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After  administration of alloxan, animals show a triphasic change in 
the blood sugar levels. Initial hyperglycemia,  hypoglycemia, and permanent  
hyperglycemia (12). The development of these phases of alloxan diabetes 
are mainly due to insulin deficiency, insulin surplus, and then insulin 
lack, respectively (7). 

Many authors reported increased serum zinc due to alloxan diabetes. 
Maske (10) stated that the islet cells have the distinctive proper ty  of 
concentrating zinc and the in jury  of these cells leads to a release of zinc 
in serum. However,  Rasin (13) reported that  insulin lowered the blood 
zinc levels in experimental  dogs. 

J~n-Bor  et al. (8) found lower serum calcium content in the alloxan- 
diabetic rats and mice while Herrera (6) reported no significant change. 
On the other hand, Zaets (19) showed that  the dialyzable calcium increased 
and that  of protein-bound calcium decreased. 

Increases in plasma magnesium in diabetes was reported by Hammer-  
sten and Smith ,  (5). They found also that  it re turns to the normal  level 
after injection of insulin. Herrera (6) found a decrease in serum potassium 
in alloxan-diabetic animals, while Milanov et al. (11) reported unchanged 
potassium level in their diabetic animals. The effect of insulin adminis- 
trat ion to aloxanized adrenalectomized rats causes drop in serum potas- 
sium (4). 

Many investigators reported decreased sodium level in diabetes (ii ,  I). 
The present s tudy was performed to s tudy the metabolism of certain 

ingornic elements such as zinc, copper, iron, calcium, magnesium, potas- 
sium, and sodium in alloxan diabetes before and after t reatment  with 
different hypoglycemic drugs. 

Materials and methods 

This work was carried out on 180 normal male albino rats of body weight 
ranging from 200-250 g. The rats were maintained on the laboratory stock diet 
and allowed to eat ad libitum. Fasted rats were rendered diabetic by intra- 
peritoneal injection of a freshly prepared alloxan monohydrate solution in a 
dose of 150 mg/kg body weight. 

484 



40 Zeitschri]t ]fir Ern~hrungswissenschaft ,  Band 16, He]t I (1977) 

The ra ts  were  categorized into 8 groups, 30 normal  ra ts  used as controls, 
30 rats  t rea ted  with  a l loxan only, 20 a l loxan-diabet ic  ra ts  of each of the 6 
following groups. A group of these was given gl ibenclamide (daonil) in a dose 
of 0.1 mg/kg body weight /day  for 7 days. The second groups was given daonil  
for 14 days. The th i rd  group was given glucodiazine (lycanol) in a dose of 
20 mg/kg body weight /day  for 7 days  and the fourth group for 14 days. The 
remained  two groups were  t rea ted  wi th  insulin (l uni t /kg body weight/day) 
twice a day  for 7 and 14 days, respectively.  

Blood samples  were  collected f rom the hear t  of the animal  by means  of 
disposal  needles and syringes. Each two blood samples were  pooled together.  
A port ion of the  blood was used for  est imation of glucose. The remaining  
port ion was al lowed to clot. The serum was repara ted  for analysis  of zinc, 
copper, iron, calcium, magnesium, sodium, and potassium. 

The method of Nelson's modification of Somogyi's (16) was used for deter-  
minat ion of blood sugar. Serum zinc and copper were determined by the method 
of S~naha and Gabrleli (15). Serum iron, potassium, and sodium were es t imated 
by the method publ ished in Beckman,  Analy t ica l  method by  Atomic absorption 
spectrophotometer.  Serum calcium and magnesium were  determined using the 
method of Willis (18). 

Results and discussion 

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  h i g h  s e r u m - z i n c  l eve l  c o m p a r e d  to  
n o r m a l  con t ro l s  ( tab le  1). These  f i n d i n g s  a g r e e  w i t h  those  r e su l t s  o b t a i n e d  
b y  S h e v c h u k  (14) a n d  M a s k e  (10) w h o  s u g g e s t e d  t h a t  th i s  p h e n o m e n o n  
w a s  due  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 ls  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 loxan .  Tarni  (17) f o u n d  t h a t  u r i n a r y  zinc in  a l l o x a n - d i a b e t i c  r a b b i t s  
was  s i g n i f i c a n t l y  i n c r e a s e d  4 or  5 d a y s  a f t e r  t h e  onse t  of  d i a b e t e s  a n d  
r e m a i n e d  c o n s t a n t l y  h igh .  R e m i s s i o n  of t he  d i a b e t i c  s ta te ,  h o w e v e r ,  t e n d e d  
to n o r m a l i z e  t h e  z inc  e x c r e t i o n  aga in .  

