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Production of experimental  diabetes by intravenous injection of dithizone indi- 
cated a connection between insulin synthesis and the metabolism of trace elements. 
Blocking trace elements in the organism led to hypoinsulinism and in turn the 
disturbance of insulin synthesis led to excretion from the organism of trace ele- 
ments. Hyperglycemia, glucosuria and metalluria produced during dithizone diabe- 
tes were also prevented by insulin (29). 

Simultaneous administration of zinc chloride (2 mg/kg s.c. twice daily for 7 days) 
prevented cadmium chloride induced hyperglycaemia and decreased glucose tol- 
erance (12). 

We have also reported that the intravenous injection of zinc chloride (1 mg/kg) 
immediately before and fifteen minutes after alloxan or dithizone prevented the 
usual hyperglycemia observed 24 hours after induction of diabetes. Histological 
examination showed that the islets of these animals which were injected with zinc 
were intact and their beta cells stained normally. The intravenous injection of 
manganese chloride prevented any marked rise of blood glucose, without protect 
ing the islets. Chromium and cobalt chloride lowered the blood glucose level to a 
certain extent  (24). 

ATP resulted also in a significant reduction in blood sugar in female rats 
examined on the 10th day after induction of alloxan diabetes (24). 

The aim of the present study is to evaluate the changes in serum zinc, copper, 
iron, calcium, magnesium, potassium and sodium under the protective effect of 
ATP and certain trace elements such as zinc, manganese, chromium and cobalt on 
the diabetes induced by alloxan or dithizone. 

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

Sprague daw]ey rats bred in the laboratory, weighing 200-250 g and fed stock 
diet ad libitum, were used throughout. 

Fasted rats were rendered diabetic by alloxan by intraperitoneal 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 fast 
by slow intravenous injection of freshly prepared dithizone solution in a dose of 
200 mg/kg of body weight (22). 
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The rats in this study were divided into seven groups, control group comprised 
15 normal rats. Diabetic group comprised 15 alloxanized and 15 dithizonized rats. 
Groups 3, 4, 5 and 6 comprised each 20 rats injected intravenously with either zinc, 
manganese, chromium or cobalt chloride solution to a dose 1 mg of the salt/kg body 
weight immediately before and 1 mg 15 minutes  after alloxan or dithizone. 

Group 7 represents the effect of ATP on alloxan diabetes. ATP (Richter) was 
given by the intraperitoneal route of administration one hour before alloxan in the 
dose of 30 rag/rat. 

Twenty-four hours after injection, the animals were killed by decapitation. 
Blood samples were collected from the heart. A portion of the blood was used for 
estimation of blood glucose. The remaining portion was allowed to clot and the 
serum was used for analysis of minerals. 

The method of Nelson's modification of Somogyi 's  (20) was used for determina- 
tion of blood sugar. Serum zinc and copper were determined by the method of 
Sinaha and Gabriel1 (21). Serum iron, potassium and sodium were estimated by the 
method published in Backman, Analytical Method by Atomic Absorption Spectro- 
photometer. Serum calcium and magnesium were determined using the method of 
Willis (27). 

R e s u l t s  and d i s c u s s i o n  

I n  hea l th ,  z inc  is one  of the  m o s t  u n i f o r m  b i o c h e m i c a l  c o n s t i t u e n t s  of 
b l o o d  a n d  tha t  i n c r e a s e d  m e t a b o l i c  ac t iv i t i es  i n d u c e d  a m a r k e d  a n d  
i m m e d i a t e  fall i n  b lood  z inc  (5). 

A s i g n i f i c a n t  q u a n t i t y  of z inc  is p r e s e n t  i n  n o r m a l  p a n c r e a s ,  a n d  the  
c o n t e n t  of z inc  is g rea t ly  r e d u c e d  in  t he  p a n c r e a s  of p a t i e n t s  w i t h  d i a b e t e s  
m e l l i t u s  (26). 

Z i n c  a d m i n i s t r a t i o n  s e e m s  to s t i m u l a t e  g l uc ose  u p t a k e  (17) as wel l  as 
a n  i n c r e a s e  in  p l a s m a  i n s u l i n  l ike  ac t iv i ty  (ILA) a n d  s e e ms  to e n h a n c e  the  
h y p o g l y c e m i c  ac t i on  of i n s u l i n  i tself  (15). 

