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Antihypertensive and antioxidant potential
of vanillic acid, a phenolic compound in
L-NAME-induced hypertensive rats:
A dose-dependence study
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We investigated the antihypertensive and antioxidant potential of vanillic acid (VA) in Nω-Nitro-L-arginine
methyl ester hydrochloride (L-NAME) – treated adult male albino Wistar rats. Treatment of rats with L-NAME
(40 mg/kg Bw for 30 days) caused a sustained increase in systolic- (SBP) and diastolic blood pressure
(DBP) and significantly decreased the concentration of nitrite/nitrate (NOx) in plasma as compared with
that in the control. Rats treated with VA restored SBP and DBP to normal level and preserve the plasma
NO metabolites concentration. Moreover, VA reduced lipid peroxidation products (thiobarbituric acid
reactive substances, lipid hydroperoxides, conjugated dienes) and significantly restored enzymatic
antioxidants (superoxide dismutase, catalase, and glutathione peroxidase), non-enzymatic antioxidants
(vitamin C, vitamin E, and reduced glutathione) in the plasma. To assess the toxicity if any of VA treatment,
hepatic and renal function markers were measured. Our results showed that the effect at a dose of
50 mg/kg Bw of VA was more pronounced than that of the other two doses, 25 and 100 mg/kg Bw. These
results were supported by histopathology studies. We conclude that VA possesses an antihypertensive
and antioxidant activity in L-NAME-induced hypertensive rats.
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Introduction
Cardiovascular diseases (CVD) are the leading cause
of death worldwide, accounting for an estimated 14
million deaths in 1990 and projected to cause 25
million deaths in 2020.1 Hypertension is an important
risk factor for CVD among the adult population and a
significant contributor to poor health, resulting in an
excess of both morbidity and mortality. Nitric oxide
(NO) is a vital regulator of vascular endothelial func-
tion and blood pressure. The chronic administration
of nitric oxide synthase inhibitors provides an animal
experimental model of hypertension.2 A recent study
focused on hypertension showed that an increase in
arterial blood pressure leads to a decrease in NO in
the circulation, which reflects the role of arginine-
NO in the pathophysiology of hypertension.3

Oxidative stress constitutes a unifying mechanism
of injury in many types of vascular diseases. It

occurs when there is a serious imbalance between
the generation of reactive oxygen species (ROS) and
the antioxidant defense systems in the body.4 The gen-
erated ROS induce lipid peroxidation, a type of oxi-
dative deterioration in polyunsaturated fatty acids
(PUFAs), which has been linked with altered mem-
brane structure and enzyme inactivation. Increases
in the levels of lipid peroxidation products such as
thiobarbituric acid-reactive substances (TBARS),
lipid hydroperoxides (LOOH), and conjugated
dienes (CD) appear to be the initial stage in the
tissue, making it more susceptible to oxidative
damage. There is a dynamic relationship between
ROS and antioxidants.5 Free-radical scavenging
enzymes such as superoxide dismutase (SOD), cata-
lase (CAT), glutathione peroxidase (GPx), and non-
enzymatic vitamin C, vitamin E, and reduced gluta-
thione (GSH) are cellular defense agents against oxi-
dative injury. The external antioxidants can scavenge
oxidative stress-generated free radicals and contrib-
utes to improved antioxidant status in the body.
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In recent years dietary agents such as increased con-
sumption of fruits, vegetables, whole grains, and fish
have been shown to be are important in the control
of CVD including hypertension.6 The protective
effects of plant ingestion can be due to the presence
of phenolic compounds and flavionoids. Phenolic
acids are hydroxylated derivatives of benzoic and cin-
namic acids. Vanillic acid (VA, 4-hydroxy-3-methoxy-
benzoic acid) is a phenolic derivative of edible plants
and fruits; its structure is given in Fig. 1. It is also an
intermediate in the production of vanillin from
ferulic acid.7 The largest amount of VA is found in
the plant roots of Angelica sinensis.8 It has several
medicinal properties including antifilarial,9 antibacter-
ial,10 and antimicrobial activities,11 free-radical
scavenging abilitity,12 and a chemopreventive
effect.13 Earlier reports from our lab showed the hepa-
toprotective effect of VA on actaminophen (APAP)-
induced toxicity in rats.14 Recently, there has been an
upsurge of interest to explore the antihypertensive and
antioxidant potential of natural products. Very few
scientific reports are available on the antihypertensive
and antioxidant effects of phenolic acids in hypertensive
rats. Hence, in view of the above facts, we evaluated the
antihypertensive effect ofVAonNitro-L-argininemethyl
ester (L-NAME)-induced hypertension in rats.

