


PHYTOCHEMICAL SCREENING AND EVALUATION OF THE ANTIMICROBIAL ACTIVITY OF HYDROETHANOLIC EXTRACT FROM THE LEAVES OF ANOGEISSUS LEIOCARPA (DC.) GUILL. & PERR. (COMBRETACEAE) 

ABSTRACT
Background: For centuries, traditional medicine has been a source of reliable, acceptable and affordable healthcare for African populations. Despite the development of modern medicine in subsequent years, this tradition has spread widely from one country to another and from generation to generation. To date, 80% of the continent's population has used traditional medicine to meet their essential health needs.
Aim: The aim of this study was to determine the phytochemical composition and evaluate the antimicrobial activity of the hydroethanolic extract of the leaves of Anogeissus leiocarpa (DC.) Guill. & Perr. (Combretaceae).
Results: Extraction of 30 g of Anogeissus leiocarpa leaf powder obtained yields of 20.66%. The phytochemical screening showed the presence of alkaloids, flavonoids, condensed tannins, hydrolysable tannins, sterols and saponosids. Leaf extracts from Anogeissus leiocarpa contained 174,79±3,31 mg EAG/g polyphenols and had a flavonoid content of 323.87±0.40 mg ER/g. Antimicrobial screening carried out on microbial strains (Staphylococcus aureus, Escherichia coli and Candida albicans) showed inhibition diameters of 25.33±1.73 mm, 24.66±0.57 mm and 32.33±0.57 mm, respectively. The MICs obtained were 1.25 µg/µl, 2.5 µg/µl and 1.25 µg/µl for S. aureus, E. coli and C. albicans, respectively. And then, the MBCs obtained were 2.5 µg/µl, 5 µg/µl and 1.25 µg/µl for S. aureus, E. coli and C. albicans, respectively. 
Conclusion: In view of these results, this plant could offer hope in the treatment of microbial diseases, which pose a real threat to public health.
 Keywords: Anogeissus leiocarpa, phytochemical, total polyphenols and flavonoids, Staphylococcus aureus, Escherichia coli, Candida albicans, inhibition diameters , MIC and MBC. 
1. INTRODUCTION
Traditional medicine has long been a reliable, accessible and affordable form of healthcare for African populations. Although modern medicine has developed over the years, traditional practices have continued to prosper, passed down from country to country and generation to generation (Boulsane et al. 2020). Currently, it is estimated that up to 80% of the continent's population relies on traditional medicine to meet their primary health needs (OMS, 2024). Various methods from different disciplines have been developed for the extraction, identification and quantification of these compounds in numerous medicinal plants (Marc et al. 2004).[3].
Anogeissus leiocarpus has a very wide ecological range. Its distribution in Africa extends from the tropical zone, from Senegal to Ethiopia and south to the Democratic Republic of Congo. It generally thrives in savannahs, dry forests and Sudano-Sahelian to Sudano-Guinean gallery forests, on generally compact (clayey) soils, and tolerates temporary flooding (Maydell, 1983) [4]. All parts of the plant are used, from the leaves to the roots. In Senegal, an infusion or decoction of the leaves, bark and roots of A. Leiocarpus is used as a drink or bath to treat dermatological problems (Sall, 2016)[5]. The decoction of A. leiocarpa leaves is widely used in Benin by local populations to treat various ailments such as diarrhoea and cutaneous infections (Ganfon et al. 2019)[6]. To manage certain symptoms of COVID-19 (cough, fever, body aches) in Cameroon, a decoction made from the plant's bark is used (Fedoung et al. 2021)[7]. In south-eastern Sudan, oral decoctions of the leaf, root bark and stem have been identified in the management of coughs, dysentery and giardiasis (Musa et al. 2011)[8]. The maceration of the inflorescence of A. leiocarpa is used by the populations of south-eastern Sudan to treat diabetes, dysentery and malaria (Suleiman, 2015)[9]. The decoction of the leaves and stem is used particularly in Ghana to treat diabetes mellitus (Adinortey et al. 2019)[10]. The maceration of leaves, ingested orally and applied locally to the affected wound once a day for three days in northern Côte d'Ivoire, treats intestinal worms, gastrointestinal