8  1 .7
89 .0  7  1.8** ~

96.1 * 8 .0
78.7 7  20.7

9o•5 4 e.O 104.3 4 8 . 6

Stress  
ho S tress

06.0+ 5 .2
61.8+ 2 .9

48 .9  4 5 .3
37.3 7  1 .7 *j1 .6 4 8.'

Female Gomul fcwigttlt. Hg.
mi w i»i»iiw iw '.im i* i ii.iinw>»iiii ■■■ ,nm  ........   i.M a S n i^L ^ aJL

75.1 _♦ 6.4** 71.1 •* 4 .9  H i4 .1  + 3 .8  
58.7 4 2 . 0 ** 61.7 7  2 . 0

70.0 4 3.1 71.2 2 , 4 .7
62.6  4 7 .6

70.5 4 3.1 78.9 4 5 .9

S tress  227.04 27.7 38.8 4 3 .3
!!o S tress  242.6 ♦ 20.2 85.8 4  6 .2  140.4 4 12.8

ital© Comb Weight, Mg.
187.2 _+ 22.1 246.6 _+ 25.5 27T7b ^  80.8 521.7 +_ 25.9
170.2 4 1 5 .3  ' 281.6 7  31.2 ~

500.1 4 43*2 505.8 4 45.6 392.6 j* ®4.6
209.6 t 85 .3  ~  ~

3trees  
Do S tress

73.5+ 7.5
67.27 3 .5

8 6 . 6  4 5 .5
2 1 . 8  7  1 .3 80.8 4 8 .4

Female Comb Peight jx jjfii
78.4 4 5 . B** 85.5 + 9 .9  : 66.5  _+ o .4
45.7  7  2.7** ~  .. 6 8 . 0  4 4 .3

64.4 ♦ 4 .1 09.2  4 5 .2
57.2  4 9 .7

»0.0 4 9*0 o7• 5 >* 3.4

Stress  
Mo S tress

2.16+ 0.09
8.0x7 0.03

1.36 4 0.06**  
1.17 7  0 . 0 2 **

He«rt Weight, Qftg.
8.01 ^  0.07* 1 .9 5 'V 0.08 " 1 .93 4 0.00
1.80 4 0.03"

1.95 + 0.09 1 .93 ^ 0.00 1.79 0.07 1 .83 ^  0 .04  1.8Q j4 0.10 i .0 9  ■* Q.G7
1.94 7  0.002 8.02 7  0 .06 1.91 7  0.04 1.09 7  0 .03  0.09 7  O.Ou 8.03 4 0 .04

’.Difference between these  means s ig n if ic a n t  at l e v e l  ( t - t e s t ).

**Difference between th ese  means s ig n if ic a n t  a t  ip, l e v e l  {t - t e a t \ •
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I f

Fooled Mean V alues  o f  B oa / W eight, »hyrald  - e i g h t ,  end Mrciflfcl 
h e ig h t  o f  Mow Hampshire C hicks on Mom&i B lo t  a n d o n  D ie t s  

C on ta in in g  T h io u r e c i i  F lu e  Graded L ev e ls  o f  Frotataone.
Date, Analysed f o r  th e  l*wo Dex.es S e p a r a te ly

0 .0 0 .2
£  T h io u r a c il

0 .2 0 ., 0 .2
Caw. ProtmitoneTcwt  

0 . 0  0 .5  1 .0

0 .2

!.0 2 .0 3 .0

Average Body W eight, 0ms.
Melee 3 00*12 .8  216^ 8 .7  295*10 .6  314^ 9 .6  306*10 .8  310*8.1

Female© 31 lT  8 .9  200* 7 .5  278* 0 .1  2 9 1 * 3 3 .4  29&T 9 .0  293*8 .0

t i t l e s
Female©

Male©
Female©

Average th y r o id  W eight,
19.1* 1 . 0  17871*26 .3  1 9 3 .1 * 8 8 .1  1 4 0 .7 * 1 6 .2  24 .6*  1 .4  1 0 .9 * 1 .3
21.&* 1 .7  1 7 0 .2 * 2 7 .4  2 2 1 .5 * 2 8 .5  1 6 8 .8 * 1 9 .4  4 9 .6 * 2 0 .2  1 4 .5 * 3 .1

