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ABSTRACT

Combretum grandiflorum G. Don is traditionally used in ethnic medicines for the treatment of
different diseases in Benin. Despite its wide use, no studies have been undertaken on its potential
toxicity. The study was designed to assess the antimicrobial activity and potential toxicity of
aqueous and hydroethanolic extracts of C. grandiflorum.

Qualitative phytochemistry was carried out by a differential staining or precipitation method. The
antibacterial and antifungal effects were evaluated by the solid medium diffusion method.
Cytotoxicity was evaluated on Artemia salina larvae while acute toxicity was evaluated with Wistar
strain rats via the oral route. The qualitative screening revealed the presence in the plants of
Polyphenols, Flavonoids, Tannins, catechic and gallic tannins. Both types of extracts inhibited
microbial growth. The hydroethanolic extract was active on all the bacterial strains used with a high
inhibition diameter compared to the aqueous extract. On strains of Shigella Sonnei and Salmonella
spp, the antibacterial effect of the hydroethanolic extract is significantly (p<0.05) better compared to
that of the aqueous extract. Cytotoxicity tests showed no toxic effects at the doses evaluated. At a
dose of 2000 mg/kg, the aqueous and hydroethanolic extracts of C. grandiflorum induced neither
mortality nor alteration of the physiological parameters of Wistar rats (renal, hepatic parameters,
hematological constants, body weight). These extracts therefore do not present acute oral toxicity
for Wistar rats at the limit dose of 2000 mg/Kg/bw in Wistar rats. These results justify some
therapeutic indications for these plants. They could therefore be used for the development of
improved phytomedicines.

Keywords: Combretum grandiflorum; Benin; antimicrobial activity; Cytotoxicity; acute toxicity.
1. INTRODUCTION gastrointestinal transit, are very useful in the
control of diarrhea [22]. For example,
Combretum species have been reported to be
widely used in traditional medicine for diarrhea
and digestive disorders [22]. Combretum
micranthum  G. Don and Combretum
adenogonium Steud. ex A.Rich. extracts have
been reported to have antibacterial activity

Early civilizations relied on herbal and traditional
medicinal practices to treat their health problems
[1]. The plants are used in developing African
countries, people from disadvantaged and
resource-poor communities as traditional
medicine [2,3]. In case, some modern synthetic

drugs cause unwanted side effects [4,5], while
others have low potency against certain
pathogens [6,7]. Additionally, indiscriminate use
of antibiotics has led many bacterial strains to
develop resistance to synthetic antimicrobial
agents [6-8]. Therefore, alternative sources of
pharmacologically active compounds are
required to effectively treat diseases, leading to
intensified research on medicinal plant species
[9]. Plants contain a wide range of bioactive
phytocompounds [10] that have been used in
medical treatment since historical times [11].
Several plant species from the pantropical
medicinal family, like Combretaceae, have been
reported to be wused in traditional African
medicinal practices to relieve symptoms and
treat diseases [12,13]. Phytochemical studies
carried out in the genus Combretum have
demonstrated the presence of numerous classes
of constituents, including triterpenes, flavonoids,
lignans and non-protein amino acids, among
others [21]. The properties of many phenolic
constituents of medicinal plants, such as their
ability to inhibit enteropoolation and delay

against antibiotic-resistant diarrheal strains [14].
Diarrheal diseases are among the deadliest
infectious diseases, especially among children.
In fact, every year there are an estimated 2.5
billion cases of diarrhea in children under five
[15]. Ugboko et al. [16] reported that childhood
diarrhea affecting children five years and
younger accounts for approximately 63% of the
global diarrhea burden. 15% of these children die
[17].

Benin is one of the developing countries in which
diarrheal diseases are among main causes of
morbidity [18,19]. Indeed, they have a direct
impact on the costs associated with seeking
health care, including several factors such as
consultation, medications and, in certain cases,
hospitalization which represent a burden on
household expenses [19]. The pathogens of
diarrheal diseases are mainly bacteria [20]. Over
the years, medical therapy based on the use of
conventional antibiotics has shown not only its
effectiveness but also its limits. Indeed, most of
the bacteria responsible for diarrheal episodes
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develop resistance to the antibiotics used in
therapy.

To address this problem, the World Health
Organization has supported the idea of diarrheal
disease control based on traditional medicine
practices and prevention approaches [19].
Indeed, for the proper use of antidiarrheal plants
it is important to check their safety. It is therefore
important, even essential, to explore the
toxicological characteristics of the main plants
used by local communities in several African
pharmacopoeias in order to secure their use in
traditional medicine. It is with this in mind that the
paper aim to assess biological activity of C.
grandiflorum extracts.

2. METHODS
2.1 Preparation of Crudes Extracts

According to the method described by Klotoé et
al. [23], 50 g of powdered leaves and bark of
Combretum  grandiforum G. Don were
macerated each one for 72 h at room
temperature in 500 ml of each solvent (distilled
water for the aqueous extract and distilled
water/ethanol in a proportion 40:60 for the hydro-
ethanol extract). The homogenate obtained was
filtered three times through hydrophilic cotton
and once through Wattman N 1 paper. This
filtrate was then concentrated in a rotavapor at
40°C. The powder obtained corresponded to the
extracts. The obtained extract was weighed in
order to evaluate the extraction yield and then
stored in the refrigerator at 4°C. The yield (Y) of
the crude extract defined as the ratio between
the mass of the dry extract obtained and the
mass of the treated plant material was calculated
by the following formula

weight of extract after evaporation
100

- weight of plant powder used for extration
2.2 Phytochemical Screening

Phytochemical screening to highlight secondary
metabolites of leaves of Combretum grandiflorum
G. Don was carried out according to Houghton
and Rahman method [24]. Mayer's and
Dragendorff’s tests for alkaloids, Shinoda’s and
sodium hydroxide tests for flavonoids, ferric
chloride test for tannins.

2.3 Antimicrobial Activity of Combretum
grandiflorum Extracts

Diarrheal reference strains such as Escherichia
coli ATCC 12386, Salmonella Typhi ATCC 14028

and clinical strains of Shigella Sonnei and
Salmonella spp were provided by the Applied
Microbiology and Pharmacology of Natural
Substances Research Unit, at the University of
Abomey-Calavi, and were wused for the
antibacterial activity test. The antifungal activity
was carried out on a clinical strain of Candida
albicans.

2.3.1 Sensitivity test

The sensitivity test was done by the disk diffusion
method inspired by that described by Légba et al.
[25]. Indeed, 1 ml of bacterial culture (adjusted to
0.5 McFarland standard) was used to flood a
Petri dish containing Mueller-Hinton agar (Bio-
Rad, France). Two to four sterile discs (6 mm)
are placed in the Petri dish previously flooded
with bacterial culture under aseptic conditions.
This disk is inoculated with 50 ul of the tested
extracts (100 mg/ml). For each extract, the
experiment is duplicated, and a negative control
is carried out with the solvent instead of the
extract. The plates are then maintained at room
temperature for 15-30 min before being
incubated at 37°C for 24 h and 48 h. Inhibition
diameters were measured using a scale after
incubation times of 24 h and 48 h.

