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ABSTRACT

Background and Aim: Cardiovascular complications are the main cause of morbidity and
mortality in hypertensive diabetic patients. They develop due to microvasculopathy, myocardial
hypertrophy and cardiac fibrosis. In the present study, the activity of aqueous extract of Erythrina
senegalensis on cardiovascular complications in diabetic hypertensive rats was evaluated.

Experimental Procedure: The model of hypertensive diabetic rats was obtained by daily oral
administration of sucrose (15%) and 40° ethanol at doses of 1.5 and 5 g/kg respectively for six
weeks, followed by an intravenous injection of streptozotocin (35 mg/kg). After four weeks of
complications, the diabetic hypertensive rats were divided into six groups of 5 animals each, and
received the different treatments for four weeks where blood glucose level was taken weekly. At
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properties.

the end of the treatments, the animals were anaesthetised and the arterial pressures and
electrocardiograph were recorded by the direct method. Then the aorta and heart were removed
for biochemical calorimetric analysis and histological evaluation.

Results and Conclusion: In the diabetic hypertensive animals the results showed chronic
hyperglycaemia associated with high blood pressure. On the electrocardiogram there was a
cardiac arrhythmia manifested by a significant decrease in the duration of the PR, QRS, RR, QTc
segments, ST interval, P, QRS and T waves, a decrease in the amplitude of the QRS and T
waves. There was a significant increase in total cholesterol, triglyceride atherogenic index and a
decrease in HDL-cholesterol with a change in the cardiac ionogram and oxidative status in the
aorta and heart. The different treatments improved these parameters and cardiovascular function.
These results suggest that the extract of E. senegalensis by the presence of several bioactive
compounds would possess cardioprotective, hypoglycaemic,

hypotensive and antioxidant

Keywords: Hypertension;
senegalensis; rats.

1. INTRODUCTION

The cardiovascular system (CVS) consists of the
heart and a network of vessels through which
blood or lymph circulates. The blood circulation is
composed of two networks: the arterial network
where blood flows from the heart to the tissues
and the venous network where blood flows from
the tissues to the heart [1]. The heart is a hollow
muscle with a rhythmic contraction which
function is to ensure the progression of blood
inside the vessels [1]. The cardiac conduction
system includes  the sinoatrial node,
atrioventricular junction, bundle branches and
Purkinje fibres [2]. This network of specialised
myocytes has uniqgue molecular, anatomical and
functional properties, enabling it to maintain the
electrical activity of the heart [3]. In clinical
pathology, obesity, atherosclerosis,
hypertension, diabetes mellitus and associated
complications have common pathological links
with the metabolic syndrome [4]. These diseases
have become a major health threat in the modern
world, affecting millions of people and causing an
economic downturn [5]. Diabetes mellitus (DM)
is linked to an increased incidence of
cardiovascular diseases such as coronary heart
disease, heart failure, myocardial infarction (Ml)
and angina, which in turn lead to disability and
death [6]. Atrial fibrillation (AF) is the most
common cardiac arrhythmia in adults, with a
current prevalence of 2-4% [7]. It is seen in
diabetic patients, and prevalence rates are
estimated to be at least twice as high as in non-
diabetic subjects. In diabetic patients with
hypertension, a common co-existing condition,
the prevalence of AF is up to three times higher
than in patients with hypertension or diabetes
alone [7]. AF can remain undetected for months
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or years and is often undiagnosed or untreated
until a stroke occurs. Therefore, a reliable, easy-
to-apply tool for early detection of AF is crucial in
clinical practice, especially in hypertensive and
diabetic patients [8]. The electrocardiogram
(ECG) is a practical, reliable and rapid tool that
has been widely wused to screen for
cardiovascular disease, specifically cardiac
arrhythmias [6]. Hypertension, hyperglycaemia,
but also hypercholesterolaemia are well known
risk factors strongly implicated in the occurrence
of  cardiovascular events [9]. Chronic
hyperglycaemia in diabetics is likely to trigger
and promote vascular complications by inducing
several metabolic alterations, including increased
formation of advanced glycation end products
(AGEs) and increased production of reactive
oxygen species (ROS) leading to cardiovascular
remodelling and alteration of ion channels
involved in the regulation of heart rate and
rhythm [10-11]. Current therapies, such as
chemical drugs, are insufficient to cure or stop
the progression of this disease with its multiple
manifestations. In addition, numerous studies
have found that the use of antihypertensive
drugs to control high blood pressure in diabetics
is associated with a lower risk of AF [5]. As a
result, several laboratories are undertaking
research into the treatment of hypertensive
diabetics and the complications associated with
this association [12]. These drugs although
promising are very expensive, inaccessible and
have many side effects. Plants are good sources
of alternative or complementary medicines in the
treatment of various diseases. Based on the
WHO report, it is considered that about 75-80%
of the world's population depends mainly on
traditional formulations or medicines obtained
from plant materials and products [13]. Erythrina
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senegalensis which is the subject of this work is
a Fabaceae and used in traditional medicine in

the treatment of many diseases including
hypertension and diabetes. Furthermore,
previous scientific work in vivo with E.

senegalensis has revealed hypotensive,
cardioprotective, hypoglycaemic and antioxidant
properties [14]. These different effects are
attributed to the multitude of compounds such as
polyphenols, more specifically flavonoids, tannins
and steroids present in the E. senegalensis
extract [14]. So far, no work showing the effects
of E. senegalensis on cardiovascular
complications in hypertensive diabetic rats has
been reported. The present work was conducted
to evaluate the activity of the aqueous extract of
E. senegalensis on cardiovascular function in
diabetic hypertensive rats. Specifically, the
effects on cardiac electrical activity, oxidative
status, aortic and cardiac ultrastructure will be
determined.

