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ABSTRACT

Introduction

There is a increasing amount of verification supporting

the view that oxidative stress is involved and plays a important

role in the pathophysiology of primary hypertension.

Objective:

This research examines the association of blood

pressure with blood oxidative stress-related parameters in

normotensive and hypertensive subjects.

Materials & Methods:

A cross-sectional design was applied to 32 hypertensive

patients and 33 healthy normotensive subjects. All subjects

were men between the ages of 35 and 60 years. Cases of

dyslipidemia, diabetes mellitus, obesity, smoking and those

taking  medication  were excluded from the study. In

erythrocyte lipid peroxidation (malondialdehyde) and reduced/

oxidized glutathione ratio (GSH/GSSG) were determined.

Parameters measured in the plasma of test subjects were

plasma antioxidant status, plasma vitamin C, vitamin E, lipid

peroxidation (8-isoprostane),  blood pressure modulators

renin, aldosterone, endothelin-1, and homocysteine.

Results:  Daytime systolic and diastolic blood pressures

of hypertensives were negatively correlated with plasma

antioxidant capacity (r=–0.54, p=0.001 and r=–0.60, p<0.001),

plasma vitamin C levels (r=–0.47, p=0.006 and r=–0.43, p=0.01),

erythrocyte activity of antioxidant enzymes, and erythrocyte

GSH/GSSG ratio, with hypertensives showing higher levels of

oxidative stress.

Conclusion:  Blood pressures showed a positive

correlation with both plasma and urine 8-isoprostane. These

results show a strong association between blood pressure and

some oxidative stress-related parameters and propose a

probable role of oxidative stress in the pathophysiology of

essential hypertension.
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isoprostane, oxidative stress, vitamin C

INTRODUCTION

Recently, many evidence has involved oxidative stress

in the mechanism of  hypertension.  Vascular oxidative stress

could be involved in the pathogenesis of hypertension1,2.

Imbalance between the generation of reactive oxygen species

(ROS) and the antioxidant defense results in Oxidative stress3,4.

The initially formed ROS is superoxide anion radical, produced

from NADPH oxidase (NOX), an enzyme subjected to regulation

by hormones.

Also, mechanical stimuli known to occur in blood

pressure elevation further contribute to increased ROS

production. Furthermore, increased intracellular calcium

concentration may result from ROS induced vasoconstriction,

hence increasing the development of hypertension5. Oxidative

stress probably causes  endothelial dysfunction, however it is

unknown whether this abnormality is a primary event or a

consequence of increased blood pressure6. It is well-known

that superoxide rapidly inactivates endothelium-derived nitric

oxide (NO), the most significant endogenous vasodilator, thus

promoting vasoconstriction7,8.

Moreover, exogenous administration of antioxidants

improve the vascular function and reduce the blood pressure

in animal models9,10 and in human hypertension11,12. The

available data are not decisive and the correlation between

blood pressure and oxidative stress in humans remains to be

revealed. The purpose of the present study was to investigate

the association of blood pressure with oxidative stress in

volunteer male normotensive and essential hypertensives.

METHODS AND MATERIALS

Study Design

The study protocol was approved by the Ethics

Committee of the Prathima Institute of Medical Sciences. A

cross-sectional design was conducted to 32 hypertensive

patients and 33 healthy normotensive subjects. All participants

signed a written consent form and no complications were

encountered during the study.

Patients

We selected untreated essential hypertensive

outpatients(stage 1)13. All subjects were males between the

ages of 35and 60 years. Hypertension was defined as mean
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daytime blood pressure values =135 mmHg systolic or =85

mmHg diastolic, by ambulatory blood pressure monitoring 14.

Exclusion criteria were obesity, smoking, (body mass index

[BMI] >30 kg/m2), diabetes,  hypercholesterolemia, current

use of any medication, including dietary supplements and

chronic diseases and Normotensive volunteer subjects

participated as controls. The potential participants were

subjected to a selection protocol consisting of clinical history,

physical examination and appropriate tests. Patients showing

evidence of target-organ-damage were excluded from the

study. Cardiovascular damage (myocardial hypertrophy and/

or valve dysfunction) was detected by echocardiographic

examination15. In addition, plasma creatinine levels and urine

analysis were used to detect renal damage.

