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Abstract 
 

This study was undertaken to evaluate the serum levels of antioxidant enzymes and marker 
of lipid peroxidation and compare oxidative stress level among normotensive, prehyperten-
sive and hypertensive subjects. In this cross sectional study 25 normotensive,15 prehyper-
tensive and 25 hypertensive subjects were included. The potential participants were sub-
jected to selection protocol consisting of clinical history, physical examination and appro-
priate test. All subjects underwent blood pressure measurement and markers of oxidative 
stress were estimated in serum. Exclusion criteria were smoking, diabetes, asthma, COPD, 
malignancies, chronic diseases, and current use of any medication including dietary supple-
ments Present study showed strong association of oxidative stress with high blood pressure 
and there was positive correlation between marker of oxidative stress and systolic and dia-
stolic blood pressure. 
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Introduction 
 
Cardiovascular disease counted 2.3 million death in India 
in year 1990; this is predicted to double by the year 2020. 
Hypertension is directly responsible for 57% of all stroke 
death and 24% of all coronary heart disease in India [1]. 
Although it has frequently been indicated that the causes 
of essential hypertension are not known, this is only par-
tially true. Essential hypertension is a heterogeneous dis-
order, with different patients having different causal fac-
tors that lead to high blood pressure.  
 
Oxidative stress is described as  a condition in which cel-
lular antioxidant defenses are inadequate to completely 
inactivate the reactive oxygen species (ROS) and reactive 
nitrogen species (RNS) generated because of their exces-
sive production , loss of antioxidant defenses, or both [2]. 
Vascular oxidative stress has been demonstrated in spon-
taneous (genetic) and experimental models of hyperten-

sion [3,4].  Studies using nonspecific markers of oxidative 
damage have observed higher superoxide and hydrogen 
peroxide production in hypertensive subjects, which re-
turned to levels observed for control subjects after blood 
pressure reduction [5]. Russo et al. [6] showed that essen-
tial hypertension is associated with greater than normal 
lipoperoxidation and an imbalance in antioxidant status, 
suggesting that oxidative stress is important in the patho-
genesis of essential hypertension or in arterial damage 
related to essential hypertension. However, no difference 
was found in levels of some antioxidants between hyper-
tensive patients and normal control subjects by Tse, Max-
well, Thomason, Blann, Thorpe, Waite, Holder R [7]. Simi-
larly Ward et al. [8] have recently demonstrated no differ-
ence in either plasma or 24-h urinary F2-isoprostanes in 
treated or untreated hypertensive subjects compared with 
normotensive control subjects. So the role of oxidative 
stress in hypertension has become debatable. 
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This study was conducted with the following objectives: 
 

1. Evaluate and compare the level of antioxidant en  
zymes namely Superoxide Dismutase(SOD), Cata-
lase and Glutathione Peroxidase (GPX) between 
normotensive, prehypertensive and hypertensive 
subjects. 

2. Evaluate and compare the level Malondialdehyde (MDA)   
which is marker of lipid peroxidation, between normotensive, 
prehypertensive and hypertensive subjects. 
3. To determine correlation between between antioxidant en-
zymes and blood pressure. 

4. To determine correlation between between MDA and 
blood pressure. 
5. To determine the relationship between blood pressure 
and oxidative stress and association of oxidative stress with 
hypertension.  
 
Material and Method 
 
A cross-sectional design was applied to 25 healthy nor-
motensive,15 prehypertensive and 25 hypertensive sub-
jects. On the basis of blood pressure level following  
groups were made according to JNC-VII classification 
[9]. 

 
Group Systoloc blood pressure 

(mm hg) 
Diastolic blood pressure (mm hg) 

Normotensive (control) <120 <80 

Prehypertensive (cases) 120-139 80-89 

 Hypertensive (cases) ≥140 ≥90 
 

Subjects included in this study were between 30-60 years. 
Control group included normotensive subjects with blood 
pressure of ≤120/80 mm Hg while cases included those 
with blood pressure of >120/80 mm Hg. Case group were 
subdivided in two category (i) Prehypertensive group with 
systolic blood pressure of 120-139 mm Hg and diastolic 
blood pressure of 80-89 mm Hg. (ii) Hypertensive group 
with systolic blood pressure of  ≥140 mm Hg and dia-
stolic blood pressure of  ≥90 mm Hg. Cases group include 
only untreated essential hypertensive subject. Exclusion 
criteria were smoking, diabetes, asthma, COPD, malig-
nancies, chronic diseases, and current use of any medica-
tion including dietary supplements. The potential partici-
pants were subjected to selection protocol consisting of 
clinical history, physical examination and appropriate 
test. Blood pressure was recorded by auscultatory method 
by using sphygmomanometer on regular working day in 
left arm in sitting position. 