The antifungal activity of the active extracts was
determined by the solid medium diffusion method
according to the method of Alsubhi et al. [26]. For
the antifungal test itself, Potatose Dextrose Agar
(PDA) agar plates were inoculated with the
fungal suspension prepared for each type of
extract. Wells of 7 mm in diameter were then
made sterilely in the agar media using a Pasteur
pipette. One hundred (100) ul of each extract
(aqueous or hydroethanolic extracts) were
placed in the wells. Distilled water was used as a
negative control and fluconazole as a positive
control. The boxes were left on the bench for two
hours for pre-diffusion before being incubated at
37°C for 24 hours. The inhibition diameters
observed around the wells after incubation were
then measured using a double-decimeter for
each type of extract studied. The most active
extract corresponds to the one having presented
the greatest diameter of inhibition.

Minimum
(MIC) and
Concentration

2.3.2 Determination of the
Inhibitory Concentration
Minimum Bactericidal
(MBC)

The Concentrations were determined by the
micro dilution test using microplates as described
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by Légba et al. [25]. To achieve this, a main
solution of plant extract was set at a
concentration of 200 mg/mL of sterile distilled
water. In a microplate, 100 yL of Mueller Hinton
Broth (MHB) medium was placed in each well.
Serial dilution was carried out with the main
solution from the first well to the ninth well. One
hundred (100) pL of the bacterial suspension
were deposited in each well. The final
concentrations tested vary from 50 mg/mL to
0.19 mg/mL. A positive control and a negative
control were added. After determining the MIC
using tetrazolium as an indicator of microbial
growth, the wells were inoculated on MH agar to
determine the CMBs. The MBC corresponds to
the small concentration for which there was no
bacterial growth.

Minimum
(MIC) and
Concentration

2.3.3 Determination of  the
Inhibitory Concentration
Minimum  Fungicidal
(MFC) of extracts

The Minimum Inhibitory Concentration (MIC) was
determined in liquid medium according to the
technique of Lavaee et al. [27]. The tests were
carried out on successive dilutions of extract
prepared at 200 mg/mL. The final concentrations
tested vary from 50 mg/mL to 0.19 mg/mL. After
the determination of the MIC using tetrazolium as
an indicator of microbial growth, the wells were
inoculated on PDA agar to determine the MFCs.
The CMF corresponds to the small concentration
for which there was no fungal growth.

2.3.4 Determination of the antibiotic/
antifungal power of active extracts on
the strains tested

After determining the MIC, MBC/MFC, the
antibiotic/antifungal power of the extracts was
determined. For this purpose, the MBC/MIC or
MFC/MIC formula was applied to calculate the
antibiotic or antifungal power (p.a.) of each
extract used.

The results obtained were compared to the
standard used to evaluate the antimicrobial
activity of plant extracts [28].

2.4 Toxicity tests of extracts

2.4.1 Larval cytotoxicity

The cytotoxic effect of the extracted plant was

evaluated following an adaptation of the method
used by Legba et al. [25]. A serial dilution of 2 in

2 was carried out from 1 mL of the main solution
of plant extract prepared at 20 mg/mL in 10
tubes. The lethal concentration 50 (LCsp) was
determined. The standards used to assess the
cytotoxic effect of plants are presented in Table
1.

2.4.2 Acute oral toxicity test

The acute oral toxicity of the two extracts was
explored following the standard protocol for
assessing the acute oral toxicity of chemical and
natural products of the Organization for
Economic Cooperation and Development [30].
Following administration of the extracts, clinical
signs of toxicity and the influence of these
extracts on hematological, biochemical renal and
hepatic parameters were evaluated.

2.4.2.1 Animal material and batch constitution

The in vivo toxicity study was carried out on
nulliparous and non-pregnant female Wistar
albino rats weighing on average 120 g and
coming from the animal facility of the Applied
Microbiology and Pharmacology of Natural
Substances Research Unit (URMAPha). Rats
were maintained, with free access to standard
food and water, under standard conditions (12 h
light/12 h dark at 22 + 2°C).

2.4.2.2 Administration of extracts

The rats (09) divided into three lots and
acclimated were subjected to the administration
of the extracts. The plant extracts to be tested
being administered orally, the method described
in OECD guideline 423, method by toxicity class,
was adopted. Given that, Combretum
grandifiorum plant that we want to test is
commonly used by the population and that no
toxic effects have been reported, a limit toxicity
test, i.e. a single dose of 2000 mg/kg of body
weight, was carried out. Twelve hours before
carrying out this toxicity test, the rats were
deprived of food and water. At the start of the
experiment (DO0), a blood sample was taken from
all rats at the level of the retro-orbital sinus for
analyzes of hematological and biochemical
constants before administration of the product.
Then, the extracts were administered by
esophageal gavage in accordance with the
selected dose. After administration of the
product, a period of 14 days was observed to
collect data on clinical signs of toxicity (morbidity,
mortality, hair loss, eye color, breathing
difficulties, etc.)
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At the end of the experiment (D14), a blood
sample was taken for analyzes of hematological
and biochemical constants.

2.4.3 Sub-acute oral toxicity test

The study was performed according to OECD
guideline 407 [31], method by sub-acute oral
toxicity class. It was carried out on 30 Wistar rats
(15 male rats and 15 female rats) weighing on
average 150 g divided according to their weight
into six (06) batches of five rats each. Two types
of batches were formed: 2 test batches and 1
control batch per sex (Table Ill). Rats from the
test batches were treated with the aqueous and
hydroethanolic extracts at the same time (10
hours) for a period of 28 days by esophageal
gavage at a single dose of 1000 mg/kg/bw. The
control batch is treated with distilled water under
the same conditions. The rats from each batch
were marked and monitored individually
throughout the period of the experiment.

The animals had free access to water and food.
During the experimental period, the animals were
weighed every seven days (DO; D7; D14; D21,
D28) and monitored individually twice a day (11
a.m. and 5 p.m.). An information collection sheet
was drawn up for each rat in order to collect
possible signs of toxicity (changes in the skin,
hair, eyes, appearance of edema, walking
backwards, breathing difficulties, morbidity,
mortality). At the end of the treatment, the rats
were deprived of food the last night before
sampling. Blood samples from animals
anesthetized with thiopental (60 mg/kg) were
taken by puncture from the retroorbital sinus on
D29 as well as on DO. The blood sample is
collected in two types of tubes, one containing

EDTA and the other without anticoagulant (dry
tube). The EDTA tube sample was intended for
hematological analyses. The dry tubes are
centrifuged at 4000 Rpm for 10 min and the
serum obtained was used to determine the
biochemical parameters. The hematological
examinations were carried out using a SYSMEX
KX 21N automated system according to the
method used by Sodipo et al. [32]. These
examinations included the counting of red blood
cells and white blood cells, the determination of
the hemoglobin level, the hematocrit, the Mean
Globular Volume (MCV), the Mean Corpuscular
Hemoglobin Content (TCMH) and the Mean
Corpuscular Concentration. in  hemoglobin
(CCMH). The blood biochemical parameters of
urea, creatinine and transaminases were
quantified.

