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Background: The present study investigates the effect of an aqueous extract of Anogeissus
leiocarpa (AEAL) on normotensive Wistar rats and its chronic antihypertensive effects in
L-NAME-induced hypertensive rats by using a non-invasive tail-cuff model.

Methods: The effects of AEAL (50mg/kg) and NaCl 0.9% on blood pressure were inves-
tigated by daily oral administration in normotensive Wistar rats over four weeks. L-NAME-
induced hypertensive rats were produced by L-NAME (40mg/kg) daily oral administration
for two weeks. For chronic antihypertensive effects, induced hypertensive rats have received
L-NAME in combination with AEAL (10 or 50mg/kg/day) for two following weeks.
Results: In normotensive rats, daily administration of AEAL (50mg/kg) has no significant effect
on their blood pressure, which was similar to that of the control group. L-NAME’s daily oral
administration induces a progressive increase in systolic blood pressure (SBP) from 115.8 +
7.9mmHg to 153.5 = 4.6mmHg after two weeks, which was maintained to the end of the
treatment. In L-NAME-induced hypertensive rats, AEAL (50mg/kg/day) significantly decreases
the SPB from 160.0 £ 5.8 mmHg to 108.8 + 2.7mmHg after only four days of administration.
However, the lower dose of AEAL (10mg/kg) also normalized the SBP of L-NAME-induced
hypertensive rats but only evident after seven days of administration. Moreover, AEAL does not
effect on the serum biochemical parameters (ALAT, ASAT, CREAT, etc.) and any macroscopic
adverse effect was detected on the sensible organs involved during hypertension. In the aorta
rings from treated rats, AEAL (50mg/kg/day) alone or in combination with L-NAME has
enhanced the vasodilation effect of acetylcholine. However, the vasodilation effect of AEAL
alone or in association with L-NAME has enhanced the sodium nitroprusside effect in treated rat
aorta rings after autopsy.

Conclusion: These findings suggest that AEAL affords significant antihypertensive effects
against L-NAME-induced hypertensive rats without modification of serum parameters and
deleterious effects.

Keywords: Anogeissus leiocarpa, non invasive, L-NAME-induced hypertension,

vasorelaxation

Introduction

Hypertension or high blood pressure is a multifactorial disease associated with modifi-
able and non-modifiable risk factors." Moreover, hypertension is a serious chronic
disease that causes mortality and morbidity worldwide. It is characterized as a sustained
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elevated level of systolic and/or diastolic blood pressure
(=140/90 mmHg). It is one of the most common emerging
chronic diseases of developed and developing countries.
Called an insidious “silent killer”, hypertension is a major
risk factor for cardiovascular disease and kidney disease
which increased the risk of other diseases such as stroke,
coronary artery disease, and heart failure.”> Taken the spe-
cific case of the vascular system, endothelial dysfunction and
hyperactive adrenergic-mediated vasoconstriction were
known to contribute to peripheral vascular resistance
increases, which results in blood pressure elevation.®’

Moreover, vascular oxidative stress has been associated
with impaired endothelial-dependent vasorelaxation and
enhanced agonist-induced vasoconstriction in oxidative
stress-related hypertension.® Therefore, improving vasorelaxa-
tion and inhibiting oxidative stress are valuable strategies to
combat hypertension. Nowadays, natural substances that have
antioxidant and vasorelaxant activities have been the focus of
studies, and are increasingly recognized for their use to prevent
and treat hypertension.9 Indeed, once declared, the care is done
all the life, and about 30-60% of hypertensive patients do not
achieve blood pressure targets, which are in part to the cost of
treatment.'® Indeed, the treatment of hypertension in modern
medicine is expensive for African populations in general.'""'
In addition, there are issues related to the accessibility, side
effects and effectiveness of conventional medicines.” This
caused a renewed interest in medicine and traditional pharma-
copoeia for primary health needs and is based on plants
therapeutic properties among which there is Anogeissus leio-
carpa (DC) Guill & Perr. (Combretaceae). This specie is
widely used in Burkina Faso by traditional healers for the
treatment of several diseases, including hypertension.® In
addition to its antihypertensive properties, studies already
showed antibacterial, antifungal and pest-destroying proper-
ties of Anogeissus leiocarpa."*"" Previous studies have
shown that extracts from Anogeissus leiocarpa possess
a potent antioxidant activity, an inhibitory effect of purified
phosphodiesterases and an in vitro vasodilation effect.'®!?
Specifically, the AEAL is known to have an antihypertensive
potential impact in the anesthetized model.”® However, the
long-term effects of Anogeissus leiocarpa on high blood pres-
sure and arteriolar function from treated animals have not yet
been reported. For that, experiment was undertaken to inves-
tigate the antihypertensive effects of AEAL in L-NAME-
induced hypertensive rats with a focus on cardiac parameters
and peripheral vascular responsiveness as the possible under-
lying mechanisms of its antihypertensive effect.

Methods and Methods

Chemicals and Reagents

Ny-Nitro-L-arginine ~ methyl  ester  hydrochloride
(L-NAME), Sodium Chloride, Phenylephrine hydrochlor-
ide, Acetylcholine chloride and other unspecified chemi-
cals were from Sigma-Aldrich (France), Captopril Denk
25 were from Denk Pharma GmbH&Co (Germany).

Plant Material and Preparation

The process to obtain the Anogeissus leiocarpa (DC) Guill
et Perr (Combretaceae) plant material and the preparation
method leading to AEAL has been previously described.*
Briefly, the plant material was constituted by the barks of
the trunk of Anogeissus leiocarpa. 1t was collected in
May 2006 in Loumbila area (savanna area, Burkina Faso)
which was located at 20 km in the east of Ouagadougou.
A voucher specimen (N°1544) was deposit at the herbarium
of the Department of Forest Production, National Centre for
Scientific and Technological Research, Ouagadougou after
authenticated by a botanist of this section.

