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DNA DAMAGE AND OBESITY
IN DIABETIC PATIENTS
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Objective: Increased oxidative stress in accumulated fat is an important pathogenic mechanism
for obesity-associated metabolic syndrome. The increased free radicals can cause cellular
damage and contribute to the pathogenesis of diabetes. Method: The alkaline single cell gel
electrophoresis assay was used to determine DNA damage  in peripheral blood leukocytes of
35 subjects with diabetes and 18 age- and sex-matched controls. The patient group differed
from control subjects for general (BMI) and central adiposity (waist hip ratio, waist circumference).
Diabetic patients included those on treatment (n=18) and yet to start treatment (n=17). Results:
DNA damage in both, male and female patients was statistically higher (p=0.000) compared to
that in respective controls. There were no gender differences however. Though DNA damage
was higher in untreated patients, yet was not significantly different from treated patients. Pearson
correlation analysis revealed significant association of waist circumference (central adiposity)
with damage index(r=0.331,p=0.052). Conclusion:As an increase in DNA damage  is an initial
step in carcinogenesis and if unrepaired can lead to cancer and cause age-related disorders,
the patients in the present study may be also similary susceptible and  require its management.

Keywords: Body mass index, Comet assay, DNA migration length

*Corresponding Author: Gursatej Gandhi,gandhig07@hotmail.com

INTRODUCTION
The global prevalence of diabetes in 2010 was

nearly 300 million adults with a projected

prevalence in 2030 of nearly 440 million because

of the obesity epidemic and aging population

(Business Wire, 2011). Among the diagnosed

diabetic cases, type 2 diabetes affects 95%

(Andreassi et al., 2011). The phenomenal

increase in even developing countries is a cause

for concern in view of the increased morbidity and

mortality. Among its complications are
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microvascular and macrovascular diseases and

a considerable risk of several types of cancers

including those of the pancreas, liver, breast,

colorectal, urinary tract and female reproductive

organs (Vigneri et al., 2009); also over 80% of

type 2 diabetic patients are obese. In fact, both

diabetes mellitus (DM) and obesity are

characterized by hyperinsulinemia and higher

cancer incidence. Obesity, hyperglycemia and

increased oxidative stress may also contribute

to increased cancer risk in diabetes. There is an
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increase in reactive oxygen species in diabetes;

rather its onset is also associated with oxidative

stress (Baerlocher and Lansdorp, 2003; Fenton

et al., 2001). The simultaneous increased

generation of free radicals and decline of

antioxidant defense systems in the diabetic

condition can cause damage to cellular organelles

and macromolecules including nucleic acids.

Prevention by early detection can assist in

prognosis and in the reduction of progression of

complications in DM. The alkaline version of the

Single Cell Gel Electrophoresis (SCGE) assay

can be used to detect DNA damage caused by

double strand breaks, single strand breaks and

alkali-labile sites and so assist in disease

management and forestall progression since

DNA damage and DNA repair play a major role in

carcinogenesis. The present study was hence

undertaken to assess DNA damage in peripheral

blood leukocytes (PBL) of individuals (n=53)

compromising those who were diabetic (n=35)

and compare to that in normal healthy controls

(n = 18) using the Single Cell Gel Electrophoresis

(SCGE/comet) assay (Singh et al., 1988).

MATERIALS AND METHODS
Subjects

Diabetic patients were contacted from local

hospitals where they were undergoing or yet to

start treatment and had been diagnosed by the

attending physicians as type II diabetes mellitus

cases. None of these individuals suffered from

related co-morbidities viz. hypertension and/or

cardiovascular disease. Sex-, age- matched

healthy subjects from the general population who

met the same inclusion criteria and were not on

any medication or supplements comprised the

control group.

