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Background. Adansonia digitata is a plant used against cardiovascular disorders in African folk medicine. We assessed the effects
of the aqueous extract of its stem bark on the development of hypertension in L-NAME-induced hypertensive rats. Methods. The
animals were administered L-NAME once daily for 3 weeks (25 mg/kg, i.p.), concomitantly with aqueous extract of A. digitata
stem bark (100 and 200 mg/kg, p.o.) or captopril (20 mg/kg, p.o.). Then, hemodynamic and electrocardiographic parameters,
oxidative stress markers, and the lipid profile were assessed in the blood and heart, aorta, and kidney homogenates, and his-
topathological analyses were performed. Results. L-NAME-induced hypertensive control animals, but not the animals con-
comitantly treated with A. digitata extract, displayed increases in the mean arterial blood pressure (21.64% difference, p <0.001,
vs. dose 200 mg/kg), systolic arterial blood pressure (21.33%, p <0.001), and the diastolic arterial blood pressure (21.84%,
P <0.001). In addition, hypertensive control animals displayed (i) increases in serum triglycerides, total cholesterol, LDL, and
creatinine levels, malondialdehyde and transaminase activities, and atherogenic index; (ii) decreases in serum HDL, catalase,
reduced glutathione, and nitric oxide; and (iii) aorta wall thickening, inflammatory cell infiltration, and cell loss in the cardiac
muscle and renal tissues. As captopril, the extract prevented hypertension-like changes in lipid profile, cardiac, hepatic, and renal
affection indicators, and oxidative stress markers. Conclusion. Our findings suggest that the extract of A. digitata has antihy-
pertensive and antioxidant effects in L-NAME-induced hypertension rat models. These effects partly justify the traditional
medicine use against cardiovascular disorders.

1. Introduction

High blood pressure (hypertension) is a major driver of
cardiovascular diseases which can lead to life-threatening
conditions such as myocardial infarction, coronary heart
failure, renal failure, and stroke [1, 2]. The incidence of
hypertension has been increasing worldwide, particularly in
developing countries. For instance, from 80 million adults in

the early 2000s, the number of hypertension cases in sub-
Saharan Africa is expected to rise to 150 million by 2025
[3, 4]. The pathogenetic mechanisms of hypertension en-
compass complex interactions of signaling pathways and
genetic and environmental factors.

Nonetheless, it is well-established that oxidative stress
contributes to the development of hypertension through
nitric oxide (NO) deficiency [5, 6]. The vascular endothelial
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cells’ product NO is a potent vasodilator with important
roles in the growth and resistance of blood vessels [7, 8]. NO
synthase inhibitors induce endothelial dysfunction and
oxidative stress by decreasing NO activity. Subchronic ad-
ministration of laboratory rodents with NO synthase in-
hibitors, such as N-nitro-L-arginine methyl ester (L-
NAME), results in chronic hypertension [9, 10], hence the
common use of this chemical for developing hypertension
experimental models.

Beyond the pathogenesis, the management of hyper-
tension without marked undesired effects and consequently
with high patient adherence is challenging [5-8]. Novel
therapeutics are direly needed in the field, and medicinal
plants are a potential source. Adansonia digitata L. (“African
baobab”) is a medicinal plant of the order of Malvales (the
Bombaceae family), which is commonly used by African
traditional healers for the management of cardiovascular
disorders [11]. A. digitata is a big iconic and culturally
significant tree found in savannahs of sub-Saharan Africa,
which is popularly nicknamed as “the small pharmacy tree”
due to its numerous uses in folk medicine [12, 13]. The plant
was reported anti-inflammatory, antioxidant, antimalarial,
and antimicrobial properties [14, 15]. The stem bark con-
tains a semifluid gum that is used in folk medicine to clean
wounds, to promote weight gain, and as growth food for
infants [16]. An alkaloid isolated from the stem bark and
termed as “adansonine” was reported to account at least
partly for antimalarial [17] and antidepressant properties
[18, 19]. The fruits of A. digitata were reported car-
dioprotective properties against isoproterenol-induced
cardiac damage [20, 21]. However, despite the traditional use
against cardiovascular diseases, data are lacking on the ef-
fects of the plant on hypertension, a major driver of these
diseases.

In the present study, we assessed the effect of the aqueous
extract of A. digitata stem bark on the development of
hypertension in L-NAME-induced hypertensive rats.

