[bookmark: _Hlk198999152]Evaluation of the antibacterial activity of Terminalia leiocarpa (DC) Baill. (Combretaceae) leaves on the in vitro growth of Enterobacteriaceae strains producing extended-spectrum beta-lactamase and phytochemical screening

Abstract
[bookmark: _Hlk198999199]Extended-spectrum beta-lactamase-producing bacteria are the root cause of therapeutic failures observed in the treatment of bacterial infections. This study aimed to evaluate the antibacterial effects of methanolic and aqueous extracts of Terminalia leiocarpa (DC) Baill. (Combretaceae) leaves, a plant prized in Ivorian traditional medicine, against ten clinical strains of extended-spectrum beta-lactamase-producing Enterobacteriaceae and a reference strain. The antibacterial activity was studied using the agar diffusion method (solid) in wells and the liquid macrodilution method. For phytochemical screening, the thin-layer chromatography (TLC) characterization method was used. In this study, both aqueous and alcoholic extracts were active to varying degrees. The largest inhibition diameter (32 ± 0.2 mm) was obtained with the aqueous extract on Shigella flexneri 392PI21 at a concentration of 50 mg/ml. This extract exerted bactericidal activity on all strains with MICs ranging from 0.156 to 0.312 mg/ml, while the methanolic extract was bactericidal on the majority of strains with MICs ranging from 0.078 mg/ml to 1.25 mg/ml. Furthermore, phytochemical screening revealed a wealth of secondary metabolites such as saponins, tannins, flavonoids, polyterpenes, anthocyanins, polyphenols that can be beneficial in the management of many enterobacteriaceae pathologies. This work justified the traditional use of Terminalia leiocarpa (DC) Baill in the treatment of various enterobacteriaceae-related infections.
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1. INTRODUCTION
[bookmark: _Hlk198403639]Microbe-related diseases are the leading cause of death worldwide (INSTITUT PASTEUR, 2014), and bacteria are responsible for 70% of these deaths (Gangoue, 2007). In Côte d'Ivoire, bacterial infections such as pneumonia and diarrheal diseases are responsible for 20% and 15% of all deaths in children under 5, 5% of newborns, and 16% of deaths in individuals of all ages, respectively (WHO, 2008).
To combat bacteria, modern medicine has developed effective antibiotic therapy that has significantly reduced the spread of these microorganisms. However, resistance to these molecules is increasingly common. This resistance is observed, among others (WHO, 2024), in Enterobacteriaceae, through the production of extended-spectrum beta-lactamases (ESBLs). In Côte d'Ivoire, 5.3% of bacterial resistance to antibiotics was observed with these microorganisms in 2005 and 24.6% in 2012 (Guessennd. 2013). This rapid evolution of the frequency of ESBL-E poses a real public health problem, especially since these germs are responsible for several pathologies including diarrhea, urinary tract infections, suppurations, chronic wounds, etc. Faced with this threat, the search for new bioactive molecules from plants has become urgent because medicinal plants remain the main reservoir which, according to Traore (2013), is used by more than 80% of the population in Côte d'Ivoire to meet their health care needs.
It is in this emergency context that the present study is carried out, to evaluate the antibacterial activity of Terminalia leiocarpa (DC) Baill. (Combretaceae) leaves on enterobacteria producing broad-spectrum beta-lactamase followed by phytochemical screening. This plant is widely used in African pharmacopoeia to treat various pathologies including those induced by enterobacteria. 
2. MATERIAL AND METHODS
2.1 Preparation of Crude Extracts
The samples were harvested at the beginning of the dry season in the savannahs of northern Côte d'Ivoire, specifically in the Korhogo department, in November 2022. These harvests were carried out just before sunset, when the plants had time to secrete sufficient active ingredients to combat the day's stresses. These samples were dried and then reduced to a plant powder, which underwent several extractions using a method described by Zirihi et al. (2003), adapted for this study. To do this, 25 g of plant powder were macerated in 250 ml of hexane for 24 hours under magnetic stirring to degrease the plant powder. The residue was dried on blotting paper and weighed, then added to 250 ml of methanol. After 24 hours of maceration with stirring, the filtrate was evaporated using a rotary evaporator (Rotavapor) at 40 °C to remove the alcohol and dried under the hood to obtain the methanolic extract. As for the aqueous extract, it was obtained by maceration of 50 g of plant powder in 500 ml of distilled water for 24 hours. Freeze-drying of the filtrate resulted in the aqueous extract. These two extracts (methanolic and aqueous) were stored in the refrigerator.
2.2 Bacterial Strains
The bacterial material was obtained from the bacterial strain bank of the Department of Bacteriology and Virology of the Pastor Institute of Côte d'Ivoire and the University Hospitals of Cocody and Yopougon (municipalities of Abidjan). It consisted of ten (10) clinical strains, including three (3) wild-type strains, seven (7) Enterobacteriaceae producing extended-spectrum beta-lactamases, and a reference strain, Escherichia coli ATCC 25922, for quality control (Table 1).
Table 1: Selected Enterobacteriaceae

