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Effect of Giving Insulin and Adrenalin Altemately on Changes 
in the Level of Blood Glucose in Chickens of Different Breeds 
A . H .  Swie rg i e l  and A. Kol~taj 
D e p a r t m e n t  of Phys io log i ca l  Tra i t s  I nhe r i t ance ,  Ins t i tu te  of Gene t i c s  and Animal  Breed ing  of the Po l i sh  Academy  
of S c i e n c e s ,  / a s t r z ~ b i e c  (Poland)  

S u m m a r y .  D i f f e r e n c e s  in r e a c t i o n  to exogenous insul in  and adrena l in  were  s tudied among ch ickens  of ' L e g h o r n ' ,  
'Whi te  Rock '  and 'Rhode  Is land R e d '  b r e e d s ,  us ing l eve l  of blood g lucose  as ind ica to r  of the r e a c t i o n  to h o r -  
m o n e s .  It was found that:  1 . )  The phys io log ica l  quanti ty of g lucose  in blood in ch ickens  of the t h r e e  b r e e d s  r a n g -  
ed f r o m  157 to 194 mg ~. 2. ) The r e a c t i o n  of ch ickens  to insul in  and ad rena l in  g iven a l t e r n a t e l y ,  m e a s u r e d  by 
changes  of blood g lucose ,  d i f f e red  acco rd ing  to the b r e e d .  The s m a l l e s t  r e a c t i o n  to h o r m o n e s  was in ' L e g h o r n ' ,  
the b igges t  in 'Whi te  R o c k ' .  3. ) The ch ickens  of ' L e g h o r n '  and 'Rhode  Is land Red '  b r e e d s ,  as  well  as  'Leg -  
ho rn '  and 'Whi te  Rock '  b r e e d s ,  d i f f e red  s ign i f ican t ly  in max ima l  g lucose  leve l  a f t e r  ad rena l in ,  4 . )  The c o r r e -  
la t ion be tween the n o r m a l  quanti ty of blood g lucose  and the body weight of b i rds  appeared  highly s igni f icant  in 
c o c k e r e l s  of a l l  t h ree  r a c e s  combined .  
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In t roduct ion  

The determination of a close relationship between 

utilitarian and biochemical features would help selec- 

tion criteria to be more objective and make exact de- 

termination possible in early life. Such a relation has 

been found already e.g. between activity of some en- 

zymes and quantity of total nitrogen in blood and the 

weight of calves (Miniejev and Kudriaszov 1971). 

Many scientists have found interracial differences 

in enzyme activity, e.g. Guszkiewicz and Dembowski 

(1971) in cattle, Majewska (1976) in hens, Rako et 

al. (1964) in hens, Smirnov and Biedmanikaszvili 

(1969) in pigs, Dembowski (1976) in rabbits, and in 

level of many metabolites in blood of various species 

(loshi et al. 1963; Kirilov 1968; Kol~taj and Majews- 

ka 1973; Weisner et al. 1965; Gondko et al. 1977). 

Many workers have examined the level of glucose 

in connection with utilitarian features and interracial 

differences. According to Bierus et al. (1968) the 

quantity of glucose in cattle blood differentiates breeds 

and represents the intensity of metabolism occuring 

in the organism. This was verified by Ste8 ( 1974), 

Rattan et al. (1968), Chandler et al. (1968), Paku- 

liev and Biriukova (1974). These authors concluded 

that selection for high blood glucose content looks 

promising because not only does it give a high growth- 

rate in calves, but also it can protect adult animals 

from certain metabolic disorders. 

For poultry, Kirilov (1968) found that the level of 

blood sugar was always lower at age 0 to 90 days in 

crosses of chickens than in pure-bred ones. Kol~taj 

and Majewska (1973) found that some hen races dif- 

fered significantly in blood glucose content, but there 

is no reason to believe that this character is deter- 

mined by genetic factors. 

Rako et al. ( 1964), investigating the level of blood 

glucose in 'Leghorn' before and during the laying per- 

iod, did not find a significant correlation between sug- 

ar content and laying capacity. It follows from Man- 

nel's (1966) research that there is a positive corre- 

lation between the level of glucose in blood of hens, 

their age, and the rate of puberty, and a negative cor- 

relation with the weight of a one-day-old chickens. 

