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Abstract : There is growing evidence that oxidative stress contributes to
the pathogenesis of hypertension. Our aim was to measure oxidative stress
in hypertensive subjects, and assess the potential confounding influences
of antihypertensive therapy. Serum malondialdehyde and antioxidant levels
were estimated in patients at the time of presentation and also after a
antihypertensive therapy for 3 months. During the period of study no
antioxidant/s was given to the patients and control subjects. Mean blood
pressure values were altered in the hypertensive patients following
antihypertensive therapy from their respective values observed at the time
of presentation. Serum malondialdehyde levels were significantly higher in
the hypertensive patients in comparison to control cases. The antioxidant
activity of enzymes super oxide dismutase, glutathione and non enzymatic
antioxidant levels of vitamins E and C were significantly lower in patients
compared to controls. After 3 months of antihypertensive treatment all the
above parameters showed reversal in the respective levels of serum
malondialdehyde and antioxidant activity. Antihypertensive medications
lower the blood pressure and thereby results in reduced oxidative stress
which indicates that oxidative stress is not the cause, but rather a
consequence, of hypertension.
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INTRODUCTION however, human studies

have

been

Hypertension is associated with increased
vascular oxidative stress; however, there is
still a debate whether oxidative stress is a
cause or a result of hypertension. Animal
studies have generally supported the
hypothesis that, increased blood pressure is
associated with increased oxidative stress;

inconsistent (1). Oxidative stress promotes
vascular smooth muscle cell proliferation and
hypertrophy and collagen deposition, leading
to thickening of the vascular media and
narrowing of the vascular lumen (1). In
addition, increased oxidative stress may
damage the endothelium and impair the
endothelium-dependent vascular relaxation
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and increases vascular contractile activity (1).
All these effects on the vasculature may
explain how increased oxidative stress can
cause endothelial dysfunction. Treatment
with antioxidant supplements have failed
to show any consistent benefit (1). Our
aim was to measure markers of oxidative

stress in hypertensive patients, and to
assess the influence of antihypertensive
therapy.

MATERIAL AND METHODS

The present study includes 50 cases of

hypertensive patients selected from the
outpatient Department of Medicine, Sir
Sunder Lal Hospital, Banaras Hindu

University, and Varanasi according to the
criteria of the VI Joint National Committee
(2). Clinical assessment included medical
history and physical examination. 20 healthy,
normotensive individuals matched for age
and sex with blood pressure <140/90 mm
Hg were selected as a control group.
Patients were on p-blockers and diuretics
(antihypertensive medication) without any
antioxidants for a period of three months.
The antihypertensive therapy comprised of
50 mg atenolol combined with 12.5 mg
hydrochloro thiazide. Both control and
patients were counseled for adequate
nutrition through a balanced and varied diet
comprising of diet rich in high potassium 7
g/day, low in saturated fat, sugar and salt.
Patients as well as controls were advised
high potassium food such as fruits,
vegetables, and low fat diary foods-low in
saturated fat, total fat, and cholesterol with
reduced salt and sodium in the diet.
Informed consent of each participant was
obtained for induction into purely scientific
enquiry necessitating blood samples.
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Blood pressure measurement

Blood pressure of the patients was
measured with a mercury sphygmomanometer
in the sitting position after 5 minutes of rest
in a quiet environment following the
recommendations of the British Hypertension
Society (3). Mean of 3 readings of systolic
blood pressure (SBP) and diastolic blood
pressure (DBP) (Korotkoff phase | and phase
V, respectively) were taken at 5-minutes
interval.

Collection of blood sample

About 7 ml of fasting venous blood sample
was collected from each patient as well as
control subjects. Serum malondialdehyde
level along with enzymatic (superoxide
dismutase, glutathione peroxidase) and non-
enzymatic (vitamin E and C) antioxidant
levels were assayed from the serum of each
sample.

Oxidative stress, enzymatic antioxidants and
vitamin assay

Serum malondialdehyde levels in the
patients and control were assayed by
thiobarbituric acid technique of Philpot (4).
Assay of super oxide dismutase (SOD) was
based on the ability of the enzyme to inhibit
the auto oxidation of pyrogallol (5). The
enzyme inhibition caused by the serum was
calculated and the enzyme activity was
expressed in mg protein/ml of serum.
Glutathione peroxidase (GSH) determination
was performed using Ellman’s reagent (6).
The value of GSH was expressed in uM of
DTNB conjugated/mg of protein. Assay of
vitamin E was estimated using the method
of Baker and Frank (7). Serum tocopherol



Indian J Physiol Pharmacol 2008; 52(3)

level was assayed by the technique of Denson
and Bower (8). Student’s t test was employed
for the statistical analyses of data to compare
each group. The data were presented
as mean+ SEM. Pearson’s correlation
coefficient was wused to compare the
correlations.