T h e  h y p o g l y c e m i c  effect  of m a n g a n e s e  has  b e e n  r e p o r t e d  b y  m a n y  
w o r k e r s  (18, 8). I t  m a y  act  p e r i p h e r a l l y  on  u t i l i za t ion  of g lucose ,  or t h r o u g h  
g lucagon ,  i n h i b i t i n g  its r e l ease  or i n t e r f e r i n g  w i t h  i ts  g l y c o g e n o l y t i c  a c t i o n  
(8). 

I t  is k n o w n  tha t  c h r o m i u m  i n c r e a s e s  the  u t i l i za t ion  of g l uc ose  in  
l a b o r a t o r y  a n i m a l s  t h a t  have  b e e n  s u b j e c t e d  to a c h r o m i u m - d e f i c i e n t  d ie t  
(9). 

S u g a r  t r a n s p o r t  across  the  cell  m e m b r a n e  is one  site of ac t i on  of 
c h r o m i u m .  T h e  m o d e  of a c t i o n  of c h r o m i u m  a p p e a r s  to b e  c lose ly  r e l a t ed  
to t ha t  of i n s u l i n  (13). 

The  effect  of coba l t  i ons  o n  the  m e t a b o l i s m  of g l u c o s e  b y  a d i pose  t i s sue  
was  s t u d i e d  w i th  14C l abe l ed  g lucose  b y  P a d m a k e r  a n d  L a z a r o w  (14). 
Coba l t  i ons  e n h a n c e d  g lucose  up t ake ,  its o x i d a t i o n  to CO2 a n d  its i nco rpo -  
r a t i o n  in to  fat p a d  l ipids,  t h u s  s t i m u l a t i n g  the  a c t i o n  of i n s u l i n .  

I n  in -v ivo  s t u d i e s  the  i n t r a v e n o u s  i n j e c t i o n  of h igh  dose  of coba l t  
ch lo r ide  (25-50) m g / k g  b o d y  w e i g h t  c a u s e d  a t r a n s i t o r y  h y p e r g l y c e m i a  in  
n o r m a l  r a b b i t s  (10). Th i s  is p r o b a b l y  c a u s e d  b y  a r a p i d  se lec t ive  i n j u r y  to 
the  a lpha-ce l l s  of the  p a n c r e a t i c  islets,  r e l e a s i n g  g l uc a gon .  The  s a m e  
a u t h o r s  h o w e v e r  f o u n d  t h a t  coba l t  h a d  no  effect  o n  the  d i a b e t o g e n i c  
ac t i on  of a l loxan .  

I n  A T P - t r e a t e d  rats  (2 m g  i.v.lrat) the  m u c h  fas ter  c l e a r a nc e  of b l o o d  
suga r  af ter  g lucose  i n j e c t i o n  was  a s soc i a t ed  w i th  a s i gn i f i c a n t  i n c r e a s e  in  
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i n s u l i n  sec re t ion .  A T P  c o u l d  also i n c r e a s e  i n s u l i n  s e c r e t i o n  f r o m  the  sti l l  
f u n c t i o n i n g  be t a  cells  in  the  pa r t i a l ly  a l l o x a n  d i abe t i c  ra ts  (23). 

I n  the  p r e s e n t  s tudy ,  s e r u m  zinc,  copper ,  i r o n  a n d  m a g n e s i u m  in  
a l l o x a n - t r e a t e d  a n i m a 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  in  n o r m a l ,  wh i l e  
the  level  of s e r u m  ca lc ium,  s o d i u m  a n d  p o t a s s i u m  w e r e  l ow e r  t h a n  
no rma l .  

H o w e v e r  in  t he  d i t h i z o n e  d i a b e t i c  a n i m a l s ,  t he  levels  of s e r u m  zinc,  
i ron a n d  p o t a s s i u m  were  h i g h e r  t h a n  n o r m a l ,  wh i l e  t hose  of s e r u m  cal- 
c i u m  a n d  s o d i u m  were  lower ,  c o p p e r  a n d  m a g n e s i u m  levels  we re  u n -  
changed .  

