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Exper imenta l  diabetes was p roduced  by in t ravenous  adminis t ra t ion of 
di thizone to rats (1, 14, 22), or intraperi toneal  injection of a l loxan (21). On 
one hand,  the beta cells of the pancreas  are selectively des t royed by  
al loxan (18). On the  other  hand,  histological  examina t ion  of the  pancreas  
showed  that  the extent  of the g lycaemic  react ion induced  by  dithizone was 
dependen t  on the  degree of damage  of islet t issues (35). 

A w a d a l l a h  et al. (2) showed  that  in a l loxan- induced diabetes, se rum 
GOT, GPT  and  coeruloplasmin were  signif icantly increased compared  to 
normal  rats, while the level of se rum alkaline phospha tase  was decreased. 
In  d i th izone- induced diabetes,  the levels of se rum GOT, GPT and alkaline 
phospha tase  were  found  to be h igher  than  normal,  while coeruloplasmin 
levels were  u n c h a n g e d  (2). 

We have also repor ted  that  the in t ravenous  inject ion of zinc n chloride (1 
mg/1 kg body  weight)  immedia te ly  before and  15 minutes  after alloxan or 
di thizone prevented  the usual  hyperg lycaemia  observed  24 hours  after 
induc t ion  of diabetes. The in t ravenous  injection of manganese  n chloride 
prevented  any  marked  rise of blood glucose, with protect ing the islets. 
C h r o m i u m  m and  cobalt  n chloride lowered the blood glucose level to a 
certain extent  (34). 

The present  invest igat ion was  carried out  to s tudy  the metabolic  chan- 
ges in activities of certain enzymes  such as glutamic oxalic t ransaminase 
(GOT), glutamic pyruvic  t ransaminase  (GPT), alkaline phosphatase  (AP) 
and  coeru loplasmin  oxidase in al loxan and  di thizone-induced diabetes in 
presence  of those  elements.  

Material  and m e t h o d s  

Sprague Dawley rats, bred in the laboratory, weighing 200-250 g and fed stock 
diet ad libitum, were used throughout. The experiments were performed on two 
sets of animals comprising alloxan- and dithizone-diabetic rats. 

1 - Al loxan-diabet ie  rats 

In these experiments, the rats were made diabetic by intraperitoneal injection of 
freshly prepared 5% aqueous solution of alloxan following a 24-hour fast. The used 
dose was 150 mg/kg of body weight. 
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2 -  Dithizone-diabetic rats 

Rats were rendered diabetic  by  the slow intravenous injection of freshly pre- 
pared di thizone solution in a dose of 200 mg/kg of body  weight  following a 24-hour 
fast (33). 

The rats in this s tudy were divided into six groups: Group 1 is a control  group 
compris ing 15 normal  rats, and group 2 is a diabetic group compris ing 10 alloxan- 
ized and 10 dithizonized rats. Groups  3, 4, 5 and 6 comprised  each 20 rats injected 
intravenously with ei ther  Zn n, Mn n, Cr m or Co n chloride solution. The dose was 
1 mg  of the sal t /kg of body  weight immedia te ly  before and 15 minutes  after a l loxan 
and dithizone. 

Before sacrificing the animals,  blood samples  were asperated from the apex of 
the heart, and were used for analysis of glucose. P lasma glucose was measured  by  
Nelson's modificat ion of Somog:yi's procedure  (32). Serum GOT and GPT were  
de termined by  the method  of Reltman and Frankel (27). Serum alkaline phospha-  
tase was es t imated by  the method  of K/rig and Arrnstrung (17). The ceruloplasmin- 
oxidase activi ty was de te rmined  by the method  of Henrye t  al. (11). 

Resul t s  and d i scuss ion  

S e v e r a l  w o r k e r s  (15, 22, 20) h a v e  d e m o n s t r a t e d  t h a t  d i t h i z o n e  is  a 
d i a b e t o g e n i c  s u b s t a n c e ,  a n d  m o s t  of  t h e m  e x p l a i n e d  i t s  a c t i o n  b y  m a k i n g  
t h e  a s s u m p t i o n  t h a t  d i t h i z o n e  c h e l a t e s  Z n  n w h i c h  is a n  i n t e g r a l  p a r t  of  t h e  
s t r u c t u r e  a n d  f u n c t i o n a l  a c t i v i t y  o f  t h e  b e t a  ce l l s  ( i n s u l i n  p r o d u c e r s ) .  
H o w e v e r ,  a l l o x a n  e f f ec t  h a s  b e e n  s t a t e d  to  b e  in  p r e v e n t i n g  t h e  e n z y m a t i c  
s y n t h e s i s  a n d  r e l e a s e  of  i n s u l i n  (28). 