RESULTS

Fifty cases of hypertension in the age
group of 56+9 years were compared with 20
healthy normotensive control individuals.
Mean blood pressure of the patients in the
studied group at the time of presentation
varied from 150/96 to 200/120 mm Hg. Five
patients (10%) had mild hypertension and
were asymptomatic. 23 (46%) patients had
moderate hypertension and 22 (44%) were
having severe hypertension in the studied

group. Headache was the most common
symptom in the hypertensive patients,
followed by restlessness, palpitation,

dizziness, dyspnoea and easy fatigability.
Dyslipidemia was present in 19 (38%)
patients. Most of the patients had increased
levels of LDL and cholesterol, and decreased
levels of HDL.

Before the antihypertensive therapy
serum malondialdehyde level was significantly
raised in hypertensive patients in comparison
to the control cases (Table I). Antioxidant
enzyme activity of superoxide dismutase,
glutathione peroxidase and non enzymatic
antioxidant activity levels of vitamin E
and vitamin C were significantly lower
in patients (Table 1). Antihypertensive
medications for a period of three months to
the hypertensive patients lowered their
blood pressure along with the serum
malondialdehyde levels. Also, there was a
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TABLE I: Serum MDA level and antioxidant
Enzyme activities in control and essential
hypertension cases without and with
antihypertensive treatment.

Hypertensive Patients

Variables Control (n=50)
(n=20)
Pre- Post-
treatment treatment
(after 3
months)
MDA 0.21+0.53 0.33+0.07* 0.23+0.06*
(m Mol/L)
SOD (mg 20.12+3.65 6.93+1.35* 10.66+2.91*
protein/ml
of serum)
GSH (M 0.13+0.03 0.05+0.01* 0.09+0.02*
of DTNB
conjugated/
ml of protein)
Vitamin E 11.84+1.21 9.58+1.46* 11.02+1.44*
(mg/L)
Vitamin C 2.12+1.81 1.89+0.23* 1.97+0.24%
(mg/dl)

Pre-treatment vs. control *P<0.01.
Post-treatment vs. pre-treatment #P<0.01.

decline in the elevated values of superoxide
dismutase, glutathione peroxidase, vitamin
E and C activity.

DISCUSSION

The present study demonstrates
antihypertensive therapy causes decrease in
the blood pressure and serum MDA levels of
the hypertensive patients. Following
antihypertensive medication there was
reduction in the oxidative stress. Similar
studies using nonspecific markers of
oxidative damage have observed higher
superoxide and hydrogen peroxide production
in hypertensive subjects, which returned to
levels observed for control subjects after
blood pressure reduction (9). Russo et al.
(10) showed that essential hypertension is
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associated with greater than normal
lipoperoxidation and an imbalance in
antioxidant status, suggesting that oxidative
stress is important in the pathogenesis of
essential hypertension or in arterial damage
related to essential hypertension. Reductions
in superoxide dismutase and glutathione
peroxidase activity have been observed in
newly diagnosed untreated hypertensive
subjects compared with control subjects, with
superoxide dismutase activity being inversely
correlated with blood pressure within the
hypertensive group, but not control subjects
(11). Higher production of hydrogen
peroxide has also been observed in treated
and untreated hypertensive subjects
compared with normotensive subjects, with
a significant correlation between hydrogen
peroxide levels and systolic blood pressure
(12).

There is growing evidence that increased
oxidative stress and associated oxidative
damage are mediators of vascular injury in
cardiovascular pathologies, including
hypertension, atherosclerosis, and ischemia-
reperfusion (13). Increased production of
superoxide anion and hydrogen peroxide has
been demonstrated in experimental and
human hypertension. This development has
evoked considerable interest because of the
possibilities that therapies targeted against
reactive oxygen intermediates by decreasing
generation of reactive oxygen species and/or
by increasing availability of antioxidants,
may be useful in minimizing vascular injury
and hypertensive end organ damage (13). The
endothelial dysfunction associated with
hypertension and diabetes leads to an
increase in free radical formation and
enhances oxidation of low density lipoproteins
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[LDL] (14.15). Conventional oxidizability
assay is based on measurement of conversion
of polyunsaturated fatty acid of LDL
to hydroperoxides. Lipid hydroperoxides
decompose to form a variety of products
including malondialdehyde. Malondialdehyde
is used as an indicator of oxidative damage
of cells and tissues.

Unlike the findings in animal models, the
association between oxidative stress and
hypertension in humans is less consistent,
and results vary depending on the marker
of oxidative damage being investigated
(16). Thus, the evidence to support using
antioxidants as a blood pressure—-lowering
agent is limited. It is note worthy that
antihypertensive drug therapy, in addition
to the blood pressure—lowering properties,
also has beneficial effects on both oxidative
stress and endothelial function. Treatment
with a p-blocker or angiotensin receptor
blockers has been shown to reduce both blood
pressure and markers of oxidative damage
(17). Similarly, other studies have reported
beneficial effects on blood pressure, oxidative

stress, and endothelial function after
treatment with ACE inhibitors (18) or
calcium antagonists (19).