Under aseptic conditions and with prior consent of sub-
ject, 5ml of blood samples was drawn from peripheral 
vein and was centrifuged at 3000 rpm for fifteen minutes. 
The serum was subjected to estimation of Malondialdehye 
(MDA) which is a marker of lipid peroxidation and anti-
oxidant enzymes namely Catalase, Glutathione peroxidise 
(GPX), Superoxide Dismutase(SOD) by prior adopted 
method [10,11,12,13]. Protein content of serum was esti-
mated by the method put forth by Lowry [14]. Antioxi-
dant enzymes were expressed with respect to serum pro-
tein level. 

 The study protocol was approved by ethics committee of 
institution. All participants signed a written consent form 
and no complications was encountered during the study. 

Statistical analysis 
Statistical analysis was done using statistical package for 
social science (SPSS 17) . The results were expressed as 
Mean±Standard Deviation (SD). Differences between the 
groups was analysed using one way ANOVA with the 
post hoc Tukey test. Pearson’s correlation was applied to 
determine the relationships between variables. Statistical 
significance was defined at P<0.05. 
 
Result 
 
Clinical characteristics and serum level of markers of 
oxidative stress in normotensive, prehypertensive and 
hypertensive groups are shown in Table-I. Anti-oxidant 
enzymes (SOD, Catalase, GPX) were significantly de-
creased  in prehypertensive and hypertensive group when 
compared with normotensive group. Similarly Anti-
oxidant enzymes level was significantly decreased in hy-
pertensive group when compared to prehypertensive 
group. MDA level was significantly increased in  hyper-
tensive  group when compared with normotensive group 
but there was no significant difference in MDA level be-
tween prehypertensive and normotensive group(p>0.05). 
MDA level was significantly increased in hypertensive 
group as compared to prehypertensive group  as per Table 
II. 
 
Table III, and Table iv. shows that  there was negative 
correlation between antioxidant enzymes and systolic and 
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diastolic blood pressure.MDA level showed positive cor-
relation with systolic and diastolic blood pressure. This 

shows that there is positive correlation between oxidative 
stress and level of blood pressures 

Table 1.  Clinical characteristics and serum level of marker of oxidative stress in Normotensive, Pre-hypertensive and 
Hypertensive group . 
 
 Normotensive     

(N=25) 
Pre-hypertensive 
(N=15) 

Hypertensive 
(N=25) 

Age(year) 39.72±9.04 44.73±6.12 51.04±3.27 
Male 14 9 17 
Female 11 6 8 
Height (cm) 161.72±6.23 163.46±6.58 163.44±6.11 
Weight (kg) 61.04±9.28 65.47±7.46 65.56±7.10 
bmi (kg/m²) 23.25±2.83 24.39±2.06 24.48±1.71 
Systolic bp (mmhg) 114.32±2.68 135.20±2.36 160.32±11.51 
Diastolic bp (mmhg) 75.04±2.16 85.33±2.58 102.40±10.86 
Sod (u/mg of serum protein 9.37±0.29 9.19±0.10 8.73±0.11 
Catalase (u/mg of serum protein 9.07±0.07 8.98±0.07 8.57±0.17 
GPX (nadph/min/mg of serum protein 57.09±0.33 55.94±0.30 51.25±1.95 
MDA (nmol/ml) 1.24±0.03 1.26±0.01 1.39±0.11 
Data presented are mean±SD. 

 
Table 2. Comparison of Marker of Oxidative Stress Between Normotensive,  Prehypertensive and Hypertensive Subjects. 
 
 Normotensive 

(25) 
Prehypertensive 

(15) 
Hypertensive 

(25) 
P-value. 

BMI( kg/m²) 23.25±2.83 24.39±2.06* 24.48±1.71*# P>0.05 
SOD (U/mg of serum protein 9.37±0.29 9.19±0.10** 8.73±0.11**## P<0.05 
CATALASE (U/mg of serum protein 9.07±0.07 8.98±0.07** 8.57±0.17**## P<0.05 
GPX (NADPH/min/mg of serum protein 57.09±0.33 55.94±0.30** 1.25±1.95**## P<0.05 
MDA (nmol/ml) 1.24±0.03 1.26±0.01*    1.39±0.11**## P<0.05 

Data presented are mean±SD. Analysis of data was done by one-way ANOVA and post-hoc by Tuky test.  
The * depicts comparison with normotensive  and the # depicts comparison with prehypertensive. ** P < 0.05; ## P < 0.05. 

Table 3.  Pearson’s Correlation Between Systolic blood 
pressure  and Markers of Oxidative Stress. 

 
Enzyme R-Value 

 
SOD -0.785** 
CATALASE -0.859** 
GPX -0.944** 
MDA 0.795** 
 ** P< 0.05 

 
Table 4.  Pearson’s Correlation Between Diastolic blood 
pressure  and Markers of Oxidative Stress. 
 

