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ABSTRACT

ARTICLE HISTORY

Objective: Trema guineensis is a traditional medicinal plant used to treat cardiovascular
diseases in Africa. Here, we evaluated the effects of its hydro-alcoholic leaves on ethanol-induced hypertension.
Method: Four groups of five rats each were used in this study. Group I, the control group,
received distilled water (10 ml kg-1), Group II received ethanol (35°) at 3 g/kg, and Groups
III and IV received ethanol (35°) at 3 g/kg followed by 200 and 400 mg/kg extract, respectively. Ethanol solutions were administered over 8 weeks.
Results: The ethanol solutions increased body weight, blood pressure, superoxide dismutase (SOD), and malondialdehyde (MDA), and reduced glutathione (GSH) and nitric
oxide (NO). As for the hematological parameters, the ethanol solutions reduced hemoglobin, red blood cells, white blood cells, platelets, polymorphonuclear cells, and lymphocytes, as well as corpuscular volume compared with the control group. The T. guineensis
extract significantly prevented increased body weight, blood pressure, SOD, MDA, GSH,
and NO. The extract also normalized hematological parameters.
Conclusion: These results suggest that this extract contains antihypertensive properties
that protect against ethanol-induced hypertension.
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Introduction
Hypertension is a common disease that affects more
than 972 million people in the world and this figure is
expected to increase to 1.56 billion by 2025 [1]. The
prevalence of hypertension in Africa reached its maximum in 2000 and has been estimated at 8%, with
an average of 33.3% in Northern Africa [2]. Treatments for hypertension pose problems in developing
countries. Due to mainly economic reasons, people
face difficulties with care-taking, which represents a
major obstacle for disease management and creates a
heavy burden for developing countries [2].
Phytotherapy has become a common alternative
therapy across the world [3]. Approximately 80%
of Africans use traditional medicine thatbased on
herbs to treat various diseases. Among them, Trema
guineensis is the most commonly used traditional
medicine to treat cough, dysentery, asthma, sore
throat, and buccal infections [4]. Decoction from
Contact Balakiyem Kadissoli

kadissoliarmiss@gmail.com
of Sciences, University of Lome, Lome, Togo.

KEYWORDS
Hypertension; Trema
guineensis; antioxidant;
oxidative stress; ethanol;
hematological parameters

leaves of the plant is used to treat high blood pressure on its own or together with Gardenia ternifolia
leaves [4]. According to Trovato et al. [5], T. guineensis leaves are used for their diuretic, anti-inflammatory and parasitic effects, and the decoction from
stems of this plant is used as a bath for convulsive
crises in children.
Few studies have been conducted on this plant
to establish its pharmacological use for hypertension. Our previous studies demonstrated that the
semi-ethanolic extract of Trema guineensis possesses myorelaxant properties on the smooth musculature of the rat [6].
Chronic alcohol consumption causes metabolic disorders characterized by a disruption of
liver enzymes and lipid profile and a reduction in
pro-oxidant/antioxidant balance in various tissues
[7]. Furthermore, ethanol consumption also affects
hematological parameters [8,9].
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This study was conducted to evaluate the effects
of Trema guineensis administration on an ethanol-induced hypertension model.

Materials and Methods

Plant material and extraction
Trema guineensis leaves were harvested in Badou, a
town located 220 Km from Lomé (Togo) in December 2016. The Botany Department of the Sciences
Faculty of Lomé University authenticated and the
Trema guineensis voucher specimen No 15379TG
was deposited. The leaves were washed in tap
water and dried. Once the leaves dried, they were
reduced in powder weight to approximately 250 g.
This quantity was reduced through uninterrupted
agitation for 72 hours in an extraction solvent of
water and ethanol (20:80). After dipping, the product was filtered using absorbent cotton and filter
paper. Then, the obtained filtrate was evaporated
in a rotavapor R-210 (Buchi) at 45°C. We obtained
28.2 g of extract, which corresponds to 11.28%.
Animals