2.5 Data Statistical Analysis

The data generated from the tests performed
were subjected to statistical analysis using SPSS
26.0 software. Quantitative variables are
presented as mean and standard deviation.
Analysis by the probit method was used to
determine the average lethal concentration for
the larval cytotoxicity test.

Concerning the acute and sub-acute oral toxicity
of the extracts, the Student's t test of paired
samples and independent samples was used to
compare the mean of the different parameters of
the test and control batches. Analysis of variance
(ANOVA) was used to compare the mean of the
different parameters of the test and control
batches on D14 and D28.

Table 1. Correspondence between LC50 and toxicity [29]

Valeur de la LCsgg

Cytotoxicité de I'extrait

LCs02= 0,1 mg/mL Non toxic

0,1 mg/mL > LCso0 = 0,050 mg/mL low toxicity
0,050 mg/mL > LCso= 0,01 mg/mL Medium toxicity
LCs0< 0,01 mg/mL High toxicity

Table 2. Constitution and processing of batches for the sub-acute oral toxicity test

Lot  Type of lot Number of Substance Dose Sex
rats administered

1 Male witness 5 distilled water 1 mL/100g Male

2 Test 5 agueous extract 1000 mg/kg  Male

3 Test 5 hydroethanolic extract 1000 mg/kg  Male

4 Test 5 agueous extract 1000 mg/kg  Female
5 Test 5 hydroethanolic extract 1000 mg/kg  Female
6 female witness 5 distilled water 1 mL/100g Female
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ANOVA was also used to compare the data of
the different parameters of the efficacy tests of
the antidiarrheal effect of plant extracts. The
significance threshold was set at 5%.

Concerning the antimicrobial power of the
extracts, the student t test was used to compare
the effect of the two active extracts on the same
strain.

3. RESULTS
3.1 Extraction Yield

The extraction yield of the hydroethanolic extract
obtained is high compared to that of the aqueous
extract.

3.2 Phytochemical Screening: Identifica-
tion of Alkaloids and Polyphenols in
Combretum grandiflorum Extracts

It is worth noting the presence of polyphenols,
tannins, gallic tannins, catechin tannins and
flavonoids in the extracts tested (Table 3).

=y
en
]

(=9
=

Extraction yield (%)
1

o

Alkaloids and Leuco-anthocyanins are absent in
the tested extracts.

3.3 Antimicrobial Assay
3.3.1 Antibacterial activity of extracts

The hydroethanolic extract was active on all the
bacterial strains used with a high inhibition
diameter compared to the extract aqueous (Fig.
2). On strains of Shigella Sonnei and Salmonella
spp, the antibacterial effect of the hydroethanolic
extract is significantly (p<0.05) better compared
to that of the aqueous extract. The aqueous
extract produced no antibacterial effect against
E. coli and Salmonella Typhi. Among all strains
tested, the largest inhibition diameter was
obtained with the hydroethanolic extract on
Salmonella Typhi strain (12 mm = 1).

Regarding the MIC, CMB and P.a, it appears that
the hydro-ethanolic extract had bactericidal
power on all strains while the aqueous extract
had bacteriostatic power on Shigella Sonnei and
Salmonella spp (Table 4).

Fig. 1. Extraction yield

Table 3. Highlighting alkaloids and polyphenols in Combretum grandiflorum extracts

Extracts/
chemical groups

aqueous extract

hydroethanolic extract

Polyphenols
Flavonoids
Tanins
Catechic tanins
gallic tanins
Anthocyanes -
Leuco-anthocyanes
Alcaloids -

+ 4+ + + +

+ + 4+ + + +

+: presence; -: Absence
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Fig. 2. Inhibition diameters of aqueous and hydroethanolic extracts on the bacterial strains

tested

Table 4. MIC, MBC and a.p of the extracts

Extracts Parameters E. coli ATCC S.sonnei S. Typhi Salmonella
12386 ATCC 14028  spp

aqueous extract MIC - 3,12 - 12,5

MBC - 12,5 - 50

a.p - 4 - 4
hydroethanolic MIC 6,25 3,12 1,56 6,25
extract MBC 12,5 6,25 3,12 12,5

a.p 1 1 1 1

3.3.2 Antifungal activity of extracts

The two extracts were active on the said strain
used. The inhibition diameter obtained for the
agueous extract was 12 mm = 0.66 and that of
the hydroethanolic extract was 20 mm * 0.33.
The antibiotic power of the hydroethanolic
extract was lower than that of the aqueous
extract (Table 5).

3.4 Toxicity assay of extracts
3.4.1 Larval cytotoxicity

The LCso obtained is respectively 3.33 mg/mL
for the aqueous extract (Fig. 3) and 0.420
mg/mL for the hydroethanolic extract (Fig. 4).
These LCso values reported on the Mousseux
scale allow us to conclude that the
products tested are not cytotoxic (because LCso
= 0.1 mg/mL) at the concentrations tested.

960

3.4.2 Acute oral toxicity
3.4.2.1 Mortality

At the end of the 14 days of experimentation,
no mortality was observed for the rats for both
test and lot of control. Likewise, no clinical
signs of toxicity were observed. Oral
administration of the tested extracts therefore
did not induce rat mortality. Their average lethal
dose (LDso) is therefore greater than 2000
mg/kg/BW.

3.4.2.2Influence of the tested extracts on the
weight evolution of Wistar rats

All treated Wistar rats with extracts showed a
significant increase in their body weight during
the 14 days of treatment (p<0.05) (Table 6).
However, no significant difference was noted
for the weight gain of rats from the tested
groups compared to rats from the control group
(p>0.05).
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Table 5. Antifungal activity, MIC, MFC and antibiotic power (a.p) of extracts on Candida

albicans
Extracts Parameters Candida albicans
Aqueous extract inhibition diameter (mm) 12 + 0,66
hydroethanolic inhibition diameter (mm) 20+0,33
extract
agueous extract MIC 3,12
MFC 12,5
a.p 4
Hydroethanolic MIC 1,56
Extract MFC 3,12
a.p 1
1501
S
> 1004
S
g LCso = 3,33 £ 1,29 mg/mL
R 504
c
IS
-
0' T T 1
0 10 20 30
Concentration of aqueous extract
(mg/mL)

Fig. 3. Sensitivity of Artemia salina larvae to the aqueous extract of Combretum grandiflorum

150
= 1ep
=
=
=
=]
E 5
3]
&
4 | LCgp =0.,420 £ 0,07 mg/mL,

0 10 20 30
Concentration of hydroethanolic
extract{mg/mL)

Fig. 4. Sensitivity of Artemia salina larvae to the hydroethanolic extract of Combretum
grandiflorum
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Table 6. Effect of products on the weight load of experimental rats

Lot average (9) Test t Student Weight incresed Test t Student matched
matched sample of sample of mean cut-off
mean cut-off weight at weight at
5% 5%

Witness Lot JO 113+16,64 No signicative 5£5

J14 118+12,12 difference
Lot of agueous extract Jo 123,67+2,08 significant difference 7,66 + 2,88 No signicative difference
J14 131,33+£2,08 with the witness lot.

