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Abstract––The plant Lippia nodiflora has been used traditionally as antihypertensive and has been proven
scientifically to possess high antioxidant and hepato-protective activity. The present study has been designed
to investigate the antihypertensive effect of methanolic extract of Lippia nodiflora on uninephrectomized
DOCA-salt-induced hypertensive ‘Wistar Rats’. During the experimental period, 1% sodium chloride solution
was administered orally with drinking water for four weeks and DOCA-Salt (20 mg/kg body weight) was
injected subcutaneously to elevate the systolic, diastolic and mean arterial blood pressure. The rats were then
treated with the methanolic extract of Lippia nodiflora and a significant decrease in the systolic pressure was
recorded. Biochemical assays including serum urea, serum creatinine, triglycerides, cholesterol, blood
glucose and serum protein were also performed to assist the hypothesis. The study thus, concludes the antihypertensive activity of Lippia nodiflora in the DOCA-Salt hypertensive wister rats.
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I.

INTRODUCTION

Cardiovascular diseases account for 12 million deaths, annually worldwide and are known to be
number one group of ‘killer disease’[1]. Hypertension is the most common cardiovascular diseases and
constituents a major factor for several cardiovascular pathologies including atherosclerosis, coronary artery
disease, myocardial infract heart failure, renal insufficiency, stroke and dissecting aneurysm of aorta.
Hypertension is one of the leading causes of disability, mortality and morbidity along the population and it is the
most common chronic illness among the world faces[2]. An elevated arterial pressure is an important public
health issue in developed countries. Although it is common, asymptomatic and readily detectable but it can
often lead to lethal complication, if left untreated. Because of high incidence and morbidity, various drugs and
regimes have been advocated for the control of hypertension. Many new drugs have also been introduced which
may demonstrate better efficacy but possess side effects. Recently, attention has been focused towards herbal
and mineral preparations which are traditionally used as potential therapeutic agents in the prevention and
management of cardiovascular diseases[3,4].
Hypertension, classically defined as systolic pressure >165 mmHg or diastolic blood pressure
>95mmHg or both, in adult. It is a non-infectious disease of global dimension in prevalence, incidence,
complications, and deaths[5,6]. Early detection and commencement of chemotherapy are essential in preventing
or delaying these complications and enhancing survival of the afflicted patients[7]. To treat hypertension coupled
with associated complications, plants derived drugs have been used. They include Digitoxin from Digitalis
purpurea (foxglove), Reserpine from Rauwolfia serpentina (snakeroot), Aspirin from Salix alba (willow bark),
Tetramethylpyrazine, also known as Ligustrazine from Jatropha podagrica, and Tetrandrine from Stephenia
tetradra[8,9]. These plant-derived pharmaceuticals have scientifically been proven to elicit antihypertensive
activity via multiple mechanisms. These mechanisms are elicited to counteract the effect of hypertension and
associated risk factors such as hypercholesterolemia, hypertriglyceridaemia, and oxidative stress on blood vessel
walls[10]. The stated chemotherapeutic drugs include direct vasodilation of the blood vessel, blocking of calcium
channels, inhibition of α-adrenoreceptor response, induction of negative ionotropic response of smooth muscle,
inhibition of platelet aggregation, reduction of vascular resistance, and improvement of pulmonary oxygen
utilization[11,12,13]. Enhanced activity of nitric oxide and improved handling of intracellular calcium has also
been found to play a critical role in the reduction of vascular resistance and blood pressure that are elevated in
hypertensive rats and humans[14,15].
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In the last 2 decades, plants have remained historically important as sources of novel compounds with
potentials of being channelled into drug pipelines for the development of safe, efficacious, and cost-effective
antihypertensive drugs. In sub-Saharan Africa, the initial ethno pharmacological surveys have identified over
100 species of plants with antihypertensive activity in animals and humans[16,17]. Among these plants Lippia
nodiflora (Verbenaceae) is also one, which is commonly called as Bhujokra in Hindi, Ratoliya in Gujarati and
Jalpippali in Sanskrit. It is a creeping, prostate, much branched perennial herb with branches spreading
profusely and rooting at the nodes. It is found throughout warmer parts of India ascending up to 900mt in the
hills. It is common in wet places, along irrigation channels, canal edges and river banks. Several workers have
reported many pharmacological properties including antispasmodic hair afflictions, anti inflammatory,
analgesic and antipyretic, antibacterial anti Helicobacter pylori activity, antinociceptive and antifungal activity
of the plant[18]. Antihypertensive activity of L. nodiflora has been not reported till now, and this made the
authors to investigate the potential antihypertensive property of the plant on DOCA-Salt hypertensive rats.

