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ARTICLEINFO ABSTRACT

Article history: Manihot esculenta commonly known as cassava is widely distributed across the world. In sub-Saharan Africa, its
Received: 24 June, 2023 leaves and tubers are commonly eaten by local populations, who often lend this plant the properties of a traditional
Accepted: 20 July, 2023 medicine. The present study was aimed to evaluate the protective effects of the leaf aqueous extract of Manihot
Published: 7 August, 2023 esculenta Crantz against high-calorie diet combined with alcohol and sucrose ingestion induced hypertension in
Keywords: rats. Male wistar rats were randomly divided into three groups of six rats each. Antihypertension activity was
High fat/sucrose diet evaluated by daily oral administration of Manihot esculenta aqueous extract at the dose of 200 mg/kg bw to rats
endothelium exposed to high fat/high sucrose diet and daily oral ingestion of sucrose (15%, 5 mL/kg) and ethanol (40°, 5 mL/kg).
hypertension At the same time, the group 2 or positive control group received high fat/high sucrose diet and daily oral ingestion
Manihot esculenta of sucrose (15%, 5 mL/kg) and ethanol (40°, 5 mL/kg). The last group received standard diet and distilled water (5
oxidative stress mL/kg, orally). During the experimental period (8 weeks), the body weight of animals was daily recorded while the

glycaemia was measured every two weeks. The hemodynamic (blood pressure and heart beat) and some serum
markers of lipid profile (Triglycerides, total cholesterol, LDL cholesterol and HDL cholesterol), endothelial (NO)
and liver functions (AST and ALT) as well as oxidative stress parameters (SOD, CAT, GSH, MDA and TBARS)
in the serum and aorta were measured at the end of the study.

Our results indicated that Manihot esculenta aqueous extract significantly reduced the body weight gain, diastolic
blood pressure, aorta diameter, glycaemia, of animals submitted to both oral administration of sucrose, ethanol and
high fat fat/high sucrose diet, and plant extract. Moreover, the administration of Manihot esculenta extract improved
the vasodilatation by increasing the endothelial NO secretion. Furthermore, the treatment with this extract improved
the balance of the oxidative stress markers and the level of triglyceride, cholesterol and transaminases.

Thereby, these results suggest that the leaf aqueous extract of Manihot esculenta could have protective effects
against hypertension induced by high-calorie diet combined with alcohol and sucrose ingestion in rats.
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Introduction

Associated with nearly a third of recorded deaths, cardiovascular disease
(CVD) remains the leading cause of death worldwide today [1]. 9 million
deaths per year worldwide are due to increased blood pressure, more than
10% of the annual total [2]. According to the WHO, it is diagnosed in
front of a patient with systolic and diastolic pressure greater than 140/90
mmHg regular and/or after medication [3]. Also coronary heart disease,
ischaemia, myocardial infarction and cardiovascular events are strongly
correlated with increased blood pressure [4]. Pathologies and their
complications which, in some cases, are preventable.

There are many factors that can hinder the activity of the endothelium,
and therefore increase the risk of developing cardiovascular disease
and/or stroke. The factors most often cited are obesity and the associated
inflammatory state, through its ability to induce a low-grade
inflammatory state, increase the recruitment of immune cells to the
identified inflammatory site and the formation of a plaque. atheroma[5].
But also, diabetes mellitus, oxidative stress, through the increase in the
production of free radicals such as the products of protein glycation,
altered molecules capable of accelerate the formation of atheromatous
plaque or ruptured aneurysm [6, 7].

There is no doubt that quality medical care makes it possible to maintain
blood pressure at suitable values, significantly reducing the occurrence
of complications and a priori cardiovascular mortality and morbidity [8].
However, while patient monitoring and access to quality treatment
seems obvious in western countries, it is not always the case in black
African countries. Many epidemiological studies have established an
inverse correlation between cardiovascular morbidity and mortality and
the consumption of products rich in polyphenols such as fruits,
vegetables, red wine, cocoa and tea, to name a few [9]. According to
most of these studies, the beneficial effect of polyphenols on
cardiovascular health results in part from their direct effect on blood
vessels and more specifically on the endothelium [10].

