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Abstract  
Patients and  methods: The present study consisted of 50 subjects were classified into three groups ; 
Group (GI) Control group consisted of 10 clinically healthy adult subjects of both sexes free from any liver , 
kidney or cardiovascular diseases . 
Group (GII) diabetes mellitus type 1 consisted of 20 patients of both sexes.  
Group (GIII) diabetes mellitus type 1 with nephropathy consisted of 20 patients of both sexes . All subjects 
were undergo to the following investigated parameters; Ascorbic acid (vitamin C) ,Catalase ,Total 
antioxidant capacity, Aldolase and  Pyruvate kinase enzyme.                                                          
Results: vitamins C, catalase, total antioxidant capacity enzymes were highly significant decreased (P < 0. 
01) in  diabetes mellitus type 1 (GII)  and diabetes mellitus type 1 with  nephropathy (GIII)  when compared 
to the control group. Adolase activity was highly significant increased (P < 0. 01) in diabetes mellitus type 1 
with  nephropathy (GIII) when compared to the control group . Pyruvate Kinase activity was highly 
significant increased (P < 0. 01) in diabetes mellitus type 1 (GII) when compared to the control group . 
Conclusion: The antioxidant  and enzymes can be used for follow up in patients  suffering from diabetes 
mellitus type 1   and predict other complications. 
Key words: Diabetes Mellitus, diabeteic nephropathy, Ascorbic acid, Catalase enzyme, Total antioxidant 
capacity,  Aldolase enzyme and Pyruvate kinase enzyme. 
 
Introduction 
Diabetes mellitus is a major public health problem 
in the developed as well as developing countries. 
It is ranked seventh among the leading causes of 
death, and third when its fatal complications are 
taken in to account (1). The strict division into 
type 1 and type 2 diabetes based on an 
autoimmune etiology versus a primarily metabolic 
pathology (2). 
Type 1 diabetes has been previously known as 
insulin-dependent or juvenile-onset diabetes. It 
results from the destruction of pancreatic beta 
cells which leads to insulin deficiency and lifelong 
dependency on insulin therapy (3) The variation in 
age at onset could be indicative of disease 
heterogeneity, with different mechanisms leading 
to β cell destruction in childhood onset versus 
adult onset diabetes (4)  
Diabetic nephropathy is the leading cause of 
chronic renal disease in patients starting renal 
replacement therapy (5). Diabetic nephropathy has 
been classically defined as increased protein 
excretion in urine. Early stage is characterized by 
a small increase in urinary albumin excretion 
(UAE), also called microalbuminuria or incipient 
diabetic nephropathy (5)  .More advanced disease 
is defined by the presence of macroalbuminuria or 
proteinuria. The latter is classically named overt 
diabetic nephropathy. In most cases, proteinuria 
and decreased glomerular filtration rate (GFR) 
occur in parallel. Traditionally, GFR has been 
expected to decrease when proteinuria is 

established, but not before. However, it is clear 
today that some subjects could have diabetic 
nephropathy without increased UAE (6). 
 
