
Z. Ern&hrungswiss. 17, 72-78 (1978) 
�9 1978 Dr. Dietrich Steinkopff Verlag, Darmstadt 
ISSN 0044-264 X 

National Research Centre, Dokki, Cairo (Egypt) and Kasr El-Aini Faculty 
o~ Medicine, Cairo University 

Blood-reduced glutathione, pyruvic acid, citric acid, ceruloplasmin 
oxidase activity and certain mineral changes in diabetes melUtus 

before and after treatment 

R. A w a d a l l a h ,  E. A. E l - D e s s o u k e y ,  H. D o s s , a n d  
K. K h a l i ] a  

With 1 table 

(Received January 13, 1978) 

Many authors reported ample informations that  provide indirect 
evidence of impaired pyruvate  utilization in diabetes, both in man and 
experimental animals (6, 10). Guly (10) reported a grave disturbance in 
tricarboxylic acid cycle. Also, an increased value of pyruvate  was shown 
by Mincu et al. (25) when a simultaneous glucose and insulin load was 
given. They showed also that in diabetes seems to be affected by 
sulphydryl  group donors. 

Zinc administration seems to stimulate glucose uptake (28) as well as 
an increase in plasma-insulin-like activity and seems to enhance the 
hypoglycaemic action of insulin itself (12). 

Buckowski  et al. (4) stated that  there was no correlation between 
serum zinc and glucose levels determined in fasting patients, but  Shustov 
(31) found that zinc content in the plasma tended to be low in diabetic 
patients. 

There is a normal  level of serum copper in diabetes (36). Anspaugh (2) 
however  reported that  a highly significant inverse correlation exists 
between copper levels and age of onset of symptoms of diabetes. 

Shustov (32) stated that the serum copper levels in diabetic cases but 
without  ketosis were only slightly higher than normal, but  that  during 
ketosis considerably higher values of serum copper were found. On the 
other hand, Kosenko (19) found that  the blood copper was lower in dia- 
betes mellitus in comparison to values found in heal thy individuals. 

Heintzelmann (13) found that  the serum iron does not change in 
diabetic patients, but  according to Gobarets (9) it was found that  injection 
insulin led to reduction in serum iron. 

Josinski et al. (16) found that  the total and ionized plasma caIcium were 
decreased in diabetic patients. 

Slightly increased values of serum magnesium have been reported in 
diabetes mellitus (5), but  lower blood magnesium level was found by 
Ruichi et al. (30). 

Water  and electrolyte metabolism were studied in diabetes mellitus 
by many  investigators (3, 17). 
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The  p r e sen t  s t udy  was  p e r f o r m e d  to s t udy  the  m e t a b o l i s m  of b lood 
p y r u v i c  acid, r educed  g lu ta th ione ,  s e r u m  citr ic acid, c e r u l o p l a s m i n  ox- 
idase  ac t iv i ty  a n d  ce r t a in  i no rgan i c  e l emen t s  such as zinc, copper,  i ron,  
calc ium,  m a g n e s i u m ,  po t a s s ium and  sod ium in  m a t u r i t y  onset  of d iabetes  
before  and  af ter  t r e a t m e n t  w i t h  some hypog lycaemic  drugs  a nd  insu l in .  

Materials and methods 
The subjects in this were divided into two groups. The first group comprised 

twenty normal  male and female individuals of different ages, mostly laboratory 
personnel, medical staff and medical students. The female subjects were not 
taking any type of oral contraceptive. Second group included 40 patients with 
diabetes mellitus, they were all in-  or out-pat ients  in Kasr E1-Aini Hospital 
and were treated with different hypoglycaemic drugs. This group was divided 
into four subgroups, each containing patients, treated with Tolbutamide 
"Rastinon-Hoechst", Glibenclamide "Daonil-Hoechst", Metformin "Gluco- 
phage-Cid" and insul in  respectively. 

Blood samples were taken from the fasting patients both before t reatment  
and thir ty days after t rea tment  with hypoglycaemic drugs. 

A portion of blood was used for analysis of blood glucose, reduced glutathione 
and pyruvic acids. The remaining portion was allowed to clot for two hours in 
polyethylene tube before centrifugation and the serum was separated for the 
analysis of serum citric acid, ceruloplasmin and minerals.  