Manihot esculenta commonly known as cassava or tapioca is a plant of
the Euphorbiaceae family cultivated in sub-Saharan Africa, Asia and
America. The roots of this plant are a major source of carbohydrates,
while the leaves are consumed as vegetables. They are rich in vitamins
A and C, proteins and minerals, particularly Mg, Zn, Fe and Mn. Also,
the leaves are rich in phytochemicals, which are valuable as natural
antioxidants, and their consumption has been linked to reducing the risks
of cancer, hypertension, diabetes, obesity and heart diseases [11].
Therefore, this study was designed to evaluate the protective effects of
the leaf aqueous extract of Manihot esculenta Crantz against high-calorie
diet combined with alcohol and sucrose ingestion induced hypertension
in rats.

Materials and Methods

I Chemical and Instruments

Different reagents such as kits of AST, ALT, total cholesterol,
triglyceride, HDL-cholesterol and LDL-cholesterol) levels used in this
study, were purchased from Merck (Germany). Thiobarbituric acid

(TBA), sulfuric acid, sodium carbonate (Na,CO3); sodium hydroxide
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(NaOH); sodium nitrite (NaNO,); disodium hydrogen phosphate
(Na;HPO,), hydrogen peroxide (H.,O,), copper sulphate; adrenalin,
hexane (Hex), catalase (CAT), amylase, glutathione (GSH) reagents
were purchased from Sigma-Aldrich Co. (St. Louis, MO, USA). Some
drugs like diazepam and ketamine and solvents such as ethanol (95%)
were purchase at the locale pharmacy. An accucheck active glucometer
has being used to measure fasting blood glucose levels. A Vanguard
brand V6500 lohazard micro-centrifuge was used to separate the
constituents of a mixture.

11 Animals

Young male wistar rats, aged 10 to 12 weeks, were acquired from the
Animal Physiology Laboratory of the University of Yaoundé |
(Cameroon). All animal experiments were conducted in accordance with
the ethical guidelines for laboratory animal use and care as described in
the European Community Guidelines 2010/63/EU. The practices carried
out on animals and the related protocols have been approved by the
animal protection and use committee of the institutional ethics
committee of the Cameroonian Ministry of Scientific Research and
Technological Innovation.

111 Plant Material Extract

The leavers of Manihot esculenta were bought on January 2021 at the
market in Mfoundi Yaoundé, a town in the central region (Cameroon).
Authentic samples have been identified at the National Herbarium of
Cameroon by comparison with Betti J. L material number 261, from the
Herbarium Collection Specimen Number 66276 HNC. After cleaning,
the cucumbers were then air dried at ambient temperature and crushed
into powder using a blender. This powder was dissolved in the extraction
solvent (1 g of ground material per 30 ml of water) and allowed to
macerate for 24 h at room temperature. The leaf aqueous extract of
Manihot esculenta leaves (ME) obtained was used for the determination
of the bioactive compounds of interest.

IV Determination of Total Polyphenols

The total phenolic content was quantified using the Folin-Ciocalteu (FC)
reagent according to the method of Singleton and Rossi [12]. The
aqueous extract of Manihot esculenta (30 pL) was mixed with 1 mL of
FC reagent (previously diluted 10 times with distilled water). The
mixture was incubated for 5 minutes at room temperature, then 0.7 mL
of Na,COj; solution (7%) was added. A second-long incubation period
of 30 minutes was then carried out, the tubes were stored at room
temperature and protected from light. The absorbance was determined at
750 nm. The polyphenol content was being quantified through the use of
a standard catechin curve.

V Animals and Treatments

Throughout this experiment, twenty-four (24) rats of wistar strain
weighing between 220 and 240 g were divided into three groups of six
rats each. These animals were conditioned in the appropriate cages and
maintained in a controlled environment under a cycle of 12 hours, in the
light and 12 hours in the dark at 50% humidity. This acclimatization
phase lasted a week during which they received standard diet (Table 1)
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and water ad libitum. After this period, rats are treated during eight
weeks, in according to Bilanda et al. as follow [13]:

Table 1: Composition of the experimental diets (g/kg diet) [48].