disorders, malaria and animal bites, respectively (Issa et al. 2018, Koné et al. 2008) [11 ,12]. The decoction of the fleshy roots is used to heal labour pains in Côte d'Ivoire and wounds in Burkina Faso.In Nigeria, to treat amenorrhoea, dysmenorrhoea, menorrhagia, oligomenorrhoea and postpartum problems that are frequently reported in maternity hospitals, a decoction made from the bark of the trunk is used as a remedy (Kadiri et al. 2015)[13].In Nigeria, to cure viral infections such as monkeypox, polio, meningitis, and yellow fever, people consume two to three cups three times a day of a mixture of leaf, stem bark, and root decoction plus red potash (Abubakar et al. 2022) [14]. Also in Nigeria, for the treatment of snake venom, oral decoction and topical application of the bark from the trunk is a powerful remedy. In Nigeria, bark, leaves, stems and roots in macerated or powdered form are used to treat cancers of the breast, head, neck and skin (Malami et al. 2020) [15].
Phytochemicals are important because they play a role in the exertion of the medicinal properties of A. Leiocarpa, such as an antibacterial, antifungal, antihelminthic, antioxidant, antidiabetic, anti-ulcer, antimalarial, antihypertensive, antinociceptive and antipyretic, antiprotozoal, antitumour (Ganfon et al. 2019) , Batawila et al. 2005 , Agaie et al. 2007, Dembele et al. 2017, Esievo et al. 2023, Tagne et al. 2022 ; Ohashi et al. 2018, Belemnaba et al. 2021, Idakwoji et al. 2019, Garbi et al. 2019 and Hassana et al. 2018)    [6,16,17,18,19, 20, 21, 22, 23, 24, and 25] and aphrodisiac, boosting fertility, Enzyme inhibitory, hepatoprotective and nephroprotective (Ademosun et al. 2019, Ahmed et al. 2020, Orlando et al. 2019 and Elhusain et al. 2019)  [26, 27, 28 and 29]. An acute toxicity study conducted on Anogeissus leiocarpus leaf extract in NMRI mice revealed 100% mortality at a dose of 3500 mg/kg, and the LD 50 of the extract was estimated at 2303. 6 mg/kg of live animal weight after 72 hours of oral administration of the product. These mice presented with asthenia and loss of appetite as symptoms of intoxication (Waterman et al. 2015) [30]. Another acute toxicity study revealed no mortality or signs of toxicity up to a dose of 5000 mg/kg of aqueous extract of Anogeissus leiocarpus leaves. The oral LD 50 of the extract was therefore estimated to be > 5000 mg/kg (Waterman et al. 2015).
Several studies indicate that bark is the most harvested organ, which poses a risk to regeneration if management is not sustainable.
In a process of reverse pharmacology, the present preliminary studies on phytochemistry and antimicrobial activity of leaves of A. Leiocarpa have been carried out.
2. MATERIAL AND METHODS
2.1. Plant material 
Fresh samples of A. Leiocarpa (leaves) were collected in April 2024 in the district of Sindia in the department of Rufisque (Dakar region, Senegal). It has the number 064 in the department's herbarium. The identification and authentication of the leaves were done at the Department of Pharmacognosy and Botany (Pr William Diatta, Botanist) and dried in a ventilated room away from light at room temperature before being ground using an electric grinder.
2.2. Biological material
The biological material consisted of two bacterial strains (Staphylococcus aureus M20002L-15 and Escherichia coli 35218 M20002K-9) and one fungal strain (Candida albicans : clinical fungal strain) from the Bacteriology and Parasitology Laboratory at the Fann Dakar University Hospital Center.The culture milieus and antimicrobial standards used are Mueller-Hinton, Sabouraud, Cefixime and Fluconazole.
2.3. Extract preparation
A weight (30 gms) were extracted by decoction under reflux for 30 min with 500 mL of the ethanol-water mixture (80/20; v/v). The extract thus obtained was evaporated using a rotary evaporator to give a pasty residue, which was dried in a ventilated oven at 45°C for 48 h to obtain a dry extract for use in phytochemical tests.
The hydro-ethanolic extract of Anogeissus leiocarpa leaves was prepared in dimethyl sulfoxide (DMSO) at a base concentration of 40 µg/µl. After solubilisation, this solution was used to evaluate antimicrobial activity.
