Review Article
Phytochemical profile and anti-MRSA potential of West African flora: systematic review of efficacy, toxicity and molecular mechanisms (2000-2025) 
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ABSTRACT 
	Methicillin resistance in Staphylococcus aureus is increasing and poses a serious threat to healthcare. This threat is particularly relevant to West African countries, where the circulation of multi-resistant pathogens and limited access to advanced antibiotics only serve to reinforce this threat. This systematic review presents the phytochemical diversity and anti-MRSA efficacy of West African flora studied between 2000 and 2025. A total of 49 species belonging to 22 botanical families were identified in seven countries in the western part of the African continent. The Combretaceae, Fabaceae and Euphorbiaceae families proved to be the most important taxa, with species such as Terminalia avicennioides demonstrating exceptional potency (MIC as low as 0.0182 mg/mL). Phytochemistry reveals the presence of polyphenols, alkaloids, terpenoids and volatile compounds. These act through various mechanisms, including cell wall disruption, DNA intercalation and energy metabolism inhibition. These mechanisms allow the standard resistance pathways of staphylococci to be bypassed. While traditional medicinal knowledge provides a solid starting point, the study identifies significant methodological variability in extraction protocols, which constitutes an obstacle to clinical standardisation. These results highlight the high potential of sub-regional biodiversity for the discovery of a new molecular arsenal for the development of anti-MRSA phytomedicines.
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1. INTRODUCTION

The prevalence of methicillin-resistant Staphylococcus aureus (MRSA) is now a major health threat, particularly in sub-Saharan Africa, where mortality linked to antibiotic resistance is the most critical worldwide (Murray et al., 2022). In the West African context, this challenge is exacerbated by the circulation of multi-resistant pathogens and limited access to third-generation antibiotics (Ghali-Mohammed et al., 2023). This acute biological pressure calls for a rigorous scientific reassessment of the regional pharmacopoeia, which remains the primary healthcare resource in the majority of West African countries such asNigeria and Benin (Dougnon et al., 2021). As highlighted by Okwu et al., (2019) and supported by Lawal et al., (2022). West African flora offers immense bioprospecting potential for the discovery of phytomedicines. The abundance of secondary metabolites, such as phenols and tannins, is the result of evolutionary adaptation to the severe environmental stresses of the Sahelian and tropical zones. This gives these compounds unique antimicrobial properties.
The therapeutic efficacy of these botanical resources is based on their rich chemical diversity. The molecular synergy of the active ingredients is the source of this efficacy, allowing several bacterial sites to be targeted simultaneously (Caesar & Cech, 2019). This complex mechanism offers a strategic advantage over synthetic monotherapies with isolated compounds, as it significantly limits the emergence of chromosomal resistance in pathogens (Millar et al., 2021). Recent studies on regional pharmacopoeia confirm that this "entourage effect" is crucial for maintaining bactericidal activity where isolated molecules fail (Moiketsi et al., 2023).
Sale et al., (2023), emphasised that West African medicinal plants frequently induce disturbances in bacterial homeostasis. Two pathways are responsible for this disturbance: membrane destabilisation and enzyme inhibition. Mechanisms confirmed by recent studies show a breakdown in cell wall integrity (Bhardwaj & Bhatia, 2023). Conventional antibiotics are still confronted with the mecA gene, which is generally not the case with phytochemical complexes due to their "polypharmacological" effect capable of modulating the expression of penicillin-binding proteins (Francis et al., 2019). The combined presence of alkaloids and polyphenols in bark extracts can significantly reduce the minimum inhibitory concentration (MIC) required to stop staphylococcal growth. This constitutes a synergistic phenomenon that remains the cornerstone of current research on phytomedicines (Cardenas & Çiçek, 2023).
In line with the scope of this systematic review, the objectives are defined as follows:
· To establish the phytochemical profile of West African flora in relation to its anti-MRSA activity between 2000 and 2025, with cataloguing of key families. 
· To evaluate the anti-MRSA potential and efficacy of secondary metabolites by synthesising quantitative data on minimum inhibitory concentrations (MIC) and bactericidal kinetics (CMB/MIC) from crude extracts and isolated fractions.
· Elucidate the molecular mechanisms involved in anti-SARM activities 
· Evaluate the toxicity and safety profiles of these phytomedicines, identifying critical gaps in current methodological approaches to facilitate the transition from ethno-medical use to standardised clinical therapies.