Ingredients Standard died (SD) High fat/High sucrose died (HFHS)
Milk / 145¢g

Sucrose / 290 g

Corn starch of blew 216 g 188 g

Corn starch of maze 3249 2379

Margarine / 143,3¢g

Palm oil 50¢ 55¢

Cellulose powder / 309

Mineral mixture 209 209

Vitamin mixture 59 59

Group 1 received a standard diet and distilled water (5 mL/kg of body
weight by oral gavage).

Group 2 received high fat / high sucrose diet, ethanol 40° (5 mL/kg of
body weight by oral gavage) and sucrose 15% (5 mL/kg of body weight
by oral gavage).

Group 3 received high fat / high sucrose diet, associated to oral
administration of ethanol 40° and sucrose 15% as previously mentioned,
and the plant extract (200 mg/kg bw.) respectively.

During the experimental period, the body weight of each rat was daily
recorded while glycaemia was assessed at the start, every two weeks and
at the end of the study.

i Assessment of Physiological Parameters

At the end of the eight weeks of treatment, the animals of the different
groups were anaesthetized by intraperitoneal injection of 15% urethane
at a dose of 1.5 g/kg bw. Each anaesthetized animal was fixed in the
supine position on a cork board. The penis has been bared. After which
a first ligature was placed under the dark vein on the ventral side. An
incision of the vein was made and a catheter filled with 10% heparinized
Mac Even was introduced into the vein and maintained by a second
ligature.

The direct method was used for assessment of blood pressure. It consists
of recording the blood pressure using a catheter introduced into the
carotid artery of anaesthetized rat. To make an incision was made at the
neck, the stern hyoid muscles and the trachea were removed. The
carotids have been gently separated from the nerve fibers. A cephalic
ligation was performed and a waiting wire placed under the artery. Then
a vascular clamp was placed as low as possible towards the heart near
the lead wire. An incision was made between the first ligature and the
waiting wire. The free tip of the catheter connected to the transducer was
introduced into the carotid artery towards the heart and held by the
second ligature. Blood pressure and heart rate were recorded after
opening the valve that connects the carotid artery to the transducer.
When the clamp is removed, arterial blood flows through the catheter
and the transducer transmits changes in BP and HR to the recorder,
which converts the waves into waveforms that can be viewed on the
computer screen.
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After recording the hemodynamic parameters, the animals were
sacrificed by sectioning the carotid artery and blood was collected in
tubes. These tubes were left to stand for 30 minutes, then centrifuged.
The collected supernatant was used in part to obtain hemolysis. The
micro plasma tubes and hemolysates were stored at low temperature (-
4°C) for subsequent biochemical assays. At the same time the animals
were dissected and organs such as the aorta were removed, rinsed in
physiological 0.9% NaCl solution and weighed, crushed in order to
obtain organ homogenates. The width of media of aorta was measured,
through a microscope (AxiosKop 40) connected to a computer. At the
end of the treatment phase, the animals were left for a fasting period of
12 hours after which, they were sacrificed by cervical decapitation under
light formalin anaesthesia, the blood was collected in anticoagulant tubes
for the different biochemical parameters.

ii Biochemical Analysis

The protein content was determined according to the Biuret’s method
using bovine serum albumin as standard [14]. The blood sugar was
determined by the glucose oxidase method. Plasma triglyceride (TG),
total cholesterol (TC) and high density lipoprotein (HDL-C) levels were
measured using reagent kits from Fortress Diagnostics Limited
(Muckamore, UK). The low density lipoprotein (LDL-C) content was
calculated using the friedewald formula. Atherogenic index (Al) was
calculated using the Youmbissi et al. [15].

Al = ([Total cholesterol]) / ([HDL cholesterol])

Plasma nitric oxide (NO) was evaluated by the Greiss method, based on
the reduction of NO;- to NO,- in the presence of nitrate reductase [16].
An azo coloured complex is formed, produced by diazotization of
sulfanilic acid (Greiss Reagent-1) with NO,- then subsequent coupling
with N- (1-naphthyl) -ethylene diamine (Greiss Reagent-2).