Enzyme R-Value 
 

SOD -0.762** 
CATALASE -0.844** 
GPX -0.951** 
MDA 0.860** 
  ** P< 0.05 

 
Discussion 
 
ROS play a physiological role in vessel wall and partici-
pate as second messengers in endothelium dependent 
function in smooth muscle and endothelium cell growth 
and survival and in remodeling of vessel wall. Each of 
these response, when uncontrolled contribute to vascular 
disease (Irani et al-2000, Taniyama et al-2003)[15,16]. 
Free radicals have diverse roles in the vascular redox sys-
tems in the patients of hypertension, thus  the complexity  
of the redox signaling in the distinct spatial spectrums 
should be considered for a better understanding of the 
hypertension. Our study demonstrated decrease in anti-
oxidant enzymes in prehypertensive group and hyperten-
sive group when compared with control group.There was 
increase in MDA level in hypertensive group when com-
pared with normtensive group. Also antioxidant enzymes 
showed negative correlation with systolic and diastolic 
blood pressure .Similarly MDA showed positive correla-
tion with systolic and diastolic blood pressure.Thus it 
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showed that oxidative stress is associated with hyperten-
sion and there is positive correlation between oxidative 
stress and blood pressure.   
The explanation for reduced SOD activity is possible due 
direct inactivation of enzymes by hydrogen peroxide or 
by the superoxide anion itself (Salon DC et al-1998, Sinet 
PM et al-1981)[17,18]. The decrease in Catalase activity 
in our study may be attributed to its inactivation as a re-
sult of continuous exposure to hydrogen peroxide and 
hydrogen peroxynitrite. The decrease can also be due to 
down regulation of its gene expression (Simic DV et al-
2006)[19]. Pedro-Batet J et al-2000[20] observed reduc-
tion in SOD and GPX activity in newly diagnosed un-
treated hypertensive compared with control subject with 
SOD activity being inversely correlated with blood pres-
sure with the hypertensive group but not in control sub-
ject. Radon J et al-2003[21] found that activity of antioxi-
dant enzymes were significantly lower in whole blood 
from hypertensive patients compared with those of nor-
motensive subjects. 
 
Cracowski JL[22] et al-2003 found that  in never-treated 
mild-to-moderate hypertension, lipid peroxidation  was  
not increased suggesting that ROS may not be critical in 
the early stages of  human hypertension, but could be 
more important in severe hypertension  which is consis-
tant with present study. Nwanjo HU et al-2007[23] re-
ported increase in plasma MDA level, which is marker of 
lipid peroxidation due to oxidative stress. Similarly Par-
mer RJ et al-2000[24] also reported higher production of 
hydrogen peroxide in treated and untreated hypertensive 
subjects compared with normotensive subjects with a sig-
nificant correlation between hydrogen peroxide level and 
systolic blood pressure.They above mentioned studies 
support our observation that there is association of oxida-
tive stress and hypertension and there is positive correla-
tion between serum level of marker of oxidative stress 
and high blood pressure.  
It has become clear that virtually all cells in the vessel 
wall (endothelial, smooth muscle and adventitial cells) 
produce ROS in varying amount and in response to di-
verse stimuli, which can act in an autocrine or paracrine 
fashion to modulate cellular function (Griendling et al, 
2000) [25]. The major vascular ROS is superoxide anion 
(.O2ˉ), Which inactivate nitric oxide(NO), the main vas-
cular relaxing factors, thus impairing relaxation (Cai & 
Harrison et al-2000)[26]. Also ROS causes depletion of 
tetrahydrobiopterin(BH4), an important NO synthase co-
factor(Vaziri ND et al-2000)[27]. Dismutation  of .O2ˉ by 
Superoxide Dismutase (SOD) produce hydrogen peroxide 
(H2O2), a more stable ROS, which in turn is converted to 
water by Catalase and Glutathione peroxidase. H2O2 and 
other peroxidase appear to be important in the regulation 
of the growth-related signaling in vascular smooth muscle 
cells and inflammatory response in vascular lesion (Li PF 
et al, 1997)[28]. ROS causes structural and functional 
alteration by several ways, including direct damage to 

endothelium cell eicosanoid metabolism, altered redox 
state, increase in intracellular free calcium concentration 
and stimulation of inflammatory and growth signaling 
events(Zalba G et al-2001, Chen X et al-2001, Schiffrin 
EL et al-2002)[29,30,31]. Thus oxidative stress promotes 
vascular smooth cell proliferation and hypertrophy and 
collagen deposition leading to thickening of vascular me-
dia and narrowing of vascular lumen. Oxygen radicals 
may also induce endothelial permeability with extravasa-
tion of plasma protein and macromolecules and recuruit-
ment of inflammatory proteins and cells, which could 
further impair endothelial function and aggravate vascular 
damage. All these effects on vasculature may explain how 
oxidative stress can cause hypertension. 
 
The major limitation of our study was the small sample 
size.Financial constraints were the main cause of choos-
ing a small sample size. Multi centric studies with larger 
numbers of subjects are required to extrapolate these re-
sults to the general population. 
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