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Exper imenta l  diabetes was produced by  in t ravenous  adminis t ra t ion of 
dithizone to animals  (1, 14, 25), or in t raper i toneal  injection of al loxan (23). 
The exper imenta l  animals  show a t r iphasic  change in the blood sugar  
levels, initial hyperg lycaemia ,  hypoglycaemia  and finally hyperglycaemia .  
The development  of these phases of a l loxan diabetes are ma in ly  due to 
insulin deficiency, insulin surplus and then insulin lack, respect ively  (13). 

Many  worke r s  repor ted  a significant  elevat ion in glutamic oxalic 
t r ansaminase  (GOT) and glutamic pyruvie  t ransaminase  (GPT) activities 
in hear t  diseases, ex t rahepat ic  bi l iary obstruct ive jaundice and bi l iary 
cirrhoses (7, 22). In  most  instances the quant i ta t ive  and serial  changes in 
these two enzymes are an index of var ious types of l iver  disease to assist 
in diagnostic different iat ion (4). 

Raised level o f  alkaline phosphatase  was recorded in Paget's disease, 
hyperpara thyro id i sm,  rickets, osteomalacia in t ra  and ext rahepat ic  obst ruc-  
tion, and in hepat ic  lesion such as metas tas is  and abcess (18, 19). Low 
enzyme level was found in achondroplasia  and cretinism, also in scurvy  
and af ter  exposure  to radio active substances which are deposited in the 
bone (2). 

Ceruloplasmin act ivi ty  is known to be high dur ing pregnancy,  it is 
increased in response to estrogen and contracept ives  adminis t ra t ion (16, 
24, 11). Increased levels in thyrotoxicosis  has been suggested to be related 
to per iphera l  t ransformat ion  of gonadal  steroid (6). No change in cerulo- 
p lasmin level in juvenile  diabetes compared  to normal  subjects wi th  or 
wi thout  insulin t r ea tmen t  (16). 

This work  was carr ied out to s tudy the metabol ic  changes of certain 
enzymes such as glutamic oxalic t r ansaminase  (GOT), g lutamic pyruvic  
t ransaminase  (GPT), alkaline phosphatase  and ceruloplasmin oxidase 
act ivi ty  in al loxan diabetes before and af ter  t r ea tmen t  wi th  different  
hypoglycaemic  drugs and in dithizone diabetes before and af ter  t r ea tmen t  
with insulin. 

Materials and methods 

The present study was carried out on 115 normal albino rats of body weight 
ranging from 200-250 g. The rates were maintained on the laboratory diet and 
allowed to eat ad libitum. 
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Fasted rats were rendered diabetic by alloxan by intraperi toneal  injection 
of freshly prepared alloxan monohydrate solution in a dose of 150 mg/kg of 
body weight. In  case of dithizone diabetes, rats were rendered diabetic after 
24 hours by slow intravenous injection of freshly prepared dithizone solution in 
a dose of 200 mg/kg of body weight (34). 

The rats were divided into 10 groups; 15 untreated rats served as control 
group, 15 rats treated with alloxan only.. Six groups of alloxan diabetic rats 
containing 10 rats each, a group of these was given glibenclamide (daonil) in a 
dose of 0.1 mg/kg body weight i.v./day for 7 days. The second group was 
continued the same t reatment  for 14 days. The third group was given gluco- 
diazine (lycanol) in a dose of 20 mg/kg body weight i.v./day for 7 days and 
the fourth group for 14 day. The fifth and sixth groups were treated with insul in 
(1 unit /kg of body weight s.c.) twice a day for 7 and 14 days respectively. The 
remaining two groups, 15 rats treated with dithizone only and 10 dithizonised 
rats were treated with insulin, injection subcutaneously in a dose of 1 unit /kg 
of body weight twice a day for 10 days. 

The method of Nelson's modification of Somogyi's (33) was used for deter- 
minat ion of blood sugar. Serum (GOT) and (GPT) by the method of Reitman 
and Franker (27). Serum alkaline phosphatase was estimated by the method of 
King and Armstrong (17). The ceruloplasmin-oxidase activity was determined by 
the method of Henry et al. (10). 

Results  and discussion 

In  a l l oxan  d iabet ic  rats,  s e r u m  (GOT) an d  (GPT) levels  we re  s igni f i -  
c a n t l y  h ighe r  t h a n  n o r m a l  ( table 1). Cruickshank  (5) f ound  t h a t  the l ive r  
was  necro t ized  in  a l l oxan  diabetes.  This  suppor t s  the  v iew t h a t  the hypo-  
g lycaemic  phase  of a l l oxan  po i son ing  m a y  be the resu l t  of l ive r  damage.  
I n  t i ssue damage,  ce l lu la r  enzymes  ac t iv i ty  ac tua l ly  increases,  s imu l -  
t aneous ly  w i t h  s e rum e n z y m e  increase  (4). The re  is rec iprocal  r e l a t ionsh ip  
b e t w e e n  s e r u m  enzymes  and  l ive r  act ivi ty .  A n  increase  in  Cellular and  
s e r u m  e n z y m e  could r ep re sen t  a homeos ta t ic  r a t h e r  t h a n  r e t rog rade  
response.  

