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Abstract Background: Vaginal infections represent a major public health problem, particularly in regions where
access to quality medical care is limited. In this context, phytotherapy, especially the use of medicinal plants such as
Euphorbia hirta and Ocimum gratissimum, constitutes a popular therapeutic alternative for treating these vaginal
infections in northern Benin. This study aims to evaluate the antimicrobial potential, phytochemical profile, and
toxicity of Euphorbia hirta and Ocimum gratissimum, two species of medicinal plants used in Beninese traditional
medicine. Methodology: Aqueous, ethanolic, and hydroethanolic extracts were prepared by maceration.
Antimicrobial activity was assessed using classical microbiology methods on eight clinical strains isolated from
women suffering from vaginal infections. The lethal concentration (LC50) of the different extracts was determined
using Artemia salina larvae. The identification of biomolecules was carried out using colorimetric methods. Results:
Preliminary results suggest notable antimicrobial activity, although significant differences were observed between
the two species studied. Inhibition diameters varied significantly (P < 0.05) between 5 mm and 22 mm. The
minimum inhibitory concentrations (MICs) and minimum bactericidal concentrations (MBCs) ranged from 1.56 to
50 mg/ml and 6.25 to 50 mg/ml, respectively. All extracts except the aqueous extract of Ocimum gratissimum had a
bacteriostatic effect on the tested strains. The extracts tested on Artemia salina proved to be non-toxic at the tested
doses. The LC50 ranged between 2.5 and 9.36 + 3.27 mg/ml. The phytochemical profile of the two species justifies
their antimicrobial activity and safety of use. Conclusion: These data confirm the pharmacological interest of these
plants while highlighting the need for cautious use and pave the way for further research on these species. As a
future perspective, we will evaluate the immunomodulatory potential and study the mechanism of action of the
extracts of the two plants on the microbial strains responsible for vaginal infections.
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1. Introduction

Around the world, and particularly in Benin, the
consequences of infectious diseases are at the root of
numerous problems from a health, economic, and social
perspective, and even at the political level, due to
increasing resistance of causal agents to synthetic

compounds. Infectious diseases arise from interactions
among infectious agents, hosts, and environmental factors.
Among these diseases, genital infections not only have a
high endemicity in the African region but also, more
importantly, lead to serious consequences such as
infertility, ectopic pregnancy, miscarriages, and an
increased risk of transmission of sexually transmitted
infections [1]. Depending on the location of the causal
agent, genital infections include lower infections affecting
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the vulva, vagina, and cervix [2]. Mulu et al. (2015) [3]
and Balkus et al. (2017) [4] reported that vaginal
infections represent a global health problem among
women of reproductive age. More than half of these
women are affected by a vaginal infection, sometimes
recurrent, characterized by painful or uncomfortable
physical symptoms that may impact their quality of life
and self-esteem [5,6]. Vaginal infections are very
widespread [7], and are among the most common reasons
for gynecological consultations in Benin [8,9]. To address
vaginal infections, various modern antimicrobials are
commonly used. Thus, treatment by modern medicine is
based on the administration of synthetic antibiotics and
antifungals, which is not always a panacea. Resistance to
synthetic antibiotics, limited access to modern healthcare,
the high cost of modern medical treatments, and the
occurrence of severe or even toxic side effects in some
cases are the main causes of dissatisfaction with
conventional treatments [1,8,10]. In light of this situation,
herbal medicine constitutes an effective alternative, which
populations with low income turn to for treating vaginal
infections [11,12]. Scientific data attest to the general
antimicrobial power of medicinal plants [13,14,15,16,17].
However, despite the traditional use of flora for treating
various diseases [18], there are very few studies available
on the antimicrobial activity and toxicity of medicinal
plants in the treatment of vaginal infections in particular. It
is therefore appropriate to conduct pharmacological,
phytochemical, and biological research aimed at evaluating
the phytochemical profile, antimicrobial efficacy, and
toxicity of credible plants used in Beninese pharmacopoeia
for the treatment of vaginal infections, in order to allow
their safer and more efficient use. With the aim of
contributing to the development of phytosources within the
Beninese pharmacopoeia for treating vaginal infections, this
study focused on evaluating the antimicrobial potential and
the phytochemical and toxicological profiles of two
medicinal species used in the traditional treatment of
vaginal infections in northwestern Benin.

