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Glutathione assumes a prime importance in carbohydrate  metabolism 
due to its activation of the enzyme systems which affect carbohydrate  
metabolism, either directly or indirectly. These enzymes contain sulphy- 
dryl  groups in their protein moiety, essential for the integri ty of their 
action (20). The importance of the - S H  groups in this system as well as in 
other enzyme systems was revealed to be due to the participation of the 
-SH in the active radical of CoA (29). 

Zinc seems to be essential for the utilization of glucose (22), it enhances 
the hypoglycaemic action of insulin (8) and stimulates the uptake of 
glucose by rat  epididymal fat (24). 

Knjavez  and Y u r k o v  (14) found that  in the absence of symptoms of 
decompensation the serum zinc concentration was low in juvenile diabe- 
tic patients, the decrease in zinc concentration was greater. Also, a signifi- 
cant increase of zinc excretion in urine was found in juvenile diabetic 
patients (7). 

Vanghelovicia et al. (33) showed that there is a normal level of serum 
copper in diabetes, but  that  a highly significant inverse. Correlation exists 
between copper levels and the age of onset of symptoms of diabetes (2). 

Calcium plays an important  role in the mechanism of insulin release 
from the beta cells (25). It is hypothesized that  calcium ions influx in the 
beta cell might trigger the release of insulin and that  epinephrine might 
suppress insulin secretion by blocking such influx. Josinki  et al. (11) 
found that  total and ionized plasma calcium were decreased in diabetic 
patients. 

S tu t zman  (30) found that  patients requiring more than 20 units of NPH 
insulin had a significantly lower blood magnesium level than those with 
controlled diets. These findings agreed with that obtained by Ruichi et al. 
(26). 

Kartel ishev (12) reported that changes in the electrolyte pat tern in 
juvenile diabetes especially during the phase of deeompensation, but  the 
pat tern gradual ly  returned to normal  after insulin therapy. Increased 
level of potassium in plasma was observed, but in the erythrocytes  the 
reverse occurred (12). Potassium levels tended to be higher than normal  
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on the  first day  of l i fe  i n  i n f a n t s  of mo the r s  who  were  d iabet ic  or in  the  
p red iabe t i c  s ta te  (7). 

The  p resence  of h y p o n a t e r m i a  was  es tab l i shed  in  u n s t a b l e  j u v e n i l e  
d iabe tes  (19). The  s i t ua t i on  appea red  to be p e r m a n e n t ,  even  in  cases of 
compensa ted  diabetes .  Kar te l i shev  (12) also repor ted  a decrease  in  p l a sma  
sod ium and  an  increase  in  e ry th rocy te  sod ium in  d iabet ic  chi ldren.  

The  p r e sen t  s t udy  was  pe r fo rmed  to s t udy  the  m e t a b o l i s m  of g lu t a -  
thione,  c e r u p l a s m i n  oxidase  ac t iv i ty  and  ce r t a in  i no rgan ic  e l emen t s  such 
as zinc, copper,  i ron,  calcium, m a g n e s i u m ,  po tas s ium a nd  sod ium in  j u v e -  
n i le  d iabet ic  pat ients .  

Material and methods  

The subjects in this study were divided into two groups. The first group 
comprised twenty normal children selected on clinical and laboratory grounds, 
part icular  care was taken to exclude any liver, splenic affection or ur inary  and 
intestinal  Bilharziasis, since large numbers  of the local population are infected. 
The second group comprised 24 cases of established juvenile  diabetes in the 
Student 's  Hospital Cairo. 

Blood samples were taken from fasting subjects, a portion of the blood was 
used for analysis of glucose and reduced glutathione. The remaining portion 
was allowed to clot for two hours in polyethylene tubes before centrifugation 
and the serum was separated for the analysis of other pat tern studies. 

The method of Nelson's modification of Somogyi's (28) was used for determi- 
nat ion of blood sugar. Blood-reduced glutathione was determined by the 
method of Thompson and Watson (32). The ceruloplasmin oxidase activity was 
determined by the method of Henry et al. (10). Serum zinc and copper were 
determined by the method of Sinha and Gabriele (27). Serum iron, potassium 
and sodium were estimated by the method published in Beckman Analytical  
method by Atomic Absorption Spectrophotometer. Serum calcium and magne-  
sium were determined using the method of Willis (34). 

