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Changes  in  p r o t e i n  m e t a b o l i s m  n o t e d  in  d i a b e t e s  m e l l i t u s  a r e  g r o s s l y  
re f l ec ted  in  a n e g a t i v e  n i t r o g e n  b a l a n c e  (1). Th is  m a y  b e  due  to d e p r e s s e d  
p r o t e i n  s y n t h e s i s  or  to  i n c r e a s e d  p r o t e i n  c a t a b o l i s m .  

T u r n o v e r  s tud i e s  w i t h  N 15 g l y c i n e  a r e  in  f a v o u r  w i t h  t h e  d e p r e s s e d  
e f fec t  on p r o t e i n  s y n t h e s i s  (2). Krahl (3) has  d e m o n s t r a t e d  t h a t  l i v e r  s l ices  
f r o m  d i a b e t i c  r a t s  h a v e  a d e c r e a s e d  c a p a c i t y  to  i n c o r p o r a t e  g l y c i n e -  
I - C  ~4 in to  g l u t a t h i o n e  a n d  in to  l i v e r  p ro t e in s .  

T h e  i n c r e a s e d  u r e a - n i t r o g e n  p r o d u c t i o n  in  a l l o x a n  d i a b e t e s  m a y  b e  
a c c o u n t e d  fo r  b y  e n h a n c e d  c a t a b o l i s m  of  b o t h  l i v e r  a n d  p l a s m a  p r o t e i n s  (4). 
T h e s e  r e su l t s  a r e  c o m p a t i b l e  w i t h  t h e  v i e w  t h a t  d i a b e t i c  l i v e r  has  a m a j o r  
d i s t u r b a n c e  in  b o t h  s y n t h e s i s  a n d  c a t a b o l i s m  of p ro t e in s .  

A c o r r e l a t i o n  ex i s t s  b e t w e e n  t h e  d i s t u r b a n c e  in  p r o t e i n  m e t a b o l i s m  a n d  
t h e  a c c u m u l a t i o n  of l i v e r  l i p i d  (5). T h e  i n t e r r e l a t i o n s h i p s  b e t w e e n  t h e s e  
t w o  les ions  a n d  t h e i r  d e p e n d e n c e  on a m o r e  bas i c  a l t e r a t i o n  in  A T P  
m e t a b o l i s m  has  been  c l a r i f i e d  b y  Farber et  al.  (6). 

The  a i m  of  t he  p r e s e n t  w o r k  is to  s t u d y  t h e  e f f ec t  of  e x o g e n o u s  A T P  
on the  s e r u m  p r o t e i n  p a t t e r n  in  a l l o x a n  d i a b e t e s  a n d  c o r r e l a t e  t h e m  w i t h  
t h e  a m o u n t  of f a t  in  t h e  l i v e r  as  w e l l  as  w i t h  t he  d u r a t i o n  a n d  d e g r e e  of  
d i abe t e s .  

Material and methods 

All  exper iments  were  made on albino ra ts  of both sexes (Sprague Dawley 
strain). The diet  was an  adequate  one and was supplied in plenty.  

The animals  a re  classified into two main  groups:  
Group I:  was made  to s tudy the effect of mild  and severe a l loxan diabetes  

on the blood glucose, the  fa t  content  of the  l iver,  total  serum 
proteins,  and electrophoret ic  pat tern .  

Group I I :  was made to s tudy the effect of in t ramuscular  inject ion of ATP  on 
normal  and mi ld  a l loxan diabetic rats.  The same invest igat ions were  
performed.  

Al loxan  (B. D. It.) was f reshly p repared  as a 5 c/0 aqueous solution and was 
injected in t raper i tonea l ly  af ter  a 24 hour  fast. A mild  s ta te  of diabetes  was 
made by  the in t raper i toneal  inject ion of 150 mg a l loxan per  kg ra t  weight  and 
the est imations were  made  10 days  later .  In  these ra ts  a 48 hour blood glucose 
sample was wi thd rawn  from the ta i l  to assess the  degree of diabetes.  
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Severe diabetes was made by the administration of 200 mg alloxan per kg 
rat weight and the experiment was started 2 days later, since the animals 
usually died within 3 to 5 days. 

Administration of ATP sodium salt (Richter) was made intramuscularly, 
each animal received two injections separated by one day. The dose of ATP 
was either two injections of 2.5 mg or 5 mg per rat  and the estimations were 
made one day after the second injection. Ten days after alloxan administration 
the animals were killed by decapitation. The serum was kept frozen for further 
analysis. 

