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Abstract

Hibiscus sabdariffa L., Malvaceae, was reported for its culinary and therapeutic uses, especially in
alternative medicine. The aqueous leaf extract of H. sabdariffa (AEHS) was evaluated for its
ameliorative potentials on salt-induced hypertensive rats using an in vivo assay. Hypertension was
induced experimentally in Groups 2 to 5 by placing the rats on high-sodium diet containing 8% sodium
chloride for 6 weeks. Rats in Group 1 were orally treated with distilled water (2 mL/kg) only as normal
control group. Groups 2 to 5 were treated with 2 mL/kg of distilled water (hypertensive control group),
and 100, 200, and 400 mg/kg of AEHS (test groups), respectively, once daily for 6 weeks during
hypertension induction. Blood pressure, heart rate and antioxidant parameters were determined.
Serum content levels of total cholesterol (TC), triglycerides (TAG), low-density lipoprotein cholesterol
(LDL-C), very low-density lipoprotein cholesterol (VLDL-C), and high-density lipoprotein cholesterol
(HDL-C) were also assessed. Treatment with AEHS significantly (P < 0.05) reduced systolic (SBP),
diastolic (DBP), mean arterial blood pressure (MAP) and heart rate (HR) in comparison to hypertensive
control group. The extract also exhibited a significant (P < 0.05) reduction in serum levels of TC, TAG,
LDL-C, VLDL-C and malondialdehyde (MDA) while a significant (P < 0.05) increase in serum activities of
superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), and HDL-C concentration
were observed. The results suggest that AEHS offered an ameliorative action against salt-induced
hypertension in Wistar rats. The ameliorative effect might be mediated via antihyperlipidemic and
antioxidative mechanisms.
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Introduction

Worldwide annually, an estimate of 17 million
premature deaths are recorded resulting from
cardiovascular diseases (CVD) with hypertension
being the leading CVD accounting for 55% of all
documented cases [1]. In developed as well as
developing countries, high blood pressure (BP)
remains a major public health challenge because of
its impact on the population mortality and morbidity
[2] The roles sodium as an important nutrient in the
body cannot be over emphasized most especially in
the proper functioning of muscles and nerves of the
body. It also plays crucial roles in auto regulation of
water and maintenance of body fluid balance [3].

Consumption of high-sodium diet presents a
major challenge to the kidneys to excrete large
amounts of salt intake. One of the principal organ
systems vulnerable to the devastating effects of
excessive dietary sodium intake is the cardiovascular
system. Previous reports in laboratory animal
studies showed that high dietary salt intake
predisposes to elevated BP [3,4]. On the other hand,
hypertension and hyperlipidemia are associated
with oxidative stress and have been indicated in the
pathogenesis of several chronic diseases including
renal disease, stroke, heart failure and increase
incidence of CVD [5,6].

Lifestyle modifications, physical exercises, low
dietary salt consumption, intake of healthy diets are
some common issues associated with reducing the
risk of CVD including raised BP. However, at a critical
stage drugs are indispensable. Although new
antihypertensive orthodox drugs with improved
efficacy have been introduced to the market, they
still possess side effects. Moreover, because of
limited resources, synthetic drug treatment may not
be affordable to the majority of hypertensive
patients in developing countries such as Nigeria.
Therefore, it is of great significance to discover
natural therapeutics with little or no side effects for
prevention, treatment and management of
hypertension.

In recent years, there has been growing interest
on herbal preparations which are traditionally used
as therapeutic agents in the prevention, treatment
and management of hypertension [7,8]. Several
lines of evidence indicate that naturally occurring
medicinal plants possess antihypertensive activity in

laboratory animal studies [9,10]. One of the herbal
plants that may have a great prospect as an
antihypertensive agent is Hibiscus sabdariffa.

Hibiscus sabdariffa L. (family: Malvaceae) is one of
the emerging plants of interest used for
hypertension  treatment, = management and
prevention. It is a medicinal plant, commonly known
as Roselle, Red sorrel, Hibiscus in English and Arabic
as Karkadeh [11,12]. Hibiscus sabdariffa is popularly
consumed in Nigeria as a refreshing drink called
Zobo. In Nigeria, different tribal groups have their
indigenous names as: Yakuwa in Hausa, Amukan in
Yoruba and Okworo ozo in Igbo [13]. It is an annual
shrub which grows up to an altitude of about 0.5 to
3.0 m, with a strong tap-root and cultivated for its
leaf, fleshy calyx, seed or fibre [14]. It has been
widely used in Nigerian traditional medicine as an
antihypertensive, aphrodisiac, digestive, diuretic,
stomachic and tonic agent [15,16].