Albinos Wistar rats, between 150 and 180 g, were
used in this study. The animals bred at the Science
Faculty at the University of Lomé (Togo) in plastic cages under standard light (12-hour day/night
natural cycle) and temperature (25°C) conditions.
The rats were fed a standard diet and provided with
water ad libitum.
Experimental design

In this study, we evaluated the effect of the extract of
Trema guineensis on ethanol-induced hypertension.
Normotensive rats were randomly divided into four
groups of ﬁve animals each. Group I received distilled
water (10 ml/kg) and served as a negative control.
Group II received ethanol (35°) at 3 g/kg and served
as a positive control. Groups III and IV received ethanol (3 g/kg) at 35° and the extract at 200 mg/kg/
day and 400 mg/kg/day, respectively. The treatment
lasted 8 weeks. At the end of treatment, systolic arterial blood rate was measured as previously described
[10]. After blood pressure measurement, arteriovenous blood was collected in heparinized and dry
tubes. The heparinized tubes were used for hematological parameters, whereas the serum obtained
from dry tubes was used for biochemical parameters. The serum was separated and total cholesterol,
high-density lipoproteins (HDL) cholesterol, the
triglycerides, urea, Glutamo-Oxalacétique Transaminase (GOT), Glutamyl-Pyruvate-Transaminase (GTP),
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uric acid, and creatinine rates were determined
using commercial diagnostic kits BC 3000+ Mindray. Hematological analysis was performed using
an automatic hematological analyzer (Coulter STKS,
Beckman). Following blood draws, the heart, aorta,
liver, and the kidney were dissected and weighed.
The heart and the aorta were homogenized in McEwen’s solution and the liver and the kidneys were
homogenized in Tris-HCl buffer solution. The serum
and the homogenate were stored at −20°C. Reduced
glutathione (GSH) was determined by the method
of Sedlak and Lindsays [11], superoxide dismutase
(SOD) was determined by the method of Misra and
Fridovich [12], nitric oxide NO was determined by
the method of Tom et al. [13], total proteins were
determined by the method of Bradford [14], and
malondialdehyde (MDA) was determined using the
procedure of Satoh [15].
Statistical analysis

Results are expressed as mean ± SEM. One-way
analysis of variance (ANOVA) followed by Tukey’s
test was used for statistical evaluation, and p < 0.05
was considered significant statistically.

Results

Effects of the extract on blood pressure
Blood pressure in rats receiving only ethanol
increased significantly (p < 0.001); however, extract
treatment prevented this increase in blood pressure. At the 400 mg/kg dose, the extract has a
reduction in blood pressure of 26.60 ± 2.31 mmHg
compared with the positive control (Fig. 1).
Extract effects on body weight

Ethanol significantly increased body weight compared with the negative control (p < 0.001). However,
there was no difference between the 400 mg/kg dose
group compared with the negative control (Fig. 2).
Extract effects on oxidative stress markers

Chronic ethanol administration significantly
increased MDA and SOD rates and reduced GSH and
NO in the aorta, heart, liver, and kidney (Figs. 3–6)
compared with the negative control. Extract treatment reversed the effects on MDA and SOD rates
and increased GSH and NO levels compared to the
positive control.
Extract effects on lipid profile

Ethanol administration significantly increased total
cholesterol by 43.61%, triglycerides by 7.64%, ath-
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Figure 1. Effects of the extract on mean arterial blood pressure of the rats. Every value
represents mean ± SEM (n = 5). Data analysis is performed by one-way ANOVA followed by
Tukey’s post-hoc test. ***p < 0.001 significant difference in comparison with the positive
control. ###p< 0.001 significant difference in comparison with the negative control.