2. Material and Methods

2.1. Animal Material. Adult male Wistar albino rats (N = 30,
about 9-weeks old, 150-160 g) were obtained from the an-
imal facility of the Faculty of Science (FS), University of
Ngaoundéré. They were housed under 25+ 1°C room tem-
perature, 43 + 10% relative humidity, and 12 :12°h light/dark
cycle, in a room of the Laboratory of Medicinal Plants,
Health and Galenic Formulation, Department of Biological
Sciences (FS), University of Ngaoundéré. The animals had
free access to standard diet and tap water.

The experimental protocol was approved by the Insti-
tutional Animal Ethics Committee (reference no. FWIRB
00001954). Research activities were conducted following
European Community guidelines for laboratory animal use
and care (86/609/EEC).

2.2. Experimental Design. The rats were randomly divided
into five groups (N=6 per group). After one week of ac-
climation to laboratory conditions, for three consecutive
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weeks and once daily, the animals were administered with
either physiological solution (NaCl 0.9% in a volume of
0.5ml/100g, i.p.) (the normotensive control group) or
L-NAME (25 mg/kg in a volume of 0.5ml/100g, i.p.) (hy-
pertensive-like groups). The latter groups concomitantly
received either the physiological solution in a volume of
0.5ml/100g (i.p.) (the hypertensive control group), the
antihypertensive drug captopril (20 mg/kg, in a volume of
1 mL/100g, p.o.) (the positive control group), or a dose of
the aqueous extract of A. digitata (100 or 200 mg/kg in a
volume of 1 mL/100g, p.o.) (test groups). The body weight
was measured every two days.

At the end of the 3 weeks of L-NAME daily adminis-
tration, the animals were anesthetized and the femoral artery
exposed by dissection to measure the blood pressure and the
heart rate. Then, the arteriovenous blood was collected in
heparinized tubes and animals were sacrificed. The aorta,
kidney, and heart were dissected out. Fats and other con-
nective tissues were removed, and organs were weighed.
Samples were processed for biochemical tests and histo-
pathological studies.

2.3. Plant Extract Preparation. The stem bark of A. digitata
was harvested in the town of Maroua, Diamaré, Far North
Region (Cameroon), in November 2017. A sample was
identified, authenticated, and stored (Cameroon National
Herbarium Specimen No 42417/HNC, Yaoundé). Stem bark
peels were air-dried at room temperature, grounded to
powder using an electric blender, and stored in a glass
container. About 100g of the powder was macerated in
1000 mL of distilled water for 24 hours. The solution was
filtered using Wattman No. 3 paper. Then, the filtrate was
evaporated using an oven (45°C). The solid extract obtained
(yield: 31.4%) was stored at 4°C. Every day, the solid extract
was used to prepare fresh solutions for the oral adminis-
tration of the doses 100 and 200 mg/kg of extract in a volume
of 1mL/100g (p.o.).

2.4. Hemodynamic and Electrocardiographic Measurements.
The animals were deeply anesthetized (urethane, 1.5 g/kg,
i.p.). The trachea was exposed and cannulated to ensure
normal respiration, while the femoral artery was exposed,
cannulated, and flushed with 1 ml of heparinized Mc Even
buffer. Then, the blood pressure and the heart rate were
measured by connecting the cannulated femoral artery to a
computerized system including an arterial cannula con-
nected to a pressure transducer coupled with a hemody-
namic recorder (MP35, Biopac Student Lab, Goleta, CA,
USA).

2.5. Biochemical Tests

2.5.1. Blood Samples. The arteriovenous blood collected was
centrifuged (3000 rpm, 15min, 4°C), and the plasma was
separated and used for biochemical analyses. Triglycerides
and LDL-, HDL-, and total cholesterol were determined
using GIESSE kit, according to the instructions of the
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manufacturer (GIESSE Diagnostics, Roma, Italy). Standard
biochemical methods were used to measure plasma levels of
proteins, transaminases, urea, and creatinine [22-24]. The
atherogenic index (AI) was calculated as follows:

AT’="([total cholesterol] — [HDL — cholesterol])/
[HDL - cholesterol] [25].

2.5.2. Organ Homogenates. Samples of the aorta, kidney,
and heart tissues were homogenized (20%"w/v) in Tris-HCl
buffer (kidney) or in Mc Even buffer (heart and aorta). The
homogenates obtained were centrifuged (4000 rpm, 25 min,
4°C). The supernatant was collected and processed for the
analysis of antioxidant enzyme activities. Standard bio-
chemical techniques were used to measure the activities of
reduced glutathione (GSH) [26] and catalase [27], the nitrite
content [28], and the malondialdehyde concentration [29].