Lot of hydroethanolic Jo 107,67+4,16 significant difference 11,33+ 1,52 no No signicative difference

extract J14 119+4,35 with the witness lot.
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3.4.2.3 Influence of the tested extracts on the
hematological parameters

It appears that the treatments carried out had no
significant effect (p>0.05) on the constants of the
hematological parameters between Day and D14
and between the lots on D14 (Table 7). This
allows us to conclude that the treatments carried
out did not induce anemia in the experimental
rats.

3.4.2.4 Influence of the tested extracts on the
biochemical parameters of Wistar rats

At the threshold of 5%, no significant influence
(p>0.05) favorable to an impairment of liver
functions and renal was noted for the
biochemical parameters of the kidneys (urea and
creatinine) and those of the liver (ALT, AST)
(Table 8).

3.4.3 Sub-acute oral toxicity

3.4.3.1 Influence of treatments on the weight
growth of female rats

A weight growth of the rats was noticed in all
batches (Fig. 5).

There is no significant difference in weight
growth of rats from the test batches compared to
the control batch seven days after treatment.
However, from D14 (aqueous extract) and D21
(hydroethanolic extract), the weight growth of
rats from the control group is significantly better
compared to the test groups (Table 9).

3.4.3.2Influence of treatments on the weight
growth of experimental male rats

Fig. 6 presents the weight evolution of
experimental male rats. From this figure we
notice a weight growth of the rats in all the lots.

220

200

Body weight (g)

160

Table 10 presents the weight gains of male rats
from the different batches. From this table, it
appears that during the 28 days of treatment the
weight growth of the rats in the test batches is
statistically identical to that of the control batch
with the exception of the Day of weight gain
obtained on Day 21 for the hydroethanolic
extract.

3.4.2.3 Influence of treatments on biochemical
parameters of female and male rats

Compared to the control lot, the lot treated with
the hydroethanolic extract presented a significant
reduction in uremia, creatinemia and a significant
increase in aspartate aminotransferase (ASAT)
(P<0. 05). Concerning the aqueous extract, a
significant reduction in uremia compared
to the control batch was observed (P<0.05)
(Table 11).

Significant increase in aspartate
aminotransferase (ASAT) was observed for the
treatment with the two extracts tested (P<0.05)
(Table 12).

3.4.2.4 Influence of treatments on hematological
parameters of female and male rats

Tables 13 and 14 respectively provide
information on the values of the hematological
parameters of female rats and male rats. From
Table 13, it appears that except for white
blood cells, no significant influence was observed
for the hematological parameters of female rats.
For male rats (Table 14), no significant
influence was also noted for the hematological
parameters.

¥ Witness
-lirAqueous extract
£ hydroethanolic

1 1 1 1
140
Jo J7 J14 J21

J28

Fig. 5. Evolution of the body weight of female rats during the experiment
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Lots parameters N average Standard Paired sample Student's t test Independent sample student t
deviation at the 5% threshold test between lot on D14 at the
threshold of 5%
witness GB JO 3 7,50 0,66 No significant difference No significant difference for each of
GB J14 3 8,57 2,24 the parameters following the
GR JO 3 4,60 2,93 No significant difference comparison between each of the
GR J14 3 6,29 0,22 test lot and the witness lot on D14
HB JO 3 9,57 6,14 No significant difference
HB J14 3 13,67 0,21
HCT JO 3 25,30 16,24 No significant difference
HCT J14 3 34,23 0,38
VGM JO 3 54,57 2,63 No significant difference
VGM J14 3 54,50 2,01
MCH JO 3 20,70 0,36 No significant difference
MCH J14 3 21,70 0,98
CCMH JO 3 38,00 2,29 No significant difference
CCMH J14 3 39,87 0,42
PLT JO 3 765,67 15,18 No significant difference
PLT J14 3 767,00 28,48
Lot of aqueous extract GB JO 3 7,10 0,50 No significant difference
GB J14 3 6,67 0,51
GR JO 3 6,75 0,80 No significant difference
GR J14 3 6,37 0,49
HB JO 3 14,53 1,76 No significant difference
HB J14 3 14,13 0,70
HCT JO 3 38,07 3,30 No significant difference
HCT J14 3 36,87 2,37
VGM JO 3 56,47 1,91 No significant difference
VGM J14 3 57,97 1,22
MCH JO 3 21,53 0,78 No significant difference
MCH J14 3 22,23 0,61
CCMH JO 3 38,13 1,85 No significant difference
CCMH J14 3 38,37 0,68
PLT JO 3 759,67 15,89 No significant difference
PLT J14 3 723,00 13,45
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Lot of hydroethanolic GB JO 3 8,40 0,87 No significant difference
extract GB J14 3 8,33 1,21
GR JO 3 6,63 0,70 No significant difference
GR J14 3 6,40 0,05
HB JO 3 17,67 5,17 No significant difference
HB J14 3 14,67 0,21
HCT JO 3 43,80 11,96 No significant difference
HCT J14 3 35,73 0,75
VGM JO 3 52,47 3,25 No significant difference
VGM J14 3 55,87 1,46
MCH JO 3 21,03 1,19 No significant difference
MCH J14 3 22,90 0,40
CCMH JO 3 40,13 0,96 No significant difference
CCMH J14 3 41,00 1,42
PLT JO 3 761,00 30,64 No significant difference
PLT J14 3 779,67 7,02

Legend: GB: White blood cell; GR: Red blood cell; HB: Hemoglobin; MCV: Mean Globular Volume; HCT: Hematocrit; MCH: Mean corpuscular hemoglobin; CCMH: Mean Corpuscular
Hemoglobin Concentration; PLT: Blood platelet; DO: Day zero (Start of the experiment); D14: Day fourteen (End of the experiment); N: number of rats
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Table 8. Effect of treatments on biochemical parameters of experimental rats

Lots Parameters number of average standard Paired sample ANOVA Test
rats deviation Student's t test at between lot on
the 5% threshold D14 at the
threshold of 5%
witness Uremia (mg/dl) JO 3 0,66 0,09 No significant No significant
Uremia (mg/dl) J14 3 0,64 0,02 difference difference for each
Creatinemia (mg/dl) 3 5,37 0,54 No significant of the parameters
JO difference following the
Creatinemia (mg/dl) 3 6,67 1,14 comparison
J14 between the lot
AST/GOT (U/L) JO 3 82,67 2,52 No significant
AST/GOT (U/L) J14 3 83,12 0,93 difference
ALT/GTP (U/L) JO 3 45,61 1,59 No significant
ALT/GTP (U/L) J14 3 46,50 1,44 difference
Lot of aqueous extract Uremia (mg/dl) JO 3 0,72 0,12 No significant
Uremia (mg/dl) J14 3 0,63 0,03 difference
Creatinemia (mg/dl) 3 6,33 0,55 No significant
Jo difference
Creatinemia (mg/dl) 3 6,62 0,84
J14
AST/GOT (U/L) JO 3 81,00 13,23 No significant
AST/GOT (U/L) J14 3 82,83 3,90 difference
ALT/GTP (U/L) JO 3 46,40 1,54 No significant
ALT/GTP (U/L) J14 3 46,12 2,58 difference
Lot of hydroethanolic extract Uremia (mg/dl) JO 3 0,75 0,16 No significant
Uremia (mg/dl) J14 3 0,68 0,04 difference
Creatinemia (mg/dl) 3 4,96 1,13 No significant
Jo difference
Creatinemia (mg/dl) 3 5,89 0,55
J14
AST/GOT (U/L) JO 3 85,33 8,02 No significant
AST/GOT (U/L) J14 3 76,84 6,60 difference
ALT/GTP (U/L) JO 3 46,43 2,95 No significant
difference
ALT/GTP (U/L) J14 3 46,37 1,51
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Table 9. Weight gain of experimental female rats from different batches