The purpose of the present study was to investigate 

the range of reaction in chickens of three races to ex- 

ogenous insulin followed by adrenalin given in vivo. 

The intention was to find (in connection with studies 

on the genetic basis of physiological characters of 

hens) whether the chickens demonstrated significant 

differences in the rate and range of these reactions, 

measured by changes in the level of blood glucose. 
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T a b l e  1. The  m e a n  g l u c o s e  l e v e l  ( m g  ~) in  b l o o d  in  t h e  c o c k e r e l s  of  e x a m i n e d  r a c i a l  g r o u p s  

M i n u t e s  a f t e r  i n s u l i n  i n j e c t i o n  M i n u t e s  a f t e r  a d r e n a l i n  i n j e c t i o n  

R a c i a l  D e c r e a s e  I n c r e a s e  m a x -  

~ r o u p  of  g l u c o -  of  g l u c o -  r a in  
m e a n b o d y  s e  l e v e l -  s e  l e v e l -  

w e i g h t  g) n 0 30 60 90 r e s p o n s e  120 150 1 8 0 / 0  30 60 90 120 150 180 r e s p o n s e  
to  i n s u l i n  to  a d r e n a l i n  

A B ( A -  B) C D (D - C) (D-B) 

' L e g h o r n '  
( 1 5 7 5 )  20 165 117 99 94 71 95 102 105 131 142 144 168 169 167 62 73 

' R h o d e  
I s l a n d R e d '  18 157 119 98 95 62 98 109 108 120 132 148 152 172 192 84 97 
( 2 0 5 0 )  

' W h i t e  R o c k '  
( 2 2 0 0 )  10 171 I01  90 83 88 90 103 101 I19  135 156 169 198 198 97 114 

A - The n o r m a l  l e v e l  of  g l u c o s e  - b e f o r e  i n s u l i n  i n j e c t i o n  
B - The  p e r i o d  of  t h e  b i g g e s t  d e c r e a s e  of g l u c o s e  l e v e l  in  r e l a t i o n  to  t h e  n o r m a l  l e v e l  
C - The p e r i o d  a f t e r  180 m i n u t e s  a f t e r  i n s u l i n  i n j e c t i o n  in  w h i c h  a d r e n a l i n  was  i n j e c t e d  
D - The p e r i o d  a f t e r  180 m i n u t e s  a f t e r  a d r e n a l i n  i n j e c t i o n  in  w h i c h  t he  l e v e l  of  g l u c o s e  w a s  t h e  h i g h e s t  

C o r r o b o r a t i o n  of  e v e n t u a l  d i f f e r e n c e s  would  g i v e  r e a -  

s o n  to b e l i e v e  t h a t  t he  r a n g e  of  t he  r e a c t i o n  i s  d e t e r -  

m i n e d  by  r a c e ,  i n d i c a t i n g  a g e n e t i c  b a s i s .  

In  s p i t e  of m u c h  r e s e a r c h ,  t he  way i n s u l i n  a c t s  

i s  no t  k n o w n  in  d e t a i l ,  b u t  i t  s e e m s  t h a t  b i r d s  a r e  

g e n e r a l l y  l e s s  r e s p o n s i v e  to e x o g e n o u s  i n s u l i n  t h a n  

m a m m a l s  ( S t u r k i e  1 9 7 6 ) .  

I t  i s  u n d e r s t o o d  t h a t  a d r e n a l i n  r a i s e s  t h e  l e v e l  of  

g l u c o s e  in  b l o o d  a n d  i s  one  of  t he  m o r e  i m p o r t a n t  f a c -  

t o r s  c o u n t e r a c t i n g  t he  h y p o g l y c e m i c  a c t i o n  of  i n s u l i n .  