Material and methods
Experimental animals
All the experiments were carried out with male albino
Wistar rats weighing 180–220 g, obtained from The
Central Animal House, Rajah Muthiah Institute of
Health Sciences, Annamalai University, Tamilnadu,
India. They were housed in polypropylene cages
(47 cm × 34 cm × 20 cm) lined with husk, renewed
every 24 hours under a 12:12 hours light/dark cycle
at around 22°C. The rats had free access to tap water
and food. The rats were fed on a standard pellet diet.
The experiment was carried out according to the
guidelines of the Committee for the Purpose of
Control and Supervision of Experiments on Animals
(CPCSEA), New Delhi, India and approved by the
Animal Ethical Committee of Annamalai University.
(Proposal No.736: 2010).

Drug and chemicals
VA and L-NAME were purchased from
Sigma–Aldrich, Bangalore, India. All other chemicals

and analytical grades were obtained from Merck and
Himedia, Mumbai, India.

Model of L-NAME-induced arterial hypertension
L-NAME (40 mg/kg Bw) was dissolved in drinking
water and given to rats at an interval of 24 hours for
30 days. Tail cuff systolic blood pressure (SBP) was
measured using a tail cuff blood pressure measuring
system. SBP measurement was performed of 1–4
weeks.15

Experimental design
The animals were randomly divided into six groups of
six animals each as given below. VA was dissolved in
0.9% saline and administered at a dosage of 25, 50,
and 100 mg/kg Bw post-orally by intragastric intuba-
tion, once each day at 9–10 am for 30 days.

After 30 days of the treatment period all the animals
were anaesthetized between 8 and 9 am using intra-
muscular injection of ketamine (24 mg/kg Bw) and
sacrificed by cervical decapitation. Blood was col-
lected and serum and plasma were separated by cen-
trifugation. Tissues (250 mg heart and kidney and
100 mg aorta) were sliced into pieces and homogen-
ized in 5.0 ml of cold 0.1 M Tris-HCl buffer (pH
7.4). The homogenate was centrifuged at 56 × g for
10 minutes at 4°C in a cooling centrifuge. The super-
natant was collected in separate test tubes and used
for various biochemical estimations.

Blood pressure measurements
SBP and diastolic blood pressure (DBP) in unanesthe-
tized rats was measured by non-invasive tail cuff
plethysmography (IITC, model 31, Woodland Hills,
CA, USA). Tail blood pressure was tested once a
week till the end of the experiment. The tested rats
were restrained and the ambient temperature was con-
trolled at 32°C. After the blood pressure readings
stabilized, three consecutive readings were averaged.

Biochemical estimations
Estimation of NOx

Nitrite/nitrate (stable NO metabolites) in the plasma
samples were measured based on the Griess reaction,16

in which a chromophore with a strong absorbance at
550 nm is formed by reaction of nitrate with a
mixture of naphthylethylenediamine and sulfanila-
mide. The nitrate was reduced to nitrite by 30
minutes incubation with nitrate reductase in the

Figure 1 Chemical structure of VA (4-hydroxyl-3-methoxy
benzoic acid C8H8O4).

Group I Control (0.9% saline)
Group II Control+ VA (100 mg/kg Bw)
Group III L-NAME (40 mg/kg Bw)
Group IV L-NAME+ VA (25 mg/kg Bw)
Group V L-NAME+ VA (50 mg/kg Bw)
Group VI L-NAME+ VA (100 mg/kg Bw)
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presence of NADPH. The amount of nitrite/nitrate
present in the plasma sample was estimated from the
standard curve obtained. Nitrite/nitrate levels were
expressed as μmol/l.

