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ABSTRACT

Objective: To evaluate the total antioxidant status (TAS) and the extent of DNA strand breaks (damage) as a measure of oxidative stress biomarkers 
in patients with Type 2 diabetes (with and without complications) and controls.

Methods: Blood samples were collected from 200  patients with Type  2 diabetes mellitus (n=100, with complications and n=100, without 
complications) and 100 healthy individuals. Oxidative DNA damage was evaluated using alkaline single cell gel electrophoresis (comet assay). TAS 
was assessed by ferric reducing ability of plasma assay.

Results: TAS was found to be significantly lower in patients with Type 2 diabetes (with and without complications) compared to controls (p<0.001). 
Similarly, patients with complications of Type 2 diabetes mellitus had significantly lower TAS when compared to patients with diabetes (p=0.007). 
DNA damage analysis showed that the extent of damage was high in patients with diabetes mellitus (with and without complications) compared to 
controls (p<0.001). Fasting glucose and glycosylated hemoglobin level (HbA1C) were found to be significantly higher in patients with diabetes than 
controls (p<0.05). Correlation analysis showed that there is no association between age, duration, sugar level, HbA1C, TAS, and DNA damage in patients 
with Type 2 diabetes mellitus.

Conclusion: Alterations in TAS and the extent of DNA damage were observed in patients with complications of diabetes mellitus indicate that oxidative 
stress is more in patients with complications when compared to patients without complications and healthy individuals. Therefore, further DNA 
damage and onset of complications in Type 2 diabetes mellitus could be prevented by counteracting the oxidative stress by therapeutic interventions 
using appropriate antioxidants.
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INTRODUCTION

Diabetes is a group of metabolic diseases characterized by high 
levels of blood sugar (hyperglycemia) which results from defects in 
insulin production and/or insulin action, and impaired function in 
the metabolism of carbohydrates, lipids, and proteins which lead to 
long-term health complications [1]. The vascular complications are 
the major causes of morbidity and mortality in patients with diabetes 
mellitus  [2]. Several mechanisms are involved in the pathogenesis of 
diabetic complications such as increased production of advanced 
glycation end products, enhanced polyol pathway, activation of protein 
kinase C isoforms, and enhanced oxidative stress [3-6]. Evidences 
suggest that enhanced oxidative stress plays an important role in the 
pathogenesis of diabetes and its complications [7-9]. Free radical and 
oxidative stress-induced complications from diabetes mellitus include 
coronary artery disease, neuropathy, nephropathy, retinopathy  [10], 
stroke [11], and foot ulcer [12]. Oxidative stress in response to 
hyperglycemia in patients with diabetes induces peroxidation of 
cellular membrane lipids, increased oxidative modification of amino 
acids, and DNA [13].

Hyperglycemia induces free radicals and impairs/diminishes antioxidant 
defense mechanism in patients with diabetes. Antioxidant defense 
mechanisms include both enzymatic and non-enzymatic pathways. 
Their functions are to counterbalance toxic reactive oxygen species in 
human system [14]. Antioxidants play a vital role as preventive factors 
in the pathogenesis of vascular complications in patients with diabetes. 
Therefore, the measurement of the antioxidant capacity in body fluids 

proved to be an important prognostic or diagnostic guide in patients 
with diabetes for implementation of antioxidant therapy [15,16]. It has 
been suggested that dietary intake of antioxidants reduces oxidative 
stress and also protective against DNA damage [17].

Several studies have shown that oxidative DNA damage in lymphocytes 
and plasma antioxidant potential are used as biomarkers to measure 
oxidative stress. The most widely used method for assessment of DNA 
damage is the alkaline comet assay that helps to measure the single/
double strand DNA breaks, alkali labile sites, DNA cross-links, and 
apoptotic nuclei in the cells [18].

Hence, the present study was focused to evaluate the total antioxidant 
status (TAS) and the extent of DNA damage as a measure of oxidative 
stress biomarkers in patients with Type 2 diabetes (with and without 
complications) and controls.

