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ABSTRACT

Aims: This study aims to determine the antioxidant enzyme EC-SOD polymorphisms in
Egyptian patients with type 2 diabetes mellitus with and without retinopathy, and its
association with other biochemical changes to assess whether decreased SOD activity is
associated with the development of diabetic complications.
Study Design: Cross-sectional study.
Place and Duration of Study: Department of Medicine Al-Hussein University Hospital,
Cairo, Egypt, between May 2010 and April 2011.
Methodology: The present study investigated the relationship among diabetes mellitus,
lipid profiles, SOD activity, ESR, and CRP in the blood of 40 patients with type 2 diabetes
with and without retinopathy and 20 healthy control subjects. The mean age of the diabetic
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patients was similar to that of control. The mean duration of the disease was 3.53 ± 1.17
years (1–5 years) in patients with type 2 diabetes without retinopathy and 18.7 ± 3.1 with
retinopathy. Also we studied Arg213Gly dimorphism of the EC-SOD gene in type 2 diabetic
patients with and without retinopathy and control persons using the PCR technique.
Results: Superoxide dismutase (SOD) level was significantly decreased in diabetics and
more markedly decrease in those with retinopathy.  Total cholesterol (CHOL), triglyceride
(TG) and low-density lipoprotein-cholesterol (LDL-c) levels were significantly increased in
diabetics and more markedly increased in those with retinopathy compared with the control
level. Genotype distribution of the EC-SOD in diabetic patients with and without retinopathy
differed from normal individuals, as the argentines-to-glycine amino acid substitution was
higher in diabetic patients compared with the normal individuals.
Conclusion: The present study revealed that hyperglycemia produced marked oxidation
impact as evidenced by a significant increase in lipid profile, lipid per oxidation products, as
well as a significant decrease in the total SOD activity. Moreover, it showed that the
genotype distribution of the EC-SOD was differed as the arginine-to-glycine amino acid
substitution was higher in diabetic patients with and without retinopathy compared with the
control individuals. This report emphasizes the important role of superoxide dismutase and
its genotype distribution in diabetic patients with and without retinopathy, and hence the
need for antioxidant supplements to delay the severity of diabetic retinopathy.

Keywords: Lipid per oxidation; superoxide dismutase; polymorphisms; diabetes; retinopathy.

1. INTRODUCTION

Diabetes is recognized as one of the leading causes of morbidity and mortality in the world.
About 2.5–3% of the world’s population suffers from this disease, a proportion which, in
some countries, can reach 7% or more [1]. Diabetes mellitus type 2 – formerly non-insulin-
dependent diabetes mellitus (NIDDM) or adult-onset diabetes – is characterized by high
blood glucose in the context of insulin resistance and relative insulin deficiency [2]. Insulin
resistance means that body cells do not respond appropriately when insulin is present.
Type 2 diabetes is due to a combination of lifestyle and genetic factors [3,4]. It is a well-
established fact that diabetes mellitus is a risk factor for cardiovascular disease which is
leading cause of death in diabetic population [5]. Fasting blood sugar means that the patient
hasn't eaten for about eight hours before he has the test done.

Fasting blood sugar's really very important particularly in diagnosing diabetes and oftentimes
in therapeutic management, and it's important because the system is clean of at least any
sugar he has eaten prior to that test, The post-prandial blood sugar is a measure of the
patient blood glucoses after he has eaten. This number is highly variable and dependent on
what he has taken in. For example, if he has had a meal that's high in carbohydrate, his
blood sugars will go up quickly but may come down more rapidly. If he has had a meal that's
high in protein or fat, it may stay up longer but it tends to rise more slowly. The goal is that
the two-hour reading after meal is less than 180 (mg/dL).

