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A l l o x a n  s e l e c t i v e l y  d e s t r o y s  t h e  B-ce l l s  of t he  p a n c r e a s  (1). I t  has  been  
s h o w n  b y  r a d i o - a u t o g r a p h y  t h a t  in  t h e  a d u l t  m o u s e  t h e  B-ce l l s  d i f f e r  
f r o m  o t h e r  cel ls  in b e i n g  ab l e  to c o n c e n t r a t e  a l loxan .  B y  c o n t r a s t  t he  
B-ce l l s  of y o u n g  a l l o x a n - r e s i s t a n t  mice  do no t  p e r f o r m  such  a c o n c e n t r a -  
t ion  (2). 

D i a b e t e s  s i m i l a r  to t h a t  p r o d u c e d  b y  a l l o x a n  w a s  p r o d u c e d  b y  in -  
t r a v e n o u s  a d m i n i s t r a t i o n  of d i t h i z o n e  to r a b b i t s  (3). H i s to log i ca l  e x a m i n a -  
t i on  of t he  p a n c r e a s  s h o w e d  t h a t  t he  e x t e n t  of t h e  g l y c a e m i c  r e a c t i o n  
i n d u c e d  b y  d i t h i z o n e  w a s  d e p e n d e n t  on t h e  d e g r e e  of d a m a g e  of t h e  
i s l e t  t i s sues  (4). 

The  d i a b e t o g e n i c  e f fec t  of e i t h e r  a l l o x a n  or  d i t h i z o n e  can  be  a v o i d e d  
in  some  species ,  if  c e r t a i n  c o m p o u n d s  a r e  a d m i n i s t e r e d  i m m e d i a t e l y  
b e f o r e  i ts  a d m i n i s t r a t i o n  (5, 6). 

W e a n l i n g  r a t s  on a s o d i u m - d e f i c i e n t  d i e t  a r e  m o r e  s u s c e p t i b l e  to 
a l l o x a n - i n d u c e d  d i a b e t e s  t h a n  on a d i e t  a d e q u a t e  in  sod ium.  D e s o x y -  
c o r t i c o s t e r o n e  wh ich  i nc r ea se s  t h e  b o d y  s o d i u m  e x e r t e d  an  i n d i r e c t  
p r o t e c t i v e  e f fec t  a g a i n s t  a l l o x a n  d i a b e t e s  (7). 

T h e  p r o t e c t i v e  e f fec t  of A T P  on v a r i o u s  o r g a n s  has  also been  d e -  
m o n s t r a t e d  b y  m a n y  a u t h o r s  (8, 9). 

A n  a t t e m p t  has  been  m a d e  in  th is  w o r k  to s t u d y  the  p r o t e c t i v e  e f fec t  
of  A T P  a n d  c e r t a i n  t r a c e  e l e m e n t s  such as  zinc, m a n g a n e s e ,  ch romium,  
a n d  c o b a l t  on the  d i a b e t e s  i n d u c e d  b y  a l l o x a n  o r  d i th i zone .  

Materials and methods 
Sprague  Dawley rats  bred  in the  laboratory,  weighing 200-250 g and fed 

stock diet  ad l ibitum, were used throughout.  
The exper iments  were performed on two sets of animals  compris ing a l loxan-  

and di thizone-diabet ic  rats.  

1. Al~oxan-diabetic rats 

In  these exper iments  the  ra ts  were  made diabetic by  in t raper i toneal  in-  
ject ion of f reshly p repared  5 %  aqueous solution of a l loxan following a twenty  
four hours fast. The dose used was 150 mg/kg. 

2. Dithizone-diabetic rats 

Rats were  rendered diabetic by  the slow int ravenous inject ion of freshly 
p repared  dithizone solution in a dose of 200 mg/kg body weight.  Dithizone was 
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dissolved in ammonia ted  absolute ethanol  wi th  constant  s t i r r ing and gentle 
warming  and then di luted fourfold wi th  dist i l led wate r  (10). The selected ra ts  
were fas ted for 24 hours before injection. The ra ts  became diabetic  wi th in  
24 hours. Confirmat ion was obtained by  removal  of the pancreas,  sectioning, 
and staining. 