2.4. Phytochemical screening 
The leaves extract were prepared for the screening of alkaloids, condensed tannins, hydrolysable tannins, sterols and triterpenes, cardiotonic heterosides, Anthracene heterosides, saponosids, flavonoids and polyphenols (Bassène, 2012).[31].
2.5. Determination of Total Phenolic and Total Flavonoid Content 
The total phenolic content of leaves extract was determined by the Folin-Ciocalteu method (Singleton et al. 1999)[32]. The hydroethanolic extract was processed in triplicate (n=3) by mixing 200 μl of sample in each test tube, adding 100 μl of Folin-Ciocalteu reagent and 1700 μl of 2.36% Na₂CO₃. The tubes were then vortexed for 10 seconds and incubated at 45°C for 45 minutes. The absorbance was measured at 760 nm against a blank (distilled water). A standard calibration curve was plotted using gallic acid (0–14 μg/ml). The results were expressed as mg of gallic acid equivalents (GAE)/ g of extract leaves weight.
The total flavonoid content was determined according to the Zhishen et al., (1999) method [33]. 400 µl of extract (or standard or distilled water for the control) is placed in a glass haemolysis tube with 120 µl of 10% AlCl3 and the medium is vortexed. After 6 minutes, 800 µl of 1 M NaOH was added to the medium. The absorbance was read immediately at 510 nm against the control. Rutin was used as reference compound to produce the standard curve, and the results were expressed as mg of rutin equivalents (RE)/ g of extract leaves weight.
2.6.  Antimicrobial screening
Screening was performed using the well diffusion test according to the method described by Valgas et al. (2007) [34]. An inoculum with a density of 0.5 McFarland was prepared in saline solution (0.85% NaCl) from reference strains (S. aureus M20002L-15, E. coli 35218 M20002K-9) and a clinical strain of C. albicans (18–24 h). MH Petri dishes (90 mm) were inoculated according to CA-SFM recommendations (2022). Wells (30 µl) containing extracts solubilised in DMSO (40 µg/µl) were added, and the dishes were incubated at 37°C for 24 hours. Antimicrobial activity was assessed by measuring the mean diameters of the inhibition zones (± standard deviation). The assays were performed in quadruplicates and inhibition zone was also compared with Cefixime and Fluconazole as a reference standard.
2.7. Determination of antimicrobial activity
2.7.1. Determination of the minimum inhibitory concentration (MIC)
The minimum inhibitory concentration (MIC) was determined by the microdilution method in accordance with CLSI recommendations (CLSI, 2023)[35]. MH broth was used as the culture medium for the bacterial strains, and Sabouraud broth for the fungal strain. Inocula with a density of 0.5 McFarland were prepared from fresh cultures (< 24 h) of S. aureus, E. coli and C. albicans. From a stock solution of extract (40 µg/µl in DMSO), a series of successive dilutions was performed on 7 wells of a 96-well microplate (50 µl/well), then supplemented with 150 µl of MH broth (0.5 McF), giving final concentrations between 40 and 0.625 µg/µl. The tests were performed in triplicate (n = 3). Cefixime and fluconazole were used as standards, while DMSO was used as a negative control. After incubation at 37°C for 4 hours, 20 µl of an INT solution (iodonitrotetrazolium violet, 0.2 mg/ml, Sigma) was added to each well, followed by a further 1-hour incubation. The MIC was defined as the lowest concentration of extract that did not produce a purple colour.
2.7.2. Determination of the minimum bactericidal concentration (MBC)
The MBC was determined by inoculating wells from the MIC test into Mueller-Hinton agar, followed by incubation at 37°C (18–24 hours). It corresponds to the lowest concentration inhibiting all growth. The MBC/MIC ratio was used to distinguish between bactericidal (≤ 4) and bacteriostatic (> 4) effects; a ratio of 32 indicates tolerance of the strain (Fauchere et Avril, 2002  and Kamanzi, 2002). [36,37].
2.8. Statistical analysis:
The statistical processing of the data obtained from all studies is expressed as Mean ± standard deviation (SD) of three separate experiments using the computer programme Excel.