Hyperglycemia-induced intramural pericyte death and thickening of the basement
membrane lead to incompetence of the vascular walls. These damages change the
formation of the blood-retinal barrier and also make the retinal blood vessels become more
permeable [6]. All people with diabetes mellitus are at risk. The longer a person has
diabetes, the higher the risk of developing some ocular problem. Between 40 to 45 percent
of Americans diagnosed with diabetes have some stage of diabetic retinopathy [7].
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Diabetic retinopathy (DR) has chronic progression, with early nonproliferative diabetic
retinopathy (NPDR) being characterized by increased vessel permeability, micro aneurysms,
and capillary loss [8]. Ensuing retinal ischemia triggers proliferative DR (PDR), with
neovascularization leading to fibro vascular changes, retinal traction, detachment, and
blindness. Loss of cells in the neural retina as well as glial changes occurs early in DR and
often precedes vascular disease . Diabetic retinopathy is the most common diabetic eye
disease and a leading cause of blindness in adults. It is caused by changes in the blood
vessels of the retina. Diabetic retinopathy is an ocular manifestation of systemic disease
which affects up to 80% of all patients who have had diabetes for 10 years or more [9].
Despite these intimidating statistics, research indicates that at least 90% of these new cases
could be reduced if there was proper and vigilant treatment and monitoring of the eyes [10].

Diabetic hyperglycemia has been reported to promote the overproduction of reactive oxygen
species such as superoxide, causing hyperglycemic vascular damage in vivo and in vitro.
Superoxide is secreted from various cells in the vascular system and is implicated in the
insulin-resistant state. The increase in superoxide may contribute to oxidative processes in
the vessel wall, such as induction and enhancement of cell membrane lipid per oxidation
and oxidation of low-density lipoprotein (LDL). Moreover, superoxide reacts extremely
rapidly with nitric oxide (NO), which modulates vasomotor tone, inhibits platelet-and
leukocyte-aggregation, and produces peroxynitrite. An increase in superoxide dismutase
(SOD) has been reported to attenuate diabetic vascular dysfunction [11].

Superoxide dismutase (SOD) is a family of ubiquitous antioxidant metalloproteinases that
catalyze the conversion of superoxide anion radicals to hydrogen peroxide and molecular
oxygen [12]. The enzymatic disproportionation or dismutation (Equation 1) of superoxide
free-radical anion species by superoxide dismutase (SOD) was characterized by McCord and
[13]

•O2
- + •O2

- + 2H+ SOD H2 O2 +O2 (1)

Since that discovery, a total of three genetically distinct mammalian isoforms of SOD have
now been reported. SOD1, a copper- and zinc-containing SOD (CuZn-SOD), is localized
primarily to cytoplasmic and nuclear compartments. Its mapping to chromosome 21 was
important for the subsequent successful genetic linkage of mutations in SOD1 to hereditary
forms of familial amyotrophic lateral sclerosis. SOD2, a manganese-containing SOD (Mn-
SOD) is linked to human Chromosome 6 and is found predominantly in mitochondria. SOD2
has been shown to play a major role in promoting cellular differentiation, protecting against
hyperoxic-induced pulmonary toxicity, and providing cellular resistance to cytotoxicity by
tumor necrosis factor (TNF). By contrast, SOD3, or extracellular superoxide dismutase (EC-
SOD), is the predominant extracellular antioxidant enzyme. EC-SOD has been found in
serum, cerebrospinal, ascetic, and synovial fluids. In some human tissues such as uterus,
umbilical cord, placenta, and arteries, EC-SOD enzyme activity equals or exceeds that of
CuZn-SOD and Mn-SOD. An EC-SOD-like activity has been identified in every mammal
examined thus far [14]. Several reports, furthermore, suggest that the EC-SOD gene is one
of candidate genes for type 2 diabetes.

The human EC-SOD gene is located in chromosome 4 and consists of three exons. The 720
bp coding region is located entirely within the exon 3 [15]. EC-SOD is a secretory
glycoprotein with an affinity for heparan-like substances, and it is the principal enzymatic
scavenger of superoxide in the extracellular space. It has been shown that 99% of the
enzyme is bound to heparan sulfate proteoglycans in vascular walls and to a lesser extent
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within the interstitium and 1% is contained within the circulation in equilibrium between the
plasma phase and the glycocalyx of the endothelium. Molecular genetic studies have shown
that a single-base substitution causing exchange of glycine for arginine-213 (Arg213Gly) in
the heparin binding domain of EC-SOD is associated with markedly increased plasma
concentrations of the enzyme [16,17].