2.6. Histopathological Analyses. Samples of the aorta, the
heart, and kidney were fixed in 10% buffered formaldehyde
and processed for paraffin embedding. Then, they were cut
using a microtome (section thickness: 4 ym), and sections
were stained using H&E. Histopathological changes were
characterized by analyzing the sections stained under a
computerized microscope equipped with a camera (Olym-
pus, Hamburg, Germany).

2.7. Statistical Analysis. The results were analyzed using
Microsoft Excel 2019 and GraphPad Prism software (version
7.0). Data obtained in the test groups and in the positive
control group were compared with those obtained in the
normotensive control group and in the hypertensive control
group. The statistical significance of differences was assessed
using one-way ANOVA followed by Tukey post hoc test for
intergroup comparisons. Differences with p value <0.05
were significant. Data were presented as mean + SEM.

3. Results
3.1. Body Weight and Cardiovascular Properties

3.1.1. Body and Organ Weights. Table 1 presents the
changes in body weight before and after 3 weeks of con-
comitant treatment with L-NAME and either the aqueous
extract of A. digitata or captopril. A marked decrease in
body weight growth was observed in the hypertensive
control group (Table 1). The aqueous extract at all doses
tested and captopril mitigated this decrease. Gains of
23.36% (p<0.05), 94.13% (p<0.001), and 27.02%
(p <0.05) were observed with doses 100 and 200 mg/kg, and
captopril, respectively, was compared to the hypertensive
control group (Table 1).

Table 1 also shows the effects of concomitant treatment
with L-NAME and either the aqueous extract of A. digitata
or captopril on the relative weight of the heart, the left
ventricle, and kidneys. The relative weights of the heart and
of left ventricle were increased significantly (27.67 %,
P <0.05,and 48.07%, p < 0.001, respectively) in hypertensive
control animals (Table 1). Treatment with captopril and

plant extract doses 100 and 200 mg/kg mitigated this in-
crease (Table 1). Relative weight of kidneys was also in-
creased significantly in the hypertensive control group
(0.79+0.05 vs. 0.59+0.05¢g/100 g BW in the normotensive
control group, p <0.05) (Table 1). This detrimental change
was prevented in groups receiving the extract at doses 100 or
200 mg/kg, or captopril (p <0.05) (Table 1).

3.1.2. Blood Pressure and Heart Rate. Table 2 presents the
systolic arterial blood pressure (SBP), the diastolic arterial
blood pressure (DBP), the mean arterial blood pressure
(MABP), and the heart rate of animals treated daily and
concomitantly with L-NAME and either the aqueous extract
of A. digitata or captopril for 3 weeks. The SBP, DBP, and
MBP were markedly increased in the hypertensive control
group compared to the normotensive control group
(p<0.001) (Table 2). Treatment with the aqueous extract of
A. digitata at doses 100 and 200 mg/kg and with captopril
mitigated this change (p < 0.001 vs. the hypertensive control
group and p <0.05 vs. normotensive controls) with differ-
ences in SBP, DBP, and MBP of (Table 2): (i) 8.89 %, 6.44%,
and 8.23% with extract dose 100mg/kg, respectively
(compared to the hypertensive control group); (ii) 21.33%,
21.84%, and 21.64% with extract dose 200 mg/kg, respec-
tively; and (iii) 22.33%, 19.43%, and 20.45% with captopril,
respectively.

The heart rate was also markedly increased in the hy-
pertensive control group compared to the normotensive
control group (p<0.001) (Table 2). Treatment with the
aqueous extract of A. digitata at doses 100 and 200 mg/kg
and with captopril prevented this change and maintained the
heart rate close to normotensive control values (Table 2).

3.1.3. Electrocardiographic Parameters. Table 3 presents the
electrocardiographic parameters of animals treated daily and
concomitantly with L-NAME and either the aqueous extract
of A. digitata or captopril for 3 weeks. Hypertensive control
group, but not animals treated with the aqueous extract of A.
digitata (100 and 200 mg/kg) or captopril, displayed marked
increases in QRS interval duration, thus increasing the
magnitude (Table 3). In addition, the administration of the
aqueous extract of A. digitata significantly prevented the
decrease in the duration of the PR interval observed in the
hypertensive control animals with 42.67 +0.29 ms in the
group treated with the extract at dose 100 mg/kg, and
49.33+0.58ms in the group treated with extract dose
200 mg/kg, against 48.33+0.76 ms in the hypertensive
control group (i.e, decrease of 15.60% and 13.26%, re-
spectively, p <0.001) (Table 3).