Lots witness agueous extract hydroethanolic Comparison between witness Comparison between
extract and test lot of aqueous extract  witness and test lot of

hydroethanolic extract

Gain J7 19,8+4,76 11,00+8,94 14,40+6,42 No significant difference (P=0,08) No significant difference
(P=0,170)

Gain J14 25,60+4,03 17,80*+5,89 25,4+8,6 significant difference (P=0,04) No significant difference
(P=0,960)

Gain J21 52,8+11,38 24,6*+9,23 33,6*+8,08 significant difference (P=0,003) significant difference (P=0,015)

Gain J28 50,60+8,44 34,6*+10,31 40,2*+4.,8 significant difference (P=0,028) significant difference (P=0,04)
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Table 10. Weight gain of experimental male rats from different batches

Lots witness agueous extract Hydroethanolic extract Comparison between witness Comparison between

and test lot of agueous extract  witness and test lot of
hydroethanolic extract

Gain J7 12+4,64 6+5,6 8,60+4,04 No significant difference (P= No significant difference (P=
0,103) 0,251)

Gain J14 18,00+6,28 11,20+4,76 9,245,85 No significant difference (P= No significant difference (P=
0,90) 0,051)

Gain J21 29,40+7,37 23,40+7,47 15*,00+ 6,20 No significant difference (P= significant difference (P=
0,237) 0,010)

Gain J28 28,80+9,17 20,0045,70 1945,15 No significant difference (P= No significant difference (P=

0,106)

0,071)
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Table 11. Values and comparison of biochemical parameters of female rats from different batches

Lots witness lot Lot of agueous extract Comparison Lot of hydroethanolic extract Comparison
Parameters JO J28 Jo J28 between witness JO J28 between
and test lot of witness and
aqueous extract at test lot of
J28 hydroétanolic
extract at J28
Uremia (mg/dl) 1,47 £0,16 1,15+0,17 1,18 £ 0,24 0,68 + 0,03* significant difference 1,07£0,14 0,56 + 0,05* Différence
(p=0,003) significative
(p=0,001)
Creatinemia 7,95+0,72 7,00 + 0,37 8,21+0,41 6,56 + 0,76 No significant 8,15+ 0,63 5,62 + 0,54* Différence
(mg/dl) difference (p= 0,298) significative
(p=0,02)
AST/GOT (U/L) 79,41+590 81,71+4,63 77,80+1,92 148,60+ 12,01* significant difference 75,36 £ 7,72 158,20 + 12,95* Différence
(p=0,001) significative
(p=0,001)
ALT/GTP (U/L) 60,36 +5,47 59,22+196 58,16+6,37 47,31+ 2,30* significant difference 62,97 £+ 4,58 53,53+9,43 Pas de
(p=0,001) différence
significative (p=
0,298)
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Table 12. Values and comparison of biochemical parameters of male rats from different batches

Lots witness lot Lot of agueous extract Comparison Lot of hydroethanolic extract Comparison
Parameters Jo J28 Jo J28 between witness JO J28 between
and test lot of witness and
aqueous extract test lot of
at J28 hydroethanolic
extract at J28
Uremia (mg/dl) 1,34 £ 0,27 1,10+ 0,23 1,43 +0,24 1,33+£0,19 No significant 1,26 £ 0,17 1,17+0,18 No significant
difference difference
(p=0,122) (p=0,586)
Creatinemia 7,96 + 0,23 6,94 + 0,23 7,69 + 0,68 6,17 £ 0,79 No significant 8,53 +0,28 595+1,16 No significant
(mg/dl) difference difference
(p=0,067) (p=0,128)
AST/GOT (U/L) 101,25+2,80 103,51+5,80 101,80+4,97 182,80+ 29,45* significant 102,26 £ 1,58 133,40 £ 14,43* significant
difference difference
(p=0,001) (p=0,003)
ALT/GTP (U/L) 54,32 +3,57 5452+214 59,24+282 54,22 +5,93 No significant 55,65+2,24 53,29 +1,53 No significant
difference difference (p=
(p=0,106) 0,326)
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Table 13. Values and comparison of hematological parameters of female rats from different batches

Lots Witness lot Lot of aqueous extract Comparison Lot of hydroethanolic extract Comparison
between between witness

Parameters JO J28 JO J28 witness lot JO J28 lot and
and aqueous hydroethanolic
extract lot at extract lot at J28
J28

GB 4,92+1,03 7,08+1,27 6,70+£1,19 4,92+1 53* significant 5,30+0,98 8,60+2,40 Aucune différence
difference significative
(p=0,041) (p=0,247)

GR 7,53+£1,94 6,38+0,36 6,61+1,20 5,64+2,52 No significant 4,85+1,87 6,37+0,62 No significant
difference difference
(p=0,541) (p=0,05)

HB 16,12+3,77 15,46+0,67 14,64+1,17 13,90£3,53 No significant 12,02+2,63 15,20£0,28 No significant
difference difference
(p=0,361) (p=0,449)

HCT 43,52+10,21 38,42+1,31 38,34+0,67 35,48+9,06 No significant 32,30+10,73 38,06+2,65 No significant
difference difference
(p=0,493) (p=0,793)

VGM 58,18+3,29 49,32+8,24 58,12+3,41 53,06+2,12 No significant 61,10+2,18 53,82+0,32 No significant
difference difference
(p=0,355) (p=0,257)

MCH 21,56+0,95 21,46%0,8 22,14+0,80 20,82+1,05 No significant 27,38+10,35 20,98+1,13 No significant
difference difference
(p=0,310) (p=0,461)

CCMH 37,08+1,84 40,24+0,83 38,22+2,92 35,22+9,65 No significant 44,76+16,62 40,02+2,54 No significant
difference difference
(p=0,280) (p=0,280)

PLT 723,20+28,60 773,80+10,33 747,80+£28,61 766,80+28,23 No significant 745,80+£26,93 780,60+9,94 No significant
difference difference
(p=0,859) (p=0,320)
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Table 14. Values and comparison of hematological parameters of male rats from different batches