Ambulatory Blood Pressure Monitoring

Blood pressures were determined through ambulatory

monitoring on a regular workday (over a period of 24 h

beginning at 9:30 AM) with an oscillometric monitor

previously checked for accuracy against simultaneous

measurements with a mercury sphygmomanometer. This

device fulfils the validation criteria of the British Hypertension

Society protocol16 and satisfies the criteria of the Association

for the Advancement of Medical Instrumentation (AAMI)for

studies under ambulatory conditions17. The blood pressure

analyzed was the mean daytime pressure value.

Assessment of Oxidative Stress–Related Parameters

Plastic tubes for 8-isoprostane samples were previously

treated with butylated hydroxytoluene (final concentration1

mmol/L). Venous blood samples were obtained in ice-cold

vacutainers. Erythrocyte lysates, plasma and urine samples

were stored at -70°C.

 Vitamin C was analyzed by a fluorometric method18,

and the inter Interassay and intra-assay coefficients of variation

were 4.9% and 2.7%, respectively. Plasma antioxidant status

was assessed by ferric reducing ability of plasma (FRAP), with

a detection limit of 10 µmol/L19. The inter-assay and intra-assay

coefficients of variation for FRAP were 3.0% and 1.0%,

respectively. The plasma uric acid levels were also assayed. Lipid

peroxidation was estimated through plasma and urine 8-

isoprostane concentrations, a reliable biomarker of oxidative

stress in vivo20, using an ELISA kit. The inter-assay and intra-

assay coefficients of variation were 9.5% and 10.7%,

respectively. Renin and aldosterone were determined by

radioimmunoassay, and homocysteine, folic acid and vitamin

B12, endothelin-1 by ELISA. Vitamin E was analyzed by high

performance liquid chromatography (HPLC)21, and the inter

assay and intra-assay coefficients of variation were 6.4% and

4.5%, respectively.

Assessment of Erythrocyte Antioxidant Status

Homogenized Lysates of erythrocytes were used for the

fluorometric determination of reduced glutathione (GSH)22. The

GSH/GSSG ratio was determined. In addition, superoxide

dismutase (SOD), catalase (CAT) and glutathione peroxidase

(GSH-Px) activities were also  Determined 23.

Table 1 : Clinical characteristics of essential hypertensive

patients and normotensive subjects

Table2. Plasma Blood Pressure Modulator Levels in the Study

Participants

Renin activity  ( pmol/L/Hr)

Aldosterone  ( nmol/L )

Endothelin- ( pmol/L )

Homocysteine ( µmol/L )

Folic acid  ( nmol/L )

Vitamin B12  ( pmol/L/)

20.79±2.62

0.24±0.03

2.43±0.32

9.90±0.41

46.2±1.25

232.6±7.83

Modulator
Hypertensive

patients  (n=32)

Normotensive

subjects ( n= 33)
P value

25.09±390

0.23±0.01

2.74±0.27

8.83±0.29

43.46±1.46

2.28±9.5

<0.001

0.07

<0.001

<0.001

<0.001

0.03

Table 3. Plasma, Erythrocyte and Urine Oxidative Stress–

Related Parameters of the Study Participants

Plasma FRAP ( µmol/L )

Vitamin C ( µmol/L )

Uric acid ( µmol/L )

Vitamin E  ( µmol/L )

8-Isoprostane (pmol/L)

305.4±9.5

34.6±2.0

306.9±12.0

15.2±1.1

114.32±3.5

Parameter

p value

Hypertensive

patients  (n=32)

Normotensive

subjects ( n= 33)
P value

436.2±14.7

41.68±2.0

295.4±10.2

15.4±1.1

76.6±3.5

<0.001

<0.001

<0.001

0.46

<0.001

Age ( years)

Body mass Index ( kg/m2)

Serum glucose (mmol/L)

Creatinine (µmol/L)

Total cholesterol (mmol/L)

HDLcholesterol (mmol/L)