L-ascorbic acid, also known as Vitamin C, is a 
water-soluble vitamin that is naturally present in 
some foods, added to others, and available as a 
dietary supplement (7). vitamin C is well known 
for its antioxidant activity, acting as a reducing 
agent to reverse oxidation in liquids. When there 
are more free radicals (reactive oxygen species, 
ROS) in the human body than antioxidants, the 
condition is called oxidative stress (8). The roles 
of vitamin C as an aldose reductase inhibitor and a 
water soluble antioxidant in body fluids are 
potentially very important as adjuncts to tight 
glycemic control in the management of diabetes 
(9). 
Catalase is a common enzyme found in nearly all 
living organisms exposed to oxygen (10). It is a 
tetrameric enzyme consisting of four identical, 
tetrahedrally arranged subunits of 60 kDa, each 
containing in its active center a heme group and 
Nicotinamide adenine dinucleotide phosphate 
NADPH. (11) 
An antioxidant is a substance capable of 
preventing or slowing the oxidation of other 
molecules. Generally, an antioxidant can protect 
against metal toxicity by trapping free radicals 
thus terminating the chain reaction, by chelating 
metal ion and preventing the reaction with 
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reactive oxygen species or by chelating metal and 
maintaining it in a redox state leading to its 
incompetency to reduce molecular oxygen. 
Substances which protect biomolecules from free 
radical-mediated damage both in vivo and in vitro 
fall under this category (12). 
Aldolases are a group of enzymes which are able 
to catalyse the aldol reaction in a reversible 
manner. Like all enzymes, this occurs with great 
region and stereoselectivity, under very mild 
conditions (13). 
Pyruvate Kinase is an enzyme that is involved in 
glycolysis. Pyruvate kinase’s function is to 
catalyze the last step of glycolysis; thereby, 
generating the second ATP of glycolysis and 
pyruvate. It is able to catalyze this step by 
transferring the phosphate group from 
phosphoenolpyruvate (PEP) to adenosine 
diphosphate (ADP) (14). 

 
Material  and  Methods 
1. Subjects and design: 
The present study consisted of 50 subjects were 
obtained from New Kasr El Aini Teaching 
Hospital , Cairo, Egypt. 
This work was carried out at Faculty of Science, 
Cairo University in period from Mar.2012 till 
Sep.2012.subjects were classified into three 
groups as follow;Group (I): Control group (GI), 
consisted of 10 clinically healthy adult subjects of 
both sexes 5 males and 5 females free from any 
liver, kidney or cardiovascular diseases, were 
aged from 25-35 years (mean=29.8). Group (II): 
diabetes mellitus type 1 (GII), consisted of 20 
patients of both sexes 10 males and 10 females 
were aged from 28-37 years (mean=32.2). Group 
(III): diabetes mellitus type 1 with nephropathy 
(GIII), consisted of 20 patients of both sexes 10 
males and 10 females were aged from 32-40 years 
(mean=35.7).  
Blood samples from all studied groups were 
collected for determination the level of Ascorbic 
acid (vitamin C) ,Catalase ,Total antioxidant 
capacity, Aldolase and  Pyruvate kinase enzyme. 
 
2. Specimens: 
A- Serum: 
5 ml of blood were collected into tubes, allowed 
to clot at 37°C in water bath and centrifuged at 
4000 rpm for 20 minutes. Serum was separated 
and utilized for the enzyme assays. 
B-Plasma : 
Blood was collected into heparinized tubes and 
centrifuged at 4000 rpm for 15 minutes and the 
plasma was collected for assaying .  
Ascorbic acid (vitamin C) level colorimetric 
method Principle:(15 ). 