The method of Nelson's modification of Somogyi's (34) was used for deter- 
minat ion of blood sugar. The total amount  of blood pyruvic acid was estimated 
by the method of Friedman and Haugen (8). Serum citric acid was assayed by 
the method of Marrier and Boulet (23). Reduced blood glutathione was deter- 
mined by method of Thompson and Watson (35). Serum zinc and copper were 
determined by the method of Sinaha and Gabrieli (33). The ceruloplasmin 
oxidase activity was determined by the method of Henry et al. (14). Serum iron, 
potassium and sodium were estimated by the method published in Beckman 
Analytical  method by Atomic Absorption Spectrophotometer. Serum calcium 
and magnesium were determined using the method of Willis (37). 

Results and discussion 

Tab le  1 i l l u s t r a t e s  the  da ta  ob t a ined  for blood p y r u v i c  acid, s e r u m  
citr ic  acid a n d  reduced  blood g l u t a t h i o n e  in  m a t u r i t y  onse t  diabetes .  
These  da t a  showed tha t  t he re  was  a s ign i f i can t  e l eva t ion  in  the  levels  of 
to ta l  b lood p y r u v i c  acid and  s e r u m  citr ic  acid whi le  the re  was  a s ign i f i can t  
decrease  in  the  level  of r educed  blood g l u t a t h i o n e  as compared  w i th  n o r -  
ma l  adu l t ' s  levels .  Our  resu l t s  are  i n  concordance  w i t h  the  p rev ious  w o r k  
(18, 24). 

T h i r t y  days  a f t e r  i n i t i a t i n g  t r e a t m e n t  of these  d iabe t ic  pa t i en t s  w i t h  
Ras t inon ,  Daoni l  and  i n s u l i n  the  blood p y r u v i c  acid, s e r u m  ci t r ic  acid a nd  
r educed  blood g l u t a t h i o n e  had  r e t u r n e d  to the  n o r m a l  levels.  W h e n  
Glucophage  was  used  ins tead,  these  d iabe t ics  showed a s l igh t ly  h ighe r  
t h a n  n o r m a l  b lood  p y r u v i c  acid, s e r u m  ci t r ic  acids, wh i l e  r educed  b lood 
g lu t a th ione  had  r e t u r n e d  to the  n o r m a l  level.  

Decreased  p y r u v a t e  u t i l i za t ion  in  d iabet ic  pa t i en t s  m a y  be caused  
b y  defect ive  enzyma t i c  r eac t ion  or b y  a c c u m u l a t i o n  in  some me tabo l i t e s  
p a r t i a l l y  de r ived  f rom p y r u v a t e  such as acetate,  ci t rate ,  f umara t e ,  wh ich  
m a y  lead  to i n h i b i t i o n  of p y r u v a t e  u t i l iza t ion .  Moorhouse  a nd  K a r k  (26) 
suggested  the  p resence  of i m p a i r e d  p y r u v a t e  disposal  i n  diabetes ,  bo th  in  
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Tab le  1. F a s t i n g  b lood  glucose, r educed  g l u t a t b i o n e ,  pyx~vie  acid,  c i t r ic  acid,  cerulo 
a f t e r  t r e a t m e n t  w i t h  some h y p o g l y c a e m i c  

Item N o r m a l  D i a b e t i c  R a s t i n o n  (I0) 
(20) * (40) before  a f t e r  

F. B lood  glucose  ( m g % )  103.2 312.2 283.2 183.5 
-4- 11.3 4-101.5 :j= 76.6 ~= 52.7 

P > - 0.0005 - 0.01 

B lood  GSI-I (mg~/o) 38.8 27.6 28.6 37.6 
d- 2.78 • 2.01 4- 1.88 4- 2.18 

p > - 0.0005 - 0.025 

B lood  P y r u v i c  (mg~o) 1.58 2.63 2.42 1.76 
+ 0 . 1 6  =[=0.28 + 0 . 2 3  -1=0.12 

P > - 0.0005 - 0.005 

S e r u m  Citr ic  (mg~ 2.63 3.77 3.66 2.94 
4- 0.28 • 0.58 4- 0.35 i 0.48 

P > - 0.0005 - 0.01 

S e r u m  Z n  (/~g~ 124.9 80.2 74.4 101.2 
4- 14.2 4-16.6 4-24.1 4- 35.4 

P > - 0.0005 - 0.05 

S e r u m  Cu (#g~ 105.0 104.1 94.3 105.6 
• 11.7 • 24.2 4-15.1 4- 27.8 

P > - n.s .  - n.s .  

S e r u m  Cerul.  (uni t s )  600.5 582.4 559.3 570.6 
4- 87.2 4- 80.4 + 70.4 4- 74.6 

P >  - n . s . * *  - n . s .  