The i n j e c t i o n  of  a d r e n a l i n  i n to  d o m e s t i c  b i r d s  p r o v o -  

k e s  t r a n s i t i o n  h y p e r g l y c e m i a ,  bu t  t h e  r e a c t i o n  i s  no t  

v e r y  p r o n o u n c e d  ( S t u r k i e  1 9 7 6 ) .  Up to  n o w  t h e r e  h a s  

b e e n  no  c e r t a i n t y  t h a t  h e n s  a r e  l e s s  r e s p o n s i v e  to 

a d r e n a l i n  t h a n  m a m m a l s .  

T h i s  s t u d y  a l s o  a t t e m p t e d  to i n v e s t i g a t e  w h e t h e r  

o r  no t  a n y  c o r r e l a t i o n  e x i s t e d  b e t w e e n  t h e  w e i g h t  of  

b i r d s  a n d  t h e  l e v e l  of  b l o o d  g l u c o s e ,  a s  we l l  a s  t h e  

r a n g e  of c h a n g e s  in  t h e  b l o o d  g l u c o s e  l e v e l  r e f l e c t i n g  

p o s t h o r m o n a l  r e a c t i o n .  

M a t e r i a l s  a n d  M e t h o d s  

A n i m a l s  

In  t he  e x p e r i m e n t  20 ' L e g h o r n '  c o c k e r e l s  w e i g h i n g  
1100 to 2200 g ,  18 ' R h o d e  I s l a n d  R e d '  c o c k e r e l s  
w e i g h i n g  1500 to  2500 g a n d  8 h e n s  a n d  10 c o c k e r e l s  
of  ' W h i t e  R o c k '  b r e e d  1600 to 3000 g in  w e i g h t  w e r e  
u s e d ,  a l l  in  t h e  a g e  r a n g e  of 12 to  14 w e e k s .  The  

b i r d s  w e r e  f r o m  t h o s e  r a i s e d  a t  the  f a r m  of t h e  I n s -  
t i t u t e  in  J a s t r z ~ b i e c .  They  w e r e  m a i n t a i n e d  on  a s t a n d -  
a r d  f o d d e r  a n d  w e r e  h e a l t h y ;  b e f o r e  b l o o d  c o l l e c t i o n  
t h e y  w e r e  s t a r v e d  fo r  12 h o u r s ,  a l t h o u g h  s u p p l i e d  
w i th  w a t e r .  

A n i m a l  e x p e r i m e n t s  

E a c h  s t a r v e d  c h i c k e n ,  a f t e r  the  c o n t r o l  s a m p l e  of  
b l o o d  h a d  b e e n  t a k e n  ( a g r e e d  t i m e  " 0 " ) ,  w a s  g i v e n  
a n  i n j e c t i o n  of  i n s u l i n  to  t he  musaulus peetoralis a t  
t h e  r a t e  of 5 I . U . / 1  kg  b o d y  wt .  S u b s e q u e n t l y ,  b l o o d  
s a m p l e s  w e r e  t a k e n  e v e r y  30 m i n u t e s  f o r  t h r e e  h o u r s .  
A f t e r  t h a t  p e r i o d ,  w h e n  i t  was  a s s u m e d  t h a t  t h e r e  h a d  
b e e n  no  m o r e  c h a n g e s  in  b l o o d  g l u c o s e  l e v e l ,  t h e  i n -  
t r a m u s u l a r  i n j e c t i o n  of a d r e n a l i n  was  g i v e n  a t  t h e  r a t e  
of  100 ~ g / 1  kg a n d  a g a i n  f o r  6 h o u r s  t h e  s a m p l e s  of  
b l o o d  w e r e  c o l l e c t e d  e v e r y  30 m i n u t e s .  D u r i n g  t h e  6 
h o u r s  13 b l o o d  s a m p l e s  w e r e  t a k e n  f r o m  e a c h  c h i c k e n .  
The b l o o d  was  c o l l e c t e d  in  v i v o  b y  p r i c k i n g  t h e  wing  
v e i n  w i th  a n e e d l e .  

Determination of glucose 

The blood samples were put into an isotonic solution 
of cupric sulphate, deproteinized with sodium wolf- 
ramate and centrifuged. Glucose in the plasma was 
assayed spectrophotometrically by the method of 
Asatoor-King (King and Wootton 1956). The values 
were read at k = 660 nm. 