Hemolysates were used to assess two enzymatic activities. The super-
oxide dismutase (SOD) activity was evaluated according to the principle
of inhibiting the oxidation of adrenaline to adrenochrom [17]. The
catalase activity (CAT) was determined by measuring the decomposition
of hydrogen peroxide at 570 nm [18]. The tissue glutathione (GSH)
content in the tissue homogenate was measured by biochemical assay
using the dithionitrobenzoic method (DTNB) [19]. The data were
expressed in pg per g of aorta weight.
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Lipid peroxidation level in the aorta tissue was determined by measuring
the malondialdehyde (TBARS) content based on the reaction with
thiobarbituric acid (TBA) [20]. Data were expressed in moles per g of
liver weight using an extinction coefficient of 1.56 x 10-°° Mt cm™. The
activity of transaminases was evaluated by measuring the plasma
activities of the ALT and AST transaminases. The protocol of Reitman
and Frankel was used [21]. The tests were carried out in accordance with
the chronolab kit protocol. Optical densities were read at 505 nm.

VI Statistical Analyses of Data

Results were expressed as the mean + standard deviation from the mean
and percentage change. Statistical analysis was performed using Graph

Pad version 8.1 for Windows. The one-way analysis of variance
(ANOVA) test followed by a post hoc tukey test was used for
comparison of means and percentages between groups. All values with
a p <0.05 were considered significant.

Results
I Phenolic Content of the ME Leaves Aqueous Extract

The total phenolic content quantified in Manihot esculenta aqueous
extract was 108.22 + 9.43 pg catechin /gm of extract (Table 2).

Table 2: Phenolic compound content of the aqueous extract of Manihot esculenta leavers.

Total polyphenols
(ug catechin /gm of extract)
108.22 +9.43

Aqueous extract of Manihot esculenta

Results expressed as Mean + SEM (n=3).

11 Effect of the ME Aqueous Extract of Manihot esculenta on
Some Physiological Disorders

i Effect of Manihot esculenta Leaves Aqueous Extract on Body
Weight Change

Our results indicated that rats treated with distilled water had no
significant change in body weight during the experimental period when
compared to the initial body weight (Table 3). After 6 and 8 weeks of
treatment, the body weight of rats receiving concomitantly high fat/high

sucrose diet, sucrose 15% and ethanol 40° increased respectively by
10.46% and 12.65% when compared to their initial value. In the same
condition, the increase was by 5.46% and 6.46% respectively as
compared to the group receiving distilled water. The administration of
the aqueous extract prevented the increase of body by 21.70% (p <0.05)
and 17.23% (p <0.05) respectively after 6 and 8 weeks of treatment
compared to rats receiving high fat/high sucrose diet and ethanol.
However, there was no significant variation of the body weight recorded
between the rats of group 3 when compared to rats of groups 1 and 2,
respectively.

Table 3: Evolution of body weight after administration of the aqueous extract of Manihot esculenta.

Week 0 2 4 6 8

TN 238.02+7.78 241.76 £5.12 245.534 £+ 6.86 248.93+4.04 251.48 £9.78
TP 237.66 +3.24 247.52 +5.58 254.63 + 4.59* 262.53 +5.74* 267.73 + 3.54*
ME 236.21 +3.94 241.28 £5.22 248.24 +4.30 255.56 +4.12* 260.96 + 4.63*

TN: group of rats receiving distilled water, TP: group of rats receiving concomitantly high fat/high sucrose diet and ethanol 40°, ME: group treated with M.
esculenta leaf aqueous extract in addition to high fat/high sucrose diet and ethanol 40°. Values are means + SEM (n = 6). # p< 0.05 compared to TN, * p<

0.05 compared to TP.

ii Influence of Manihot esculenta Leaves Aqueous Extract on
Systolic, Diastolic Blood Pressure and Heart Rate

