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Exper imenta l  diabetes was produced by  in t ravenous  adminis t ra t ion of 
dithizone to rabbi ts  (2, 8, 14). The durat ion and sever i ty  of the diabetes 
were  propor t ional  to the dose of dithizone injected (3). Stampfl (18) men-  
t ioned tha t  a dose of 125 mg/kg  body weight  was the  minimal  dose to pro-  
duce p e r m a n e n t  diabetes and tha t  250 mg/kg  body weight  was too toxic. 

Histological examina t ion  of the pancreas  showed tha t  the extent  of 
the glycemic react ion induced b y  dithizone was dependent  on the degree 
of damage  of the islet tissues (15, 20). 

The toxic effect of dithizone can be possibly explained by  the assump-  
tion tha t  th rough  its chelation of zinc, it blocks enzyme action, especially 
those enzymes re la ted to the su lphydry l  groups (6). Since the insulin 
molecule which interferes  wi th  SH react ion will  be necessari ly  impor tan t  
in the formation,  s torage or re lease of insulin. Once a zinc-dithizone com- 
plex is formed,  zinc ion is no longer avai lable  as a cata lys t  or cofactor 
for metabol ic  processes wi thin  the beta  cells (6). Thus, insulin deficiency, 
wi th  possible destruct ion of the be ta  cells, m a y  issue (9). 

As in al loxan diabetes, a f te r  adminis t ra t ion  of dithizone, there  is a 
t r iphasic mode of the blood sugar  levels: initial hyperglycemia ,  hypo-  
glycemia,  and finally pe rmanen t  hyperg lycemia  (12). A typical  diabetic 
condition developed within  24-48 hours  a f te r  the injection of dithizone. 

WoZl~ et al. (22) repor ted  an increase in se rum zinc a f te r  dithizone. This 
was fol lowed by  a g rea te r  u r i na ry  output  of zinc, which reached its 
m a x i m u m  about  10 hours  a f te r  the injection of dithizone. The iron con- 
tent  of the se rum and ur ine  showed the same pa t t e rn  as found for  zinc, 
but  no significant change was found in copper, cobalt, and magnes ium (22). 
Se rum chloride, sodium, and calcium were  reduced, while  potass ium was 
raised (1). 

This was carr ied out to s tudy  the metabol ic  changes of cer tain in- 
organic e lements  such as zinc, copper, iron, calcium, magnesium,  potas-  
sium, and sodium as a resul t  of dithizone diabetes before  and af ter  t rea t -  
ment  wi th  insulin. 
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Materials  and methods  

The present  s tudy was carr ied out on 89 normal  albino rats  of body weight  
ranging from 200-250 g. The ra ts  were  main ta ined  on the labora tory  diet. 50 ra ts  
were rendered  diabetic  af ter  fast ing for 24 hours  by  slow intravenous inject ion 
of f reshly  p repared  dithizone solution in a dose of 200 mg/kg body weight.  
Dithizone was p repared  by  dissolving a known weight  in ammonia ted  absolute 
e thanol  following the method of Stamp]l (19). 

The ra ts  were  categorised into 3 groups. 30 normal  ra ts  used as controls, 
30 rats  t rea ted  with  dithizone only and 29 dithizonised rats  t rea ted  with  in-  
sulin, injected subcutaneously in a dose of 1 uni t /kg body weight  twice a day 
for 1O days. 

Blood samples were  collected f rom the hea r t  by  means  of disposal  needles 
and syringes. Each 2 blood samples were  pooled together.  A port ion of the blood 
was used for analysis  of glucose and the remaining  port ion was al lowed to clot. 
The serum was separa ted  for  analysis  of zinc, copper, iron, calcium, magnesium, 
sodium, and potassium. 

The method of Nelson's modification of Somogyi's (17) was used for de te r -  
minat ion of blood sugar. Serum zinc and copper were  determined by  the method 
of Sinaha and Gabrieli (16). Serum iron, potassium, and  sodium were  es t imated 
by the method publ ished in Beckman, analyt ica l  method by  Atomic Absorpt ion  
Spectrophotometer .  Serum calcium and magnesium were  de termined using the 
method of Willis (21). 

Results  and discussion 

D i t h i z o n e  is k n o w n  to be  a che l a to r  of z inc  a n d  s ince  t h e  b e t a  ce l l s  
a r e  k n o w n  to con t a in  z inc  in  c o n s i d e r a b l e  quan t i t i e s ,  i t  m u s t  be  p r e s u m e d  
t h a t  t h e  ac t i on  of d i t h i z o n e  on  t h e  i s le t s  is t h r o u g h  che la t ion  of  zinc.  Th i s  
is  s u p p o r t e d  b y  t h e  h i s t ochemica l  f ind ings  a f t e r  i n d u c t i o n  of d i a b e t e s  b y  
d i th i zone .  T h e  b e t a  cel ls  a s s u m e  a p u r p l i s h  r e d  co lour  due  to  t he  d i t h i z o n e -  
z inc  c o m p l e x  f o r m e d  w i t h i n  t he  b e t a  cel ls  (10, 13). 