S e r u m  F e  (#g~ 99.1 106.9 109.1 117.9 
4-17.5 4- 16.5 4- 16.6 4- 23.0 

P > - n . s .  - n . s .  

S e r u m  Ca ( rag%)  9.69 10.58 10.69 9.20 
4-0.86 4- 0.90 4- 0.88 4-0.98 

P > - 0.05 - 0.05 

S e r u m  Mg ( rag%)  3.98 3.77 4.12 4.53 
• 1.11 4-0.79 4- 1.20 ~= 0.80 

P > - n . s .  - n . s .  

S e r u m  K ( m g % )  17.38 15.88 15.44 17.80 
4- 1.58 4- 0.86 4- 1.17 4- 1.55 

P > - 0.025 - 0.05 

S e r u m  N a  ( m g % )  330.8 281.9 290.4 334.8 
4 -  3 2 . 5 8  4 -  2 5 . 2 5  4 -  3 2 . 8 2  4 -  34.79 

P > - 0.025 - 0.01 

* F igures  b e t w e e n  p a r e n t h e s e s  i nd i ca t e  n u m b e r  of  p a t i e n t s  
** n .s . :  n o t  s ign i f ican t  

j u v e n i l e  a n d  a d u l t s .  H e  f o u n d  p r o l o n g e d  t i m e  f o r  t h e  d i s a p p e a r a n c e  o f  
i n j e c t e d  p y r u v a t e  i n  d i a b e t e s  t h a n  i n  n o r m a l s .  O n  t h e  o t h e r  h a n d ,  t h e  
e x p l a n a t i o n  of  i n c r e a s e d  c i t r a t e  i n  d i a b e t i c  p e r s o n s  m i g h t  b e  e i t h e r  d u e  to  
i n c r e a s e  of  a c e t y l  Co A (6) o r  to  d e c r e a s e d  u t i l i z a t i o n  of  c i t r a t e .  

I n  d i a b e t i c  cases ,  t h e  l e v e l  of  b l o o d - r e d u c e d  g l u t a t h i o n e  w a s  s i g n i f i -  
c a n t l y  d e c r e a s e d  i n  t h e  i n d i v i d u a l  v a l u e s  w h e n  c o m p a r e d  to  n o r m a l  
a d u l t s .  T h i s  p h e n o m e n o n  m a y  b e  e x p l a i n e d  as  a r e s u l t  of  d e c r e a s e  
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plasmino  oxidase  ac t i v i t y  a n d  minera l s  levels in m a t u r i t y  onse t  o f  d iabe tes  before a n d  
drugs  a n d  insul in  (mean  4- S.D.). 

:DaoniI (I0) Glueophage  (10) Insu l in  (10) 
before  a f te r  before  a f t e r  before  a f t e r  

324.5 257.8 272.1 249.0 369.1 285.8 
4- 99.4 4- 87.6 4- 40.3 =[:103.5 4- 90.4 -4-107.8 

- 0.05 - n.s.  - 0.05 

23.4 34.9 27.3 35.6 29.7 36.2 
• 1.35 4- 2.12 + 1.85 4- 2.34 4- 1.59 4- 1.36 

- 0.025 - 0.025 - 0.025 

2.76 1.69 2.68 2.13 2.66 1.49 
4-0.16 4-0.15 4-0.24 4-0.19 4-0.29 4-0.13 

- 0.025 - n.s.  - 0.005 

3.26 2.98 4.35 3.22 3.82 2.90 
t 0.48 4- 0.36 4- 0.69 • 0.47 4- 0.87 4- 0.26 

- 0.005 - n.s.  - 0.005 

83.5 123.5 87.6 98.0 75.3 112.8 
4-10.7 4- 20.8 4-15.6 4-15.6 4-16.2 • 59.1 

- 0.01 - n.s.  - 0.05 

110.1 129.1 108.2 132.4 103.8 119.9 
4- 31.2 4- 29.1 4- 22.7 4- 21.2 4- 21.2 4- 26.8 

- n.s. - 0.05 - n.s.  

590.6 610.2 600.6 640.8 580.7 595.8 
:j: 60.4 4- 80.0 4- 75.6 4- 77.0 4- 70.2 4- 75.4 

- n.s.  - 0.05 - n.s.  

107.3 120.5 97.6 90.7 133.7 110.9 
4- 18.6 4- 24.9 4-13.2 •  4- 17.4 4- 17.7 

- n . s .  - n . s .  - n . s .  