Estimation of lipid peroxidation products and
antioxidant status
The levels of TBARS in plasma and the tissues (aorta,
kidney, and heart) were estimated by the methods of
Niehaus.17 The levels of LOOH were estimated by
the method of Jiang et al.18 and CD according to
Rao and Recknagel.19 The activities of enzymatic anti-
oxidants such as SOD, CAT, and GPx were assayed in
erythrocytes and tissues (aorta, kidney, and heart) by
the methods of Kakkar et al.,20 Sinha,21 and
Rotruck et al.22 The levels of the non-enzymatic anti-
oxidants GSH, vitamin C, and vitamin E were esti-
mated in plasma and tissues (aorta, kidney, and
heart) by the methods of Baker et al.23 and Ellman.24

Estimation of hepatic and renal function markers
The activities of serum aspartate aminotransferase,
alanine aminotransferase, alkaline phosphatase,
gamma-glutamyl transferase, urea, uric acid, and crea-
tinine were determined by the method proposed by
Raja and Deepa Mol.14

Histopathological examination
The heart tissue obtained from all experimental
animals was washed with 0.9% saline and then fixed
in 10% buffered neutral formalin solution. After fix-
ation, the heart tissue was processed and embedded
in paraffin. Then, the tissue was sectioned and
stained with hematoxylin and eosin dye and examined
with a high-power microscope and photomicrographs
were captured with a CCD cold camera.

Statistical analysis
Statistical analysis was performed by one-way analysis
of variance followed by Duncan’s multiple range test
(DMRT) using Software Package for the Social
Science software package version 12.00. Results were
expressed as mean± SD for six rats in each group.
P values <0.05 were considered significant.

Results
Table 1 shows the level of SBP and DBP measured by
plethysmography in conscious rats. L-NAME-treated
rats showed increases in SBP and DBP levels (P<
0.05) which were significantly attenuated by adminis-
tration of VA (25, 50, and 100 mg/kg Bw) throughout
the 30 days of the study. Oral treatment of VA in
control rats did not significantly modify SBP and
DBP. Among the three doses 50 mg/kg Bw improved
the SBP and DBP to near-normal level.

The plasma NO metabolites NOx (nitrite and
nitrate) were significantly decreased (P< 0.05) in
L-NAME-administered rats compared to control rats
(Fig. 2). The administration of VA for 4 weeks signifi-
cantly restored the level of plasma NO metabolites in
the L-NAME-treated rats.

The levels of TBARS, LOOH, and CD in the
plasma and tissues are summarized in Table 2. The
levels of TBARS, LOOH, and CD were significantly
(P< 0.05) elevated in the L-NAME-administered rats
and treatment with VA significantly decreased the
levels of TBARS, LOOH, and CD.

The activities of SOD, CAT, and GPx are given in
Table 3. SOD, CAT, and GPx activities were signifi-
cantly (P< 0.05) decreased in L-NAME-induced
hypertensive rats and treatment with VA significantly
restored the activities.

Changes in the levels of the non-enzymic antioxi-
dants vitamin C, vitamin E, and GSH in the plasma
and tissues are shown in Table 4. L-NAME hyperten-
sive rats exhibited (P< 0.05) a decrease in the levels of
vitamin C, vitamin E and GSH, and administration of
VA significantly increased the levels.

The rats treated with L-NAME showed a significant
(P< 0.05) increase in the levels of serum hepatic and
renal pathophysiological markers (aspartate aminotrans-
ferase, alanine aminotransferase, alkaline phosphatase,
gamma-glutamyl transferase, urea, uric acid, and creati-
nine) when compared with control rats, as shown in
Table 5. On treatment with VA, rats given L-NAME
showed a significant (P< 0.05) decrease in serum
hepatic and renal pathophysiological markers when
compared with L-NAME hypertensive rats and the
best effect was observed with the 50 mg/kg Bw dose.

Table 1 Effect of VA on SBP and DBP in control and L-NAME-induced hypertensive rats

Groups

SBP DBP

0th week 2nd week 4th week 0th week 2nd week 4th week

Control 105± 5.23 109± 9.51a 116± 7.89a 76± 7.32 78± 5.23a 80± 7.26a

Control+ VA (100 mg/kg Bw) 104± 6.58 107± 8.54a 114± 9.26a 75± 2.28 76± 9.3a 78± 7.21a

L-NAME (40 mg/kg Bw) 107± 5.21 156± 8.21b 185± 8.35b 78± 4.64 110± 7.56b 116± 9.26b

L-NAME+ VA (25 mg/kg Bw) 105± 6.24 132± 7.29c 148± 9.28c 76± 6.61 96± 6.21c 108± 7.20c

L-NAME+ VA (50 mg/kg Bw) 108± 7.10 115± 8.24d 126± 9.26d 77± 7.42 88± 6.26d 92± 6.21d