	Code
	Species
	Organic product
	Resistance phenotypes

	1313C18
	Escherichia coli
	Urine
	ESBL, RCFQ, KTG

	0060Y20
	Escherichia coli
	Urine
	      Savage, RA, Pip, T

	863PI21
	Escherichia coli
	Urine
	[bookmark: _Hlk192240287]      ESBL ;RAc, AMC, C

	0311C21
	Shigella sp.
	stools
	ESBL ; RA 

	0550C21
	Shigella sp.
	stools
	Savage ; RA 

	392PI21
	Shigella flexneri
	stools
	ESBL ; RATC 

	408UB20
	Klebsiella pneumoniae
	blood
	[bookmark: _Hlk192239996]ESBL ; RATC  

	0911C20
	Klebsiella pneumoniae
	blood
	ESBL ; RCFQ

	0550C19
	Salmonella sp.
	Pus
	Savage ; AQ, P 

	0690Y21
	Salmonella sp.
	blood
	ESBL ; AQ, P

	Reference strain

	ATCC25922                Escherichia coli



ESBL : Extended-spectrum beta-lactamases; KTG: Kanamycin-tobramycin-gentamicin; AQ:
aminoglycoside, quinolones; P: Penicillinase; RATC: Resistance to amoxicillin, ticarcillin, cefotaxime; RAc: Resistance to ampicillin; AMC: amoxicillin+clavulanic acid; C: cefoxitin; ATCC: American Type Culture Collection.

2.3 Performance of Antibacterial Tests
2.3.1 Preparation of the Inoculum for Solid-Media Tests
Young strains aged 24 hours were emulsified in 2 ml of 85% NaCl suspension, and the optical density was adjusted to 0.5 MaC Farland using a densimat. A volume of 1 ml was diluted in 10 ml of physiological water (NaCl 0.9%), thus constituting the bacterial inoculum estimated at 106 bacteria/ml (Carroll et Weinstein, 2007).
2.3.2 Germ Susceptibility Tests for Extracts
Before evaluating any activity, the extracts under goes a sterility test to verify whether the extracts were contaminated by a germ.
The antibiogram by diffusion in agar medium in wells and the macrodilution method in liquid medium were used to perform the tests (Dosso and Faye-Kette, 2000 ; Kone et al., 2004). Petri dishes containing Muller-Hinton agar (MHA) were inoculated with the bacterial inoculum by swabbing. 50 µL of the prepared extract solution at 50 mg/ml were added to wells hollowed out in the agar. The whole was incubated at 37°C for 24 hours. After this time, the inhibition diameter around each well was measured using a caliper (Figure 1). The assessment of the effectiveness of the extracts was made according to the criterion of Poncé et al. (2003). Thus, a substance is said to be ineffective if the inhibition diameter (ID) is less than 8 mm while it is said to be effective if the ID is between 9 and 14 mm. It is considered very effective when the ID is between 15 and 19 mm and then extremely effective if it is greater than 20 mm.
2.3.3 Preparation of the inoculum for liquid medium tests
Young colonies aged 24 hours were collected and emulsified in a test tube containing 10 ml of sterile Muller-Hinton broth. The mixture was incubated at 37°C for 3 hours. After this incubation, a 0.3 ml suspension of this preculture was diluted in 10 ml of sterile Muller-Hinton broth and then homogenized (Dosso et Faye-Kette, 2000).
2.3.4 Preparation of the concentration range
The concentration range was obtained using the double dilution method. To do this, a 50 mg/ml concentration solution of the extracts was prepared in sterile distilled water. A series of 2-fold dilutions was made from this solution to obtain a concentration range from 25 to 0.19 mg/ml.
2.4 Determination of antibacterial parameters
Antibacterial parameters were determined by dilution in liquid medium according to the method used by Kouadio et al. (2015). Thus, in 10 experimental hemolysis tubes, 0.2 ml of each concentration of extract was brought into contact with 1.8 ml of bacterial inoculum. The growth control tube received 0.2 ml of sterile distilled water in addition to the inoculum while the sterility control received only 2 ml of sterile Muller-Hinton broth. This distribution made it possible to obtain a new range of concentrations from 5 to 0.019 mg/ml, i.e. a 10-fold dilution. The tubes were incubated for 24 hours at 37°C. After this incubation time, the lowest concentration for which no bacterial growth was observed with the naked eye corresponds to the Minimum Inhibitory Concentration (MIC). As for the Minimum Bactericidal Concentration (MBC), it allows to obtain, after 24 hours of incubation at 37 °C, 0.01% of viable bacteria. Its determination began with counting. This consisted of diluting the initial inoculum from 10-1 to 10-4 and inoculating these different dilutions using a calibrated 2 µl loop in 5 cm long streaks, on a GMH then incubating for 24 hours. These Petri dishes were named A. After reading the MICs, the contents of the tubes in which there was no visible growth were used to inoculate the GMH on 5 cm streaks. These Petri dishes are named B. Comparing dishes A and B allowed us to determine the CMB which corresponds to the smallest concentration which has less than 0.01% of viable bacteria compared to the initial inoculum.
The MBC/MIC ratio helped clarify the mode of action of the extracts (Fauchere, 2002). According to Kamanzi (2002), an extract is bactericidal when its MBC is equal to its MIC or if the MBC/MIC ratio is less than or equal to 4. It is said to be bacteriostatic when the MBC/MIC ratio is higher than 4. When this ratio is equal to 32, the strain is said tolerant.
2.5 Phytochemical Screening
The detection of the different chemical compounds in the extracts was carried out by thin-layer chromatography (TLC) according to the method used by Kouadio et al. (2015). This method allows the detection of several groups of secondary metabolites by specific staining, either in the visible or at a given wavelength (N'gaman et al., 2009). A mass of 10 mg of extracts was dissolved in 1 ml of absolute methanol to obtain a 10 mg/ml solution. Ten microliters (10 µl), or 100 µg of this solution, were deposited as a spot on a F254 silica gel plate (stationary phase) using a microcapillary tube. The chromatograms were developed in cells previously saturated with eluent or mobile phase CHCl3-MeOH-H2O (65 :35 :5 v/v/v), then dried. These plates were observed before and after development either in the visible or under a UV lamp at 254 and 366 nm. The frontal ratios (Rf) of the different spots observed are calculated according to the following formula :
   Distance traveled by the compound
Distance traveled by the compound solvent
Rf 
=


