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Abstract

Euphorbia hirta, Citrus aurantifolia and Heterotis rotundifolia are some plants traditionally used in Benin in the treatment of gas-
trointestinal diseases. To confirm the virtue of these plants, the antibacterial activity of their aqueous and ethanol extracts was car-
ried out in vitro on 10 enteropathogenic strains by the diffusion method in agar medium. Inhibitory Minimal Concentrations (MIC)
and Bactericides (CMB) were determined by macrodilution and inoculation methods on a solid medium, respectively. The cytotoxic-
ity test previously carried out on the larvae of Artemia salina shows that these extracts have no toxic effect (LD50 > 0.1 mg/ml for all
extracts). Moreover, the presence of these secondary metabolites in the extracts of these plants in varying proportions is revealed
by the polyphenols and Flavonoids dosage. The two types of extracts of these plants inhibited the growth of the strains studied and
the inhibition diameters varied according to the strains, extracts and plants. The CMB/CMI ratios obtained showed that the extracts
of these plants have much more bactericidal effect on the strains tested. In view of these results, we can say that these plants are a
good candidate for the development of an improved traditional medicine for the control of certain gastrointestinal diseases such as

bacillary dysentery, diarrhea and salmonellosis.
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Introduction

Plants are vital components of biological diversity. They essentially serve in human well-being [1]. Humans in their environment have
given increasing attention to the study of medicinal plants and their traditional use in different regions of the world [2]. According to the
World Health Organization (WHO), medicinal plants are valuable resources for the majority of rural populations in Africa, with nearly 80

per cent using them for basic care [3].

Considerable economic benefits have been reported regarding the use of medicinal plants for the treatment of various diseases [2].
Medicinal plants are recognized to have many biologically active chemical substances that have different pharmacological activities: anti-
oxidant, anti-inflammatory, analgesic, antibacterial, antifungal, antiviral [4-8]. Moreover, in traditional medicine, many plants successfully

treat diseases against which modern medicine has failed [9].
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In Benin, for several years, various ethnobotanical studies have focused on identifying medicinal plants, as a significant source of new

medicines [10-12]. Moreover, it is reported that plants have fewer side effects [9].

In addition, the shortage of health infrastructures, the ever-increasing prices of pharmaceuticals and health services, and the inacces-
sibility of generic drugs are a major problem for the poor. Traditional medicine therefore, appears to be the most appropriate alternative
to fill the gaps in health needs that populations aspire to [14]. The promotion of natural plant resources also become a necessary and
an important concern in the research field for the development of new drug molecules [15]. Among the scientifically less known plants,
which are widely used in the traditional pharmacopoeia in Benin, against enteric infections, are Euphorbia hirta, Citrus aurantifolia and
Heterotis rotundifolia [16-18].

Euphorbia hirta is a small creeping plant but can be found sometimes erected up to 25 cm high. The stems and leaves bear many yel-
lowish hairs. The species is widespread in all intertropical countries of the world. It is a ruderal plant, growing in various places, especially
along roads, on wastelands and in old crops. The decoction of the whole plant administered orally fights dysentery and amibia in adults

and children. It is also known to have great anti-asthmatic (inhalation) and galactogenic properties [19,20].

Citrus aurantifolia (Christm) belongs to the family of Rutaceae, it is a well-known medicinal and food plant. It is widely cultivated
throughout the world and almost all of its parts are used in traditional medicine like astringent, diuretic, antiseptic, antimicrobial and

especially in the treatment of gastrointestinal infections, coughing, colds and sore throats [21].

Heterotis rotundifolia is a medium-sized perennial herbaceous plant with slaying stems rooted at the nodes. The leaves are ovate
lanceolate and sub-orbicular [22]. It is a plant of wet places, streams, hydromorphic fields, roadsides, crop fields, and empty spaces. It is
widespread in rice fields [23]. In Africa, it is used in traditional medicine to treat conditions such as rheumatism and diarrhea [24]. The

extracts of the leaves and stems of Heterotis rotundifolia have an antimicrobial effect [25].