2. RESEARCH methodology 

The following systematic approach was used to ensure a rigorous and reproducible synthesis of data.
2.1. Documentary research strategy
An exhaustive search was conducted in international and regional electronic databases, including PubMed, ScienceDirect, Google Scholar, African Journals OnLine (AJOL) and the institutional repositories of West African universities. The search terms used were combinations of "MRSA", "West Africa", "medicinal plants", "antibacterial", "phytochemistry" and specific country names. The period covered was that of articles published between January 2000 and December 2025.
2.2. Inclusion and exclusion criteria
· Inclusion: peer-reviewed studies testing plant extracts specifically against methicillin-resistant Staphylococcus aureus (clinical strains or ATCC); studies providing quantitative data (Minimum Inhibitory Concentration (MIC), Zone Of Inhibition (ZOI) or Minimum Bactericidal Concentration (MBC)).
· Exclusion: studies focusing solely on methicillin-sensitive Staphylococcus aureus (MSSA); abstracts without access to the full text.
2.3. Article selection process
The selection followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines:
· Identification: initial records identified by searching databases.
· Selection: removal of duplicates and selection of titles/abstracts.
· Eligibility: assessment of the full text of the remaining articles against the inclusion criteria.
· Final selection: identification of main species and datasets for the 16 target countries.
2.4. Data extraction
Data were extracted into a standardised table including the name of the botanical family and species, the part of the plant used and the extraction solvent, quantitative results (MIC in mg/mL, CMB/MIC ratio) and isolated bioactive compounds.
2.5. Data analysis and synthesis
A narrative synthesis was performed, classifying plants according to their regional distribution and chemical classes. A quantitative comparison was performed by converting all potency measurements to mg/mL.

3. results and discussion
3.1. Preliminary results
The flowchart in Table 1 details the systematic review process. It was drawn up in accordance with the PRISMA guidelines to ensure the transparency and reproducibility of this review. The search was conducted in international and regional databases covering the period 2000–2025. The procedure enabled publications to be filtered according to strict eligibility criteria, resulting in the final inclusion of 49 scientific articles. These studies form the basis for the analysis of the phytochemical profile and anti-MRSA potential of West African plant species presented in this study. 
Table 1: PRISMA flow chart detailing the selection stages for studies on the phytochemical profile and anti-MRSA potential of West African flora (2000–2025).
	Step
	Process
	Number of studies (n)

	IDENTIFICATION
	Studies identified via databases (PubMed, ScienceDirect, Google Scholar, African Journals OnLine [AJOL] and institutional repositories).
	n = 1245

	
	Additional studies identified via other sources.
	n = 12

	
	Total after removal of duplicates.
	n = 876

	SELECTION
	Studies selected on the basis of title and abstract.
	n = 876

	
	Studies excluded after reading the titles/abstracts.
	n = 712

	ELIGIBILITY
	Full-text articles assessed for eligibility according to inclusion criteria (peer-reviewed studies, specific anti-MRSA tests, quantitative MIC/MBC data).
	n = 164

	
	Full-text articles excluded with reasons:
	n = 115

	
	• Not specifically addressing MRSA
	(n = 58)

	
	• Non-quantitative methodology (no MIC/MBC)
	(n = 34)

	
	• Outside the geographical area (West Africa)
	(n = 14)

	
	• Duplicates not previously detected
	(n = 9)

	INCLUSION
	Studies included in the qualitative synthesis (covering the identification of 49 plant species).
	n = 49


3.2. West African medicinal plants with anti-MRSA activity
The systematic review of the West African region identified a total of 49 species belonging to 22 botanical families, distributed across 7 countries (Benin, Burkina Faso, Cape Verde, Ivory Coast, Ghana, Nigeria and Togo). Table 2 presents a comprehensive selection of these plants, with details on their geographical origin, extraction solvents, identified phytochemical compounds and comparative efficacy as demonstrated in in vitro studies. 