II.

MATERIALS AND METHODS

Collection of Plant Sample: Whole plant, Lippia nodiflora was collected from Botanical Garden at
Shri Bapalal Vaidya Botanical Research Centre of Biosciences, Department of Biosciences, Veer Narmad South
Gujarat University, Surat, Gujarat, India. The plant was authenticated and voucher specimen of the plant was
deposited in the herbarium of the University. The whole plant was washed under running tap water followed by
distilled water and dried at 40⁰C in the oven for 3 days. The dried plant was then pulverized into fine powder
that passed through a 30-mesh sieve and stored for the future use[19].
Preparation of Extract: The ground plant material was subsequently extracted with methanol using
Soxhlet apparatus. The resulting crude methanolic extract was filtered by passing through a Whatmann No. 3
filter paper followed by concentrating in vacuum at 40⁰C using a rotary evaporator and freeze drying. The
freeze dried sample was suspended in 0.2% agar solution and mixed thoroughly[20,21].
Experimental Protocol: Albino Wister rats (Young animal wt 150-200 gm) were obtained from the
Animal House, Department of Pharmacology and Toxicology, B.V.Patel Perd Centre , at Ahmadabad, India.
Animals were housed (3 rats/cage) in polypropylene cages lined with husk, renewed every 24hr under a 14:10 hr
of light/dark regime and had free access to tap water and food. The rats were fed on a standard pellet diet. The
experimental protocol was approved by the Institutional Animal House Ethics Committee, constituted by the
Ministry of Social Justice and Empowerment, Government of India, prior to the initiation of the experiment.
Induction of Hypertension (Uninephrectomy): Left uninephrectomy was performed on all the rats by
anaesthetizing with intramuscular injection of Ketamine (20mg/kg.). The kidney was visualized by a left lateral
abdominal incision, and the left renal artery and ureter were ligated by silk thread, followed by the removal of
left kidney. The muscle and skin layer (incision site) were sutured with highly sterile suture needles. After
uninephrectomy, rats were allowed to drink tap water ad libitum, with no further treatment. All
uninephrectomized animals were given 1% NaCl in the drinking water with weekly twice subcutaneous
injection of DOCA-Salt (20 mg/kg body wt in olive oil) for four consecutive weeks (DOCA-salt hypertensive
rat). The rats were then, randomly divided into four groups each comprising of four rats including 2 males and 2
females (Table 1).
Experimental work out on DOCA-Salt Hypertensive rats: the four groups of the hypertensive rats
were divided according to the table 1 and categorized into normal control, disease control, positive control and
test group. The animals in the group 1 were not given any surgery or treatment at all, while the group 2 animals
were undergone for only surgery and no treatment was done. The animals in group 3 were undergone for
surgery and treated with standard drug, ramiprill at 1mg/kg of the total body weight. The animals in the group 4
were undergone for surgery and treated with the plant extract at 500mg/kg of the total body weight (Table 1).
The test animals were treated with the stated dose of plant extract at every 24hr interval, consecutively
for 14 days. Systolic and diastolic blood pressures were recorded every week during the entire period of the
study by tail cuff method (IITC, Non-Invasive Blood Pressure Instrument)[22]. All the recordings and data
analyses were done using computerized data acquisition system and software. At the end of treatment, all the
rats were anesthetized with intramuscular injection of Ketamine and sacrificed in CO2 incubator for biochemical
assays.
Biochemical Assays: At the end of the treatment, after a 12 hr of fast but via access to deionised water,
the animals in groups’ I-IV were sacrificed. Blood samples were collected from each of the animal by retina
puncture into plain sterile tubes. Each blood sample was allowed to clot and tubes were subsequently
centrifuged at 2000 rpm for 5min to obtain sera which was transferred into new tubes and kept at -200 C until
used for bioassays.
From each of the sample sera, serum urea, serum creatinine, triglycerides, cholesterol, glucose and protein, were
measured by biochemical analyser, Erba 360 – fully automated clinical chemistry analyser[22,23].
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III.