Voluntary informed written consent was

obtained and the study was cleared by the

Institutional Ethics Committee. General and

demographic information from each participant

was recorded on a pre-designed questionnaire

and specific queries pertaining to diabetes, dietary

and life style preferences were also recorded. An

assessment for obesity of each subject was

made from anthropometric measurements viz.

height, weight, waist circumference, hip

circumference (HC), taken using standard

methodology (Weiner and Lourie, 1981) so as to

calculate the Body Mass Index (BMI) and Waist

Hip Ratio (WHR). The WHO (2004) criterion on

the basis of body mass index (similar to (Misra et

al., 2009)) was followed for the classification of

obesity (BMI  25.0kg/m2). Abdominal obesity

respective cut-offs for waist hip ratio (WHR) and

waist circumference (WC) for females were 0.80

and 80 cm and 0.90 and 85cm in males

(Snehalatha et al., 2003).

Blood Pressure Measurements

The systolic and diastolic pressure of each

subject was noted with the help of a sphygmo-

manometer. Blood pressure readings were noted

thrice for each subject at an interval of ten minutes

after the subject had rested and the mean value

was recorded. All the subjects were normotensive

(<140/90 mmHg).

The Alkaline Single Cell Gel Electro-
phoresis (SCGE) Assay

Finger-prick blood samples (approximately 200µl)

were collected in heparinized microtubes from

each individual, brought to the laboratory on ice

and processed within 3-4 h of collection. Before

carrying out the SCGE assay to assess DNA

damage, the number of viable and non-viable cells

in an individual’s blood sample was checked using
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the cell-viability test. All samples with 80-90%

viable cells were processed for the alkaline

SCGE assay using a slightly modified version of

the technique (Singh et al., 1988) in the use of

locally available chemicals, pre-coated slides and

silver staining (Nadin et al., 2001). The technique

required the embedding of individual cells in a thin

agarose gel on a microscope slide. The blood

samples (30 l in 0.8% low melting point agarose

solution in PBS) were sandwiched between low

melting point and normal melting point agarose

layers. The cellular proteins were lysed (2.5 M

NaCl, 100 mM EDTA, 10 mM Tris, DMSO,Triton

X-100; pH 10.0). The DNA was allowed to unwind

under alkaline conditions (300 mM NaOH,1 mM

EDTA Na
2
H

2
, pH  13) and subjected to

electrophoresis (20 min, 0.7 V/cm, 300 mA) to

enable any DNA fragments or damaged DNA to

migrate away from the nucleus. After

neutralization, the cells were stained with silver

nitrate (AgNO
3
) solution. The slides were coded

and scored blindly, first under low magnification

(10X) and then at 40X using a binocular

microscope (Olympus No: ID00212, model:

CH20BIMF 200). Two slides were made from

each sample and 50 cells (25/slide) were scored

per individual. A calibrated ocular micrometer fitted

into the eyepiece of the microscope was used to
measure extent of DNA damage. DNA migration
length was calculated as the difference between
length of the comet and radius of the comet head.
The number of cells with tails (Damage
Frequency; DF) was also recorded for each
subject, categorized manually into class 0 (no
tail) to class IV (almost all DNA in tail) with arbitrary
scores assigned to each (from Type 0 = 0 to Type
IV = 4) and the sum of products was used to
calculate the Damage Index (DI) as arbitrary

scores match image analysis for DNA percentage

in tail (Collins, 2004).

Statistical Analysis

Mean DNA migration length in µm was calculated

by taking the average of the measurements

obtained for all the cells/sample using an ocular

micrometer. DNA damage in both, patient and

control groups, was then statistically analyzed

using the Student’s t-test since the data were

observed to be parametric i.e. variables showed

normal distribution. The Chi square (2) test was

performed to check the demographic parameters

of normal and diseased individuals. Regression

Analysis and Analysis of variance were conducted

to check whether confounding factors had any

effect on DNA damage and all these tests were

performed using the SPSS package (version

16.0).Values were taken statistically significant at

P  0.05.

RESULTS AND DISCUSSION
The study group (n=50) comprised 35 diabetic

patients and 18 age-matched control individuals.