The rats  in this  s tudy were  divided into seven groups, control  group 
comprised 15 normal  rats. Diabetic  group comprised 10 al loxanized and 10 
dithizonized rats.  Group 3, 4, 5, and 6 comprised each 20 rats  injected 
in t ravenously  wi th  e i ther  zinc, manganese,  chromium or  cobaltchloride solution 
to a dose 1 mg of the sal t /kg body weight  immedia te ly  before and 1 mg fifteen 
minutes  af ter  a l loxan and dithizone. 

Group 7 in this group the effect of ATP  on the blood glucose level and 
on the glycogen and fa t  contents of the  l iver  in ten a l loxan-diabet ic  female 
rats  were  invest igated.  ATP (Richter) was given by  the in t ramuscu la r  route 
of adminis t ra t ion  one hour before a l loxan in the  dose of 50 mg/kg body weight.  
Ten days af ter  injection, the  animals  were  kil led by  decapitation,  and the l iver  
quickly removed. 

Before sacrificing the animals  blood samples were  aspi ra ted  from the apex 
of the heart .  The blood was used for analysis  of glucose. P lasma glucose was 
measured  by  Nelson's modificat ion of Somogyi's procedure  (11). Liver  glycogen 
was hydrolysed to glucose according to the method of Good, Kramer, and 
Somogy$ (12) and the result ing glucose was es t imated by the previous method. 
The fa t  content  of the l iver  was es t imated b y  the method of Folch e t a l .  (I3). 

Results and discussion 

S e v e r a l  w o r k e r s  (3, 14, 15) 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  subs tance ,  a n d  mos t  of t h e m  e x p l a i n e d  i ts  ac t ion  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  has  a s t r o n g  a f f i n i t y  for  z inc  and  che la tes  
it, even  w h e n  p r e s e n t  w i t h i n  l i v ing  cel ls  l i ke  t h e  b e t a  cel ls  of t he  is lets ,  
a n d  s e c o n d l y  t h a t  t he  z inc  p r e s e n t  in  the  b e t a  cel l  is an  i n t e g r a l  p a r t  of 
i t s  s t r u c t u r e  a n d  f u n c t i o n a l  ac t iv i t y ,  so w i t h o u t  i t  t he  cel l  c a n n o t  l ive  or  
a t  l e a s t  c a n n o t  sec re t e  insu l in .  

H o w e v e r  a l l o x a n  e f fec t  has  been  s t a t e d  to be  in  p r e v e n t i n g  the  
e n z y m a t i c  s y n t h e s i s  of i n s u l i n  as  we l l  as  i n h i b i t i o n  of i t s  r e l e a s e  (16). 

In  t he  p r e s e n t  w o r k  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 inc  ch lo r ide  (1 m g  zinc c h l o r i d e / k g  b o d y  wt.)  i m m e d i a t e l y  b e f o r e  a n d  
f i f t een  m i n u t e s  a f t e r  d i t h i z o n e  or  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 abe te s .  

T h e r e  a r e  two  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 rs 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  r e s u l t a n t  of  t w o  o p p o s i n g  changes  h y p e r g l y c a e m i a  i n d u c e d  b y  
d i t h i z o n e  or  a l l o x a n  on t h e  one  hand ,  a n d  a h y p o g l y c a e m i a  i n d u c e d  b y  
z inc  sa l t  on t h e  o ther .  In  s u p p o r t  of th i s  p o s s i b i l i t y  is t he  fac t  t h a t  
Prasad (17) s u g g e s t e d  t h a t  z inc  seems  to be  e s sen t i a l  for  t he  u t i l i z a t i o n  of 
g lucose  b y  v a r i o u s  t i ssues ,  as w e l l  as t he  e n h a n c e d  h y p o g l y c a e m i c  ac t ion  
of i n su l i n  w h e n  zinc  is g i v e n  w i t h  i t  (18). Q u a r t e r m a n  (19) c o n f i r m e d  
th is  s t a t e m e n t  b y  his  o b s e r v a t i o n  t h a t  g lucose  u p t a k e  b y  r a t  e p i d i d y m a l  
f a t  p a d s  was  i n c r e a s e d  p r o p o r t i o n a l l y  w i t h  t h e  i n c r e a s e  of  z inc  con-  
cen t r a t i on .  