Table 2: Selective list of West African medicinal plants with anti-MRSA activity (2000-2025)
	Families
	Species (parts of the plant)
	Solvents/extraction methods
	Nature of extracts
	MIC (mg/mL)
	MBC/MIC(mg/mL)
	Identified compounds
	Country of origin
	References

	Combretaceae
	Combretum collinum (leaves)
	50% ethanol (maceration)
	Hydroethanolic extracts
	1.25
	>2.5
	Myricetin-3-O-rhamnoside,
Myricetin-3-O-glucoside,
Myricetin
	Benin
	
(Marquardt et al., 2020)

	Combretaceae
	Combretum collinum (leaves)
	Water (infusion)
	Aqueous extracts
	2.5
	>2.5
	Flavonoids C-glycosides, phenolic acids
	Benin
	(Marquardt et al., 2020)

	Asteraceae
	Acanthospermum hispidum
(Aerial parts)
	Maceration
Solvent: ethanol/water (6:4)
	Hydroethanolic extract
	<0.128 mg/mL
	Ratio: ≈2
(Bactericidal)
	Flavanone, stigmasterol,
Quercetin
	Benin
	(Houngbèmè et al., 2015)

	Fabaceae
	Caesalpinia bonduc
(Leaves/Roots)
	Maceration
Solvent: ethanol/water
	Hydroethanolic extract
	<0.128 mg/mL
	Ratio: ≈2
(Bactericidal)
	Homoisoflavonoids,
Cassane-type diterpenes
	Benin
	(Houngbèmè et al., 2015)

	Bombacaceae
	Adansonia digitata (trunk bark)
	Methanol
	Crude extract
	1.25
	2.5
	Flavonoids, tannins, steroids, terpenoids, alkaloids , saponosides
	Benin
	(Lagnika et al., 2012)

	Bombacaceae
	Adansonia digitata (trunk bark)
	Hydroethanolic (ethanol/water)
	Crude extract
	1.25
	2.5
	Flavonoids, tannins, steroids, terpenoids, alkaloids, saponosides
	Benin
	(Lagnika et al., 2012)

	Verbenaceae
	Vitex doniana (leaves)
	Methanol
	Crude extract
	2.5
	5.0
	Flavonoids, tannins, steroids, terpenoids, alkaloids, saponosides, anthracenes
	Benin
	(Lagnika et al., 2012)

	Verbenaceae
	Vitex doniana (leaves)
	Hydroethanolic (ethanol/water)
	Crude extract
	2.5
	5.0
	Flavonoids, tannins, steroids, terpenoids, alkaloids, saponosides, anthracenes
	Benin
	(Lagnika et al., 2012)

	Asteraceae
	Acmella uliginosa (leaves/flowers)
	Methanol
	Crude extract
	1.25
	2.5
	Flavonoids, tannins, saponins, alkaloids, mucilages, reducing sugars
	Benin
	(Lagnika et al., 2016)

	Asteraceae
	Acmella uliginosa (leaves/flowers)
	Aqueous (water)
	Crude extract
	2.5
	5
	Flavonoids, tannins, saponins, mucilage, reducing sugars
	Benin
	(Lagnika et al., 2016)

	Annonaceae
	Uvaria chamae (roots)
	Ethanol (maceration)
	Crude extract
	0.625 – 1.25
	1.25 – 2.5
	Chalcones, dihydrochalcones
	Benin
	(Koudokpon et al., 2018)

	Capparidaceae
	Crateva adansonii (leaves)
	Ethanol (maceration)
	Crude extract
	1.25
	2.5
	Flavonoids, alkaloids, tannins, saponins, steroids, anthracene derivatives
	Benin
	(Mignanwandé et al., 2020)

	Lythraceae 
	Lawsonia inermis (leaves)
	Water (decoction)
	Freeze-dried powder
	0.31
	0.62
	Coumarins, steroids, terpenoids, saponins
	Burkina Faso
	(Youl et al., 2024)