In this study, we investigated the role of EC-SOD gene mutation in Egyptian patients with
type 2 diabetes mellitus with and without retinopathy, and its association with other
biochemical changes.

2. MATERIALS AND METHODS

2.1 Materials

The chemicals used were high analytical grade, purchased from Promega Corporation
(Madison, WI, USA), Stratagene (La Jolla, CA, USA), Sigma Chemical Co. (St. Louis, MO,
USA), dp- International and Egyptian Company for Biotechnology, unless otherwise stated.

2.2 Subjects and Samples Collection

This study was conducted on 60 individuals who fulfilled the World Health Organization
criteria for diabetes. They were recruited from the Department of Internal Medicine, Al-
Hussein University Hospital, Cairo, Egypt They categorized into three groups: (1) healthy
individuals as normal control (20 volunteers,  8 men and 12 women), the mean age was
(43.05 ± 4.07) years [mean ± SD], range (37–56 years), (2) twenty patients were diagnosed
as type 2 diabetes without retinopathy (10 men and 10 women; age 47.6 ± 3.83 years [mean
± SD], range (39–58 years) and (3)  twenty patients were diagnosed as type 2 diabetes with
retinopathy (13 men and 7 women; age 46.34±2.68years [mean ± SD], range 43 – 59
years). Approximately 4 ml of blood was drawn from the vein of each participant after
informed consent. The healthy individuals indicated normal plasma glucose level and no
glycosuria. The blood samples immediately after collections were divided into: (1)
Heparinzed blood for HbA1c assay and genomic DNA extraction (2) plasma for the
biochemical assay. Written consent was obtained from the participants after they were given
an explanation of the study details. A complete history of each participant, with respect to
age, gender, clinical symptoms, diabetes type and duration, and socioeconomic
background, was collected using a well designed questionnaire. The funds of each subject
were evaluated by both direct and indirect ophthalmoscopy, and PDR was defined and
classified according to [18].

The exclusion criteria were: Renal and Liver disease, Bronchial asthma, Diabetes Insipidus,
Thyroid disease, Obesity and type of diabetic therapy.

2.3 Laboratory Measurements

2.3.1 Determination of blood sugar level and lipids profile

Serum glucose, total cholesterol (CHOL) and triglyceride (TG) levels were determined by
glucose oxidase, CHOD-PAP and GPO-PAP enzymatic test kits supplied by Spectrum
diagnostics, Egypt. HDL-c was determined by precipitation of LDL-c and VLDL in the
presence of phosphotungstic acid and magnesium chloride (HDL-cholesterol precipitating
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reagent from Spectrum diagnostics, Egypt). LDL-c was calculated according to the
Friedewald formula [19].

2.3.2 Determination of glycated hemoglobin (HbA1c)

Glycated hemoglobin A1c (HbA1c) was determined according to the method of [20]: using
STNBIO laboratory kit (Germany). The results were expressed as %.

2.3.3 Determination of ESR and CRP

Erythrocytic sedimentation rate (ESR) was determined according to the method described
by [21] while the serum CRP concentration was determined according to the slide
agglutination method described by [22] using a commercial assay kit (Diamond diagnostics,
Egypt).

2.3.4 Superoxide dismutase (SOD) assay

Total SOD activity was performed in serum by quantifying the inhibition of NBT
transformation to formazan, using the method of [23]. The SOD activity is calculated by
measuring the amount of generated superoxide anions scavenged by SOD (the inhibitory
level of formazan color development). 1 unit (50% inhibitory level) corresponds to 7.47 μg/ml
of the reaction mixture of SOD. The results were expressed as U/ml.