2. Materials and Methods

Phytochemical Screening

The plant material consists of the leaves of Ocimum
gratissimum L. and the leafy stem of Euphorbia hirta,
collected from four municipalities in the Atacora and
Donga departments located in northwestern Benin. The
analyses were carried out at the Laboratory of Natural
Sciences and Applications (LSNA) of the Ecole Normale
Supérieure (ENS) of Natitingou and at the Laboratory of
Biology and Molecular Typing in Microbiology (LBTMM)
of the University of Abomey-Calavi. The different organs
of the species used were harvested and washed with water,
then dried at laboratory temperature (25 + 2°C) for two
weeks. These various organs were then ground separately
using a mechanical grinder. The powder thus obtained for
each species was weighed and stored in jars away from
light until use [19] for phytochemical screening. The
identification of biomolecules in the powder of each of the
two plant species was carried out by colorimetric methods.
These involved the investigation of chemical groups using

differential color and precipitation reactions for the main
classes of chemical compounds present in the plants, as
described by Houghton and Raman, 1998 [20], and
successfully used by Chabi-Sika et al. (2023) [21], with
adaptations to laboratory conditions. Results were
reported as positive (+) or negative (-) reactions.
Antimicrobial Potential

The microbial species tested consisted of clinical strains

of Escherichia coli, Citrobacter freundii, Serratia
marcescens, Klebsiella ornithinolytica, Enterobacter
aerogenes, Klebsiella pneumoniae, coagulase-negative

Staphylococcus spp, and coagulase-positive
Staphylococcus spp isolated from women suffering from
vaginal infections and treated at the Natitingou and
Djougou district hospitals. The study was conducted by
sensitivity testing, determination of the Minimum
Inhibitory Concentration (MIC), and determination of the
Minimum Bactericidal Concentration (MBC). The
sensitivity test of the extracts obtained was carried out
using the solid media diffusion method, based on the
procedure described by Chabi Sika et al. (2023) [21]. The
Minimum Inhibitory Concentration (MIC) was determined
using the microdilution method, with iodonitrotetrazolium
(INT) as a viability indicator [22]. The Minimum
Bactericidal Concentration (MBC) involved inoculating
from the MIC upward to higher concentrations onto Petri
dishes containing agar medium. The dishes were
examined after 24 hours of incubation at 37°C. The
antimicrobial effect was considered according to the
MBC/MIC ratio [23].
Cytotoxicity

The biological material consisted of Artemia salina
larvae. The evaluation of cytotoxicity consisted of
determining the Lethal Concentration (LC50) of the
different extracts. Specifically, the cytotoxicity of these
extracts was evaluated on Artemia salina larvae according
to the method described by Kawsar et al., 2008 [24], and
successfully used by Chabi-Sika et al., 2023 [21].
Data Processing and Analysis

The collected data were entered in Excel 2016 and
analyzed with SPSS software version 22. GraphPad Prism
8 was used for graphical representations.

3. Results

Phytochemical screening

Qualitative phytochemical screening carried out by
staining and precipitation reactions directly on the
powders of the plants studied reveals the presence of
several bioactive molecules (Table 1). The two plants
studied do not have the same phytochemical profile. The
presence of triterpenoids, tannins, mucilages and reducing
compounds is found to be present in the two species
studied, but neither of them contains cyanogenic
derivatives. Alkaloids, free anthracenes and gallic tannins
are present in the powders of the other two species.
Flavonoids, catechetical tannins, quinonic derivatives,
anthocyanins and leucoanthocyanins are found to be
present in Euphorbia hirta but absent in Ocimum
gratissimum. Saponosides were only found to be present
in Ocimum gratissimum powder.



American Journal of Infectious Diseases and Microbiology 63

Table 1. Bioactive molecules identified in each of the medicinal
plants studied

Metabolites/Extracts Ocimum gratissimum Euphorbia hirta

Alkaloids +
Tannins +
Catechetical tannins -
Gallic tannins +
Flavonoids -
Anthocyanins -
Leuko-Anthocyanins -
Quinonic derivatives
Saponosides + -
Triterpenoids
Cyanogenic derivatives - -
Mucilages
Reducing compounds
Free anthracenes