	Lythraceae 
	Lawsonia inermis (leaves)
	Ethanol (maceration)
	Freeze-dried powder
	1.25
	2.5
	Flavonoids, alkaloids, tannins, quinones
	Burkina Faso
	(Youl et al., 2024)

	Rubiaceae 
	Mitragyna inermis (leaves)
	Ethanol (maceration)
	Crude extract
	0.39
	0.78
	Not specified in the summary table
	Burkina Faso
	(Traoré et al., 2021)

	Poaceae 
	Vetiveria nigritana (roots)
	Ethanol (maceration)
	Crude extract
	0.39
	1.56
	Not specified in the summary table
	Burkina Faso
	(Traoré et al., 2021)

	Fabaceae 
	Indigofera colutea (leafy stems)
	Methanol (maceration)
	Crude extract
	2.5
	5
	Sterols, triterpenes
	Burkina Faso
	(Bakasso, 2009)

	Fabaceae
	Indigofera nigritana (leafy stems)
	Methanol (maceration)
	Crude extract
	2.5
	5.0
	Flavonols, tannins
	Burkina Faso
	(Bakasso, 2009)

	Malvaceae
	Cienfuegosia digitata (whole plant)
	10% DMSO/water
	Alkaloid compounds
	0.0625 – 0.125
	0.125 – 0.5
	Alkaloids
	Burkina Faso
	(Konaté et al., 2012)

	Lamiaceae
	Lavandula rotundifolia
(Aerial parts)
	Hydrodistillation / Maceration
	Essential oil and methanolic extract
	0.32–0.64
	Ratio: 1-2
(Bactericidal)
	1,8-cineole, camphor,
fenchone, flavonoids
	Cape Verde
	(Romeiras et al., 2023)

	Combretaceae
	Terminalia ivorensis (bark of the trunk)
	70% ethanol (maceration)
	Crude extract
	0.156 – 13.33
	0.312 – 26.66
	Tannins, saponins, flavonoids, terpenes/sterols, coumarins, polyphenols, alkaloids
	Ivory Coast
	(Coulibaly et al., 2014)

	Fabaceae 
	Indigofera colutea (leafy stems)
	Methanol (maceration)
	Crude extract
	2.5
	5
	Sterols, triterpenes
	Burkina Faso
	(Bakasso, 2009)

	Combretaceae
	Terminalia ivorensis (bark from the trunk)
	70% ethanol (maceration)
	Crude extract
	0.156 – 13.33
	0.312–26.66
	Tannins, saponins, flavonoids, terpenes/sterols, coumarins, polyphenols, alkaloids
	Ivory Coast
	(Coulibaly et al., 2014)

	Combretaceae
	Terminalia ivorensis (bark from the trunk)
	Aqueous (decoction)
	Raw extract
	0.83 – 16.67
	1.66–33.34
	Tannins, saponins, flavonoids, terpenes/sterols, coumarins, polyphenols
	Ivory Coast
	(Coulibaly et al., 2014)

	Euphorbiaceae
	Mallotus oppositifolius (leaves)
	70% Methanol (maceration)
	Crude extract
	0.78
	0.78
	Saponins, tannins, flavonoids, alkaloids, coumarins, polyphenols
	Ivory Coast
	(Kouadio et al., 2015)

	Euphorbiaceae
	Mallotus oppositifolius (leaves)
	Aqueous (maceration)
	Crude extract
	1.56
	3.12
	Saponins, tannins, flavonoids, alkaloids, coumarins, polyphenols
	Ivory Coast
	(Kouadio et al., 2015)

	Combretaceae
	Terminalia ivorensis (bark)
	80% ethanol (maceration)
	Dried crude extract
	0.125
	0.5
	Terpenoids, saponins
	Ghana
	(Hoffman et al., 2004)

	Euphorbiaceae
	Alchornea cordifolia (leaves)
	80% ethanol (maceration)
	Dried crude extract
	0.5
	1.0
	Tannins, flavonoids
	Ghana
	(Hoffman et al., 2004)