The  o t h e r  p o s s i b i l i t y  to e x p l a i n  t h e  l ack  of  s u b s e q u e n t  h y p e r g l y c a e m i a  
24 h o u r s  a f t e r  d i t h i zone  o r  a l l o x a n  p lu s  zinc, is t h a t  g e n u i n e  p r o t e c t i o n  
of t he  i s l e t s  occu r r ed .  
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Fig. 1. Pancreatic islets of the rat, 48 hours after alloxan. 

Histological  e x a m i n a t i o n  of the pancreas  ver i f ied  the p ro tec t ive  effect 
of zinc since on his tological  e x a m i n a t i o n ,  the islets of those an ima l s  
in jec ted  wi th  zinc were  in tac t  and  the i r  be ta-ce l l s  s t a ined  n o r m a l l y  
(fig. 1, 2, 3, and  4). 

I n t r a v e n o u s  in jec t ion  of m a n g a n e s e  chloride before  and  af ter  d i th izone  
or a l loxan  p r e v e n t e d  also the expected rise of blood glucose, 24 hours  

Fig. 2. Pancreatic islets of the rat, 24 hours after dithizone. 
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Fig. 3. P a n c r e a t i c  islets of the  rat ,  i n j ec ted  w i t h  zinc chlor ide i m m e d i a t e l y  before  
and  f i f t een  m i n u t e s  a f t e r  al loxan.  

later. However histological examination of the islets, demonstrated that 
the injected manganese had not protected the islets from the toxic effects 
of dithizone or alloxan. 

Thus in the case of manganese, unlike zinc, the explanation is probably 
to be found in the hypoglycaemic effect of manganese counteracting the 
hyperglycaemic effect of the destructed beta cells. 

Fig. 4. P a n c r e a t i c  is lets  of the  rat,  i n j ec ted  w i t h  zinc chlor ide immed ia t e ly  before  
and  f i f t een  m i n u t e s  a f t e r  d i thizone.  
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The hypoglycaemic effect of manganese has been reported by many 
workers (19, 20, 21). Oral manganese chloride was given to cases of 
diabetes mellitus, the drug produced a statistically significant fall in blood 
sugar. Increasing the dose, however, did not produce any fur ther  drop, 
while a single oral dose was not adequate to control the hypergly-  
caemia (22). 

Concerning the possible mechanism of the hypoglycaemic effect, HeZmi 
et al. (21) suggested that  this effect is not  totally dependent on the 
presence of the beta cells; since it occurred in both normal  and alloxan 
diabetic rabbits, and in all types of diabetic patients. 

Manganese may act peripheral ly on utilization of glucose, this is in 
agreement  with its known role as a coenzyme for many  reactions involved 
in carbohydrate  metabolism (21). 

It may  act, however,  through glucagon, inhibiting its release or 
interfering with its glycogenolytic action. Finally, it may  accelerate the 
release of stored insulin from the beta cells. Perhaps all these mechanisms 
are at work (20). 

It  can also be postulated that  manganese ion may be required as the 
other cations for insulin secretion (23, 30). 

In case of intravenous injection of chromium chloride into rats, the 
blood sugar, 24 hours later, at tained a mean level of 179.7 _+ 27.3 mg~ 
instead of 231.8_ 79.9 m g% in case of dithizone diabetes and 269.5 
_ 48.6 mg/100 ml instead of 451.9 _+ 133.5 rag/100 ml in case of alloxan 

diabetes. 
Histological examination revealed degeneration of the beta cells in the 

islets. Thus chromium unlike zinc did not protect  the rat  against the 
diabetogenic effect of dithizone or alloxan. 