The present study aims to contribute to the scientific knowledge of these plants through the evaluation of their cytotoxicity and their

chemical compound as well as their extract efficacy in vitro on enteropathogenic bacterial strains.

Materials and Methods
Materials
Biological Materials
Larvae of Artemia salina were used for larval cytotoxicity tests and ten clinical enteropathogenic bacterial strains (Klebsiella pneu-

moniae, Pseudomonas oryzihabitans, Citrobacter freundii, Salmonella choleraesuis, Escherichia coli, Pseudomonas aeruginosa, Escherichia

coli ATCC 25922, Klebsiella rhinoscleromatis, Shigella flexneri, Klebsiella oxytoca) were used for antibacterial testing.

Plant material

The plants were harvested at Kpomasse (Euphorbia hirta) and Abomey-Calavi (Citrus aurantifolia and Heterotis rotundifolia) and then
dried in the laboratory at 25°C for two weeks. After drying, they were crushed and the powders were used for the extractions. Identifica-

tion of the plants was carried out at the national herbarium of the University of Abomey-Calavi.

Table 1: Plants used.

Plants Parts used
Euphorbia hirta Whole plant
Citrus aurantifolia Leaves
Heterotis rotundifolia | Whole plant
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Methods

Artemia larvae production

Live larvae were obtained by hatching 10 mg of Artemia salina eggs (ARTEMIO JBL GmbH D-67141 Neuhofem) under slight continuous

agitation in 1L of seawater for 72h.

Production of the extracts

Aqueous extracts

To do aqueous extracts, 50 g of plant powder were macerated in 500 ml of distilled water on a magnetic stirrer for 48 hours at room
temperature. The homogenate obtained was filtered twice on hydrophilic cotton and once on Whatman No. 1 paper. This filtrate was then

dried at 50°C. in the oven and the obtained powder constituted the total aqueous extract [26].

Ethanol extracts

About, ethanolic extracts, 50g of powder of the plants were macerated in a 1000 ml Erlenmeyer flask containing 500 ml of 96% etha-
nol, and agitated for 48 hours. After two successive filtrations on hydrophilic cotton and filtration on wattman paper No. 1, the filtrate
was concentrated under vacuum at 50°C. After concentration, the filtrates were placed in an oven at 50° C until a dry mass was obtained.
This constitute ethanolic extract [27,28].

All the powders obtained after various extractions were stored at 4°C in sterile glass vials.

Evaluation of larval toxicity

To evaluate the cytotoxicity of the extracts, serial dilutions were made out with sterile distilled water following %2-fold dilutions in test
tubes numbered from T1 to T10, from a concentration of 40 mg/ml of extracts. Then 1 ml of seawater containing 16 live larvae was added

to all the tubes. The percentage of larval mortality was determined after 24h of incubation [29].

Dosage of polyphenols and flavonoids

To do polyphenol dosage, we proceeded as follows: To 200 ul of extract or standard (prepared in methanol) with suitable dilutions
is added 1 ml of Folin’s reagent (10 times diluted). After 4 minutes, 800 pl of a sodium carbonate solution (75 mg/ml) was added to the
reaction medium. After 2h of incubation at ambient temperature, the absorbance was measured at 760 nm. The concentration of the total
polyphenols was calculated from the regression equation of the calibration range established with gallic acid and is expressed in pg of

equivalent gallic acid per 100 milligram of extract (ug EAG/100 mg of extract) [30].

To quantify the flavonoids in the plant extracts, the method of aluminum trichloride was used. 1 ml of the AICI3 solution (2% in metha-
nol) was added to 1 ml of sample or standard (prepared in methanol). After 10 minutes of reaction, the absorbance was read at 415 nm.
The concentration of flavonoids was deduced from a calibration range established with rutin and expressed in micrograms of equivalent

Rutin per 100 milligrams of extract (ug EQ/100 mg of extract) [31].

Antibacterial activity of plant extracts

A sensitivity test of the extracts on enteropathogenic bacterial strains was carried out followed by a determination of the antibacterial
parameters, namely the minimum inhibitory concentrations (MIC) and the minimum bactericidal concentrations (MBC) with an extract

concentration equal to 100 mg/ml previously sterilized in an autoclave at 121°C for 15 minutes.