STATISTICAL ANALYSIS

The statistical approaches for the data generated were evaluated by the SPSS-15 statistical software.
Analysis includes the expression of data in deviation of mean values (SD). Differences in mean values of
biochemical parameters investigated between the treatment groups, the control and the involving treatment
period were analyzed using chi-square test. The P value was considered to be 0.05 and the outcomes with P
value below 0.05 were considered to be significant.

IV.

RESULTS AND DISCUSSION

Kidney plays a central role in the regulation of the balance of the body salt and water, and then
disordered regulation of renal functions is responsible for the altered balance of salt and water in
pathophysiological states including some experimental models of hypertension[24]. The systolic and diastolic
blood pressure were considerably (P<0.05) increased in DOCA-salt hypertensive rats compared to normal
control. Oral administration of plant extract 500mg/kg total body weight) for a period of two weeks
considerably (P<0.05) decreased systolic pressure in DOCA-salt treated rats (about 21%), where as in positive
control with remiprill the reduction was about 13% (Table 2; Fig 1). This considerable reduction in the blood
pressure by Lippia nodiflora might be due to the ACE inhibition property of the plant, mimicking the structure
of its substrate, like Ramiprill which is an ACE inhibitor. ACE inhibitors directly block the formation of
Angiotensin-II, and increasing bradykinin level simultaneously. The net results are reduced vasoconstriction,
reduced sodium and water retention and increased vasodilation (through bradykinin). The increase in bradykinin
level is due to less inactivation done by ACE enzyme. Lippia nodiflora has also been reported for diuretic
activity[18].
The biochemical parameters including serum urea, creatinine, triglycerides, cholesterol, glucose and
protein did not show any significant variation (data not shown) as reported by Prahalathan for morin in DOCA
salt induced hypertension[23], where a significant variation in serum creatinine and urea is reported. However,
further studies are needed to know the exact mechanism of antihypertensive action of plant.
An increased concentration of aldosterone leads to increased re-absorption of sodium ions and water
from epithelial cells in the distal nephron of kidney, thereby influencing the blood pressure levels[25]. In
addition, increased aldosterone concentrations may activate oxidative stress in the DOCA-salt model[26]. In
agreement with previous reports[27], we also observed that systolic and diastolic blood pressures were
considerably increased in DOCA-salt hypertensive rats, which might be due to increased oxidative stress and
decreasing the bioavailability of nitric oxide. Daily oral administration of plant extract resulted in a remarkable
reduction in systolic blood pressure which is due to antihypertensive property of this plant.
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TABLES AND FIGURES
Table 1: Group distribution and treatment form.
Normal
Without surgery and treatment
control
Disease
Uninephroctimized rat without any
control
treatment
Positive
Uninephroctimized rat treated with Ramiprill,
1mg/kg body
control
standard positive control
weight
Test group Uninephroctimized rat treated with Methanolic extract, 500mg/kg
plant extract
body weight
Table 2: Effect of plant extract on DOCA-Salt hypertensive rats.
0 day (mmHg)
7th day (mmHg)
14th day (mmHg)

Normal control

129.96±1.65

129.96±1.65

129.73±3.03

Disease control

169.57±13.55

163.87±2.39

163.87±4.21

Positive control

177.17±6.65

146.3±12.69

144.15±3.97

Test group

174.42±7.03

136 .73 ±4.84

134.08±3.08
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Fig 1: Antihypertensive effect of Methanolic extract on DOCA salt induced hypertensive rats
NC-Normal Control; DC-Disease Control; PC-Positive control; Test
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