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Action of Insul in on the Glycogen Content of 
L i v e r  and Muscle of the M u r r e l ,  

Ophlcephalus striatus (Bloch) 

I t  is generally known tha t  the action of insulin and 
other hormones is the same in fish as in higher verte- 
brates. Earlier the author  x-4 has pointed out  tha t  in 
many details the action of insulin differs from tha t  in 
other vertebrates.  Fur ther  i t  has been shown also tha t  
hypoglycemia is produced at  different levels with different 
doses of insulin 4 Very heavy doses are found to be le~hat, 
producing the minimum blood glucose. The next  question 
which arose was what  has happened to the disappeared 
glucose ? Wi th  this in view, glycogen content,  amino 
nitrogen and amino acids in the different tissues have 
been studied. The only reference tha t  is available on this 
subject with regard to fish is tha t  of R o o t  et al. 6 who 
studied the glycogen content  of liver following insulin 
injections, 

In the present account, the action of insulin on the 
glycogen content  of liver and muscle has been described 
for Ophicephalus striatus t reated with different doses of 
insulin in the same manner in which the blood glucose 
was studied 4. Detailed experimental  plans have been 
reported earlier 1-4. Following 5 international units (IU) 
of insulin a t  an interval  of 1/~ h for 3 h fish were autopsied 
for the assaying liver and muscle glycogen. They were 
also autopsied a t  4, 12, 24, 36 and 48 h respectively when. 
7.5, 10, 15, 20 and 40 IU of insulin were injected. 60 IU 
of insulin being lethal, the autopsy was done just  at the 
time of death of the fish which ranged from 32 to 45 h. 
For each experimental  group, 5 fish were kept. 

For quant i ta t ive  determination of glycogen, colori- 
metric micro-method developed by KEMP and KITs e has 
been employed using the photo electric colorimeter with 
520 mp filter. Standard reference curves were prepared 
with known strength of glycogen solutions. Glycogen 
content was expressed in mg/g of tissue wet weight. 
Animals injected with distilled water  in the place of 
insulin served as control. 

The normal level of glycogen of liver is 12.36 q- 0.18 
mg/g of tissue (Figure, N). Injection of 5 IU of insulin 
produces a maximum increase in liver glycogen of about  
43% at  1.5 h after injection, and the normal level was 
reached at  the end of 3 h. When compared with normal, 
the rise is significantly high at  all stages (Figure, A). 7.5 
IU of insulin increases 100% liver glycogen and at  higher 
doses the glycogen level rises several fold. During convul- 
sions following 40 IU and at  the close of death following 
60 IU  of insulin, the rise is 4.7 and 5.7 times the normal 
(Figure, C). 

On the other hand, muscle glycogen shows an increase 
of 114% at  1.5 h following 5 IU  of insulin injection. But  
significant rise is observed only at  the end of 1 h and 

Table I. The effect of 5 IU of insulin on blood glucose of O. striatus 

Time of insulin Blood glucose 
injection level, mg% 

0 107.7 
0.5 82,25 
1.0 77.0 
1.5 47.75 
2.0 70.25 
2.5 80,50 
3.0 110.75 

similarly the return to the normal level is a t ta ined a t  2 h 
itself. The values at  0.5 and 2.5 h are not  significantly 
different from tha t  of normal (Figure, B). Marked rise in 
the muscle glycogen, much more than in liver, is observed 
during higher doses of insulin t reatment .  7.5 tU of insulin 
produces an increase of 181% and 40 and 60 IU induce a 
tremendous rise of 7,1 and 9.4 times the normal, res- 
pectively (Figure, D). 
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Table II. The effect of higher doses of insulin to 0. striatus 

Dose of insulin Minimum blood glucose 
injection in IU reached in rag% 

7.5 44.67 
10.0 41.00 
15.0 32.00 
20.0 28.33 
40.0 21.33 
60.0 15.00 
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The  resu l t s  of t h e  p r e s e n t  s t u d y  revea l  t h a t  t h e  g lycogen 
c o n t e n t  of b o t h  l iver  a n d  musc le  rises a b o v e  t h e  n o r m a l  
level  c o n c o m i t e n t  w i t h  t h e  occur rence  of h y p o g l y c a e m i a  
no t i ced  ear l ier  4. C o m p a r e d  to  t h e  l iver,  musc le  possess a 
v e r y  smal l  c o n t e n t  of glycogen.  T h e  g lycogen  c o n t e n t  of 
l ive r  is m o r e  t h a n  6 t i m e s  t he  n o r m a l  level  in muscle .  On 
t he  con t r a ry ,  t h e  r ise is more  p r o n o u n c e d  in musc le  as 
c an  be  seen f rom t h e  Figure ,  C a n d  D, fol lowing t he  
a d m i n i s t r a t i o n  of a n y  dose. 