Sensitivity test

The in vitro antibacterial activity of the various extracts was performed by the Mueller Hinton disc diffusion method whereby What-

man No. 1 papers impregnated with plant extracts were used as antibiotic disc [32].
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A bacterial suspension of 10¢ CFU/ml of the test strain was inoculated with a swab on MH agar. The bacterial suspension (10¢ CFU/
ml) was obtained by diluting an inoculum of 10® CFU/ml with sterile distilled water. The inoculum was obtained by homogenizing fresh
colonies of the strain in sterile distilled water and then adjusting the turbidity to 0.5 Mc Farland scale of 102 CFU/ml [33].

After plating, sterile Whatman No. 1 paper of 5 mm diameter were impregnated with 50 pl of plant extract of 100 mg/ml concentration
were placed on the cultured plates. Synthetic antibiotic discs were used as positive control and the negative control was sterile distilled

water.

The plates were then left for 15 to 30 minutes at room temperature (25°C * 2°C) for pre-diffusion of the substances before being incu-
bated at 37°C. The diameters of the zones of inhibition were measured using a graduated scale after 24 h of incubation [34-37]. For each

extract, the experiment was duplicated.

Determination of Minimum Inhibitory Concentration (MIC)

The minimal inhibitory concentration (MIC) was determined by the method of macrodilution in liquid medium with visual apprecia-

tion of the growth of microorganisms [38]. The 48-well plates (6 rows of 8 wells) were used.

From a 100 mg/ml concentration of sterile extract, serial concentrations were made following %2-fold dilutions. With eight wells (PO
to P7), 500 ul of sterile distilled water were distributed in all the wells except the first (P0). To achieve the concentration range, 500 pl of
plant extract with a concentration of 100 mg/ml was dispensed in the well P0O. Then, 500 pl of plant extract with a concentration of 100
mg/ml was also added to the contents of the well P1. After homogenization, 500 pl of the mixture (extract + distilled water) of the well P1
was taken and added to the well P2. Then, 500 ul taken from the well P2 was transferred into the well P3. This operation continued until
the well P6 of which 500 pl was taken and discarded.

At the end of the serial dilutions, we obtained a series of concentrations ranging from 100 to 1, 5625 mg/ml in wells PO to P6. The well

P7 received only sterile distilled water to serve as a negative growth control well.

An inoculum of 10° CFU/ml of each bacterial strain was prepared in MH broth. 1 ml of inoculum was added to each well (PO to P7). After
24h of incubation, bacterial growth which results in turbidity was examined in each well. The MIC of an extract with respect to a given

strain corresponds to the lowest concentration showing no visible growth to the naked eye.

Determination of minimum bactericidal concentration (MBC)

The Minimum Bactericidal Concentration (MBC) was determined on the basis of the results of the MIC. After identifying the MIC, we
have inoculated all the other tubes from the MIC to the higher concentrations on MH agar. These plates were examined after 24 h incuba-

tion at 37°C. On observation, the concentration of the extract where bacteria do not grow corresponds to the MBC [39].

Results

Cytotoxicity of the plant extracts

The mortality of the larvae subjected to plant extracts follows a dose-response relationship because the number of dead larvae in-
creases when the concentration of extract increases (Figure 1). The concentrations that cause the death of half (8) of the 16 introduced

larvae (LD 50) for each extract determined using the Y = aX + b regression equation (Figure 1) are shown in table 2.

The LD50 values of ethanol extracts are higher than those of the aqueous extracts for Euphorbia hirta and Citrus aurantifolia, whereas
for Heterotis rotundifolia the LD50s are almost the same (6.41 mg/ml and 6.22 mg/ml respectively for aqueous extract and ethanol ex-
tract) (Table 2).
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Figure 1: Tendency curve of the number of surviving larvae in relation to the concentration of each extract.

Table 2: LD50 of plant extracts on Artemia salina larvae.