Previous scientific studies on the antihypertensive
activities of the plant have focused on the calyx
[17,18], petal [19,20], seed [21] and leaf extracts [4].
According to previous findings in animal
experiments, H. sabdariffa leaf extracts have been
shown to possess many biological potencies such as
hypoglycemic [22], hypolipidemic [23], antioxidative
[24], anti-inflammatory [25] and anticancer effects
[26]. Meanwhile, the aqueous leaf extract of H.
sabdariffa has a powerful folk reputation as a non-
pharmacological antihypertensive agent. However,
there still exists paucity of report in literature
regarding the antihypertensive activity of aqueous
extract of H. sabdariffa leaves. Thus, the present
study aimed to investigate the possible ameliorative
effect of the aqueous leaf extract of H. sabdariffa
(AEHS) on salt-induced hypertension in Wistar rats.
Furthermore, the possible antihypertensive
mechanisms of action in hypertensive rats were also
investigated.

Materials and Methods
Chemicals and reagents

Commercially obtained laboratory chemicals and
reagents used in this investigation were of analytical
grades and were purchased from Sigma-Aldrich
Chemical Company (St. Louis Missouri, USA).
Sodium chloride (Nacl) salt was purchased from
Polypharm Private Limited (Mumbai, India). Distilled
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water was procured from Human Physiology
Department Laboratory, Ebonyi State University,
Abakaliki, Nigeria.

Drug preparation

Sodium  pentobarbital (Nembutal):  Sodium
pentobarbital (Embassy  Pharmaceutical and
Chemicals Ltd, Nigeria) was purchased from Godal
Pharmacy, Abakaliki, Nigeria. The rats were
anaesthetized by intraperitoneal injection of sodium
pentobarbital at a dose of 100 mg/kg body weight (5
mL/kg) as described by us [4].

Animals

Weanling adult male (10-12 weeks old) Wistar rats
(inbred) weighing (196.50 + 2.93 g) were used for
the study. The animals were obtained from the
College of Medicine, Central Animal Unit, University
of Nigeria, Enugu Campus, Nigeria. They were
maintained on standard rat pellets (Vital Feeds Nig
Ltd) and water ad libitum and were kept under
standard laboratory conditions (12 h light-dark cycle
at 18-26 °C and relative humidity of 30% to 70%). The
animals were acclimatized 1 week before the
experiment commenced.

Ethical clearance

This study was carried out following the ethical
approval by the College of Medicine ethics
committee for animal experimentation of University
of Nigeria, Nsukka (Ethic No. NHREC/05/01/2508B-
FWA00002458-1RB00002323) and animal handling
was according to accepted guidelines by the
National Institute of Health for care and use of
laboratory animals [27].

Collection of plant materials and identification

The fresh leaves of H. sabdariffa were collected
from Gboro farm settlement in Iseyin Local
Government Area of Oyo State, Nigeria in the month
of August. The plant specimen was identified and
authenticated by Mr. K. A. Adeniji in the herbarium
of the Forestry Research Institute of Nigeria (FRIN),
Ibadan, Nigeria. A voucher specimen (FHI. 110315)
has been earlier deposited at the Herbarium of the
institute.

Preparation of aqueous leaf extract

Fresh leaves of H. sabdariffa were air-dried and
pulverized into fine powder using a suitable grinder.
A powdered dried leaf (500 g) was weighed and
macerated in 4000 mL of hot distilled water at 96 °C
for 2 h and the mixture was vacuum-filtered through
Whatman No. 1 filter paper. The extracted solution
was concentrated using a vacuum rotary evaporator
(Eyla N-1000, Japan) maintained at 45 °C. The
resulting residue which weighed 52.5 g (recovery
10.5%) was stored at —22 °C before use. Prior to oral
administration of the extract, the required dose of
100, 200 and 400 mg/kg body weight was obtained
after the extract was reconstituted in distilled
water.

Quualitative phytochemical screening

Freshly prepared crude AEHS was screened for
the presence of secondary constituents (such as
saponins, tannins, flavonoids, anthraquinones,
alkaloids, phenols and steroids) using standard
phytochemical procedures and tests previously
described by Harborne [28].