Fresh samples were collected, dried safe from solar light
and dust, and then grinded into a fine powder. An aqueous
decoction was carried out with 120 g of bark powder in
2100 mL of water and boiled for 30 min with a reflux system
in accordance with the traditional use. After cooling, filtra-
tion and centrifugation, the supernatant was collected and
freeze-dried. The resulting extract named AEAL was then
lyophilize and used for the pharmacological investigations.

In vivo Model of Hypertension and

Experimental Protocol

Male normotensive Wistar rats, 191.70+24.25 g, from the
Research Institute for Health Sciences (Burkina Faso) pet
stores were used. Animals were placed in plastic cages in
a room with controlled humidity (70%) at a temperature of
23 +£2°C and on a 12:12 h light-dark cycle and had free access
to rat chow and drinking water. They were fed on standard Rat
chow and tap water ad libitum. During the experimental study,
precautions were taken to ensure that pain and distress were
minimized or relieved. Moreover, drinking fluid consumption
and food quantity were controlled and adjusted, when neces-
sary. All experimental animal procedures were in accordance
with the Guide for the Care and Use of Laboratory Animals of
the US National Institutes of Health and the EU Directive
2010/63/EU for animal experiments.! Ethical approval of
the present study was obtained from the ethic committee of
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the University Joseph KI-ZERBO (Protocol number: CE-
UOI1/2019-04).

After one-week environmental acclimatization, Rats
body weights were assessed and randomly divided into
six (06) groups of five (05) animals each.

The first group was served as the control and has
received a daily oral administration via gavage of
Normal Saline (NaCl 0.9% group) for 4 weeks;

The second group was given a daily oral administration
of AEAL at a dose of 50 mg/kg/day (AEAL 50 group) for
4 weeks;

The third group were given a daily oral administration
of L-NAME at a dose of 40 mg/kg/day (L-NAME group)
for 4 weeks.

From the fourth to the sixth group, all animals were
given a daily oral administration of L-NAME at a dose of
40 mg/kg/day for 4 weeks. Particularly, after the L-NAME
administration for the first two weeks, the fourth, fifth and
sixth groups were simultaneously treated orally respec-
tively with captopril at a dose of 5 mg/kg/day (L-NAME
+Captopril group), AEAL at the doses of 50 mg/kg/day
(L-NAME+AEAL 50 group) and 10 mg/kg/day (L-NAME
+AEAL 10 group) for the two following weeks.

Measurement of Systolic Blood Pressure
and Heart Rate

One week prior to the administration of drugs and chemi-
cals substances, all animals were trained to the systolic
blood pressure and heart rate measurement by non-invasive
tail-cuff plethysmography (58,500 Blood Pressure
Recorder System, Ugo Basile). For that, a group of 5 ani-
mals were placed every day in a Heating Box for Rats, each
in its individual holder. After 30 min in the compact tem-
(37°C), the tail-cuff
plethysmography method was applied, and their blood pres-

perature-controlled “‘cupboard”
sure was measured. The value was taken as the average of at
least four measurements after removing the outliers and any
associated with excess noise or animal movement on each
occasion. During the time of the experiment, a daily rat
weight, systolic blood pressure and heart rate measurement
were applied. The mean value of water and aliment con-
sumption was estimated every week.

Autopsy and Vital Organs Weight
Analysis

At the end of the fifth week, the animals were sacrificed by
intraperitoneal administration of ketamine (150 mg/kg bw) and

blood sample were collected by cardiac puncture. The heart,
liver, lungs, kidneys, spleen and testes were excised, autopsied
by macroscopic observation to detect any damage. All organs
were then weighed on a Sartorius sensitive balance (Precision
0.1 mg) after they have been dried with a hygienic paper.

Biochemical Analysis

The Rat blood samples collected by cardiac puncture after
the experiment end were transferred into dry tubes vacu-
tainers. Samples were centrifuged at 3000 rpm for 10 min
by using a table centrifuge (ROTOFIX 32A, Hettich
Zentrifugen, Germany) and the sera were collected in
Eppendorf tubes for the biochemical analysis. The auto-
matic biochemistry analyzer (Mindray BS-300, China) has
been used for the sera biochemical parameters determina-
tion which was transaminases (aspartate aminotransferase
or ASAT and alanine aminotransferase or ALAT), Total
proteins, Urea, Uric Acid, chloride, phosphorus, Calcium,
Cholesterol, Creatinine, Glucose and triglyceride.

Vascular Reactivity Experiment

Beyond the organs removed for the autopsy, the thoracic
aorta of each rat was gently removed for the vascular reac-
tivity  studies,

described.” Briefly, the descending thoracic aorta was

which were performed as previously
excised and immersed in a physiological Krebs—Henseleit
solution (composition in mM: NaCl 119, KCI1 4.7, CaCl, 1.5,
NaHCO; 25, KH,PO, 1.2, MgS0O, 1.1, and D-glucose 10)
and bubbled with a pneumatic pump. The aorta was carefully
cleaned of adhering fat and connective tissue and then cut
into rings about 3—4 mm in length. Rings were then mounted
vertically in a 20 mL organ bath chamber containing Krebs—
Henseleit solution maintained at 37°C and equilibrated at
a basal tension of 2 g for 1 h with washes every 15 min.

After the equilibration period, the vascular reactivity of
rings was conduct by determining the contractile reference
response to an isotonic KCI solution (80 mM). At the max-
imum of constriction, the rings were wash out of the
responses to high K+. The presence of functional endothe-
lium was assessed in all preparations by the ability of the
endothelium-dependent vasodilator acetylcholine (10 uM) to
induce more than 60% relaxation of rings precontracted with
phenylephrine (1 pM).