LD50 in mg/ml
Extracts Euphorbia hirta | Citrus aurantifolia | Heterotis rotundifolia
Aqueous extracts 3.96 4.34 6.41
Ethanol extracts 5.08 7.56 6.22

Dosage of Polyphenols and Flavonoids

Tables 3 and 4 present respectively the polyphenols and flavonoids contents of the aqueous and ethanol extracts of the plants. These
values were determined from the regression equations (Figure 2a and 2b) of the calibration curves of gallic acid (polyphenols) and rutin
(flavonoids). It is found that the aqueous extracts have higher contents of polyphenol compared to the ethanol extracts except for the
ethanol extract of Heterotis rotundifolia, which has a polyphenol content higher than that of its aqueous extract. The aqueous extract of
Euphorbia hirta has the highest level of polyphenols (201.72 + 0.27 ugGAE/100 mg of extract) among all the aqueous extracts whereas
in ethanol extracts it is Heterotis rotundifolia that had the highest content (189.08 + 0.34 ugGAE/100 mg extract) (Table 3). In contrast to
polyphenols, ethanol extracts have a higher flavonoid content than aqueous extracts except for Citrus aurantifolia, which has higher flavo-
noid content in its aqueous extract compared to the ethanol extract. The highest flavonoid level was 10.7 + 0.35 pgER/100 mg of extract

Citation: Victorien Tamégnon Dougnon,, et al. “Chemical Composition, Cytotoxicity and Antibacterial Activity of Selected Extracts of

Euphorbia hirta, Citrus aurantifolia and Heterotis rotundifolia on Enteropathogenic Bacteria”. EC Microbiology 12.4 (2017): 180-195.



Chemical Composition, Cytotoxicity and Antibacterial Activity of Selected Extracts of Euphorbia hirta, Citrus aurantifolia and
Heterotis rotundifolia on Enteropathogenic Bacteria

185

obtained with the ethanol extract of Euphorbia hirta, while the lowest flavonoid content was 0.65 + 0.42 ugRE/100 mg obtained with the

ethanol extract of Citrus aurantifolia (Table 4).

Figure 2: Calibration curve of the reference molecules.

Table 3: Level of Polyphenols in ugGAE/100mg of extract.

Extract Euphorbia hirta Citrus aurantifolia Heterotis rotundifolia
Aqueous extract 201.72 £ 0.27 25.57+0.3 189.08 + 0.34
Ethanol extract 15.51+0.25 34.48 +0.27 370.11+0.29

Table 4: Level of Flavonoids in ugRE/100mg of extract.

Extract Euphorbia hirta | Citrus aurantifolia | Heterotis rotundifolia
Aqueous extract 217 £0.33 2.35+0.35 3.3+0.33
Ethanol extract 10.7 £ 0.35 0.65 +0.42 6.38 £ 0.35

Antibacterial activity of plant extracts
Susceptibility of the entropathogenic bacterial strains to the plant extracts

Figure 3 shows the inhibition zone diameters of the aqueous and ethanol extracts of Euphorbia hirta on the studied strains. It is noted
that only four strains (cholereasuis Salmonella, Escherichia coli, Pseudomonas aeruginosa, Klebsiella rhinoscleromatis) were sensitive to
the aqueous extract and two strains (Pseudomonas oryzihabitans, Escherichia coli) to the ethanol extract. The inhibition diameters vary
according to the strains and extracts. The highest inhibition diameter (10 mm) was obtained on Salmonella choleraesuis and Pseudomonas
oryzihabitans respectively with the aqueous and the ethanol extracts and the smallest diameter (7 mm) was recorded in Escherichia coli

(clinical strains) with ethanol extract.

Figure 4 shows the inhibition zone diameters of the aqueous and ethanol extracts of Citrus aurantifolia on the tested strains. Only
Salmonella choleraesuis, Escherichia coli ATCC 25922 and Klebsiella oxytoca were sensitive to both extracts. Citrobacter freundii and Esch-

erichia coli were susceptible to the ethanol extract only, whereas Shigella flexneri was only sensitive to the aqueous extract.

Figure 5 shows the inhibition zone diameters of the extracts of Heterotis rotundifolia on the tested strains. Only two (2) strains

(Salmonella choleraesuis and Klebsiella oxytoca) were resistant to both extracts.
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Figure 3: Euphorbia hirta extracts on clinical strains.