Demographic information and anthropometric

measurements of diabetic and control individuals

are presented in Tables 1 and 2. Male patients

were aged 24-79 y (mean 46.32 ± 1.70y) with

BMI 25.20-36.80 kg/m2 (mean 28.41 ± 0.54

kg/m2) and WHR 0.87-1.10 (mean 0.97 ± 0.01).

The males in the control group were between 22-

57y (mean 39.25 ± 3.08y) with BMI 17.65-23.45

kg/m2 (mean 20.98 ± 0.48 kg/m2) and WHR 0.80-

0.88 (mean 0.85 ± 0.00).Female patients were

aged 24-59y (mean 42.20 ± 4.54y) with BMI

25.50- 37.60 kg/m2 (mean 30.51±1.64 kg/m2) and

WHR 0.83-0.97 (mean 0.89±0.01). Females in

the control group were in the age range of 22-40y

(mean 28.83 ± 2.96 y), with mean BMI of

19.54±1.00 kg/m2 and WHR of 0.83 ± 0.02

kg/m2. The 2-test was performed on the

attributes of male and female diabetic and control
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               Table 1: General and Demographic Information of the Study Group

Characteristics Range Patient Group Control Group  2 P-value

Age(y) 30 6 7 1.975 0.159

>30 29 11

Height(cm) 145-165 18 12 0.589 0.4428

166-186 17 06

Weight(kg) 40-70 09 18 23.359 0.0001

71-101 26 -

Hip Circumference (cm) 80-115 29 18 1.982 0.1592

116-151 06 -

Waist Circumference*(cm) Males <85 - 06 11.466 0.0007

85 25 06

Females <80 01 03 1.422 0.2330

80 09 03

Waist Hip Ratio** Males <0.9 02 12 25.395 0.0001

0.9 23 -

Females <0.8 - 01 0.071 0.7897

0.8 10 05

Body Mass Index*( kg/m2) <25.0 - 18 48.635 0.0001

25.0 35 -

Sex Male 25 12 0.002 0.9667

Female 10 06

Obesity Onset Childhood 22 - 1.829 0.1763

Adult 13 -

Diet Hist. Veg 14 18 15.467 0.0001

Non-Veg 21 -

Mobile Phone usage Yes 20 12 0.140 0.7078

No 15 06

Alcohol Drinking Yes 10 - 4.610 0.0318

No 25 18

Socio-economic status Middle 33 18 0.074 0.7850

Lower 2 0

Diabetic Patients On treatment 18 0 0.000 1.0000

No treatment 17 0

Note: P-values in bold are significant (P  0.05); * classified according to WHO (2004); and Misra et al., (2009); ** classified according to
Snehalatha et al. (2003).
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groups and matched fully for demography, life

style and habits and showed no significant

differences for sex, age, dietary pattern and

mobile phone usage (Table 1); however, alcohol

drinking was absent among control males.

Obesity-related data were signif icantly

mismatched as expected. General obesity (BMI)

was present in all patients but not in the controls

while central adiposity (WHR, WC) was present

in most patients and in some controls. Gender-

based differences (Table 2) were observed with

respect to hip circumference and WHR as these

were higher in male compared to female patients

(p=0.001). Overall, the patient group was

significantly different from controls for obesity

indices (WHR, WC and BMI) with the values

higher among the diabetics. In fact in literature

also, > 80% of type 2 diabetic patients have been

observed to be obese (Vigneri et al., 2009).

Diabetic patients included those on treatment

(n=18) and yet to start treatment (n=17). The male

patients were mostly doing small-scale business

(n=16), half of the females were house wives,

two were teachers, two were students and one

had her own business. There was no exposure

at work place or at home in both the patient and

control groups.