The rings were then rewashed. Next, the relaxation
responses to the cumulatively increasing concentration of
acetylcholine (Ach, 10~ M to 107> M) and of the endothe-
lium-independent vasodilator sodium nitroprusside (SNP,
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10° M to 10> M) were evaluated in precontracted aortic
rings with phenylephrine (1 uM).

Statistical Analysis

Statistical analyses were carried out using either a two-way
analysis of variance or a one-way analysis of variance
(ANOVA) followed by ‘Bonferroni’s post hoc test to deter-
mine significant differences between treatments groups
(GraphPad Prism 5.00.288 for Windows, GraphPad
Software Inc., CA, USA). A P value less than 0.05 was
considered results were

statistically ~significant.  All

expressed as the mean + standard error of the mean (SEM).

Results
Effect of AEAL on the SBP of

Normotensive Wistar Rat

Results presented in Figure 1 showed no significant difference
in SBP for all groups during the seven days before treatment.
Daily oral administration of L-NAME (40 mg/kg) has pro-
gressively and significantly increased the SBP from 116.25
+24.94 mmHg (day 7) in the L-NAME 40 group to 149.25
+2.25 mmHg after two weeks of treatment (day 21), which
was maintained to the end of the treatment (four weeks).

The daily oral administration of NaCl 0.9% in control
NaCl 0.9% group did not modify the SBP of the group
animals, which was of 108.83+1.45 mmHg at the begin-
ning of the experiment and remained stable to the end of
the administration.

The different results also indicate that in AEAL 50 group,
daily per os administration of AEAL (50 mg/kg) has no
significant effect on their SBP compared to the Control
NaCl 0.9% group (105.88+9.90 mmHg to 102.94+7.05
mmHg respectively at the start and the end of the experiment).

Effect of AEAL on the SBP in L-NAME-

Induced Hypertensive Rats

Before L-NAME administration, the SBP of L-NAME
+Captopril group, L-NAME+AEAL 50 group and
L-NAME+AEAL 10 group were of 121.92+15.11 mmHg,
103.27+2.67 mmHg and 111.13£10.98 mmHg respectively.
After two weeks of L-NAME 40 mg/kg daily administration
to each group, their SBP values reached to 147.46+4.60
mmHg, 160.00+8.79 mmHg and 150.83+8.45 mmHg respec-
tively for L-NAME+Captopril group, L-NAME+AEAL 50
group and L-NAME+AEAL 10 group. These SBP values
were not significantly different from those of the L-NAME
group, which was added in Figure 2 for comparison.

The concomitant treatment with L-NAME 40 mg/kg/day
plus Captopril 5 mg/kg/day for the following two weeks has
shown that captopril significantly decreased the SBP values
of L-NAME-+Captopril group from 147.46+4.60 mmHg to
116.88+8.20 mmHg after only one day of treatment that was
not significantly different to those of the Control NaCl 0.9%
group. The return to normal blood pressure values was
maintained until the end of the experiment.

Moreover, in L-NAME-induced hypertensive rats, the
daily per os administration with L-NAME 40 mg/kg/day
plus AEAL 50 mg/kg/day has significantly decreased the
SBP of the L-NAME+AEAL 50 group in a dose-depen-
dent manner from 160.00+8.79 mmHg to 108.784+4.31
mmHg. However, this return to the normal SBP values
has been reached after four days of treatment and has been
maintained until the end of the experiment.

In addition, administration of L-NAME 40 mg/kg plus
AEAL 10 mg/kg also normalized the SBP of L-NAME-
induced hypertensive rats; and this was obvious from the
seventh days of AEAL 10 mg/kg/day administration (Day
28, SBP = 105.91+3.08 mmHg). A significant difference was
observed between the effect of AEAL 50 mg/kg and AEAL
10 mg/kg during the three first days compared to L-NAME
+Captopril group and L-NAME+AEAL 50 group respec-
tively (Figure 2). A significant difference was also noted in
the five first days between L-NAME+Captopril group and
L-NAME+AEAL 10 group after treatment (see Figure 1).

Effect of AEAL on the Heart Rate of the

Treated Rats

The results in Figure 3 showed that the heart rate in the
different animal groups averaged 426.15+3.31 bpm at one
week before the start of treatment. After 2 weeks of daily
oral administration with L-NAME 40 mg/kg, the heart rate
values were significantly reduced compared to those of the
NaCl 0.9% group (405.82+18.00 bpm, beat per min). They
have decreased from 404.82+7.20 bpm; 399.88+14.07 bpm;
398.80+11.040 bpm and 373.97+7.99 bpm to 353.53+7.23
bpm; 302.85+11 bpm; 314.75+10.55 and 328.25+11.32 bpm
for L-NAME group; L-NAME+Captopril group; L-NAME
+AEAL 50 group and L-NAME+AEAL 10 group respec-
tively. Concomitant administration with L-NAME plus
Captopril or L-NAME plus AEAL (50 or 10) returned the
heart rate values not significantly different from that of the
NaCl 0.9% group after one week of treatment. In contrast, the
heart rate of the L-NAME 40 group (324.52+7.00 bpm)
remained low and significantly different from the control
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Figure | Effect of NaCl 0.9%, AEAL (50 mg/kg/day) and L-NAME (40 mg/kg/day) on the systolic arterial pressure (SBP) in normotensive Wistar rats, (n = 4-5). Values were

expressed as Mean * SEM,; **¥p<0.001 versus Control NaCl 0.9% group.
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Figure 2 Effect of AEAL (10 and 50 mg/kg/day) and Captopril (5 mg/kg/day) on the systolic arterial pressure in L-NAME-induced hypertensive Rats, (n = 4-5). Values were
expressed as Mean % SEM,; ¥p<0.05; *p<0.01 **p<0.001 versus L-NAME+Captopril group; $p <0.05 versus AEAL 50 group; “p<0.001 versus Control NaCl 0.9% group.