Results  and discussion 

I n  our  cases of j u v e n i l e  diabetes,  the  level  of the  f a s t ing  b lood- reduced  
g l u t a t h i o n e  was  s ign i f i can t ly  lower  t h a n  tha t  of n o r m a l  chi ldren,  as 
shown  in  tab le  1. Our  f ind ings  are  in  a g r e e m e n t  w i th  those of Khat tab  et 
al. (13) and  Lab and  K u m a r  (17). This  s igni f icant  decrease  in  b lood- reduced  
g l u t a t h i o n e  level  m a y  be due  to: 

(I) Decreased syn thes i s  of g lu ta th ione ,  this  receives ev idence  f rom the  
work  of Krahl  (15), d e m o n s t r a t i n g  i nco rpo ra t i on  of l abe l l ed  g lyc ine  in to  
g lu t a th ione  in  the  l ive r  slices of severe ly  d iabet ic  rats.  Glucose was  found  
to increase  g l u t a t h i o n e  synthesis ,  whi le  i n s u l i n  res tored  it  comple te ly  to 
normal .  By  analogy,  it  is possible  tha t  in  h u m a n  diabetes  i n s u l i n  def ic ien-  
cy a n d  i m p a i r e d  glycolysis  m a y  be the  cause of the  decrease  in  b lood-  
reduced  g lu ta th ione .  

(If) Inc reased  r e q u i r e m e n t s  and  r ap id  des t ruc t ion  of the  - S H  groups,  
this  m a y  be due  to the  a b n o r m a l  f o r m a t i o n  of ce r t a in  compounds  wh ich  
m i g h t  i n t e r a c t  w i t h  des t roy  the  ava i l ab le  g lu t a t h i one  s u l p h y d r y l  groups.  
The fo rma t ion  of such compounds  were  suggested  by  Lazarow (18) and  
were  t hough t  to r e semble  a l loxan  and  to be respons ib le  for the  deve lop-  
m e n t  of diabetes.  
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Table 1. Fas t ing blood glucose, glu~athione (GSH), serum ceruloplasmin act ivi ty ,  
and  serum mineral changes in controls and  juvenile diabetes (mean =t= S.D.). 

I t em Normal controls Juvenile diabetes P > 

Blood glucose m g %  100.95 4- 2.67 278.3 4- 20.29 0.005 
Reduced GSt t  m g %  34.6 -t- 0.86 21.8 4- 0.41 0.005 
Serum zinc #g% 119.4 4- 3.93 70.1 4- 3.38 0.005 
Serum copper #g% 105.8 4- 2.26 84.9 -t- 2.97 0.05 
Cerul. oxidase units 610.8 -t- 80.48 550.3 4- 80.59 0.05 
Serum iron/~g% 102.2 4- 3.86 110.7 4- 5.18 *i.n. 
Serum calcium mg~ 9.8 4- 0.17 9.4 4- 0.17 i.n. 
Serum magnesium mg~ 3.7 4- 0.22 3.1 4- 0.22 i.n. 
Serum potassium rag% 17.3 4- 0.39 16.9 -t- 0.35 i.n. 
Serum sodium rag% 324.7 4- 4.54 280.2 4- 3.99 0.025 

*i.n. : Insignificant 

F u r t h e r m o r e ,  Lab a n d  K u m a r  (17) s h o w e d  t h a t  b l o o d - r e d u c e d  g l u t a -  
t h ione  was  s ign i f i can t ly  l ow in  d i a b e t e s  w i t h  ke tos i s  a n d  s u g g e s t e d  t h a t  
t he  fa l l  in b lood  g l u t a t h i o n e  in d i a b e t e s  m a y  be  a c o n s e q u e n c e  of  d i s -  
t u r b e d  e l e c t r o l y t e  ba l ance .  

S e r u m  zinc l eve l s  of d i a b e t i c  ch i ld r en  w e r e  s i gn i f i c an t l y  l o w e r  t h a n  
t h a t  of  n o r m a l  ch i ld r en  (70.1 i 3.38 ~g0/o as  a g a i n s t  119.4 + 3.93/~g~ O u r  
r e su l t s  a g r e e d  w i t h  those  o b t a i n e d  b y  Krain ick  et  al. (16). 