The exposure of animals to high fat/high sucrose diet combined with the
administration of the alcohol and sucrose solution (inducing solution)
led to a significant increased (p <0.001) of the systolic arterial pressure
by 25.83%, the diastolic arterial pressure by 23.69% and the heart rate
by 12.58% respectively in comparison with those of control animals.
Treatment of the animal with the plant extract reduced significantly
(p<0,01) the increase of diastolic pressure and heart rate (p<0,05)
induced by the administration of high fat / high sucrose diet, sucrose 15%
and ethanolic 40°. Whereas, no significant difference of systolic arterial
pressure was found. Manihot esculenta extract have slowly reduce this
parameter (Figure 1).
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iii Effect of Manihot esculenta Leaves Aqueous Extract on the
Width of the Media

It appears from the analysis of this (Figure 1) that high fat/high sucrose
diet and ethanol 40° promoted a significant increase (p <0.01) by 102.5%
the width of the media in comparison to distilled water treated rats
(Figure 2). Co-treatment with the leaf aqueous extract significantly (p
<0.05) reduced by 32.6% the increase of the width of the media induced
by high fat/high sucrose diet and ethanol 40°.
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111 Effects of Manihot esculenta Leaves Aqueous Extract on
Some Biochemical Disorders

i Effects of Manihot esculenta Leaves Aqueous Extract on
Glycaemia

From our results, no significant variation was observed between the
initial and final glycaemia of rats receiving distilled water in the current
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study (Table 4). However, the treatment of rats with high fat/high
sucrose diet and ethanol 40° produced after 8 weeks, the increase of
glycaemia by 35.57% and 36.41% when compared respectively to their
initial value and the final value obtained in control rats. Co-treatment of
animal with the Manihot esculenta aqueous extract significantly
attenuated the increase of glycaemia when compared to high fat/high
sucrose diet and ethanol 40° treated animals.
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Figure 1: Effect of ME treatments on systolic blood pressure, diastolic blood pressure and heart rate.
TN: group of rats receiving distilled water, TP: group of rats receiving concomitantly high fat/high sucrose diet and ethanol 40°, ME: group treated with
Manihot esculenta leaf aqueous extract in addition to high fat/high sucrose diet and ethanol 40°. Values are means + SEM (n = 6). *#p <0.001 compared to

TN group; and * p <0.05, ** p <0.01 compared to the TP group.
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Figure 2: Effect of ME leaves aqueous extract on the width of the aortic media.
TN: group of rats receiving distilled water, TP: group of rats receiving concomitantly high fat/high sucrose diet and ethanol 40°, ME: group treated with
Manihot esculenta leaf aqueous extract in addition to high fat/high sucrose diet and ethanol 40°. Values are means + SEM (n = 6). *p <0.001, compared to

TN group; and * p <0.05, compared to the TP group.

Table 4: Effect of Manihot esculenta extract on variation of glycaemia.

initial blood sugar

final blood sugar

change in blood sugar

mg/L mg/L
TN 80.75+1.74 8857 +2.52 7.82+£1.02
TP 89.12 + 3.63 120.82 + 3.14# 31.71+213#
ME 81.75+ 152 109.63 £ 1.37* 21.88 +2.27*

TN: group of rats receiving distilled water, TP: group of rats receiving concomitantly high fat/high sucrose diet and ethanol 40°, ME: group treated with
Manihot esculenta leaf aqueous extract in addition to high fat/high sucrose diet and ethanol 40°. Values are means + SEM (n = 6); * p <0.01 compared to

TN group; and * p <0.05 compared to the TP group.
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ii Effects of Manihot esculenta Leaves Aqueous Extract on
Lipids Markers

Our results indicated that treatment of rats with high fat/high sucrose diet
and ethanol 40° for 8 weeks significantly increased serum lipids markers
(TC, TG, and LDL-c) as well as the atherogenic index of the plasma in

comparison to that of distilled water treated group (Table 5). In the same
time, these lipids parameters were decreased significantly (p < 0.01) in
group receiving Manihot esculenta aqueous extract (about 22.67% for
TC, 47.51% for LDL-c, 22.31% for TG and 45.72% for Al) as compared
to group receiving high fat/high sucrose diet and ethanol 40°.

Table 5: Effect of the aqueous extract of Manihot esculenta on the plasma levels of some markers of the lipid profile.