Acute oral toxicity studies

The “fixed dose” method of Organization for
Economic Cooperation and Development (2008)
guideline No. 425 was adopted to assess the acute
oral toxicity of AEHS in adult Wistar rats [29]. The
method was commenced with an initial dose of
5000 mg/kg body weight after overnight dietary
deprivation. The animals were observed for general
behavioural, autonomic and neurological behaviour
during the course of the experiment.

Experimental study design and treatment

Following 1 week adaptation, the rats were
allotted into 5 different groups each consisting of 5
rats. Hypertension was induced experimentally in
Groups 2 to 5 by salt-loading the rats with high-
sodium diet containing 8% NaCl throughout the
experimental period. Group 1 (normal control)
received 2 mL/kg of distilled water only. Group 2
(hypertensive control) received distilled water (2
mL/kg) during modelling. Groups 3, 4 and 5 (test
groups) received 100, 200 and 400 mg/kg body
weight (5 mL/kg body weight) of AEHS respectively.
All the groups were treated for 6 weeks
concurrently with hypertension induction between
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08:00 a.m. and 09:00 a.m., once a day by oral
gavage.

Induction of experimental hypertension

In  this study, hypertension was induced
experimentally using salt-induced hypertension
model previously described by Sofola et al [30] and
Balogun et al [4]. In this method, the rats were
placed on high-sodium diet with 8% NacCl for a period
of 6 weeks. The high salt chow was prepared as
previously described by Sofola et al [30]. The normal
rat chow contained 0.3% NaCl by weight of sodium.

Measurement of blood pressure parameters

Blood pressure and heart rate of conscious rats
were determined and documented at the onset of
the experiment and weekly. A non-invasive method
was used to measure systolic (SBP), diastolic (DBP),
mean arterial blood pressure (MAP) and heart rate
(HR) using an automated computerized tail-cuff
blood pressure monitor, the CODA 1l ™ NIBP
recording system (Kent Scientific Corporation, USA),
according to instructions of the manufacturer.

Protocol for blood sampling and biochemical assay

At the end of the experimental period, all the rats
were fasted for 12 h and anaesthetized with
intraperitoneal injection of sodium pentobarbital at
a dose of 100 mg/kg body weight (5 mL/kg body
weight). Fasting blood samples were collected
through cardiac puncture technique into labeled
sterile plain tubes for biochemical serum estimation.
Blood samples for sera preparation was allowed to
clot at room temperature for 1 h, and then
centrifuged at 3000 x g for 10 mins at 4 °C. The clear
serum was collected with Pasteur pipette into clean,
dry sample bottles and stored in refrigerator under
4 °C until required. All biochemical analyses were
completed within 24 h of sample collection.

Assay of antioxidant and enzymatic activities

Serum contents of superoxide dismutase (SOD)
activity and the malondialdehyde (MDA) were
estimated using assay kits according to instructions
of the manufacturer (Randox Laboratories Ltd.,
UK). Serum activities of catalase (CAT) and
glutathione peroxidase (GPx) were evaluated using
a commercially available enzyme-linked

immunosorbent assay (ELISA) kits (Cloud Clone,
USA) as described by manufacturer.

Serum lipid profile assessment

The total cholesterol (TC), triglycerides (TAG) and
high-density lipoprotein-cholesterol (HDL-Q)
contents in the serum were estimated by enzymatic
calorimetric methods using standard commercial
assay kits (Randox Laboratories Ltd., UK), according
to instructions of the manufacturer. The serum very
low-density lipoprotein cholesterol (VLDL-C) was
calculated by dividing the serum TAG by 5 [31].
Serum low-density lipoprotein cholesterol (LDL-C)
was calculated according to Friedewald et al [31]
and Warnick et al [32] using the formula: LDL-C
(mg/dL) = TC- (HDL-C) - (VLD-C).

Statistical analysis

All the data are expressed as mean + SEM. Data
were analyzed using One-way analysis of variance
(ANOVA). Bonferroni post-hoc test using GraphPad
Prism Version 5.0 for Windows (GraphPad®
Software, San Diego, CA, USA) was used to compare
the means. Values of P < 0.05 were established to be
statistically significant.

Results
Extract yield

The aqueous extraction of 500 g of H. sabdariffa
leaf powder vyielded 10.5% (w/w) dark brown
semisolid extract.

Preliminary qualitative phytochemical studies

The result of the preliminary qualitative
phytochemical analysis of AEHS revealed the
presence of saponins, tannins, flavonoids, alkaloids,
phenols and steroids.