+ + + + A+ 4+ + o+

+
+

+ + +
+ + +

(-): Absence, (+): Presence.
Antimicrobial potential

The antimicrobial tests concerned the sensitivity of
extracts to clinical pathogenic strains with the
determination of antibacterial parameters such as
minimum inhibitory concentrations (MICs) and minimum
bactericidal concentrations (BMCs). Inhibition diameters
varied significantly (P < 0.05) between 5 and 19 mm
depending on the strains and extracts (Table 2). The
lowest sensitivity was obtained for the ethanolic extract of
Ocimum gratissimum on K. pneumoniae (5 £ 6.61 mm)
and the highest sensitivity for the aqueous extracts of
Ocimum gratissimum and hydro-ethanol extracts of

Euphorbia hirta on S. marcescens (19+6.22 mm) and K.
ornithinolytica (19.25+4.9 mm) respectively.

Table 3 presents the Minimum Inhibitory
Concentrations (MICs) and Minimum Bactericidal
Concentrations (BMCs) of the extracts on the strains
studied. The MICs and BMCs vary between 3.1 and 50
mg/ml, and 6.3 and 50 mg/ml, respectively. The aqueous
extract of Euphorbia hirta showed the strongest inhibitory
activity on coagulase-negative C. freundii and
Staphylococcus spp strains, while the lowest inhibitory
activity was obtained in the aqueous extract of Ocimum
gratissimum on C. freundii, E. aerogenes, K. pneumoniae,
and then in the ethanolic extract of Ocimum gratissimum
on K. pneumoniae. Similarly, the hydro-ethanolic extract
of Ocimum gratissimum showed the best bactericidal
activity on C. freundii.

Only the hydro-ethanolic extract of Euphorbia hirta
exhibited a ratio >4 against K. pneumoniae. The ethanolic
extract of Euphorbia hirta has a ratio of more than 4 on
the coagulase-positive S. marcescens and Staphylococcus
spp strains, while the aqueous extract has a ratio of more
than 4 on the coagulase-negative E. coli, C. freundii,
coagulase-negative Staphylococcus spp and coagulase-
positive Staphylococcus spp strains. Only the hydro-
ethanolic extract of Ocimum gratissimum has a ratio
greater than 4 for coagulase-negative E. coli and
Staphylococcus spp. They therefore have a bacteriostatic
effect on these respective strains. However, the agqueous
and ethanolic extracts of have no bacteriostatic effect on
any of the microbial strains studied.

Table 2. Inhibition diameters (mm) of extracts on microbial strains

Euphorbia hirta

Ocimum gratissimum

Souches/Extraits
EHaq EH-het EH-et 0G-aq OG-het OG-et
E. coli 14.25+5.08 15.5+4.58 13.7545.29 13.7546.02 8+5.82 14.2546.75
S. marcescens 13.25+3.85 14.5+4.59 12.75+5.45 1946.22 14.25+6.25 17.25+7.02
K. ornithinolytica 13.2545.4 19.25+4.9 13+5.41 16.546.11 17.546.23 16+6.85
K. pneumonia 13+5.44 16+4.33 13+5.43 12.545.95 11.545.79 5+6.61
Coagulase-negative 17+4.24 17+4.23 17.7545.43 15+5.69 14.2545.75 11.546.47
Staphylococcus spp
Coagulase-positive 10.75+4.54 12.75+4.21 11.5+4.69 8.7545.76 9.7545.86 7.546.25

Staphylococcus spp.

EHaq: Aqueous Euphorbia hirta, OG-het : Hydro-ethanol Ocimum gratissimum, EH-het: Hydro-ethanol Euphorbia hirta, OGaq: Aqueous Ocimum
gratissimum, OG-et : Ethanol Ocimum Gratissimum, EH-et: Ethanol-Euphorbia hirta

Table 3. Minimum Inhibitory Concentrations (MICs) and Minimum Bactericidal Concentrations (BMCs) of extracts on microbial strains

Euphorbia hirta

Ocimum gratissimum

Strains/Extracts EHaq EH-het EH-et 0G-aq OG-het OG-et
CMI CMB CMI CMB CMI CMB CMI CMB CMI CMB CMI CMB
(mg/ml)  (mg/ml)  (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml) (mg/ml)
E. coli 4.7 375 9.4 25 18.8 50 375 >50 7.8 50 28.1 >50
S. marcescens 7.8 18.8 14.1 6.3 6.3 50 28.1 > 50 15.6 > 50 18.8 > 50
K. ornithinolytica 7.8 12.5 9.4 >50 9.4 >50 375 50 18.8 >50 25 50
K. pneumoniae 125 25 125 50 25 50 50 50 125 >50 50 50
goag“'ase'”ega“"e 31 29.2 188 417 156 50 50 50 9.4 50 313 25
taphylococcus spp
Coagulase-positive 5 g 25 188 50 125 50 50 >50 219 50 28.1 25

