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Effect of heat stress and DHT on thyrotropin (TSH) and thyroxin (T-4) serum level 

EXPERIENTIA 27111 

Group Treatment Body wt. Body wt. TSH T-4 Total Mortality 
No. DHT on day of start on day of end levels of serum levels of serum plasma Ca++ (%) 

and temperature (g) (g) (mU/ml) (Ixg[100 ml) (mg/100 ml) 

1 Control 44 4- 5 120 ~ 6 1.0 ~ 0.04 2.5 -~ 0.1 10.3 =h 0.1 0 
22 °C 

2 DHT i.p. 22°C 45 ~ 5 125 ± 5 2.1 ~ 0.06 5.94 ~ 0.029 • 10.6 4- 0.1 0 
500 ~g/kg/day 

3 Control 45 -P 5 70 ~ 10 1.3 4- 0.2 1.1 ~ 0.03 • 10.5 ± 0.2 60" 
34°C 

4 DHTi.p. 34°C 45 4- 5 110 ~ 5 1.9 4- 0.3 2.3 4- 0.12 • 10.5 -I- 0.1 0 
500 [zg/kglday 

5 Control 45 4- 5 47 ± 5 0.1 4- 0.2 • 0.42 ! 0.02 ~ 10.4 4- 0.2 100" 
37°C 

6 DHT i.p. 37°C 454-5  50-t- 3 0.5 4- 0.1" 0.924-0.05" 10.54-0.1 0 
500 [xg/kg]day 

Each of the 6 groups consisted of 12 male rats. Group 1-4 was 21 days old when treatment started and 42 days old when stopped. Group 5-6 
was 21 days old when treatment started and had to be killed after 4 days because of imminent death of the control group. (Means ± S.E.M.). 
*Significant (P < 0.001). 

~ALOGH e t  al. ~ and  BAJuSZ 7 found  high B M R  levels in 
ra t s  k e p t  a t  t e m p e r a t u r e s  above  33 °C. Our f ind ings  of low 
T-4 levels a t  h igh  t e m p e r a t u r e s  m a y  exp la in  t he  h igh  
m o r t a l i t y  a t  these  t e mpe ra tu r e s ,  as the  ra t s  c anno t  t h e n  
cope wi th  the i r  h igh  metabo l ic  ra te  while lacking enough 
T-4 tor  nega t ive  feedback.  I t  is, therefore ,  sugges ted  t h a t  
a cer ta in  o p t i m a l  level of T-4 is a p re requis i t e  for surviva l  
of an imals  a t  h igh  t empe ra tu r e s .  This  view is also based on 
the  r a t h e r  h igh  T-4 levels in t he  cont ro l  r a t s  k e p t  a t  
34°C (group 3), which  could  a d a p t  t hemse lves  to  heat ,  
whereas  t he  con t ro l  ra t s  k e p t  a t  37°C (group 5) d ied 
ear ly  showing  e x t r e m e l y  low T-4 levels. No s igni f icant  
d i f ference  could be de t ec t ed  be tween  the  T S H  levels a t  
22 °C and  34 °C (groups 1 and  3), whi le  a h igh ly  s igni f icant  
d rop  in p l a sma  T S H  was  no t i ced  a t  37 °C (group 5) as 
c o m p a r e d  w i t h  t h e  former .  This  d rop  in T S H  a t  37 °C 
was p a r t l y  se t  off  b y  D H T  in jec t ions  (group 6). The  
quan t i t i e s  of D H T  in jec ted  in th i s  e x p e r i m e n t  (500 ~xg/ 
kg/day)  d id  n o t  a f fec t  p l a s m a  Ca levels. Still,  D H T  
increased  b o t h  T S H  and  t h y r o x i n e  levels a t  al l  3 exper i -  
m e n t a l  t e m p e r a t u r e s  t es ted .  This  increase was s igni f icant  
in sp i te  of t h e  s teep  d rop  in b lood  T S H  and  t h y r o x i n e  
o b t a i n e d  a t  37°C. Th is  shows t h a t  the  t h y r o x i n e - T S H  

nega t ive  feedback  is p a r t l y  impa i red  by  an a m b i e n t  h e a t  
of 34 °C and  comple te ly  abol ished a t  37 °C. 