3. RESULTS AND DISCUSSION
3.1. Results
3.1.1. Phytochemicals screening
The phytochemical screening carried out on the hydroethanol extracts of the plants gave the results shown in Table 1.
Table 1. Phytochemical screening on the hydroethanol extracts A. leiocarpa
	Phytochemical constituents
	Anogeissus leiocarpa

	Flavonoids
	+

	Condensed tannins
	+

	Alkaloids
	+

	Sterols
	+

	Hydrolysables Tannins
	+

	Cardiotonic heterosid
	-

	Anthracene heterosid
	-

	Terpenoids
	+

	Saponins
	+


(+): detected et (-): not detected
3.1.2. Results of Total Phenolic and Total Flavonoid Content
The hydroethanol extract from Anogeissus leiocarpa have polyphenol contents 174,79±3,31 mg EAG/g and. 323,87±0,40 mg ER/g from flavonoid contents.
3.1.3. Antimicrobial screening
Antimicrobial screening yielded the results shown in Table 2.
Table 2. Diameters of the extract's inhibition zones against bacterial strains and fungal strains.
	
	
	Inhibition zone diameters (mm)

	Microbial strains
	Test 1
	Test 2
	Test 3
	Averages

	
Bacterials
	S.aureus M20002L-15
	24
	27
	25
	25,33±1,73

	
	E.coli 35218 M20002K-9
	25
	24
	25
	24,66±0,57

	Yeast
	Candida albicans
	33
	32
	32
	32,33±0,57







Figures 1 shows the screening of antibacterial and antifungal activity.
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Figure 1. The screening of antibacterial and antifungal activity.
3.1.4. Determination of MIC and MBC
The results of the antimicrobial parameters (MIC and MBC) and the determination of the MBC/MIC ratio of the hydro-ethanolic extract of Anogeissus leiocarpus leaves are shown in Table 3.
Table 3. Sensitivity of germs to hydro-ethanolic extract.
	Microbial strains
	MIC  (µg/µl)
	MBC  (µg/µl)
	MBC/MIC (µg/µl)
	Powers