2.5.1 Demonstration of Terpenoids and Saponins
These compounds are detected using Godin's reagent. After spraying the plate with Godin's reagent and heating it at 100°C for 10 minutes, the appearance of various colors is noted. In the visible spectrum, the purple and red spots indicate the presence of monoterpenes, and saponins in blue (Lhuillier, 2007).
2.5.2 Demonstration of Alkaloids
After spraying with Dragendorff's reagent and heating the chromatogram at 100°C for 10 minutes, the alkaloids appear as orange spots in the visible spectrum. Polyphenol Detection
After spraying the chromatogram with 10% Folin-Ciocalteu reagent and heating it at 100°C for 10 minutes, the blue spots observed in the visible spectrum indicate the presence of polyphenols (Mallikharjuna et al., 2007).
2.5.3 Flavonoid Detection and Sesquiterpene Lactones
After spraying the chromatogram with 5% (w/v) aluminum chloride (AlCl3) and heating it, the presence of flavonoids is indicated by the yellow spots observed in the visible spectrum or under UV at 366 nm (Lhuillier, 2007). Sesquiterpene lactones are indicated by fluorescence of various colors at 366 nm (Lhuillier, 2007). Coumarin Detection
Basic lead acetate (CH3COO)2 Pb at 5% (w/v) was used for spray chromatogram analysis. Green and blue fluorescence spots under UV at 366 nm indicate the presence of coumarins.
2.5.4 Tannin Detection
The appearance of spots of various colors (blue, green, black), observable in the visible spectrum, after spraying the chromatogram with a 10% FeCl3 solution, indicates the presence of tannins.
 2.5.5 Detection of Anthraquinones and Anthrones
A 5% ethanolic KOH solution was sprayed onto the chromatogram. The red spots observable in the visible spectrum and at 366 nm confirm the presence of anthraquinones. Anthrones, on the other hand, are visible at 366 nm as yellow spots (Dohou et al., 2003).
2.5.6 Statistical Analysis of Results
Analysis of variance (one-way ANOVA) followed by the Tukey test were used to compare the variations in MICs and MBCs, and to verify whether the activity of Terminalia leiocarpa (DC) Baill leaf extracts was statistically influenced by the phenotypes of the bacteria. The results obtained were expressed as means ± standard deviation. Probability values ​​of P < 0.05 were considered statistically significant. R software (R CORE TEAM, 2013) was used to perform these statistical tests.
3. RESULTS
3.1 Antibacterial Activity
Terminalia leiocarpa (DC) Baill leaf extracts were active to varying degrees against all the bacteria studied. This is evidenced by the inhibition diameters obtained, ranging from 30.4 ± 0.0 to 15.01 ± 1.0 mm for the methanol extract and from 32 ± 0.2 mm to 14.1 ± 0.3 mm for the aqueous extract (Figure 1). The largest inhibition zone diameters were observed on Shigella flexneri 392PI21, with 32 ± 0.2 mm for the aqueous extract and 30.4 ± 0.0 mm for the alcoholic extract. This strain, with a phenotype resistant to amoxicillin, ticarcillin, and cefotaxime, was obtained from the stool of an infected patient.
Both extracts produced MICs ranging from 0.078 to 0.625 mg/ml. Minimum bactericidal concentrations (MBCs) also ranged from 0.156 to 1.25 mg/ml for the methanolic extract and from 0.312 to 0.625 mg/ml for the aqueous extract (Table 2). This aqueous extract demonstrated a bactericidal effect on all strains. While the alcoholic extract was bactericidal on 54.54% of the bacteria.
Statistical analysis compared the mean values ​​± standard deviations obtained for the wild-type bacterial strains (E. coli 60Y20, Shigella sp. 550C21, and Salmonella sp. 550C19) and those of the other resistant phenotype bacteria. Analysis of variance showed that the differences observed in MICs and MBCs were not significant at the 0.05% level (Tables 3 and 4 ; P > 0.05).
3.2 Phytochemical Screening
The results of these tests revealed the presence of eight groups of phytoconstituents in both extracts. These include saponins, polyterpenes, polyphenols, catechol and gallic tannins, alkaloids, coumarins, anthocyanins, and flavonoids (Table 5).
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Figure 1 : Activity (mean ± SD) of Terminalia leiocarpa (DC) Baill leaf extracts at 50 mg/ml on      
                                                  Enterobacteriaceae strains.
The same lowercase letters indicate similar activities at the α = 5% threshold.
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Table 2 : Mean values ​​(mean ± SD of three trials) of the antibacterial parameters of Terminalia leiocarpa (DC) Baill leaf extracts on enterobacterial strains.
	                            Methanolic extract (mg/ml)
	Aqueous extract (mg/ml)