M e r t z  et al. (24) found that  trace amounts of tr ivalent  chromium are 
required for the maintenance of normal glucose tolerance. The amount  
of chromium needed by the tissues to prevent  any impairment  in 
physiological function is about 20 Ftg of Cr+8/100 g of body wt. Such an 
amount  is normally supplied by dietary constituents (25). 

Chromium may be a cofactor for the insulin-cell membrane interac- 
tion. The membrane,  presumably,  can only fulfill its normal  function 
when chromium is present at  the reactive sites (26). 

Table 1. Fasting blood glucose (mg/100 ml) in rats injected intravenously with zinc, 
manganese, chromium, and cobalt chloride immediately before and fifteen minutes 

after alloxan. 

Control alloxan 
Effect of intravenous injection of 

zinc manganese chromium cobalt 

Mean 116.7 451.9 110.5 114.0 269.5 196.5 
SD + 18.8 133.4 11.8 15.6 48.6 33.9 
n (15) (15) (10) (10) (10) (10) 
1 ~ .0005 .ooo~ .0025 .0005 

Figures between parenthesis indicate number of animals. 



MikhaiZ and Awadallah, The eIfect el A T P  and certain trace elements 181 

Table 2. Fasting blood glucose (mg/100 ml) in rats injected intravenously with zinc, 
manganese, chromium, and cobalt chloride immediately before and fifteen minutes 

after dithizone. 

Control dithizone 
Effect of intravenous injection of 

zinc manganese chromium cobalt 

Mean 116.7 231.8 111.7 120.0 179.7 174.8 
SD ~ 18.8 79.9 19.7 27.6 27.3 32.2 
n (15) (15) (10) (10) (10) (10) 
P .0005 .0005 .05 .05 

Figures between parenthesis indicate number of animals. 

With regard to the intravenous injection of Cobalt chloride, the mean 
blood sugar level 24 hours later was 174.80 • 32.29 rag% instead of 
231.87 4- 29.92 mg/100 ml in case of dithizone diabetes and 196.5 • 33.9 mg/ 
100 ml instead of 451.9 ___ 133.5 mg/100 ml in case of alloxan diabetes. 
Histological examination of the islets revealed destruction of the beta cells, 
indicating that  cobalt did not protect  the beta cells against toxic agents. 
The intravenous injection of cobalt chloride also causes a rapid selective 
injury to the alpha cells of the pancreatic islets (20, 21). It  was found 
that intravenous injection of 25-50 mg/kg body weight  caused a t ransi tory 
hyperglycaemia.  This may be due to liberation of p re - fo rmed  glucagon 
from the alpha cells destroyed by cobalt. 

On the other hand, repeated subcutaneous injections tend to lower 
the blood sugar slightly (28). P a d m a k e r  et al. (29) suggested that  cobalt 
ions enhance glucose uptake, its oxidation to CO2, and its incorporation 
into fat pad lipids, thus stimulating the action of insulin. 

Moreover, the ionic movements across the beta cell membrane  are im- 
por tant  in setting off insulin secretion by the beta cell and in maintaining 
it. I t  is possible that  certain of these ions are more closely related to the 
different stages of the insulin-secretion process in the beta cell (23, 30). 

In case of ATP, its administration one hour  before alloxan in female 
rats prevented any marked rise in the blood glucose level in those animals 
rendered moderately  diabetic by the injection of 150 mg alloxan/kg body 
wt. (table 3). 

Table 3. 

Experimental Time of Blood sugar g% of wet liver wt. 
procedure sacrifice rag/100 ml Fat Glycogen 

Controls (5) 
alloxan 
150 mg/kg (5) 

105 i 12 3.2 ::]: 0.6 1.45 • 0.42 

ATP 
50 mg/kg (5) 10 days after 

alloxan and ATP 125 -~ 14 2.6 :h 0.8 1.64 • 0.14 
P <.01 < .01 <.01 

10 days after 
alloxan 215 ~ 69 8.3 4- 3.8 0.48 4- 0.30 
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As can  be seen f rom the  table,  a l l oxan  resu l t ed  in  s ign i f i can t  increase  
in  blood glucose and  l iver  fat  and  s ignif icant  decrease  in  l ive r  glycogen.  
A T P  re su l t ed  also in  a s igni f icant  r educ t i on  in  the  fa t  a n d  s igni f icant  
increase  in  the  g lycogen con ten t  of the  l iver .  