Materials 

Swine  i n s u l i n  (~nsulinum crystallisatum) in  w a t e r  
s o l v e n t  a n d  a d r e n a l i n - P o l f a  (adrenalinum hydrotar- 
tarieum; m a d e  b y  P o l i s h  P h a r m a c e u t i c a l  F a c t o r i e s  
P O L F A )  in  p h y s i o l o g i c a l  s a l t  w e r e  u s e d  in  t h e  e x p e r -  
i m e n t .  
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F i g .  1. The  c u r v e s  i l l u s t r a t i n g  g l u c o s e  l e v e l  c h a n g e s  
in  b l o o d  in  e x a m i n e d  c o c k e r e l s  

a f t e r  t h e  i n s u l i n  i n j e c t i o n .  Th i s  s h a p e  of  t h e  g l u c o s e  

c u r v e  c o n f o r m s  to t h e  e x p e r i m e n t s  c o n d u c t e d  wi th  

s h e e p  ( S k u b i s  1 9 6 9 ) ,  w i th  r a b b i t s  ( L a c e y  c f .  K r z y -  

m o w s k i  1973)  a n d  wi th  h e n s  ( S t u r k i e  1 9 7 6 ) .  The m o s t  

d i s t i n c t  r e a c t i o n  to i n s u l i n  was  in  ' W h i t e  R o c k '  c o c k -  

e r e l s  - t h e  l e v e l  of g l u c o s e  was  a t  i t s  h i g h e s t  a t  t h e  

b e g i n n i n g  of  t h e  e x p e r i m e n t  a n d  a f t e r  90 m i n u t e s  i t  

was  a t  t he  l o w e s t  p o i n t .  The  q u a n t i t y  of  g l u c o s e  d e -  

c r e a s e d  f r o m  171 mg% to 83 mgT~, i . e .  88 m g g .  In 

' L e g h o r n '  c o c k e r e l s  t he  l e v e l  of  f l u c o s e  w e n t  down  

d u r i n g  t h a t  p e r i o d  71 m g  ~ ( f r o m  165 m g  g to 94 m g g )  

a n d  in  ' R h o d e  I s l a n d  R e d '  c o c k e r e l s  62 m g  ~ ( f r o m  

157 mgT~ to 95 m g % ) .  

So t h e  s m a l l e s t  r e a c t i o n  to i n s u l i n  a f t e r  90 m i n -  

u t e s  f o l l o w i n g  i n j e c t i o n  w a s  in c o c k e r e s  of  ' R h o d e  

I s l a n d  R e d '  a n d  of  ' L e g h o r n '  ( t h e  l e v e l  of g l u c o s e  

d e c r e a s e d  3 9 , 5  % a n d  43 7~ of  t he  i n i t i a l  v a l u e  r e s p e c -  

t i v e l y ) ,  a n d  t h e  m o s t  i n t e n s e  r e a c t i o n  was  in  ' W h i t e  

R o c k  ' c o c k e r e l s  ( t h e  l e v e l  d e c r e a s e d  5 1 , 5  7~ f r o m  the  

i n i t i a l  q u a n t i t y  of g l u c o s e ) .  

In t he  e x p e r i m e n t s  c a r r i e d  ou t  c o n t e m p o r a n e -  
o u s l y  s o m e  c o n t r o l  o b s e r v a t i o n s  w e r e  m a d e ,  w h i c h  
c o n s i s t e d  of  w a t c h i n g  t he  c h a n g e s  of  b l o o d  g l u c o s e  
l e v e l  in  ' L e g h o r n '  c o c k e r e l s  a f t e r  i n j e c t i n g  t h e m  
w i t h  2 c m  s of  O, 9 % N a C l .  The r e s u l t s  i n d i c a t e d  t h a t  
t he  l e v e l  of  g l u c o s e  f l u c t u a t e d  in  the  c o l l e c t e d  b l o o d  
f r o m  2 , 8  % to I 0 , 1  ~ of  t he  i n i t i a l  v a l u e s .  