I n  ou r  s t udy ,  t he  t r e a t m e n t  of a l l o x a n - d i a b e t i c  r a t s  w i t h  d a o n i l  l ed  to 
l o w e r i n g  of s e r u m  zinc. On  the  o t h e r  hand ,  w h e n  l y c a n o l  w a s  a d m i n i s t e r e d  
to d i a b e t i c  ra t s ,  t h e y  s h o w e d  n o n - s i g n i f i c a n t  e f fec t  On s e r u m  zinc n e i t h e r  
a f t e r  7 d a y s  n o r  a f t e r  14 days .  S i m i l a r l y ,  t h e r e  w a s  no  r e t u r n  of  s e r u m  
zinc to t he  n o r m a l  l e v e l  w h e n  i n su l i n  w a s  used.  H o w e v e r ,  Ras in  (13) 
r e p o r t e d  t h a t  i n su l i n  l o w e r e d  b lood -z inc  l eve l  d i r e c t l y  a f t e r  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  t he  z inc  l eve l  i n c r e a s e d  a g a i n  a f t e r  f ew  hours .  

I n  t he  a l l o x a n - d i a b e t i c  ra t s ,  s e r u m  c o p p e r  was  h i g h e r  t h a n  no rma l .  
Th is  h i g h e r  l eve l  m a y  be  d u e  to h e p a t o t o x i c  e f fec ts  of  a l l oxan .  S e v e n  d a y s  
a f t e r  t h e  t r e a t m e n t  of  a l l o x a n - d i a b e t i c  r a t s  w i t h  daoni l ,  the  s e r u m  c o p p e r  
d e c r e a s e d  to some  e x t e n t  t i l l  on the  14th d a y  of  t r e a t m e n t  i t  l o w e r s  to t he  
n o r m a l  level .  W h e n  l y c a n o l  w a s  a d m i n i s t e r e d  to a l l o x a n - d i a b e t i c  ra t s ,  
s e r u m  c o p p e r  l o w e r e d  d o w n  f a s t e r  to t he  n o r m a l  l eve l  t i l l  t he  14th day .  
In  case  of  i n su l in  t r e a t m e n t ,  t he  c o p p e r  l eve l  s l o w l y  l o w e r e d  t i l l  i t  n o r -  
m a l i s e d  on  t h e  14th day .  

I n  ou r  s t udy ,  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  s ign i f i c an t  i n c r e a s e  in  s e r u m  
i ron.  Th is  w a s  in  a g r e e m e n t  w i t h  M a s k e  et  al., (9) w h o  f o u n d  i n c r e a s e d  
u r i n e -  a n d  b l o o d - i r o n  l eve l  in  a l l o x a n - d i a b e t i c  ra t s .  This  i n c r e a s e  m a y  be  
d u e  to  h a e m o l y s i s  of t he  r e d  b lood  cells .  T r e a t m e n t  w i t h  d a o n i l  a n d  i n su l i n  
d i d  n o t  a f fec t  s e r u m  i r o n  even  a f t e r  14 days  of  in jec t ion .  L y c a n a l  l o w e r e d  
t h e  s e r u m - i r o n  l eve l  to some  ex ten t .  No e x p l a n a t i o n  w a s  t r a c e d  in  t h e  
l i t e r a t u r e  in  th i s  respec t .  
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C a l c i u m  l eve l  in  t he  a l l o x a n - d i a b e t i c  r a t s  w a s  s i g n i f i c a n t l y  l o w e r  t h a n  
n o r m a l .  O u r  f i n d i n g  w a s  in  a g r e e m e n t  w i t h  those  v a l u e s  o b t a i n e d  b y  
Ji~n-Bor et  al .  (8). H o w e y e r ,  w h e n  the  h y p o g l y c e m i c  a g e n t s  w e r e  used,  
the  c a l c i u m  leve l s  r e t u r n e d  to t he  n o r m a l  ones  a f t e r  7 days .  

