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Abstract
Oxidative stress due to imbalance between the production of reactive oxygen species and
their dismutation is claimed to be higher in hypertensive subjects than normotensive
subjects. In hypertensive subjects oxidative stress may damage deoxy-ribonucleic acids
(DNA). In this study plasma superoxide dismutase (SOD) activities, protein carbonyl
contents (PCCs) and extent of DNA damage in lymphocytes were measured in specimens
obtained from 86 subjects to compare oxidative stress and oxidative DNA damage between
normotensive and hypertensive subjects and to assess their relationship with the degree of
blood pressure. Results were expressed as mean±SD. Two-tailed unpaired t test and
Pearson’s correlation test were done to compare or to determine the relationship between
groups or variables. SOD activities were 2.85±0.12 unit/mg protein and 3.84±0.45 unit/mg
protein (p<0.05) in hypertensive and normotensive groups respectively. PCCs were
4.77±0.36 nmol/mg protein and 3.75±0.23 nmol/mg protein in hypertensive and
normotensive groups respectively. Olive tail moments (OTM) were 124.7±11.69 units and
108.9±9.27 units in hypertensive and normotensive groups respectively. The correlation
coefficient of OTM was 0.3924 (p<0.05) for diastolic blood pressure and 0.3618 (p<0.05)
for systolic blood pressure. Oxidative stress and DNA damage was higher in hypertensives
than normotensives and DNA damage correlated positively with blood pressure.
Keywords: Superoxide dismutase; Protein carbonyl content ; Oxidative stress; Oxidative
DNA damage; Hypertension; Bangladeshi population.
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1. Introduction
During normal cellular metabolism, enzymatic reduction of molecular oxygen results in
the formation of reactive oxygen species (ROS) such as hydroxyl radicals (-OH),
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superoxide anions (O2-), hypochlorous acids (HOCl), lipid radicals and hydrogen peroxide
(H2O2) [1, 2]. These are physiologically important for health, but may be detrimental if
present in excess quantities [3,4]. Oxidative stress, defined as the loss of balance between
ROS production and antioxidant defense [5, 6] has been implicated in many
pathophysiological conditions in the cardiovascular system including hypertension and
heart failure, hypercholesterolemia, diabetes mellitus etc. [7]. Several untoward events
like oxidative modification of deoxy-ribonucleic acids (DNA), lipid oxidation,
modification of proteins and activation of redox sensitive genes may occur as a
consequence of oxidative stress [8]. Activated oxygen and agents that generate oxygen
free radicals and ionizing radiation induce numerous lesions in DNA that cause deletions,
mutations and other lethal genetic effects. Characterization of this damage to DNA has
indicated that both the sugar and the base moieties are susceptible to oxidation, causing
base degradation, single strand breakage, and protein cross-linking [9, 10]. Degradation of
the base may produce 8-hydroxyguanine, hydroxymethyl urea, urea, thymine glycol,
thymine and adenine ring-opening and saturated products. Oxidative stress also
inactivates the human DNA mismatch repair system [11]. Since protein carbonyl group
contents are used as indicators of oxidative stress, their evaluation in plasma/serum serves
as a marker of free radical activity [12]. In addition, superoxide dismutase (SOD) is
thought to play a major role in the first line of antioxidant defense by catalyzing the
dismutation of O2- to molecular oxygen (O2) and H2O2, which can be converted to
nontoxic compounds via catalase (CAT) and glutathione peroxidase [13]. Therefore, the
measurement of protein carbonyl group contents and SOD activity in plasma/serum,
provide the endogenous antioxidant status and oxidative stress. A simple, sensitive and
rapid method for detecting DNA damage is the comet assay [14]. The detrimental effect
of increased oxidative stress on DNA [15, 16] can be measured by comet assay. It can be
used to estimate DNA damage at the individual cell level through strand breaks, open
repair sites, cross-links and alkali labile sites generated from oxidative stress [14, 17].
DNA damage in lymphocytes may also occur in coronary artery diseases (CAD) and
inflammation [18, 19].
It is claimed that hypertension is associated with decreased antioxidant capacity [20,
21], increased production of ROS [22] and DNA damage. ROS occurs more frequently in
hypertensive subjects than in normotensives [23-25]. A recent study in Chinese Han
adults showed that oxidative stress is a reliable risk factors for developing hypertension
[26]. Oxidative stress is influenced by environmental factors and may partly be associated
with racial variation [27]. In this study our objective was to determine the endogenous
antioxidant status, extent of oxidative DNA damage and to determine their relationship
with the degree of hypertension in a Bangladeshi population.
2. Experimental
2.1. Study type, setting and time
This case-control study was carried out in the Department of Biochemistry & Molecular
Biology, Dhaka University, Bangladesh during the period of January 2008 to December
2008.
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2.2. Study subjects
A total of 86 adult nonmedicated normotensive and hypertensive (male and female)
subjects who were free from other known diseases were studied after an overnight fast at
the Hypertension Centre, Green Road, Dhaka. Hypertension was defined on the basis of
elevated blood pressure readings found repeatedly to be >140/90 mm Hg. Verbal consent