	Bacteria
	MICs
	MBCs
	
	 power
	MICs
	MBCs
	
	power

	E. coli 1313C18
	0,078
	0,156
	2
	Bactericide
	0,312
	0,625
	2
	Bactericide

	E. coli 60Y20
	0,156
	0,312
	2
	Bactericide
	0,312
	0,625
	2
	Bactericide

	E. coli 863PI21
	0,078
	1,25
	16
	Bacteriostatic
	0,156
	0,312
	2
	Bactericide

	Shigella sp.311C21
	0,156
	0,625
	4
	Bacteriostatic
	0,312
	0,312
	1
	Bactericide

	Shigella sp.550C21
	0,625
	0,625
	1
	Bactericide
	0,312
	0,312
	1
	Bactericide

	Shigella flexneri 392
	0,156
	0,625
	4
	Bacteriostatic
	0,156
	0,312
	2
	Bactericide

	K.pneumoniae408U20
	0,625
	1,25
	2
	Bactericide
	0,156
	0,312
	2
	Bactericide

	K. pneumoniae911C20
	0,625
	1,25
	2
	Bactericide
	0,156
	0,312
	2
	Bactericide

	Salmonella sp.550C19
	0,625
	1,25
	2
	Bactericide
	0,312
	0,625
	2
	Bactericide

	Salmonella sp.690Y21
	0,312
	1,25
	4
	Bacteriostatic
	0,156
	0,312
	2
	Bactericide

	E. coli ATCC25922
	0,312
	1,25
	4
	Bacteriostatic
	0,312
	0,312
	1
	Bactericide


MIC : minimum inhibitory concentration ; MBC : minimum bactericidal concentration.

[bookmark: _Hlk198466244]Table 3. Comparison of mean values ​​(mean ± SD of three trials) of MIC and MBC of the methanolic extract according to the phenotypes of the bacterial strains.
	Antibacterial parameters
	Wild bacterial strains
	Bacterial strains
ESBL
	P-value

	MIC (mg/ml)
	0,243 ± 2,1
	0,345 ± 2,5
	P > 0,05

	MBC (mg/ml)
	0,7593 ± 1,8
	0,569 ± 2,0
	P > 0,05


MIC : minimum inhibitory concentration ; MBC : minimum bactericidal concentration.

Table 4.  Comparison of mean values ​​(mean ± SD of three tests) of MIC and MBC of the aqueous extract according to the phenotypes of the bacterial strains.
	Antibacterial parameters
	Wild bacterial strains
	Bacterial strains
ESBL
	P-value

	CMI (mg/ml)
CMB (mg/ml)
	0,4685 ± 0,6
0,9575 ± 1,6
	0,3746 ± 1,2
0,6774 ± 0,2
	P > 0,05
P > 0,05


MIC : minimum inhibitory concentration ; MBC : minimum bactericidal concentration.