	Sapindaceae
	Paullinia pinnata (leaves)
	80% ethanol (maceration)
	Dried crude extract
	0.5
	1.0
	Polyphenols
	Ghana
	(Hoffman et al., 2004)

	Asteraceae
	Ageratum conyzoides (whole plant)
	80% ethanol (maceration)
	Dried crude extract
	1.0
	>1.0
	Flavonoids
	Ghana
	(Hoffman et al., 2004)

	Rubiaceae
	Morinda lucida (leaves)
	80% ethanol (maceration)
	Dried crude extract
	1.0
	>1.0
	Anthraquinones
	Ghana
	(Hoffman et al., 2004)

	Asclepiadaceae
	Cryptolepis sanguinolenta (root)
	Chloroform, ethanol, water
	Powdered extract
	25
	25–50
	Cryptolepine (alkaloid)
	Ghana
	(Pesewu et al., 2008)

	Euphorbiaceae
	Alchornea cordifolia (leaves)
	Aqueous (Stomacher blender)
	Powdered extract
	1.6 – 3.1
	6.3–12.5
	Tannins, flavonoids
	Ghana
	(Pesewu et al., 2008)

	Lauraceae
	Persea americana (leaves)
	Aqueous (Stomacher blender)
	Powdered extract
	3.1 – 6.3
	25
	Not specified
	Ghana
	(Pesewu et al., 2008)

	Rubiaceae
	Mitracarpus villosus (leaves)
	Aqueous (Stomacher blender)
	Powdered extract
	6.3 – 12.5
	25.0–50.0
	Not specified
	Ghana
	(Pesewu et al., 2008)

	Solanaceae
	Solanum verbascifolium (leaves)
	Aqueous (Stomacher blender)
	Powdered extract
	6.3 – 25.0
	>50.0
	Not specified
	Ghana
	(Pesewu et al., 2008)

	Myrtaceae
	Psidium guajava (leaves)
	Aqueous (Stomacher blender)
	Powdered extract
	12.5
	50
	Tannins
	Ghana
	(Pesewu et al., 2008)

	Anonaceae
	Dennettia tripetala (Dried fruit)
	Hydrodistillation
	Essential oil (EO)
	0.3125
	0.625
	2-nitroethylbenzene (82.72%), linalool (11.05%)
	Nigeria
	(Adesida et al., 2022)

	Combretaceae
	Terminalia avicennioides (stem bark)
	Ethanol (Soxhlet)
	Crude extract
	0.0182
	0.0304
	Tannins, alkaloids, saponins, anthraquinones, reducing sugars
	Nigeria
	(Akinyemi et al., 2005)

	Combretaceae
	Terminalia avicennioides (bark of the trunk)
	Aqueous (maceration)
	Crude extract
	0.0208
	0.033
	Tannins, alkaloids, saponins, anthraquinones, reducing sugars
	Nigeria
	(Akinyemi et al., 2005)

	Euphorbiaceae
	Phylantus discoideus (stem bark)
	Ethanol (Soxhlet)
	Crude extract
	0.0205
	0.033
	Tannins, alkaloids, saponins, anthraquinones, reducing sugars
	Nigeria
	(Akinyemi et al., 2005)

	Euphorbiaceae
	Phylantus discoideus (stem bark)
	Aqueous (maceration)
	Crude extract
	0.023
	0.0342
	Tannins, alkaloids, saponins, anthraquinones, reducing sugars
	Nigeria
	(Akinyemi et al., 2005)

	Lamiaceae
	Ocimum gratissimum (leaves)
	Ethanol (Soxhlet)
	Crude extract
	0.0223
	0.0352
	Tannins, alkaloids, saponins, anthraquinones, reducing sugars
	Nigeria
	(Akinyemi et al., 2005)

	Lamiaceae
	Ocimum gratissimum (leaves)
	Aqueous (maceration)
	Crude extract
	0.025
	0.037
	Tannins, alkaloids, saponins, anthraquinones, reducing sugars
	Nigeria
	(Akinyemi et al., 2005)