L-NAME+ VA (100 mg/kg Bw) 110± 9.26 128± 7.29e 134± 8.2e 72± 2.90 92± 8.29e 99± 8.95e

Values are mean± SD of six rats from each group.
Values not sharing a common superscript differ significantly at P< 0.05 (DMRT).
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Histopathological changes of the heart in control
and L-NAME-induced hypertensive rats were shown
in Fig. 3. L-NAME-treated rats showed a splitting of
cardiac muscle fibers and influx of inflammatory
cells. Treatment with VA at 50 mg/kg Bw brought
these changes toward near-normal morphology.
Control rats treated with VA at higher doses showed
normal muscle fibers without any pathological
changes.
Treatment with VA (50 mg/kg Bw) in L-NAME-

administered rats showed significant effects on blood
pressure and all other biochemical changes.
Histopathological examination also showed the pro-
tective effect of VA at 50 mg/kg Bw against heart
tissue damage. There was no obvious change in

normal control rats treated with VA at the higher
concentration.

Discussion
Hypertension is considered one of the most important
risk factors associated with the development of vascu-
lar diseases. NO synthesis and release by endothelial
cells contribute to the modulation of vascular tone.25

In addition, NO is important in other cellular events,
such as vascular smooth muscle cell proliferation.26

Besides, it is well established that chronic inhibition
of NO biosynthesis by in vivo administration of
L-NAME, an L-arginine analog, leads to arterial
hypertension and renal vasoconstriction,27 character-
ized by cardiac remodeling,28 an impairment of

Table 2 Effect of VA on TBARS, LOOH, and CD in plasma and tissues in control and L-NAME- induced hypertensive rats

Parameters Control

Control+ VA
(100 mg/
kg Bw)

L-NAME
(40 mg/kg Bw)

L-NAME+ VA
(25 mg/kg Bw)

L-NAME+ VA
(50 mg/kg Bw)

L-NAME+ VA
100 mg/
kg Bw)

Thiobarbituric
acid reactive
substances
(mmoles/100 g
wet tissue)

Plasma
(mmol/dl)

0.15± 0.01a 0.14± 0.02a 0.45± 0.46b 0.38± 0.15c 0.17± 0.22a 0.30± 0.02d

Aorta 0.42± 0.04a 0.40± 0.03a 1.92± 0.12b 1.36± 0.12c 0.77± 0.55d 1.11± 0.83e

Kidney 1.42± 0.12a 1.35± 0.12a 4.22± 0.11b 3.42± 0.17c 1.45± 0.15a 2.72± 0.11d

Heart 0.52± 0.08a 0.45± 0.13a 3.17± 0.22b 2.62± 0.18c 0.65± 0.15a 1.55± 0.15d

Lipid
hydroperoxides
(mmoles/100 g
wet tissue)

Plasma
(mmol/dl)

8.92± 0.31a 8.75± 0.19a 21.48± 1.32b 18.57± 1.08c 10.41± 0.52a 15.53± 1.11d

Aorta 75.79± 5.65a 73.21± 4.37a 117.85± 8.65b 108.09± 6.76c 86.90± 8.35d 98.80± 8.35e

Kidney 63.69± 5.72a 60.71± 6.79a 157.14± 9.84b 148.21± 6.68c 77.19± 4.8d 117.06± 6.55e

Heart 66.07± 5.14a 64.28± 3.19a 129.16± 8.23b 120.80± 7.71c 76.19± 4.8d 105.95± 5.85e

Conjugated
dienes
(mmoles/100 g
wet tissue)

Plasma
(mmol/dl)

0.63± 0.03a 0.62± 0.36a 1.68± 0.04b 0.99± 0.12c 0.83± 0.13d 0.96± 0.14e

Aorta 39.87± 2.31a 38.12± 2.62a 63.96± 4.65b 59.40± 3.77c 46.27± 3.92d 52.62± 4.39e

Kidney 20.3± 2.56a 19.25± 1.82a 42.41± 1.91b 34.86± 3.50c 25.87± 6.68d 28.80± 1.18e

Heart 42.07± 2.72a 41.77± 3.67a 68.85± 4.83b 60.65± 2.22c 49.62± 4.44d 54.77± 4.63e

Values are mean± SD of six rats from each group.
Values not sharing a common superscript differ significantly at P< 0.05 (DMRT).