I n  o u r  s t u d y ,  i t  w a s  f o u n d  t h a t  t h e  i n t r a v e n o u s  i n j e c t i o n  of  Z n  II ch lo -  
r i d e  in  d i t h i z o n e ,  o r  a l l o x a n ,  p r e v e n t e d  t h e  u s u a l  h y p e r g l y c a e m i a  o b -  
s e r v e d  24 h o u r s  a f t e r  i n d u c t i o n  of  d i a b e t e s  (34, 3). F o r  t h i s  f i n d i n g ,  t h e r e  
a r e  t w o  p o s s i b l e  e x p l a n a t i o n s ,  t h e  f i r s t  is  t h a t  w e  a r e  d e a l i n g  w i t h  t h e  re-  
s u l t a n t  of  t w o  o p p o s i n g  c h a n g e s ,  h y p o g l y c a e m i a  i n d u c e d  b y  Z n  n o n  o n e  
h a n d ,  a n d  h y p e r g l y c a e m i a  i n d u c e d  b y  a l l o x a n ,  o r  d i t h i z o n e  o n  t h e  o t h e r  
h a n d .  Prasad  (25) s u g g e s t e d  t h a t  Z n  II s e e m s  to b e  e s s e n t i a l  fo r  t h e  u t i l i za -  
t i o n  of  g l u c o s e  b y  v a r i o u s  t i s s u e s ,  a s  w e l l  as  t h e  e n h a n c e d  h y p o g l y c a e m i c  
a c t i o n  of  i n s u l i n  (24). T h e  s e c o n d  e x p l a n a t i o n  is  t h a t  g e n u i n e  p r o t e c t i o n  of  
t h e  i s l e t s  o c c u r r e d  as  h a s  b e e n  v e r i f i e d  b y  h i s t o l o g i c a l  e x a m i n a t i o n  of  t h e  
p a n c r e a s  (34). 

I n t r a v e n o u s  i n j e c t i o n  of M n  n c h l o r i d e  p r e v e n t e d  a l so  t h e  e x p e c t e d  r i s e  
of  b l o o d  g l u c o s e .  M a n g a n e s e  m a y  a c t  p e r i p h e r a l l y  o n  u t i l i z a t i o n  of  g l u c o s e  
w h i c h  is i n  a g r e e m e n t  w i t h  i t s  r o l e  a s  a c o e n z y m e  fo r  m a n y  r e a c t i o n s  
i n v o l v e d  in  c a r b o h y d r a t e  m e t a b o l i s m  (10). 

I n  c a s e  of  i n t r a v e n o u s  i n j e c t i o n  of  Cr  In c h l o r i d e ,  t h e  b l o o d  s u g a r  
a t t a i n e d  a l o w e r  l e v e l  t h a n  t h a t  of  a l l o x a n  o r  d i t h i z o n e ,  b u t  a h i g h e r  l e v e l  
t h a n  t h e  c o n t r o l  v a l u e .  T h u s  Cr  nI u n l i k e  Z n  n d i d  n o t  p r o t e c t  t h e  r a t  a g a i n s t  
t h e  d i a b e t o g e n i c  e f f ec t  of  d i t h i z o n e  o r  a l l o x a n .  

W i t h  r e g a r d  to  i n t r a v e n o u s  i n j e c t i o n  of  Co  n c h l o r i d e ,  t h e  b l o o d  s u g a r  
a t t a i n e d  a l o w e r  l e v e l  t h e n  a l l o x a n  a n d  d i t h i z o n e  d i a b e t e s .  I t  a l so  c a u s e s  a 
r a p i d  s e l e c t i v e  i n j u r y  to  t h e  a l p h a  ce l l s  (30, 10). P a d m a k e r  e t  al.  (23) 
s u g g e s t e d  t h a t  Co  n i o n s  e n h a n c e  g l u c o s e  u p t a k e ,  i t s  o x i d a t i o n  to  c a r b o n  
d i o x i d e ,  a n d  i ts  i n c o r p o r a t i o n  i n to  fa t  l i p i d s ,  t h u s  s t i m u l a t i n g  t h e  a c t i o n  of  
i n su l in .  M o r e o v e r ,  t h e  i o n i c  m o v e m e n t s  a c r o s s  t h e  b e t a  ce l l  m e m b r a n e  a r e  
i m p o r t a n t  in  s e t t i n g  off a n d  m a i n t a i n i n g  i n s u l i n  s e c r e t i o n  b y  t h e  b e t a  ce l l s .  
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I t  is p o s s i b l e  t h a t  s o m e  of t h e s e  i o n s  a re  m o r e  c lose ly  r e l a t e d  to t he  
d i f f e r en t  s t ages  of t he  i n s u l i n  s e c r e t i o n  p r o c e s s  i n  t he  b e t a  cel l  (6, 7). 