Unlike at 100 mg/kg, at 200 mg/kg the aqueous extract of
A. digitata significantly prevented the reduction in the
duration of the QRS complex observed in hypertensive
control animals (44.30%, p <0.05) (Table 3). Both the doses
of A. digitata extract (100 and 200 mg/kg) and captopril
prevented significantly the increase in the duration of the QT
interval observed in the hypertensive control animals
(65.3+1.0, 65.6+1.5, and 62.0+0.3, respectively, vs.
85.33+3.97, p<0.01) (Table 3). Also compared to
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TaBLE 1: Body, heart, and kidneys weights after 3 weeks of treatment.
Parameters Normotensive control Hypertensive ctrl LN + captopril LN + AD100 LN + AD200
Body weight week 3 (g) 229.95+£2.02 209.37 +0.80° 219.10 +1.68° 206.50 +1.38 216.35+0.77°
Body W gain (% baseline) 26.11+2091 11.77 + 3.48° 12.79+1.79 22.85+1.55% 14.95+6.97°
Kidney W (g/100 g BW) 0.59+0.05 0.79 +0.05° 0.60 +0.01° 0.56 +0.01° 0.61 +0.01°
Heart W (g/100 g BW) 0.32+0.02 0.37 +0.02° 0.31+0.03° 0.29 +0.01° 0.34+0.01
Left ventricle W (g/100 g) 0.13+£0.01 0.18+0.01° 0.16£0.01 0.14+0.01° 0.16+0.01

Data are mean = SEM (N =6 per group). ANOVA + the Tukey test: °p <0.05 and *p <0.001 vs. the normotensive control group; °p <0.05, #p <0.01, and
“p<0.001 vs. the hypertensive control group. AD100/AD200 = extract doses 100 or 200 mg/kg. LN =N-NAME.

TaBLE 2: Effects of A. digitata extract on blood pressure and heart rate of hypertensive rats.

SBP (mm Hg) DBP (mm Hg) MABP (mm Hg) HR (BPM)
Normotensive control 113.24 +£2.85 81.63 +3.26 92.17+3.11 345.61 +4.65
Hypertensive control 189.49 +3.85% 147.26 + 5.40% 161.34 + 4.79% 390.28 +16.45°
LN + captopril 147.18 +5.82¢ 118.65 + 5.35% 128.16 +5.32¢ 349.98 £ 8.27
LN+ AD100 172.64 + 1.61¢ 135.77 + 1.50° 148.06 + 1.40% 349.48 +13.16
LN+ AD200 149.07 +7.86% 115.10 + 6.73 126.42 +7.08% 341.04 +19.20¢

Data are mean + SEM (N =6 per group). ANOVA + the Tukey test: “p < 0.05 and *p < 0.001 vs. the normotensive control group; °p <0.05, #p <0.01, and
“p<0.001 vs. the hypertensive control group. AD100/AD200 = extract doses 100 or 200 mg/kg. DBP = diastolic arterial blood pressure. HR =heart rate.
LN =N-NAME. MABP =mean arterial blood pressure. SBP = systolic arterial blood pressure.

TaBLE 3: Effects of A. digitata extract on the electrocardiogram of hypertensive rats.

Time (ms) Magnitude (mV)
ECG Parameter
P-R Int QRS Int Q-T Int S-T Int S-T Seg R-R Int P wave QRS complex

Normotensive ctrl 43.3+0.3 22.0+1.0 66.0+3.9 35.0+0.5 5.0+0.1 148.3+0.4 0.09 +£0.01 0.58 +£0.01
Hypertensive ctrl 42.7+£0.6 37.7£0.6° 85.7 +0.6" 39.3+0.3 8.7+0.3 159.3+0.3 0.08 +£0.01 0.61 £0.01
LN + captopril 45.7+0.3 19.7+0.8° 62.0+0.3° 40.3+1.2 7.0+0.5 168.8 +£0.6 0.08 +0.01 0.48 +0.02
LN+ AD100 49.3+0.6% 30.3+0.8 653+ 1.0° 40.3+0.8 6.6+0.3 169.7 +0.8 0.12 +0.01 0.73 +£0.02
LN+ AD200 49.3+0.6% 21.0+0.0° 65.6 1.5 46.0+0.9 7.6+0.3 156.0+ 1.0 0.11 £0.01 0.43+0.02

Data are mean + SEM (N =6 per group). ANOVA + the Tukey test: ®p < 0.01 vs. the normotensive control group; °p < 0.05, #p <0.01, and *p < 0.001 vs. the
hypertensive control group. AD100/AD200 = extract doses 100 or 200 mg/kg. Int =interval. LN = N-NAME. Seg = segment.

hypertensive control animals, slight increases were observed
in the RR interval duration of animals treated with the
extract (169.67+0.76 with dose 100mg/kg and
156.00 + 1.00 ms with dose 200 mg/kg vs. 151.33 + 0.76 ms in
the hypertensive control group) (Table 3).