10.68 9.83 10.49 10.58 10.47 9.20 
4- 0.65 4-1.62 4- 1.19 4- 1.43 4- 0.90 4-1.09 

- n.s.  - n.s.  - 0.025 

3.86 3.57 3.49 3.40 3.59 4.11 
4-0.71 4-0.48 ~:0.71 4-0.40 4-0.54 4-0.78 

- n.s.  - n.s. - 0.05 

15.76 16.84 16.48 15.39 15.85 15.38 
4- 0.91 4- 2.64 4- 0.85 4- 2.18 4- 0.53 4- 2.40 

- n . s .  - n . s .  - n . s .  

273.8 321.7 289.8 328.5 273.7 309.8 
4- 23.70 4- 27.10 4- 23.03 4- 28.09 4- 20.46 4- 44.48 

- 0.0I - 0.05 - 0.05 

s y n t h e s i s  o f  g l u t a t h i o n e  in  t h e  l i ve r .  T h i s  r e c e i v e s  e v i d e n c e  f r o m  t h e  w o r k  
o f  K r a h l  (20), d e m o n s t r a t i n g  d i m i n i s h e d  i n c o r p o r a t i o n  o f  l a b e l l e d  g l y c i n e  
i n t o  g l u t a t h i o n e  in  t h e  l i v e r  s l i c e s  of  s e v e r e l y  d i a b e t i c  r a t s .  

T h e  s e r u m  z i n c  w a s  l o w e r  i n  u n t r e a t e d  d i a b e t i c s  (80.2 • 16.6 #g0/o as  
c o m p a r e d  w i t h  n o r m a l  s u b j e c t s  124.9 • 14.2 #g~ 

A f t e r  t h i r t y  d a y s  of  t r e a t m e n t  w i t h  R a s t i n o n ,  D a o n i l  o r  i n s u l i n  t h e  
s e r u m  z i n c  r e t u r n e d  to  a n e a r l y  n o r m a l  l eve l .  W h e n  a g l u c o p h a g e  w a s  t h e  
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treating agent, however, the level of serum zinc remained low (table 1). 
These findings are in agreement with those of most of the workers  in this 
field (32). 

Zinc ions seem to be intimately involved in carbohydrate  metabolism, 
the lower serum zinc in adult  onset may be due to an excessive loss of 
zinc in the urine, in the polyuria  of diabetes (31, 32). Another  possibility 
may  be that  the reported inability of diabetics to fix zinc in tissues may  
lead to an excessive loss of zinc in their stools as well due to excessive 
loss in the normal ly  zinc-rich pancreatic juice. 

Fur ther  explanation that  zinc helps in the metabolism of glucose, a 
drop in blood zinc would therefore help to make the impairment  in 
glucose utilization worse, so would establish a metabolic vicious circle. 

The serum copper in matur i ty  onset of diabetes was within normal 
limits (104.1 • 24.2 pg~ against (105.0 • 11.7/~g~ in normal subjects. 
This is in agreement with the finding of VangheIovicia et al. (36). 

With regard to the serum ceruloplasmin level, we found it to be 
585.4 • 80.4 units, against 600.5 • 78.2 units in normal  control subjects. 

Shustov (32) stated the serum copper level in matur i ty  onset diabetes 
without ketosis is slightly higher than normal, but  that  during ketosis 
considerably higher values were found. The higher values may be 
related to the haemo-concentrat ion which sometimes occurs as a result of 
the diuresis present in these cases. 

I<osenko (19), however, found the total blood copper to be lower in 
adult diabetics. The lower copper was occasionally due to the excessive 
loss of copper in the urine. 

With regard to the effect of hypoglycaemic drugs on the serum copper 
and ceruloplasmin levels, there is no statistically significant difference 
after thir ty days of t reatment  with Rastinon, Daonil or insulin, while the 
serum copper and ceruloplasmin increases after th i r ty  days of t reatment  
with Glucophage. 

Shustov (32) reported that insulin therapy was without  any effect on 
serum copper. 

The mean serum iron in our subjects with adult onset diabetes was 
106.9 • 16.5 #g%, when compared with normal adults, there is no signifi- 
cant difference. These findings are supported by those of Heintzelmann (13) 
who found also no change in the serum iron in diabetes. 

Treatment  of our cases with hypoglycaemic drugs and insulin led to no 
change. 

The mean calcium was significantly higher in our subjects with adult 
onset diabetes mellitus. 

With regard to the effect of hypoglycaemic drugs on calcium after 
thir ty days of t reatment  with Rastinon or insulin, the serum calcium 
returned to near  the normal  level, but  after t reatment  with Daonil or 
Glucophage it was still high in our cases. 