S t a t i s t i c a l l y  s i g n i f i c a n t  i n c r e a s e  in  s e r u m  m a g n e s i u m  was  o b s e r v e d  in  
a l l o x a n - d i a b e t i c  ra t s ,  w h i c h  r e t u r n e d  to t he  n o r m a l  l eve l s  a f t e r  7 d a y s  
f r o m  t r e a t m e n t  w i t h  t he  t h r e e  h y p o g l y c e m i c  d rugs .  A f t e r  14 d a y s  of  
t r e a t m e n t  w i t h  daon i l ,  t h e  s e r u m  m a g n e s i u m  w a s  even  l o w e r  t h a n  n o r m a l  
cont ro ls .  H o w e v e r ,  B e r t h a u x  a n d  Maurat  (2) f o u n d  t h a t  a s low s i m u l t a -  
n e o u s  i n t r a v e n o u s  i n j e c t i o n  of i n su l i n  a n d  g lucose  caused  d e c r e a s e  in  t he  
s e r u m - m a g n e s i u m  level .  S i m i l a r  f i n d i n g s  a r e  r e p o r t e d  b y  Bine t  (3). 

T h e  p o t a s s i u m  l e v e l  of o u r  e x p e r i m e n t a l  d i abe t i c s  w a s  s i g n i f i c a n t l y  
l o w e r  t h a n  no rma l s .  Th i s  was  c o n c o r d a n t  to t he  r e s u l t s  o b t a i n e d  b y  
Herrera (6), w h o  f o u n d  t h a t  24 h o u r s  a f t e r  a n  i n t r a v e n o u s  i n j e c t i o n  of  
a l l oxan ,  a d e c r e a s e  in  p o t a s s i u m  l eve l  w a s  obse rved .  On t h e  o t h e r  h a n d ,  
Milanov  et  al.  (6) f o u n d  no c h a n g e  in  his  e x p e r i m e n t a l  an ima l s .  A f t e r  
t r e a t m e n t  w i t h  d a o n i l  a n d  insu l in ,  t he  p o t a s s i u m  l e v e l  b e c a m e  s o m e w h a t  
h ighe r ,  b u t  s t i l l  b e l o w  t h e  n o r m a l  leve l ,  w h i l e  l y c a n o l  coused  a f u r t h e r  de -  
c r e a s e  in  p o t a s s i u m  leve l .  H o w e v e r ,  Dury  (4) r e p o r t e d  t h a t  i n su l i n  a d m i n i -  
s t r a t i o n  i n d u c e d  a s ign i f i can t  d e c r e a s e  in  p o t a s s i u m  l e v e l  in  a l l o x a n i z e d  
a d r e n a l e c o m i z e d  ra ts .  Th i s  w a s  e x p l a i n e d  on t h e  bas i s  t h a t  w h e n  t h e r e  is  
d e f i c i e n c y  in  glucose,  due  to i n su l i n  in jec t ion ,  no i n t r a c e l l u l a r  s y n t h e s i s  of  
p r o t e i n s  f r o m  g lucose  occurs  and,  t he r e fo r e ,  no e n t r y  of p o t a s s i u m  f r o m  
t i s sue  f lu ids  in to  t he  cel ls  t a k e s  p l a c e  (4). 

The  m e a n  s e r u m  s o d i u m  in a l l o x a n - d i a b e t i c s  w a s  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 .  These  a r e  in  a g r e e m e n t  w i t h  d a t a  o b t a i n e d  b y  m a n y  i n v e s t i -  
g a t o r s  (11, 1). Milanov  et  al. (11) a s c r i b e d  th i s  d r o p  in  s e r u m  s o d i u m  t h a t  
i t  w a s  due  to  d iu re s i s  w h i c h  f o l l o w e d  the  d i a b e t i c  s ta te .  A f t e r  t r e a t m e n t  
w i t h  t he  h y p o g l y c e m i c  agents ,  t he  s o d i u m  l eve l  t e n d s  to n o r m a l i z e  a f t e r  
14 d a y s  in jec t ions .  Th is  m a y  be  d u e  to  t h e  r e l i e f  of  t he  d i a b e t i c  s t a t e  as  
i n d i c a t e d  in  t a b l e  1 of  t he  l o w e r i n g  of t h e  g lucose  levels .  

Summary 

In  a l loxan diabetes,  serum zinc, copper, i ron and magnes ium were  signifi-  
cant ly  h igher  than  in normal  rats,  whi le  the  level  of serum calcium, sodium, 
and potass ium was lower  than  normal.  Trea tment  wi th  daonil  or insulin led to 
a normalization,  as expected of the level of serum glucose and most  of the  
other elements,  except  for i ron and potassium. When lycanol  was used for 
t rea tment ,  the  level of all  e lements  re tu rned  to the  normal  except  for  blood 
glucose, zinc and potassium. 
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