Genetic damage in male and female patients

was statistically higher (P=0.000) compared to

respective controls and the difference between

genders was almost similar for DF,DI and DNA

migration length (Table 3). On analyzing genetic

damage parameters with respect to treatment

status (treated vs. untreated), DNA damage was

higher in untreated patients but not significantly

(Table 4). However, significantly elevated genetic

damage in both, treated and untreated patients

was observed in comparison to healthy controls

(P=0.000).

The relationship of various confounding

factors: age, height, weight, BMI,WC, WHR, diet,

exercise, mobile phone usage (independent

variables) and DNA damage (dependent variable)

          Study Group No. WC(cm) HC(cm) WHR BMI(kg/m2)

Patients Males 25 104.84***±1.55 107.36**±1.68 0.97***a±0.01 28.41***±0.54

P value 0.000 0.002 0.000 0.000

Females 10 103.3**±5.30 114.70*±5.06 0.89**a±0.01 30.51***±1.64

P value 0.004 0.018 0.012 0.000

Total 35 104.4***±1.83 109.46***±1.92 0.95***±0.01 29.01***±0.61

P value 0.000 0.000 0.000 0.000

Controls Males 12 83.25±1.79 98.00±2.15 0.85±0.00 20.98±0.48

Females 06 79.00±2.22 94.83±4.40 0.83±0.02 19.54±1.00

Total 18 81.83±1.45 96.94±2.01 0.84±0.00 20.50±0.47

Table 2: Anthropometric Variables of Diabetic Patients and Healthy Subjects

Note: ***Very highly(P  0.001), ** highly(P  0.01), * significant (P  0.05) compared to parallel control group (Student’s t-test);Values with
similar letters are significant; WC-Waist Circumference; HC- Hip Circumference; BMI- Body Mass Index; WHR- Waist Hip Ratio.
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                     Group No. Damage Frequency (DF) Damage Index (DI) $Mean DNA migration
± SEM (P value)  ± SEM (P value) length (µm) ± SEM (P value)

Diabetic Patients Males 25 93.12***±0.98(0.000) 63.32***±3.11(0.000) 30.45***±2.01(0.000)

Females 10 94.20***±2.15(0.000) 64.70***±5.77(0.000) 30.67***±4.16(0.020)

Total 35 93.42***±2.15(0.000) 67.71***±2.72(0.000) 30.51***±1.83(0.000)

Controls Males 12 18.16±1.67 18.16±1.67 14.45±1.56

Females 06 20.00±2.47 20.00±2.47 15.37±2.76

Total 18 18.77±1.36 18.77±1.36 14.76±1.35

Table 3: Genetic Damage in Diabetic Patients and Control Subjects

Note: $ Calculated as an average of individual DNA migration lengths in the group. ***Very highly significant when compared to parallel
control group (P  0.001, Student’s t-test).

Group Drugs No. Cells with tails/ Damage Frequency Damage Index (DI) $Mean DNA migration
Total cells scored (DF) ± S.E.M. ± S.E.M. length(µm) ± S.E.M.

Treated# Patients 18 830/900 92.00***±1.46 58.88***±3.36 27.20***±2.26
(P=0.000) (P=0.000) (P=0.000)

Untreated Patients 17 805/850 94.94*** ±1.01 68.82***±4.07 34.02***±2.71
(P=0.000) (P=0.000) (P=0.000)

Control Subjects 18 169/900 18.77±1.36 18.77±1.36 14.76±1.35

Table 4: DNA Damage in Treated and Untreated Diabetic Patients

Note: # Diabcure–M: herbal capsules; Dianorm-M: Gliclazide+metformin hydrochloride; Dional -5: Glibenclamide IP; Glycomet –85:
Glimepiride+metformin; Glynase–MF: Glipizide + metformin; $ Calculated as an average of individual DNA migration lengths in the
group; *** Very highly significant when compared to control group (p  0.001, Student’s t-test); not significant within patient groups.

was assessed by multiple regression analysis

and multivariate ANOVA. In the patient group,

Pearson correlation analysis revealed significant

association of WC with DI (r=0.331, p=0.050).