Staphylococcus spp

EHaq: Aqueous Euphorbia hirta, OG-het: Hydro-ethanol Ocimum gratissimum, EH-het: Hydro-ethanol Euphorbia hirta, OGag: Aqueous Ocimum
gratissimum, OG-et: Ethanol Ocimum Gratissimum, EH-et: Ethanol-Euphorbia hirta
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EHaq: Aqueous Euphorbia hirta, EH-het: Hydro-ethanol Euphorbia hirta, EH-et: Ethanol-Euphorbia hirta

Figure 1. Toxicity curve of agueous, ethanolic and hydro-ethanolic extracts of Euphorbia hirta
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OG-het: Hydro-ethanol Ocimum gratissimum, OGag: Aqueous Ocimum gratissimum, OG-et: Ethanol Ocimum Gratissimum

Figure 2. Toxicity curve of aqueous, ethanolic and hydro-ethanolic extracts of Ocimum gratissimum

Cytotoxicity

Figure 1 and Figure 2 (Please move Figure 1 and Figure
2 after the paragraph on cytotoxicity) show the results of
the toxicity tests of the aqueous, ethanolic and hydro-
ethanolic extracts of Euphorbia hirta and Ocimum
gratissimum respectively on the larvae of Artemia salina.
The results showed a variability in the fatality rate on
shrimp larvae of Artemia salina. LCsy lethal concentrations
were determined using the linear regression curve equations
for each extract. The highest LCs, was obtained with the
ethanolic extract of Ocimum gratissimum (8.12+1.05mg/ml)
and the lowest with the aqueous extract of Ocimum
gratissimum (2.5 mg/ml). It is found that for all the graphs
obtained the correlation coefficient R2 is less than 0.8.
Referring to the toxicity scale established by Mousseux
(1995) [25], extracts with LCs, greater than 0.1 mg/mL are
considered to be of no toxicity. Indeed, the extracts tested
on Artemia salina were found to be non-toxic at the doses
tested. However, the mortality of brine shrimp (Atemia
salina) increases as the concentration of extracts increases.
The sensitivity of larvae to extracts therefore follows a
dose-response relationship.

4. Discussion

Vaginal infections are the most common health

problem in women. Conventional treatment of these
infections is not always effective and refers the population
to the use of medicinal plants including Ocimum
gratissimum and Euphorbia hirta [7,12]. The objective of
this study was to evaluate the antimicrobial potential and
the phytochemical and toxic profiles of Ocimum
gratissimum and Euphorbia hirta, two medicinal species
used in the traditional treatment of infections vaginales au
nord-ouest-Bénin. In this study, phytochemical screening
performed on powders from the leafy stem of Euphorbia
hirta and leaves of Ocimum gratissimum showed that the
two plants studied do not have the same phytochemical
profile. The presence of triterpenoids, mucilages, alkaloids,
free anthracenics, gallic tannins and reducing compounds
is evidenced in the two species studied, but neither of
them contains cyanogenic derivatives. Flavonoids,
catechetical tannins, quinonic derivatives, anthocyanins
and leuco-anthocyanins are revealed in Euphorbia hirta
but absent in Ocimum gratissimum. While the saponosides
were only revealed at the level of Ocimum gratissimum
powder. These results are not very similar to those
obtained recently by Ndacnou et al., (2020) [26]. This
difference could probably be explained by the difference
between the organs and the botanical and pharmacological
characteristics between the two plants used. Other factors
that could be responsible for these variations are differences
in metabolic mechanisms, the collection area, the nature of
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the soil, and the stage of development of the plant [27,28].
Secondary metabolites are recognized for their many
human biological and physiological activities such as
antibacterial, antiviral, antitumor, antifungal activities
[29,30]. The presence of these large groups of chemical
compounds would therefore be at the origin of the
pharmacological properties of these two species of plant
and could justify their traditional use against various
infectious diseases and especially against vaginal infections
in Northern Benin. However, the absence of the cyanogenic
derivatives and cardiotonic glycosides shown by the results
of the present study is reassuring about their use.