Figure 2 Effect of VA on plasma concentration of NOx in control and L-NAME-induced hypertensive rats. Values are mean± S.D.
of six rats from each group. Values not sharing a common superscript differ significantly at P< 0.05 (DMRT).
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endothelial-dependent relaxation,29 and renal function
changes.30 Chronic treatment with L-NAME-induces
hypertension and provides an experimental model to
study hypertension.31 Earlier studies have shown that
a decrease in plasma NO increases the blood pressure

in L-NAME-treated rats.32 We have shown that treat-
ment with VA (25, 50 mg, and 100 mg/kg) improved
plasma NOx and decreased SBP and DBP.

Oxidative stress can damage many biological mol-
ecules; indeed, proteins and DNA are often more

Table 3 Effect of VA on enzymatic antioxidant activities in erythrocytes and tissues in control and L-NAME-induced hypertensive
rats

Parameters Control
Control+ VA

(100 mg/kg Bw)

L-NAME
(40 mg/
kg Bw)

L-NAME+ VA
(25 mg/kg Bw)

L-NAME+ VA
(50 mg/kg Bw)

L-NAME+ VA
(100 mg/kg Bw)

Superoxide
dismutase

Erythrocytes
(U*/mg Hb)

8.30± 0.76a 8.08± 0.41a 3.10± 1.60b 3.94± 3.67c 6.77± 0.64d 4.52± 2.19e

Aorta (U*/mg
protein)

12.26± 1.85a 11.46± 2.19a 5.37± 0.40b 6.75± 0.60c 8.35± 0.55d 7.32± 0.61e

Kidney (U*/mg
protein)

15.77± 3.42a 14.50± 3.10a 8.09± 0.87b 8.70± 4.21c 12.73± 2.47d 10.02± 4.30e

Heart (U*/mg
protein)

6.72± 2.62a 5.83± 1.85a 2.30± 2.76b 3.74± 0.95c 5.01± 4.10a 3.68± 3.74e

Catalase Erythrocytes
(U#/mg Hb)

180.79± 9.47a 175.80± 7.30a 96.39± 8.66b 124.18± 6.62c 156.14± 8.13d 133.48± 7.65e

Aorta (U#/mg
protein)

54.46± 5.70a 52.28± 5.40a 28.49± 2.20b 37.79± 4.26c 48.66± 3.66a 41.21± 5.62d

Kidney (U#/mg
protein)

35.65± 2.09a 34.94± 3.22a 18.38± 2.87b 21.76± 3.53c 33.04± 4.63a 26.20± 2.70d

Heart (U#/mg
protein)

50.48± 6.86a 48.43± 7.85a 26.71± 2.20b 36.20± 2.12c 46.47± 4.56a 40.71± 4.10d

Glutathione
peroxidase

Erythrocytes
(U$/mg Hb)

14.32± 2.38a 13.35± 2.08a 6.69± 0.65b 8.27± 2.96c 13.10± 1.82a 10.52± 4.62d

Aorta (U$/mg
protein)

8.99± 2.40a 9.79± 1.54a 3.63± 1.20b 4.14± 0.78c 7.24± 2.40a 5.24± 2.16d

Kidney (U$/mg
protein)

12.42± 3.26a 11.25± 2.26a 3.73± 1.36b 4.44± 2.30c 10.91± 4.98d 5.56± 2.20e

Heart (U$/mg
protein)

8.84± 2.10a 8.20± 2.43a 3.65± 0.48b 4.10± 0.75c 7.10± 2.30a 6.18± 1.58d

U*, enzyme concentration required to inhibit the NBT to 50% reduction in 1 minute.
U#, μmol of H2O2 consumed/minute U$, μg of GSH utilized/minute.
Values are mean± SD of six rats from each group. Values not sharing a common superscript differ significantly at P< 0.05 (DMRT).

Table 4 Effect of VA on non-enzymatic antioxidant activities in plasma and tissues in control and L-NAME- induced hypertensive
rats

Parameters Control

Control+ VA
(100 mg/
kg Bw)

L-NAME
(40 mg/
kg Bw)

L-NAME+ VA
(25 mg/
kg Bw)

L-NAME+ VA
(50 mg/kg Bw)

L-NAME+ VA
(100 mg/
kg Bw)

Vitamin C Plasma (mg/dl) 2.56± 0.22a 2.51± 0.18a 0.84± 0.03b 1.24± 0.04c 2.19± 0.19a 1.42± 0.14e

Aorta (μg/mg
protein)