NaCl 0.9% group (378.13%11.15 bpm) at the 3™ week of
administration. In addition, at the end of the 4 weeks of
experimentation, only the L-NAME group had a significantly
different heart rate than the L-NAME plus AEAL 50 group.

Effect of AEAL on the Body Weight of

Treated Animals
Results showed that the mass body gain in all groups was
significantly increased compared to the baseline weight

(week 0) from week 1 until the end of the experiment
(week 5).

They also showed that there was no difference in mass
gain among the control NaCl 0.9% group and the AEAL 50
group at any point of time with a maximal mass gain of 38.78
+7.63 g and 36.85+6.30 g for the control NaCl 0.9% group
and AEAL 50 group respectively at the end of the treatment.

Since the second week of L-NAME administration,
there was a progressive and significant decrease in the
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Figure 3 Effect of NaCl 0.9%, AEAL (50 mg/kg/day), L-NAME 40 mg/kg/day and
simultaneous administration of L-NAME+AEAL (10 and 50 mg/kg/day) on Heart
Rate of the Rats during experiment, (n = 4-5). Data were expressed as Mean + SEM
and were analyzed by two-way ANOVA followed by Bonferroni post-tests.
##4p<0.001 versus Control NaCl 0.9% group; “p<0.05 versus AEAL 50 group.

mass gain of all groups compared to the control NaCl
0.9% group (Figure 4). The maximal mass gain was of
26.61+2.43 g, 25.4445.70 g, 14.93+8.88 g and 19.89+4.67
g for the L-NAME group, L-NAME+Captopril group,
L-NAME+AEAL 10 group and L-NAME+AEAL 50
group respectively. Specifically, the mass gain of
L-NAME+AEAL 50 group was significantly decreased
during the fifth days before the end of the experiment
compared to the L-NAME+Captopril group.

@ NaCl 0.9% group
3514 AEAL 50 group
@ L-NAME 40 group

Body mass gain (g/day)
()
S

Effect of AEAL on the Food Intake of

Treated Rat

At the beginning of the experiment (week 0 or S0), the
average food consumption was of 45.88+2.92 g; 43.81
+5.34 g; 37.23£2.98 g; 37.48+3.97 g and of 40.66+7.65 g/
100 g bw for the group’s Control NaCl 0.9%; AEAL 50;
L-NAME; L-NAME+Captopril; L-NAME+AEAL 50 and
the group L-NAME+AEAL 10 respectively (Data not show).

After two (02) weeks (S1-S2) of experimentation, this
average food consumption in all groups was reduced to
10.37%; 12.58%; 4.17%; 9.59%; 9.10% and 8.80%
respectively for the Control NaCl 0.9% groups; AEAL
50; L-NAME; L-NAME+Captopril; L-NAME+AEAL 50
and L-NAME+AEAL 10 groups compared to the initial
amounts of S, (Figure 5A).

During the two following weeks (S3-S4) of treatment
with the combination of L-NAME plus AEAL 50 and
L-NAME plus AEAL 10, the average dietary intake of
animals from these groups further decreased of 24.92%
and 20.13% compared to the initial amount consumed at
inclusion week (Sy). However, the AEAL 50 group showed
a decrease but not significant during these last 2 weeks of
experimentation (S3-S4) to reach an average consumption
decrease of 22.68% compared to that in Sy. In addition, the
results show a small but significant reduction for food con-
sumed in the L-NAME 40 group (8.17%) compared to the
AEAL 50 and L-NAME plus AEAL 50 groups (Figure 5A).
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151
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527
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Figure 4 Effect of NaCl 0.9%; AEAL (50 mg/kg/day), L-NAME 40 mg/kg/day and simultaneous administration of L-NAME+AEAL (10 and 50 mg/kg/day) on the mass gain of
animals during experiment, (n = 4-5). Values were expressed as Mean * SEM.; ¥p<0.05; **p<0.001 versus control NaCl 0.9% group; *p<0.01 versus L-NAME group.
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A difference was also observed when the analysis takes
into account all the experimental time (S1-S4). The decrease
in average food consumption was of 12.80%; 17.63%; 6.17%
10.88%; 17.01% and of 14.46% respectively for the Control
NaCl 0.9% groups; AEAL 50; L-NAME; L-NAME
+Captopril;, L-NAME+AEAL 50 and L-NAME+AEAL 10
after 4 weeks of inclusion (Figure 5B).

Effect of AEAL on the Water

Consumption of Treated Rat
The histogram in Figure 6B showed that the average water
consumption was varied during the experiment in all groups.

At the inclusion step (S0), the average water consump-
tion was of 84.22+9.68; 90.03+11.59; 81.2948.61; 75.58
+3.86; 71.55+5.20 and 67.59+1.86 mL/100 g bw per ani-
mal from the NaCl Control 0.9% groups; AEAL 50;
L-NAME; L-NAME + Captopril; L-NAME + AEAL 50
and L-NAME + AEAL 10 respectively (Data not show).