T h e r e  has  been  no s a t i s f a c t o r y  e x p l a n a t i o n  in  t he  l i t e r a t u r e  for  t he  
l o w e r  b l o o d  s e r u m  zinc of  d i abe t e s .  Is  i t  one  of  t he  causes  of  t he  d i a b e t i c  
s y n d r o m e ,  o r  is i t  a r e su l t ?  

W e  e x p e c t e d  t h a t  t he  p a n c r e a t i c  j u i ce  is v e r y  r i ch  in  zinc a n d  m a y  be  
even  r i che r  t h a n  n o r m a l  in  d iabe t i c s .  Th is  m a y  be  one  of t he  rou t e s  b y  
wh ich  z inc  is  los t  f r o m  the  b lood  in d iabe tes ,  t he  o t h e r  r o u t e  is v i a  t he  
u r i n e  wh ich  is o f t en  exces s ive  in  t he  d i a b e t i c  s ta te .  S o m e  w o r k e r s  h a v e  
r e p o r t e d  t h a t  t he  u r i n e  of  d i a b e t i c  p a t i e n t s  has  a h i g h e r  t h a n  n o r m a l  
c o n c e n t r a t i o n  of  zinc (5, 6). 

Prasad et  al. (23) h a v e  e x p l a i n e d  the  l o w e r  s e r u m  zinc in  m a n y  
E g y p t i a n s  b y  the  p r e s e n c e  of p h y t i e  ac id  in  E g y p t i a n  b r e a d  w h i c h  i n t e r -  
fe r s  w i t h  t he  a b s o r p t i o n  of  zinc. 

A n o t h e r  e x p l a n a t i o n ,  t he  h y p e r g l y c a e m i a  o c c u r r i n g  in  d i a b e t i c  chi l -  
d ren ,  m a y  p o s s i b l y  be  d u e  a t  l e a s t  in  p a r t  to d e c r e a s e d  g lucose  u t i l i z a t i o n  
b y  the  t i s sues  caused  b y  a l o w e r  l eve l  of  s e r u m  zinc. 

The  s e r u m  c o p p e r  in  o u r  j u v e n i l e  d i a b e t i c  g r o u p s  was  s l i g h t l y  de -  
c r e a s e d  (84.9 • 2.97 /zg% ) as  c o m p a r e d  to n o r m a l  c h i l d r e n  (105.8 • 
2.26/zg %).  

W i t h  r e g a r d  to the  s e r u m  c e r u l o p l a s m i n  level ,  w e  f o u n d  i t  to be  
550.3 +__ 80.59 un i t s  a g a i n s t  610.8 • 80.48 un i t s  in  n o r m a l  ch i ld ren .  

T h e  m e d i c a l  l i t e r a t u r e  on the  s e r u m  coppe r  a n d  c e r u l o p l a s m i n  in  
j u v e n i l e  d i a b e t e s  is v e r y  scan ty ,  and  no e x h a u s t i v e  s t u d y  of  t he  c o r r e l a -  
t ion  b e t w e e n  s e r u m  c o p p e r  a n d  c e r u l o p l a s m i n  on the  one h a n d  and  the  
d i a b e t i c  s t a t e  on the  o ther .  

T h e  m e a n  s e r u m  i r o n  of  o u r  p a t i e n t s  was  110.7 • 5.18 ~g0/0, w h e n  
c o m p a r e d  w i t h  n o r m a l  ch i ld ren ,  t h e r e  a r e  no  s i gn i f i c an t  d i f fe rences .  
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These  f i n d i n g s  a r e  s u p p o r t e d  b y  those  of H e i n t z e l m a n n  (9) w h o  f o u n d  also 
no change  in t he  s e r u m  i ron  in  d i abe te s .  

T h e r e  w e r e  n o r m a l  l eve l s  of s e r u m  ca l c ium and  m a g n e s i u m  in o u r  
s u b j e c t s  of j u v e n i l e  d iabe tes .  O u r  f i nd ings  a r e  in  a g r e e m e n t  w i t h  those  of 
Poroa (21) w h o  f o u n d  no s ign i f i can t  d i f f e r e n c e  in s e r u m  m a g n e s i u m  in 
c o m p e n s a t e d  and  n o n - c o m p e n s a t e d  d iabe tes .  