Zusammenfassung. D e h y d r o t a c h y s t e r o l  (DHT 500 ~g/ 
kg/24 h) e rh6h t  den  T SH- und  T-4-Spiegel  in R a t t e n s e r u m  
bei no rma len  und  hohen  Tempera tu r en ,  ohne  den Calcium- 
Spiegel zu ver / indern,  und  ve rh inde r t  den Tod von Ra t t e n ,  
die bei 34 ° oder  37 °C geha l ten  werden .  Das  1]-berleben 
der  R a t t e n  nach  D H T - I n j e k t i o n e n  erkl~r t  sich du rch  
e rh6hte  T-4-Produk t ion ,  die e inen nega t iven  ,Feedback~ 
auf den H y p o t h a l a m u s  aus i ib t  und so die le tha le  Ober-  
p r o d u k t i o n  yon  T S H  ve rh inde r t .  
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E f f e c t  o f  Decreased Dietary Prote in  upon M a m m a r y  Gland Growth  in R a t s  

E x p e r i m e n t a l  and  clinical s tud ies  h a v e  shown t h a t  
chronic  and  acu te  s ta rva t ion ,  caloric res t r ic t ion,  v i t a m i n  
a n d  minera l  deficiencies a l ter  the  func t ion  of endocr ine  
glands.  Res t r i c t ed  food in take  resul ted  in reduced  ac t iv i ty  
of t h e  t h y r o i d  gland1, ~. SINGH et al a. r epo r t ed  t h a t  
decreased  d i e t a ry  prote in ,  i.e., p ro te in- f ree  died and  5% 
pro te in  diet ,  r educed  t hy ro id  ho rmone  secre t ion  r a t e  
(TSR) in rats .  I t  has  also been  r epo r t ed  t h a t  absence  of 
d i e t a ry  p ro t e in  caused decrease in F S H  secre t ion  which  
even tua l ly  af fec ts  es t rogen and  p roges te rone  secret ion.  
Several  workers  4-~ have  shown  t h a t  t h y r o i d  h o r m o n e  
admin i s t e r ed  in i n t a c t  ra t s  or ovar iec tomized  ra ts  t r e a t e d  
wi th  es t rogen  and  p roges te rone  increased the  a m o u n t  of 
m a m m a r y  gland growth.  Es t rogen ,  p roges te rone  and  
pro lac t in  are t h e  ma in  ho rmones  essent ia l ly  requi red  for 
m a m m a r y  g land  deve lopmen t .  In  t he  p re sen t  s tudy,  t he  

effect  of decreased  d ie t a ry  p ro t e in  upon  m a m m a r y  g land  
g r o w t h  b y  D N A  es t ima t ion  has  been  s tudied .  

Materials and melhods. 106 v i rg in  female  ra t s  (approxi-  
m a t e l y  70 days  old) of t he  Sprague-Dawley  Ro l f smeye r  
s t ra in  (purchased  f rom Ro l f smeye r  Co., Madison,  ~Vis- 
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Groups Treatment No. of Body weight (g) Dry fat-free DNA/mg DFFT Total DNA 
animals Initial Final Tissue 4- SE Mean 4- SE Mean 4- SE 

(mg) (~tg) (mg) 

Change over 
control 
Total DNA (%) 