B citrus aurantifolia Aqueous Extract

20+ Citrus aurantifolia Ethanolic Extract

Inhibition diameters

Figure 4: Citrus aurantifolia extracts on clinical strains.

Bl Heterotis rotundifolia Aqueous Extract
Heterotis rotundifolia Ethanolic Extract

204

o
1

Inhibition diameters
>
)

Figure 5: Heterotis rotundifolia extracts on clinical strains.
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Minimal Inhibitory Concentrations (MIC) and Minimal Bactericidal Concentrations (MBC) of the three plant extracts on the

tested strains

Table 5 presents the Minimal Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) of the extracts of
Euphorbia hirta on clinical strains. MICs range from 25 mg/ml to 100 mg/ml, while MBCs range from 50 mg/ml to 100 mg/ml for the
two extracts (Aqueous and Ethanolic). The lowest MIC (25 mg/ml) is obtained with the aqueous extract on Salmonella choleraesuis and
the largest MIC (100 mg/ml) is obtained on both Klebsiella rhinoscleromatis (Aqueous Extract) and Pseudomonas oryzihabitans (Ethanol
Extract). The values of the MBCs are the same (100 mg/ml) for all extracts and strains except for the aqueous extract, which gives 50 mg/

ml on Pseudomonas aeruginosa.

Table 5: Minimal Inhibitory Concentrations (MIC) and Minimal Bactericidal Concentrations (MBC) of the extracts of

Euphorbia hirta on clinical bacteria.

Bacterial strains MIC and MBC in mg/ml of Euphorbia hirta
Aqueous extract Ethanol extract
MIC MBC MIC MBC
Citrobacter freundii 0 0 0 0
Salmonella choleraesuis 25 100 0 0
Pseudomonas oryzihabitans 0 0 100 100
Pseudomonas aeruginosa 50 50 0
Escherichia coli ATCC 25922 0 0 0 0
Escherichia coli (Clinical strain) 50 100 50 100
Shigella flexneri 0 0
Klebsiella oxytoca 0 0
Klebsiella pneumoniae 0 0 0 0
Klebsiella rhinoscleromatis 100 100 0 0

Table 6 shows the Minimal Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) of Citrus aurantifolia
extracts. This table shows that MICs vary between 12.5 mg/ml and 100 mg/ml, whereas MBCs range from 50 mg/ml to 100 mg/ml for
the two extracts (Aqueous and Ethanolic). The MICs of the two extracts vary according to the strains and extracts. In the aqueous extract,
the MBCs are the same (50 mg/ml) except for Salmonella choleraesuis, which has a MBC greater than 100 mg/ml with this extract. The
same was observed for the ethanol extract with a concentration of 100 mg/ml for all strains except Citrobacter freundii and Salmonella

choleraesuis that have a MBC greater than 100 mg/ml.

Table 7 presents the Minimal Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) of the extracts of
Heterotis rotundifolia. From the analysis of this table, it comes out that the MIC values of the two extracts (Aqueous and Ethanolic) are
between 12.5 mg/ml and 100 mg/ml whereas those of the MBC are between 25 mg/ml and 100 mg/ml. MICs and MBCs varied between
strains and extracts. For the ethanol extract, MICs are equal to MBC (100 mg/ml for Citrobacter freundii and 50 mg/ml for Shigella flexneri
and Klebsiella rhinoscleromatis) except for Pseudomonas oryzihabitans that has a MBC beyond 100 mg/ml. For the aqueous extract, only

the MIC of Pseudomonas aeruginosa was equal to the MBC (100 mg/ml).
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Table 6: Minimal Inhibitory Concentrations (MIC) and Minimal Bactericidal Concentrations (MBC) of the extracts of Citrus

aurantifolia on clinical bacteria.