Acute oral toxicity studies

All the rats remained alive and showed no visible
signs of drug induced toxicity even with the highest
administered dose. There were no abnormal signs,
changes in body weight and behaviour in the AEHS-
treated rats throughout the period of observation
compared to normal control rats. Based on these
observations, the median Ilethal dose was
established to be greater than 5000 mg/kg body
weight.
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Effect of AEHS on blood pressure and heart rate of
salt- induced hypertensive rats

The effects of AEHS on blood pressure and heart
rate are presented in Tables 1. Hypertensive control
group showed significant (P < 0.05) increase in SBP,
DBP, MAP and HR as compared to the normal
control group. The severity of salt loading-induced
hypertension was significantly (P < 0.05) reduced by
treatment with AEHS in comparison to the
hypertensive control group. However, in AEHS-
treated groups, maximum inhibition was observed
at a dose of 400 mg/kg body weight of AEHS. The
effects of AEHS on SBP, DBP, MAP and HR were
dose-dependent (P < 0.05).

Effect of AEHS on antioxidant activities of SOD,
CAT, GPx and MDA level of salt-induced
hypertensive rats

The effects of AEHS on serum contents of
oxidative stress biological markers (SOD, CAT, GPx
and MDA) of salt-induced hypertensive rats are
reported in Table 2. The SOD, CAT and GPx activities
were significantly (P < 0.05) reduced in the
hypertensive control group compared with the
normal  control  group. However, serum
concentration of MDA was significantly (P < 0.05)
elevated in the hypertensive control group in
comparison to normal control group. On the other
hand, serum activities of SOD, CAT and GPx were
significantly (P < 0.05) improved by treatment with
AEHS compared to hypertensive control group. In
contrast, AEHS-treated groups showed significant (P
< 0.05) reduction in serum MDA level when
compared to the hypertensive control group. The
AEHS produced a significant (P < 0.05) and dose-
dependent (P < 0.05) effect on the serum contents
of the evaluated antioxidant parameters.

Effect of AEHS on serum lipid profile of salt-
induced hypertensive rats

The effects of AEHS on serum levels of TC, TAG,
HDL-C, LDL-C and VLDL-C are shown in Table 3. Daily
consumption of high sodium chloride diet
significantly (P < 0.05) increased serum
concentrations of TC, TAG, LDL-C and VLDL-C in the
hypertensive control group with concomitant
decrease in HDL-C level when compared to the
normal control group. However, the AEHS-treated
groups showed a significant (P < 0.05) and dose

dependent (P < 0.05) reduction in serum levels of
TC, TAG, LDL-C and VLDL-C compared to the
hypertensive control group. In contrast, a significant
(P < 0.05) and dose dependent (P < 0.05) increase in
serum HDL-C level was observed in groups treated
with AEHS in comparison to the hypertensive
control group.

Discussion

There is growing interest on the identification
and evaluation of drugs from natural sources as an
alternative therapeutic approach in the prevention
and management of CVD including elevated BP. The
present investigation employed salt-induced
hypertension model to investigate the possible
ameliorative potential of AEHS. This model
represents some of the most common etiologies of
hypertension in humans, and demonstrated that
AEHS possesses antihypertensive activity against
salt loading-induced hypertension in rats. An
extensive literature survey showed that, this study is
the first to demonstrate that AEHS is capable of
attenuating the development of salt-induced
hypertension in rats. The results of oral toxicity
studies suggest that AEHS is virtually non-toxic and
thus may not have any immediate adverse effects as
done in folk medicine. Our findings were in
agreement with other previous reports, which
showed that lethal dose (LDso) was greater than
5000 mg/kg body weight [33,34].

According to several researchers, the pathogenic
effect of dietary salt-induced hypertension have
been established to include increased BP (SBP, DBP
and MAP), and HR, reduced serum antioxidative
enzymes activities, SOD, CAT, GPx with concomitant
increased in MDA concentration and alteration of
serum lipid contents [35,36]. Our results showed
that in salt-induced hypertensive rats, the AEHS-
treated groups (100, 200 and 400 mg/kg body
weight) produced a remarkable reduction in SBP,
DBP, MAP and HR in comparison to the
hypertensive control group. Maximum reduction in
BP and HR were observed at 400 mg/kg dose which
produced significant antihypertensive effects in
hypertensive rats. However, the mechanisms behind
these antihypertensive effects of AEHS in salt-
induced hypertensive rats have not yet been
unravelled. The observed decrease in BP and HR
may be due to a reduction in oxidative stress and
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lipid contents as evidenced from the serum total
antioxidant and lipid profile status. This is an
indication that AEHS contains some phytochemical
compounds that reduce the BP and HR which had
been increased by salt-loading with high salt diet.