F o r  t e s t i n g  w h e t h e r  o r  no t  t he  t he  p r o s p e c t i v e  
d i f f e r e n t i a e  would  b e  s i g n i f i c a n t  s t a t i s t i c a l l y ,  n u m e r -  
i c a l  r e s u l t s  w e r e  a n a l y s e d  u s i n g  t h e  t w o - s a m p l e  S t u -  
d e n t  t - t e s t  b e t w e e n  t h e  m e a n s .  

The  e x p e r i m e n t s  w e r e  c o n d u c t e d  in  J u l y .  

R e s u l t s  a n d  D i s c u s s i o n  

The  m e a n  v a l u e s  of  b l o o d  g l u c o s e  a r e  p r e s e n t e d  in  

T a b l e  1. The  d a t a  c o n c e r n i n g  s i g n i f i c a n t  d i f f e r e n c e s  

b e t w e e n  g r o u p s  a r e  s h o w n  in  T a b l e  2 ,  a n d  t h e  c u r v e s  

i l l u s t r a t i n g  g l u c o s e  l e v e l  c h a n g e s  in  r e s p e c t i v e  g r o u p s  

a r e  s h o w n  in  F i g .  1 .  

The n o r m a l  b l o o d  g l u c o s e  l e v e l  f l u c t u a t e d  on  a v e r -  

a g e  f r o m  157 to 194 m g  g in  c h i c k e n s  of  t h e  e x a m i n e d  

r a c e s .  The  r e s u l t s  w e r e  s i m i l a r ,  t a k i n g  i n t o  c o n s i d e -  

r a t i o n  t h e  c o n s i d e r a b l e  d i v e r g e n c e  in  t h e  p a p e r s ,  to  

t h o s e  o b t a i n e d  by  o t h e r  a u t h o r s  ( B a l s c h  e t  a l .  1973;  

E w y  1969;  S t u r k i e  1 9 7 6 ) .  

In a l l  g r o u p s ,  t h e  m i n i m a l  l e v e l  of  g l u c o s e  o c c u r -  

r e d  90 m i n u t e s  a f t e r  i n s u l i n  i n j e c t i o n ;  t he  l e v e l  of 

s u g a r  t h e n  i n c r e a s e d  v e r y  s l o w l y  u n t i l  150 m i n u t e s  

B e t w e e n  150 a n d  180 m i n u t e s  a f t e r  i n s u l i n  a p p l i -  

c a t i o n  no  c h a n g e s  w e r e  o b s e r v e d ;  d u r i n g  t h o s e  30 

m i n u t e s  t h e  l e v e l  of  b l o o d  g l u c o s e  w i t h i n  e a c h  r a c e  

w a s  s t a b l e  - a l l o w i n g  a d r e n a l i n  to b e  i n j e c t e d .  

A f t e r  t he  a d r e n a l i n  i n j e c t i o n  t h e  q u a n t i t y  of  g l u c o s e  

in  b l o o d  p l a s m a  b e g a n  to r i s e  u n i f o r m l y  a n d  a t t a i n e d  

a m a x i m u m  t h r e e  h o u r s  a f t e r  h o r m o n e  i n j e c t i o n .  

The  l a r g e s t  q u a n t i t y  of  g l u c o s e  a f t e r  a d r e n a l i n  - 

198 m g  ~ - was  o b s e r v e d  in  ' W h i t e  R o c k '  c o c k e r e l s .  

They  a l s o  r e a c t e d  to a d r e n a l i n  w i th  t he  l a r g e s t  a b s o -  

l u t e  a u g m e n t a t i o n  of g l u c o s e  l e v e l ,  a m o u n t i n g  to  

97 mg% ( f r o m  101 mgT~ to 198 mgT~).  The s m a l l e s t  

r i s e  in  q u a n t i t y  of  g l u c o s e ,  a m o u n t i n g  to 62 m g  

( f r o m  105 m g ~  to 167 mgT~),  o c c u r r e d  in  ' L e g h o r n s '  

a n d  t he  i n t e r m e d i a t e  one  - 84 m g  ~ ( 1 0 8  m g $  to 

192 mgT~) - i n  ' R h o d e  I s l a n d  R e d '  c o c k e r e l s .  So t he  

a u g m e n t a t i o n  of  t he  l e v e l  in  r e l a t i o n  to  t he  v a l u e  of  

g l u c o s e  a t  t he  m o m e n t  of i n j e c t i o n  of  a d r e n a l i n  t o -  

t a l l e d ,  in  r e l a t i v e  v a l u e s :  i n  ' L e g h o r n '  b r e e d - 5 9 % ,  

in  ' R h o d e  I s l a n d  R e d  ' b r e e d  - 7 7 , 7  7~, in  ' W h i t e  R o c k  ' 

b r e e d -  967~. 