LDL cholesterol (mmol/L)

Serum Triglycerides (mmol/L)

Daytime SBP (mmHg)

Daytime DBP (mmHg)

Heart rate (beats/min)

47.5±7.3

27.4±3.4

5.13±0.2

83.3±2.4

5.90±0.15

1.23±0.05

3.0±0.13

1.55±0.12

139.6±4.3

93.9±3.5

75.6±5.3

Characteristics
Hypertensive

patients (n=32)

Normotensive

subjects (n=33)
P value

46.3±9.2

26.7± 4.1

4.92 ± 0.006

80.5 ± 1.7

4.52±0.15

1.30±0.05

2.65±0.15

1.35±0.007

121±5.7

79.6±1.5

73.8±4.5

0.56

0.45

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.07
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Erythrocytes

Catalase (k/g Hb)

Superoxide dismutase (U/g Hb)

Glutathione peroxidase (U/g Hb)

GSH/GSSG ratio

Malondialdehyde (nmol/g Hb

Urine

8-Isoprostane (nmol/µmol

creatinine)

215.2±2.2

1,185±6

5.29±0.03

5.4±0.5

365.29±2.5

179.4±10.8

Parameter

p value

Hypertensive

patients  (n=32)

Normotensive

subjects ( n= 33)
P value

272.15±2.4

1,362±7

6.29±0.03

7.5±0.6

310.5±2.9

125.6±8.9

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Statistical Analysis

The essential sample size was considered using blood pressure

as the primary endpoint to detect a difference of about 20%

between the blood pressure levels and oxidative stress–related

parameters of control and study at a power of 80% and a p

value of 0.05. The source of variation was assessed by unpaired

Student’s t-test for normally distributed parameters. The

association of variables was studied by Pearson correlation test.

Descriptive statistics of variables used the mean and standard

error of mean.

RESULTS

Clinical Characteristics

Table 1 shows the clinical individuality of the 65 study

participants. All parameters were in the normal ranges and

showed no considerable differences between the two groups

except for the considerably higher daytime SBP and DBP in

the hypertensive group (p<0.001).

Blood Pressure Modulators and Oxidative Stress–Related

Parameters

Aldosterone, plasma renin, endothelin-1 and

homocysteine levels (Table 2) were not considerably different

between hypertensive and control subjects. But, the blood

antioxidant activity as assessed by  erythrocyte plasma FRAP,

GSH/GSSG ratio and the vitamin C levels were 30% ,28% and

17% lower in hypertensives than normotensives, respectively

(Table 3). Also, the erythrocyte activities of SOD CAT, and GSH-

Px of hypertensives were 13%, 21%, and 16% lower than the

respective normotensive values. In addition, the lipid

peroxidation of hypertensives, as assessed by erythrocyte

malondialdehyde (MDA) concentrations plasma and urine 8-

isoprostane, and  were 15%  33%,  and 30% higher respectively,

compared to normotensives.

In hypertensives  SOD activity was negatively correlated

with only SBP,  whereas in normotensives neither relation was

significant. In normotensives only the correlation between

daytime SBP and CAT activity was statistically significant.

Whereas the relation between daytime SBP and DBP  were

both negatively correlated with the activity of CAT in

hypertensives.

Negative correlations between daytime SBP or DBP and

the plasma FRAP for both normotensives and hypertensives.

In normotensives only the correlation between plasma vitamin

C and SBP was significant whereas in hypertensives, plasma

vitamin C levels were negatively correlated with SBP and DBP.

The erythrocyte GSH/GSSG ratio was not significantly related

to either SBP or DBP in normotensives. But, the erythrocyte

GSH/GSSG ratio  was negatively correlated with SBP and DBP

in hypertensives. Particularly, there was a strong positive

correlation between plasma and urine 8-isoprostane

concentrations and both SBP and DBP in both groups.