Groups CT (mg/dL) LDL-C(mg/dL) HDL-C (mg/dL) TG (mg/dL) Atherogenic  index of
plasma

TN 126.30 £9.51 59.30 +5.54 4230+ 4.50 123.27 +8.38 3.07+£0.25

TP 172.76 + 11.47%# 80.30 + 6.84% 32.30+2.23* 242.59 + 6.45%# 5.38 +0.13*

ME 133.43 +8.23** 4230 £ 4.17** 53.30 £ 5.21** 188.18 + 7.203** 2.92 £0.29*

TN: group of rats receiving distilled water, TP: group of rats receiving concomitantly high fat/high sucrose diet and ethanol 40°, ME: group treated with
Manihot esculenta leaf agqueous extract in addition to high fat/high sucrose diet and ethanol 40°. Values are means + SEM (n =6). #p <0.05; #p <0.001; ##
p <0.001 compared to TN group; and * p <0.05 and ** p <0.01 compared to the TP group.

iii Effect of Manihot esculenta Leaves Aqueous Extract on
Endogenous Antioxidants and Oxidative Stress Markers

As shown in (Table 6), high fat/high sucrose diet and ethanol 40°
induced significant changes in serum markers of oxidative stress
compared to control group. These changes were achieved by the
decrease in SOD activity (p <0.05), catalase activity (p <0.05), GSH (p
<0.05) and NO levels (p <0.01) as well as the increase of TBARS level
(p <0.05). In the same condition, high fat/high sucrose diet and ethanol

40°produced the decrease of aortic NO level by 27.52% (p <0.01) and
the increase of the aortic TBARS level by 65.30% compared to normal
control group. Administration of Manihot esculenta aqueous extract
resulted in a significant decrease (p <0.05) in serum and aortic TBARS
levels as well as a significant increase (p <0.05) in serum and aortic NO
levels. Similarly, serum SOD and catalase activities were significantly
reduced (p <0.05) in the Manihot esculenta test group compared to high
fat/high sucrose diet and ethanol 40° treated group.

Table 6: Effect of the aqueous extract of Manihot esculenta on oxidative stress markers.

TN TP ME
Serum
SOD units/g of proteins 8.91+0.71 5.32 +0.86" 9.06 +1.22*
Catalase mmol of H,O,/min/g proteins 5843 +5.12 37.43 + 4.697 49.23 + 6.07**
GSH (umol/ml) 4123 +3.07 26.33 + 2.56" 30.74 £ 2.57
TBARS (umol/ml) 3.16 £0.52 6.32 +1.06" 441 £1.17*
NO (mmol/ml) 102.47 £9.02 74.43 + 4.76% 83.55 + 4.47*
Aorta
SOD units/g of proteins 6.74 +£0.56 5.19 £0.72* 5.89+1.07
Catalase mmol of H,O,/min/g proteins 34.28 +3.06 28.94 + 2.47% 29.78 £3.19
GSH (umol/mg tissue) 29.83+3.16 23.61+211% 26.73+2.64
TBARS (umol/mg tissue) 245 +0.36 4.05+0.57% 3.04 +0.49*
NO (mmol/mg tissue) 146.54 + 5.62 106.21 + 4.03% 136.31 + 4.23*

TN: group of rats receiving distilled water, TP: group of rats receiving concomitantly high fat/high sucrose diet and ethanol 40°, ME: group treated with
Manihot esculenta leaf aqueous extract in addition to high fat/high sucrose diet and ethanol 40°.#p <0.05; #p <0.001 compared to TN group; and * p <0.05;

**p <0.01 compared to the TP group.

iv Effect of Manihot esculenta Leaves Aqueous Extract on Some
Markers of Hepatic Cytolysis

The effects of the leaf aqueous extract of Manihot esculenta on some
markers of hepatic cytolysis are shown in (Table 7). Our results show a
significant increase in transaminase activities (ALT and AST) in high
fat/high sucrose diet and ethanol 40° treated group compared to group

J Food Nutr Metabol doi:10.31487/j.JFNM.2023.02.01

receiving distilled water. Co-treatment with Manihot esculenta extract
significantly reduced the activities of these markers of hepatic profile
plasma AST and ALT markers compared to animals receiving high
fat/high sucrose diet and ethanol 40°. Also, no significant difference was
noted between the activities of AST and ALT when compared to normal
control rats.
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Table 7: Effects of extracts on markers of hepatic cytolysis.