These  r e su l t s  are i n  a g r e e m e n t  w i t h  p r e v i o u s  da ta  o b t a i n e d  b y  ou r  
l a b o r a t o r y  (6, 7). 

W o l f f  et  al. (28) r e p o r t e d  a n  i n c r e a s e  in  s e r u m  z inc  af ter  d i th i zone .  Th i s  
was  fo l lowed  b y  a g rea te r  u r i n a r y  o u t p u t  of zinc. The  i ron  c o n t e n t  of t he  
s e r u m  a n d  u r i n e  s h o w e d  t he  s a m e  p a t t e r n  as f o u n d  for zinc,  b u t  no  
s i gn i f i c an t  c h a n g e  was  f o u n d  in  copper ,  coba l t  a n d  m a g n e s i u m  (28). 
S e r u m  s o d i u m  a n d  c a l c i u m  were  r e d u c e d ,  wh i l e  p o t a s s i u m  was  r a i s ed  (1). 

Table 1. Effect of certain inorganic elements in protecting the onset of Alloxan 
diabetes in rats. 

Control Alloxan 

(15) (15) 

Effect of intravenous injection of 

Zinc Manganese Chromium Cobalt 
(10) (10) (10) (10) 

Blood glucose rag% 116.7 450.9 110.5 114.0 
S.D _+ 18.8 123.4 11.8 15.6 
P 0005 0005 

Zinc ~g% M 131.7 225.8 174.4 117.7 
S.D +- 15.9 74.3 27.9 15.3 
P Insig. 0.0005 

Copper ~tg% M 116.9 182.8 172.5 132.6 
S.D +- 20.1 40.5 17.8 12.4 
P Insig. 0.0005 

Iron ~tg% M 132.1 170.5 165.2 161.5 
S.D -+ 19.8 38.3 23.1 32.9 
P Insig. Insig. 

Calcium mg% M 7.55 5.95 6.38 5.43 
S.D 4- 0.78 0.94 1.11 0.89 
P Insig. Insig. 

Magnesium rag% M 3.92 5.65 5.57 5.60 
S.D _+ 0.44 1.10 0.61 0.80 
P Insig. Insig. 

Potassium rag% M 23.28 19.88 20.01 21.66 
S.D -_ 2.19 1.35 1.30 1.90 
P Insig. 0.05 

Sodium mg%M 225.3 180.8 219.4 210.5 
S.D _+ 10.8 13.8 7.9 8.8 
P 0.0005 0.0005 

269.5 196.5 
48.6 33.9 

0025 0005 
194.9 173.5 
21.9 11.7 

Insig. Insig. 
167.8 166.7 
20.5 9.3 

Insig. Insig. 
167.1 177.6 
28.8 27.7 

Insig. Insig. 
4.89 4.57 
0.77 0.84 
0.025 0.01 
5.59 6.14 
0.60 0.62 

Insig. Insig. 
19.67 19.55 

1.57 1.00 
Insig. Insig. 
185.1 190.0 
11.5 16.4 

Insig. Insig. 
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M a n y  a u t h o r s  r e p o r t e d  i n c r e a s e d  s e r u m  z inc  d u e  to a l l o x a n  d iabe tes .  
T h e  is le t  cells have  t he  d i s t i n c t i v e  p r o p e r t y  of c o n c e n t r a t i n g  zinc,  a n d  the  
i n j u r y  of t he se  cells  l eads  to a re lease  of z inc  in  s e r u m  (11). 

As s h o w n  in  t ab le s  1 a n d  2, t he  a d m i n i s t r a t i o n  of z inc  sal t  in  a l l o x a n  or  
d i t h i z o n e  d i a b e t i c  ra ts  p r e v e n t e d  the  a p p e a r a n c e  of h y p e r g l y c e m i a .  

S i n c e  h y p e r g l y c e m i a  in  d i a b e t i c  ra t s  is a s s o c i a t e d  w i t h  h y p e r z i n c e m i a  
( tables  1 a n d  2), one  w o u l d  e x p e c t  t ha t  the  n o r m a l  b l ood  s u g a r  w h i c h  was  
o b t a i n e d  in  t he  z i n c - p r o t e c t e d  a n i m a l s  w o u l d  h a v e  b e e n  a s soc i a t ed  w i t h  a 
n o r m a l  s e r u m  zinc.  B u t  th i s  was  n o t  so b e c a u s e  the  p r o t e c t i v e  a g e n t  was  
z inc  i tself  a n d  th i s  b r o u g h t  a b o u t  a r ise  per  se in  s e r u m  zinc,  n o t  a s soc i a t ed  
w i t h  a n y  h y p e r g l y c e m i a .  