3.2. Oxidative Stress Markers and Lipid Profile

3.21. Nitric Oxide and Malondialdehyde Levels.
Figures 1(a) and 1(b) show the changes in nitric oxide
(Figure 1(a)) and malondialdehyde (Figure 1(b)) levels of
animals treated daily and concomitantly with L-NAME and
either the aqueous extract of A. digitata or captopril for 3
weeks. Compared to normotensive control animals, the
hypertensive control group displayed significant decreases in
levels of nitric oxide in the aorta (18.80%, p <0.05), in the
heart (30.95%, p<0.001), and in the kidney (29.73%,
P <0.05) tissues (Figure 1(a)). Treatments with extract doses
100 and 200 mg/kg mitigated significantly the decreases in
nitric oxide in the aorta (differences compared with the
hypertensive control group: 30.30%, p <0.01, and 57.39%,
P <0.001, respectively), in the heart (40.39%, p <0.001, and
18.10%, not significant, respectively), and in the kidney
(198.78%, p<0.001, and 114.29%, p <0.001, respectively)

(Figure 1(a)). Captopril also mitigated significantly the
decreases in nitric concentration in the aorta (64.53%,
p <0.001), in the heart (30.54%, p <0.05), and in the kidney
(16.72%, p < 0.05) compared to the hypertensive control (A).

Bars are mean + SEM (N =6 per group). ANOVA + the
Tukey test: “p <0.05, °p < 0.01, and *p <0.001 vs. the nor-
motensive control group; 6p <0.05, ﬁp <0.01,and "‘p <0.001
vs. the diabetic control group. LN =N-nitro-L-arginine
methyl ester.

As shown in Figure 1(b), hypertensive control animals
displayed significant increases in malondialdehyde levels in
the aorta (53.48%, p<0.01) and in the kidney (39.12%,
p<0.05), but not in the heart, as compared to the nor-
motensive control group (Figure 1(b)). Compared to the
hypertensive control animals, the rats concomitantly
treated with L-NAME and dose 200 mg/kg of A. digitata
extract displayed significantly lower levels of malondial-
dehyde in the heart (37.22%, p<0.01) and in the kidney
(22.38%, p<0.05) (Figure 1(b)). Also compared to the
hypertensive control animals, the rats treated with extract
dose 100 mg/kg displayed significantly lower malondial-
dehyde levels (p <0.001) in the aorta (32.43% difference)
and in the heart (36.29%) (Figure 1(b)). Captopril did not
induce any marked change in malondialdehyde tissue
levels.
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FiGure 1: Oxidative stress indicators. Effects of the aqueous extract of Adansonia digitata on aorta, heart, and kidney levels or
activities of (a) nitrite, (b) malondialdehyde, (c) catalase, and (d) reduced glutathione.

3.2.2. Catalase Activity and Reduced Glutathione Level.
Figures 1(c) and 1(d) show the changes in reduced gluta-
thione level (Figure 1(c)) and catalase activity (Figure 1(d))
levels of animals treated daily and concomitantly with
L-NAME and either the aqueous extract of A. digitata or
captopril for 3 weeks. Catalase activity was decreased in the
aorta and in the heart of hypertensive control animals
compared to the normotensive control group (Figure 1(c)).
A. digitata (100 and 200 mg/kg) treatment increased sig-
nificantly the catalase activity in the aorta (68.68%, p < 0.01,
and 75.68%, p<0.001, respectively) and in the kidney
(92.25%, p<0.001, and 57.30%, p<0.01) (Figure 1(c)).
Treatment with captopril significantly increased catalase
activity in the heart (86.64%, p <0.001) and in the kidney
(88.36%, p<0.001) compared to the hypertensive control
group (Figure 1(c)).