[bookmark: _GoBack]Table 5. Compounds identified by TLC in aqueous and methanolic extracts of Terminalia leiocarpa (DC) Baill leaves.

	Extracts
	Before revelation
	After revelation
	Possible chemical compounds

	
	
	Godin
	dragend
	Folin
	AlCl3
	FeCl3
	KOH
	

	Metha
nolic

	Rf
	0,67
	0,88
	

0,25
	0,88 
 0,52
	
0,52
0,25
	

0,25
	
0,52
	Saponins, catechol and gallic tannins, polyphenols, coumarins, polyterpenes, anthocyanins, flavonoids, alkaloids

	
	Color
	Blue
	Purple
	

Orange 
	Blue
Blue

	
Yellow
Yellow
	

Black 
	

Yellow 
	

	Aqueous
	Rf
	0,67
	0,87
	
0,52
	0,88
	
0,52
	
0,52
	
0,52
	Saponins, catechol and gallic tannins, polyphenols, coumarins, polyterpenes, anthocyanins, flavonoids, alkaloids

	
	Color
	Blue
	Purple
	
Orange 
	Blue 
	Yellow
	
Black

	
Yellow 
	


Rf : Frontal ratio ; Developing agent : Chloroform / methanol / water (65 :35 :5)

4. DISCUSSION
The antibacterial activity of Terminalia leiocarpa (DC) Baill extracts was evaluated using in vitro growth of ten clinical strains of Enterobacteriaceae, including three wild-type strains, seven strains producing extended-spectrum beta-lactamases, and one reference strain. The tests showed that the methanolic and aqueous extracts were active to varying degrees against all bacterial strains. This is reflected in the differences observed in inhibition diameters, which ranged from 32 ± 0.2 mm to 14.1 ± 0.3 mm. Indeed, by the solid medium diffusion method, an extract is considered active when it induces an inhibition zone greater than or equal to 10 mm (Biyiti, 2004). This is the case of the extracts used in this study. The aqueous extract gave the largest diameter (32 ± 0.2 mm) which inhibited the growth of Shigella flexneri 392PI21 at the concentration of 50 mg/ml. This bacterium is responsible for colic, diarrhea, bacillary dysentery, fevers (Pierre & Marie, 2003). This activity could, therefore, justify the traditional use of T. leiocarpa in the treatment of these conditions (Kone, 2005). The methanolic extract was as active on this same strain with an inhibition diameter of 30.4 ± 0.0 mm at 50 mg/ml. The results obtained with the two types of extracts are almost similar. This suggests that the active compounds responsible for this activity are soluble in these two types of polar solvents. This significant antibacterial activity could be explained by the richness of the Combretaceae family in various constituents, notably tannins, polyphenols, and alkaloids, which confer this property (Bruneton, 1993).
At the MIC and MBC levels, the lowest value at which the inhibitory action of the methanolic extract began to be exerted was 0.078 mg/ml. This value was obtained on E. coli 1313C18 and E. coli 863PI21. It can therefore be said that this extract has a more effective action against these strains involved in diarrhea, urinary tract infections, and neonatal meningitis (Gross et al., 1985). The results corroborate those of Oluronke et al. (2000). Indeed, these authors demonstrated that aqueous and methanolic extracts of Terminalia leiocarpa (DC) Baill possess effective activity against multi-resistant bacteria responsible for opportunistic infections.
The statistical study indicated that the differences observed in the MICs and MBCs of the two categories of strains were not significant. We can therefore say, on the one hand, that the activity of the extracts was not statistically influenced by the phenotypes of the bacteria. On the other hand, these values ​​are certainly different, but they produce the same effects on the bacteria. This suggests a synergy or complementarity between the different chemical constituents responsible for the observed activity.
Furthermore, the aqueous extract was bactericidal against all the bacterial strains subjected to this study, as the MBC/MIC ratios were all less than or equal to 4 (Kamanzi, 2002). This bactericidal power of T. leiocarpa (DC) Baill leaves may partly justify its widespread use in African pharmacopoeia against several pathologies, including those caused by Enterobacteriaceae (Adjanohoun et al., 1989).
A plant identified for a microbial infection is often prescribed in the treatment of several other common pathologies. Its multiple uses are therefore explained by the presence of numerous groups of biologically active chemical compounds that chemical screenings reveal in these organs (Tra Bi, 2008). Indeed, phytochemical investigations have identified eight major groups of chemical compounds, including alkaloids, flavonoids, polyterpenes, saponins, tannins, coumarins, anthocyanins, and polyphenols. These phytoconstituents are at the origin of the pharmacological effects observed with the use of this plant, and consequently, determine its therapeutic interest. Among these compounds, many are recognized for their antibacterial effects; Alkaloids play an important role in biological structures and appear as powerful anticholinergics (Muster, 2004). Their presence in the leaves of T T. leiocarpa (DC) Baill could explain the intervention of this species in the treatment of spasms and pain induced by enterobacteria because according to Jacques (2000), certain alkaloids have a direct activity on the body, reducing spasms and relieving pain. Similarly, flavonoids (flavones and flavonols) are also present in this plant species. These secondary metabolites are known for their protective properties against hormone-dependent diseases (Cimanga et al., 2006). This would explain their anti-edematous effects (in pregnant women) and against hemolytic uremic syndrome caused by certain strains of Shigella. Saponins are also known for their anti-inflammatory, anti-edematous, analgesic, and antibacterial properties (Hoffman, 2003). Their presence would justify the use of this plant in the relief of pathologies such as ulcers, dental caries, headaches, and gonorrhea, which cause excruciating pain. Tannins are known for their antiseptic, bactericidal, and astringent properties (Sepulveda et al., 2011). The treatment of pimples on the skin with the leaves and stem bark of T. leiocarpa (DC) Baill and itching with this same part of the plant, could be due to the tannins, both catechol and gallic. Determining the active ingredients of T. leiocarpa represents an important contribution to the development of beta-lactamase inhibitors. Given that there is currently no inhibitor that can inhibit all classes of beta-lactamases, it would be interesting to explore medicinal plants, an inexhaustible source of plant secondary metabolites.
5. Conclusion
This work confirmed the antibacterial activity of Terminalia leiocarpa (DC) Baill leaves against various strains of Enterobacteriaceae with different phenotypes. Determination of the MIC and MBC values ​​revealed a bactericidal effect of the aqueous extract on all bacterial strains. Furthermore, the major groups of chemical compounds likely responsible for this activity were identified and were more concentrated in both solvents. Given these results, this plant could offer hope for alleviating microbial infections, a real public health threat. It is therefore possible to further ethnopharmacological studies on Terminalia leiocarpa (DC) Baill to confirm the results obtained in vitro by in vivo tests and to carry out toxicity tests.
DISCLAIMER (ARTIFICIAL INTELLIGENCE)
The authors hereby declare that NO generative AI technologies such as large language models (ChatGPT, COPILOT, etc.) and text-to-image generators were used in the development of this manuscript.
ACKNOWLEDGMENTS
We express our deep gratitude to all those who, directly or indirectly, contributed to this work. Particularly, the Department of Bacteriology and Virology of the Institut Pasteur de Côte d'Ivoire (IPCI) and the Department of Phytochemistry of the Swiss Center for Scientific Research of Côte d'Ivoire (CSRS CI) for their material and technical support.