I n  a l l o x a n  d i a b e t i c  rats ,  s e r u m  G O T  a n d  G P T  leve l s  we re  s i g n i f i c a n t l y  
h i g h e r  t h a n  n o r m a l  ( tab le  1). T h e  s e r u m  G O T  leve ls  w e r e  h i g h e r  i n  a n i m a l s  
i n j e c t e d  w i t h  Cr  nI t h a n  Co II, Z n  II a n d  M n  n, wh i l e  s e r u m  G P T  leve ls  w e r e  
h i g h e r  i n  Co n t h a n  i n  Cr  HI, Z n  n a n d  M n  II. 

C n t i c k s h a n k  (5) f o u n d  tha t  t he  l i ve r  was  n e c r o t i z e d  i n  a U o x a n  d iabe te s .  
T h i s  s u p p o r t s  t h e  v i e w  tha t  the  h y p o g l y c a e m i c  p h a s e  of a l l o x a n  p o i s o n i n g  
m a y  be  the  r e s u l t  of l ive r  d a m a g e .  I n  t i s s u e  d a m a g e ,  ce l lu l a r  e n z y m e  
ac t i v i t y  a c t u a l l y  i nc reases ,  s i m u l t a n e o u s l y  w i t h  s e r u m  e n z y m e  ac t iv i ty  
i n c r e a s e  (4). I n g m a r  a n d  Claus (3) o b s e r v e d  a c o n s i d e r a b l e  d e p l e t i o n  of 
h e p a t i c  a n d  m u s c l e  g l y c o g e n  i n  a l l o x a n  d i a b e t i c  rats .  D u r i n g  a l l o x a n  
d i a b e t o g e n e s i s ,  t he  l iver  g l y c o g e n  t e n d s  to m o v e  c o n t r a r y  to t he  d i r e c t i o n  
of b l o o d  suga r  c h a n g e s  (29). T h e  g l u c o n e o g e n e t i c  a c t i o n  of G O T  a n d  G P T  
c o u l d  r e p r e s e n t  a c o m p e n s a t o r y  r e s p o n s e  b y  p r o v i d i n g  n e w  s u p p l i e s  of 
g lucose  p r ecu r so r s .  The re fo re ,  t he  h i g h  leve ls  of t r a n s a m i n a s e  e n z y m e  
m a y  be  d u e  to h e p a t o t o x i c  effect  of a l loxan .  O n  the  o t h e r  h a n d ,  K a l k  (16) 
a n d  L e e y  (19) s u g g e s t e d  t h a t  a p p r o x i m a t e l y  40% of t he  d i a b e t i c  a n i m a l s  
h a v e  m o d e r a t e  fa t ty  i n f i l t r a t i o n  w i t h  or w i t h o u t  c i r rhos is .  

D i a b e t i c  rats ,  24 h o u r s  af ter  i n t r a v e n o u s  i n j e c t i o n  of d i th i zone ,  h a d  a 
s l igh t  e l e v a t i o n  i n  s e r u m  G O T  a n d  G P T  ( table  2). Th i s  m a y  b e  d u e  to the  
fact  t h a t  d i t h i z o n e  has  n o  tox ic  effect  o n  t h e  l iver,  a n d  h e n c e  no  h i g h l y  
e l e v a t i o n  in  s e r u m  e n z y m e s  was  o b s e r v e d  as i n  a l loxan .  S e r u m  G O T  a n d  
G P T  leve ls  we re  i n c r e a s e d  i n  a n i m a l s  i n j e c t e d  w i t h  Co n t h a n  Cr  hI, Z n  n a n d  
M n  II, 