2.3.5 DNA analysis

Genomic DNA was extracted from the whole blood using QIAamp Blood Kit (QIA) (Qiagen,
Germany). Polymorphic region was amplified by polymerase chain reaction (PCR) in a 50 µl
reaction mixture consisting of 10 mM Tris-HCl (pH 8.8), 50 mM KCl, 1.5 mM magnesium
chloride, 0.1% Tween-20, 10% dimethyl sulfoxide, 0.2 mM of each dNTP, 5 pmol of each
primer SOD3-213F 5'-GGCTGGCCTGCTGCGTGGTGG-3' and SOD3-213R 5'-
CCTTGCACTCGCTCTCGCGCG-3', 100 ng of genomic DNA, and 2.5 units of Taq
polymerase. PCR was carried out in a the heating block in the DNA thermal cycler
(Omnigene, Hybaid, 01747) with 35 cycles of denaturation for 1 min at 94ºC, annealing for 1
min at 65ºC, and extension for 1 min at 72ºC. To detect the Arg213Gly polymorphism of the
EC-SOD gene the PCR product was digested with restriction endonuclease Eco52I
(Fermentas, Lithuania) in Eco52I specific buffer. For digestion, 10 µl of PCR product were
added to 16-17 µl of nuclease-free water, 2 µl of 10X recommended buffer for restriction
enzyme and 1-2 µl (10-20 u) of restriction end nuclease Eco52I,and mixed well then
incubated at 37ºC for 2 hours. Digested DNA products were separated by electrophoresis in
a 3% agarose gel with ethidium bromide [24].

2.3.6 Statistical analysis

Statistical analysis was performed using the SPSS/PC statistical program (version 12.0 for
Windows). Descriptive results of continuous variables are expressed as means ± S.D.
Differences in mean values between groups were assessed by the Student’s t test.
Relationships between two quantitative variables were assessed by Pearson’s correlation
coefficient. The criterion for significance was p<0.05.
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3. RESULTS AND DISCUSSION

3.1 Results

3.1.1 Clinical and biological analysis

Clinical and biological data of healthy and diabetic subjects with and without retinopathy
are summarized in Table 1.

Fig. 1 showed abnormal Fasting blood glucose in diabetic group without retinopathy
(119.40±16.02) and in diabetic group with retinopathy (142±19.1) when compared with
control group (78.11±4.82), postprandial blood glucose in diabetic group without retinopathy
(153.43±29.47) and in diabetic group with retinopathy (223±21.3) when compared with
control group (98.47±8.28). Also glycosylated hemoglobin (HbA1c) (%) was highly
significantl increased in diabetic group without retinopathy (8.20±1.30) and in diabetic group
with retinopathy(10.2±2.1) when compared with control group (4.67±0.32).

Diabetic patients with and without retinopathy showed abnormal lipids profile with a
significantly higher serum level of CHOL (mg/dl) (311.2±23.82) and (209.83±22.72)
respectively. They showed a significantly higher serum level of TG (mg/dl) (192.4±18.11),
(171.32±16.86), respectively. Also they showed a significantly higher serum level of LDL-
Cholesterol (mg/dl) (166.6±22.61), (143.73±18.96) respectively. Whereas they showed a
significantly lower concentration of HDL-Cholesterol (mg/dl), (34.62±3.2), (37.19±3.18)
respectively compared to the healthy subjects CHOL (164.73±14.49), TG (123.6±29.17),
LDL-Chol (109.11±13.09), and HDL-Chol: (45±10.01) as shown in Fig. 2.

Moreover, the diabetic patients with and without retinopathy  have increased inflammatory
markers (ESR&CRP) with a significantly higher level of ESR (mm/h) (19.3±6.1), (12.64
±9.08), respectively and significantly higher level of CRP (g/L) (7.6±1.23), (5.90±1.72)
respectively compared with the healthy subjects (ESR: 5.2 ±2.54 and CRP: 3.04 ±1.59),
respectively.