0.58± 0.11a 0.55± 0.08a 0.26± 0.05b 0.35± 0.54c 0.55± 0.083a 0.38± 0.50e

Kidney (μg/mg
protein)

0.75± 0.13a 0.680± 0.11a 0.31± 0.07b 0.43± 0.05c 0.66± 0.06a 0.55± 0.05e

Heart (μg/mg
protein)

0.616± 0.07a 0.580± 0.11a 0.250± 0.05b 0.330± 0.05c 0.530± 0.08d 0.380± 0.07e

Vitamin E Plasma (mg/dl) 1.88± 0.17a 1.12± 0.188a 0.61± 0.09b 0.99± 0.10c 1.74± 0.34d 1.32± 0.16e

Aorta (μg/mg
protein)

4.15± 0.35a 4.10± 0.24a 1.34± 0.24b 2.25± 0.20c 3.52± 0.45d 2.45± 0.31e

Kidney (μg/mg
protein)

4.33± 0.39a 4.29± 0.22a 1.55± 0.31b 2.03± 0.35c 3.70± 0.36d 2.60± 0.42e

Heart (μg/mg
protein)

4.25± 0.45a 4.32± 0.28a 1.48± 0.43b 2.14± 0.30c 3.70± 0.36d 2.48± 0.58e

Reduced
glutathione

Plasma (mg/dl) 36.76± 2.75a 34.91± 3.21a 17.40± 4.36b 24.76± 3.13c 31.18± 4.07d 27.18± 2.10e

Aorta (μg/mg
protein)

8.71± 1.41a 8.35± 2.07a 3.91± 1.10b 4.26± 0.95c 7.46± 0.95d 4.82± 1.18e

Kidney (μg/mg
protein)

12.26± 0.89a 11.91± 1.41a 4.62± 0.87 b 5.33± 0.95c 9.42± 0.80d 6.75± 1.10e

Heart (μg/mg
protein)

9.24± 1.45a 8.88± 2.30a 3.73± 1.18b 4.26± 0.95c 7.64± 1.24d 5.15± 1.24e

Values are means± SD for six rats.
Values not sharing a common superscript differ significantly at P< 0.05 (DMRT).
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significant targets of oxidative injury than lipids, and
lipid peroxidation often occurs late in the injury
process.33 Large amounts of ROS such as superoxide,
hydrogen peroxide, and hydroxyl radicals are pro-
duced during hypertension. Our results showed that
the lipid peroxidation end products, measured as
TBARS, LOOH, and CD, were increased in plasma
and tissues of L-NAME-induced hypertensive rats.
Lipid peroxidation is an important pathogenic event
in hypertension and accumulation of LOOH reflects
the various stages of this disease and its compli-
cations.34 ROS have been shown to be a critical deter-
minant in hypertension. The increased levels of lipid
peroxides in L-NAME-induced rats might be due to
free-radical-mediated membrane damage. Oral treat-
ment with VA (25, 50, and 100 mg/kg Bw) signifi-
cantly decreased the levels of TBARS, LOOH, and
CD in L-NAME-treated rats.
Crucial components of the antioxidant defense

system in the body are cellular antioxidant enzymes,
which play a primary role in the maintenance of a
balanced redox status. A previous study has suggested
that the antioxidant enzymes SOD, CAT, and GPx
were significantly decreased in the erythrocytes and
tissues of L-NAME-induced hypertensive rats.32 In
the current study, VA administration significantly
improved the activities of SOD, CAT, and GPx. The
increased activities of these enzymes in VA-treated
rats might be due to the free-radical scavenging
ability of VA.12

The non-enzymatic antioxidants, namely vitamin C,
vitamin E, and GSH, scavenge the residual free

radicals escaping from decomposition enzymes.35

Ascorbic acid present in the aqueous environment
has multiple antioxidant properties including the
ability to reduce alpha-tocopheryl radicals present on
the surface of the membrane.36 GSH is a powerful
cellular antioxidant, which is directly involved in the
removal of superoxide radicals, peroxyl radicals, and
singlet oxygen.37 The lowered concentrations of
vitamin C, vitamin E, and GSH observed in L-
NAME-induced hypertensive rats might be due to
neutralizing the production of free radicals.
Treatment with VA enhanced the levels of non-enzy-
matic antioxidants in L-NAME-treated rats.
Hypertension is frequently associated with liver and