This parameter was also found significantly

associated with genetic damage (DI) by

multivariate ANOVA (F value=4.063, p=0.050) and

multiple linear regression (r=0.331, p=0.050). In

the control group, these confounders were not

observed to be significantly associated with

damage.An association analysis with type 2

diabetes as outcome and damage index as

predictor in logistic regression model however,

revealed no significant association (p=0.993)

between these when adjusted for age, gender,

BMI, diet and exercise.

The observations of the present study on

increased DNA damage in diabetic patients find

similarities in literature. Rather, the conditions of

diabetes, general obesity (BMI) and central

adiposity (WC, WHR) as well as increased

weight have separately been documented to

show an association with genetic damage.

Oxidative DNA damage (8-oxo, 2’-deoxyguanosine

levels) in urine and in blood mononuclear cells of

Type 2 diabetic patients was significantly raised

and increased with increase in oxidative stress

(Hinokio et al., 1999). On comparing DNA strand

breakage in blood samples of diabetic patients,

the mean frequency of damaged cells and DNA
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migration in insulin-dependent DM patients were

lower than in non-insulin dependent DM patients

and while Vitamin E supplementation lowered

DNA migration length, smoking increased it

(Sardas et al., 2001). Diabetics with poor

glycaemic control and low ascorbic acid (Choi et

al., 2004) had higher DNA damage than in patients

with similar degree of hyperglycaemia and

elevated level of ascorbic acid. Peripheral

leukocytes, monocytes and T-cells of Type 2

diabetic subjects had significantly increased

oxidative DNA damage and signif icantly

decreased telomere length compared to the

control group ((Adaikalkoteswari et al., 2005; and

Sampson et al., 2006). The lymphocytic DNA

from subjects with type 2 diabetes also had

increased susceptibility to oxidative damage

(Sampson et al., 2001; Andreassi et al., 2005;

and Hannon-Fletcher et al., 2000).

Increased micronuclei frequency and DNA

damage was observed with high BMI (Yesilada

et al., 2006; Violante et al., 2003; and Demirbag

et al., 2005) though controversial results were

also documented (Giovannelli et al., 2002). On

the other hand, urinary levels of 8-hydroxydeoxy-

guanosine (oxidative DNA damage) were

inversely correlated with BMI (Kasai et al., 2001;

and Loft et al., 1992) and oxidative DNA damage

was reported in overweight and obese subjects

(Al-Aubaidy and Jelinek, 2011; and Elwakkad et

al., 2011). Lowered levels of antioxidants and

increased DNA damage were documented in

obese subjects (Bukhari et al., 2010; and

Wiegand et al., 2010). Chromosomal (Scarpato

et al., 2011) as well as DNA damage (Tomasello

et al., 2011) were recently reported to be

significantly increased in obese and overweight

children and in pre-obese and obese women,

respectively. Smoking and being overweight in

midlife (irrespective of glucose, cholesterol and

blood pressure levels) were observed to be

related to shorter leukocyte telomeres in old men

(Strandberg et al., 2011). Increased central

adiposity (as increased WC also observed in

patients in the present study) reflects excessive

or disproportionate gain of adipose tissue which

causes dysfunction at various levels mediated

via cellular inflammation from increased

concentrations of interleukins, C-reactive

proteins,adipocytokines and free fatty acids

(Green et al., 1994; Hotamisligil et al., 1995;

Kopelman, 2000; and Boden, 2006) generating

free radicals leading to oxidative stress (Curti et

al., 2011). In fact, the insulin-resistant adipose

tissue is also similarly showing chronic

inflammation, hypoxia, oxidative stress, etc.

(Hotamisligil et al., 1995). The association of DI

with WC observed in the patients of the present

study may well be because the cumulative burden

of oxidative stress and inflammation inherent in

central adiposity which has impacted the cellular

macromolecules and caused damage to DNA

(DI).