Average Adrenal h e ig h t ,  Wg.
«J*3.Q* 1 • H6.4* A • 7 2 7 .4 *  1 .9  0 3 .0 *  l . f ^  2 9 .4 *  1 .4  «>L.4 * 4 . »f
2 6 .0 *  1 . f* 2 3 .9*  1 .3  24 .9*  1 .4  27.8*' l . f  2 8 .4*  1 .7  2 5 .4 * 1 .7

" D ifferen ce  Between th e s e  fiMMna s ig n i f i c a n t  a t  l e v e l  l a t e s t ) .

•’•D if fe r e n c e  Between these means significant at 1$  levex { t ~ t e s t } .



stales
Females

4ui(*S 
V e m a i e s

Mules
F e tt le s

'lilies 
Peoul @s

Mules
Fmnules

Pooled Mean Values o f  Body he igh t , A/eight o f  th y ro id , Adrenal and M^affty-’dnd 'Exhaustion Time o f Now Hampshire Chicks 
Imposed to S tress  Ahile on Normal D ie t ,  and on Die t Containing Taidurncil Plus Graded Levels of Protamone*

Data analysed for the Two oex*# Separately
*' i : ■
' i _

% Tnlougaoll , J ’
0 .0  _________ _ 0 .2  0 .2__________  0 . 2 ______  0 .2  0 . E   0 .2   0 .2   0 .2

*"* Gaa. I'r t̂iTt-aone/ cwf | ~' 7
0 .0  0 .0  1 .0  1 .0  ~ 2 .0  i 2 .5  3 .0  3 .5  4 .0

Average boay height, &***«( w y
33b ♦ 11.0 220 + 6 .4  31? ♦ 9 .3  52b ♦ 15.5 514 ♦ i .̂3@4 ♦ lb .9  301 ♦ 9.0 295 ♦ 7 .6  309 ♦ 12.3
525 7 12.7  245 7 6.7  315 7 X0.0 503 7 6.1 279 7 1 0 .S.- ; 27$ 7 6 .2  289 7 6.8  278 7  8 .0  296 7 o.b

Average Thyroid oe ig h ty  Mj| .  ?
15.4  ^  i . i  140.8 20.6 165.6 ^  25 .7  102.1 ^  l o . 2 4a.O ♦ ^  16.7  19.6  ^  7 .7  . 9 .5  1*4* 8 .4  t  1 .0
21.1 3.6 229.4 j* 48 .8  241.8  ̂ 3 8 . 4  104.3 7 2o.2  31.7 7  ♦ b.O 10.2 7 1.9  ’ o .6  7  0.9* 10.6  ̂  3.1

Average Adrenal weight, . S i  1
40.6  ♦_ 8.0** 41 .6  ^  2.0* 4 0 . 0 ^  2.6* 50.9  ^  3 .6 *  46 .3  ^  5.7 4 5 .2  *_ 2.3* 47 .4  1.7* 4 5 . 5 *  2 .7  47.6 * 2.0**
39.9 i .o**  33.0  7 3.4* 38.0 2.2* 40 .8  7 1.7* 38.0  7 3 .0  , j* 2.0* 30.9 * 3.4* 40 .3  7 3 .0  38.6 7 2.1**

Average Heart a e ig h t ,  : '
2 . 20 ^  0.04** 1.39 ^  0 .08  2.07 <* 0 .10 2 .07 _♦ 0.14 2.20 ^  0 .14^*1*91 ■* 0.11 1.90 •* 0 .07 2.04 ♦ 0.£2 2.03 ♦ 0.10
1 .87  •* 0.10** 1.31 7 0 .00  1.89 7 0.05 1.80 7  0.05 1.76 0 .0#**$*71 ^  0.10 1.75 7 0.05 1.64 7 0.08 1.77 7 0.09