S v y a t e l i k  (31) o b s e r v e d  t h a t  a d i s t u r b a n c e  in m a g n e s i u m  m e t a b o l i s m  
a p p a r e n t l y  a f fec t s  cel l  m e m b r a n e  p e r m e a b i l i t y  in  d iabe tes .  F u r t h e r m o r e ,  i t  
ha s  been  s h o w n  t h a t  m a g n e s i u m  s t i m u l a t e s  t he  u p t a k e  of g lucose  b y  r a t  
d i a p h r a g m  in t he  p r e s e n c e  of insul in .  This  is p r e s u m a b l y  be c a use  m a g n e -  
s i um is a co fac to r  in  m a n y  e n z y m e 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  
such  as i n t r a c e l l u l a r  A T P - a s e .  

In  th i s  w o r k  t h e  m e a n  s e r u m  p o t a s s i u m  w a s  16.9 • 0.35 mg~ w h e n  
c o m p a r e d  w i t h  n o r m a l  ch i ld ren ,  t h e r e  was  no s i g n i f i c a n t  d i f fe rence .  
Alonso  (1) f o u n d  t h a t  b lood  p o t a s s i u m  was  p a r t i c u l a r l y  d e c r e a s e d  in 
s u b j e c t s  w i t h  a v e r y  h igh  b lood  sugar .  O t h e r  w o r k e r s  h a v e  r e p o r t e d ,  
h o w e v e r ,  t ha t  in  s e v e r e  cases  w h e n  s igns  of i n t r a c e l l u l a r  d e h y d r a t i o n  
occur ,  the  p l a s m a  p o t a s s i u m  m a y  be  s o m e w h a t  h i g h e r  t h a n  n o r m a l  (3). 
The  e x p l a n a t i o n ,  w h y  s e r u m  p o t a s s i u m  is s t i l l  n o r m a l  in j u v e n i l e  d i a b e t e s  
a n d  the  excess ive  loss of p o t a s s i u m  in the  ur ine ,  m a y  be of fse t  b y  the  
r e l e a se  of p o t a s s i u m  in to  t he  b lood  as a r e s u l t  of t he  exces s ive  t r a n s f o r -  
m a t i o n  of m u s c l e  a n d  t i ssue  p r o t e i n  in to  c a r b o h y d r a t e s ,  t h e r e b y  r e l e a s i n g  
in to  t he  b lood  i n t r a c e l l u l a r  po ta s s ium.  

The  m e a n  s e r u m  s o d i u m  w a s  s ign i f i can t ly  l o w e r  f r o m  324.7 
• 4.54 m g  % in n o r m a l  ch i ld r en  to 280.2 --- 3.99 m g  Vo in j u v e n i l e  d iabe tes .  
O u r  f i nd ings  a r e  in  c o n c o r d a n c e  w i t h  t hose  o b t a i n e d  b y  K a r t e I i s h e v  (12). 

This  is mos t  p r o b a b l y  due  to the  g l u c o s e - i n d u c e d  osmot ic  d iures i s .  
I n i t i a l l y  t h e r e  a r e  losses of w a t e r ,  s o d i u m  a n d  c h l o r i d e  f r o m  the  e x t r a c e l -  
l u l a r  f luid,  b u t  if  the  g l u c o s u r i a  con t inues ,  losses also occur  f r o m  the  
i n t r a c e l l u l a r  c o m p a r t m e n t  (4). The re fo re ,  in  sub j ec t s  w i t h  s eve re  d e c o m -  
p e n s a t e d  d iabe tes ,  t h e r e  is a dec rea se  in  the  s o d i u m  c on t e n t  of bo th  the  
b lood  s e r u m  on the  one h a n d  a n d  the  e r y t h r o c y t e s  and  o t h e r  b o d y  cel ls  on 
the  o the r s  in  p r o p o r t i o n  to the  s e v e r i t y  of t he  d isease .  
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Summary  

In cases of juveni le  diabetes, there  were lower than normal  levels of 
reduced glutathione, ceruloplasmin oxidase activity,  zinc, copper and sodium, 
while the other  elements show no significant changes. The lower level of serum 
zinc, copper and sodium may be due to the osmotic diuresis and consequent 
polyurea  of diabetes. 
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