During the first 02 weeks of treatment, there was
a significant decrease in pet consumption of NaCl 0.9%
(at 16.06%) compared to L-NAME 40 (4.46%); L-NAME
+AEAL 50 (-0.96%) and L-NAME+AEAL 10 (1.85%).
Specifically, the average consumption of animals in the
AEAL 50 (11.00%) and L-NAME plus Captopril (9.10%)
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Figure 6 Histograms showed the effect of NaCl 0.9%, AEAL (50 mg/kg/day), L-NAME 40 mg/kg/day, the simultaneous administration of L-NAME+Captopril and L-NAME
+AEAL (10 and 50 mg/kg/day) on (A) Average Water Intake (in percentage) and (B) The corresponding effect during the 4 weeks of treatment (in percentage), (n = 4-5).
Data were expressed as Mean + SEM and were analyzed by two-way ANOVA followed by Bonferroni post-tests. ¥p<0.05; **p<0.01 versus Control NaCl 0.9% group;

#p<0.05 versus AEAL 50 group.

groups were significantly reduce compared to the
L-NAME+AEAL 50 group.

In addition, during the last 2 weeks of treatment, all
groups included in the study reduced their average water
consumption to 25.67%; 26.17%; 19.41%; 18.87%; 23.62%
and 19.65% respectively for the animals groups Control NaCl
0.9%; AEAL 50; L-NAME; L-NAME + Captopril, L-NAME
+ AEAL 50 and L-NAME + AEAL 10 (Figure 6A).

During the four weeks of inclusion, the results show
a substantial decrease in the water consumption of all

treated groups compared to the week of inclusion
(Figure 6B). However, no significant difference was
found between the different groups in the study and the
maximum reduction (20.86%) in average water consump-
tion was obtained with the control group NaCl 0.9%.

Effect of AEAL on Organs Weight from
Treated Rat

After the autopsy, macroscopic examination of vital organs
(heart, liver, lung, spleen, kidneys and testicles) of all
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treated animals groups did not show any damage of vital
organs compared to the control NaCl 0.9% group. There
was no change in aspect and colour of the different organs
compared to the control NaCl 0.9% group (Table 1).

Effect of AEAL on the Biochemical

Parameters of Serum from Treated Rat
Table 2 summarizes the results of serum biochemistry tests
for the treated groups after the experiment time and
autopsy. No significant difference was observed for any
serum biochemical between the Control NaCl 0.9% group
and treated group. Exceptionally, results showed that the
urea parameters from all treated groups were increased but
not significantly different from those of the control NaCl
0.%9 group.

Vascular Reactivity
Verification of the Integrity of Aortas
Before investigating the effects of the treatments on the vas-
cular system of the vessels from the study animals, the vas-
cular integrity of the various thoracic aorta rings was verified.
To do this, the maximum effect induced by acetylcholine (10
uM) on each ring precontracted with phenylephrine (1 pM)
was determined. The results were shown in Figure 7.
Results showed that the Emax of the rings from the
control NaCl 0.9% and AEAL 50 groups were greater than
60% with values of 65.35+8.26% and 62.74+2.96% for the
control NaCl 0.9% group and AEAL 50 group respectively.
In addition, a significant difference was obtained with rings
from the L-NAME and L-NAME+AEAL 10 groups com-
pared to the control NaCl 0.9% group with respective Emax

Table | Organs Weight from NaCl 0.9% Group; AEAL 50 Group; L-NAME Group and Simultaneous Administration of L-NAME
+AEAL (10 and 50) Groups After 5 Weeks Experiment and Autopsy, (n = 4-5). Data Were Expressed as Mean * SEM

Groups/Organ Weight (g)
Organs NacCl 0.9% AEAL 50 L-NAME L-NAME + CAPTOPRIL | L-NAME + AEAL 50 | L-NAME + AEAL 10
Group Group Group Group Group Group
Heart 0.33£0.22 0.34+0.03 0.31+0.01 0.32+0.02 0.32+0.04 0.33+0.04
Liver 3.25£0.30 3.08+0.24 3.04+0.07 2.81£0.17 2.85+0.08 3.03+0.18
Lung 0.54+0.10 0.56+0.11 0.46+0.03 0.51£0.05 0.49+0.03 0.53+0.02
Spleen 0.24+0.06 0.23+0.02 0.20+0.04 0.18+0.02 0.20+0.02 0.20+0.04
Kidneys 0.63+0.06 0.61+0.03 0.61+0.03 0.59+0.03 0.60+0.03 0.62+0.07
Testes 2.70£0.33 2.74+0.36 2.66£0.15 2.77£0.22 2.66+0.22 2.88+0.24

Table 2 Biochemical Parameters of Serum from NaCl 0.9% Group; AEAL 50 Group; L-NAME Group and Simultaneous
Administration of L-NAME+AEAL (10 and 50) Groups After 5 Weeks Experiment and Autopsy. (n = 4-5). Data Were Expressed

as Mean + SEM

Groups Treatment
Parameters NacCl 0.9% AEAL 50 L-NAME L-NAME + CAPTOPRIL | L-NAME + AEAL 50 | L-NAME + AEAL 10
Group Group Group Group Group Group