Groups ALT (U/l) AST/ALT
TN 36.23+£6.11 152.9+5.7 >1
TP 4293 +3.6" 163.31 + 10.8* >1
ME 39.61+5.67* 155 +9.02* >1

TN: group of rats receiving distilled water, TP: group of rats receiving concomitantly high fat/high sucrose diet and ethanol 40°, ME: group treated with
Manihot esculenta leaf aqueous extract in addition to high fat/high sucrose diet and ethanol 40°.7p <0.05; #p <0.001 compared to TN group and * p <0.05,

compared to the TP group.
Discussion

Hypertension is one of the most common disorders and increases the risk
of cardiovascular diseases, which are one of the main causes of death in
the world. Although several modern medicines are used to manage
hypertension, numerous studies have demonstrated the effectiveness of
medicinal plant extracts or their fractions in the treatment of this diseases
[22]. Manihot esculenta leaf used in the present study is commonly eaten
by people in Africa. In Cameroon, fresh cassava leaf juice in
combination with milk is often recommended in the management of
anemia [23]. In addition, the consumption of cassava leaves is often
recommended to patients suffering from pathologies such as malaria,
typhoid fever to name a few. Also, it should be mentioned that several
epidemiological studies have established a significant correlation
between the diets of rural areas and the relatively low rate of patients
with high blood pressure [24]. Therefore, the present study is aimed to
evaluate the protective effects of the leaf aqueous extract of Manihot
esculenta Crantz on high-calorie diet combined with alcohol and sucrose
ingestion induced hypertension in rats.

The health benefits of cassava leaves have been suggested by reports on
their nutritional, mineral, and phytochemicals contents. Indeed, the
presence of secondary metabolites such as terpenoids, flavonoids and
polyphenolic classes of compounds in Manihot esculenta have been
demonstrated previously [25, 26]. In agreement, our results demonstrate
the presence of polyphenols and flavonoids in the leaf aqueous extract
of Manihot esculenta [27, 28]. The presence of these compounds may
partly explain the protective effects of Manihot esculenta leaf against the
development of various chronic diseases such as cardiovascular diseases
[29]. Results of this study also show that the administration of the plant
extract significantly prevented the increase of body weight after 6 and 8
weeks when compared to rats receiving only high fat/high sucrose diet
and ethanol. This reduction of body weight may be attributed to the
phytochemical compounds which avoid weight gain and fat
accumulation via increasing fat metabolism and inhibiting fat absorption
[30]. Current finding showed that the exposure of rats to high fat/high
sucrose diet and ethanol 40° during 8 weeks significantly increased both
systolic and diastolic arterial blood pressures as well as the heart rate
when compared to control animals receiving distilled water. The
increase of these hemodynamic markers may be associated to the onset
and/or worsening of some cardiovascular risk factors such as such as
insulin resistance, oxidative stress, atherogenicity and dyslipidemia [31,
32].

Treatment with the leaf aqueous extract of Manihot esculenta
significantly decrease the heart rate and diastolic blood pressure, but did
not significantly reduce systolic blood pressure. These results are in line
with previous study that suggesting that the leaves of Manihot esculenta
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are rich in phytochemicals, which are valuable as natural antioxidants,
and their consumption has been linked to reducing the risks of
hypertension [33]. Present findings also showed that the width was
significantly greater in hypertensive animals than in normal control
group. This result is similar to previous studies that demonstrated that
increased width was associated with greater aortic stiffness which is
closely linked to increased risk of hypertension [34]. The co-treatment
of animals with the leaf aqueous extract significantly prevented the
increase of the median width induced by high fat/high sucrose diet and
ethanol 40°. This result suggests that the leaf aqueous extract of Manihot
esculenta may contain some biochemical components that are able to
reduce the blood pressure by improving vascular remodeling as
previously reported [35].