Lots Witness lot Lot of agueous extract Comparison Lot of hydroethanolic extract Comparaison

Parameters JO J28 Jo J28 between witness JO J28 entre Lot Témoin-
lot and agueous Lot Extrait
extract lot at J28 Hydroéthanolique

au J28

GB 5,88 £ 0,98 7,78 +£1,06 5,92 +1,50 7,34 £ 0,62 No significant 7,20 £ 1,86 7,82+1,92 No significant
difference difference
(p=0,447) (p=0,968)

GR 7,13+0,77 6,64 + 1,80 7,16 £+ 1,04 6,93+0,75 No significant 7,33+£0,98 7,12 + 0,30 No significant
difference difference
(p=0,748) (p=0,570)

HB 14,30+ 1,42 14,84+0,81 13,00 + 3,48 13,82+ 2,23 No significant 14,68 + 1,61 13,64 + 2,62 No significant
difference difference
(p=0,364) (p=0,357)

HCT 39,10 + 4,30 39,24+3,03 4054+1,43 35,48 + 4,87 No significant 38,66 + 3,75 33,04 £ 5,97 No significant
difference difference (p=0,07)
(p=0,181)

VGM 54,90 £ 2,86 55,60 £ 3,21 54,96 £ 2,79 55,84 £ 2,79 No significant 53,10 £ 4,84 57,04 £ 1,05 No significant
difference difference
(p=0,903) (p=0,368)

MCH 20,08 £ 0,52 21,04+1,46 21,36+2,98 21,66 + 1,05 No significant 20,10 £ 1,04 21,90 £ 0,64 No significant
difference difference
(p=0,464) (p=0,264)

CCMH 36,66 + 1,76 37,84+1,00 38,86+4,73 38,82+1,28 No significant 38,00+ 1,91 38,42+ 1,35 No significant
difference difference
(p=0,214) (p=0,461)

PLT 764,20+59,92 782,80+7,50 751,40+32,76 766,60+ 27,39 No significant 759,20+ 32,87 772,00 +£7,18 No significant
difference difference
(p=0,238) (p=0,048)
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Fig. 6. Evolution of the body weight of male rats during the experiment

3.5 Discussion

The extraction yield of active components from
plant materials is influenced by the water/raw
material ratio, which is an important factor.
Furthermore, the polarity of the extractant plays a
key role in increasing the recovery of phenolic
and flavonoid compounds [33]. The findings
revealed that the hydroethanol solvents gave a
significantly higher extraction yield compared to
the aqueous extract. The high extraction yield of
hydroalcoholic solvents, particularly hydroethanol
(40:60), can be attributed to their ability to
dissolve polar and nonpolar molecules.

All extracts have a relatively high content of
polyphenols and flavonoids, which varies from
one extract to another. This variability in
chemical composition in polyphenols of the
extracts could be explained by the diversity of the
different solvents used during the extraction.
Indeed, the ability of a herbal remedy to exert
inhibitory effects on microbial development is due
to its different components such as phenolic
compounds, tannins, anthocyanins, coumarins,
alkaloids and flavonoids.

Regarding the results of the antibacterial activity
of the agqueous and hydroethanolic extracts of
the tested plant, it appears that the
hydroethanolic extract was active on all the used
bacterial strains with a high inhibition diameter
compared to the aqueous extract. Of all tested
strains, the largest inhibition diameter was

obtained with the hydroethanolic extract on the
Salmonella Typhi strain. Both extracts were
active against strains of Candida albicans. The
inhibition diameter obtained for the aqueous
extract was 12 mm + 0.66 and that of the
hydroethanolic extract was 20 mm £ 0.33. The
antibiotic power of the hydroethanolic extract was
lower than of the aqueous extract ones. The
inhibitory effect of plant extracts against bacterial
pathogens is generally linked to the phenolic
composition which can be explained by
adsorption on cell membranes, interaction with
enzymes or deprivation of substrate and metal
ions [34]. Several studies have succeeded in
identifying  flavonoid glycosides and their
aglycones in hydroalcoholic extracts of plants
[33]. The existence of flavonoid derivatives in
water-alcohol mixtures could explain their
antibacterial activity. These results are of great
importance, especially since the tested extracts
inhibit the responsible strains of diarrhea. In
addition, hydro-ethanolic extracts have
bactericidal power on all strains while agqueous
extracts have bacteriostatic power.

The cyotoxicity test according to the Artemia
salina model constitutes a preliminary screening
to determine the degree of cytotoxicity of a
product. The LCso obtained is respectively 3.33
mg/mL for the aqueous and 0.420 mg/mL for the
hydroethanolic extracts. The tested products are
not cytotoxic (Mousseux, 1995) at the used
concentrations. To eliminate any form of doubt
and confirm the results of larval cytotoxicity, the
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acute and sub-acute toxicity tests were carried
out.

Concerning the acute toxicity test, the dose was
single (2000 mg/kg of body weight) and the
animal model used was the Wistar rat. It should
be noted that all Wistar rats treated with extracts
showed a significant increase in their body
weight during the treatment. Our results are
contrary to those obtained by Alelign et al. [35].
These authors noted a loss of body weight
observed in experimental rats, following extracts
of R. abyssinicus and C. Murale administered at
2000 mg/kg during an acute toxicity study.
Weight loss in rats may be due to anorexia and
disturbances in carbohydrate, protein or fat
metabolism, which may have been affected by
extract administration as suggested by Ghelani
et al. [36]. Considering the data from this test, it
appears that at a dose of 2000 mg/kg, the
aqueous and hydroethanolic extracts of
Combretum  grandiflorum  induced neither
mortality nor alteration of the physiological
parameters of Wistar rats (renal, hepatic
parameters, hematological constants, body
weight). This suggests the normal processing of
lipids, carbohydrates and protein metabolism in
the animal body, as these nutrients play a major
role in different physiological functions of the
body [37]. When evaluating the acute toxicity of
Combretum grandiflorum extracts, the health
status of the body was assessed by other
biological parameters, including the
measurement of serum biomarkers. Liver injury
caused by hepatotoxic drugs can result in
elevated ALT, AST, and total protein levels [37].
In our study, it is noted that at the threshold of
5%, no significant influence favorable to an
impairment of liver and kidney functions was
noted for the biochemical parameters of the
kidneys (urea and creatinine) and those of the
liver (ALT, ASAT). Because hepatocellular
damage can lead to an increase in cell
membrane permeability and cause the release of
amino transferases into the bloodstream [37].
These extracts therefore do not present acute
oral toxicity for Wistar rats at the limit dose of
2000 mg/Kg/bw in Wistar rats.