Hypertensive control animals displayed significant de-
creases in the glutathione levels in the aorta (29.51%,
p <0.001), in the heart (34.46%, p <0.001), and in the kidney
(29.11%, p<0.001) compared to the normotensive control
group (Figure 1(d)). The animals treated with the extract dose
200 mg/kg significantly mitigated this decrease in the kidney
(27.14%, p <0.01, compared to hypertensive rats), while the

animals treated with the dose 100 mg/kg mitigated the de-
crease in the aorta (p<0.01) and in the heart (p <0.001)
(Figure 1(d)). Captopril treatment also mitigated the decrease
in reduced glutathione levels in the aorta (106.60%, p < 0.001)
and in the kidney (28.07%, p <0.01) (Figure 1(d)).

3.2.3. Blood Lipid Profile. Table 4 presents the blood lipid
profile of animals treated daily and concomitantly with
L-NAME and either the aqueous extract of A. digitata or
captopril for 3 weeks. The hypertensive control animals
displayed significant (p <0.05) increases in blood total
cholesterol (23.31%), triglycerides (53.61%), LDL-choles-
terol (61.31%), and decrease in HDL-cholesterol (63.04%)
compared to the normotensive control group (Table 4).
Extract dose 200 mg/kg significantly (p < 0.05) prevented the
increases in total cholesterol (26.34% difference from the
hypertensive control group) and in triglycerides (25.64%
difference), and decrease in HDL-cholesterol (52.41% dif-
ference) (Table 4). Captopril mitigated only slightly the
increases in triglyceride, total cholesterol, and LDL-cho-
lesterol, and decrease in HDL-cholesterol mediated by
L-NAME treatment (Table 4).
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TaBLE 4: Effects of A. digitata extract on blood lipid profile of hypertensive rats.

Normotensive control Hypertensive ctrl LN + captopril LN+ AD100 LN+ AD200
Total cholesterol (mg/dL) 65.24+1.28 80.47 +1.61° 66.02 +1.70% 69.90 +2.14 59.42 + 1.85°
Triglycerides (mg/dL) 3329+1.57 51.07 + 0.86° 28.98+1.58° 40.82+6.69 37.94+3.26°
HDL-cholesterol (mg/dL) 30.28 +£3.62 11.15+0.64° 24.18 +3.27° 18.87 +£0.50 17.02 £2.69
LDL-cholesterol (mg/dL) 28.21 +4.47 45.52 +3.65" 36.04 +3.31 42.87+1.58 34.81 +2.81
Cardiac risk ratio 215 7.22° 2.73 3.70° 3.49°
Atherogenic index 0.04 0.66 0.08 0.34 0.35

Data are mean + SEM (N = 6 per group). ANOV A + the Tukey test: “p < 0.05, bp <0.01,and *p < 0.001 vs. the normotensive control group; 6p <0.05, ﬁp <0.01,
and “p <0.001 vs. the hypertensive control group. AD100/AD200 = extract doses 100 or 200 mg/kg. LN = N-NAME.

L-NAME treatment also increased the values of cardiac
risk ratio (CRR) and atherogenic index (AI) (7.22 and 0.66,
respectively) in hypertensive animals, compared to the
normotensive control group (2.15 and 0.04, respectively)
(p<0.05) (Table 4). A. digitata doses 100 and 200 mg/kg
prevented the development of these alterations (2.70 and
0.34 with 100 mg/kg and 3.49 and 0.35 with 200 mg/kg,
p<0.01) (Table 4). Although in a lesser extent compared to
the effects of the extract, captopril also prevented the in-
crement in CRR and Al values (2.73 and 0.08, respectively,
p <0.05) (Table 4).

3.3. Markers of Liver and Kidney Functions. Table 5 presents
the changes in serum total protein, creatinine level, con-
centrations of sodium, potassium and chloride, and activities
of ALAT and ASAT of animals treated daily and concom-
itantly with L-NAME and either the aqueous extract of
A. digitata or captopril for 3 weeks.

3.3.1. Liver Function. Hypertensive control animals dis-
played significant (p<0.01) increases in serum total
protein (79.10%), and ALAT (32.84%) and ASAT
(53.99%) activities compared with the control group
(Table 5). Treatment with captopril or extract doses 100
and 200 mg/kg significantly reduced (p <0.001) ALAT and
ASAT activities (27.87%, 30.69%, and 31.07%, and 57.42%,
47.23 %, and 49.69%, respectively) compared to hyper-
tensive control group (Table 5). The increase in blood total
protein observed in the hypertensive control group was
mitigated significantly (p<0.01) in the groups treated
with extract dose 100 mg/kg (23.33% compared to the
hypertensive control group), dose 200 mg/kg (26.67%),
and captopril (25.83%) (Table 5).