SOD activity (U/ml) showed a significantly decrease in diabetic patients without retinopathy
and highly significant decrease in diabetic patients with retinopathy (2.1±0.22), (1.5±0.12)
respectively, compared with the control level (3.03±0.31).
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Table 1. Clinical and biological parameters in diabetic patients and control subjects

Group
Parameter

Control Diabetic without
retinopathy

Diabetic with
retinopathy

Number 20 20 20
Female/Male 8/12 10/10 13/7
Age (years) 43.05 ± 4.07 44.6 ± 3.83 46.34±2.68
Duration of diabetes (years) …………… 4.65 ± 1.27 18.7+3.1
FBS (mg/dl) 78.11±4.82 119.40±16.02** 142±19.1**
PPS (mg/dl) 98.47±8.28 153.43±29.47** 223±21.3**
HbA1c (%) 4.67±0.32 8.20±1.30** 10.2±2.1**
ESR(mm/h) 5.2 ±2.54 12.64 ±9.08* 19.3±6.1*
CRP(mg/L) 3.04 ±1.59 5.90±1.72* 7.6±1.23**
CHOL(mg/dl) 164.73±14.49 209.83±22.72* 311.2±23.82**
TG(mg/dl) 123.6±29.17 171.32±16.86* 192.4±18.11**
HDL-c(mg/dl) 45±10.01 37.19±3.18* 34.62±3.2
LDL-c(mg/dl) 109.11±13.09 143.73±18.96* 166.6±22.61**
SOD activity (U/ml) 3.03±0.31 2.1±0.22* 1.5±0.12**

** =p<0.001=highly significant vs. control subjects.
*=p<0.01=significant vs. control subjects.

Fig. 1.  Mean of FBS, PPS and HbA1 c in control (1), and diabetic groups without
retinopathy (2) and with retinopathy (3) respectively
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Fig. 2. Mean of total cholesterol, TG, HDL-C and LDL-C in control (1) and diabetic
without retinopathy (2) and with retinopathy (3) respectively

3.1.2 The Arg213 Gly polymorphism of the EC-SOD gene

Genotype distribution of Arg213Gly EC-SOD polymorphic markers are summarized in Table
2.The last guanosine residue at the 3' end of the reverse primer, SOD3-231R, displays a
mismatch with the original sequence, 5'-CGGCGG-3', close to codon 213 of the EC-SOD
gene. This resulted (depending on the sequence) in creation of an Eco 52I restriction site
(5'-CGGCCG-3') in the PCR product. If codon 213 was CGG (Arg), a 104-bp PCR product
was obtained that yielded two DNA fragments of 23 and 81 bp in size on digestion with
Eco52I. In contrast, if codon 213 was GGG (the Gly allele), the 104-bp product was not
digested with the enzyme.

The frequency of the Arg213Gly polymorphism of EC-SOD gene was higher in type 2
diabetic patients and highly increased in diabetic patients with retinopathy than that in non-
diabetic subjects in the Egyptian population as the Arg/Arg homozygotes were 2 times more
frequent than Gly/Gly homozygotes in healthy subjects, but they were nearly equal in
diabetic patients, as shown in Fig. 3 and in Table 2.
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Fig. 3. Restriction analysis of Arg213Gly polymorphism at the SOD3 gene. Lanes 2-7,
samples after digestion with Eco521; lane 5, Arg / Arg genotype; lanes 2, 3 & 7,

Arg/Gly genotype; lanes 4 & 6 Gly/Gly genotype. Lane 1 & 8: molecular DNA marker φ
X 174 / Hae III fragments are shown.

Table 2. Genotype distribution of the Arg213Gly EC-SOD polymorphic markers in
control and diabetic patient groups

Parameter
Group

Genotype frequency n (%)
Arg/Arg Arg/Gly Gly/Gly

Control 6 (30) 11(55) 3 (15)
Diabetic without retinopathy 3 (15) 13 (65) 4 (20)
Diabetic with retinopathy 2 (10) 14 (70) 4 (20)

3.2 Discussion

It has been reported that diabetic patients especially in patient with retinopathy have
significant defects of antioxidant protections and generation of reactive oxygen species
(oxidative stress) which may play an important role in the etiology of diabetic complications
[25,26].

The present study demonstrated that diabetic patients with and without retinopathy showed
an abnormal lipid profile with a significantly higher serum level of CHOL, TG & LDL-
Cholesterol and a significantly lower HDL-Cholesterol concentration as compared with the
control level. Hypercholesterolemia (CHOL) and hypertriglyceridemia (TG) were mostly
observed and related largely to the diabetic retinopathy group. Serum HDL-Cholesterol was
reported to be low in diabetic patients with and without retinopathy. In agreement with [27]
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who reported that, hyperglycemia may alter lipoproteins to a form that promotes
atherogenesis. LDL -Cholesterol levels was frequently altered in diabetic patients with and
without retinopathy.