2. MATERIALS AND METHODS

2.1 Plant Collection and Extract

Preparation

The stem barks of Erythrina senegalensis were
harvested at Bafia-goufan (Mbam and Inoubou
Department), central region of Cameroon, in
June 2017. The plant was authenticated at the
National Herbarium of Cameroon where voucher
specimen N° 13752 SRF Cam has been
deposited. The barks were shade dried and
crushed. Aqueous extract was prepared
according to the protocol described by Bilanda et
al. [14]. Briefly, the powder (250 g) was added to
3 L of distilled water and allowed to macerate at
room temperature for 24 h and then filtered with
Wattman No. 3 filter paper. The filtrate obtained
was evaporated in an oven (40-45 °C) and a
mass of 26.78 g of dry extract was obtained,
giving a yield of 10.71 %.

2.2 Drugs and Chemicals

Some drugs and some biochemicals used in this
experiment were purchased from Sigma
Chemical Company (St. Louis, MO, USA); others
from LABKIT (ESPAGNE). The chemicals were
of analytical grade.

2.3 Animals
Eight to ten weeks old male albinos wistar rats,

weighing between 180 and 200 g were used. The
animals were raised in the animal house of the
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Laboratory of Animal Physiology of the University
of Yaounde | (5 animals per cage). They were
kept at room temperature under a natural light
cycle (12/12) with adequate ventilation and had
free access to tap water as well as a standard
animal diet. Prior authorization for the use of
laboratory animals in this study was obtained
from the Cameroon National Ethics Committee
(Reg. N°. FWA-IRD 0001954).

2.4 Hypertension and Diabetes Induction
and Treatment of Animals

Normotensive and normoglycaemic rats aged
nine to twelve weeks and weighing between 200
and 250 g were made hypertensive by daily
administration of 15% sucrose followed by 40°
alcohol by gavage at doses of 1.5 g/kg and 5
o/kg, respectively for six weeks. Another group (7
rats) received distilled water at a dose of 10
mg/kg (normal group). On day 43, hypertensive
rats received one intravenous (dorsal vein of the
penis) injection (it) of streptozotocin (STZ)
solution at a dose of 35 mg/kg after 12 hours of
non-hydrous fasting. At the same time, those in
the normal group received 0.9% NacCl (it). The
blood glucose levels of these rats were
determined two weeks after STZ administration
using a glucometer and ACCU-CHEK ®
performer strips. Animals with blood glucose
level from 126 mg/dL and above were
considered diabetic and left for two additional
weeks to settle complications.

Hypertensive diabetic rats continued to receive
alcohol (5 g/kg) and sucrose (1.5 g/kg) and were
divided into 5 groups of 5 animals each and
received additional treatment for 4 weeks as
follows: a hypertensive diabetic control group
(HDC) received distilled water; a positive control
group (MNC) received metformin (200 mg/kg)
plus nifedipine (10 mg/kg); three test groups (ES
50, ES 100 and ES 300) received aqueous
extract of E. senegalensis at doses of 50, 100
and 300 mg/kg respectively. The group receiving
distilled water (10 mL/kg) continued to receive it
and made up the normal control group (NC). The
blood glucose level of the animals was taken at
the end of each week. During the treatment
period, all animals continued to receive sucrose
and alcohol except those of the normal control

group.

2.5 Haemodynamic Parameters
Electrocardiogram Recording

and

At the end of the treatment, haemodynamic
parameters and electrocardiogram (ECG) were
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recorded by the direct method as described by
Bilanda et al. [14]. Briefly, each rat was
anaesthetised by intraperitoneal injection of
urethane (1.5 g/kg). The trachea was exposed
and cannulated to facilitate spontaneous
breathing. Blood pressure and heart rate were
measured from the right carotid artery via an
arterial cannula connected to a pressure
transducer coupled to a Biopac Student Lab
hemodynamic recorder (MP35) and a computer.
A 30-minute equilibration period was observed
before each measurement. The ECG was
evaluated by cancelling the blood pressure and
heart rate curve at 0.4 second/division.

2.6 Biochemical Analyses

After hemodynamic recording, the animal was
sacrificed by the disruption of the carotid artery,
the aorta and the heart were removed and
weighed. One part of each organ was crushed in
the Mac Even solution and centrifuged at 3000
rom. The supernatant was used as homogenate
(20%) for the determination of some biochemical
parameters. The cardiac total cholesterol (TC),
triglycerides (TG), and HDL Cholesterol (HDL-C)
levels were assessed using commercial
diagnostic kits (LABKIT, UK). The levels of LDL-
Cholesterol (LDL-C) and Atherogenic index (Al)
were calculated using the following formula: LDL-
Chol (mg/dL) = Chol - (TG/5) - HDL-Chol
according to Youmbissi et al. [15] respectively.
Similarly, the cardiac levels of sodium, calcium,
potassium, magnesium and chlorine were
assessed using commercial diagnostic kit from
Labkit. Tissue protein concentration was assayed
according to Gornall et al. [16] Catalase was
determined according to Sinha [17], glutathione
reduced and superoxide dismutase were
determined using the method of Ellman [18],
Misra and Fridovish [19] respectively. The end
product of lipid peroxidation (malondialdehyde,
MDA) was determined using the procedure of
Wilbur et al. [20] and the Nitrite concentration (an
indirect measurement of NO synthesis) was
assayed using the method described by Green et
al. [21].

2.7 Histological Analyses

The aorta and heart after fixation (1 week) in
10% buffered formaldehyde were trimmed and
dehydrated in increasing gradient alcohol (70%,
80%, 90% and 100%, 3 baths each). The tissues
were then clarified in 2 xylene baths (1.5 hrs per
bath) and impregnated in liquid paraffin at 60°C
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(for 5 hrs). 5 ym sections of paraffin-embedded
aorta and heart tissue after haematoxylin-eosin
staining were examined with a microscope and
media sizes of aorta were assessed.

