
I N C R E A S E D  R E S P O N S E  ON T H E  C H I C K E N  C O M B  

T O  A N D R O G E N S  A F T E R  C O M B I N E D  A D M I N I S T R A T I O N  

O F  T H Y R O I D  E X T R A C T  A N D  T H E O P H Y L L I N E  

P .  A.  V u n d e r ,  V.  F .  L a p s h i n a ,  
a n d  T .  G.  A n i s h c h e n k o  

UDC 615.357.441.015.2:615.225.2 

Thyroid ex t r ac t  potent iates  while methyl th iouraci l  inhibits the r e sponse  of the chicken comb 
to t e s tos te rone  propionate .  Combined admin is t ra t ion  of thyroid ex t r ac t  and theophylline 
evokes the max imal  r e sponse  to androgens .  Theophylline does not potentiate the r e sponse  
of the comb when methyl th iouraci l  is given, but r a t he r  reduces  it. It is postulated that cy-  
clic adenosine-3 ',5 ' -monophosphate  plays a ro le  in the potentiation of the r e sponse  of the 
comb to androgens  by thyroid ex t rac t ,  whether  alone or  in conjunction with theophylline.  

It can now be taken as es tabl i shed that  the action of many hormones  is effected indirect ly through an 
in t race l lu la r  media tor ,  cyclic  adenosine-3 ' ,5 ' -monophosphate  (CAMP), which is synthesized f rom ATP by 
the act ion of the enzyme adenylcyclase  located in the cell  membrane  [1, 7, 12]. The enzyme phosphodies-  
t e r a se  inact ivates  CAMP and conver ts  it into inactive adenosine-5 ' -monophosphate .  Theophylline has been 
shown to inhibit the action of phosphodies te rase ,  and thereby to potentiate and s imula te  a number  of hor-  
monal effects .  Because  of this p rope r ty  theophylline has been used to demons t ra te  the par t ic ipat ion of 
CAMP in var ious  hormonal  r eac t ions .  

Invest igat ions have shown that the r e sponse  of the chicken comb to endogenous and exogenous a n d r o -  
gens is inhibited in the absence  of thyroid hormone [2-4 ,  11] and potentiated by admin is t ra t ion  of thyroxine 
[4, 5]. Thyroid ex t rac t ,  if given together  with methyl thiouraci l  (MTU), not only abol ishes  the inhibitory ef-  
fect  of the inhibitor of thyroid function on the response  to androgens ,  but potent iates  this r e sponse  [2]. It 
has  been  concluded that thyroid hormone  is essen t ia l  for the normal  r e sponse  of the comb to androgen [4]. 
However ,  the m e c h a n i s m  of this effect  of thyroid hormone on the response  of the comb to androgens has 
not been d i scovered  [3]. 

The object  of the invest igat ion descr ibed  below was to study the ro le  of CAMP in the mechan i sm of 
the effect  of thyroid hormone  on the r e sponse  of the comb to androgens .  The act ion of theophylline on the 
comb response  and on the abil i ty of thyroid ex t rac t  to potentiate,  and of MTU to inhibit this r e s p o n s e ,  was 
also studied. * 

E X P E R I M E N T A L  M E T H O D  

Exper iments  were  c a r r i e d  out on 5-day chickens of the Russian White b reed .  Altogether  five s e r i e s  
of exper imen t s  were  p e r f o r m e d  on 414 chickens.  The effect  of theophylline, thyroid ex t rac t ,  MTU, and 
theophylline in conjunction with thyroid ex t r ac t  o r  MTU on the response  of the combs to t es tos te rone  p r o -  
pionate was studied.  The androgen was injected in t r amuscu la r ly  once a day in a dose of 100 #g for  9 or  10 
days.  An aqueous solution of theophylline was injected into the c rop  three  t imes  a day in a daily dose of 
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TABLE 1. E f f ec t  of Theophy l l i ne ,  T h y r o i d  E x t r a c t ,  and  a C o m b i n a -  
t ion  of Both  on the R e s p o n s e  of Ch icken  Combs  to T e s t o s t e r o n e  
Propionate 

Z Natuxe of treatment ~ 

1L 

6 

No treatment 

Theophylline 
Androgen 9 days 
Androgen + ~eophylline 
Androgen + thyroid ex- 

tract 9 days 
Androgen + thyroid ex- 

tract trom ttieophyl- 
line 9 days 

Mean weight of comb 

in mg in mg/100 g body weight 

17 

I6 
16 
16 
15 

10 

7,9-+0,5 

10,5-+0,9 Pl,e<0,001 
98,5~7,7 

117,5-- 11,6 P3, a> 0,05 
132,1~9,6 Pn.5 <0,01 

213,1~2,2 Ps,0 <0,001 

20,4-+1,2 

24,9-+2,2 P1,2> 0,05 
236,0 -+- 12,8 
281,1-+20,0 Pa. 4>0,05 
316,8-+23,5 Pz,~<O,Ol 