Redox reaction of ascorbate with 2,6- 
dichlorophenol indophenol in acid solution 
involves reduction of this dye to a colourless 
leucobase while ascorbate is oxidized to 
dehydroascorbate. In blood and urine the vitamin 
is mainly present as ascorbate in fresh samples.  
Catalase Activity colorimetric method 
Principle:(16). 
Catalase reacts with a known quantity of H2O2 . 
The reaction is stopped after exactly one minute 
with catalase inhibitor . In the presence of 
peroxidase (HRP), remaining H2O2 reacts with 
3,5-Dichloro -2-hydroxybenzene sulfonic acid 
(DHBS) and 4-aminophenazone (AAP) to form a 
chromophore with a color intensity inversely 
proportional to the amount of catalase in the 
original sample. 
Total antioxidant capacity colorimetric method 
Principle: (17). 
The determination of the antioxidative capacity is 
performed by the reaction of antioxidants in the 
sample with a defined amount of exogenously 
provide hydrogen peroxide ( H2O2 ) The 
antioxidants in the sample eliminate a certain 
amount of the provided hydrogen peroxide. The 
residual H2O2 is determined colorimetrically by an 
enzymatic reaction which envolves the conversion 
of 3,5 dichloro –2– hydroxy benzensulphonate to 
a colored product.  
Aldolase activity kinetic method Principle: 
(18). 
This reagent determines the aldolase activity in 
vitro in the presence of substrate D-Fructose-1,6-
bisphosphate and of the enzyme which manage 
the ancillary reaction, TIM (triosephosphate 
isomerase)-GDH(glycerol-3p-dehydrogenase)-
LDH(lactate dehydrogenase),at the end the 
aldolase change NADH to NAD,The decrease of 
absorbance of NADH,for oxidation to NAD, is 
proportional to the activity of the aldolase in the 
sample. 
Pyruvate kinase activity kinetic method 
Principle: (18). 
Pyruvate kinase in the sample catalyzes the 
reaction between ADP and PEP 
(phosphoenolpyruvate), forming pyruvate. The 
lactate dehydrogenase (LDH) in the system 
catalyze the reaction between pyruvate and 
NADH, giving lactic acid and NAD. The decrease 
of absorbance in 10 min at 340 nm,due to the 
oxidation of NADH is proportional at the activity 
of the PK in the sample. 
3.Statistics: 
All statistical analyses were performed using 
GraphPad Prism version 5.01 software package 
(GraphPad software,Inc.CA,USA). Data are 
expressed as mean ± standard deviation (S.D) to 
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determine differences between groups and 
analysis of variance (ANOVA).The level of 
statistical significance was set at probability P ≤ 
0.05. 
Results 

1. Ascorbic acid (vitamin C) 
Plasma Ascorbic acid level in patients of diabetes 
mellitus type 1 (GII) and patients of diabetes 
mellitus type I with nephropathy (GIII) was 
highly significant decrease (P< 0.001)  when 
compared to control group. Plasma Ascorbic acid 
level in patients of diabetes mellitus type I with 
nephropathy (GIII) was highly significant 
decrease (P< 0.001) when compared to diabetes 
mellitus type 1 (GII).as shown in figure 1. 

2.Catalase Activity 
Plasma Catalase activity in diabetes mellitus type 
1 (GII) was highly significant decrease (P< 0.001) 
in patients of diabetes mellitus type 1 (GII) and 
patients of diabetes mellitus type I with 
nephropathy (GIII) when compared to control 
group. Plasma Catalase activity in patients of 
diabetes mellitus type I with nephropathy (GIII) 
was highly significant decrease (P< 0.001) when 
compared to diabetes mellitus type 1 (GII). as 
shown in figure 2. 

3.Total antioxidant capacity 
Plasma Total antioxidant capacity in patients of 
diabetes mellitus type 1 (GII) and patients of 
diabetes mellitus type I with nephropathy (GIII) 
was highly significant decrease (P< 0.001) when 
compared to control group. But Plasma Total 
antioxidant capacity in patients of diabetes 
mellitus type I with nephropathy (GIII) was not 
significant decrease as compared with diabetes 
mellitus type 1 (GII). as shown in figure 3. 

4.Aldolase activity 
Serum Aldolase activity in patients of diabetes 
mellitus type 1  (GII) was in Significant increase 
(P > 0.05) when compared to control group, But 
in patients of diabetes mellitus type I with 
nephropathy (GIII) was highly significant increase 
(P< 0.001) when compared to control group . 
Serum Aldolase activity in patients of diabetes 
mellitus type I with nephropathy (GIII) was 
highly significant increase (P< 0.001) when 
compared to diabetes mellitus type 1 (GII). as 
shown in figure 4. 

5.Pyruvate kinase activity 
Serum Pyruvate kinase activity in patients of 
diabetes mellitus type 1  (GII)  was highly 
significant increase (P< 0.001) when compared to 
control group, But in patients of diabetes mellitus 
type I with nephropathy (GIII) was less significant 
increase (P < 0 .05) when compared to control 
group . Serum Pyruvate kinase activity in patients 
of diabetes mellitus type 1(GII) was significant 

increase (P < 0 .05) when compared with diabetes 
mellitus type I with nephropathy (GIII). as shown 
in figure 5. 
 