3.3.2. Kidney Function. Serum sodium and chloride con-
centrations and serum creatinine level were significantly
increased, while serum potassium concentration was de-
creased, in hypertensive control animals compared to the
normotensive control group (20.86%, p<0.001, 0.63%,
p<0.05, and —46.55%, p<0.001, respectively) (Table 5).
Concomitant treatment with captopril or the extract sig-
nificantly mitigated the L-NAME-induced increases in
concentrations of sodium and chloride and in the level of
creatinine, as well as the decrease in potassium concentra-
tion (Table 5).

3.4. Histopathological Changes in the Aorta, Heart, and
Kidney. Figure 2 shows micrographs of H&E-stained sec-
tions of aortas, hearts, and kidneys of representative animals
of the normotensive control group (Figures 2(a), 2(e), and
2(i)), of the hypertensive control group (Figures 2(b), 2(f),
and 2(j)), and of animals treated concomitantly with
L-NAME and either captopril (Figures 2(c), 2(g), and 2(k))
or dose 200 mg/kg of A. digitata extract (Figures 2(d), 2(h),
and 2(1)). Overall, histopathological analyses of sections of
the aorta revealed a marked thickening in the arterial walls
leading to the reduction of blood vessel diameter
(Figure 2(b)). Histopathological analyses of renal tissue of
hypertensive control animals revealed tubular clarification,
fusion of the glomeruli with the capsule, and focal peri-
tubular and marked periglomerular infiltration of inflam-
matory cells were observed (Figure 2(f)). Histopathological
analyses of sections of cardiac muscle tissue of hypertensive
control animals revealed a marked infiltration of inflam-
matory cells, massive cell loss, congestion of blood vessels,
and focal hemorrhagic lesions (Figure 2(j)). Treatment with
captopril (Figures 2(c), 2(g), and 2(k)) or the aqueous extract
of A. digitata (Figures 2(d), 2(h), and 2(1)) mitigated the
histopathological changes induced by L-NAME treatment in
the aorta, the heart, and the kidney.

Micrographs of H&E-stained section of aortas, hearts,
and kidneys of representative animals of the normotensive
control group (Figures 2(a), 2(e), and 2(i), respectively), of
the hypertensive control group (Figures 2(b), 2(f), and 2(j),
respectively), and of animals treated concomitantly with
L-NAME (LN) and either captopril (Figures 2(c), 2(g), and
2(k), respectively) or dose 200 mg/kg of Adansonia digitata
extract (Figures 2(d), 2(h), and 2(l), respectively). Note that
unlike animals of the other groups, the hypertensive control
animal displayed a marked (about 3-fold) increase in the
thickness of the aorta wall (Figure 2(b)), an inflammation in
the kidney revealed by a marked infiltration of inflammatory
cells (Figure 2(f)), and both a massive infiltration of immune
cells and cell loss (black arrows) in the heart (Figure 2(j);
magnification, 100x).

4. Discussion

The results of the present study suggest that the aqueous
extract of stem bark of A. digitata had preventive effects on
the development of hypertension in L-NAME-induced
hypertensive rats. Treatment of animals with L-NAME
resulted in significant increases in heart rate and systolic,
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TasLE 5: Effects of A. digitata on blood indicators of liver and kidney functions in hypertensive rats.
Normotensive control Hypertensive control LN + captopril LN+ AD100 LN + AD200
ASAT (UI/L) 116.7 £6.13 179.7 +11.52° 76.5+7.31% 94.8 +9.74% 106.6 +7.22%
ALAT (UI/L) 41.6+1.36 553+4.37° 39.9+2.09 38.4+1.81° 38.1+1.64°
Total protein (mg/dL) 1.3+0.08 24+0.11% 1.8+0.52° 1.8+0.05° 1.8+0.07°
Creatinine (mg/dL) 4.8+1.68 15.6 +1.29° 49+0.28" 6.5+0.28" 3.5+3.12%
Sodium (mEq/L) 115.4+1.89 139.4+8.03° 116.8 +1.63% 100.6 +2.97% 86.6 +7.38
Potassium (mEq/L) 10.9+0.14 6.1+0.06° 8.8 +0.05° 11.6 +0.36" 15.2+0.59%
Chloride (mEq/L) 87.6+1.23 93.0+0.91° 87.9+0.30° 80.3+0.21% 86.0 +0.97°

Data are mean = SEM (N =6 per group). ANOVA + the Tukey test: *p <0.01 and *p <0.001 vs. the normotensive control group; °p <0.05, #p <0.01, and
“p <0.001 vs. the hypertensive control group. AD100/AD200 = extract doses 100 or 200 mg/kg. LN = N-NAME.