The majority of plant constituents used in the treatment
of female genital tract pathologies possess antimicrobial
activities [31]. In this work, we demonstrated the
antimicrobial effect of plants by evaluating their
antibacterial activity. The antibacterial activity of the two
plant species varies from extract to extract and from one
bacterial strain to another. Thus, the antimicrobial activity
of extracts of the two species of medicinal plants showed
that the extracts had a broad spectrum of antimicrobial
activities, inhibiting E. coli, C. freundii, S. marcescens, K.
ornithinolytica, E.aerogenes, K.pneumoniae, coagulase-
negative Staphylococcus spp and coagulase-postive
Staphylococcus spp. These results are consistent with the
work of other authors [32,33]. Antibacterial activity is
generally correlated with the synthesis of secondary
metabolites, including phenolic compounds, tannins,
alkaloids, flavonoids, and saponosides that are endowed
with antimicrobial properties [34,35]. The antimicrobial
potential of Euphorbia hirta and Ocimum gratissimum
extracts would therefore be linked to a synergistic effect
between the différents phytochemical groups present in
this case tannins, flavonoids and triterpenes.

The Minimum Inhibitory Concentrations and the
Minimum Bactericidal Concentrations obtained vary
according to the type of strain and the type of extract. In
this study, the MIC and BMC ranges from 3.1 mg/ml - 50
mg/ml to 6.3 - 50 mg/ml respectively. These relatively
low values can be explained by a strong antibacterial
activity of the plant species used on the bacterial strains
tested. However, the differences observed could be due to
the extraction method, the solvents used and the organs of
the plants used. As a result, depending on the extraction
method, the solvent used and even the organ of the plant,
the antimicrobial active ingredients will not have the same
concentrations in the extracts [36]. These low MIC values
obtained in the present study support the idea of the
efficacy of the antimicrobial activity of Euphorbia hirta
and Ocimum gratissimum in the treatment of infectious
diseases. The ratio of the CMB/MIC parameters of the
different extracts shows that the hydro-ethanolic extract of
Euphorbia hirta exhibits a bacteriostatic effect only on the
K. pneumoniae strain. The ethanolic extract of Euphorbia
hirta exhibits a bacteriostatic effect on coagulase-positive
S. marcescens and Staphylococcus spp., whereas the
aqueous extract exhibits a bacteriostatic effect on E. coli,
C.freundii, coagulase-negative Staphylococcus spp and
Staphylococcus spp strains coagulase-positive. Only the
hydro-ethanol extract of Ocimum gratissimum exhibits a
bacteriostatic effect on coagulase-negative E. coli and
Staphylococcus spp.Work carried out by Oussou et al.,
(2004) [36] has also shown that ocimum gratissimum has

an activity on the in vitro growth of a wide range of
bacteria including the genera of Klebsiella, Citrobacter,
Enterobacter, Staphylococcus etc. for which bactericidal
and bacteriostatic effects were observed depending on the
bacterium.

The toxicity assessment of Euphorbia hirta and
Ocimum gratissimum extracts on shrimp larvae shows that
both plant species do not present toxicity. The highest
LCs, was obtained with the ethanolic extract of Ocimum
gratissimum (8.12+1.05mg/ml) and the lowest with the
aqueous extract of Ocimum gratissimum (2.5 mg/ml). The
non-toxic nature of these extracts, revealed by the toxicity
test, justifies the results of the phytochemical screening,
which showed the absence of cardiotonic glycosides,
cyanogenic derivatives and quinonic derivatives, which
are generally toxic compounds [37]. In addition, these
results justify the oral use of these plant species in the
treatment of vaginal infections by the population.

5. Conclusion

The interest of this study was to evaluate the
antimicrobial potential and cytotoxicity of two medicinal
species traditionally used in the treatment of vaginal
infections, in relation to the determination of their
phytochemical composition for a better management of
vaginal infections. The activities carried out on the
different extracts (aqueous, ethanolic and hydro-ethanolic)
of Euphorbia hirta and Ocimum gratissimum, reveal a
phytochemical =~ composition  that  justifies  their
antimicrobial efficacy on the microbial strains tested and
an absence of toxicity. These findings could relate to their
use in the treatment of vaginal infections. However,
further studies on other activities are needed for more
scientific evidence.
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