was taken from the subjects before collection of anthropometric data and specimens.
2.3. Specimen collection
Blood specimens were collected in ethylenediaminetetraacetic acid (EDTA)-containing
tubes (BD vacutainer® containing 3.6 mg K2EDTA; BD, Franklin Lakes, NJ USA) after
overnight fasting. Plasma was separated and used to measure SOD activities and protein
carbonyl contents. Lymphocytes were isolated using Histopaque and were then used in the
comet assay.
2.4. Superoxide dismutase assay
The SOD assay was performed with slight modification of the method described by
Beauchamp et al [28]. In this assay procedure, the reaction mixture contained 1.1 mL of
59 mM phosphate buffer (pH 7.4), 75 µL of 20 mM methionine, 40 µL of 1% triton x100, 75 µL of 10 mM HAC (hydroxyl amine hydrochloride), 100 mL of 78 µM EDTA
and 100 µL of plasma. The reaction was started by the addition of 80 µL of freshly
prepared 40 µM riboflavin. After the addition of riboflavin, the tubes were placed under
fluorescent light for 10 minutes. Then 1 mL of Griess reagent was added to each tube. The
optical density was measured at 543 nm after 10 minutes and compared with the controls,
which were kept under dark conditions. The results were expressed as nmol SOD/mg
protein.
2.5. Estimation of protein carbonyl contents
Protein carbonyl contents in plasma were analyzed by 2, 4-dinitrophenylhydrazine
(DNPH) method as described by Levine et al [29]. The reaction mixture contained 40 μL
of plasma mixed with 900 μL of 10 mM DNPH in 2N HCl. Blank was prepared by adding
only 2N HCl. Samples were then incubated in dark place for 1 hour at room temperature,
vortexed every 10-15 minutes, precipitated with 30% TCA (final concentration) and
centrifuged for 3 minutes at 12,000 rpm. The pellet was washed three times with 1 mL
ethanol:ethyl acetate (1:1, v/v) to remove excess DNPH and resolved in 1.5 mL 10% SDS
at 37°C for ~1 hour. Insoluble substances were removed by centrifugation at 12,000 rpm
for 3 minutes. The difference in absorbance between the DNPH-treated and HCl-treated
samples was determined at 360 nm and the results were expressed as nmol carbonyl
groups/mg protein using the extinction coefficient of 22.0 mM-1cm-1. Total protein content
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in the plasma was estimated by Hartee Lowry assay method. The plasma was incubated at
50°C for 10 minutes in 1N NaOH (final concentration). After cooling at room temperature
for 10 minutes, solution was then treated with alkaline copper reagent to produce proteinCu2+ complex, which in turn reduced the Folin-Ciocalteau reagent and generated blue
colored complex. The absorption of the complex was then measured against standard
solution of bovine serum albumin (BSA) at 650 nm by spectrophotometer.
2.6. Comet assay
The comet assay was carried out according to the protocol described by Tice et al [14]
with slight modification. Lymphocytes were suspended in 0.7% low-melting-point
agarose in phosphate buffered saline (PBS) at 37ºC and placed on microscopic slide with
a layer of 1% agarose. The slides were immersed in lysis solution at 4ºC for 1 hour to
remove cellular membranes, proteins and so forth. Slides were then placed in a single row
in a horizontal electrophoresis tank containing alkaline buffer at 4ºC for 20 minutes for
DNA unwinding. After 20 minutes, the current was switched on and electrophoresis was
carried out at 25 V, 300 mA for 40 minutes at the same temperature. Following removal
of slides from lysis solution, the slides were washed three times (5 minutes for each
wash) with neutralization buffer. Subsequently the slides were visualized by silver
staining as described by Nadin et al [30]. All the steps were conducted under yellow light
to minimize the possibility of cellular DNA damage. Slides were analyzed
microscopically by using software called Computer Assay Software Project (CASP,
version 1.2.2). Threshold values of CASP parameters were adjusted to obtain the optimal
values for our staining protocol. The selected parameters were: Head center threshold
(HCT) = 0.999, Comet threshold (CT) =0.005, Head threshold (HT) = 0.05, Tail threshold
(TT) = 0.05 and profile 1. The comet parameters analyzed by CASP were: length of head
and length of tail of comet (in pixels), % of DNA in the comet’s head and in the tail, the
tail moment (arbitrary units) and olive tail moment (arbitrary units). The Olive tail
moment (OTM) is [percent of DNA in the tail] × [distance between the center of gravity
of DNA in the tail and that of center of gravity of DNA in the head in x-direction].
2.7. Statistical analysis
Data were expressed as mean ± standard deviations. Unpaired two-tailed t test was used to
compare variables between case and control and Pearson’s correlation test was used to
evaluate the relationship between variables. GraphPad Prism version 5.04 for Windows
was used for statistical analysis.
3. Results
3.1. Clinical characteristics of the study subjects
The clinical characteristics of the study subjects are shown in Table 1. Participants were
matched for age and sex. There was no significant difference in body mass index (BMI)
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between normotensive and hypertensive groups. Both systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were significantly higher in hypertensive group than in
normotensive group (SBP: 145.3±18.8 mm Hg vs 116.6±14.1 mm Hg, p<0.01; DBP:
103.4 ± 18.8 mm Hg vs 76.2±15.6 mm Hg, p<0.001).
Table 1. Clinical characteristics of normotensive and hypertensive subjects.