Authors’ contributions
This work was carried out in collaboration with all the authors listed. They participated in every stage of the manuscript development, up to and including the final version. They have therefore read and approved the final manuscript.

REFERENCES
Adjanohoun, E.J., Adjakidje, V., Ahyi, M.R.A., Ake Assi, L., Akoegninou, A., D’almaida, J.,    
              Apovo, F., Bouker, K., Chadare, M. and Cusset G. (1989). - Contribution to  
              ethnobotanical and floristic studies in the People's Republic of Benin, Traditional  
               Medicine and Pharmacopoeia. Paris, Agency for Cultural and Technical Cooperation  
               (ACCT), 894 p.
Bruneton, J. (1993). Pharmacognosy. Phytochemistry. Medicinal Plants. Edition 2, Lavoisier,  
               Paris, 895 p.
Biyiti, L. F., Meko'o D. J. L., Tamzc V. and Amvam zollo, P. H. (2004). Research on the 
              Antibacterial Activity of Four Cameroonian Medicinal Plants. Traditional African   
              Medical Pharmacy. 13 :11-20.
Carroll K. C. et Weinstein M. P. (2007). Manual and automated systems for detection and
                identification of microorganisms. Manual of Clinical Microbiology. Washington  
                D.C., American Society for Microbiology Press.
Cimanga, K., Kambu, K., Tona, L., Hermans, N. (2006). Cytotoxicity and in vitro susceptibility 
              of Entamoeba histolytica to Morinda morindoides (Baker). leaf extracts and its isolated  
              constitute. Journal of Ethnopharmacology, 107(1) : 83-90.   
               DOI:10.1016/j.jep.2006.02.010.
Dohou, N., Yamni K., Tahrouch, S., Idrissi, Hassani, L.M., Badoc, A., Gmira, N. (2003).  
                Phytochemical screening of an endemic Ibero-Moroccan Thymelaea lithroides  
                 Barratte & Murb. Bull Soc Pharm Bordeaux 142(1-4) : 61-78. INIST-CRNS, INIST  
                  code : 697.35 40 00 11036291.0040.
Dosso, M., Faye-kette, H. (2000). Quality control of antibiograms in practice Current:  
                  Experience of the bacteriology laboratory of the Pasteur Institute of Côte d'Ivoire.  
                  Bactériolo Int, special issue: 53 p.
Fauchere, l.l.L., Avril, J.L. (2002). General and medical bacteriology. Editions Ellipses.
                  Paris1, 368 p. http://www.sudoc.fr/069011605.
Gangoue, P.J. (2007). Characterization of beta-lactamases and their inhibition by medicinal  
                  plant extracts. Doctoral thesis in biochemistry. University of Liège. Belgium, 104 p.
Gross, R. J. and Rowe, B., 1985. E. coli diarrhoeae”, Journal Hyg.Camb.1985, 95 : 531-550.
Guessennd, N. (2013). Bacterial resistance to antibiotics in Africa. www.Assiteb_biorif.  
                 com/fr/2a7-résistance-en afrique-brasaville, accessed September 24, 2014.
Hoffman, D. (2003). Medical Herbalism: The Science and Practice of Herbal Medicine. Inner  
                 Traditions, Bear and Company, Rochter, Vermont (USA), 83 p.
INSTITUT PASTEUR. (2014). The Challenge of Infectious Diseases. http:// www.pasteur.fr/ip   
                   /easysite/pasteur/fr/presse/dossiers-de-presse/sante-en-voyage/le-defi-des    
                   maladies-infectieuses, last accessed March 8, 2014.
Jacques, E.P. (2000). Alkaloids. In Michel Albin (Eds). Dictionary of Botany Encyclopaedai  
                    universalis, Paris: 23-26.
Kamanzi, A.K. (2002). Medicinal Plants of Côte d’Ivoire : Phytochemical Investigations
                    Guided by Biological Assays. Doctoral Thesis, University of Cocody, Abidjan,
                    176 p.
Kone, W.M., Kamanzi, A.K., Terreaux, C., Hostettmann, K., Traore, D., Dosso, M. (2004).
                   Traditional Medicine in North Côte d’Ivoire : Screening of 50 Medicinal Plants
                   for Antibacterial Activity. Journal of Ethnopharmacology. 93 : 43-49.
Kone, M.W. (2005). Potential of Medicinal Plants of Côte d'Ivoire in the Control of  
                   Haemoncholia in Sheep. Doctoral thesis, University of Cocody, Abidjan, Côte  
                   d'Ivoire, 224 p.
Kouadio, N.J., Guessennd, N.K., Kone, M.W., Moussa, B., Koffi, Y.M., Guédé, K.B., Yao, K.,  
                     Bakayoko, A., Tra Bi, F.H., Dosso, M. (2015). Evaluation of the activity of  
                     Mallotus oppositifolius (Geisel.) Müll. Arg. (Euphorbiaceae) leaves on multidrug- 