S i m i l a r l y  the re  was  n o  r e t u r n  of s e r u m  z inc  to the  n o r m a l  level  w h e n  
i n s u l i n  was  used .  R a s l n  (19) r e p o r t e d  t ha t  i n s u l i n  l ow e r e d  b l ood  z inc  level  
d i r ec t ly  af ter  a d m i n i s t r a t i o n  in  d i a b e t i c  dogs,  b u t  the  z inc  level  i n c r e a s e d  
aga in  af ter  few hours .  

I n j e c t i o n  of z inc  ch lo r ide  in  a l l o x a n  or d i t h i z o n e  d i a b e t i c  ra ts  led  to 
n o r m a l i z a t i o n  of the  dec r ea sed  s o d i u m .  The  m e a n  s e r u m  s o d i u m  in  al lox-  
a n  or d i t h i z o n e  d i a b e t e s  was  c o n s i d e r a b l y  l o w e r  t h a n  n o r m a l .  T h e  d rop  in  
s e r u m  s o d i u m  was  d u e  to d iu r e s i s  w h i c h  fo l lowed  t he  d i a b e t i c  state.  Af te r  

Table 2. Effect of certain inorganic elements in protecting the onset of dithizone 
diabetes in rats. 

Effect of intravenous injection of 
Control Dithizone--  
(15) (15) Zinc Manganese Chromium Cobalt 

Blood glucose mg% M 116.7 231.9 111.7 120.0 179.7 174.8 
S.D --+ 18.8 79,2 19,8 27.7 27.3 32.3 
p .0005 .0005 0.05 0.05 

Zinc ~g% M 131.7 214.8 290.8 185.3 233.9 203.9 
S.D +_ 15.9 39,8 74.7 34.1 30.0 34,6 
p 0.025 Insig, Insig. Insig. 

Copper ~tg% M 116.9 105.3 113.6 108.1 104.3 131.6 
S.D -!-- 20.1 18.3 14.7 8.4 15.7 10,5 
P Insig. Insig. Insig. 0.025 

Iron ~tg% M 132.1 184.8 185.6 196.5 179.9 205.9 
S,D - 19.8 31.6 27.8 20.1 34.9 25.3 
P Insig. Insig. Insig. Insig. 

Calcium mg%M 7.55 6.02 4.84 5.82 5,32 6.41 
S.D +- 0.78 1,20 0.52 0.67 0.57 0.74 
P 0,01 Insig, Insig. Insig. 

Magnesium mg%M 3.92 3.49 5,19 4,15 4.36 3.89 
S,D + 0.44 0.64 0.39 0.55 0.41 0.46 
P 0.0005 0.05 0.005 Insig. 

Potassium mg% M 23.28 25.58 30.13 25.97 26.96 26.50 
S.D _+ 2.19 2.37 2.47 1.11 1.75 1.80 
P 0.0025 Insig. Insig. Insig. 

Sodium mg%M 225.3 1 9 5 . 3 1  210.3 205.9 206.6 205.6 
S.D - 10.8 15.8 8.9 13.7 11.2 7.9 
P 0.05 Insig. Insig, Insig. 
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t r e a t m e n t  w i t h  zinc,  t he  s o d i u m  leve l  t e n d s  to no rma l i ze .  T h i s  m a y  b e  d u e  
to t he  rel ief  of the  d i a b e t i c  s ta te  as s h o w n  f r o m  the  l o w e r i n g  of t he  g lucose  
levels  ( tables  1 a n d  2). 

M a n g a n e s e  p l u s  a l l o x a n  led  to a n o r m a l i z a t i o n  of b l o o d  g lucose ,  s e r u m  
zinc, copper ,  p o t a s s i u m  a n d  s o d i u m .  I n  t he  case  of d i t h i z o n e  p l u s  m a n g a -  
nese,  m a g n e s i u m  was  r a i sed  wh i l e  the  o the r  e l e m e n t s  w e r e  u n c h a n g e d  
w h e n  c o m p a r e d  to a n i m a l s  i n j e c t e d  w i t h  d i t h i z o n e  only .  