491,0-----72,5 Ps,s<0,05 

1 No treatment 23 10,96-+0,8 31,6--+2,5 

II Androgen+thyroidextractAndr~ 9 days 19 186,4--+13,1 483,1-+37,6 
Andro-en + fliyroid ex- 28 216,5~22,6 P2 8>0,05 580,5+62, 0 P2 ~>0,05 

4 g 27 308,9~24,0 P3',4 <0,01 858,0-+59,0 P~',4<O,Ol 
~aCtdaysfrOm ~eophylline 

1 i No treatment I 20 17,8-+0,9 31,2---1,4 

f 

| 

308,7 -4-18,8 
III 340,0-+29,3 Pc,3>0,001 

188,3-+ 11,3 
197,7~ 16,1 P2,a>O,05 

253,0 + 16,9 Pe,~<O,O01 

Androgen 9 days 
Androgen + th6ophylline 

(la}rs 
Thyroid extract 16 days, 

with addition of and 
drogen starting on 8th day 

ThyrSid extracg 16 days,- 
with addition of andro- 
gen + theot~hvlline 
starting on 8t~ day 

19 
22 

20 

20 337,9+24,8 P4,~<O,OI 

443,0+23,3 P2,4<0.001 

637,5"-"43,6 P4,.~<O,O01 

3 - 4  mg p e r  ch i cken ,  a l s o  fo r  9-10 d a y s .  T h y r o i d  e x t r a c t  was  i n j e c t e d  into the  c r o p  twice  a day  in a d a i l y  
dose  of 10 my,  and  MTU was  g i v e n  tw ice  a day  in a dose  of  8-10 m g  p e r  ch i cken  for  9, 16, o r  19 d a y s .  At  
the  end of the e x p e r i m e n t  the  c h i c k e n  c o m b s  w e r e  e x c i s e d  a t  the b a s e  and w e i g h e d .  

In one e x p e r i m e n t  the  h y a l u r o n i c  a c i d  con ten t  in the  c o m b s  was  i n v e s t i g a t e d  v i s c o s i m e t r i c a l l y .  The 
c o m b s  f r o m  the ch i ckens  of  e a c h  g r o u p  w e r e  poo led ,  d e h y d r a t e d ,  a n d d e f a t t e d  wi th  a n h y d r o u s  a c e t o n e ,  and 
we ighed  s a m p l e s  of  t h e m  (150 mg) w e r e  then  e x t r a c t e d  with  10 ml  d i s t i l l e d  w a t e r  on a bo i l i ng  w a t e r  ba th  
for  1 h. The e x t r a c t s  w e r e  c e n t r i f u g e d  and  e x a m i n e d  v i s c o s i m e t r i c a l l y .  The v i s c o s i t y  of the e x t r a c t s  o b -  
t a i n e d  r e f l e c t e d  m a i n l y  t h e i r  con ten t  of  h y a l u r o n i c  a c i d ,  i . e . ,  to s o m e  ex t en t  t hey  r e f l e c t e d  a l s o  the r e s p o n s e  
of  the  c o m b s  to the a n d r o g e n  [6, 9]. 

The s t r u c t u r e  and r e s u l t s  of the  i nd iv i dua l  e x p e r i m e n t s  a r e  p r e s e n t e d  in T a b l e s  1 and 2. 

E X P E R I M E N T A L  R E S U L T S  

The r e s u l t s  in Table  1 show tha t  a d m i n i s t r a t i o n  of  t heophy l l i ne  c a u s e d  a s m a l l  i n c r e a s e  in the  a b s o -  
lute  we igh t  of the  c o m b s  (groups  1 and 2) and  a s m a l l  bu t  not  s t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  in the  r e -  
s p o n s e  of the  c o m b s  to t e s t o s t e r o n e  p r o p i o n a t e  ( e x p e r i m e n t  I, g r o u p s  3 and 4). In a l l  t h r e e  s e r i e s  of e x -  
p e r i m e n t s  t h y r o i d  e x t r a c t s  p o t e n t i a t e d  the  r e s p o n s e  to a n d r o g e n s  a s  in the  w r i t e r ' s  p r e v i o u s  e x p e r i m e n t s  
(in two e x p e r i m e n t s  th i s  i n c r e a s e  was  s t a t i s t i c a l l y  s i g n i f i c a n t ) .  T he ophy l l i ne  g r e a t l y  p o t e n t i a t e d  th is  a c -  
t ion  of  t h y r o i d  ( e x p e r i m e n t  I, g r o u p s  5 and 6; e x p e r i m e n t  II ,  g r o u p s  3 and 4, and  e x p e r i m e n t  HI, g roups  4 
and 5). The v i s c o s i t y  of  the  e x t r a c t s  of  the  c o m b s  of  the  ch i ckens  r e c e i v i n g  a n d r o g e n  was  1 .2 ,  of those  r e -  
c e iv ing  a n d r o g e n  wi th  t h e o p h y l l i n e  1 .20,  and  of  t h o s e  r e c e i v i n g  a n d r o g e n  and t h y r o i d  e x t r a c t  1 .39.  The v i s -  
c o s i t y  of  the e x t r a c t s  of  c o m b s  f r o m  c h i c k e n s  r e c e i v i n g  a n d r o g e n  t o g e t h e r  wi th  theophy l l ine  and  t h y r o i d  
e x t r a c t  was  the  h i g h e s t  of a l l  (1.70), i n d i c a t i n g  an  i n c r e a s e  in t h e i r  h y a l u r o n i c  a c i d  con ten t ,  i . e . ,  a s t r o n g e r  
r e s p o n s e  of the  ch i cken  c o m b s  to t e s t o s t e r o n e  p r o p i o n a t e .  
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TABLE 2. Effect  of Theophylline on Response of Comb of Hypothy- 
roid Chickens to Tes tos te rone  Propionate 