2.8 Statistical Analysis

Statistical analysis was performed using
GraphPad Prism 8.0.1. All data were analysed by
one-way analysis of variance (ANOVA) followed
by the Tukey post hoc test and expressed as a
mean + standard error of the mean (SEM). The
difference was considered significant at p < 0.05.

3. RESULTS

3.1 Effects of E. senegalensis Extract on
Glycaemic Evolution

Fig. 1 shows the evolution of blood glucose
levels, before and during the treatment with the
agueous extract of E. senegalensis or metformin
+ nifedipine (MN). The results obtained show a
significant increase in blood glucose level in the
different groups after hypertension and diabetes
induction as well as the first day of treatment
(D1). That increase was of 26.83% (p < 0.001)
and 234.13% (p < 0.001) respectively as
compared to normal group. During the treatment,
there was a significant increase in blood glucose
levels in the diabetic hypertensive control group
of 244.74% (p < 0.001), 244.59% (p < 0.001),
272.81% (p < 0.001) and 200.71% (p < 0.001)
respectively still as compared to the normal
group. At the end of the first week of treatment,
the group receiving metformin plus nifedipine
(MNC) treatment as well as those receiving the
extract at different doses showed a significant
decrease in blood glucose levels as compared to
diabetic hypertensive control group. The values
were of 23.76% (p < 0.001), 19.15% (p < 0.001),
27.30% (p < 0.001) and 30.50% (p < 0.001)
respectively lower. Similarly, at end of the
second week, the MNC group as well as those
receiving the extract at the different doses
showed a significant decrease in blood glucose
levels as compared to the hypertensive diabetic
control group (HDC) group with the respective
percentages of 29.41% (p < 0.001), 32.55% (p <
0.001), 30.20% (p < 0.001) and 38.82% (p <
0.001). At the end of the third week, the MNC
group as well as those receiving the extract at
different doses showed a significant decrease in
blood glucose levels compared to HDC group of
35.38% (p < 0.001), of 59.57% (p < 0.001),
of 57.76% (p < 0.001) and of 50.54%
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Fig. 1. Effects of E. senegalensis extract on blood sugar development
Each point represents the mean + SEM; n = 5; *p < 0.05, ?p < 0.01, ®p < 0.001: significant differences from
normal controls; °p < 0.001: significant differences from diabetic hypertensive controls. STZ: Streptozotocin. D:
Day, W: Week

(p < 0.001) respectively. The MNC group
as well as those receiving the extract at the
different doses, showed, at the fourth
week, a significant decrease in blood glucose
levels as compared to HDC group at the
percentages of 35.38% (p < 0.001), of 59.57% (p
< 0.001), of 57.76% (p < 0.001) and of 50.54% (p
< 0.001). At the end of week 4, the extract at the
different doses brought the blood glucose
values close to those of the normal control

group.

3.2 Effects of Aqueous Extract of
E. senegalensis on Some
Haemodynamic Parameters

Table 1 shows the effects of aqueous extract of
E. senegalensis on blood pressure and heart rate
after 4 weeks of treatment. A significant increase
(p < 0.001) in systolic (SBP), diastolic (DBP),
mean (MAP) and pulsatile (PP) blood pressure
and heart rate (HR) was observed in the
hypertensive diabetic control group (HDC) as
compared to the normal control (NC) group. This
increase was of 34.78%, of 38.05%, of 37.40%,
of 27.88% and of 25.00% respectively. The
administration of metformin + nifedipine (MN)
treatment as well as the extract at the different
doses (ES50, ES100 and ES300 respectively)
resulted in a significant decrease in these
different parameters as compared to HDC group.
This decrease was of 14.19% (p < 0.001), of
20.00% (p < 0.001), of 21.29% (p < 0.001) and of
23.23% for SBP respectively; of 14.64% (p <
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0.01) and of 25.11% (p < 0.001) for DBP in
ES100 and ES 300; of 8.70% (p < 0.05), of
15.30% (p < 0.001), of 18.00% (p < 0.001) and of
24.87% (p < 0.001) for MAP respectively; of
30.00% (p < 0.001), of 29.34% (p < 0.001), of
27.54% (p < 0.001) and of 24.26% (p < 0.001) for
PP respectively; of 14.93% (p < 0.001), of
19.15% (p < 0.001), of 29.86% (p < 0.001) and of
21.69% (p < 0.001) for CF respectively. The
plant extract at the different doses as well as the
reference treatment reduced the blood pressure
and heart rate to values close to those of the
normal control group.

3.3 Effects of E. senegalensis Extract on
the Electrocardiogram

Fig. 2 summarises the effects of E. senegalensis
extract on the electrocardiogram (ECG),
it was observed in the normal control group a
normal ECG curve with different segment and
waves, well identifiable intervals and regular
cardiac cycles. On the other hand, in the
hypertensive diabetic control group (HDC), a
decrease in the amplitude of the different waves
was noted, as well as an abnormal sequence of
these waves. Similarly, a decrease in the
duration between two consecutive beats (RR)
and irregular cardiac cycles were observed,
indicating  atrioventricular  defibrillation. The
administration of the plant extract as well as the
MN treatment improved the ECG of the
animals in these groups as compared to HDC

group.
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Table 1. Effects of agueous extract of E. senegalensis on blood pressure, pulse pressure and heart rate