In  t he  case of c h r o m i u m  a n d  cobal t ,  s e r u m  s o d i u m  d r o p p e d  b e c a u s e  
h y p e r g l y c e m i a  a n d  c o n s e q u e n t  p o l y u r i a  sti l l  o c c u r  d e s p i t e  t h e  i n j e c t i o n  of 
c h r o m i u m  a n d  coba l t  ch lor ide .  

A d e n o s i n e  t r i p h o s p h a t e  c an  f o r m  c o m p l e x e s  w i t h  i ons  as c o p p e r  a n d  
m a g n e s i u m  (4). T h e  che l a t i on  of m e t a l  i ons  b y  A T P  c a n  affect  s e r u m  
mine ra l s .  

I t  has  also b e e n  s h o w n  t h a t  the  red  cell  A T P  as ac t iv i ty  a n d  t he  ac t ive  
t r a n s p o r t  of ions  are co r re l a t ed  (16). 

P r e t r e a t m e n t  w i t h  a d e n o s i n e  t r i p h o s p h a t e  l ed  to a n o r m a l i z a t i o n  of 
zinc, copper ,  m a g n e s i u m ,  s o d i u m  a n d  p o t a s s i u m .  Whi le  i n  case of c a l c i u m  
and  i ron  t h e r e  was  no  s i g n i f i c a n t  c h a n g e  f r o m  t h a t  f o u n d  i n  a l l o x a n  
d i abe t e s  ( tab le  3). 

Table 3. Effect of ATP in protecting the onset of alloxan diabetes in rats. 

Item Control Alloxan Alloxan + ATP 

Zinc ~tg% Mean 131.7 225.8 135.2 
S.D _ 15.9 74.3 18.7 

P: C vs A + ATP Insig. 
A vs A + ATP 0.005 

Copper ~g% Mean 116.9 182.8 126.4 
S.D -_+_ 20.1 40.5 20.6 

P: C vs A + ATP Insig. 
A vs A + ATP 0.005 

Iron ~g% Mean 132.1 170.5 166.1 
S.D + 19.8 38.3 10.4 

P: C vs A + ATP 0.005 
A vs A + ATP Insig. 

Calcium rag% Mean 7.55 5.95 5.50 
S.D + 0.78 0,94 0.36 

P: C vs A + ATP 0.05 
A vs A - ATP Insig. 

Magnesium rag% Mean 3.92 5.65 3.80 
S.D _+ 0.44 1.10 0.59 

P: C vs A + ATP Insig. 
A vs A + ATP 0.005 

Potassium mg% Mean 23.28 19.88 22.15 
S.D + 2.19 1.35 1.15 

P: C vs A + ATP Insig. 
A vs A + ATP 0.005 

Sodium rag% Mean 225.3 180,8 220.5 
S.D -+ 10.8 13.8 12.2 

P: C vs A + ATP Insig. 
A vs A + ATP 0.005 
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T h e  h i g h  l eve l  of  s e r u m  c o p p e r  in a l l o x a n  d i a b e t e s  m a y  be  d u e  to t h e  
t o x i c  e f f e c t  of  a l l o x a n  on  t h e  l iver ,  w h i c h  is t h e  s o u r c e  of c o p p e r  (7). A T P  
a d m i n i s t r a t i o n  a m e l i o r a t e d  th is  effect .  

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 i c  ra t s  s h o w e d  an  i n c r e a s e  in  s e r u m  iron.  
Th i s  m a y  be  d u e  to h e m o l y s i s  of e r y t h r o c y t e s  (6, 7). A T P  has  no  e f fec t  on  
t h e  e l e v a t e d  s e r u m  i r o n  in  a l l o x a n  d i a b e t i c  rats.  

T h e  n o r m a l i z a t i o n  of t h e  d e c r e a s e d  s e r u m  s o d i u m  a n d  p o t a s s i u m  
u n d e r  t h e  i n f l u e n c e  of  A T P  m a y  be  d u e  to d e c r e a s e d  d iu res i s .  