	S.aureus M20002L-15
	1,25
	2,5
	2
	Bactericide

	E.coli 35218 M20002K-9
	2,5
	5
	2
	Bactericide

	Candida albicans
	1,25
	1,25
	1
	Fungicide



3.2. DISCUSSION
The extraction of bioactive compounds from plants is the first step in their application in various fields (Sarr, 2016).[38]. This process is influenced by the extraction method and the choice of solvents, which are selected based on the phytochemical compounds of interest, in order to optimize both yield and bioactive compound content.
Ethanol, commonly used for the extraction of active substances from plants, is a polar solvent (Ademosun et al. 2019).[26]. It is capable of extracting both hydrophilic compounds (e.g., polyphenols) and certain apolar lipophilic compounds (such as genins and terpenes). Water also represents an effective solvent for polar phytochemicals, particularly flavonoids and tannins, which are polyphenolic constituents. The choice of solvent may therefore significantly influence the pharmacological activities of plant extracts.
The extraction of 30 g of Anogeissus leiocarpa leaf powder yielded 6.2 g of dry extract (yield: 20.66%), which was higher than that reported by Diatta et al. (2022) [39] (6.5%) using aqueous maceration of the bark, leaves and roots. Our results were higher than that reported by Bazie et al. (2022) [40] (5%) using leaves powder of A. leiocarpus.
Characterisation reactions carried out on the hydro-ethanolic extract revealed the presence of important chemical families such as polyphenols (flavonoids and tannins), alkaloids, saponosides, sterols and triterpenes (Table 1). However, anthracene glycosides and cardiotonic glycosides were absent in the hydroethanolic extract of A. leiocarpa leaves. However, anthracene glycosides and cardiotonic glycosides were absent in the hydroethanolic extract of A. leiocarpa leaves. Musa et al., (2025) [41] identified cardiotonic glycosides in A. leiocarpa leaf methanolic and aqueous extract. In another study, the aqueous and hydroethanolic extract of A. leiocarpa leaves showed tannins, alkaloids, flavonoïds, saponins and terpenoïdes, were identified (Usman et al. 2020) [42]. The same author did not find tannins, flavonoids, or saponins in dichloromethane and hexane extracts from the leaves of A leiocarpa (Usman et al. 2020) [42]. The study of Namadina et al., (2019) [6] revealed the presence of flavonoids, alkaloids, saponosides, sterols and triterpenes, cardiotonic glycosides and carbohydrate in the aqueus and methanol extracts of stem bark of A leiocarpa .Malgwi et al. (2024) [43] confirmed that found cardiotonic glycosides in the in the aqueous and methanol extracts of root of A leiocarpa
Quantitative analysis of phenolic compounds enabled the total phenol content of the samples to be estimated using the Folin-Ciocalteu method. The hydro-ethanolic extract thus had a total polyphenol content of 174.79 ± 3.31 mg EAG/g and 323,87±0,40 mg ER/g from flavonoid contents. The total phenolic content and flavonoid contents of the leaves hydroethanolic and aqueous extract of A. leiocarpa was reported by the author as 608.41 and 558.25 mgEAG/g ; 539.6 and 388 :95 mgEQ/g respectively (Ouattara  et al. 2024).[44]. These results are largely superior to those of our study.Our results are largely superior to Motta et al. (2021) [45] that found 75.5 mgEAG/g and 42.5 mgER/g of total phenols and flavonoids respectively in the total extract of root of A. leiocarpa. Namadina et al. (2019) found a lower flavonoid content than our results (223 mg/g) in the total extract of A. leiocarpa roots (Ganfon et al. 2019) [6]. According to Bazie et al. (2022) [40], the leaves of A. leiocarpus yielded a total flavonoid content of 458.759 ± 27.773 mgEQ/g of colouring powder. these results were superior to our findings.
This study confirms that Anogeissus leiocarpa contains phenolic compounds. It also supports our previous investigations, which focused on identifying secondary metabolites in hydroethanolic and aqueous extracts of A. leiocarpa. Through the triphytochemical method, the presence of phenolic compounds, tannins, saponins, sterols, terpenes, and alkaloids was demonstrated. Moreover, the study highlights variations in the levels of phenolic compounds and flavonoids.
The results of the antibacterial activities of aqueous and methanolic stem bark extracts of Anogeissus leiocarpa against diameter zone of inhibition of test isolates is shown in Table 2. The effect of EHE on the diameter zone of inhibition of E. coli ranged from 24,66±0,57, S. aureus ranged from 25,33±1,73 and C. albicans ranged from 32,33±0,57. Usman et al. (2020) [42] found comparable results for E. coli (23 mm) and C. albicans (25 mm) on the ethanolic extract of A. leiocarpa stem bark. However, they found a zero inhibition zone for S. aureus for aqueous and ethanolic extracts from stem bark. At concentrations of 200 mg/ml, the aqueous extract of A. leiocarpa roots showed inhibition zones of 20 mm for S. aureus, 24 mm for E. coli and 28 mm for yeasts . These results corroborated our findings (Malgwi et al. 2024) [43]. The methanol leaf extract was active against clinical isolates K. pneumoniae, P. aeruginosa, P. vulgaris, and S. aureus by disc diffusion method (18.27 ± 0.12 mm to 24.58 ± 0.13 mm) (Edewor  et al. 2016) [46].Ali and Bukar (2019) [47].  showed ethanol extracts of A. leiocarpus possessed better antimicrobial activity among the extracts tested with zone diameter of 24.0±2.00mm at 2000μg/ml concentration against S. aureus. The activity of ethanol extract of A. leiocarpus at 2000 μg/ml against E. coli was 20.0+0.0 mm. These results are similar to our studies.
The results of the antimicrobial parameters (MIC and MBC) and the determination of the MBC/MIC ratio of the hydro-ethanolic extract of Anogeissus leiocarpus leaves are shown in Table 3. MIC values between 0.213 and 5.0 μg/mL were reported for the terpene-containing stem bark fractions when tested against strains of E. coli and P. aeruginosa, and S. aureus. These results are similar to our studies (Adekunle  et al. 2024).[48].Muhammad et al. (2022) [49] obtained from the plant's stem bark was evaluated against strains of respiratory tract infectious microorganisms including E. coli, K. pneumoniae, K. oxytoca, K. ozaenae, and Pantoea agglomerans by disc diffusion and Epsilometer test (E- test) assays E. coli, Klebsiella spp., and P. agglomerans were susceptible to aqueous and butanol extracts (zones of inhibition: 17–23 mm; MIC: 100 mg/mL; MBC: 200 mg/mL). These result were largely superior than our studies. Olayé et al. (2020) [50] had found in the ethanol extract of root of A. leiocarpa that MICs and MBCs ranged from 0.195 to 12,500 mg/mL against the most active on Gram +, Gram - and C. albicans.
The antibacterial activity of the hydroethanolic extract revealed that the organisms tested were all sensitive. The inhibition of microbes by these secondary metabolites suggests their potential in treating diseases caused by these organisms.
In fine, the susceptibility of these microbes to the extracts of these plants may be a pointer to their potentials as drugs that can be used against these organisms.
4. CONCLUSION
The present study shows that leaves of A. leiocarpa contain a variety of chemical compounds that justify their use phytotherapy and Ethnomedicine. The presence of phenolic compounds in the leaves of this plant could be interesting in terms of its antioxidant potential in the fight against cancer and neurodegenerative diseases. These phytochemicals demonstrated notable antibacterial activity against yeast, E. coli, and Staphylococcus aureus, suggesting that A. leiocarpus could be effective in the treatment of certain microbial strains. A. leiocarpa is rich in bioactive compounds such as flavonoids, tannins, alkaloids, saponins, and phenolics, which contributes to their antimicrobial properties.
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