Figure 2. Effects of the extract on the weight of the rats. Every value represents mean ±
SEM (n = 5). Data analysis is performed by one-way ANOVA followed by Tukey’s post-hoc test.
***p < 0.001 significant difference in comparison with the positive control. ###p < 0.001 significant difference in comparison with the negative control.
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Figure 3. Effects of the extract on the rate of reduced GSH. Every value represents mean ±
SEM (n = 5). Data analysis is performed by one-way ANOVA followed by Tukey’s post-hoc test.
a
p < 0.001 significant difference in comparison with the positive control. bp < 0.001 significant
difference in comparison with the negative control.

Figure 4. Effects of the extract on MDA. Every value represents mean ± SEM (n = 5). Data
analysis is performed by one-way ANOVA followed by Tukey’s post-hoc test. bp < 0.001 significant difference in comparison with the negative control.

erogenic index by 316.66, and low-density lipoproteins (LDL) cholesterol by 325.66% (p < 0.001), and
reduced HDL cholesterol by 65.62% compared with
the negative control. Extract treatment reversed the
effects of ethanol on these parameters (Table 1).
Extract effects on the liver and kidney

Ethanol significantly increased urea (30.50%),
uric acid (190.27%), GOT (13.10%), and GTP
(52.74%) compared with the negative control (p
< 0.001). Nevertheless, extract treatment signifi-
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cantly decreased GOT, GTP, urea, and uric acid levels compared with the negative control (p < 0.001).
However, there was no effect on creatinine rate in
the kidney (Table 2).
Extract effects on hematological parameters

Ethanol reduced hemoglobin (HB) (26.21%), red
blood cell (RBC) count (55.29%), platelets (PLTs)
(16.23%), polymorphonuclear cells (31.51%),
lymphocytes (LYs) (56.57%), and white blood cell
(WBC) count (68.57%). It also increased corpuscular
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Figure 5. Effects of the extract on the NO of the rats. Every value represents mean ± SEM
(n = 5). Data analysis is performed by one-way ANOVA followed by Tukey’s post-hoc test.
b
p < 0.001 significant difference in comparison with the positive control. ap < 0.001 significant
difference in comparison with the negative control.

Figure 6. Effects of Trema guineensis extract on SOD levels. Every value represents mean ±
SEM (n = 5). Data analysis is performed by one-way ANOVA followed by Tukey’s post-hoc test.
a
p < 0.001 significant difference in comparison with the positive control. bp < 0.001 significant
difference in comparison with the negative control.

volume (VGM) (43.72%) compared with the negative control (Table 3).

Discussion

Traditional practitioners in Togo treat cardiovascular diseases such as hypertension using Trema
guineensis. In the current study, we evaluated the
antihypertensive activities of Trema guineensis
extract on ethanol-induced hypertension in rats.
www.promedsci.org

We found that significantly increased blood pressure in the rats treated with ethanol was reversed
by extract treatment. This effect may be due to the
vasodilator action of the Trema guineensis extract
as demonstrated in vitro on the isolated aorta [6].
Ethanol induces hypertension at high doses by
depleting antioxidants and increasing oxidative
tissue lesions [16]. Increases in reactive oxygen
species and alteration of antioxidant defense status are a parameter of cardiovascular dysfunction
13

B. Kadissoli, P. Aklesso Mouzou, T. Pakoussi, K. Eklu-Gadegbeku, A. K. Aklikokou, M. Gbeassor

Table 1: Effects of extract on the lipid profile of the rats.
Parameters
Triglycerides (mg/dl)
Cholesterol (mg/dl)
HDL (mg/dl)
LDL (mg/dl)
Atherogenic index

Negative control

Positive control

Eth + Ext (200 mg/kg)

Eth + Ext (400 mg/kg)

38.20 ± 2.24
56.40 ± 1.43
35.20 ± 2.31
13.56 ± 2.35
1.62 ± 0.12

56.40 ± 3.69 ##
81.00 ± 3.36 ###
12.10 ± 0.21 ###
57.72 ± 2.84 ###
6.75 ± 0.26 ###

37.80 ± 3.23 **
59.40 ± 3.60 **
30.20 ± 1.35 ***
21.16 ± 3.54 ***
1.97 ± 0.15 ***

34.80 ± 2.20 ***
55.00 ± 4.30 ***
32.40 ± 2.50 ***
15.64 ± 3.45 ***
1.72 ± 0.14 ***

Every value represents mean ± SEM, with n = 5. **p < 0.01, *** p < 0.001, significant difference in comparison with the positive control.
##p < 0.05, ###p < 0.001, significant difference in comparison with negative control.