METHODS

Study subjects
South Indians, who were between the age group of 35 and 55 years, were 
included in the study. The study participants consisted of 100 patients 
with Type 2 diabetes with complications and 100 patients with Type 2 
diabetes without complications and 100 healthy individuals as controls. 
Informed consent was obtained from the study participants. Ethical 
clearance was obtained from the Hospital Ethics Committee. The 
patients were characterized as diabetes mellitus based on the fasting 
blood glucose concentration >7.0 mmol/L. Individuals with normal 
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blood glucose concentration <7.0 mmol/L were considered as controls. 
A  standard questionnaire was used to collect information about age, 
sex, fasting glucose, glycosylated hemoglobin (HbA1C), duration of 
diabetes, family history, risk factors, and complications of diabetes.

Plasma TAS
TAS was measured spectrophotometrically by the ferric reducing ability 
of plasma (assay). At low pH, reduction of ferric tripyridyl triazine 
(Fe III) complex to ferrous form (which has an intense blue color) was 
monitored by measuring the change in absorption at 593  nm. The 
change in absorbance was, therefore, directly related to the combined 
or “total” reducing power of the electron-donating antioxidants present 
in the reaction mixture [19].

Single cell gel electrophoresis (comet assay)
Single-cell alkaline gel electrophoresis was employed to assess the 
level of DNA damage in peripheral lymphocytes by two-layer method 
according to Tice et al., 2000 [20] with slight modifications according 
to Singh et al., 2000 [21]. All steps carried out for alkaline comet assay 
were done at low temperature and with dim light to minimize the 
possibility of DNA damage.

Lymphocyte separation
Peripheral blood lymphocytes were separated by centrifugation at 
1600 rpm for 20 minutes in lymphocyte separation media (HisepTM LSM 
1077, Mumbai). After centrifugation, the separated lymphocytes were 
washed and resuspended in phosphate-buffered saline. Then, the cell 
suspension was used for analysis.

Preparation of cell microgels on slides
The first gel layer was made by adding 100 µl of normal melting agarose 
(0.7 %) onto a fully frosted microslide and was gently covered with a 
coverslip. The coverslip was removed after the agarose solidified at 4°C. 
About 30 µl of the cell suspension was mixed with 70 µl of low melting 
agarose (0.5 %) at 37°C, and the mixture was quickly layered to the first 
gel layer. The coverslip was placed over the gel layer and kept at 4°C for 
solidification.

Cell lysis and DNA unwinding
After solidification, the coverslips were removed from the cell 
microgels, and it was immersed in fresh ice-cold lysis buffer (pH 10) at 
4°C for overnight. After draining, microgel slides were treated with DNA 
unwinding solution (pH  13) for 30  minutes at 4°C for the disruption 
of double-stranded DNA to single-stranded DNA and to express alkali 
labile sites as single-strand breaks.

Electrophoresis, neutralizing, and staining
Electrophoresis was then conducted with an electric field of 1  V/cm 
for 15  minutes. After electrophoresis, the microgels were placed in a 
neutralization buffer (pH 7.5) for 10 minutes and stained with ethidium 
bromide (10 µg/ml). The slides were analyzed immediately after staining.

Microscopic examination and comet scoring
The slides were examined at ×20 magnification using an inverted 
fluorescent microscope (Optika) equipped with appropriate filters 
attached to a video camera. At least, 5-10 images were captured per 
slide for 100 cells to evaluate the percent of DNA damage. The cells were 
scored visually on the basis of the comet appearance and categorized as 
undamaged (normal cells), mildly damaged cells, and highly damaged 
cells as comets. The extent of DNA liberated from the head was directly 
proportional to the DNA damage. While scoring, comets seen in edges, 
air bubbles, and overlaps were rejected.

Statistical analysis
Student’s t-test and Mann-Whitney rank sum test were performed to 
compare the significance between two variables. Pearson’s correlation 
coefficient was used to find a correlation between two variables. 
Statistical analysis was performed using SigmaStat 11.0 version 
software, and p≤0.05 was considered statistically significant.

RESULTS

The clinical characteristics of patients with Type  2 diabetes and the 
control groups are shown in Table 1. The mean values of fasting glucose 
and HbA1C were 12.7±3.9 mmol/L and 8.9±1.8 %, respectively, in 
patients with complications. Among the patients with Type 2 diabetes, 
56% of them had neuropathy, 18% had heart disease, 16% had vascular 
disease, 6% had nephropathy, 2% had foot ulcer, 1% had retinopathy, 
and another 1% had stroke. TAS was found to be significantly lower 
in patients with Type  2 diabetes (with and without complications) 
compared to controls (p<0.001). Similarly, patients with complications 
of Type 2 diabetes mellitus had significantly lower TAS when compared 
to patients with diabetes (p=0.007) (Table 2).