ALAT (U/l) 15.03+0.99 11.87+3.69 18.79+5.54 12.98+3.51 10.88+0.66 10.57+0.34
ASAT (U/l) 66.28+17.86 64.05+27.80 63.28+14.22 94.08+18.76 90.26+16.22 59.971+0.84
CREAT (umol/l) 39.5217.00 49.89+12.60 45.08+12.02 47.37£15.59 40.87+3.39 52.82+15.24
Proteins (g/l) 45.5619.37 63.30%16.12 58.58+8.27 76.76124.84 69.3819.56 73.90£15.90
Urea (mg/dl) 21.37£11.31 39.43£4.82 37.20£5.30 27.558.29 31.3848.37 37.60£0.00
Uric acid (umol/L) 109.92+17.20 123.75+21.98 | 110.96+26.44 97.10+4.31 156.51+13.78 108.10+22.80
Chlorure (mmol/l) 115.00+2.83 114.75+6.70 122.75+6.24 123.25+6.45 121.75+3.86 116.25+0.50
Phosphorus (mmol/l) 2.55+0.84 3.95+1.55 2.330.10 2.67%1.17 2.38+0.40 2.80+0.74
Calcium (mg/dl) 2.46+0.24 2.88+0.54 3.12+0.26 3.69+0.43 3.300.57 2.560.32
Cholesterol Total (mg/dl) 25.5317.60 34.65£9.92 40.77£11.24 48.60+16.15 44.3518.34 34.5819.72
Glucose (mmol/l) 6.73+2.50 7.23+1.00 8.251.05 8.13£1.50 7.90%1.35 7.03+0.66
Triglycerides (mmol/l) 0.250.13 0.40£0.18 0.70+0.46 0.85+0.27 0.73+0.24 0.630.10
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Figure 7 Emax response to a single dose of Ach (10 puM) in isolated aortic rings
from treated Rats after the end of experiment and precontracted with Phe | pM.
Emax values were evaluated statistically using repeated-measures two-way ANOVA
followed with a Bonferroni post-hoc test. Data were expressed as Mean + SEM. *p
< 0.0l versus control NaCl 0.9% group, (n = 4-5).

of 30.72+9.34% and 18.57+£8.94%. In addition, the Emax of
the rings from the L-NAME+Captopril and L-NAME
+AEAL 50 groups were of 34.98+17.38% and 32.35
+12.86% respectively but not significantly different to
those of the control NaCl 0.9 group.

Effect of the Concentration-Response to
Acetylcholine in Rings from Treated Rats

Precontracted with Phenylephrine

In isolated thoracic rat aortas from all groups, the cumulative
response to acetylcholine from 10~° M to 10> M, induced
a concentration-dependent vasodilation effect with a better
relaxation in rings from L-NAME+Captopril group. The
Emax values were of 81.50+6.77%, 75.05+6.11%, 63.41
+5.74% and 48.13+7.38% in L-NAME+Captopril, control
NaCl 0.9% group, AEAL 50 group and L-NAME+AEAL 50
group respectively. Chronic treatment with AEAL 50 mg/kg/
day alone did not affect the acetylcholine-induced concentra-
tion-dependent relaxation of the thoracic aorta precontracted
by phenylephrine (1 uM) compared to the control NaCl 0.9%
group. In comparison to control NaCl 0.9% group, adminis-
tration of L-NAME alone (Emax = 31.97+£8.17%) and
L-NAME together with AEAL 10 mg/kg/day (Emax =
30.83+15.82%) or with AEAL 50 mg/kg/day significantly
attenuated the acetylcholine-induced relaxation of the thor-
acic aorta. Moreover, chronic treatment with L-NAME plus
Captopril has enhanced the vasodilation effect of acetylcho-
line on rat aorta, but this effect was not significantly different
from that of the control NaCl 0.9% group. The ECs, values
of acetylcholine in rings from control NaCl 0.9%, L-NAME,
AEAL 50, L-NAME+Captopril, L-NAME+AEAL 50 and

L-NAME+AEAL 10 groups were of (5.47+2.99)x10™ % M,
(10.31+0.85)x107% M, (9.26+7.78)x107% M, (3.47+4.16)
x107% M, (8.23£6.66)x10°% M, and (13.73+1.64)x10 %
M respectively. In addition, a significant difference to the
acetylcholine-induced relaxation has been shown in aortas
from L-NAME and L-NAME+AEAL 10 groups compared
to L-NAME-+Captopril group (Figure 8).

Effect of the Concentration-Response to
SNP in Rings from Treated Rats

Precontracted with Phenylephrine

Cumulative concentration-response and ECsq values of
isolate aortic rings from all groups were presented in
Figure 9A and B. Results showed that SNP had induced
a concentration-dependent vasodilation effect, which was
significantly shifted to the left in all treated groups com-
pared to the control NaCl 0.9% group. While no signifi-
cant difference was obtained in their Emax values that
were of 102.57+£3.39% and 89.96+6.96%, respectively, in
rings from AEAL 50 group and L-NAME+AEAL 50
group compared to the control NaCl 0.9% group (92.673
+13.32%) (Figure 9A). Moreover, the ECs, values from
treated groups were all significantly enhance than those
from the control NaCl 0.9% group (Figure 9B).

0~

25+

50+

€@ NaCl 0.9% group
4 AEAL 50 group
@ L-NAME 40 group
¥ L-NAME + CAPTOPRIL 5 group
4. [-NAME + AEAL 50 group

4 L-NAME + AEAL 10 group

9 -8 77 -6 -5
Log [Ach (M)]

75+

Relative relaxation (%)

100-

Figure 8 Cumulative concentration—response curves of Ach (|07'3-|075 M in iso-
lated aortic rings from treated Rats after the end of experiment and pre-contracted
with Phe | uM. Data were expressed as Mean = SEM. *p < 0.05; **p < 0.01; **¥p <
0.001 versus control NaCl 0.9% group (n = 3-5; One way ANOVA followed with
a Dunnett’s Multiple Comparison and Bonferroni post-hoc tests were used).
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Figure 9 (A) Cumulative concentration—response curves of SNP (107°-107° M in isolated aortic rings from treated Rats after the end of experiment and precontracted with
Phe | pM. (B) The representative histogram of the corresponding EC50 values. Results are given as means £ SEM. where n = 4-5 different experiments. *p < 0.05; **p <
0.01; *¥**p < 0,001 versus Control NaCl 0.9% group (Two-way ANOVA with Bonferroni’s post hoc test was used); *p < 0.001 versus Control NaCl 0.9% group (One way

ANOVA with Bonferroni’s post hoc test was used).