Type 2 diabetes mellitus is a complex

metabolic disorder wherein disturbances of

lipoproteins and glucose may induce oxidative and

nitrosative stress from increased generation of

free radicals in many cell types. The ensuing

cellular responses and functional disarray may

manifest as neuropathological changes and

cardiovascular disease (Allen et al., 2005).

Complications from obesity can further potentiate/

accelerate cellular dysfunction via inflammatory

responses and cytokine production (Green et al.,

1994; and Hotamisligil et al., 1995). Also the pro-

inflammatory response from free fatty acids and

adipocytokines released from visceral adipose

tissue can lead to insulin resistance (Kopelman,
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2000; and Boden, 2006). An imbalanced oxidant:

antioxidant status with excessive free radicals [39]

can well cause oxidative damage to lipids,

proteins and nucleic acids. The damage to DNA,

if unrepaired, can induce carcinogenesis. In fact,

oxidative DNA damage in type 2 diabetes is known

to occur (Sampson et al., 2001) and was also

observed in animal models (Awad et al., 2005).

This might reflect increased levels of oxidative

stress in the obese-type 2 patients, inducing the

increased DNA damage observed in this study

and in other studies (Sampson et al., 2006). High-

fat diet intake (as also the diet type of the patients

of the present study) was observed to be

associated with obesity and accompanied by

advanced glycation end products (Li et al., 2005).

The type 2 diabetic patients were on treatment:

Diabcure–M (herbal capsules; n=3), Dianorm-M

(Gliclazide+ metformin hydrochloride; n=5),

Dional-5(Glibenclamide IP; n=3), Glycomet –

85(Glimepiride + metformin; n=3); and Glynase–

MF (Glipizide + metformin;n=3) but none was on

subcutaneous insulin alone or in combination with

any drug. Among the oral anti-diabetic (Vigneri et

al., 2009) drug families (sulphonylureas,

biguanides, and thiazolidinediones), the

prescribed medication comprised sulphonylureas

(Glibenclamide, Glipizide, Glimepiride, Gliclazide)

and biguanides (metformin), singly or in

combination. Non-mutagenic/genotoxic nature of

these drugs has been documented (Information

on the active ingredient : Metformin Hydrochloride,

2012; Competact INN: Pioglitazone & Metformin,

2012) Investigational Compound Dapagliflozin,

2012; Product Information: Glucovance®

metformin hydrochloride and glibenclamide, 2012;

and Product Information: Amaryl® (Glimepiride

tablets) 2012). However in the literature also

significantly elevated levels of DNA damage as in

treated vs.untreated subjects of the present

study, were reported: as in the neutrophils from

diabetic subjects even with acceptable glycaemic

control (by treatment) compared to controls

(Hannon-Fletcher et al., 2000), probably by the

anti-oxidant nature of the prescribed drugs (c.f.

Sliwinska et al., 2008).

The limitations of the present study, besides

the small sample size, are that oxidative stress

status and oxidative DNA damage were not

assessed which can evaluate the cross-talk

between DNA damage and oxidative stress. Also

whether DNA damage may be a cause or a

consequence of type 2 diabetes/obesity requires

further separate studies. Despite these

constraints, the relevance of the current findings

cannot be undermined as the observed DNA

damage in diabetic obese patients confirmed the

previous findings of genetic instability correlating

with diabetes, BMI and overweight.In summary,

the study demonstrates that peripheral blood

leucocytes from type 2 diabetic, obese patients

are characterized by significant DNA damage

probably from oxidative stress (given the

connection of obesity, ageing and diabetes)

initiated via the excessive generation of reactive

oxygen species (Ahima, 2009), which could

further initiate malignancy (Vigneri et al., 2009)

regardless of the underlying mechanism. Given

the projected prevalence of diabetes because of

ageing and the obesity epidemic (Business Wire,

2011), urgent management/intervention strategies

for diabetes and /or obesity are required.
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