Gender (male/female)
Age (year)
BMI (Kg/m2)
SBP (mm Hg)
DBP (mm Hg)

Normotensive
(n=40)
23/17
38.2±4.60
24.4±2.19
116.6±14.1
76.2±15.6

Hypertensive
(n=46)
26/20
40.5±5.0
26.2±1.81
145.3±18.8
103.4 ±18.8

p value

NS
NS
<0.01
<0.001

Data are expressed as mean ± SD (standard deviation); BMI, body mass index; SBP, systolic
blood pressure; DBP, diastolic blood pressure; NS, not significant

3.2. Endogenous antioxidant status
The endogenous antioxidant status was assessed by measuring SOD. In hypertensive
subjects, SOD activity was significantly lower (2.85±0.12 units/mg protein) compared to
that of normotensive controls (3.84±0.45 units/mg protein; p<0.05; Fig. 1A).

A

B

Fig. 1. Comparison of plasma SOD activity (A) and plasma protein carbonyl content (B) between
hypertensive and normotensive subjects (*, p<0.05).

3.3. Oxidative stress
Protein carbonyl group content was determined to assess the extent of oxidative stress. It
was found significantly higher in hypertensive subjects (4.77±0.36 nmol/mg protein) than
that of normotensive (3.75±0.23 nmol/mg protein; p<0.05; Fig. 1B).
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3.4. DNA damage
Comet images of lymphocytes from hypertensive subjects showed abnormal appearances
(long tailed nucleus; Fig. 2B) whereas, in the normotensive subjects, there was no such
evidence of comet formation (Fig. 2A). The extent of DNA damage can be expressed by
measuring the percent of DNA present in the tail region by comet analysis. Tailed DNA
was significantly higher in the hypertensive group than that of normotensive controls
(6.74±1.03 units vs 5.35±1.04 units, p<0.05; Fig. 2C). The tail moment (percent tail DNA
× tail length), a commonly used marker of DNA damage, was significantly higher in
hypertensive subjects than that of normotensive controls (124.7±11.69 units vs 108.9±9.27
units, p<0.01; Fig. 2D). The correlation coefficient of SOD, PCC and OTM with blood
pressure is presented in Table 2.