NC HDC MNC ES 50 ES 100 ES 300
SBP (mmHg) 115.00+2.59 155.00+2.20° 133.00+1.62%° 124.00+1.51"° 122.00+1.23° 119.00+2.28°
DBP (mmHg) 67.80+1.23 93.60+1.11° 90.60+2.61° 83.90+3.44° 79.90+2.08" 70.10+2.84°
MAP (mmHg) 83.70+1.05 115.00+1.15° 105.00+1.70* 97.40+3.73% 94.30+1.13" 86.40+1.79°
PP (mmHg) 47.70+0.61 61.00+1.45° 42.70+2.88° 43.10+1.85° 44.20+1.47° 46.20+2.09°
HR (beat/min) 284.00+5.40 355.00+5.91° 302.00+6.26° 287.00+4.81° 249.00+4.17%° 278.00+6.49°

Each value represents the mean + SEM; n = 5; 'p < 0.05, °p < 0.01, °p < 0.001: significant differences from normal control group; *p < 0.05, °p < 0.01, °p < 0.001: significant
differences from hypertensive diabetic control group

Table 2. Effects of E. senegalensis extract on the duration of some ECG parameters

NC HDC MNC ES 50 ES 100 ES 300
PR (ms) 51.43+1.80 43.57+1.43° 58.57+0.92°° 64.29+1.30%° 68.57+1.43% 60.00+1.09%°
QRS (ms) 23.57+2.68 16.43+1.01" 17.14+1.49" 22.86+1.01% 22.14+1.07 19.29+0.71
RR (ms) 217.10+5.96 152.90+3.91° 214.30+8.69° 190.00+5.56™ 215.70+2.02° 211.00+2.10°
QT (ms) 78.33+3.33 48.47+1.78° 73.33+5.87% 70.00+4.75% 77.50+6.55" 70.00+2.58%
ST (ms) 63.75+3.19 47.00+1.52° 79.29+5.04% 57.86+2.29 59.29+1.47 62.86+2.47"

Each value represents the mean + SEM; n = 5; "p < 0.05. °p < 0.01. °p < 0.001: significant difference from normal control group; p < 0.05. °p < 0.01. °p < 0.001: significant
difference from hypertensive diabetic control group

Table 3. Effects of E. senegalensis extract on some parameters of the cardiac lipid profile

TN THD TMN ES 50 ES 100 ES 300
Cho-T (mg/g) 1.83+0.09 2.83+0.07° 1.40+0.02° 1.55+0.06° 1.40+0.10° 1.63+0.03°
HDL-C (mg/g) 1.18+0.01 0.73+0.04 0.95+0.01 1.63+0.03* 1.18+0.03" 1.63+0.01%°
TG (mglg) 0.68+0.02 1.68+0.01° 0.83+0.06° 0.70+0.03° 1.03+0.05° 0.65+0.02°
Index Athérogéne 1.45+0.11 3.36+0.12° 1.25+0.08° 1.08+0.04*° 1.10+0.14° 0.94+0.20°

Each value represents the mean + SEM; n = 5; “ p < 0.01. ° p < 0.001: significant differences from normal control group; ® p < 0.01. ® p < 0.001: significant differences from
diabetic hypertensive control group. T- Cho: Total-cholesterol, HDL-C: High-density lipoprotein cholesterol, TG: Triglycerides
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Fig. 2. Effects of E. senegalensis extract on the electrocardiogram at 0.4 seconds/div
P: Atrial depolarization, T: Ventricular repolarization, QRS: Ventricular depolarization, RR: Cardiac revolution;
NC: Normal control rats, HDC: Hypertensive diabetic control rats, TMN: Hypertensive diabetic control rats
receiving metformin and nifedipine at doses of 200 and 10 mg/kg, respectively; ES 50, 100 and 300:
Hypertensive diabetic rats receiving E. senegalensis extract at doses of 50, 100 and 300 mg/kg, respectively

3.4 Effects of E. senegalensis Extract on
Some Electrocardiogram Parameters

3.4.1 Effects of E. senegalensis extract on
the duration of some electrocardiogram
parameters

Table 2 shows the effects of E. senegalensis
extract on the duration of some ECG waves and
segments. In the hypertensive diabetic control
(HDC) group, a significant (p < 0.01) decrease of
15.29% in atrioventricular conduction time (AVT)
was observed as compared to the normal control
(NC) group. The administration of metformin +
nifedipine (MN) as well as the extract at different
doses (ES50, ES100, ES300 respectively)
resulted in a significant (p < 0.001) increase in
the duration of the PR interval as compared to
HDC group. This increase was of 34.43%, of
47.56%, of 57.38% and of 37.71% for the
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MNC, ES 50, ES 100 and ES 300 groups
respectively.

There was also a significant decrease (p < 0.05)
in the duration of ventricular contraction (QRS
complex) in the HDC group as compared to the
NC group. This decrease was of 30.29%. The
plant extract (50 mg/kg) treatment led to a
significant (p < 0.05) increase in the duration of
ventricular depolarisation as compared to
hypertensive diabetic animals.

The hypertensive diabetic animals as compared
to the normal control animals showed a
significant (p < 0.001) decrease of 29.57% in the
cardiac revolution time (RR segment). Dual
therapy with metformin and nifedipine as well as
plant extract at different doses significantly (p <
0.001) increased the RR segment compared to
the HDC group. This increase was of 40.16%, of
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24.26%, of 41.07% and of 38.00% for the MNC,
ES 50, ES 100 and ES 300 groups respectively.

In HDC group as compared to NC animals, there
was a significant (p<0.01) 38.12% decrease in
the duration of ventricular activity (QT interval).
The combination of metformin and nifedipine, as
well as the extract at different doses, resulted in
a significant (p < 0.01) increase in QT interval
duration in these groups compared to HDC
group. This increase was of 51.29%, of 44.42%,
of 59.89% and of 44.42% for the MNC, ES 50,
ES 100 and ES 300 groups as compared to HDC

group.