DISCUSSION

The present results demonstrate a strong association

between blood pressure and some oxidative stress–related

parameters. The increased oxidative stress levels that were

observed in essential hypertensive patients are consistent with

the findings of several previous studies24-26.  In some studies,

however, no significant increase in plasma 8-isoprostane levels

was observed 27-28 as these studies were performed either in

early stages of disease or with patients receiving statin

medication

As per the previous data essential hypertensive subjects

showed an impairment of the antioxidant defense system as

estimated by a diminution of plasma and erythrocyte

antioxidant status29-31.

 Additionally, the negative correlation between SBP and

DBP and the erythrocyte GSH/ GSSG ratio suggest the

importance of the blood antioxidant status in blood pressure

modulation. Previous studies found a negative correlation of

catalase activity with both daytime SBP and DBP in essential

hypertensives, 24  in accord with our results.

Normotensives did not prove any relationship between

blood pressure and the activity of most of the erythrocyte

antioxidant enzymes whereas hypertensives did deserves

special investigation. It is well known that exposure to ROS

increases the expression of antioxidant enzymes 32, 33. The blood

pressure and the erythrocyte GSH/GSSG ratio in hypertensives

were negatively correlated, this can indicate that GSH oxidation

by increased ROS is not followed by a compensatory response

of glutathione metabolism–related enzymes. However, this

correlation was not significant in normotensives probably

because of  lack of ROS increase that may be responsible to

change the erythrocyte GSH/GSSG ratio. Primary decrease in

the antioxidant defense system activity or an elevation of ROS

concentration leads to  oxidative stress. This disorder  leads to

oxidative damage to the antioxidant enzymes, thus causing

oxidative stress in hypertensives, and not in normotensives.

Elevations of blood pressure can also increase of ROS, thus

enhancing the mechanism of ROS-mediated hypertension

through a multifaceted dependency.
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On the other hand, the elevated plasma 8-isoprostane

levels in hypertensives has been proposed to be a contributory

factor in the increase of vascular peripheral resistance34, though

it needs confirmation. The strong positive association of both

SBP and DBP, with the plasma and urine 8-isoprostane

concentration indicate that lipid peroxidation should be

considered as a risk factor for blood pressure elevation.  The

increase in 8-isoprostane may be   from a primary metabolic

derangement or from the elevation of blood pressure itself. In

addition, decreased  plasma FRAP levels in hypertensives and

their strong negative correlation with SBP and DBP levels in

both groups suggests a role of the plasma antioxidant status

in the modulation of blood pressure. The result in hypertensives

are with low plasma levels of vitamin C, a contributor to FRAP.

The relationship of vitamin C and blood pressure is in accord

with previous studies that were performed on an epidemiologic

scale35, 36.

Even though our data were obtained from a lesser

sample, our access allowed us to study the role of oxidative

stress in the modulation of blood pressure. It is notable that

the effects of antioxidants and vitamin C in human

hypertension remain questionable37,38. Also, it has also been

recorded that the antioxidant  adrenomedullin may show

antihypertensive effects derived from its antioxidant properties
39. The suggestion that oxidative stress share the etiology of

essential hypertension is further supported by our present

finding that the plasma levels of the various modulators of

blood pressure were not considerably different between

normotensives and  hypertensives.

It was noteworthy that 8-isoprostane and FRAP had the

highest correlations with blood pressure among the oxidative

stress–related parameters considered.  Additionally, the

administration of candesartan and valsartan has been proved

to cause a decrease in oxidative stress in essential hypertensives
2,40. Antioxidant vitamins have been shown to exert

antihypertensive effects in hypertensive rats, even if the

extensibility of these results to human beings remain

controversial 41, and hopes the conclusion of large scale clinical

trials that are currently in progress. The use of only male

subjects restricts the value of the results of the present study.

It is  recognized that in women endogenous and exogenous

estrogens and progestogens, could be subjected to time-

dependent variations, be able to modulate renal sodium

metabolism as well as the activity of the RAAS 42.Yet, future

studies could  be done to analyze these issues.

CONCLUSION

Finally, these data provide evidence of blood pressure

modulation by measurable oxidative stress–related parameters

and give unique description of a functional dependence

between these  parameters. Hence, oxidative stress may be

considered as an adjuvant  therapeutic approach  for the

therapy of essential hypertension.
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