	Euphorbiaceae
	Acalypha wilkesiana (leaves)
	Ethanol (Soxhlet)
	Crude extract
	0.024
	0.037
	Tannins, alkaloids, saponins, anthraquinones
	Nigeria
	(Akinyemi et al., 2005)

	Euphorbiaceae
	Acalypha wilkesiana (leaves)
	Aqueous (maceration)
	Crude extract
	0.0245
	0.037
	Tannins, alkaloids, saponins, anthraquinones
	Nigeria
	(Akinyemi et al., 2005)

	Loranthaceae
	Phragmanthera capitata (leaves)
	70% ethanol (maceration)
	Crude extract
	0.625
	1.25
	Phenols, flavonoids, saponins, anthraquinones
	Nigeria
	(Oriola et al., 2020)

	Loranthaceae
	Globimetula braunii (leaves)
	70% ethanol (maceration)
	Crude extract
	2.5
	2.5
	Phenols, flavonoids, saponins
	Nigeria
	(Oriola et al., 2020)

	Loranthaceae
	Tapinanthus globiferus (leaves)
	70% ethanol (maceration)
	Crude extract
	2.5
	5.0
	Phenols, flavonoids, saponins
	Nigeria
	(Oriola et al., 2020)

	Loranthaceae
	Tapinanthus bangwensis (leaves)
	70% ethanol (maceration)
	Crude extract
	5.0
	10
	Phenols, flavonoids, saponins
	Nigeria
	(Oriola et al., 2020)

	Combretaceae
	Terminalia glaucescens (roots)
	Ethanol
	Crude extract
	0.512
	1.024
	Not specified
	Nigeria
	(Okwu et al., 2019)

	Lamiaceae
	Ocimum gratissimum (leaves)
	Ethanol
	Crude extract
	0.8
	0.8
	Essential oils (thymol)
	Nigeria
	(Okwu et al., 2019)

	Loranthaceae
	Tapinanthus globiferus (leaves)
	70% ethanol (maceration)
	Crude extract
	2.5
	5.0
	Phenols, flavonoids, saponins
	Nigeria
	(Oriola et al., 2020)

	Loranthaceae
	Tapinanthus bangwensis (leaves)
	70% ethanol (maceration)
	Crude extract
	5.0
	10
	Phenols, flavonoids, saponins
	Nigeria
	(Oriola et al., 2020)

	Combretaceae
	Terminalia glaucescens (roots)
	Ethanol
	Crude extract
	0.512
	1.024
	Not specified
	Nigeria
	(Okwu et al., 2019)

	Lamiaceae
	Ocimum gratissimum (leaves)
	Ethanol
	Crude extract
	0.8
	0.8
	Essential oils (thymol)
	Nigeria
	(Okwu et al., 2019)

	Loranthaceae
	Tapinanthus globiferus (leaves)
	70% ethanol (maceration)
	Raw extract
	2.5
	5.0
	Phenols, flavonoids, saponins
	Nigeria
	(Oriola et al., 2020)

	Loranthaceae
	Tapinanthus bangwensis (leaves)
	70% ethanol (maceration)
	Crude extract
	5.0
	10
	Phenols, flavonoids, saponins
	Nigeria
	(Oriola et al., 2020)

	Combretaceae
	Terminalia glaucescens (roots)
	Ethanol
	Crude extract
	0.512
	1.024
	Not specified
	Nigeria
	(Okwu et al., 2019)

	Lamiaceae
	Ocimum gratissimum (leaves)
	Ethanol
	Crude extract
	0.8
	0.8
	Essential oils (thymol)
	Nigeria
	(Okwu et al., 2019)

	Fabaceae
	Parkia biglobosa (bark)
	Methanol
	Crude extract
	1.5
	1.5
	Tannins, phenols
	Nigeria
	(Okwu et al., 2019)

	Myrtaceae
	Syzygium aromaticum (buds)
	Ethanol
	Crude extract
	2.0
	4.0
	Eugenol
	Nigeria
	(Okwu et al., 2019)