Total serum proteins were determined by the biuret method and electro- 
phoretic separation of serum proteins by the method of King and Wootton (7). 
Blood glucose was estimated by the iodometric titration method described in 
King and Wootton (7). The fat content of the liver was estimated according to 
Folch (8). 

Eesults 

In the  analys is  of the se rum prote ins  of ra ts  b y  pape r  e lect rophores is  
f ive f ract ions  were  apparen t :  a lbumin  and the four  g lobul in  f ract ions 
des igna ted  as ~1, ~2, B and ?. 

The e lec t rophoret ic  pa t t e rn  of control  animals  is shown in tab le  1 and 
compar ison of both  sexes is given. There  is no s ta t i s t i ca l ly  significant d i f -  
ference in the  pe rcen tage  of the  d i f fe ren t  p ro te in  f ract ions  nor  in the  
A /G ratio.  

Table  2 represen t s  the  changes in the  to ta l  pro te ins  and the i r  f ract ions 
in a l loxan  diabet ic  rats.  The level  of the blood glucose and l iver  fa t  are  
inc luded to assess the sever i ty  of the  d iabet ic  state.  In these exper imen t s  
the  es t imat ions  in severe ly  d iabet ic  an imals  were  made  48 hours  af ter  the  
admin i s t r a t ion  of a l loxan,  whi le  in mi ld  d iabetes  they  were  made  10 days  
a f te r  a l loxan.  

In  48 hrs. severe  d iabet ic  an imals  ne i the r  the to ta l  p ro te in  content  nor  
the  se rum elec t rophoret ic  pa t t e rn  showed any significant d i f ference f rom 
the  resul ts  of the  control  animals,  though there  was a t endency  for the  
to ta l  p ro te in  and the se rum a lbumin  to decrease.  

On the  other  hand,  in the  case of 10 days  mi ld  d iabetes  there  was a 
s igni f icant  decrease  in to ta l  p ro te in  and in serum albumin,  whi le  the  
g lobul in  f ract ions  r ema ined  v i r t ua l l y  unal te red .  The A/G ra t io  was the re -  
fore s ignif icant ly decreased.  

Effect  of exogenous ATP on serum tota l  p ro te in  and e lec t rophore t ic  
pa t t e rn  of no rma l  rats.  The resul ts  are  i l lus t ra ted  in tab le  1. 

On compar ison wi th  the  control  exper iments  tha t  received no ATP, 
i t  was found tha t  unde r  the influence of both  doses of A T P  there  was no 
s ta t i s t i ca l ly  significant d i f ference in the to ta l  pe rcen tage  of serum prote ins  
nor  any  of i ts f ract ions  tha t  a re  seen in the  e lec t rophore t ic  pa t te rn .  

Effect  of A T P  in alIoxan diabetic rats 

The effect  of ATP  was inves t iga ted  in mild  diabet ics  ( table 3). Total  
p ro te in  unde r  the  influence of bo th  the high and low dosage of ATP t rea t -  
ment,  of mi ld  diabet ic  ra ts  showed no significant change f rom the resul ts  
observed wi thou t  ATP. I t  is reca l led  tha t  in mi ld  induced diabetes  the 
to ta l  se rum pro te in  showed a significant decrease  when  compared  wi th  
the  control  animals.  
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ATP in the  l a rger  doses resul ted in a significant increase in se rum 
albumin and a decrease in fl-globulin and total  globulins, wi th  consequent  
increase in A/G ratio. Under  the influence of ATP  in the diabetic rats, 
there  was a stat ist ically significant decrease in the  level  of blood glucose 
when  the  dose of ATP  was 2 • 5 rag. However ,  under  the influence of 
the smal ler  dosage of ATP, there  occurred no significant change in the 
level  of blood glucose. The fa t  content  of the l iver  showed a significant 
reduct ion under  the  influence of each of the small  and high doses of ATP. 

Discussion 

Numerous  invest igators  have  repor ted  abnormal i t ies  in se rum proteins,  
l ipoproteins, and pro te in -bound  ca rbohydra te  in diabetes  mell i tus (9, 10). 
In  diabetic ra ts  there  are  profound changes in prote in  metabol i sm (4). 

A compar ison of se rum-pro te in  f ract ions be tween  female  control  and 
al loxan-diabet ie  rats  indicates a decrease in percentage  a lbumin  and an 
increase in percentage  ~ ,  B and 7 globulins. Total  prote in  also decreased 
[Peterson (11)]. 