Discussion 
Oxidation reactions can produce free radicals. In 
turn, these radicals can start chain reactions. When 
the chain reaction occurs in a cell, it can cause 
damage or death to the cell. Antioxidants 
terminate these chain reactions by removing free 
radical intermediates, and inhibit other oxidation 
reactions. They do this by being oxidized 
themselves, so antioxidants are often reducing 
agents (19). Among them, bilirubin, uric acid and 
protein thiols are the major endogenous 
antioxidants, while vitamins C and E, as well as a 
number of food-derived (poly)aromatic 
substances, belonging to stilbens, flavonoids and 
phenolic acids, are the main classes of nutritional 
antioxidants (20). 
 
In this study ascorbic acid was decreased in 
diabetes mellitus and this may be due to renal 
reabsorption of vitamin C,may be reduced by 
hyperglycemia, blood glucose may compete with 
vitamin C for uptake into certain cells and tissues, 
cellular regulation of vitamin C may be impaired, 
and  increased oxidative stress may deplete 
antioxidant reserves. (21) .And the lower levels of 
vitamin C in diabetes mellitus type with 
nephropathy may be due to an increased renal 
excretion of this vitamin (22).   
 
In this study catalase enzyme was decreased in 
diabetes mellitus and this may be due to oxidative 
stress involved in the origin of type 1 diabetes, 
low efficiency of the scavenging antioxidant 
system has been shown to be related to the 
pathogenesis of the disease this, therefore 
suggests that genes encoding catalase and other 
antioxidant enzymes may implicate in the 
development of type 1 diabetes (23). 
The negative correlation between plasma total 
antioxidant capacity and oxidative damage 
suggests a correlation in this pathological 
condition. It may also be possible that metabolic 
disturbs in diabetic patients, including missing 
antioxidants, result in a major oxidation. High 
oxidative insult and missing antioxidants may be 
concurrent in the diabetic patient (24). 
In this study the un change in the activity of 
aldolase enzyme in diabetic red cells can only be 
explained on the basis of possible altered 
partitioning of this enzyme between the 
cytoplasmic and membrane bound fractions inside 
the diabetic red cell (25). 
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In this study the increased activities of pyruvate 
kinase enzyme in diabetic patients may be due to a 
greater proportion of young erythrocytes because 
of a shortened red cell life span as compared to 
normal. (26) 
Conclusion: 
Ascorbic acid, Catalase,Aldolase and Pyruvate 
kinase enzymes can be used to differentiate 
between  diabetes mellitus type 1 and diabetes 
mellitus type 1 with  nephropathy. 
Total antioxidant capacity can not be used to 
differentiate between  diabetes mellitus type 1 and 
diabetes mellitus type 1 with  nephropathy. 
The antioxidant  and enzymes also can be used to 
follow up in patients  suffering from diabetes 
mellitus type 1 and predict other complications. 
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Fig. 1: Means of plasma Ascorbic acid level (mg / L) in control group and different studied groups. 
 

 
Fig. 2: Means of plasma Catalase activity (U/ L) in control group and different studied groups. 
 
 

 
Fig. 3: Means of plasma Total antioxidant capacity (mM / L) in control group and different studied groups. 
 

0

1

2

3

4

5

6

7

(GI) (GII) (GIII)

Pl
as

m
a 

A
sc

or
bi

c 
ac

id
 le

ve
l (

m
g/

L
)

580

600

620

640

660

680

700

720

740

(GI) (GII) (GIII)

Pl
as

m
a 

C
at

al
as

e a
ct

iv
ity

 (U
/L

)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

(GI) (GII) (GIII)

Pl
as

m
a 

To
ta

l a
nt

io
xi

da
nt

 ca
pa

cit
y 

lev
el 

(m
m

/L
)



et al desoky-.ElM 

155 
 

 
Fig. 4: Means of serum aldolase activity (U/L) in control group and different studied groups.  
 
 

 
Fig. 5: Means of serum pyruvate kinase activity (U/L) in control group and different studied groups. 
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