                    resistant bacteria and phytochemical screening. Int. J. Biol. Chem. Sci., 9(3) : 1252-
                    1262. DOI: http://dx.doi.org/10.4314/ijbcs.v9i3.10.
Lhuillier, A. (2007). Contribution to the phytochemical study of four Malagasy plants :
                   Agauria salicifolia Hook. F ex Oliver, Agauria polyphylla Baker (Ericaceae), 
                   Tambourissa trichophylla Baker (Monimiaceae) and Embelia concinna Baker 
                   (Myrsinaceae). France : National Polytechnic Institute of Toulouse ; 214 p.
Mallikharijuna, P.B., Rajanna, L.N., Seetharam, Y.N., Sharanabasappa, G.K. (2007). 
                    Phytochemical studies of Strchnos potatorum L. F. a medical plant. E.J. Chem. 4  
                    (4) : 510-223. DOI : 10.1155/2007/687859.
Muster, D., Lotfi, B.S. (2004). Oral Medical Therapeutics: Means and Methods Published by  
                    Elsevier Masson, 2004 ISBN 2842995651, 9782842995652, 290 p.
N’gaman, K.C.C., Bekro, Y.A., Mamyrbekova-Bekro, J.A., Benie A., Goore B.S. (2009). On  
                    the Secondary Metabolite Composition and Antioxidant Activity of Crude Extracts
                    of Gmelina arborea Roxb. (Verbanaceae) from Côte d’Ivoire, West Africa:Thin  
                    Layer Chromatography Analysis. Eur. J. Sc. Res., 36 (2) : 161–171. 
Oluronke, T., Hong. X.X., Song, F. (2000). Antibacterial Activities of Extracts from Nigerian  
                     Chewing Sticks. Phytoter. Res. 13(8): 675-679. http://www.ncbi.nlm.nih.gov/
                     pubmed/10594937.
WHO. (2008). Cholera, Weekly Epidemiological Record 2008, Geneva, 83: 261-284.
                     (http://www.who.int/wer/2008/wer8331/en/index.htm, accessed July 2009).
WHO. (2024). Bacterial priority pathogens list ; Bacterial pathogens of public health  
                     importance to guid research, development and strategies to prevent and control  
                     antimicrobial resistance. Antimicrobial Resistance Division (AMR), Impact  
                     initiatives and Research Coordination (IRC). 72. ISBN : 978-92-4-009346-1
Pierre and Marie C. (2003). Bacteriology DCEM1 : Faculty of Medicine, University of Paris- 
                      VI. Updated: March 24, 2003. www. Chupsjussen. Fr/ bacterio/ bacterio/index.    
                      Html.
Ponce, A.G., Fritz. R., Del Vallec, Rouras, I. (2003). Antimicrobial activity of essential oils on 
                     the native microflora of organic Swiss chard. Society of Food Science and   
                     technology (Elsevier) 36(7) : 679-684. 
                     DOI: http://dx.doi.org/10.1016/S0023-6438(03)00088-4.
R Core Team. (2013). R : A Language and environment for statistical computing. R foundation 
                     for statistical computing, Vienna, Austria (http: //www. R-project. Org).
Sepulveda, L., Ascacio, A., Rodriguez-Herrera, R., Aguilera-Carbo, A., Aguilar, C.N. (2011). 
                    Ellagic acid: Biological properties and biotechnological development for  
                    Production Process. Afr. J. Biotech., 10 (22) : 4518-4523. 
                     DOI: 10.5897/AJB10.2201
Tra Bi, F.H. (2008). Evaluation of the antifungal activity of fifteen (15) plants from the flora of  
                     Côte d'Ivoire. State doctoral thesis, University of Abobo-Adjame, Abidjan, Côte  
                     d'Ivoire, 122 p.
Traore, K., 2013. Côte d’Ivoire : Traditional medicine valued by 80% of the population.  
                    AFRIK.COM : Côte d'Ivoire – Population. Paris. Updated August 7, 2015.
Zihiri, G., Kra A. (2003). Evaluation of the antifungal activity of Microglossa pirifilia  
                (LARMARCK) O. KUNTZE (Asteraceae) "PYMI" on the in vitro growth of Candida  
                albicans. Rev. Méd. Pharm. Afr, 17, 2003, 11-19.
Extrait aqueux	1313	60	863	311	55	392	408	911	550	690	ATCC	E. coli	Shigella sp.	K.pneumoniae	Salmonella sp.	E. coli	28	16	17	23	20	32	17	14	20	20	17	Extrait méthanolique	1313	60	863	311	55	392	408	911	550	690	ATCC	E. coli	Shigella sp.	K.pneumoniae	Salmonella sp.	E. coli	28	16	15	21	25	30	15	18	27	19	19	Ceftazidime	1313	60	863	311	55	392	408	911	550	690	ATCC	E. coli	Shigella sp.	K.pneumoniae	Salmonella sp.	E. coli	20	17	16	20	23	25	16	16	22	18	20	
Inhibition diameter (mm)