However ,  Hendley  (12) found litt le or no change in total  prote in  or in 
se rum-pro te in  fract ions in male  al loxan-diabet ic  ra ts  as compared  to nor-  
mal  rats  3 days  a f te r  al loxan administrat ion.  Peterson (11) found tha t  both  
male  and female  ra ts  show the same electrophoret ic  changes following the 
product ion of a l loxan diabetes. Nevertheless ,  in thei r  work  se rum was 
obtained f rom al loxan-diabet ic  ra ts  3 weeks  or more  af ter  injection of 
alloxan. 

In  the  present  work,  in severe  diabetic animals  examined  48 hours  a f te r  
the adminis t ra t ion of a l loxan nei ther  the  to ta l  prote in  content  nor  the 
se rum electrophoret ic  pa t t e rn  showed any  significant difference f rom the 
resul ts  of the control  animals,  though the blood glucose amounted  to 
530 _.+ 136 rag/100 ml. On the o ther  hand, in the case of mild  diabetes  
examined  10 days  a f te r  a l loxan and in which the blood glucose was 
249 _+ 125 rag/100 ml, there  was a significant decrease in total  prote in  and 
in se rum albumin,  while  the globulin fract ions remained  v i r tua l ly  un-  
altered. The A/G ratio was therefore  significantly decreased. 

The  difference in the changes in the  se rum prote in  and se rum a lbumin  
in animals  wi th  severe  and in those wi th  mild  diabetes are most  p robab ly  
not  the resul t  of the degree of the diabetic s tate  only. But  they  are  ra ther  
expla ined by  the  longer t ime in terva l  of the  uncontrol led diabetic state 
in the case of mild  diabetes.  The changes tha t  might  have  occurred in 
severe  diabetic ra ts  a f ter  10 days  would have  been higher.  

In  h u m a n  beings, Khattab and Danasoury (1) found tha t  m a n y  diabetic 
pa t ients  of long dura t ion  who were  badly  controlled, showed diminution 
of s e rum proteins,  mos t ly  hypo-a lbuminemia ,  and there  was hype r  ~2 
globulinemia.  They  found also tha t  no significant deviat ion f rom normal  
values  of s e rum proteins  was  observed in cases below 4 years  durat ion 
and also in mild  controlled cases. 

In te r fe rence  wi th  hepat ic  prote in  synthesis  could readi ly  lead to the 
deve lopment  of a f a t ty  l iver  (13). Farber (5) suggested tha t  prote in  changes 
precede the f a t ty  l iver  by  a few hours. 
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In  the presen t  work  the l iver  fa t  was  significantly increased in case 
of severe  diabetes,  bu t  not  in mild diabetes. However ,  ne i ther  the total  
protein content  nor  the se rum electrophoret ic  pa t t e rn  showed any  signifi- 
cant  difference in severe  diabetic animals,  while  in case of mild  diabetes 
there  was a significant decrease in total  prote in  and in se rum albumin.  
Thus in case of severe  diabetes  there  is no direct  evidence implicat ing 
i m p a i r m e n t  of prote in  synthesis  as the ma jo r  mechanism for  the fa t ty  
l iver  produced by  alloxan. 

Also Pottenger (14) found tha t  f a t ty  l iver  developed in rats  fed a diet 
containing 1 ~ orotic acid wi thout  a l ter ing general  l iver  protein synthesis.  

Insul in  lack m a y  explain  the  m a r k e d  increase in l iver  f a t  in severe  
diabetic ra ts  in the present  work.  This is in ag reement  wi th  the well-  
known observat ion of Gibbs and Chaiko]~f (15, 16) tha t  the complete  re -  
mova l  of insulin f rom an animal  such as the dogs produces an intense 
f a t ty  liver. 

In  the present  work  under  the influence of two doses of 5 mg ATP to 
control and mild diabetic rats, the blood glucose was  decreased. In  a p re -  
vious work  in in-vivo exper iments ,  we  found tha t  ATP  increased the 
immunologica l ly  react ive  insulin (IRI) a f te r  glucose s t imulat ion (17). ATP  
increased also insulin secretion f rom the still functioning B-cells in the 
par t ia l ly  a l loxan-diabet ic  rats. 

The decrease in blood-glucose level in mild diabetic rats  under  the 
influence of ATP  was associated wi th  a significant reduct ion in the fa t  
content  of the liver. I t  has been shown tha t  injections of ATP  are able to 
p reven t  the f a t t y  l iver  produced by  other  hepatotoxic  drugs such as 
ethionine, ethanol,  carbontetrachloride,  and the antibiotic azaserine (18). 