Discussion
Numerous studies have demonstrated the effectiveness of
medicinal plant extracts or their fractions for the treatment
of devastating metabolic diseases such as hypertension.”*
The organs often affected by the hypertensive pathology
include the heart, vessels, kidneys, eyes and brain.2’%°
Specifically, the endothelium is recognized as a monolayer
of cells playing a major role in vascular physiology and
pathophysiology. Studies suggest that arterial hypertension
causes a decrease in endothelial function correlated with
a reduction in the efficacy of NO-dependent vasodilatation
and an increase in the production of reactive oxygen species
(ROS). However, other research papers suggest that endothe-
lial dysfunction may also predispose to the development of
HTA.* In addition, endothelial dysfunction is known to be
responsible for a reduction in the expression and/or activity of
eNOS, the “decoupling” of eNOS, the increase in NO uptake
or degradation and the alteration of the transmission of NO-
initiated signal events.>'>* Thus, efficacy studies of plant
extracts for their potential antihypertensive properties rely
primarily on in vivo, in vitro or ex vivo evaluations with
various scientifically valid methodologies. It is for this interest
that studies have already demonstrated the vasodilation effect
of AEAL from Anogeissus leiocarpa.'® AEAL were also
known to be a potent inhibitor of purified cyclic nucleotide
phosphodiesterase.’> A recent study has also shown that
a dichloromethane fraction from AEAL has an endothelium-
independent vasodilator effect involving inhibition of PDE1, 2

and 5 and involve a reduction in intracellular calcium.*® Also,
a preliminary study showed that this extract has an antihyper-
tensive effect in an anesthetized rat model.”® The present study
was undertaken to investigate the antihypertensive effect of
AEAL in L-NAME-induced hypertensive rats in comparison
to captopril that was an existing sulfur-containing angiotensin-
converting enzyme inhibitor.

Moreover, the AEAL effect on the vascular system of
chronically treated animals as well as its possible damages
on the sensible organs of hypertension was investigated.
To our knowledge, it constitutes the first study on this
plant extract in a chronic administration and which used
L-NAME-induced hypertension model. This model is very
interesting in that it is close to the treatment of hyperten-
sive patients that is for all the life.

The L-NAME has known to be a potent inhibitor of the
endothelial nitric oxide synthase (eNOS) activity, which
lead to endothelial dysfunction and used as L-NAME-
induced hypertension model in the experiment. In addi-
tion, authors demonstrated that a prominent endothelial
dysfunction occurred during L-NAME-induced hyperten-
sion with a subsequent increase in peripheral resistance
leading to the animal blood pressure increase.’’>®

As expected, the present findings show that chronic treat-
ment of animals with L-NAME for 4 weeks was associated
with a very significant increase in systolic blood pressure,
while the treatment with AEAL (50 mg/kg/day) alone during
the same time did not present any significant difference in
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systolic blood pressure (SBP) compared to those of the
Control NaCl 0.9% group. Moreover, AEAL at 50 mg/kg/
day during the experiment time has no impact on the heart rate
(HR) of normotensive rats compared to the Control NaCl
0.9% group.

Interestingly, concomitant intake of Captopril with
L-NAME used as positive control completely reversed the
SBP of L-NAME-induced hypertensive rat back to normal
values after two times administration indicating a rapid action
and efficacy of this antihypertensive drug. Likewise, repeated
AEAL administration to L-NAME-induced hypertensive rat,
resulting in a gradual and significant dose-dependent reduction
in the experimental animal SBP with efficacy after 04 and 07
times administration with AEAL 50 mg/kg/day and AEAL
10 mg/kg/day respectively. These results suggested that AEAL
has an antihypertensive effect in L-NAME-induced hyperten-
sive rat and confirms the previous results obtained with this
extract and tested in anesthetized rats model.”° In addition, the
present results indicate a significant decrease in the HR of the
hypertensive animals after 02 weeks of L-NAME-induced
hypertensive rat followed by a return to normal values with
or without treatment by plant extract or captopril. These results
corroborate those of other authors, which showed that contin-
uous administration of L-NAME had substantially decreased
the HR during the first week with a return to the normal values
when treatment was maintained.”

In one part, the antihypertensive effect of AEAL in the
present study may probably due to its ability to mediate
vasodilation action in vessel since L-NAME-induced hyper-
tension involve sympathetic drive effects.>>***! Indeed,
AEAL has been known to have vasodilation properties via
Src/PI3-Akt kinase relaxation pathway responsible for the
activation of eNOS followed by the release of NO.'®
Moreover, AEAL was known to inhibit in vitro, the purified
cyclic nucleotides PDEs found in vascular smooth muscle cell
(VSMC), whose might induce vessels relaxation.®® Previous
studies raised the presence of tannins, sterols and triterpenoids
in AEAL, which were known to have vasodilator effect.?’ In
other parts, AEAL antihypertensive effect could be explained
by its possible cardiac action since this extract has known to
possess an antihypertensive effect in hypertensive rat induced
by adrenaline in the invasive model.*® This antihypertensive
effect of AEAL may also be attributable to its contains in
saponins. Indeed, numerous studies indicated that saponins
from plants extract were responsible for the management of
hypertension in the experimental model were associated with
vascular relaxation.**** The presence of tannin may consoli-
date the antihypertensive effect of AEAL since study

demonstrated that a phenolic compound-like tannic acid was
able to reduced blood pressure in L-NAME-induced hyperten-
sive rats. >4

Beyond the confirmed antihypertensive effect of AEAL,
this study looked at the effect of the chronic administration of
this extract on the animals, including its effects on the weight
gain, as well as the water and food consumption. Indeed,
several authors showed that animals in L-NAME chronic
administration inexorably present a decrease in their weight,
water and food consumption, in addition to the installation of
hypertension.*”*° These findings were in the line of those of
the present study in where the gain weight, as well as the
water and food consumption of normotensive rats treated
with AEAL 50 mg/kg/day, has not affected; while, the weight
of L-NAME-induced hypertensive rat was significantly
affected even in concomitant treatment with AEAL or cap-
topril. Nevertheless, it should be notified that the decrease in
food and water intake during the first two weeks of chronic
L-NAME administration was improved after treatment with
AEAL and Captopril, although the L-NAME 40 group
recorded a slight but significant decrease in food
consumption.