Data  for  s e r u m  G O T  s h o w s  t h a t  t h e r e  are  no  s t a t i s t i ca l ly  s i g n i f i c a n t  
d i f f e r ences  b e t w e e n  t h e  e m a n s  of Z n I L M n  u a n d  Crm-Co H, a n d  t he r e  are  
s ta t i s t i ca l ly  s i g n i f i c a n t  d i f f e r ences  b e t w e e n  t he  m e a n s  of Z n n - C r  m, Z n  n- 
Co II, M n n - C r  II a n d  MnII-CoII for  a l loxan .  I n  case  of d i t h i zone ,  t h e r e  are  
s ta t i s t i ca l ly  s i g n i f i c a n t  d i f f e r ences  i n  all  c o u p l e s  e x c e p t  t he  Z n - M n  c o u p l e  
( tab le  3). 

Table 3. 

Zn-Mn Zn-Cr  Zn-Co Mn-Cr Mn-Co Cr-Co 

Alloxan n. s. s. s. s. s. n. s. 
GOT 

Dithizone n .s .  s. s. s. s. s. 

Alloxan s. s. s. s. s. n . s .  
GPT 

Dithizone n .s .  n .s .  n .s .  n .s .  s. n . s .  

Alloxan n . s .  n .s .  n . s .  n .s .  s. s. 
Alloxan n.s .  n . s .  n .s .  n . s .  s. s. 

Alkaline phosphate 
Dithizone s. n .s .  n .s .  s. s. s. 

Alloxan s. n . s .  n .s .  s. s. n .s .  
Coeruloplasmin 

Dithizose n .s .  n .s .  s. n .s .  s. s. 
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A s i m i l a r  c o m p a r i s o n  of  s e r u m  G P T  v a l u e s  s h o w e d  t h a t  t h e r e  a r e  
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  for  a l l  c o u p l e s  e x c e p t  t h e  C r m - a l l o x a n .  
F o r  d i t h i z o n e ,  t h e r e  a r e  n o  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  in  a l l  c a s e s  
e x c e p t  MnH-Cr m case .  

T h e  i n c r e a s e  of  s e r u m  t r a n s a m i n a s e  m a y  b e  d u e  to  e i t h e r  f a t t y  in f i l t ra -  
t ion ,  h e p a t o t o x i c  e f fec t ,  o r  b o t h .  

O u r  a l l o x a n  d i a b e t i c  r a t s  s h o w e d  l o w e r  s e r u m  a l k a l i n e  p h o s p h a t a s e  
l eve l s  a n d  h i g h e r  in  a n i m a l s  i n j e c t e d  w i t h  Co  I1 t h a n  Cr  m, Z n  Ix a n d  M n  u 
( t ab l e  1). T h e  in i t i a l  d e c r e a s e  of  s e r u m  a l k a l i n e  p h o s p h a t a s e  in  o u r  d i a b e t i c  
r a t s  c o u l d  b e  a t t r i b u t e d  to  t h e  i n c r e a s e  ca l l  for  e n e r g y  t h r o u g h  g l y c o l y t i c  
a n d  o x i d a t i v e  p a t h w a y s  of  g l u c o s e  6 - p h o s p h a t e .  H o w e v e r ,  t h e  g l y c o g e n  
d e p l e t i o n  d u e  to  i n s u l i n  d e f i c i e n c y  a n d  t r a n s a m i n a s e  i n c r e m e n t  o b s e r v e d  
l a t e r  c o u l d  b e  t h e  c a u s e  of  t h e  i n c r e a s e d  a l k a l i n e  p h o s p h a t a s e  ac t iv i ty .  