Talaat  et  al. (25) f o u n d  tha t  e x o g e n o u s  A T P  is a s s o c i a t e d  w i t h  a s ignif i -  
c a n t  d e c r e a s e  in  t h e  r a t e s  of p o t a s s i u m  loss  in  t h e  p h r e n i c  d i a p h r a g m  
p r e p a r a t i o n .  T h e y  p o s t u l a t e d  t h a t  A T P  e x e r c i s e s  i ts  b e n e f i c i a l  e f f e c t  on  
t h e  e x c h a n g e  of p o t a s s i u m  ions  by  a c t i n g  on  t h e  cel l  m e m b r a n e s .  

A T P  a lso  l o w e r e d  t h e  e l e v a t e d  s e r u m  m a g n e s i u m  in a l l o x a n  d i a b e t i c  
rats.  T h a t  is t h e  case  w i t h  insu l in ,  a s l o w  s i m u l t a n e o u s  i n t r a v e n o u s  in jec -  
t i on  of  i n s u l i n  a n d  g l u c o s e  c a u s e d  a d e c r e a s e  in t h e  m a g n e s i u m  c o n t e n t  of 
b l o o d  p l a s m a  (2). B i n e t  (2) s u g g e s t e d  t h a t  in d i a b e t i c  a n i m a l s  i n s u l i n  ac ts  
on  t h e  cel l  m e m b r a n e  p r o m o t i n g  t h e  e n t r y  of m a g n e s i u m  f r o m  t h e  sur-  
r o u n d i n g  t i s s u e  f lu ids ,  t h e r e b y  c r e a t i n g  o p t i m u m  c o n d i t i o n s  w i t h i n  t he  
cel l  for  t he  m e t a b o l i s m  of g l u c o s e  and  A T P ,  a n d  h e n c e  its d e c r e a s e  in t h e  
s e r u m  af te r  i n su l i n  in j ec t ion .  T h u s  A T P  a d m i n i s t r a t i o n  s e e m s  to  h a v e  an  
i n su l i n - l i ke  effect ,  it ac ts  on  t h e  cel l  m e m b r a n e  p r o m o t i n g  the  e n t r y  of 
m a g n e s i u m  a n d  g lucose .  

M o r e o v e r  t h e  ion ic  m o v e m e n t s  ac ros s  t he  b e t a  cel l  m e m b r a n e  are  
i m p o r t a n t  in i n su l i n  s e c r e t i o n  by  t h e  be t a  cel l  a n d  in  m a i n t a i n i n g  it  (3). 

T h u s  the  p r e s e n t  r e su l t s  a re  in a c c o r d  w i t h  o u r  p r e v i o u s  s u g g e s t i o n  
tha t  A T P  a n d  ce r t a i n  t r ace  e l e m e n t s  a re  e s s e n t i a l  for  b o t h  i n s u l i n  s e c r e t i o n  
as we l l  as g l u c o s e  u t i l i z a t i on  by  v a r i o u s  t i s s ue s  (24). 

Summary 

The intravenous injection of zinc or manganese chloride immediately before and 
15 minutes after alloxan or dithizone prevented the usual hyperglycemia observed 
24 hours after induction of diabetes. 

Injection of zinc chloride in alloxan diabetes led to normalization of sodium 
while zinc, copper, iron and magnesium remained high and calcium and potassium 
remained low as in alloxan. 

In case of dithizone diabetes, the administration of zinc salt led to an increase in 
serum zinc, magnesium and potassium and to a decrease in serum calcium while 
the sodium level returned to normal. 

Manganese plus alloxan led to a normalization of serum zinc, copper, potassium 
and sodium. In the case of dithizone plus manganese only magnesium was raised 
while the other elements were unchanged when compared to animals injected with 
dithizone only. 

Chromium and cobalt chloride lowered the blood glucose to a certain extent  
however  it did not affect most  of the elements. The same changes occurred in all 
elements as with alloxan or dithizone alone. 

Pretreatment  with ATP led to a normalization of serum zinc, copper, magne- 
sium, sodium and potassium, while in case of iron it remained high and calcium 
remained low as that found in alloxan diebetic rats. 
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