There was a significant (p<0.01) decrease in
ventricular repolarisation time (ST segment) of
26.27% in HDC group as compared to NC group.
The combination of metformin and nifedipine as
well as the plant extract (300 mg/kg) resulted in a
significant increase in ventricular repolarisation
time as compared to HDC animals. This increase
was of 68.70% (p < 0.001) and of 33.74% (p <
0.01) for the MNC and ES 300 groups
respectively.

3.4.2 Effects of E. senegalensis extract on
duration of atrial depolarisation (P-
wave) and ventricular repolarisation (T-
wave)

Fig. 3 shows the effects of E. senegalensis on
the duration of atrial depolarisation and
ventricular repolarisation. A significant decrease
in P- and T-wave duration of 32.36% (P < 0.05)
and of 31.25% (P < 0.01) respectively was
observed in hypertensive diabetic control (HDC)
animals as compared to NC animals. The
administration of the metformin and nifedipine
mixture as well as the plant extract at different
doses resulted in a significant increase in P-wave

P-wave (ms)
N w
e &
I |
ﬁ o
fon

-
=]
l

0-

T-wave (ms)

duration as compared to HDC animals. This
increase was of 69.57% (P<0.001), of 60.86%
(P<0.01) and of 78.27% (P<0.001) in the ES 50,
ES 100 and ES 300 groups, respectively (Fig.
3A). For the T-wave, this increase was of 31.25%
(p < 0.01), of 55.84% (p < 0.001) and of 42.99%
(p <0.01) in the TMN, ES 50 and ES 100 groups
respectively (Fig. 3B).

3.5 Effects of E. senegalensis Extract on
the Amplitude of Atrial, Ventricular

Depolarisation and Ventricular
Repolarisation
The effects of aqueous extract of E.
senegalensis on the amplitude of atrial
depolarisation P wave), ventricular

depolarisation (QRS complex) and ventricular
repolarisation (T wave) are summarised in Fig. 4.
In hypertensive diabetic animals as compared
to normal animals there was a significant
decrease in the amplitude of the P-wave
(p < 0.001), QRS complex (p < 0.05) and T-wave
(p < 0.05) of 42.47%, of 31.28% and of 27.94%.
The combination of metformin and nifedipine
as well as plant extract at different doses
resulted in a significant increase in P-wave
amplitude as compared to hypertensive
diabetic animals. The values were of 60.64%
(p<0.001), of 66.50% (p<0.001), of 58.59%
(p<0.001) and of 38.07% (p<0.05) lower in the
MNC, ES 50, ES 100 and ES 300 groups,
respectively  (Fig. 4A). For  ventricular
depolarisation, the increase was 1.36-fold
(p<0.001) and 63.59% (p<0.01) in the MNC and
ES 100 groups respectively (Fig. 4B). The
amplitude of repolarisation increased by 54.66%
(p<0.001), by 47.03% (p<0.01) and by 78.19%
(p<0.001) for ventricular repolarisation in the
MNC, ES 50 and ES 100 groups respectively
compared to HDC group (Fig. 4C).

NC
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MNC
ES 50
ES 100
ES 300

b
o
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Fig. 3. Effects of E. senegalensis extract on the duration of atrial depolarisation (A) and
ventricular repolarisation (B)
Each bar represents the mean + SEM; n = 5; %p < 0.01. ®p < 0.001: significant difference from normal control
group; °p < 0.01: significant difference from hypertensive diabetic control group
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Fig. 4. Effects of E. senegalensis extract on P, T waves and QRS complex amplitudes
Each value represents the mean + SEM; n = 5; * p < 0.05. 3 p < 0.001: significant differences from normal control
group; 2 p < 0.05. ° p < 0.01, ®p < 0.001: significant differences from hypertensive diabetic control group

3.6 Effects of E. senegalensis Extract on
Some Parameters of the Cardiac Lipid
Profile

The effects of aqueous E. senegalensis extract
on cardiac total cholesterol, HDL-cholesterol,
triglycerides and atherogenic index are
summarised in Table 3. The results show in
comparison with the normal control group an
increase in total cholesterol, triglyceride and
atherogenic index levels. This increase was of
54.16% (p < 0.01), of 146.15% (p < 0.001) and of
92.00% (p < 0.001) respectively; a significant
decrease (p < 0.01) in HDL-cholesterol levels of
37.42%. The administration of the combination of
metformin-nifedipine and the extract at different
doses resulted in a significant decrease in the
concentration of total cholesterol, triglycerides
and the atherogenic index. This significant
decrease (p < 0.001) was of 50.09% of 44.87%,
of 50.89% and of 42.48% for total cholesterol; of
51.19% of 58.18% of. 39.73% and of 61.31% for
triglycerides; of 55.65%, of 64.88%, of 55.36%
and of 55.95% for the atherogenic index
respectively as compared to HDC group. The
extract increased HDL-cholesterol levels by
123.39%, by 61.86% and by 122.68% in the
groups receiving the extract with 50, 100 and 300
mg/kg respectively as compared to HDC group.