Table 2: Effects of extract on liver and kidney of the rats.
Parameters
GOT (U.I)
GTP (U.I)
Urea (mg/dl)
Uric acid (mg/l)
Creatinine (mg/dl)

Negative control

Positive control

Eth + Ext at 200 mg/kg

Eth + Ext at 400 mg/kg

175.60 ± 7.40
165.80 ± 2.87
43.70 ± 2.12
21.09 ± 0.43
9.14 ± 0.43

198.61 ± 3.58 #
254.84 ± 3.92 ###
57.03 ± 3.18 ##
61.22 ± 4.69 ###
7.80 ± 0.25

170.60 ± 1.56 ***
162.20 ± 1.35 ***
42.81 ± 0.83 **
25.46 ± 2.80 ***
8.56 ± 0.57

165.20 ± 4.74 ***
154.60 ± 4.43 ***
42.23 ± 2.40 **
20.92 ± 2.00 ***
9.0 ±0.2

Every value represents mean ± SEM, with n = 5. **p < 0.01, ***p < 0.001, significant difference in comparison with the positive control.
#p < 0.05, ###p < 0.001, significant difference in comparison with treated with the negative control.

Table 3: Effects of the extract on hematological parameters of the rats.
Negative control

Positive control

Ethanol + Ext (200 mg/kg)

Ethanol + Ext (400 mg/kg)

16.40 ± 0.58
10.20 ± 0.60
39.12 ± 2.16
43.32 ± 0.18

12.10 ± 0.43 ###
4.56 ± 0.25 ###
43.00 ± 1.12
53.180 ± 0.38 ###

15.64 ± 0.31 **
9.62 ± 0.13 ***
43.94 ± 1.19
44.80 ± 1.24 ***

15.60 ± 0.70 **
9.78 ± 0.278 ***
44.06 ± 1.83
44.34 ± 0.90 ***

18.88 ± 0.21

20.02 ± 0.68

19.78 ± 0.27

19.42 ± 0.34

HB (g/dl)
RBC (× 1012/l)
Hematocrit (%)
VGM (fl)
Average content in
hemoglobin (pg)
Average hemoglobin
concentration (g/dl)
PLT (× 109/l)
P.N (%)

35.72 ± 0.13

33.10 ± 1.94

34.50 ± 1.07

35.34 ± 0.29

734.40 ± 4.28
42.64 ± 1.87

615.20 ± 6.79 ###
29.20 ± 2.05 ###

742.6 ± 4.00 ***
40.20 ± 1.71 **

760.80 ± 3.72***
42.20 ± 1.75 ***

LY (%)
WBC (× 109/l)

45,60 ± 1.69
12.60 ± 0.67

19.80 ± 2.33 ###
3.96 ± 0.36 ###

39.00 ± 1.87 ***
9.06 ± 0.34 **##

41.00 ± 4.02 ***
11.00 ± 0.78 ***

Every value represents mean ± SEM, n = 5. **p < 0.01, ***p < 0.001, significant difference in comparison with the positive control.
###p < 0.001, significant difference in comparison with negative control.