Acute toxicity data generally have limited clinical
application. A subacute toxicity study was
therefore carried out. Substances administered in
chronic diseases may require repeated dose
toxicological evaluation (subacute toxicity study),
as their daily use may result in accumulation in
the body with progressive effects on tissues and
organs [38]. Subacute toxicity tests are useful for

evaluating the effects of extracts on target
organs and hematological or biochemical effects,
because these effects are generally not
observable in acute toxicity tests. It is also
essential to ensure human safety, particularly in
the development of pharmaceutical products.
Thus, in the study, the subacute toxicity profile of
the aerial parts of the extract of Combretum
grandiflorum was evaluated in rats by measuring
food and water consumption, body weight, as
well as hematological biochemical and
histological parameters. The results show that
the batch treated with the hydroethanolic extract
showed a significant decrease in uremia,
creatinemia and a significant increase in
aspartate aminotransferase (ASAT) (P<0.05).
Concerning the aqueous extract, a significant
reduction in uremia compared to the control
batch was observed in female rats. While in male
rats, a significant increase in aspartate
aminotransferase (ASAT) was noted for
treatment with two tested extracts. High levels of
liver enzymes are signs of hepatocellular toxicity,
whereas a decrease may indicate enzyme
inhibition [39]. In the study, it appears that except
for white blood cells, no significant influence was
observed for the hematological parameters of
female rats. For male rats, no significant
influence was also noted for hematological
parameters. Therefore, it can be inferred that the
extract is slightly toxic since it causes elevation
of liver enzymes with slight structural changes in
the liver of females. Hematological parameters
are sensitive markers of physiological changes in
response to any environmental pollutant or toxic
stress in animals [40]. Blood platelets play an
essential role in the blood clotting process.

4. CONCLUSION

The aqueous and hydroethanolic extracts of
Combretum grandiflorum  have interesting
contents of total polyphenols and flavonoids
which justify their antibacterial activity but also
their  traditional use. Furthermore, the
toxicological characterization did not reveal any
toxic effects for the concentrations of active
extracts. The aqueous and hydroethanolic
extracts of Combretum grandiflorum, having
demonstrated the best in vitro activity on
diarrheal and fungal strains, it meets the
conditions to be used for the formulation of
improved  traditional medicine  for the
management of diarrheal diseases. This work
show well, the plant will be a potential candidate
for purification and identifying the major
compounds responsible of antidarrheal activity.

974



Deguenon et al.; Int. J. Plant Soil Sci., vol. 35, no. 22, pp. 954-977, 2023; Article no.lJPSS.110397

ACKNOWLEDGMENTS

We thank all the authors for their different
contribution to this work.

COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Wink M. Modes of action of herbal
medicines and plant secondary
metabolites. Medicines. 2015;2:251-286.
DOI: 10.3390/medicines2030251

Ozioma EOJ, Chinwe OAN. Herbal
medicines in African traditional medicine.
Herb. Med. 2019;10:191-214.

Jalali A, Dabaghian F, Akbrialiabad H,
Foroughinia F, Zarshenas MM. A
pharmacology-based comprehensive
review on medicinal plants and phytoactive
constituents possibly effective in the
management of COVID-19. Phytother.
Res. 2021;35:1925-1938.

DOI: 10.1002/ptr.6936

Karimi A, Majlesi M, Rafieian-Kopaei M.
Herbal versus synthetic drugs; beliefs and
facts. J. Nephropharmacol. 2015;4:27.
Faroog S, Ngaini Z. Natural and synthetic
drugs as potential treatment for
coronavirus disease 2019 (COVID-2019)
Chem. Afr. 2021;4:1-13.

DOI: 10.1007/s42250-020-00203-x
Burman S, Bhattacharya K, Mukherjee D,
Chandra G. Antibacterial efficacy of leaf
extracts of Combretum album Pers.
against some pathogenic bacteria. BMC
Complement Altern. Med. 2018;18:213.
DOI: 10.1186/s12906-018-2271-0

Kengne IC, Feugap LDT, Njouendou AJ,
Ngnokam CDJ, Djamalladine  MD,
Ngnokam D, Voutquenne-Nazabadioko L,
Tamokou JDD. Antibacterial, antifungal
and antioxidant activities of whole plant
chemical constituents of Rumex
abyssinicus. BMC Complement Altern.
Med. 2021;21:164.

DOI: 10.1186/s12906-021-03325-y

Daria S, Islam MR. Indiscriminate Use of
Antibiotics for COVID-19 Treatment in
South Asian Countries is a Threat for
Future Pandemics Due to Antibiotic
Resistance. Clin. Pathol.
2022;15:2632010X221099889.

DOI: 10.1177/2632010X221099889

10.

11.

12.

13.

14.

15.

16.

17.

18.

975

Safari M, Ahmady-Asbchin S. Evaluation of
antioxidant and antibacterial activities of
methanolic extract of medlar (Mespilus
germanica L.) leaves. Biotechnol.
Biotechnol. Equip. 2019;33:372-378.

DOI: 10.1080/13102818.2019.1577701
Les F, Casedas G, Lopez V. Bioactivity of
medicinal plants and extracts. Biology.
2021;10:634. DOI:
10.3390/biology10070634

Parusnath M, Naidoo Y, Singh M, Kianersi
F, Dewir YH. Antioxidant and Antibacterial
Activities of the Leaf and Stem Extracts of
Combretum molle (R. Br. ex G. Don.) Engl.
& Diels. Plants (Basel). 2023;12(9):1757.
Hamza RZ, Al-Bagami NM, Khojah E,
Mansour AM, Al-Motaani SE, Al-Salmi FA,
El-Megharbel SM. Possible antioxidant and
antidiabetic effects of Combretum molle
extract in a diabetes mellitus experimental
model in male rats. Nat. Prod. Commun.
2021;16:1-10.

Estella OU, William AC, Patrick O, Ikenna
C, Mba T, Obinna O, Ginikachukwu U.
Evaluation of the analgesic and antipyretic
activity of methanol extract of Combretum
bauchiense Hutch & Dalziel
(Combretaceae) leaves. Phytomed. Plus.
2022;2:100166.

Boya B, Théodora A. Ahoyo, Haziz Sina,
Victorien T. Dougnon, Christine N'tcha,
Durand Dah-Nouvlessounon, Delphine B.
M. Amoussou, Charisse Sossa, Faustine
K. Houssa and Lamine Baba-Moussa.
Antibiotics  Resistance Profile  and
Antibacterial Activities of Combretum
micranthum and Combretum adenogonium
Extracts on Clinical Isolated Vibrio cholera.
American Journal of Infectious Diseases
and Microbiology. 2019;7(2):57-64.

DOI: 10.12691/ajidm-7-2-1

World Health Organization. Diarrhoeal
Disease Fact Sheet. Geneva, Switzerland:
World Health Organization Media Center;
2017;1-4

Ugboko HU, Nwinyi OC, Oranusi SU, et al.

Childhood diarrhoeal diseases in
developing countries. Heliyon. 2020;6
(4)

DOI: 10.1016/j.heliyon.2020.e03690
Unicef. Committing to Child Survival: A
Promise Renewed. New York, NY, USA:
Unicef; 2013.

Agbla JMM, Capo-Chichi A, Agbankpé AJ,
et al. Epidemiological survey of rotaviruses
responsible for infantile diarrhea by the
immunomolecular technique in cotonou



19.

20.

21.

22,

23.

24,

25.