According to previous studies, the possible
mechanisms by which high salt diets induced
hypertension could be due to increase in the level of
circulating sodium which cause cells to release
water due to osmotic pressure which raises the
pressure on blood vessel walls [37,38]. On the other
hand, it could be possibly due to over generation of
superoxide anions and other free radicals due to
activation of NADPH oxidase may overwhelm the
antioxidant capability and cause imbalances
between oxidant and antioxidant status which may
result in oxidative stress [39,40].

Previous reports in animal experiments have
implicated oxidative stress in pathogenesis of salt-
induced hypertension [4,36]. It was observed in the
current study that salt-induced hypertension via
oxidative stress was induced by salt-loading the rats
with high salt diet, since it elicits lipid peroxidation
and affects antioxidative enzyme activities in the
serum. This is demonstrated by the increase in the
level of total antioxidant and activities of SOD, CAT,
GPx, and remarkably attenuated the increase in
MDA content following treatment with AEHS which
was overwhelmed by salt-induced oxidative stress.
Our findings are consistent with several reports
both in vitro [24], and in vivo [41] which have shown
that AEHS had potent antioxidant effect. The
antioxidant activity of AEHS is due to its strong
scavenging effect on reactive oxygen species and
free radicals [41,42]. Antioxidants have been
reported to play crucial role in the attenuation of
development of salt-induced hypertension [4,36].
Significant amounts of antioxidant active
compounds have been reported to be present in the
leaves of H. sabdariffa [40]. The active compounds
flavonoids, alkaloids and phenols which are present
in the H. sabdariffa leaves have been reported by
Chen et al. [43] and Chiu et al. [40] as antioxidant
materials. Therefore, it is suggested that the
antioxidant potential of this leaf extract, which
offers a first line of defence against salt-induced
hypertension by lowering serum oxidative stress,
may be attributed to its antihypertensive activity.

An anomaly in lipids and lipoprotein metabolism
has been also been implicated in the pathogenesis
of hypertension [10]. High BP and hyperlipidemia are
so common in both human and animal models of
hypertension and many have argued that the raised
BP itself may play a role in disrupting lipid
metabolism, resulting in abnormalities. Findings
from this study showed a decrease in the serum
levels of TC, TAG, LDL-C and VLDL-C and enhanced
HDL-C in saltiinduced hypertensive rats after
treatment with AEHS. These observations suggest
the possible antihyperlipidemic potential of this leaf
extract. High serum concentration of TC and LDL-C
are major predisposing risk factors for CVD, whereas
enhanced HDL-C is associated with a decrease in
CVD risk. Accumulating evidence show that an
increase in HDL-C is associated with a reduction in
coronary risk factors [44] and most of the
antihypertensive medications that reduce TC also
reduce HDL-C [45]. However, in the present study
the AEHS markedly reduced serum TC, TAG, LDL-C
and VLDL-C and enhanced the HDL-C significantly.
This is an indication that AEHS contains some
biological compounds that reduce serum TC and
enhanced HDL-C which had been disrupted by salt-
loading with high salt diet.

According to our findings, AEHS has been shown
to contain secondary metabolites such as
flavonoids, alkaloids and phenols which are among
the antihypertensive materials known to possess
hypolipidemic [23], antioxidant [24], and anti-
inflammatory activities [25]. It is presumed that
these biological compounds can enhance activities
of antioxidant enzymes and attenuate the damaging
effects of free radicals in the serum [40,46].
Nevertheless, it is pertinent that in this study, the
AEHS reduced BP and HR, enhanced serum HDL-C
and improved the activities antioxidant enzymes, all
of which could be due to the presence of these
biological compounds or some other mechanisms
yet to be established. However, further studies are
still required to elucidate the exact mechanism of
action and isolate the active ingredients in the
leaves responsible for the antihypertensive effects
of AEHS so as to offer new alternatives for the
clinical management of hypertension. In conclusion,
our findings suggest that AEHS possesses significant
ameliorative effects against salt-induced
hypertension in Wistar rats. The observed
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ameliorative effect might be possibly due to its
antihyperlipidemic and antioxidative potencies.
Findings from this study may have favorable
application in the management of hypertension
associated with salt-induced hypertension.
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Table 1. Effects of AEHS on blood pressure (SBP, DBP and MAP), and heart rate of salt-induced hypertensive rats

Group Treatment and dose SBP DBP MAP HR
(mm Hg) (mm Hg) (mm Hg)