1 Control 20 242 266 967.4 :J: 62.1 19.8 -t- 0.5 19.0 -t- 1.1 

2 Protein-free diet 17 256 187 480.2 4- 36.2 32.9 4- 0.5 15.1 4- 0.9 • -20.5 

3 Protein (5%) 19 237 217 591.6 4- 40.3 27.6 + 1.7 16.1 -4- 1.3 b -15.3 

4 Protein (10%) 18 244 246 745.5 -/- 40.1 26.8 -1- 1.6 19.4 4- 1.1 2.1 

5 Protein (15%) 16 258 267 782.7 4- 5.2 25.6 4- 1.8 18.8 4- 0.6 - 1.1 

6 Protein (20%) 16 241 261 849.1 ± 35.8 22.8 4- 1.1 19.2 4- 1.1 1.0 

Significance from control using Student's t-test. DFFT, dry fat-free tissue. SE, standard error. • P < 0.0Ol. b p < 0.05. 

consin) were m a i n t a i n e d  unde r  a un i form t e m p e r a t u r e  
(25 4- 0.5°C) wi th  14 h l ight  and  10 h darkness .  R a t s  
were  d iv ided  r a n d o m l y  in 6 groups,  16-20 in each group 
(Table). R a t s  were  m a i n t a i n e d  on g raded  level of p ro te in ;  
1. Pu r ina  Lab  chow (23.4% protein) ,  Control  group;  
2. p ro te in- f ree  diet ;  3. 5% p ro t e in  d ie t ;  4. 10% pro te in  
d ie t ;  5. 15% pro te in  d ie t ;  and  6. 20% pro te in  diet .  They  
were  given wa te r  ad l ib i tum.  Deta i l s  of compos i t ion  of 
d ie t  has  been  descr ibed  e lsewhere  3. The  ra t s  were ovariec-  
tomized  and were al lowed 14 days  for recovery,  t hen  were 
in jec ted  wi th  2.0 IAg estradiol-17fl + 6.0 mg proges te rone  
dissolved in 0.5 rnl sesame oil da i ly  for 19 days.  The 
p ro t e in  die t  was con t inued  dur ing  th is  per iod.  They  were  
sacrif iced by  decap i t a t i on  and  6 abdomina l - ingu ina l  
m a m m a r y  glands  were r emoved  and  p laced  in sepa ra te  
beakers  in t he  deep-freeze  a t - 2 0  °C for a t  least  a week to 
reduce  all ac t iv i t i t ies  of the  enzyme,  deoxyr ibonuclease .  
The g lands  were  ex t r ac t ed  in 95% alcohol for 8 h and  
t h e n  r e - ex t r ac t ed  wi th  f resh alcohol for 6 h. The g lands  
ex t r ac t ed  w i t h  alcohol  were t h e n  ex t r ac t ed  wi th  e the r  
for 8 h. Dry  fa t - f lee  t i ssue  (DFFT)  was weighed on a 
prec is ion  balance.  The  ba lance  was sensi t ive  to  0.01 rag. 
D N A  was  d e t e r m i n e d  by  the  m e t h o d  of WEBS and  
LEVY 7 using h igh ly  po lymer ized  D N A  as a s t a n d a r d  
(Nutr i t ional  Biochemica l  Corp.). The  a s s u m p t i o n  here  is 
t h a t  t he  cells are mononuc l ea r  and  the  D N A  is ind ica t ive  
of n u m b e r  of cells. The  d a t a  were  ana lyzed  by  S t u d e n t ' s  
t- test .  

Results and discussion. The m e a n  to ta l  D N A  of the  
group receiving a p ro te in- f ree  die t  and  5% pro te in  die t  
d i f fered s ignif icant ly  ( P  < 0.001, P < 0.05, respect ively)  
as c o m p a r e d  to  t he  contro l  group.  W i t h  increase in 
pe rcen tage  of p ro t e in  in the  diet ,  t he  m a m m a r y  gland 
g r o w t h  was  no t  reduced  as ind ica ted  by  D N A  es t imat ion .  
No decrease  in b o d y  we igh t  was observed  w h e n  10% or 
more  p ro te in  was  fed in the  d ie t  (Table). If  t h e  reduc t ion  
in D F F T  in the  pro te in- f ree  die t  was due  solely to  loss 
of cells, t h e n  the  D N A / m g  D F F T  should be the  same as 
the  cont ro l ;  however ,  i t  is decreased s ignif icant ly  ( P  < 
0.001) sugges t ing  t h a t  in add i t i on  the re  was loss of non-  
D N A  cellular mater ia l .  W i t h  increas ing pro te in  in the  
diet ,  the re  is a s t e a d y  decrease  in t he  loss of n o n - D N A  
cellular ma te r i a l  as ind ica ted  by  D F F T  and  decreas ing 
D N A / m g  D F F T  rat io .  