development in alcohol-induced hypertension
[7]. In our studies, chronic ethanol administration
resulted in a significant increase in SOD activity
in the aorta, liver, heart, and kidney, which were
reversed by extract treatment. Juan et al. [17]
showed that increased SOD activity results from
increased O2+ production and, therefore, increased
oxidative stress, which is involved in the pathogenesis of hypertension. Thus, SOD reduction observed
in the extract-treated groups may reflect a total
reduction in oxidative stress.
Our results revealed a significant increase in
MDA, as well as a decrease in GSH rate, in the rats
that only received ethanol, consistent with previous
studies [16,18–20]. The plant extract reduced MDA
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and prevented a reduction in GSH. Thus, extract
treatment demonstrated antioxidant properties by
preventing lipid peroxidation of tissues and GSH
rate. The extract also proved beneficial for tissue
parameters of oxidative stress caused by ethanol
consumption.
Chronic alcohol consumption leads to various
metabolic disorders due to liver enzyme disruption, and chronic ethanol administration in rats
is a source of hepatotoxicity, causing high rates of
serous transaminase. Our results showed increased
GTP and GOT in the positive control, consistent with
previous work [7]. Concomitant alcohol and extract
significantly reduced transaminase rates compared
to rats exclusively treated with alcohol, suggesting
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that the extract protects the liver from ethanol toxicity [21,22].
Following 8 weeks of treatment, there was a significant increase in triglycerides and total cholesterol
in the positive control, which is consistent with previous work [23]. Ethanol deteriorates fat oxidation,
stimulates lipogenesis, and contributes to fat development in the liver. Therefore, this extract could
protect animals against hypercholesterolemia and
hypertriglyceridemia caused by ethanol.
Our work has also shown a decrease in the NO in
the aorta, kidney, heart, and liver. Endothelial dysfunction caused by ethanol can alter relaxing abilities of the endothelium by reducing the release of
NO [24,25]. Since the extract corrected this deficit
at the NO level, it could also prevent endothelial
dysfunction.
Ethanol treatment reduced red and WBC counts,
HB, PLTs, LYs, and neutrophil levels, and increased
VGM levels, consistent with previous studies [8,9].
Extract treatment also regularized these blood
parameters.
Alcohol abuse has several deleterious effects on
hematopoietic system functioning, such as macrocytosis with or without anemia, leukopenia, and
thrombocytopenia. Some studies have indicated
that ethanol is toxic to blood cells due to its amphiphilic properties. Ethanol can diffuse into blood
cells and affect their membrane fluidity through
permeability changes and can increase membrane
lipid solubility by allowing xenobiotics to reach
different organs [26]. Our results suggest that the
extract reversed these toxic effects on rat hematological parameters, preventing anemia, thrombocytopenia, and leukopenia.
Phytochemical studies of the extract have
revealed polyphenols’ presence such as flavonoids
and tannins. The main characteristic of polyphenols is that they are very powerful antioxidants
[27]. Indeed, flavonoids are also known to have a
preventive role against cardiotoxicity, their inhibition of lipid peroxidation and their ability to prevent various hematological disorders [28]. Indeed,
flavonoids provide protection against free radicals by preventing their binding with cell membrane lipids, which results in a decrease in MDA
(lipid peroxide) and in the hematological composition’s protection by allowing good erythrocyte
regeneration and prevention against leukopenia
and thrombocytopenia observed in the presence
of free radicals [29]. Flavonoids have the ability
to capture and deactivate free radicals. Flavonoids
www.promedsci.org

are known for their protective effect on cardiovascular health by modifying several pathological
processes involved in cardiovascular development
diseases by inhibition of the oxidation of LDL cholesterol (bad cholesterol) by free radicals. These
results obtained during our experiment would be
due to the polyphenols contained in the extract
and, in particular, the flavonoids.
This study indicates that Trema guineensis has
significant beneficial effects on some aspects of
ethanol-induced hypertension. Therefore, this
plant can be used to treat essential hypertension
caused by alcohol consumption. Further studies are
needed to determine the bioactive molecule that
causes these effects and establish therapeutic doses
to avoid possible toxicity.

Conclusion

These results suggest that the Trema guineensis
extract prevents ethanol-induced lipid peroxidation and oxidative stress caused by chronic ethanol consumption in rats. Moreover, the extract has
beneficial effects on tissue lesions leading to kidney
and liver function alteration.
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