3.7 Effects of E. senegalensis Extract on
the Cardiac lonogram

Table 4 shows the effects of E. senegalensis
extract on the cardiac levels of some ions. The
results show in the hypertensive diabetic control
(HDC) group as compared to the normal control
(NC) group a significant increase in the
concentrations of sodium (Na"), potassium (K"),
calcium (Ca2+) chlorine (cl’) ions and a significant
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decrease in the magnesium (Mg“) ion. This
increase was of 54.91% (p < 0.001), of 45.87%
(p < 0.05), of 22.73% (p < 0.05), of 40.27% (p <
0.01) and of 51.08% (p < 0.001) respectively.
The administration of MN treatment as well as
the extract at different doses resulted in a
significant decrease in the level of Na*, K*, Ca*",
CI ions and a significant increase in Mg®* ions as
compared to HDC group. This decrease was of
21.39% (p < 0.05), of 25.35% (p < 0.01), of
32.28% (p < 0.001) and of 28.91% (p < 0.001) for
sodium; of 35.85% (p < 0.01), of 38.81% (p <
0.01), of 32.08% (p < 0.05) and of 30.19% (p <
0.05) for potassium; of 29.63% (p < 0.001), of
22.90% (p < 0.001), of 38.46% (p < 0.001) and of
35.19% (p < 0.001) for calcium respectively as
compared to HDC group. The values were lower
by 38.76% (p < 0.001), by 30.62% (p < 0.01), by
43.06% (p < 0.001) and by 32.54% (p < 0.01) for
chlorine respectively and higher by 32.46% (p <
0.05), by 75.95% (p < 0.001) and by 87.76% (p <
0.001) respectively in the MNC, ES50 and
ES100 groups. Both, the plant extract and MN
treatments brought the ion levels close to the
values of the normal control group.

3.8 Effects of E. senegalensis Extract on
Relative Heart and Aorta Weight

The results show in the hypertensive diabetic
control (HDC) group as compared to the normal
control (NC) group a significant increase in the
relative weight of the heart and aorta. This
increase was of 72.55% (p < 0.001) and of
68.24% (p < 0.05) respectively. The
administration of the MN treatment as well as the
extract at different doses resulted in a significant
(p < 0.001) decrease in the relative heart weight
of 29.01%, of 24.01%, of 23.86% and of 26.82%
respectively. In the aorta, in the group that
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Table 4. Effects of E. senegalensis on the levels of someions in the heart

NC HDC MNC ES 50 ES 100 ES 300
[Na'] (mg/dL) 326.00+17.20 505.00+25.60° 397.00+18.20° 377.00+19.50° 342.00+30.80° 359.00+13.30°
mg .90+0. .90+0. .20+0. .7310. .80+1. .10+1.
[K™] (mg/dL) 10.90+0.80 15.90+0.71* 10.20+0.91° 9.73+0.60" 10.80+1.20° 11.10+1.36°
[Ca®"] (mg/dL) 13.20+0.52 16.20+0.46" 11.40+0.78° 12.49+0.47° 9.97+0.73*° 10.50+0.40*
[Mg®*] (mg/dL) 10.20+0.20 4.99+0.16° 6.61+0.42% 8.78+0.32° 9.37+0.30° 5.60+0.56°
[CI] (mg/dL) 14.90+1.03 20.90+1.06° 12.80+0.71° 14.50+1.25" 11.90+0.60° 14.10+1.32°

Each value represents the mean = SEM; n = 5; ' p < 0.05. ° p < 0.01. ° p < 0.001: significant difference from normal control group; * p < 0.05. ° p < 0.01. ° p < 0.001: significant

difference from hypertensive diabetic control group

Table 5. Effects of E. senegalensis extract on relative heart and aorta weight

NC HDC MNC ES 50 ES 100 ES 300
Heart (%) 0.255+0.013 0.440+009° 0.312+0.011%° 0.334+0.010*° 0.335+0.011% 0.322+0.009°°
Aorta (%) 0.030+0.002 0.050+0.002" 0.040+0.004 0.032+0.005" 0.040+0.005 0.041+0.002

Each value represents the mean + SEM; n = 5; " p < 0.05. ° p < 0.01. ° p < 0.001: significant difference from normal control group; ® p < 0.05. °p < 0.001: significant difference
from hypertensive diabetic control group
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received the extract at the dose of 50 mg/kg
(ES50) as compared to HDC group, the value
was by 36.00 % lower. The plant extract as well
as MN treatment reduced the relative weight of
the heart and aorta close to those of the normal
control (Table 5).

3.9 Effects of E. senegalensis Extract on
Some Cardiac Tissue Parameters

Fig. 5 shows the effects of aqueous extract of E.
senegalensis on tissue levels of glutathione
(GSH). malondialdehyde (MDA), nitrite, protein,
catalase and superoxide dismutase (SOD)
activity.

A significant (p<0.001) decrease in GSH levels in
the aorta and heart was observed in the
hypertensive diabetic control (HDC) group as
compared to the normal control group. This
decrease was of 39.05% and of 36.48%
respectively. The administration of the extract at
different doses resulted in a significant (p<0.001)
increase in these levels as compared to the HDC
group. This increase was of 57.04%, of 44.37%
and of 34.51% for the aorta respectively. The
values were by 37.10%, by 28.81%, by 42.00%
and by 59.13% in the heart with MN treatment or
the extract at different doses respectively as
compared to HDC group (Fig. 5A).

A significant (p < 0.001) increase was observed
in MDA levels in HDC group as compared to the
normal group. This increase was by 75.60% and
by 79.05% in the aorta and heart respectively.
The MN treatment as well as the extract at the
respective doses resulted in a significant
(p<0.001) decrease in MDA levels in the aorta by
31.53%, by 44.86%, by 48.47% and by 49.39%.
The values were lower in the heart by 21.81%,
by 28.72%, by 39.36% and by 34.04%
respectively as compared to HDC group (Fig.
5B).

The HDC group as compared to the NC group
showed a significant decrease in catalase and
SOD activity. This decrease was of 47.19% (p<
0.01) and of 30.19% (p < 0.001) for catalase. For
SOD, the values were of 32.41% (p < 0.001) and
of 54.24% (p < 0.001) in the aorta and heart
respectively. The MN treatment as well as the
extract at different doses resulted in a significant
increase in this activity. This increase was of
79.52% (p < 0.01) and of 62.69% (p < 0.05)
respectively in the aorta for the groups receiving
the extract at doses of 100 and 300 mg/kg and
by 33.78% (p < 0.01), by 25.23% (p < 0.05) and
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by 46.40% (p < 0. 001) respectively in the heart
in the groups receiving the 50, 100 and 300
mg/kg extract. Both MN treatment and the extract
at the different doses reduced catalase activity
close to that of the NC group (Fig. 5C). Similarly,
a significant increase in superoxide dismutase
activity was observed in the groups treated with
MN or the extract at the different doses. The
values were higher by 28.91% (p < 0.01) and by
33.67% (p < 0.01) respectively in the aorta of the
groups treated with the extract at the doses of
100 and 300 mg/kg; by 21.90% (p < 0.05), by
93.80% (p < 0.001) and by 79.20% (p < 0.001)
respectively in the heart of the groups
treated with the extract at the doses of 50, 100
and 300 mg/kg (Fig. 5D) as compared to HDC

group.