I t  has  been  sugges ted  t h a t  obse rved  va r iab i l i ty  in 
no rma l  and  e x p e r i m e n t a l  m a m m a r y  gl~md g rowth  m a y  
be due, in par t ,  to  s u b - o p t i m a l  endogenous  secret ion 
ra te  of h o r m o n e s  which  s t imu la t e  m a m m a r y  gland 
growth .  GRIFFITH and  TURNER 4 repor ted  the  inf luence of 

t h y r o x i n e  upon  m a m m a r y  gland g rowth  of p r e g n a n t  ra t s  
and  has  shown increased mean  D N A  by 22%. NELSON 8 
c o m p a r e d  the  effect  of d i f ferent  levels of d ie t a ry  casein 
on the  l ac ta t iona l  pe r fo rmance  of ra t s  as judged  by  the  
n u m b e r  of young  weaned  and  we igh t  changes  in the  d a m  
and  pups.  P r e g n a n c y  was  m a i n t a i n e d  in the  absence  of 
d i e t a ry  p ro te in  in all an imals  in jec ted  wi th  b o t h  es t rone  
and  p roges te rone  s. In  adu l t  rats ,  the  absence  of d i e t a ry  
p ro t e in  resu l ted  in a m o d e r a t e  increase in t he  h y p o p h y s e a l  
c o n t e n t  of F S H  and  ICSH,  whereas  t he  an te r ior  lobes of 
young  ra ts  were  m a r k e d l y  dep le ted  of b o t h  h o r m o n e s  1° 
An increase in d i e t a ry  p ro te in  resul ted  in increased mi lk  
yield bu t  wi th  no s ignif icant  changes  in pe rcen t  p ro te in  in 
t he  milk  n .  Several  expe r imen ta l  obse rva t ions  ind ica te  
t h a t  the  t hy ro id  hormones  can inf luence p ro lac t in  secre- 
t ion.  The  galactopoie t ic  actionl~, lobuloalveolar  develpo-  
m e n t  of m a m m a r y  gland xa, m a y  be par t i a l ly  t he  resul t  
of synergis t ic  effect  b e t w e e n  pro lac t in  and  thy rox ine .  
R e c e n t l y  we n have  r e p o r t e d  t h a t  p ro te in - f ree  and  5% 
pro te in  d ie t  caused  decreased T S R  and  food consumpt ion .  
I t  is cons i s t en t  wi th  the  f ind ing  of decreased  m a m m a r y  
g land  D N A  a t  t he  same level. The d a t a  ob ta ined  in t he  
p r e s e n t  e x p e r i m e n t  also suggests  t h a t  10-20% pro te in  in 
the  d ie t  is able to  ma i n t a i n  body  growth .  

Zusammen/assung. Nachweis ,  dass  der  gesamte  DNS-  
Geha l t  in der  Brus tdr i i se  bei  Tieren mi t  pro te inf re ie r  
oder  5 %iger  P r o t e i n n a h r u n g  im Vergleich zu der  Kont ro l l -  
g ruppe  he rabgese t z t  ist. Wird  Pro te in  in der  N a h r u n g  
urn 10-20% erh6ht ,  so ble iben D N S - G e h a l t  und  K6rper -  
w a c h s t u m  kons t an t .  
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