Bacterial strains MIC and MBC in mg/ml of Citrus aurantifolia
Aqueous extract Ethanol extract
MIC MBC MIC MBC
Citrobacter freundii 0 0 50 MBC > 100
Salmonella choleraesuis 25 MBC > 100 25 MBC > 100
Pseudomonas oryzihabitans 0 0 0 0
Pseudomonas aeruginosa 0 0 0 0
Escherichia coli ATCC 25922 50 50 12.5 100
Escherichia coli (Clinical strain ) 0 0 12.5 100
Shigella flexneri 50 50 0 0
Klebsiella oxytoca 50 50 100 100
Klebsiella pneumoniae 0 0 0 0
Klebsiella rhinoscleromatis 0 0 0 0

Heterotis rotundifolia on clinical bacteria.

Table 7: Minimal Inhibitory Concentrations (MIC) and Minimal Bactericidal Concentrations (MBC) of the extracts of

Bacterial strains MIC and MBC in mg/ml of Heterotis rotundifolia
Aqueous extract Ethanol extract
MIC MBC MIC MBC
Citrobacter freundii 25 50 100 100
Salmonella choleraesuis 0 0 0 0
Pseudomonas oryzihabitans 12.5 25 100 CMB > 100
Pseudomonas aeruginosa 100 100 0 0
Escherichia coli ATCC 25922 0 0 0 0
Escherichia coli (Clinical strain ) 50 100 0
Shigella flexneri 50 CMB > 100 50 50
Klebsiella oxytoca 0 0
Klebsiella pneumonia 25 50 0 0
Klebsiella rhinoscleromatis 50 100 50 50

Bactericidal and bacteriostatic effects of the plant extracts on clinical bacterial strains

The ratio MBC/MIC revealed that the three extracts have bactericidal and bacteriostatic effects on the tested strains. The extracts of
Heterotis rotundifolia have only bactericidal effects on all strains except Shigella flexneri and Pseudomonas oryzihabitans respectively for

the aqueous and the ethanol extract (Table 8).
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Table 8: Bactericidal and bacteriostatic effects of the plant extracts (Euphorbia hirta, Citrus aurantifolia,

Heterotis rotundifolia) on the tested clinical bacterial strains.

Strains MBC/MIC
Euphorbia hirta Citrus aurantifolia Heterotis rotundifolia
Aqueous Ethanol Aqueous Ethanol Aqueous Ethanol
extracts extracts extracts extracts extracts extracts
Citrobacter freundii 0 0 0 NA 2% 1*
Salmonella choleraesuis 4 0 NA NA 0 0
Pseudomonas oryzihabitans 0 1* 0 2% NA
Pseudomonas aeruginosa 1 0 0 0 1*
Escherichia coli ATCC 25922 0 0 1* 8 0
Escherichia coli (Clinical strain ) 2% 2% 0 8 2%
Shigella flexneri 0 0 0 NA 1*
Klebsiella oxytoca 0 1* 1* 0
Klebsiella pneumonia 0 0
Klebsiella rhinoscleromatis 1* 0 0 0 2% 1*
Discussion

In this study, two types of extracts (Aqueous and Ethanolic) of three plants (Euphorbia hirta, Citrus aurantifolia and Heterotis

rotundifolia) were assessed.

According to the toxicity scale established by some researchers and authors, all LD 50 values of our extracts are greater than 0.1 mg/
ml (Table 3), above which the extract is considered non-toxic [40,41]. Therefore, the aqueous and ethanol extracts of the tested plants

(Euphorbia hirta, Citrus aurantifolia and Heterotis rotundifolia) are not toxic. Similar results have already been reported [42,43].

A study conducted elsewhere on several species of the genus Euphorbia on Artemia salina larvae demonstrated that these plants are
not toxic [42]. Moreover, some authors concluded that the aqueous, methanol and ethyl acetate extracts of Citrus aurantifolia have no toxic

effect on the larvae of Artemia salina [43].
The dosage of polyphenols and flavonoids revealed the presence of these secondary metabolites in our extracts with varying proportions.

The polyphenol content of the aqueous extract of Euphorbia hirta is 201.72 + 0.27 ugEAG/100 mg of extract, while its flavonoid con-
tentis 2.17 * 0.33 pgER/100 mg of extract. These contents are less than 120.97 + 7.07 mg EAG/g and 41.4 + 0.5 mg EQ/g respectively for
the polyphenols and flavonoids obtained by with the aqueous extract of Euphorbia hirta in other study (Table 3 and 4) [44].