O n  t h e  o t h e r  h a n d ,  t h e r e  a r e  no  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  in  
s e r u m  a l k a l i n e  p h o s p h a t a s e  fo r  t h e  c o u p l e s  ZnI I -Mn m, ZnXX-crm, M n  n- 
C r  In, a n d  t h e r e  a r e  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  fo r  t h e  c o u p l e s  Z n  n- 
Co  n, M n n - C o  n a n d  c r l n - c o  xI for  a l l o x a n  ( t ab l e  3). F o r  d i t h i z o n e ,  t h e r e  a r e  
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  in  a l l  c a s e s  e x c e p t  z n n - C r  nI a n d  Z n  II- 
Co  n . T h e  i n c r e a s e  in  t h e  e n z y m e  c o u l d  b e  a t t r i b u t e d  to  a n  i n c r e a s e  of 
s e r u m  Z n  n. Z i n c  is  p r e s e n t  in  s e v e r a l  m e t a l o e n z y m e s  a n d  is i m p o r t a n t  in  
t h e i r  a c t i v i t i e s  (26). H a / / m  e t  al.  (8, 9) r e c o r d e d  h i g h  s e r u m  z inc  l eve l s  in  
a l l o x a n  a n d  d i t h i z o n e  d i a b e t e s  d u e  to  r e l e a s e  of  z inc  f r o m  t h e  i s l e t  ce l l s  as  
a r e s u l t  of  i t s  d e s t r u c t i o n  b y  a l l o x a n  o r  d i t h i z o n e .  

I n  a l l o x a n - d i a b e t i c  ra t s ,  c e r u l o p l a s m i n  w a s  h i g h e r  t h a n  n o r m a l ,  w h i l e  
i n t r a v e n o u s  i n j e c t i o n  of d i t h i z o n e  w a s  w i t h o u t  e f f ec t  on  s e r u m  c o e r u l o -  
p l a s m i n  ( t a b l e s  1, 2). 

D a t a  fo r  c o e r u l o p l a s m i n  s h o w  t h a t  t h e r e  a r e  n o  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  b e t w e e n  t h e  i n c r e a s e  of  ZnH-Co H, ZnII-Cr~ll a n d  Crm-Co  H a n d  
t h e r e  a r e  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  for  t h e  o t h e r  c o u p l e s .  F o r  
d i t h i z o n e ,  t h e r e  a r e  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  for  t h e  c o u p l e s  
Zn l I -Co  II, MnH-Co II a n d  Crl l I -Co II, t h e r e  a r e  no  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  fo r  t h e  c o u p l e s  ZnH-Mn II, ZnII-Cr  xlI a n d  MnH-Cr m. 

C o e r u l o p l a s m i n  is  a n  a s c o r b i c  a c i d  o x i d a s e  (12), a n d  i t s  a c t i v i t y  is  a 
f u n c t i o n  of f r ee  c o p p e r  (II)  i o n s  in  s o l u t i o n  (26), h e n c e  a n  i n c r e a s e  in s e r u m  
c o p p e r  l eve l  m a y  b e  m a i n l y  d u e  to  t h e  i n c r e a s e  in  c o e r u l o p l a s m i n .  H a l l m  
et  al.  f o u n d  t h a t  s e r u m  c o p p e r  w a s  h i g h e r  in  a l l o x a n  d i a b e t e s  p r o b a b l y  d u e  
to  i ts  h e p a t o t o x i c  e f f ec t  (9). 

S u m m a r y  

The intravenous injection of zinc chloride immedia te ly  before and 15 minutes  
after a l loxan or dithizone prevented  the usual  hyperglycaemia observed 24 hours 
after induct ion of diabetes.  The intravenous injection of manganese chloride pre- 
vented any marked  rise of blood glucose, while chromium and cobalt  chlorides 
lowered the blood glucose level to a certain extent.  

In  al loxan diabetic  rats, serum GOT and GPT levels were significantly higher 
than normal. The serum GO T levels were higher in animals injected with chromium 
than cobalt, zinc and manganese;  while serum GPT levels were higher in cobalt  
than in chromium, zinc and manganese.  In dithizone diabetes, serum GOT and GPT 
were increased in animals injected with cobalt  than chromium, zinc and manga- 
nese. 
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A l l o x a n  d i a b e t i c  r a t s  s h o w e d  l o w e r  s e r u m  a l k a l i n e  p h o s p h a t a s e  l e v e l s  a n d  
h i g h e r  i n  a n i m a l s  i n j e c t e d  w i t h  c o b a l t  t h a n  c h r o m i u m ,  z i n c  a n d  m a n g a n e s e .  F o r  
d i t h i z o n e ,  t h e r e  a r e  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  i n  a l l  c a s e s .  

I n  a l l o x a n  d i a b e t e s ,  c o e r u l o p l a s m i n  w a s  h i g h e r  t h a n  n o r m a l ,  w h i l e  i n t r a v e n o u s  
i n j e c t i o n  o f  d i t h i z o n e  w a s  w i t h o u t  e f f e c t  o n  s e r u m  c o e r u l o p l a s m i n .  
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