Average devolutions to ^xhaus4.v:a  
470(15-2070} 281(15-1455} 435 (15-14401 539 (45-^1305 f  605(15-17481 1 5 ^ 1 5 -1 8 6 0 )  477(30-1530) 432(15-1035) 633(15-1800*
237(15-1440) 215(15-1140) 209(15- 825) 371(30-1590) 512(30-21001- 316415-1875) 257(15-1440} 339(30-1650) 282(30-1300}

•d if fe re n c e  between these ^eane s ig n i f i c a n t  at 5>> le v e l  ( t - t e s t }. 

Difference between th ese  means s ig n i f ic a n t  at 1> le v e l  ( t - t e s t }•
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TA&i/i ¥1

Hsan V alues  o f  body “e i g h t ,  h e igh t o f  Thyr.fici, A drenal, Gonads, 
Comb, and H eart , and nxhauetlon  Time o f  s t r e s s e d  and 

U n stressed  Hew Hampshire C hicks I n j e c t e d  w ith  
ikaal i  haount b o f  Androgen

trea tm en t

0 .0 ?  ?!#r. ?Jo
r  e n t r a n t

0 .0 7  % .  An* 
drogen Plua  

n& orcise Ax e r e 13©

301) ♦ 8 .9
body A n ig h t , C m .

oi T in .  3 2u 7  v U .O

Average Thyroid h e ig h t ,
1 3 .7  ♦ 1 .2  1 7 .5  ♦ 0 . 9  1 7 .1  + 1 .3  1 3 .4  ♦ 1 . 2

3 5 •0  ♦ 2.G
Average adrenal  

4 0 .8  * 2 .1 4w .3  ♦ #-*. 0 4 5 . w +

5 7 •o ♦ 1 0 .0
And© Gonad ei* ht

7 o .? 7 0 .3  ♦ 5 .2

Average Fetaale Gonad u e i g h t ,
5 9 .7  + 4.2* 0 o .2  ♦ 4 . 4  5 6 .2  ♦ 7 .9  5 6 .1  * 2*.

Average Hale Oosib h e ig h t .
20 3 .1  ♦ 5 1 .4  2 0 3 .5  ♦ 3 5 .3  1 6 5 .2  ♦ 2 1 .2  1 5 1 .0  * 15.,

Average Fmattlm 0 oab Weight, Mg.
1 0 3 .5  ♦ 9 .9  7 6 .8  ♦ 1 2 .3  9 7 .1  * 1 .1  5 5 .5  ♦ 6 .2

Average  Heart h e ig h t  
1.7X * 0 .0 5  1 .6 3  T o . 05 * 1 .8 9  ♦ 0 .0 6  1 .8 1  * 0 .0 7

Average d e v o lu t io n s  t o  r̂ h fu is t , and Hang#
~~ ~  990(120—351 cT 885(45 -3195)
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TABLE V

Mean Values o f  Body ’weight, Weight of Thyroid, Adrenal, Heart, and 
Injected with Large Amounts o f  Androgen, Estrogen, and Car

Males
Females

0trees

2u 5 ■+ 43 • 4
239 7 10.2

No
S tress

274 j_ 13.2  
272 + 17.7

Males 10.9 _* 1 .0  12.2 ^  0 .7  
Females 16.2 * 3 .0  21.7 •*• 0 .5

Males 52.4 ♦ 3.4* 36.2 ♦ 2 .0  
Females 38.4 ♦ 4.7* 36.3 * 3 .3

0 .7  % . i\ndrogen / 3 l rd__
ho"”’

S tr e s s   S tr e s s _

average Body *f 
278 ■* 9.2** 307 l . o  *™ ~ r
212 _♦ 2.4** 888 ^  12.0

15.8 •¥ 
5 .9  7

3.1* 16.4  * 
2.0* l o .9  +

reatra

en/Blra
iiST

S tresstr e s s

Gm s .