Comet assay image of lymphocytes at magnification ×20 is shown 
in Fig.  1. Visual scoring of DNA damage is shown in Fig.  2. The cells 
were classified into three groups based on the level of DNA damage 
as undamaged (normal) cells, mildly damaged, and highly damaged 
(comet) cells. The number of highly damaged cells was found to be high 
in patients with diabetes with complications (12.4±9.1%) and without 
complications (8.5±5.9%) compared to controls (2.1±1.3%). Significant 
differences were observed in the level of DNA damage in patients 
with diabetes with and without complications compared to controls 
(p<0.001). Similarly, there were significant differences in the level of 
DNA damage in patients with diabetes with and without complications 
(p=0.005). Increase of DNA damage and diminished TAS in patients 
with complications reveals that oxidative stress was higher in patients 
with diabetes compared to controls.

Fig. 1: Analysis of single-cell gel electrophoresis (Comet assay) 
showing normal and damaged cells at ×20 magnification using 
fluorescent microscope (a) Control group (b) Type 2 diabetic 

group (c) Type 2 diabetic group with complications

a b

c

Fig. 2: Visual scoring of DNA damage (a) Undamaged (b) mildly 
damaged (c) highly damaged

a b

c
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Correlation analysis showed that there is no association between age, 
duration, sugar level, HbA1C, TAS, and DNA damage in patients with 
Type 2 diabetes mellitus (Table 3). Even though there was a decrease 
in TAS and increase in DNA damage in patients with diabetes with 
complications, there was no correlation found between DNA damage 
and TAS in both patients with and without complications.

DISCUSSION

Free radicals are known to play a definite role in a wide variety of 
pathological manifestations of pain, inflammation, cancer, diabetes, 
Alzheimer’s disease, hepatic damage, etc. Antioxidants fight free 
radicals and protect us from various diseases [22]. Type  2 diabetes 
is a heterogeneous disease with both genetic and environmental 
contributory factors, involved multiple defects in insulin action and 
insulin secretion leads to hyperglycemia and affecting nearly 10% of 
the population worldwide [23]. In the present study, DNA strand breaks 
and TAS were examined as a measure of oxidative stress biomarkers 
in patients with Type 2 diabetes (with and without complications) and 
controls.

Association between TAS and Type 2 diabetes mellitus
The present study shows a reduction in TAS in patients with diabetes 
compared to controls. Studies conducted among different populations 
including Ghanaian, Nigerian, Chinese, Italian, and Indian have also 
reported a decrease in TAS in Type 2 diabetes mellitus patients when 
compared to controls [24-28]. However, there also certain contradictory 
results suggesting an increase in TAS in patients with diabetes [29]. 
This discrepancy may be due to variation in lifestyle habits and genetic 
background of the studied population.

TAS was also found to be decreased in patients with complications 
such as coronary artery disease, peripheral vascular disease, stroke, 
neuropathy, nephropathy, retinopathy, and foot ulcer. A  study 
conducted in Egyptian population reported that depletion of the 
TAS is associated with diabetic complications [30]. Furthermore, 
another study has reported a significant decrease in TAS in patients 
with diabetic neuropathy [31]. A  study conducted in Brazilian 
population suggested that assessment of TAS could provide additional 
information about the risk of foot ulcer in patients with diabetes 
mellitus [32]. This suggests that the patients with diabetes should be 
treated with antioxidants so that the further onset of complications 
could be prevented.

Association between DNA damage and Type 2 diabetes mellitus
In the present study, the extent of DNA damage was found to be higher 
in patients with diabetes compared to controls. Similarly, another 
study conducted in Egyptian population indicated that patients with 
diabetes have more oxidative DNA damage than controls [33]. It has 
been suggested that poor glycemic control might further aggravate the 
damage. Several studies have shown that elevated glucose level may 
result in oxidative stress. This has been reported both experimental 
diabetes in animals and in patients with diabetes [34-36].

The results of the present study showed that extent of DNA damage 
was higher in patients with diabetes with complications compared to 
controls. Significantly higher DNA damage was observed in patients 
with diabetic nephropathy compared to controls among Chinese and 
Indian population [7,37]. It has been reported that oxidative stress 
plays a substantial role in the development and progression of diabetic 
neuropathy [38]. Another study indicated that high glucose levels 
in vitro may impair cellular DNA repair and increase DNA cleavage [39].