image1.png
40

N
]

Inhibition diameter (mm)
" N
& S

=
°

= Extrait aqueux

® Extrait méthanolique

55 392
Shigella sp.

= Ceftazidime

408 911

K.pneumoniae

Salmonella sp.





Microsoft_Excel_Chart.xls
Chart1

		1313
E. coli		1313
E. coli		1313
E. coli

		60		60		60

		863		863		863

		311		311		311

		55
Shigella sp.		55
Shigella sp.		55
Shigella sp.

		392		392		392

		408
K.pneumoniae		408
K.pneumoniae		408
K.pneumoniae

		911		911		911

		550
Salmonella sp.		550
Salmonella sp.		550
Salmonella sp.

		690		690		690

		ATCC
E. coli		ATCC
E. coli		ATCC
E. coli



Extrait aqueux

Extrait méthanolique

Ceftazidime

Inhibition diameter (mm)

28

28

20

16

16

17

17

15

16

23

21

20

20

25

23

32

30

25

17

15

16

14

18

16

20

27

22

20

19

18

17

19

20



Feuil1

		

						Extrait aqueux		Extrait méthanolique		Ceftazidime

		E. coli		1313		28		28		20

				60		16		16		17

				863		17		15		16

				311		23		21		20

		Shigella sp.		55		20		25		23

				392		32		30		25

		K.pneumoniae		408		17		15		16

				911		14		18		16

		Salmonella sp.		550		20		27		22

				690		20		19		18

		E. coli		ATCC		17		19		20





Feuil1

		



Extrait aqueux

Extrait méthanolique

Ceftazidime