In conclusion oxidative stress is
associated with hypertension; however, it
is unclear whether reactive oxygen
species initiate the development of

hypertension, or if they are a consequence

of the wvascular damage observed in
hypertension. The potential value of
antioxidant supplements to reduce blood

pressure via reductions in oxidative stress
is limited. In some cases, their use may even

be detrimental.



Indian J Physiol Pharmacol 2008; 52(3)

10.

11.

Oxidative Stress in Hypertension 287

REFERENCES

Grossman E. Does increased oxidative stress
cause hypertension? Diabetes Care 2008; 31:
S185-S189.

The sixth report of the Joint National
Committee on prevention, detection evaluation
and a treatment of high blood pressure. Arch
Intern Med 1997; 157: 2413-2447.

Redon J, Oliva M R, Tormos C, Gine V, Chaves
J, Iradi A, Saez G T. Antioxidant Activities and

Oxidative Stress byproducts in Human
Hypertension. Hypertension 1997; 157: 2413-
2447.

Philpot JSL. Estimation and identification of

organic peroxides. Radiation Res Suppl 1963; 3:
55-70.

Marklund S, Marklund G. Involvement of the
superoxide anion radical in the auto oxidation
of pyragallol and a convenient assay for
superoxide dismutase. Eur J Biochem 1974; 47:
469-474.

Beutler E, Duron O, Kelly BM. Improved method
for the determination of blood glutathione J
Lab Clin Med 1963; 61: 882-888.

Baker H, Frank O. Clinical Vitaminology, p. 172,
N.Y. Wiley.

Varley’s Practical Clinical Biochemistry Ed. AH.

Gowenlock, 6% Ed. 1988, p.902, Heinemann
Medical Books, London.

Kumar KV, Das UN. Are free radicals involved
in the pathobiology of human essential
hypertension? Free Radic Res Commun 1993;
19: 59-66.

Russo C, Olivieri O, Girelli D, Guarini P, Carletto
A, Corrocher R. Anti-oxidant status and lipid
peroxidation in patients with essential

hypertension. J Hypertens 1998; 16: 1267-1271.

Pedro-Botet J, Covas MI, Martin S, Rubies-Prat
J. Decreased endogenous antioxidant enzymatic
status in essential hypertension. J Hum
Hypertens 2000; 14: 343-345.

12.

13.

14.

15.

16.

17.

18.

19.

Lacy F, Kailasam MT, O’Connor DT, Schmid-
Schonbein GW, Parmer RJ. Plasma hydrogen
peroxide production in human essential
hypertension: role of heredity, gender, and
ethnicity. Hypertension 2000; 36: 878-884.

Touyz RM, Schiffrin EL. Oxidative stress in
arterial hypertension: oxidative stress and
hypertension. In: Atherosclerosis and oxidant

stress- A new perspective Ed. JordanL.Holtzman
Springer US. 2008: 51-78.

Quinones-Galvan A, Pucciarelli A, Fratta-Pasini

A, Garbin U, Franz F, Galetta F, Natali A,
Cominacini L, Ferrannini E. Effective blood
pressure treatment improves LDK-cholesterol

susceptibility oxidation in patients with essential

hypertension. Intern Med 2002; 250: 322-
326.
Oranje WA, Sels JP, Rondas-Colbers GJ,

Lemmens PJ, Wolffenbutte BH. Effect of
atorvastatin on LDL oxidation and antioxidants
in normocholesterolemic type 2 diabetic patients.
Clin Chem Acta 2001; 25: 311: 91-94.

Ward NC, Croft KD. Hypertension and oxidative
stress. Clin Exp Pharmacol Physiol 2006; 33:
872-876.

Saez GT, Tormos C, Giner V, Chaves J, Lozano
JV, lIradi A, Redon J. Factors related to the
impact of antihypertensive treatment in
antioxidant activities and oxidative stress by-
products in human hypertension. Am J Hypertens
2004; 17: 809-816.

Ghiadoni L, Magagna A, Versari D, Kardasz I,
Huang Y, Taddei S, Salvetti A. Different effect

of antihypertensive drugs on conduit artery
endothelial function. Hypertension 2003; 41:
1281-1286.

Taddei S, Virdis A, Ghiadoni L, Versari D,
Salvetti G, Magagna A, Salvetti A. Calcium
antagonist treatment by lercandipine prevents
hyperpolarization in essential hypertension.

Hypertension 2003; 41: 950-955.