(beats/min)

1 (Control) Distilled water (2 mL/kg) 121.60 * 1.91 87.50 £2.48 101.30 * 2.53

433.20 £ 3.69

2 (Hypertensive control)

459.30 +2.31"

3 (Test)

447.50 £2.07*

4 (Test)

439.60 +1.58%

5 (Test)

Nadl (8%) + Distilled water (2 mL/kg)

Nadl (8%) + AEHS (100 mg/kg)

Nacl (8%) + AEHS (200 mg/kg)

Nacl (8%) + AEHS (400 mg/kg)

159.50 * 2.76"

130.70 * 0.50%

123.00 * 3.87%

118.90 * 0.36%

119.60 * 3.05"

99.30 * 0.73%

90.20 * 2.90"

84.70 + 1.08"

152.60 + 1.76"

130.20 * 0.80*

114.90 * 3.03"

98.50 * 2.64"

37 T0F3.55"

All values are expressed as mean + standard error of mean (n = 5 in each group). *P < 0.05, vs control group, *P < 0.05, vs
hypertensive control group. NaCl: sodium chloride salt; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP:
mean arterial blood pressure; HR: heart rate; AEHS: aqueous leaf extract of Hibiscus sabdariffa.
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Table 2: Effects of AEHS on serum activities of SOD, GPx and CAT and MDA level of salt-induced hypertensive rats

Group Treatment and dose SOD MDA CAT GPx
(U/mL) (ng/mL) (mlU/mL)

(ng/mL)

1 (Control) Distilled water (2 mL/kg) 82.30  4.50 87.30 £3.58 958.50 * 27.35

48.90 * 4.21

2 (Hypertensive control) NaCl (8%) + Distilled water (2 mL/kg) 23.70 + 6.49" 126.80 * 5.63" 526.30 * 14.80"

19.60 + 8.34"

3 (Test) Nacl (8%) + AEHS (100 mg/kg) 63.50 * 5.63" 91.00 * 1.89% 943.70 £ 10.76"

43.00 * 3.72*

4 (Test) NadCl (8%) + AEHS (200 mg/kg) 72.60 * 3.87" 83.20 * 4.56* 952.60 * 23.09*

47.90 £ 6.07*

5 (Test) Nacl (8%) + AEHS (400 mg/kg) 79.80 * 7.24* 79.30 = 2.77* 961.80 + 18.73"

52.70 + 9.63"

All values are expressed as mean + standard error of mean (n = 5 in each group). *P < 0.05, vs control group, *P < 0.05, vs
hypertensive control group. NaCl: sodium chloride salt; SOD: superoxide dismutase; CAT: catalase; GPx: glutathione
peroxidase; MDA: malondialdehyde; AEHS: aqueous leaf extract of Hibiscus sabdariffa.
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Table 3: Effects of AEHS on serum lipid profile of salt-induced hypertensive rats

Group Treatment and dose TC TAG HDL-C LDL-C
VLDL-C

(mg/dL) (mg/dL) (mg/dL) (mg/dL)
(mg/dL)
1 (Control) Distilled water (2 mL/kg) 143.70 £ 5.02 127.30 + 3.08 64.90 + 2.25 53.30 +

5.03  25.50 £ 2.01

2 (Hypertensive control)  NacCl (8%) + Distilled water (2 mL/kg) 268.10£3.78" 432.80%5.53° 47.30%5.08° 134.20
+6.21"  86.60%0.78"

3 (Test) Nacl (8%) + AEHS (100 mg/kg) 169.30 +2.47* 148.50 +1.87%  53.90%3.69* 85.70z
3.76*  29.70 £3.62%

4 (Test) Nacl (8%) + AEHS (200 mg/kg) 152.50 + 3.96*  136.10 * 4.73" 61.30 + 2.41* 64.00 *
4.60"  27.20 + 4.90%

5 (Test) NacCl (8%) + AEHS (400 mg/kg) 147.60 * 4.38*  124.30 % 2.11* 67.80 £ 6.44" 54.90%

3.83%  24.90%1.73*

All values are expressed as mean + standard error of mean (n = 5 in each group). *P < 0.05, vs control group, *P < 0.05, vs
hypertensive control group. NaCl: sodium chloride salt; TC: total cholesterol; TAG: triglycerides; HDL-C: high-density
lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; VLDL-C: very low-density lipoprotein cholesterol; AEHS:
aqueous leaf extract of Hibiscus sabdariffa.
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