Ingmar and  Claus (13) observed  tha t  a cons ide rab le  dep le t ion  of h e p a t i c  
and  musc le  g lycogen  in  a l l oxan  d iabe t ic  rats .  D u r i n g  a l l oxan  d iabe togenes -  
is, the  l ive r  g lycogen t ends  to move  c o n t r a r y  to the  d i rec t ion  of blood 
suga r  changes  (28). The  l ive r  g lycogen  conc e n t r a t i on  is low d u r i n g  the 
h y p e r g l y c a e m i c  phase.  

The  g luconeogene t ic  act ion of GOT and  G P T  could r e p r e se n t  a com- 
p e n s a t o r y  response  by  p r o v i d i n g  n e w  suppl ies  of glucose precursors .  
The re fo re  the  h igh  levels  of t r a n s a m i n a s e  enzymes  m a y  be due to hepa to-  
toxic effect of a l loxan.  

On the  o the r  hand ,  KaZk (15) and  L e e v y  (21) suggested  t ha t  app rox i -  
m a t e l y  40 % of d iabet ic  an ima l s  have  mode ra t e  f a t ty  i n f i l t r a t i o n  w i th  or 
w i t h o u t  cirrhosis .  Therefore ,  the  inc rease  of s e r u m  t r a n s a m i n a s e  m a y  be 
due  to f a t ty  in f i l t r a t ion .  

In  our  s tudy,  the  t r e a t m e n t  of a l l oxan -d i abe t e s  ra ts  w i th  i n s u l i n  led to 
l o w e r i n g  of s e r u m  GOT and  GPT.  o n  the  o ther  hand ,  w h e n  lycano l  was  
a d m i n i s t e r e d  to d iabet ic  rats,  t hey  showed n o n  s ign i f i can t  effect on s e r u m  
GOT and  G P T  n e i t h e r  a f te r  7 days  nor  af ter  14 days. S imi la r ly ,  there  was  
no  r e t u r n  of s e r u m  enzymes  to n o r m a l  levels  w h e n  daon i l  was  used. 
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Diabetic rats, 24 hours after intravenous injection of dithizone, had a 
slight elevation in serum GOT and GPT (table 2). This may be due to the 
fact that  dithizone has no toxic effect on the liver, and hence no highly 
elevation in serum enzymes was observed as occurred in alloxan. 

After  10 days t reatment  with insulin (1 unit/kg body weight), sub- 
cutaneously injected twice a day, serum enzymes re turn to the normal  
with disappearance of hyperglycaemia occurred by dithizone. 

Our alloxan-diabetic rats showed low serum alkaline phosphatase 
level compare,l to normal  control, while increase after 7 and 14 days from 
treatment  with oral hypoglycaemic drugs such as daonil and lycanol 
(table 1). These findings agree with those obtained by Cantor et al. (3) who 
found that  an initial decrease in serum alkaline phosphatase activity in 
alloxan diabetes followed by a gradual  rise more than three times the 
original values in 14 days. Sen  (32) found that low concentration of alloxan 
exerted some retarding or assisting influence on sueeinie dehydrogenase, 
pyruvic  acid oxidase, and alkaline phosphatase. 

The initial decrease of serum alkaline phosphatase in our diabetic rat  
could be attr ibuted to the increased call of energy through glycolytic and 
oxidative pathways  of glucose 6-phosphate, however, the glycogen 
depletion due to insulin deficiency and transaminase increment observed 
later on could be the cause of the increased alkaline phpsphatase activity 
observed later  on. On the other hand, the elevation occurred after t reat-  
ment with hypoglycaemic drugs may  be attr ibuted from leakage out of 
necrotic or damage cells of the liver. 

On the other hand, when insulin was administered to diabetic rats, 
the serum-alkaline phosphate remained low after 7 and 14 days, since 
insulin administration reduced sugar and alkaline phosphate in alloxan- 
diabetic rats (3). 

In dithizone-diabetic rats, serum alkaline phosphatase was higher than 
normal. After  10 days t rea tment  with insulin the serum alkaline phos- 
phatase approached to normal value (table 2). 

The increase of serum alkaline phosphatase in alloxan and dithizone 
diabetes could be at tr ibuted to increase of serum zinc. Prasad (26) showed 
that  zinc is present in several metaloenzymes and is important  in their 
activities, such as alkaline phosphatase. HaZim et al. (8, 9) recorded high 
serum zinc level in alloxan and dithizone diabetes due to release of zinc 
from the islet cells as a result of its destruction by alloxan or dithizone. 

In  a]loxan-diabetic rats, cerulopIasmin was higher than n o r m a l  Seven 
days after the t rea tment  of alloxan-diabetic rats with daonil, the serum 
ceruloplasmin decreased to some extent till the 14th day of t rea tment ,  
then re turned to the normal  level. When lycanoI or insulin were ad- 
ministered to alloxan-diabetic rats, serum ceruloplasmin was normalized 
on the I4 th  day (table 1). 