I t  is l ike ly  t ha t  the  p ro tec t ive  effect of A T P  is m e d i a t e d  by  e n h a n c e d  
i n s u l i n  re lease f rom the  st i l l  f u n c t i o n i n g  be ta  cells. In  a p rev ious  work  
(31), we found  tha t  A T P  p r o m o t e d  i n s u l i n  secre t ion in  n o r m a l  a nd  in  the  
d iabet ic  ra ts  a f te r  glucose s t imula t ion .  

A l t h o u g h  w h a t  is gene ra l l y  accepted is t ha t  the  metabol ic  processes 
in  which  A T P  takes pa r t  are  i n t r ace l lu l a r .  H y a m s  et  al. (32) f ound  tha t  
the  a d m i n i s t r a t i o n  of exogenous  A T P  se rved  to e leva te  i n t r a c e l l u l a r  A T P  
concen t ra t ion .  ATP,  u n d e r  the  i n f l u e n c e  of adenylcyclase ,  is conve r t ed  
to cyclic A M P  which has been  shown  to s t imu l a t e  i n s u l i n  secre t ion  (33). 

S tud ies  of cyclic A M P  ind ica ted  t ha t  it exer ts  two i n s u l i n - l i k e  effects, 
inc reased  glucose u p t a k e  and  decreased ce l lu la r  space (34). We have  f ound  
tha t  A T P  inc reased  glucose u p t a k e  of n o r m a l  ra ts  (31). 

Never the less  the  a d m i n i s t r a t i o n  of A T P  before  d i th izone  ha d  a s l ight  
effect  (35). The  toxic effect  of d i th izone  can  be e x p l a i n e d  tha t  t h r o u g h  
its chela t ion of zinc, i t  blocks e n z y m e  action, especia l ly  those enzymes  
re l a t ed  to the  s u l f h y d r y l  g roups  (36). S ince  the  i n s u l i n  molecu le  con ta ins  
SH groups,  i t  is the re fore  expec ted  t ha t  a n y t h i n g  which in t e r f e r e s  w i th  
SH reac t ion  wi l l  necessa r i ly  i n t e r f e r e  w i t h  the  fo rmat ion ,  storage,  or  
re lease  of i n s u l i n  (36). 

I t  is concluded,  therefore ,  t ha t  a l t hough  zinc chloride p r e v e n t e d  the  
des t ruc t ion  of the  be ta  cells i n  bo th  a l l oxan  a nd  d i th izone  d iabet ic  rats,  
y e t  i t  is sugges ted  t ha t  A T P  as wel l  as zinc, manganese ,  chromium,  and  
cobal t  ions seem to be essen t ia l  for bo th  i n s u l i n  secre t ion  as wel l  as the  
u t i l i za t ion  of glucose by  var ious  tissues. 

Summary  

The intravenous injection of zinc chloride immediately before and fifteen 
minutes after alloxan or dithizone prevented the usual hyperglycaemia observed 
24 hours after induction of diabetes. This is supported by histological examina-  
tion which showed that  the itslets of those 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 protecting the islets. Chromium and cobalt chloride 
lowered the blood-glucose level to a certain extent~ 

ATP given before alloxan could prevent  any marked rise in blood sugar. 
ATP resulted also in a significant reduction in the fat and significant increase 
in the glycogen content of the liver in female rats examined on the 10th day 
after induction of alloxan diabetes. 

It  is suggested that  ATP as well as zinc, manganese, chromium, and cobalt 
ions seem to be essential for both insulin secretion as well as glucose utilization 
by various tissues. 
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