gxperi- ~ - 

ment NO. ~ ~ 

1' 
I 

4 

1 

Nature of .treatment 

No trea~nent 

Androgen 9 days 
MTU 16 days, with additional an- 

drogen starting on llth day 
MTU 19 days, with additional an- 

drogen + ~eophylline starting on 
11tti day 

IINo treatment 

Androgen 9 days 
MTU 16 days, with additional an- 

drogen starting on 8th day 

MTU 16 days, with additional an- 
drogen + theophylline starting on 
8th-day 

4 

in mg I in rag/100 g 
body weight 

17 

19 
28 

21 

20 

19 
20 

21 

15,8-+ 1,8 

173,6-+ 17,5 
43,2-+ 8,1 
P~,3<O,O01 
39,6-+5,2 

Ps,4>O,05 

17,8-+0,9 

188,3-+11,3 
74,5-+ 12,0 

P2,3<0,001 
43,1-+4,2 

P3,4<0,05 

27,7~2,2 

310~23,2 
73,2-+ 14,8 

P2 3<0,001 
76,7= i0 

Ps, 4>0,05 

31,2-+1,4 

308,7 -+ 18,8 
124,2 +- 18,3 

P~,3<0,001 
79,8~9,5 

P3,4<0,05 

During admin i s t r a t ion  of MTU, inhibiting thyroid function, the response  of the chicken combs to tes t -  
os te rone  propionate was cons iderably  weakened (Table 2), in conf i rmat ion of e a r l i e r  findings. Additional 
admin is t ra t ion  of theophylline to the hypothyroid chickens not only did not potentiate the i r  r e sponse  to 
androgens ,  but in expe r imen t  II it weakened it st i l l  fur ther  (compare groups 3 and 4). Theophylline thus 
s t imulated the r e sponse  to androgens only in the p resence  of an excess  of thyroid hormone .  

These expe r imen t s  with theophylline suggest  that potentiation of the comb re sponse  to androgen~ by 
thyroid hormone  may  be due to par t ic ipat ion and mobil izat ion of CAMP. By inhibiting phosphodies te rase ,  
theophylline thereby faci l i ta ted the accumulat ion of CAMP, which led as a r e su l t  to potentiation of the thy- 
roid effect .  If this hypothesis  is t rue,  the inhibitory action of MTU on the chicken comb re sponse  to a n d r o -  
gens can be explained by a d is turbance of CAMP synthesis  in the comb in the absence  of thyroid hormone,  
with resul t ing  inhibition of the development  of the response  to androgens.  

This suggested explanation of the phenomenon of potentiation of the chicken comb re sponse  to a n d r o -  
gens desc r ibed  in this pape r  could be  tes ted  by determining the CAMP content in the chicken comb d i rec t ly  
under  appropr ia te  expe r imen ta l  conditions.  

5.  

6. 
7. 
8. 
9. 

10. 

11. 

12. 

L I T E R A T U R E  C I T E D  

1. O . A .  Virovets ,  Uspokhi Sovr. Biol. ,  65 ,384  (1968). 
2. P . A .  Vunder,  Probl .  ]~ndokrinol., No. 4, 30 (1957). 
3. P . A .  Vunder, Probl ,  ]~ndokrinol., No. 3, 34 (1963). 
4. P . A .  Vunder, A. D. Gorbaeheva,  V. Po Ermol in ,  et  al . ,  Byull. t~ksperim.  Biol. i Med., No. 8, 93 

(1969). 
B. B. Bl iva i ss ,  Physiol .  Zoot.,  20, 67 (1947). 
N. F. 

R . W .  
R .W.  
A . W .  
R . E .  
D . M .  
E . W .  

Boas ,  J.  Biol. Chem.,  181,573 (1949). 
Butcher ,  New Engl. J .  Med., 279, 1378 (1968). 
Butcher  and E. W. Sutherland, J .  Biol. Chem.,  237, 1244 (1962)~ 
Ludwig and N. F. Boas ,  Endrocr inology,  46.__, 291 (1950). 
Maneini, D. Brandes ,  A. Por te la ,  et alo, Endocrinology, 67__, 430 (1960). 
Mor r i s ,  Endocrinology,  48 ,257  (1951). 
Sutherland,  G. A. Robison, and R. W. Butcher ,  Circulat ion,  37___, 279 (1968). 

842 