8 * 22.4  
t l  * 15 .3

♦ 18
249 ♦

t i  on fliuQ o f  Stressed arid Unstressed Hew H&apshire Onioas 
□pin* Bata Aoiaiyasd for tee  two sexes  ^©purateAy

iverage Thyroid
jr . 9 i i . 2 i
2 .2  14.5 + 1

i L l r± ii£  *»*#%» S£-
43 .7  4 .2  , 3 6 . 0 ^  0.2** 40.2 ♦ 4 .0  1 SS.7 ^  2 .9
36.8 ♦ 4 .9  52.2 ♦ 1.2** 44.9 ♦ 5 .0  37.0 ♦ 4 .4

0 .7  % . 5a tropen/Bird  
Ho

S tress  S tress

273 ♦ 16 .0  299 * 3 .6
272 7 6.6 305 7 11.2

2° ■■Oonadotropin/Bird
II o‘”'

S tress  s t r e s s

275 ♦ 20.4* 267 * 14.9
209 7 16.5* 262 7 10.3

15 .0  ♦ 3 .6  12.5 _+ 1.7* 16.1 * 4 .2  17.5 * 2 .7
17.2 7 0 .9  21.9 r' 3.2* 10.5  7 1 .8  14.1 7 2 .3

5 3 . 4  ^  2 . 8 *  4 3 . 9  ^
4 0 . 7  * 2 . 0 *  4 4 . 9  ♦

2 . 6  4 2 . 9  ^  1 . 3 *  4 2 . 0  2 . 8 *
2 .0  36.7  7 1.9* 36.1 7  2.0*

Males I.Bu 0 .20 1.86 ■* 0.09  
Females 1.72 ♦ 0 .10  l , o 7  ♦ 0.10

Average Heart" ^ i mht
8.04 ♦ O.iO 1.68 <► 0.20 2.00 ^ I oToIT T JM  j* 0 .10  1.95 jh 0 .10  1.95 ^  0.1 o
i . o a 7 u a o *  1 . 5 7 ^ 0 . 0 ? 1 . 6 0  7  0v08rtA7:.78 7 0 . 1 0  i . 7 i  ^  o.ou i . a s  * o . ic

1 .84  J.iO** l . e o  O.lO 
1.58 ♦ w.iO'"* i..39 + 0.09

1 0 3 0
Males (195-2000) 

918
F eria l e »  ( 2 0 0 - 1 8 4 0 )

Average Revolutions to  JiSSEE
1056 1426

(520-2190) {675-2125)'A;
1351 1286

(1060-1900) {345-2370)' i"

1155 
(560-1970) 

966 
(253-2085)

i*>7?
( 750-2a40| 

182U 
(21U-830UI

* D ifference  between these  male and female means s ig n i f ic a n t  at 
8?l letrel ( t - t e s t ).

• •D ifferen ce  be tw een  t h e s e  m ale  and fe m a le  means s ig n i f ic a n t  a t  
l ' f l e v e l  ( t - t e e t ) .
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PJuAfIS 1

Apparatus Used to  Measure M eta b o lic  B ate  o f  Chicks Fed Normal 
Bat Ion and Bat io n s  Containing; f i l l  o u r a c i l  and Pvotasoone*

1 -  A ir  Pump 

B -  Animal Chamber

3 -  Oxygen Supply

4 -  Soda Lime

5 -  Kymograph

l> ** C o n cen tra ted  H y d r o c h lo r ic  A cid
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PLATE 8

R evolv in g  Cages Used to  S t r e s s  B ir d s  on H om al M e t  
and on D ie t s  C o n ta in in g  T h io u r a o i l  and Prottuaane, 
and B ird s  I n je c te d  With Androgen, E stro g en , and 
G onadotropin.

$!:!’(Iffl 0%
m  i m  ®
®*r m  ms

1 -  B ir d s  were p la c e d  between t h e s e  p la te s #
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