W h e n  w e  a t t e m p t e d  to t r e a t  o u r  d i t h i z o n e - d i a b e t i c  r a t s  w i t h  v a r i o u s  
h y p o g l y c e m i c  agen t s ,  w e  f o u n d  on ly  insu l in ,  b u t  no t  t h e  o ra l  h y p o g l y c e m i c  
d rugs ,  such as  d a o n i l  a n d  lycano l ,  was  effect ive.  The  e x p l a n a t i o n  for  t he  
l ack  of r e s p o n s e  of d i t h i z o n e  a n i m a l s  m a y  l i e  in  t h e  f ac t  t h a t  d a o n i l  a n d  
l y c a n o l  a r e  b e l i e v e d  to  e x c e r t  t h e i r  t h e r a p e u t i c  a c t i on  b y  p r o m o t i n g  t h e  
r e l e a s e  of  i n su l i n  f r o m  t h e  b e t a  cel ls  t h a t  r e m a i n e d  in t ac t .  I t  h a s  b e e n  
s u g g e s t e d  r e c e n t l y  t h a t  z inc  is n e c e s s a r y  for  t he  f u n c t i o n i n g  of t h e  i n su l i n  
r e l e a s e  m e c h a n i s m  w i t h i n  t h e  cell .  I f  z inc  is  che l a t ed  b y  d i th i zone ,  t h e  
r e l e a s e  m e c h a n i s m  m a y  no t  o p e r a t e  a n d  t h e  o r a l  h y p o g l y c e m i c  a g e n t s  w i l l  
h a v e  no t h e r a p e u t i c  effect  (10). 

D i a b e t i c  ra t s ,  24 h o u r s  a f t e r  an  i n t r a v e n o u s  i n j e c t i o n  of  d i th izone ,  h a d  
a s e r u m  zinc l eve l  of 217.76 _. 39.77 # g %  c o m p a r e d  to  131.65 _ 15.85 pg~ 
in  con t ro l  ra t s .  O u r  f ind ings  a r e  in  a g r e e m e n t  w i t h  those  o b t a i n e d  b y  
Wolf f  et  al .  (22) a n d  Lazaris & Balv l sku  (11), w h o  r e p o r t e d  t h a t  s e r u m  zinc 
was  m a r k e d l y  i n c r e a s e d  a f t e r  t h e  i n j e c t i o n  of  100-150 m g  d i t h i z o n e / k g  
b o d y  we igh t .  I t  is p o s s i b l e  t h a t  w h e n  d i t h i z o n e  che la tes  t h e  i n t r a - b e t a  ce l l  
zinc, w h i l e  o t h e r  ce l ls  a r e  d e s t r o y e d  r e l e a s i n g  t h e i r  z i n c - d i t h i z o n e  che la tes  
in to  t h e  b l o o d  s t r e a m .  T h e r e b y  c o n t r i b u t i n g  to t h e  h i g h e r  l eve l  of  s e r u m  
z inc  (22). I n  add i t i on ,  d i t h i z o n e  p r o b a b l y  causes  h e m o l y s i s  of  some  r e d  
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cells, r e l eas ing  the i r  z inc con ten t  in to  the  se rum.  Since  red cells con ta in  
abou t  85 ~ of all  b lood zinc, an  apprec iab le  hemolys i s  wi l l  no  doub t  cause 
a cons ide rab le  inc rease  in  the  s e r u m - z i n c  level .  

I n  our  s tudy,  the  i n t r a v e n o u s  in j ec t ion  of d i th izone  was  w i t hou t  effect 
on the  s e r u m  copper.  This  m a y  be due  to the  fact  tha t  d i th izone  has no 
toxic effect on the  l iver ,  which  is the  source of copper  (7), a nd  hence  no 
change  in  s e r u m  copper  was  observed.  

Di th izone  d iabet ic  ra ts  showed  an  inc rease  in  the  s e r u m  iron.  This  in -  
crease was  r epo r t ed  by  W o l f j  et  al. (22) to be  due  to hemolys i s  of the 
e ry th rocy tes .  Also, the  leve l  of s e r u m  po t a s s i um was  h ighe r  t h a n  normal ,  
wh i l e  those of s e r u m  ca lc ium and  sod ium were  lower.  M a g n e s i u m  level  
was unchanged .  The  r ise i n  s e r u m  po ta s s ium m a y  be due  also to red  cells 
hemolys is .  The  lower  sod ium levels  a re  p r o b a b l y  b r o u g h t  abou t  by  the  
d iabet ic  po lyur ia ,  bu t  no e x p l a n a t i o n  is ava i l ab l e  for  the  changes in  s e r u m  
calcium.  

Af t e r  10 days  t r e a t m e n t  w i t h  i n s u l i n  (1 u n i t / k g  body  weight) ,  sub-  
c u t a n e o u s l y  in j ec t ed  twice a day, mos t  of the  s e r u m  levels  approached  
the i r  n o r m a l  values ,  except  for s e r u m  po ta s s ium a n d  m a g n e s i u m .  The  
s e r u m  m a g n e s i u m  showed  a s ta t i s t i ca l ly  s igni f icant  drop.  This  was  sup-  
por ted  b y  c l in ica l  f indings  of B e r t h a u x  a n d  Maura t  (4), a nd  Bine t  (5), who  
r epor t ed  t ha 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 ec t i on  of i n s u l i n  a nd  
glucose caused  a decrease  in  the  m a g n e s i u m  con ten t  of b lood p lasma.  Bine t  
(5) sugges ted  t ha t  i n  d iabe t ic  a n i m a l s  i n s u l i n  acts on the  cell  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  f rom the  s u r r o u n d i n g  t issue fluids, 
t h e r e b y  c rea t ing  o p t i m u m  condi t ions  w i t h i n  the  cell for  the  m e t a b o l i s m  
of glucose a n d  adenos ine  t r iphospha te ,  and  hence  its decrease  in  the  s e r u m  
af te r  i n s u l i n  in jec t ion .  

Summary  

In  this study, diabetes was induced by intravenous injection of dithizone. 
In  dithizonised diabetic animals, the levels of serum zinc, iron, and potassium 
were found to be higher than normal, while those of serum calcium and sodium 
were lower. Copper and magnesium levels were unchanged. 

After  t rea tment  with insulin, most of these serum levels approached the  
normal, except for serum potassium and magnesium. 
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