In Citrus aurantifolia, the polyphenol content was 25.57 + 0.3 pgEAG/100mg extract and 34.48 + 0.27 ugEAG/100 mg extract re-
spectively for the aqueous, and the ethanol extracts. This plant has a low flavonoid content, especially in its ethanol extract (0.65 + 0.42
ugER/100 mg extract) (Table 3 and 4). The presence of flavonoids in leave extracts of Citrus aurantifolia has been demonstrated [45].

However, others have reported the absence of flavonoids in the methanol extract of the leaves of Citrus aurantifolia [46].

For the two extracts (aqueous and ethanolic) of Heterotis rotundifolia, there was a higher polyphenol level in the aqueous extract
(370,11 £ 0,29 ugEAG/100 mg of extract) whereas ethanol extracts had the highest flavonoids content (6.38 + 0.35 pgER/100 mg extract)
(Table 3 and 4).
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Furthermore, the two types of extracts of the three plants at a dose of 100 mg/ml inhibited the growth of the tested clinical bacteria
strains and the inhibition diameters varied according to the strains, extracts and plants. The sensitivity of bacteria to plant extracts based
on the diameters of the zones of inhibition is a function of strain and bacterial species [47]. The same observations were made in this

study.

The diameters of the zones of inhibition of the aqueous extract of Euphorbia hirta vary between 9 mm and 10 mm (Figure 3). These
values are lower than those indicated in other study, where they ranged between 17 mm and 21 mm on enteropathogenic strains at the
same dose [48]. In addition, at 100 mg/ml the aqueous extract of Euphorbia hirta has no effect on Klebsiella pneumoniae. This is contrary
to other results in other country of, in which the aqueous extract of the dry leaves of Euphorbia hirta at the same dose (100 mg/ml) in-
hibits the proliferation of this microorganism with an average inhibition diameter of 6.67 mm [16]. The differences observed in our work
and those authors ([16,48]), could be because our extracts were sterilized prior to use or attributable to the source of the tested bacterial
strains. During sterilization, our extracts could lose some antimicrobial active ingredients under the effect of heat. Moreover, the source

of the strains must be taken into account, since it could influence the selective pressure that the strains would have undergone.

The ethanol extract of Euphorbia hirta had an effect on only two strains, namely Pseudomonas oryzihabitans and Escherichia coli
with respective inhibition diameters of 10 mm and 7 mm (Figure 3). These results are similar to 6.5 mm and 10.2 mm respectively on
Pseudomonas aeruginosa and Escherichia coli with the ethanol extract of the leaves of Euphorbia hirta revealed during the past investiga-
tions [49].

The ethanol extract of Citrus aurantifolia is more active on our strains with diameters of inhibition that vary between 9 mm and 14 mm
than the aqueous extract of this plant whose inhibition diameters are between 9 mm and 13 Mm (Figure 4). Some authors made similar
observations and reported that at the same dose, the ethanol extract of the leaves of Citrus aurantifolia is more active than their aqueous
extracts on bacteria strains [50]. Moreover, the two extracts have no effect on Pseudomonas aeruginosa and Klebsiella pneumoniae (Figure
4), which corroborates the findings of some studies in which the aqueous and ethanol extracts of Citrus aurantifolia have no effect on

strains of Klebsiella spp. and Pseudomonas aeruginosa [51].

The aqueous and ethanol extracts of Heterotis rotundifolia, are active on certain tested strains with diameters varying between 9.5 mm
and 15 mm (aqueous extract) on the one hand and between 9.5 mm and 12 Mm (ethanol extract) (Figure 5). These values are close to 8
mm, 9 mm and 11 mm obtained respectively on Escherichia coli, Salmonella typhi and Pseudomonas aeruginosa with the ethanol extract

of Dissotis rotundifolia in a previous study [25].

Moreover, the aqueous extracts of Euphorbia hirta and Heterotis rotundifolia are more active on our strains than the ethanol extracts of
the same plants. (Figure 3 and 5). These results are justified by the reports of Brama thesis who showed that antibacterial substances are
more soluble in water than in organic solvents [52]. A similar result in the anti-amoebic study of Euphorbia hirta concluded that the active

substances are more soluble in water than in methanol or ethyl acetate [19].