Calcium plays a role in the process of secretion of insulin from the 
beta cells and that drugs like ouabain which diminish the calcium flux 
inhibit the secretion of insulin (29). On the other hand, Malaisse et al. (22) 
stated that  glucose-induced insulin release is probably associated with a 
concomitant release of calcium. 
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There  was a normal  level  of se rum magnes ium in our subjects  wi th  
m a t u r i t y  onset diabetes.  Our  f indings are in agreement  wi th  those of 
Poroa (27) who found no s ignif icant  difference in se rum magnes ium in 
compensated  and non-compensa ted  diabetes.  

With  r ega rd  to the effect of hypoglycaemic  drugs on serum magnes ium 
levels,  no di f ference was noted af te r  t r e a tmen t  for 30 days wi th  Rastinon, 
Daonil  or Glucophage,  whi le  the  serum magnes ium s igni f icant ly  increased 
f rom 3.59 _+ 0.54 rag~ to 4.11 + 0.78 mg~ af te r  30 days  of t r ea tmen t  wi th  
insulin. 

I t  is now an es tabl ished fact  tha t  d iuret ics  l ike  f rusemode impa i r  
c a rbohydra t e  to lerance  especia l ly  in diabetics.  Recently,  i t  has been 
suggested tha t  this is a resul t  of the i r  p rompt ing  magnes ium as wel l  as 
potass ium loss in the  urine.  

In this work,  the mean  serum potass ium in our subjects  was 15.88 +_ 
0.86 mg%.  This s ign i f ican t ly  lower  than  the normal .  Our  resul ts  a re  in 
agreement  wi th  those of Alonso (1). 

The low serum potass ium in most  d iabetes  is p r o b a b l y  the resul t  of 
osmotic diuresis  due to the loss of glucose in the  urine.  Once a lower  serum 
potass ium occurs, a metabol ic  vicious circle develops, since potass ium is 
an impor t an t  ca ta lys t  and co-factor  in m a n y  enzyme process in carbo-  
hydra t e  metabol ism.  

Potass ium therapy,  i t  is now clear, increases the  ab i l i ty  of the pancreas  
to secrete  insul in  in the  presence of hype rg lycaemia  (15). 

Th i r ty  days  af te r  t r e a tmen t  wi th  Rastinon,  bu t  not  a f te r  t r e a tmen t  
wi th  Daonil ,  Glucophage  or insulin, the level  of serum potass ium re tu rned  
to its normal .  

The mean se rum sodium was s igni f icant ly  lower  in our  subjects.  Our  
f indings are  in agreement  wi th  those of m a n y  inves t iga tors  (7). 

This is most  p robab ly  due to the glucose- induced osmotic diuresis.  
In i t i a l ly  there  are  losses of water ,  sodium and chloride f rom the ex t r a -  
ce l lu lar  fluid, but  if  the g lycosur ia  continues, loss also occurs f rom the 
in t race l lu la r  compar tmen t  (7). 

These losses of f lu id  and e lect rolytes  m a y  impa i r  c a rbohydra t e  
metabo l i sm and responsiveness  to insul in  (7). Hales et al. (11) ma in -  
ta ined  tha t  sodium pump plays  a role  in insul in secretion. Percont ra ,  
s t imula t ion  of insul in secret ion occurred secondary  to an increase  in the 
in t r ace l lu l a r  sodium ion concentra t ion (24). Letar te  et aL (21) s imi l a r ly  
r epor ted  tha t  insu l in - s t imula ted  glucose t r anspor t  into fa t  cells is depen-  
dent  on sodium. 

With  regard  to the effect of hypoglycaemic  drugs on se rum sodium, we 
found tha t  wi th  the normal iza t ion  of the diabet ic  s tate and d iminut ion  in 
the  polyur ia ,  serum sodium re tu rns  to the normal  level  a f te r  t rea tment .  

Summary  

In maturity onset diabetes the blood levels of total blood keto acids in 
terms of pyruvic, serum citric, calcium are significantly higher than in normal 
adults, while there is a decrease in reduced-blood glutathione, serum zinc, 
potassium and sodium levels. 
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T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  b e t w e e n  d i a b e t e s  a n d  n o r m a l  a d u l t s  
i n  t h e  s e r u m  l e v e l s  o f  c o p p e r ,  c e r u l o p l a s m i n  o x i d a s e  a c t i v i t y ,  i r o n  a n d  
m a g n e s i u m .  
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