renal damage, which depends on the degree to which
the microcirculation is exposed to the elevated blood
pressure. Oxidative stress and alteration of cellular
redox status are linked to many types of acute and
chronic liver and kidney injury.38 The liver and
kidney actively detoxify and handle endogenous and
exogenous chemicals, making them vulnerable to
injury. Disruption of liver tissue architecture and
vacuolation under hypertension and NO-deficiency
are an indication of hepatic fatty infiltration and
hepatocellular injury.39 AST, ALT, and ALP are rela-
tively liver-specific enzymes. Elevation of AST, ALT,
and ALP activities in the plasma is the result of
leakage from damaged cells and therefore reflects hep-
atocyte damage.40 We found that the activities of
AST, ALT, ALP, and GGT in serum were signifi-
cantly decreased in VA treated rats when compared
with rats treated with L-NAME alone. The kidney

Table 5 Effect of VA on hepatic and renal function markers in serum of control and L-NAME-induced hypertensive rats

Parameters

Hepatic function markers Renal function markers

Aspartate
aminotransferase

(IU@/l)

Alanine
aminotransferase

(IU@/l)

Alkaline
phosphatase

(IU*/l)

Gamma-
glutamyl

transferase
(IU$/l) Urea (mg/dl)

Uric acid
(mg/dl)

Creatinine
(mg/dl)

Control 67.21± 4.24a 29.27± 1.56a 76.74± 3.35a 16.73± 1.28a 22.51± 2.62a 1.33± 0.10a 0.86± 0.07a

Control+ VA
(100 mg/
kg Bw)

66.55± 4.75a 27.98± 1.55a 75.46± 3.11a 15.91± 1.33a 20.35± 1.85a 1.28± 0.15a 0.85± 0.02a

L-NAME (40
mg/kg Bw)

122.28± 6.97b 65.89± 2.73b 127.05± 7.44b 35.02± 1.69b 44.42± 1.19b 3.70± 0.32b 2.70± 0.16b

L-NAME+ VA
(25 mg/
kg Bw)

110.44± 7.30c 53.11± 5.46c 118.17± 4.61c 28.42± 1.99c 38.16± 2.74c 3.02± 0.33c 2.22± 0.14c

L-NAME+ VA
(50 mg/
kg Bw)

75.32± 4.56d 36.94± 4.72d 85.00± 5.43d 21.18± 2.32d 27.91± 1.76d 1.85± 0.10d 1.10± 0.14d

L-NAME+ VA
(100 mg/
kg Bw)

87.71± 7.40e 50.98± 5.81e 106.99± 4.67e 26.08± 1.14e 34.83± 3.13e 2.76± 0.19e 1.66± 0.12e

IU@/l – μmol of pyruvate liberated per hour.
U*/l – μmol of phenol liberated per minute.
IU$/l – μmol of p-nitroanilide liberated per minute.
Values are means± SD for six rats.
Values not sharing a common superscript differ significantly at P< 0.05 (DMRT).

Kumar et al. Antihypertensive and antioxidant potential of VA

Redox Report 2011 VOL. 16 NO. 5 213



plays a central role in regulating of the balance of
body salt and water, and disordered regulation of
renal functions is responsible for the altered balance
of salt and water in pathophysiological states includ-
ing hypertension.41 Urea is the major nitrogen-con-
taining metabolic end-product of protein
metabolism; uric acid is the major product of purine
nucleotides; creatinine is endogenously produced to
release into the body fluids and its clearance is
measured as an indicator of glomerular filtration
rate.42 Our results clearly demonstrated that VA
administration significantly decreased serum concen-
trations of renal markers such as urea, uric acid,
and creatinine in the hypertensive rats. This shows
that VA partially preserves the functional capacity of
the kidney from the adverse effects of L-NAME.
Histopathological findings in VA treated hypertensive
rat heart were a near normal morphology with the
absence of necrosis compared to the pattern with
L-NAME treatment alone.

Conclusion
The present study overall demonstrated that VA at a
dose of 50 mg/kg Bw exhibited a greater antihyperten-
sive effect than the other two doses (25 mg and
100 mg/kg Bw), as evidenced by lowered blood
pressure, lipid peroxidation products, hepatic and
renal function markers and increased plasma NOx

level, and antioxidant status in the L-NAME-induced
hypertensive rats. Further investigations on the exact
mechanism of action of VA may identify a new
target and a novel therapy for hypertension.
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