More interesting, chronic administration of L-NAME
alone, NaCl 0.9% or AEAL (50 mg/g/day) during the 4
weeks were resulted in no mortality and without any evidence
of apparent toxicity. Similarly, concomitant administration of
L-NAME with AEAL (10 and 50 mg/kg/day) or captopril for
two weeks resulted in no deaths or signs of toxicity.

Numerous studies indicated that organ weight constitutes
one of the most sensitive drug toxicities indicators, and its
changes often precede morphological changes. Indeed, sev-
eral studies revealed that a significant difference in organ
weight between control and the treated animal might exist
without any morphological changes.’®*>® The current study
showed that the relative weight of the target organs of hyper-
tension, which are the heart, lung, kidneys, spleen, liver and
testes of the different groups treated were comparable to
those of the control NaCl 0.9% group indicating that AEAL
did not have a manifest impact on these organs (Table 1).
However, a study has shown that L-NAME caused deleter-
ious effects on these organs when chronically administrate in
chickens and may be justify by the difference of the experi-
mental used animals.>

To corroborate the results on organs normal function,
biochemical analysis was undertaken with the serum of all
experiment animals. Indeed, it has been showed that hepatic
and renal function analysis is indispensable for any plant
extract used, as they are important for the functioning of an
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organism.” >’ For that, impact of AEAL, L-NAME and
Captopril treatment in liver and kidney functions for all
experiment rats has been assessed. The results showed that
the changes in the biochemical parameters were not signifi-
cant in both tested groups and control NaCl 0.9% group.
Then, AEAL seems to be safe of use and confirm no damage
observable on sensible organs during this experiment.

Furthermore, L-NAME is known to interact with the
vascular system leading to its dysfunction when chroni-
cally administrate. Indeed, in L-NAME-induced hyperten-
sive model, authors have confirmed the involvement of
both renin-angiotensin system and a reduction in the
thick of the vascular walls, which were significantly
reverse by captopril.’* ** Then, vascular reactivity study
were undertaken on tissues from treated animals for to
characterize the effects of AEAL or Captopril and or in
combination with L-NAME at the end of the experiment.
Before started, a verification of the integrity of vessels
from the different groups has been made. Results showed
that there was a significant reduction of the maximum
response to acetylcholine of vessels from L-NAME
group and L-NAME+AEAL 10 group compare to the
control NaCl 0.9% group indicating a possible destruction
of these aortas. While, rings from L-NAME+Captopril
group and L-NAME+AEAL 50 group were slightly reduce
but not significantly different to those of control NaCl
0.9% group.

The cumulative response to acetylcholine (10°° M to
10° M) in phenylephrine precontracted rat aortas from
treated animals have shown a concentration-dependent
vasodilation effect with a better relaxation in rings from
L-NAME+Captopril group that
improved the vasodilation effect of acetylcholine even in

indicating captopril
the presence of L-NAME. The impairment of endothelium
intact vasodilation in L-NAME-induced hypertension was
associated with oxidative stress but also due to a decrease
of eNOS expression and cyclic GMP or NO metabolite
levels.®'*** Moreover, several studies already showed that
captopril had a beneficial effect of angiotensin-converting
enzyme either in reversing or preventing endothelium
dysfunction.®**® While, a relative relaxation was obtained
with rings from L-NAME+AEAL 50 group but not those
from L-NAME group or in L-NAME+AEAL 10 group in
acetylcholine concentration-response curves indicating
that in high dose, AEAL may have the main way of action
like captopril. Then, AEAL antihypertensive effect might
be due to its antioxidant properties since it is well docu-
ment that the principal mechanisms in L-NAME-induced

hypertension is oxidative stress but also to AEAL capacity
to inhibit PDEs localized in the vascular smooth muscle
cells.”?*0%67%8 Indeed, previous studies indicate that
extract from Anogeissus leiocarpa has confirmed this
potential antioxidant activity.®* "'

In contrast, the vascular response of rings from all
treated rats to SNP (NO donor) did not differ, indicating
normal smooth muscle cells function. Nevertheless,
a significant difference was obtained between the vasodi-
lation effect to SNP of all treated group compared to the
control NaCl 0.9% group. Thus, this impaired relaxation to
Acetylcholine in the present study might be due to
a decreased production and or an inactivation eNOS rather
than any damage in smooth muscle function which lead to
the maintained of response to the NO donor. Indeed, the
present finding confirms others studies that demonstrated
the potency of SNP to directly acted on vascular smooth
muscle cells leading to cGMP activation and vasodilation
via intracellular calcium decrease.”*’® These results were
in line with a previous study, which demonstrates that
a dichlorometanolic fraction from A. leiocarpa induced

endothelium-independent activity via this pathway.*®

Conclusion

In conclusion, AEAL affords significant antihypertensive
effect in L-NAME-induced hypertensive rats without aver-
sive incidence in the biochemical parameters and in the
‘sensitive’s organs. This antihypertensive is probably due
to the vasodilator property of AEAL, which was known to
involve the Src/PI3-Kinase Akt/eNOS pathway in the vas-
cular system but also by a possible involvement of cardiac
system regulation. Thus, AEAL has the potential to be
developed as a medicinal substance in the management
of hypertension.
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