The Minimum Inhibitory Concentrations (MICs) varied according to the strains of extracts and plants. In the extracts of Euphorbia
hirta, the smallest MIC is 25 mg/ml obtained on Salmonella choleraesuis (aqueous extract) and the largest MIC is 100 mg/ml obtained
on Klebsiella rhinoscleromatis (aqueous extract) and Pseudomonas oryzihabitans (extract Ethanol) (Table 5). These values are much
lower than those of some authors who found MIC values between 62.5 mg/ml and 250 mg/ml with the methanol extract of the root of

Euphorbia condylocarpa on bacteria strains [53].

The smallest MIC for the extracts of Citrus aurantifolia, is 12.5 mg/ml obtained on Escherichia coli (clinical strains) with the ethanol
extract and the largest MIC is 100 mg/ml obtained on Klebsiella oxytoca with the same extract (Table 6). According to a previous study,

results found MIC values between 12 pg/ml and 25 pg/ml on some Gram-negative bacteria using concentrated Citrus fruit juices [54].
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However, higher values (64 < MIC < 256) of MIC compared to those reported in the present study using extracts of the fruit of Citrus

aurantifolia on Gram-negative bacteria has been recorded [55].

For Heterotis rotundifolia, the lowest MIC is 12.5 mg/ml with Pseudomonas oryzihabitans (aqueous extract) and the largest MIC is 100
mg/ml from Citrobacter freundii (ethanol extract) Pseudomonas oryzihabitans (ethanol extract) and Pseudomonas aeruginosa (aqueous
extract) (Table 7).

The extraction method, the solvents used and the organ of the plant could explain the differences observed between the MIC values
of this study and those of the authors mentioned above. When different extraction methods, the solvents and even plant organs are used,
the antimicrobial active ingredients will not have the same concentrations in the extracts. Moreover, depending on the location and the

nature of the field or climate, plants may have different “chemical profiles” [56].

MBC values recorded in this study also varied according to the strains, the extracts and the plants. The smallest MBC obtained with
extracts of our plants is 25 mg/ml on Pseudomonas oryzihabitans with the aqueous extract of Heterotis rotundifolia. Moreover, the major-
ity of the MBCs of our extracts on the tested strains is 100 mg/ml (Table 5, 6 and 7).

The ratio of CMI and MBC shows that the majority of our extracts have bactericidal effects on most strains (Table 8). Similar observa-
tions were made in some a study, who indicated that the dichloromethane extract of Erythrina senegalensis has a bactericidal activity
on several microorganisms (Candida albicans, Enterococcus faecalis, Staphylococcus epidermidis, Staphylococcus aureus, Proteus mirabilis,

Escherichia coli and Pseudomonas aeruginosa) [57].

The extracts of Heterotis rotundifolia are the most active extracts with bactericidal activity on the majority of tested bacterial strains.

These results may justify the frequent use of this plant in the treatment of several ailments.

The antibacterial effect observed with the extracts of these plants can be explained by the presence in the extracts of major chemical
groups such as flavonoids and polyphenols. The antibacterial properties of these chemical compounds were previously demonstrated by
several authors [58-60].

Conclusions

This study describes the antibacterial properties of extracts (aqueous and ethanol) of three plants namely Euphorbia hirta, Citrus
aurantifolia and Heterotis rotundifolia. It revealed that these extracts had various effects on the enteropathogenic strains. Moreover,
among these plants, the extracts of Heterotis rotundifolia were found to be more active than others and the activity of its aqueous extracts
was very remarkable on the tested strains. The antibacterial activity observed with our extracts can be attributed to the presence of poly-

phenols and flavonoids in these extracts. The cytotoxicity tests carried out with our extracts showed that the extracts have no toxic effect.

These results may justify the traditional use of these plants for the treatment of gastrointestinal infections such as dysentery and diarrhea.

These plants can therefore be considered as good candidate for the development of traditional medicine to improve the fight against
certain enteric diseases such as bacillary dysentery, diarrhea, salmonellosis.
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