Moreover, Diabetic patients especially with retinopathy have increased inflammatory
markers (ESR&CRP) which reflected the presence of inflammation and might be a predictor
of progression of renal and hepatic diseases [25].

In the present study, oxidative stress was found to be significantly increased in diabetic
patients with and without retinopathy compared to the healthy subjects, inconsistent with [7]
who reported that, Type 2 diabetes was characterized by increased oxidative stress.

In this work, the enzymatic activity of SOD was significantly decreased in diabetic patients
especially in patient with retinopathy, in agreement with [27] and [5] who giving evidence of
increased reactive oxygen species production in diabetic patients. The decrease of SOD
activity might be attributed to the following reasons: (1) Hyperglycemia activates various
biochemical pathways such as glucose autoxidation, nonenzymatic glycation of proteins and
activation of protein kinase C, which, in turn, overproduce oxidants like superoxide and
hydroxyl radicals as well as hydrogen peroxide. (2) The increase of glycosylated SOD that
leads to the inactivation of this enzyme. (3) Loss of its two factors, Zn2+ and Cu2+ [27]. In
agreement with the previously study of [26] who stated that, the SOD deficiency may leads
to retinal capillary cell death and involved in the pathogenesis of retinopathy in diabetes.

Also this study showed that, the frequency of the Arg213Gly polymorphism of EC-SOD gene
was higher in type 2 diabetic patients with and without retinopathy than that in non-diabetic
subjects. EC-SOD protein is composed of four domains, which are signal peptide (amino
acid residues 1–18), amino-terminal domain (residues 19–95), active site that shows 50%
homology to Cu/Zn SOD (residues 96–193) and heparin binding domain (residues 194–
222). An Arg213Gly substitution occurs in the center of the carboxyl-terminal cluster of
positively charged amino acid residues defining the heparin-binding domain [28].

The substitution of arginine-to-glycine amino acid in the extracellular isoform (EC-SOD)
affects the amount of the enzyme on the external endothelial cell surface [29]. This amino
acid substitution may result in a higher level of dissociation of the enzyme from the cell
surface into serum. Thus, the lower levels of EC-SOD on vascular walls must be positively
correlated with a higher risk of progression of oxidative stress in affected patients with the
Gly/Gly genotype. The Arg variant of EC-SOD is the most common in various populations
[30]. It is predicted that the Arg213Gly substitution alters the secondary structure of proteins,
which may affect the localization and transport of the enzyme into external fluid, where it
exerts its antioxidative action.

Since EC-SOD is highly expressed in blood vessels, several studies have investigated the
role of this enzyme in vascular diseases. On the other hand, [16] has observed a positive
correlation between serum EC- SOD levels and the severity of vascular complications, such
as retinopathy, nephropathy and an increase in carotid artery intima-media thickness, in type
2 diabetic patients. They conclude that serum EC-SOD levels may be a marker of vascular
injury, possibly reflecting decreased binding of EC-SOD to the vascular wall. Understanding
the role of MnSOD to modify the course of retinopathy could elucidate important molecular
targets for future pharmacological interventions [26].
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4. CONCLUSION

In conclusion, the present data revealed that hyperglycemia produced marked oxidation
impact that may play an important role in the development of complications in diabetic
patients, as evidenced by a significant increase in lipid profile, lipid per oxidation products,
as well as a significant decrease in the total SOD activity. Moreover the presented findings
showed that the genotype distribution of the EC-SOD in diabetic patients with and without
retinopathy can differed from nondiabetic individuals, as the arginine-to-glycine amino acid
substitution is higher in diabetic patients with and without retinopathy than control persons.
The results of this study suggest a protective role for SOD in retinal capillary cell death and,
ultimately, in the pathogenesis of retinopathy in diabetes.
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