Fo l lowing  i s lec tomy,  t h e  f ish l iver  g lycogen c o n t e n t  
was  o b s e r v e d  to fa l lL  On  t h e  con t r a ry ,  mass ive  doses of 
insu l in  in j ec t ions  of 40 I U  were  found  to ra ise  t h e  musc le  
g lycogen b u t  n o t  t h a t  of l iver  of c e r t a i n  m a r i n e  f ish ~. 
G lycogen  was  f o u n d  to  r educe  u n d e r  t hose  cond i t ions .  

I t  c an  be  seen f rom Tab les  I a n d  I I  t h a t  t h e r e  is a con-  
c o m i t a n t  fall  in  t he  b lood  glucose level  w i t h  t h e  corre-  
s p o n d i n g  r ise in  t he  g lycogen  c o n t e n t  of t h e  l iver  a n d  
musc le  (Figure,  A - D )  a t  t he  va r ious  doses of insu l in  
in jec ted .  T h e  d i s appea r ed  glucose m i g h t  h a v e  been  con-  
v e r t e d  in to  g lycogen in t he se  t i ssues  due  to  t he  i n j ec t ed  
insul in .  Such  a poss ib i l i ty  of d i r ec t  ac t ion  of insu l in  on  
t he  l iver  a n d  muscle ,  whe re  g lycogen  is s tored ,  h a s  b e e n  
d e m o n s t r a t e d  v e r y  c lear ly  in m a m m a l s  s-12. F u r t h e r  r e c e n t  
s tud ies  h a v e  also s h o w n  t h a t  t h e  rise in g lycogen  could  
be  due  to  t he  fac t  t h a t  insu l in  c an  i n h i b i t  t h e  re lease  of 
glucose f rom t h e  l iver  x3. B o t h  inc reased  acce le ra t ion  of 
g lycogen  syn thes i s  in t he se  t i ssues  a n d  an  i n h i b i t i o n  of 
release of glucose cou ld  a c c o u n t  for t h e  h igh  g lycogen  
c o n t e n t  in  these  t i ssues  of O. striatus. 

The  rise of g lycogen in t he  l iver  is n o t  as fas t  as t h a t  
obse rved  for muscle ,  t h o u g h  t he  musc le  g lycogen level  
a lways  r e m a i n e d  far  be low t h a t  of l iver.  I t  is w o r t h  
p o i n t i n g  o u t  here  t h a t ,  t h o u g h  t h e  n o r m a l  l iver  g lycogen  
was  six t i m e s  t h a t  of muscle ,  i t  was  r educed  to  less t h a n  
4 t i m e s  fo l lowing h e a v y  doses of insu l in  in jec t ion .  Th i s  
c an  be  a t t r i b u t e d  to  t he  v e r y  low glycogen p r e s e n t  in  t he  
musc le  a t  t h e  b e g i n n i n g  whose  r a t e  of increase  ha s  b e c o m e  
more  p r o n o u n c e d  fol lowing insu l in  a d m i n i s t r a t i o n .  

The  re su l t s  o b t a i n e d  b y  R o o t  e t  e l )  as p o i n t e d  o u t  
earlier,  are  c o n t r a d i c t o r y  to t he  p r e s e n t  o b s e r v a t i o n s .  
They ,  however ,  h a d  r e m a r k e d  t h a t  t h e i r  conc lus ions  
de r ived  f rom t h e  s t u d y  of insu l in  ac t ion  were  v e r y  con-  
f l ic t ing a n d  t h e y  c a n n o t  be  in a g r e e m e n t  w i t h  all  o t h e r  
i nves t iga t ions .  On t he  o t h e r  h a n d  McCORMIC and 
MACLEOD 7 showed  t h a t  insu l in  was  essen t ia l  for  t h e  
g lycogen syn thes i s  in  l iver  a n d  t h e i r  resul ts ,  t h o u g h  
ind i rec t ly ,  seem to  be  in a g r e e m e n t  w i t h  t h e  p r e s e n t  
s t u d y  x4. 