A

B

A

B

C

D

Fig. 2. Comet images of lymphocytes from normotensive subjects (A) and hypertensive subjects
(B), and comparison of tailed DNA (%) (C) and Olive tail moment (D) between normotensive and
hypertensive subjects (*, p<0.05).

Table 2. Relationship of oxidative stress and oxidative DNA damage with blood pressure.
Parameters

Diastolic blood pressure

Systolic blood pressure

r value

p value

r value

p value

SOD

-0.3490

<0.05

-0.3207

<0.05

PCC

0.4381

<0.01

0.4565

<0.01

OTM

0.3924

<0.05

0.3618

<0.05

SOD = Superoxide dismutase activities; PCC= Protein carbonyl contents; OTM= Olive tail
moment.

4. Discussion
The association of oxidative stress and hypertension was described in many studies [26,
31, 32]. Oxidative stresses not only enhance the degree of hypertension but also cause
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damage to cellular DNA. In this study, antioxidant status as assessed by SOD activity,
oxidative stress as assessed by protein carbonyl content and DNA damage as determined
by comet assay in blood specimens obtained from adult Bangladeshi subjects were
evaluated. Relationship of antioxidant status, oxidative stress and DNA damage with the
degree of hypertension were also examined.
We found a reduced SOD activity in the hypertensive subjects (Fig. 1A) compared to
normotensive controls. This finding is consistent with the findings of other studies [21,
33]. Reduced total antioxidant status (TAS) in hypertensive subjects compared to
normotensive subjects has also been reported by some studies [25, 34]. On evaluating the
protein carbonyl content, we found a higher oxidative stress in hypertensive subjects (Fig.
1B) than normotensive controls. The increased protein carbonyl content in hypertensive
subjects is consistent with the reduced SOD activity in plasma. This result indicates the
excessive bioavailability of ROS. Physiologically, ROS are produced in a controlled
manner at low concentrations and act as signaling molecules [35] to maintain vascular
integrity by regulating endothelial function and vascular contraction-relaxation. But,
under pathological conditions, decreased bioavailability of SOD leads to increased ROS
bioactivity that leads to endothelial dysfunction.
Increased oxidative stress may initiate lipid peroxidation in cell membranes, damage to
membrane proteins or may cause DNA damage. It is well-documented that DNA damage
frequently occurs in cells exposed to oxidative stress [15]. In this study, comet analysis
showed that the normotensive controls had compact DNA and maintained the circular
form of a normal nucleus, without any evidence of comet formation (Fig. 2A). In contrast,
lymphocytes from hypertensive subjects exhibited a distorted appearance, indicating
substantial DNA damage (Fig. 2B) that may be due to oxidative stress. This result is
consistent with the comet analysis of other studies [25, 34, 36, 37]. It is also consistent
with the findings of other studies [23, 24, 31], where DNA damage was assessed by 8hydroxy-2´-deoxyguanosine (8-OHdG) – another marker of oxidative DNA damage [10].
Furthermore, we found a significant positive correlation between blood pressure and Olive
tail moment (Table 2). As reduced level of antioxidant enzymes is associated with the
increased levels of oxidative DNA damage [21, 38], our findings indicate increased
oxidative stress and lymphocyte DNA damage in hypertensive subjects in Bangladeshi
population.
A recent report observed a reduced TAS activity and increased lymphocyte DNA
damage in newly diagnosed essential hypertensive subjects. Significant improvement of
TAS and DNA damage was found after one year treatment with carvediol. [25]. This may
be due to the inherent antioxidative property of carvediol [24]. Decreased TAS and
increased lymphocyte DNA damage has also been reported in subjects with white-coat
hypertension [34]. Moreover, another recent study on Chinese Han adults [26] concluded
that oxidative stress as assessed by plasma reactive carbonyl species (RCS) is a reliable
risk factor for developing hypertension. Since there is an upward trend in the prevalence
of hypertension in Bangladesh [39], our results may provide additional information for the
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management of hypertension by evaluating oxidative stress and oxidative DNA damage in
hypertensive subjects in Bangladeshi population.
5. Conclusion
This study reveals that endogenous antioxidant is lower, and the oxidative stress and the
extent of oxidative DNA damage are higher in hypertensive subjects than in normotensive
subjects and DNA damage is positively related to blood pressure.
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