Deguenon et al.; Int. J. Plant Soil Sci., vol. 35, no. 22, pp. 954-977, 2023; Article no.lJPSS.110397

(Benin, West Africa) International Journal
of Microbiology. 2018;2018.

DOI: 10.1155/2018/3602967.3602967
Dougnon TV, Hounsa E, Agbodjento E,
Koudokpon H, Legba B, Fabiyi K, Afaton
A, Sintondji K, Akpode B, Klotoé JR,
Tchobo F, Bankole H, Dougnon TJ.
Toxicological Characterization of Ten
Medicinal Plants of the Beninese Flora
Used in the Traditional Treatment of
Diarrheal Diseases. Evid Based
Complement Alternat Med. 2021;2021:
6676904.

Djague F, Lunga PK., Toghueo KRM, et al.
Garcinia kola (Heckel) and alchornea
cordifolia (schumach. & thonn.) Mill. arg.
from  cameroon possess  potential
antisalmonellal and antioxidant properties.
PL0S One. 2020;15(8).

DOI: 10.1371/journal.pone.0237076

De Morais Lima GR, De Sales IRP, Caldas
Filho MRD, De Jesus NZT, De Sousa
Falcdo H, Barbosa-Filho JM, Cabral AGS,
Souto AL, Tavares JF, Batista LM.
Bioactivities of the Genus Combretum
(Combretaceae): A Review. Molecules.
2012;17(8):9142-9206.
Available:https://doi.org/10.3390/molecules
17089142

Njume C, Goduka NI. Traitement de la
diarrhée dans les communautés rurales
africaines : un apercu des mesures visant
a maximiser le potentiel médicinal des
plantes indigenes. Revue internationale de
recherche environnementale et de santé
publique. 2012;9(11):3911-3933.
Available:https://doi.org/10.3390/ijerph911
3911.

Klotoé JR, Agbodjento E, Dougnon VT,
Yovo M, Sacramento TIl, Déguénon E,
Dougnon JT, Atégbo JM. Exploration of the
Chemical Potential and Antioxidant Activity
of Some Plants Used in the Treatment of
Male Infertility in Southern Benin. Journal
of Pharmaceutical Research International.
2020;1-12.
Available:https://doi.org/10.9734/jpri/2020/
v32i430418

Houghton P, Raman A. Laboratory
Handbook Fractionation Natural Extracts
by Houghton Peter Raman Amala -
AbeBooks; 1998.

Légba B, Dougnon V, Ahoyo A, Agbankpeée
J, Hounmanou G, Aniambossou A, Hounsa

E, Fabiyi K, Amadou A, Assogba P.
Exploration of the antibacterial and
chemical potential of some Beninese

26.

27.

28.

29.

30.

31.

32.

33.

34.

976

pharmacopoiea traditional
Microbiologia Medica. 2017;32.
Assiki T, Diallo A, Badjabaissi E, Assih M,
Kpatcha T, Idoh K, Dosseh K, Agbonon A.
Antidiarrheal Activity of Dialium guineense
Willd Fruit Pulp in Wistar Rats. Biomed
Res Int. 2022;4161714.
Available:https://doi.org/10.1155/2022/416
1714

Lavaee F, Moshaverinia M, MalekHosseini
SA, Jamshidzade A, Zarei M, Jafarian H,
Haddadi P, Badiee P. Antifungal effect of
sesame medicinal herb on Candida
Species: original study and mini-review.
Brazilian  Journal of Pharmaceutical
Sciences. 2019;55:e17479.

Tsirinirindravo  LH, Andrianarisoa B.
Antibacterial activities of leaf extract of
Dalechampia clematidifolia
(Euphorbiaceae). Int. J. Biol. Chem. Sci.
2009;3:1198-1202.

Mousseux M. Toxicity test on Artemia
salina larvae and maintenance of a balane
breeding (Second year internship report.
DEUST Aquaculture). University Center of
New Caledonia, France. 1995;75.
OECD_423. Essay n° 423:. Acute oral
toxicity - Method by toxicity class.
Organisation for Economic Co-operation
and Development, Paris; 2002.

plants.

OECD_407, 2008. Essay No. 407:
Repeated Dose 28-day Oral Toxicity Study
in Rodents. OECD.

Available:https://doi.org/10.1787/97892640
70684-en .

Sodipo O, Abdulrahman F, Alemika T,
Gulani IA. Chemical Composition and
Biological Properties of the Petroleum
Ether Extract of Solanum macrocarpum L.
(Local Name: Gorongo). British Journal of
Pharmaceutical Research. 2012;2:108-
128.
Available:https://doi.org/10.9734/BJPR/201
2/1207

El Mannoubi I. Impact of different solvents
on extraction yield, phenolic composition,
in vitro antioxidant and antibacterial
activities of deseeded Opuntia stricta fruit.
J.Umm  Al-Qura Univ. Appll.  Sci.
2023;9:176-184.
Availablehttps://doi.org/10.1007/s43994-
023-00031-y

Abd El-Moaty HI, Sorour WA, Youssef AK,
Goud HM. Structural elucidation of
phenolic compounds isolated from Opuntia
littoralis and their antidiabetic, antimicrobial



35.

36.

37.

Deguenon et al.; Int. J. Plant Soil Sci., vol. 35, no. 22, pp. 954-977, 2023; Article no.lJPSS.110397

and cytotoxic activity. S Afr J Bot.
2020;131:320-327.
Alelign T, Chalchisa D, Fekadu N,

Solomon D, Sisay T, Debella A, Petros B.
Evaluation of acute and sub-acute toxicity

of selected traditional antiurolithiatic
medicinal plant extracts in  Wistar
albino rats. Toxicol Rep. 2020;7:1356-
1365.

H. Ghelani, M. Chapala, P. Jadav, Diuretic
and antiurolithiatic activities of an ethanolic
extract of Acorus calamus L. rhizome in
experimental animal models, J. Tradit.
Complement. Med. 2016;6:431-436.

Saleem U, Amin S, Ahmad B, Azeem H,
Anwar F, Mary S. Acute oral toxicity
evaluation of aqueous ethanolic extract of
Saccharum munja Roxb. roots in albino

38.

39.

40.

mice as per OECD 425 TG. Toxicol Rep.
2017;4:580-585.

Bariweni MW, Yibala OIl, Ozolua RI.
Toxicological studies on the aqueous leaf
extract of Pavetta crassipes (K. Schum) in
rodents. J. Pharm. Phcog. Res.
2018;6(1):1-16.

Akanji MA, Yakubu MT, Kazeem MI.
Hypolipidemic and toxicological potential of
aqueous extract of Rauwolfia vomitoria
Afzel root in Wistar rats. J. Med. Sci.
2013;13:253-260.

Jain N, Sharma P, Sharma N, Joshi SC.
Haemato-biochemical profile followi g sub
acute toxicity of malathio i male albi o rats.
Avicenna J. Phytomed. 2009;2:500-506.
Available:http://pharmacologyonline.silae.it
[files/archives/2009/vol2/050.NISHA. pdf

© 2023 Pierrette et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/110397

977


http://creativecommons.org/licenses/by/4.0