A s  c a n  b e  s e e n  in  T a b l e  2 ,  s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f f e r e n c e s  w i t h i n  n o r m a l  v a l u e s  of  g l u c o s e  w e r e  found  

o n l y  in  t h e  ' W h i t e  R o c k '  b r e e d ,  b e t w e e n  h e n s  a n d  

c o c k e r e l s .  S u c h  d i f f e r e n c e s  w e r e  no t  f o u n d  a m o n g  t h e  

r a c i a l  g r o u p s  of c o c k e r e l s .  
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Table 2. The data about the s ign i f icance  of d i f fe rences  in glucose level  in blood in examined  groups  of cocke re l s  

Racia l  group 

A B C D 
The n o r m a l  blood The m i n i m a l  blood The level  of The maximal  blood The d i f fe rence  
glucose level  glucose level  blood glucose glucose  level  between the 

(90 minu tes  a f te r  at the moment  (180 minu tes  af ter  max imal  and 
insu l in  in jec t ion)  of a d r e na l i n  ad rena l in  i n j e c -  m in i ma l  level  

in jec t ion  t ion of blood glucose  

mg 70 mg ~ mg 70 mg 70 mg 70 

'Leghorn '  d 165 94 105 167 - -  73 - ~  - - ]  

'Rhode I s land  - ~  ] 
Red '  d 157 95 108 192 97 

J / 
'Whi te  R o c k ' d  171 F -  83 101 198 E 114 

'White  R o c k ' 9  ~ - 1 9 4  65 101 218 154 

The mean  va lues  differ ing s t a t i s t i ca l ly  s igni f icant ly  (at  570 level  of s igni f icance)  a re  connected by l i n e s .  

S imi l a r  d i f fe rences  (and the lack of them) a ppe a r -  

ed when the va lues  of glucose at the peak of " d e p r e s -  

sion" (90 minu tes  af ter  in su l in  acted) were compared .  

The in jec t ion  of ad r ena l i n  made it  poss ib le  to ob-  

tain s t a t i s t i ca l ly  s igni f icant  d i f fe rences  at the mo-  

ment  of max imal  glucose level  between the 'Leghorn '  

and 'Rhode Is land Red '  cocke re l s  and between the 

b i rds  of 'Leghorn '  and 'White  Rock '  b r e e d s .  

The absolute  d i f fe rence  between the max imal  and 

min ima l  level  of g lucose ,  af ter  the in jec t ion  of a d r e -  

na l in  and previous  i n su l in  in jec t ion ,  was highest  in 

' White Rock'  c o c k e r e l s ,  the i n t e rmed ia t e  in ' Rhode 

Is land Red '  b i r d s ,  and leas t  in  ' L e g h o r n s ' .  Thus it 

appeared  a lso  in r e l a t i ve  d i f f e rences ,  v iz .  in ' White 

Rock ~ b i rd s  66,770, in 'Rhode Is land Red '  b i r d s  

61,870 and in 'Legho rns '  44,2%~ When such c o m p a r -  

i sons  were made within the 'White  Rock '  b r eed ,  

s t a t i s t i ca l ly  s igni f icant  d i f fe rences  were obse rved  

between hens and c o c k e r e l s .  

The c o r r e l a t i o n  between the no rma l  quanti ty of 

glucose of blood p la sma  and the body weight of b i r d s  

appeared  highly s igni f icant  in cocke re l s  of all  th ree  

r a c e s  combined .  The c o r r e l a t i o n  coeff ic ient  r was xy 
0 ,782 and was highly s ign i f ican t .  ( to ,o1 = 2,678 < 

t = 8 ,514) .  emp.  
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