Total  prote in  under  the influence of both  the high and low dosage of 
A T P  t r ea tmen t  of mild  diabetic ra ts  showed no significant change f rom 
the control. Al though in mild  diabetes the total  se rum prote in  showed 
a significant decrease when  compared  wi th  the control animals  (table 2). 

ATP  in the l a rger  doses resul ted in a significant increase in serum 
a lbumin  and a decrease in fl-globulin and total  globulins wi th  consequent  
increase in A/G rat io  (table 3). Thus in the case of se rum albumin,  ATP 
resul ted in a par t ia l  r ecovery  of the  effect  of alloxan. Dur ing the short  
t r ea tmen t  wi th  ATP the  se rum a lbumin  increased, but  it did no a t ta in  the 
normal  level of the control. Insul in t r ea tmen t  of diabetic pa t ients  raised 
the a lbumin  to normal  levels (1). Insul in  also promotes  prote in  synthesis  
causing reversa l  of the negat ive  ni t rogen balance (19). 

Sacks (20) repor ted  a decrease in the levels of ATP  in the l ivers  of 
a l loxan-diabet ic  rats.  A va r i e ty  of agents, which produce  a f a t ty  liver, 
lead to decreased ATP concentrat ions in the l iver  and tha t  injections of 
A T P  are  able to p reven t  both  the f a t ty  l iver  and the drop in ATP (18, 21). 

One m a y  suggest  tha t  in t racel lular  deplet ion of ATP  as a resul t  of 
al loxan adminis t ra t ion  is the cause of the lack of insulin secretion f rom 
the pancreas,  which lead to f a t ty  l iver  as well  as the impai red  prote in  
synthesis.  Inject ion of ATP  preven ts  the cel lular  deplet ion of ATP  and 
p romote  insulin secretion. 



Tahani et eL, E~]ect o] repeated doses  of A T P  127 

S u m m a r y  

A c o m p a r i s o n  of s e r u m  p r o t e i n  f r ac t ions  (e lec t rophore t ic  separa t ion)  b e t w e e n  
con t ro l  a n d  m i l d  a l l o x a n - d i a b e t i c  r a t s  e x a m i n e d  10 days  a f t e r  a l l oxan  ind ica tes  
a dec r ea se  in  to ta l  p ro te in ,  a dec r ea se  in  p e r c e n t a g e  a l b u m i n  a c c o m p a n i e d  by  a 
dec rease  in  A /G rat io .  

In  s e r v e r e  d iabe t i c  ra t s  e x a m i n e d  48 h o u r s  a f t e r  t h e  a d m i n i s t r a t i o n  of  
a l loxan,  t h e r e  w e r e  no changes  in  to ta l  p r o t e i n  or  in  s e r u m - p r o t e i n  f rac t ions .  
The  changes  in  t he  s e r u m  p r o t e i n  and  s e r u m  a l b u m i n  in  mi ld  d iabe t i c  cases  a r e  
no t  t h e  r e su l t  of t he  deg ree  of d i abe t e s  only.  ]But t h e y  a re  r a t h e r  e x p l a i n e d  by  
the  longe r  t i m e  i n t e r v a l  of  t he  uncon t ro l l ed  d iabe t i c  s ta te .  

A T P  a d m i n i s t e r e d  to  mi ld  d iabe t i c  r a t s  p r o d u c e d  the  fo l lowing  changes :  
two  in j ec t ions  of 5 m g  p e r  r a t  e x h i b i t  a l o w e r i n g  e f fec t  on  the  b lood  glucose,  
w i t h  a dec rease  in  l ive r  fat .  A T P  r e su l t ed  also in  a s ign i f i can t  inc rease  in  s e r u m  
a l b u m i n  and  a dec r ea se  in  p - g l o b u l i n  w i t h  a c o n s e q u e n t  i nc rease  in  t h e  A /G 
rat io.  

C o m p a r i s o n  of t h e  d i f f e r e n t  p r o t e i n  f r ac t ions  of m a l e  a n d  f ema l e  con t ro l  
r a t s  d id  no t  s h o w  a n y  s ign i f i can t  d i f fe rence .  A T P  a d m i n i s t e r e d  to cont ro l  
an im a l s  d id  no t  a l t e r  t h e  n o r m a l  e l e c t ropho re t i e  p a t t e rn .  
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