In this study, we observed that the blood glucose level of rats treated
with high fat/high sucrose diet and ethanol 40°was significantly greater
in comparison with the normal control group. This increase can directly
impair vasodilation and increase oxidative. The sum of these effects is
the impaired autoregulation of vascular tone, increased vascular
resistance and blood pressure elevation [36]. Co-treatment of rats with
the leaf aqueous extract of Manihot esculenta significantly prevented the
increase of blood glucose induced by high fat/high sucrose diet and
ethanol 40°. This result was consistent with previous works reporting
that the consumption of cassava leaves rich in phytochemicals, such as
phenolic acids, saponins, stilbenes, carotenoids and flavonoids, may act
to prevent non-communicable diseases such as cardiovascular disease,
stroke and diabetes [37]. Along with hyperglycemia, dyslipidemia also
affect vascular tone through imbalance of vascular tone regulators.

Our results also revealed that high fat/high sucrose diet and ethanol 40°
feeding significantly increase the serum total cholesterol, triglycerides,
LDL-cholesterol as well as the atherogenic index while the HDL
concentration decrease in comparison to distilled water treated group.
These variations in the serum lipid profile are in line with previous
studies which have shown that excessive consumption of fat, sugar
and/or alcohol largely contributes to the development of dyslipidemia
[38, 39]. Indeed, it has been reported that dyslipidemia causes
endothelial damage and consequently, reduced vasodilator capacity and
increased blood pressure [40]. Compared to hypertensive animals, the
administration of the leaf extract significantly induced on the one hand
a decrease of the total cholesterol, LDL cholesterol and triglyceride
levels, and in the other hand an increase of the HDL level. The observed
ameliorative effects on lipid profile suggests that the leaf aqueous extract
of Manihot esculenta may contain phytochemicals such as polyphenols
that are able to prevent dyslipidemia [41].

Previous studies demonstrate that oxidative stress plays an important
role in the pathogenesis and development of various diseases such as
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hypertension, dyslipidemia, diabetes mellitus, atherosclerosis and other
chronic diseases [42]. In the present work, high fat/high sucrose diet and
ethanol 40° significantly decrease the serum SOD and catalase activities
as well as GSH and NO levels when compared to normal control rats. In
the same condition, these hypertensive agents significantly decrease the
aortic NO level and increase the aortic TBARS level. These results are
consistent with previous studies that have shown that the antioxidant
defense system decline in high fat, high sucrose and/or ethanol fed
animals [43-45]. In contrast, treatment with the plant extract
significantly ameliorate the antioxidative parameters evaluated in the
current study as compared to animals receiving concomitantly high
fat/high sucrose diet and ethanol 40°. These results suggest that the leaf
aqueous extract of Manihot esculenta may exert its antihypertensive
potential partly via its its ability to prevent oxidative stress and to restore
the antioxidant properties.

In this study, we also investigated the effect of Manihot esculenta leaf
aqueous extract on some markers of hepatic functions. Interestingly, our
results showed a significant increase in transaminase activities (ALT and
AST) following high fat/high sucrose diet and ethanol 40° feeding
compared to group receiving distilled water. As mentioned in several
studies, an increase in the activity of the above enzymes is an indication
of severe liver damage [46, 47]. Current findings indicate that the
hepatoprotective effect of leaf aqueous extract of Manihot esculenta
could be associated to its ability to decrease the above-mentioned
enzymatic markers of liver functions.

Conclusion

The treatment with the leaf agueous extract of Manihot esculenta
produced potent beneficial effects against high fat/high sucrose diet and
ethanol 40°induced hypertension in rats. These effects may be attributed
to the presence of some phytochemicals such as polyphenols that are able
to improve vascular function and to exhibit hypoglycemic,
hypolipidemic, hepatoprotective and antioxidant effects. These results
justify the traditional use of Manihot esculenta leaves to reduce the risk
of developing hypertension. However, further studies are needed to
explore other metabolic pathways that may explain the observed in vivo
effect on blood pressure.
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