Healthy control Hypertensive control

LN + Captopril

LN + extract (200 mg/kg)

FIGURE 2: Aorta, heart, and kidney histopathology.

diastolic, and mean arterial blood pressures, as well as a
reduction in weight gain in hypertensive control animals,
which is in accordance with the available information on this
model [30-32]. Concomitant treatment of animals with
L-NAME and either the extract of A. digitata or the an-
giotensin-converting enzyme inhibitor captopril mitigated
the blood pressure increase and prevented the reduction in
weight gain observed in hypertensive control animals.
L-NAME-induced dyslipidemia, which plays a pivotal role
in the pathogenesis of hypertension in this model [33, 34],
was not observed in animals concomitantly treated with
L-NAME and either A. digitata extract or captopril in the
present study, unlike hypertensive control animals that
displayed marked decrease in blood HDL-cholesterol level
and significant increases in blood levels of total cholesterol,
LDL-cholesterol, and triglycerides. These observations

suggest that, as captopril, the extract of A. digitata mitigated
the development of L-NAME-induced hypertension in rats.

Moreover, treatment with either A. digitata extract or
captopril also prevented hypertension-associated affec-
tions of organs typically observed in L-NAME-induced
hypertensive animals, including kidney affection as in-
dicated by the prevention of increases in creatinine and
serum urea [35, 36] and liver affection, as indicated by the
mitigation of the elevation of transaminase activity in the
blood [37, 38]. In addition, hypertension can lead to
abnormalities in cardiac structure [39, 40] and dysfunc-
tion in cardiac electrical activity [41, 42]. In this study, a
significant increase in the relative weight of the left
ventricle was observed in L-NAME-induced hypertensive
control rats, but not in animals concomitantly treated with
either captopril or the extract of A. digitata, further



suggesting that A. digitata stem bark has antihypertensive
properties. On the same hand, unlike in animals con-
comitantly treated with either captopril or the extract,
increases in the magnitude of the QRS complex and in the
duration of the QT and QRS intervals were observed in
hypertensive control rats. In a previous report, L-NAME-
treated rats displayed increases in RR interval and in the
duration of the P wave, as well as an elevation in ST-
segment, resulting in bradycardia [42, 43]. Our findings
are in agreement with this report, as prolongation of QT
interval may indicate ventricular arrhythmia and QRS
interval lengthening a slowing down of the frequency of
heart contractions [44-46].

The histopathological findings confirmed the biochem-
ical and the electrophysiological observations. Histopatho-
logical changes typically observed in L-NAME-induced
hypertensive rats, such as increased monocyte and platelet
adhesion, thickening of the vascular wall, aggregation of
inflammatory cells in organs [47, 48], were less marked or
absent in animals treated with either A. digitata extract or
captopril. Altogether, these findings suggest that A. digitata
extract has antihypertensive properties in L-NAME-induced
hypertensive rats.

The mitigation of decreases in releases of endothelial
NO observed following treatment with A. digitata in this
study suggests that the extract mediated its antihyperten-
sive activity at least partly by improving NO bioavailability
[7-10]. In addition, in this study, A. digitata extract pre-
vented hypertension-like impairment of antioxidant de-
fenses indicated by marked decreases in nitrite levels,
reduced glutathione levels, and catalase activity, and in-
creases in levels of lipid peroxidation indicator malon-
dialdehyde in the heart, aorta, and kidneys in hypertensive
control rats [49-51]. These observations suggest that
A. digitata extract has antioxidant properties. Such prop-
erties may contribute to the antihypertensive effects of the
extract, considering the pivotal role of oxidative stress in
the development of hypertension in L-NAME-induced
hypertensive rats [5, 6, 49].

5. Conclusions

We assessed the effects of the aqueous extract of A. digitata
stem bark on the development of hypertension in L-NAME-
induced hypertension rat models. The extract prevented or
mitigated the hypertension-like changes in hemodynamic
and electrocardiographic parameters, serum lipid profile,
and oxidative stress markers, as well as aorta, heart, and
kidney histopathological signs. Altogether, these findings
suggest the aqueous extract of stem bark A. digitata has
antihypertensive and antioxidant properties, and justify its
use in folk medicine against cardiovascular disorders.
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