Rdsumd. Des doses var i6es  d ' i n su l ine  a d m i n i s t r 6 e s  
l'Ophicephalus striatus o n t  a u g m e n t ~  la  q u a n t i t 6  de  glyco- 
g~ne du  fete e t  des muscles .  D e n s  le fete, les doses  6 t u n t  
for tes  (40 I U  e t  60 IU),  la q u a n t i t ~  n o r m a l e  de  g l y c e r i n e  
a p r e sque  q u a d r u p l 6  e t  elle a p lus  que  sep tup l6  d e n s  les 
muscles .  Le  m 6 c a n i s m e  poss ib le  p r 6 s i d a n t  ~ Fac t i on  de  
l ' i nsu l ine  es t  auss i  discut6.  
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Serum Desoxy-Ribose Compounds in 
Experimental Myocardial Infarction 

Myoca rd i a l  i n fa rc t ion  p rov ides  a u n i q u e  o p p o r t u n i t y  
to  s t u d y  biologic response  to  a r e l a t i ve ly  l imi ted  in ju ry ,  
in  w h i c h  c e r t a i n  changes  are  t he  consequence  of a genera l  
biologic response  r a t h e r  t h a n  of t he  pa tho logy ,  a t  leas t  in 
t h e  acu t e  s tage.  Leakage  of c e r t a i n  e n z y m e s  f rom the  
m y o c a r d i u m  in to  t he  b lood s t r e a m  is a l r e a d y  k n o w n  u n d e r  
such  c i r cums tances .  LYSENKO 1 was t h e  f i r s t  to  no t ice  
D N A  decompos i t i on  p r o d u c t s  in  the  s e r u m  of p a t i e n t s  
w i t h  m y o c a r d i a l  i n fa rc t ion  a n d  a n g i n a  pector is .  No o t h e r  
d a t a  dea l ing  w i t h  o b s e r v a t i o n s  based  e i t h e r  on  a n i m a l  
e x p e r i m e n t s  or  on  p a t i e n t s  h a v e  a p p e a r e d  in l i t e r a tu re .  
T h e  p r e s e n t  i n v e s t i g a t i o n  is a p r e l i m i n a r y  r e p o r t  of the  
work,  and  descr ibes  t h e  e x p e r i m e n t a l  resu l t s  o b t a i n e d  in 
dogs w i t h  expcr i r r .en la l  m y o c a r d i a l  i n f a r c t i on  a t  vo.rious 
t i m e  i n t e r v a l s  a f t e r  t he  ope ra t ion .  

Dogs we igh ing  10-15 kg were used. Myocard ia l  infarc-  
t i on  was  p r o d u c e d  b y  two  s tage  c o r o n a r y  l iga t ion  follow- 
ing t he  t e c h n i q u e  of HARRIS g. D N A  p r o d u c t s  were 
e s t i m a t e d  b y  t he  m e t h o d  of D i p h e n y l  a m i n e  r eac t i on  
(DIsHE a) for acid soluble  (HC10 4 5%) desoxyr ibose  com- 
p o u n d s  a n d  acid inso luble  desoxy- r ibose  c o m p o u n d s .  

B l a n k s  a n d  s t a n d a r d  so lu t ions  were  used  fol lowing t h e  
m e t h o d  of LYSENKO 1. The  i nves t i ga t i ons  were m a d e  in 10 
n o r m a l  dogs a n d  in t h e  same  dogs a f t e r  e x p e r i m e n t a l  
m y o c a r d i a l  in fa rc t ion .  The  e s t i m a t i o n s  were c o n t i n u e d  
on ly  in those  dogs w h i c h  showed  9 0 - 1 0 0 %  ec topic  bea t s  
20-24 h a f t e r  t h e  l iga t ion  of t he  c o r o n a r y  a r t e ry .  

The  acid so luble  and  acid inso luble  desoxy- r ibose  com-  
p o u n d s  in t he  s e r u m  of i o real  h e a l t h y  dogs va r i ed  f rom 
9-24  m R %  a n d  42-77  m g %  re spec t ive ly  w i t h  t h e  m e a n  
va lucs  of 15 a n d  59 m g %  (Figure) .  I n  dogs  w i t h  m y o c a r -  
d ia l  i n f a r c t i on  d e t e r m i n a t i o n s  were m a d e  a t  va r i ous  
i n t e r v a l s  a f t e r  t h e  o p e r a t i o n  up  to t h e  f o u r t h  week  as 
s h o w n  in t h e  Figure .  The  c o n c e n t r a t i o n  of these  acid 
so luble  c o m p o u n d s  r e m a i n e d  h i g h  for  qu i t e  long  a n d  was 
s ign i f i can t ly  e l eva t ed  u p  to  t he  f o u r t h  week  a f t e r  t h e  
ope ra t ion .  Va lues  n o t  c h a n g i n g  m u c h  up  to  4 h,  r a n g e d  
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