Fig. 5E shows a significant (p<0.001) decrease
in nitrite levels in the aorta and heart of the
hypertensive diabetic control (HDC) group as
compared to the normal control (NC) group. This
decrease was of 38.13% and of 33.65%
respectively. The 100 and 300 mg/kg extract
treatment significantly (p<0.01) increased nitrite
levels in the aorta by 41.28% and by 47.09%
respectively, in the heart by 35.46% (p<0.05), by
53.55% (p<0.001), by 48.23% (p<0.001) and by
42.91% (p<0.01) with MN treatment or extract
(50, 100 and 300mg/kg) respectively.

The hypertensive diabetic control (HDC) group
showed a significant (p < 0.01) increase in
protein levels in the aorta and a significant (p <
0.01) decrease in the heart as compared to the
control group. The increase was of 51.16% and
the decrease by 37.97%. The treatment with the
extract at different doses as compared to HDC
group resulted in a significant decrease in the
amount of protein in the aorta. This decrease
was of 28.68% (p < 0.05), of 36.37% (p < 0.01)
and of 37.03% (p < 0.001) respectively in the
aorta of the groups treated with doses of 50, 100
and 300 mg/kg, a significant increase in the
protein level in the heart of the groups treated
with the extract at doses of 100 and 300 mg/kg
(Fig. 5F) as compared to HDC group.

3.10 Effects of Aqueous Extract of
E. senegalensis on the Structure of
the Aorta and Heart

Fig. 6 shows the effects of E. senegalensis on
the structure of the aorta and heart of
hypertensive diabetic rats. There was a
significant (p<0.001) increase the media size in
the hypertensive diabetic group compared to the
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normal control group. This increase was of Disorganisation of cardiac muscle fibres was also
74.61%. The MN treatment as well as the plant observed. Both the plant extract and MN
extract significantly (p<0.001) decreased the treatment as compared to HDC group improved
media size by 29.14%, by 31.23%, by 37.39% the structure of the myocardium and the aorta
and by 38.00% respectively (Fig. 6A, 6B). (Fig. 6C).
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Fig. 5. Effects of E. senegalensis extract on some tissue parameters
Each bar represents the mean + SEM; n = 5; *p < 0.05. %p < 0.01. *p < 0.001: significant difference from normal
control group. ®p < 0.05. °p < 0.01. °p < 0.001: significant difference from hypertension diabetic control group
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Fig. 6. Microarchitecture of the aorta and heart (HE, 100X)
Each bar represents the mean + SEM; n = 5; 3p < 0.001: significant differences from normal control group. °p <
0.001: significant differences from hypertension diabetic control group; Aorta: | = Intima, M = Media, Ad =
Adventitia, Heart: Co = Cores, Mf = Muscle fibers, Li: Leucocytes infiltration
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4. DISCUSSION

Cardiovascular complications are among the
main causes of morbidity and mortality in diabetic
hypertension [6]. Strict control of blood glucose
and blood pressure has been shown to limit
these various complications in diabetic
hypertensive patients [8]. The objective of this
study was to evaluate the effects of aqueous
extract of E. senegalensis on cardiovascular
complications in a hypertensive diabetic rat
model. Administration of sucrose and alcohol
followed by a single intravenous injection of
streptozotocin resulted in an increase in blood
glucose, systolic, diastolic and mean blood
pressure and heart rate. These results are in
agreement with those of Bilanda et al. [14] who
observed the same changes in blood glucose
and haemodynamics after the administration of
alcohol, sucrose and streptozotocin. Alcohol plus
sucrose administration is a well-established
animal model of hypertension [14-22].
Streptozotocin on the other hand is known to
destroy B-pancreatic cells, leading to increased
blood glucose and diabetes. The reduction in
blood pressure and blood glucose with E.
senegalensis can be attributed to its
antihypertensive and antidiabetic properties [14].
Hypertension is usually accompanied by an
increase in heart rate (tachycardia). This was
demonstrated in the present study by the
increase in relative heart weight observed in
hypertensive diabetic rats. When the heart beats
rapidly, it pumps blood less efficiently, thus
reducing the blood supply to the heart. The
tachycardia also leads to increased work and
oxygen requirements of the heart muscles. In
addition, an increase in the atherogenic index in
diabetic hypertensive rats associated with an
increase in the size of aortic media was noted.
This cardiovascular remodelling would be
responsible for the hypertrophy of the aorta and
the heart through the stimulation of mitogenic
pathways, the accumulation of collagen at the
origin of fibrosis [23]. This structural remodelling
of ventricular wall components due to their
adaptive response to physiological alterations
caused by hypertension and diabetic-induced
myocardial injury is another reason for cardiac
hypertrophy [24]. Treatment with E. senegalensis
may controlled the workload of the heart by
decreasing the heart rate and then reduce its
weight, thus safeguarding the myocardium of
hypertensive  diabetic  rats  through its
antihypertensive and antidiabetic properties. The
increased heart rate in hypertensive diabetics
may be related to an abnormality in the electrical