Intravenous injection of dithizone was without  effect on the serum 
ceruloplasmin. After  10 days t reatment  with insulin, serum ceruloplasmin 
remained unchanged (table 2). 

Ceruloplasmin is an ascorbic acid oxidase (12). This may indicate that, 
in the process of delivering it f rom ionic copper, the ceruloplasmin mole- 
cule was denatured, or that  the oxidase activity is a function of the 
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Table 2. Fasting blood glucose and serum GOT, GPT, alkaline phosphatase and 
ceruloplasmin in control, dithizonized rats and after 10 days from treatment  with 

insulin. 

I tem Control Dithizone After 1O days of 
diabetes t reatment  with insulin 

Glucose 
mg/100 ml 116.7 231.9 104.0 
S.D. d= 18.9 79.9 14.3 
P - 0.005 ins. 

GOT 
I.U./L. 64.0 81.1 66.8 
S.D. =t= 8.7 7.7 3.3 
P - 0.05 ins. 

GPT 
I.U./L. 26.2 37.9 26.9 
S.I). :]= 5.3 4.7 2.4 
P - 0.05 ins. 

Alkaline phosphatase 
K.I .U.  17.4 25.1 18.1 
S.D. q- 2.8 3.6 1.9 
P - 0.05 ins. 

Ceruloplasmin 
uni t  520 516 513 
S.D. q- 22.4 25.2 25.2 
P ins. ins. 

n (15) (15) (10) 

Figures between parentheses indicate number  of animals. 
ins. ; insignificant. 

p resence  of the free cupr ic  ions in  its so lu t ions  (30). The  copper  of ceru lo-  
p l a s m i n  is n o r m a l l y  v e r y  t i gh t l y  b o u n d  to the  p r o t e i n  (31). C e r u l o p l a s m i n  
m a y  t r a n s p o r t  copper  such as t r a n s f e r i n  t r anspo r t s  i r on  (20), I t  seems tha t  
the  copper  is i nco rpora ted  in to  the c e r u l o p l a s m i n  molecu le  in  vivo o n l y  
at  the  t ime  of syn thes i s  of the  p ro t e in  and  the  a m o u n t  of copper  incorpo-  
r a t ed  da i ly  in to  ce ru lop t a smin  in  a n o r m a l  cont ro l  co r responded  closely to 
the  a m o u n t  absorbed  f rom the  diet  (35). The  increase  in  s e r u m  copper  
level  m a y  be m a i n l y  due to the  increase  in  c e ru l op l a smi n  (29). 

Hal im  et al. f ound  tha t  s e rum copper  was  h igh in  a l loxan  diabetes  (8) 
and  was  n o r m a l  i n  d i th izone  d iabetes  (9). The  h ighe r  level  m a y  be due to 
the  hepa to toxic  effect of a l loxan.  Therefore ,  the  changes  of c e r u l op l a smi n  
levels  in  our  e x p e r i m e n t a l  ra ts  was  r e l a t ed  to s e r u m  copper.  

Summary  

In  alloxan diabetes, serum GOT, GPT, and ceruloplasmin were significantly 
increased compared to normal rats, while the level of serum alkaline phosphatale 
was decreased. 
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T r e a t m e n t  w i t h  i n s u l i n  l e d  to  l o w e r i n g  o f  s e r u m  G O T ,  G P T ,  a n d  c e r u l o -  
p l a s m i n  w h i l e  s e r u m  a l k a l i n e  p h o s p h a t a s e  r e m a i n e d  low.  T h e n  l y c a n o l  o r  d a o n i l  
w e r e  u s e d  fo r  t r e a t m e n t ,  s e r u m  G O T ,  G P T ,  a n d  c e r u l o p l a s m i n  w e r e  c h a n g e s  
t o w a r d s  n o r m a l i z a t i o n ,  w h i l e  c e r u l o p l a s m i n  r e t u r n e d  to  n o r m a l  v a l u e s .  S e r u m -  
a l k a l i n e  p h o s p h a t a s e  i n c r e a s e d  a f t e r  7 a n d  14 d a y s  f r o m  t r e a t m e n t  w i t h  o r a l  
h y p o l g y l c a e m i c  d r u g s .  

I n  d i t h i z o n i z e d  d i a b e t i c  a n i m a l s ,  t h e  l e v e l s  o f  s e r u m  G O T ,  G P T ,  a n d  
a l k a l i n e  p h o s p h a t a s e  w e r e  f o u n d  to  b e  h i g h e r  t h a n  n o r m a l ,  w h i l e  c e r u l o -  
p l a s m i n  l e v e l s  w e r e  u n c h a n g e d .  

A f t e r  t r e a t m e n t  w i t h  i n s u l i n  a l l  s e r u m  e n z y m e  a c t i v i t i e s  w e r e  n o r m a l i z e d .  
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