Association between TAS, DNA damage, and Type  2 diabetes 
mellitus
In the present study, no correlation between age, duration of diabetes, 
sugar level, HbA1C, TAS, and DNA damage was observed. A  previous 
study conducted in Type 2 diabetes mellitus (n=60) and controls (n=60) 
indicated that oxidative stress ratio and DNA damage was found to be 
increased in patients than in controls [40]. A study conducted among 
Bangladeshi population has also reported that DNA damage is closely 

Table 1: Clinical characteristics of the controls and the Type 2 diabetic patients

Characteristics Controls (n=100) Patients with Type 2 diabetes

Without complications (n=100) With complications (n=100)
Sex (Male/Female) 54/46 50/50 60/40
Age (years), mean±SD 40.9±10.0 48.2±9.4 55.2±7.2
Duration (years), mean±SD NA 6.5±5.7 10.6±6.7
Fasting glucose (mmol/L) 6.07±0.49 12.6±3.7 12.7±3.9
HbA1C (%), mean±SD 5.44±0.5 8.7±1.6 8.9±1.8
Family history (%) NA 35 45
Hypertension (%) NA 23 26
Dyslipidemia (%) NA 29 30
Data presented as mean±SD. NA: Not applicable, HbA1C: Hemoglobin A1C, SD: Standard deviation

Table 2: TAS and various level of DNA damage in the study population

Parameters Controls (n=100) Patients with Type 2 diabetes

Without complications (n=100) With complications (n=100)
TAS (µmol/L), mean±SE 967.6±22.1** 627.4±20.7** 579.4±17.5**
Intact cells (%), mean±SD 90.2±3.2 67.0±13.6 60±16.0
Mildly damaged (%), mean±SD 7.6±2.7 24.0±8.9 27.7±9.5
Highly damaged (%), mean±SD 2.1±1.3** 8.5±5.9** 12.4±9.1**
TAS: Total antioxidant status, **p<0.01: Statistically significant. SD: Standard deviation, SE: Standard error

Table 3: Correlation analysis of age, duration of diabetes, sugar 
level, HbA1C, TAS with DNA damage in the study population

Variables Patients with Type 2 diabetes

Without 
complications (n=100)

With 
complications (n=100)

r p r p
Age 0.04 0.6 −0.13 0.17
Duration −0.07 0.43 0.27 0.005
Sugar level −0.03 0.7 0.07 0.4
HbA1C −0.06 0.51 −0.01 0.91
TAS −0.19 0.05 −0.07 0.46
TAS: Total antioxidant status, HbA1C: Hemoglobin A1C
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associated with a significant reduction in the patient’s antioxidant 
contents and with upregulation of pro-oxidant-induced DNA damage, 
suggesting decreased efficacy of DNA repair in patients with Type  2 
diabetes [41]. When the extent of DNA damage was associated with 
fasting glucose and HbA1C in Iranian population with Type 2 diabetes 
mellitus, a positive correlation was observed between them [42]. 
A study conducted in Mexican population indicated a lack of association 
between diabetes and DNA damage [43]. Another study conducted in 
Egyptian population also did not find any correlation between duration 
of diabetes and DNA damage. The discrepancy between different 
studies is due to the difference in glycemic control, duration of diabetes, 
or the type of cells used in the comet assay [44].

In our study, we found increased level of fasting glucose and HbA1C 
level in patients with diabetes than controls which may be because of 
poor control of blood sugar level in patients with diabetes. Parameters 
including age, duration, poor glycemic control, family history, 
hypertension, and dyslipidemia may aggravate the disease and its 
complications. The results of the present study showed that there was 
increased oxidative DNA damage and decreased TAS in patients with 
diabetes (with and without complications) compared to control groups. 
The study confirms that hyperglycemia contributes to increased 
oxidative stress and decreased TAS, which would lead to further increase 
in DNA damage in patients with diabetes with complications. Therefore, 
it is suggested that the assessment of DNA damage might serve as a 
diagnostic tool for preventing further development of complications of 
diabetes mellitus.

CONCLUSION

We suggest further DNA damage and onset of complications in Type 2 
diabetes mellitus could be prevented by counteracting the oxidative 
stress and reversing the DNA damage by therapeutic interventions 
using appropriate antioxidants.
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