46

activity of their hearts. Indeed, the PR interval of
the ECG represents the AV conduction time,
while the QRS represents the total duration of
ventricular depolarisation and their alteration
reflects an abnormality in cardiac function. The
QT interval represents the period of ventricular
repolarisation and is determined by Na* and Ca**
inflow and K" and CI" outflow currents [25]. In
addition, the QT interval represents the period of
electrical systole which is a method to determine
the functional integrity of the myocardium [26].
Some authors demonstrate a strong involvement
of hypercholesterolemia in  atrioventricular
conduction time, atrioventricular depolarisation
and ventricular repolarisation [9-10]. The
reduction in time and amplitude of these waves
and segments resulted in a pathological
electrocardiogram (ECG). In fact, although
morphological and functional alteration of very
small vessels is the main pathophysiological
feature of diabetes, myocardial dysfunction
independent of coronary alterations is also
observed in diabetes [27]. Several mechanisms
such as migration/infiltration of epicardial
adipocytes between atrial and ventricular
myocytes have been implicated in the creation of
electrically inert zones, which confound and
accelerate electrical conduction [9-10]. All these
mechanisms act in isolation and/or synergistically
for atrioventricular electrical and anatomical
remodelling [6]. The regulation of heart rate by
the electrical activity of E. senegalensis may be
due to its blockade of angiotensin Il-like
receptors, which have been shown to reduce
type | collagen fibre synthesis and stimulate type
| collagen fibre degradation. Thus, E.
senegalensis may be able to decrease
myocardial collagen content and regress fibrosis
independently of its antihypertensive effect [28].
It has been suggested that endothelial cell
dysfunction is the cause of -cardiovascular
damage induced by diabetes and hypertension;
and this dysfunction is represented by an
increase in endothelial adhesiveness with the
release of adhesion molecules responsible for
leukocyte migration into the vascular wall, where
leukocytes transform into inflammatory foam
cells evident in atherosclerotic fatty streaks [29].
These cardiovascular alterations were noted in
the present study by the increased aortic wall
and leukocyte infiltration in the hearts of
hypertensive diabetic rats. Diabetic-induced
hypertension and hyperlipidaemia, oxidation
and stress appear to be the major contributors
to abnormal membrane-related enzyme
activities leading to cardiac dysfunction.
Hypercholesterolaemia, hypertriglyceridemia, low
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HDL-cholesterol as well as high LDL-cholesterol
concentration in the heart has been observed in
the present work. Lipids play an important role in
cardiovascular disease, not only in the
development of atherosclerosis, but also by
modifying the composition, structure and stability
of cell membranes. High concentrations of
triglycerides and LDL-cholesterol are involved in
the pathogenesis of atherosclerosis through
oxidation which progressively leads to blockage
and narrowing of the artery lumen [30]. The
accumulation of cholesterol in the heart and the
atherogenic index expose the heart and aorta to
oxidative damage [29-30]. Normalization of blood
glucose and blood pressure could be one of the
important mechanisms used by E. senegalensis
to protect the hypertensive diabetic’s heart [8].
Furthermore, the oxidative stress observed in the
aorta and heart of hypertensive diabetic rats is
due to the direct action of alcohol and sucrose on
the production and bioavailability of NO, which is
a potent vasodilator, through inhibition of
endothelial nitric oxide synthase (eNOS) [31]. On
the other hand, chronic hyperglycaemia is likely
to activate several metabolic pathways, including
the polyol pathway of hexosamines and protein
kinase C, which are strongly implicated in
endothelial dysfunction and in the installation of
oxidative stress by a decrease in the expression
of NADPH, which is responsible for a failure of
the antioxidant defence system and an increase
in lipid peroxidation [32]. The decrease in
catalase and SOD activity, GSH concentration,
nitrites and the increase in MDA levels observed
in diabetic hypertensive rats in this study confirm
this hypothesis. Oxidative stress-inducing ROS
production and nuclear factorkapp B (NF-kB)
activation are induced by activation of the AGE
receptor on the surface of endothelial cells,
resulting in endothelial dysfunction [31]. The
decrease in blood glucose, haemodynamic
parameters and the improvement in oxidative
status after treatment with the plant extract could
be related to the presence of flavonoids which
antioxidant properties have already been
demonstrated [11]. But also, to the insulin-
mimetic effect that flavonoids could have by
stimulating glucose transporter 4 (GLUT4) and
the use of glucose by the cells favouring
hypoglycaemia [32-34]. Cardiac myocytes are
not only dependent on the pacemaker
mechanism, but also on the activity of ion
channels found on the surface of their
membranes [25]. The function of these proteins
can be altered by glycation, but also by the
action of proteases most often found in diabetics
[35]. In the present study, an increase in Na*, K,
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Ca®, CI' and a decrease in Mg* were noted.
These results could be due to the abnormalities
in Na'/K" and Ca®*-ATPase pump activity well
documented in cardiac dysfunction in diabetic
hypertension [36]. The extract of E. senegalensis
by its antihypertensive, hypoglycaemic and
antioxidant properties would have prevented the
glycation of these proteins and/or inhibited the
action of proteases while protecting the
membranes of cardiac myocytes against
peroxidation thus improving the fluidity of the
membrane and the activity of ion channels [37].

5. CONCLUSION

At the end of the present work, the aim of which
was to evaluate the effects of the aqueous
extract of E. senegalensis on cardiovascular
complications in hypertensive diabetic rats. The
aqueous extract of E senegalensis has
preserved the heart structure, electrical and
mechanical activity, thanks to its regulation of
glycaemia, its antihypertensive, hypolipidemia
and antioxidative properties. This in turn leads to
the maintenance of membrane fluidity that
preserved ions flow. These results would
be due to the secondary metabolites present in
the extract and would justify its
ethnopharmacological use in the treatment of
hypertension-diabetes comorbidity and their
cardiovascular complications.
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