	Anacardiaceae
	Mangifera indica (leaves)
	Ethanol
	Crude extract
	2.5
	5.0
	Mangiferin, phenols
	Nigeria
	(Okwu et al., 2019)

	Lamiaceae
	Thymus vulgaris (leaves)
	Ethanol
	Crude extract
	3.5
	7.0
	Thymol, carvacrol
	Nigeria
	(Okwu et al., 2019)

	Anacardiaceae
	Anacardium occidentale (bark)
	Methanol
	Crude extract
	5.0
	10
	Anacardic acid
	Nigeria
	(Okwu et al., 2019)

	Combretaceae
	T. avicennioides (root bark)
	Ethyl acetate (partitioning)
	Partially purified fraction
	0.06 – 0.18
	0.12–0.24
	Glycosides, alkaloids, saponins
	Nigeria
	(Adim et al., 2018)

	Combretaceae
	T. avicennioides (root bark)
	Methanol/ethyl acetate
	Purified fraction
	0.06 – 0.24
	0.12–0.48
	Oleic acid, palmitic acid analogues
	Nigeria
	(Dingwoke et al., 2025)

	Combretaceae
	T. avicennioides (leaves)
	Ethanol
	Crude extract
	31.25
	68.75
	Tannins, terpenoids
	Nigeria
	(Lawal et al., 2022)

	Combretaceae
	T. avicennioides (stem bark)
	Acetone
	Crude extract
	43.75
	112.5
	Saponins, flavonoids
	Nigeria
	(Lawal et al., 2022)

	Combretaceae
	G. senegalensis (root bark)
	Ethanol
	Crude extract
	2.5
	5.0
	Alkaloids, saponins, tannins
	Nigeria
	(Garba et al., 2018)

	Combretaceae
	G. senegalensis (root bark)
	Methanol
	Crude extract
	5.0
	10
	Flavonoids, alkaloids
	Nigeria
	(Shu’aibu et al., 2024)

	Combretaceae
	G. senegalensis (root bark)
	Aqueous
	Crude extract
	10.0
	20
	Saponins, tannins
	Nigeria
	(Shu’aibu et al., 2024)

	Fabaceae
	Parkia biglobosa (leaves)
	Methanol (maceration)
	Crude extract
	12.5
	25.0
	Alkaloids, saponins, tannins, cardiac glycosides, flavonoids, terpenoids
	Nigeria
	(Jauro et al., 2018)

	Combretaceae
	Terminalia avicennioides (bark of the trunk)
	Methanol/ethyl acetate
	Partially purified fractions
	0.06 – 0.18
	0.12–0.24
	Saponins, flavonoids, tannins
	Nigeria
	(Omobolanle Adesanya & Daniel Ogunlakin, 2023)

	Annonaceae
	Annona senegalensis (leaves)
	Ethanol
	Crude extract
	0.625
	1.25
	Anthraquinones, flavonoids
	Nigeria
	(Omobolanle Adesanya & Daniel Ogunlakin, 2023)

	Annonaceae
	Uvaria chamae (roots)
	Methanol
	Crude extract
	1.25
	2.5
	Uvarinol, isouvarinol
	Nigeria
	(Omobolanle Adesanya & Daniel Ogunlakin, 2023)

	Fabaceae
	Parkia biglobosa (bark of the trunk)
	Methanol
	Crude extract
	2.5
	5.0
	Tannins, phenols
	Nigeria
	(Omobolanle Adesanya & Daniel Ogunlakin, 2023)

	Malvaceae
	Hibiscus sabdariffa (calyxes)
	Aqueous
	Crude extract
	5.0
	10.0
	Organic acids, anthocyanins
	Nigeria
	(Omobolanle Adesanya & Daniel Ogunlakin, 2023)

	Lamiaceae
	Ocimum gratissimum (leaves)
	Ethanol
	Crude extract
	0.8
	0.8
	Essential oils (thymol)
	Nigeria
	(Omobolanle Adesanya & Daniel Ogunlakin, 2023)

	Cucurbits
	Lagenaria siceraria (leaves)
	Aqueous (maceration)
	Crude extract
	12.5
	25.0
	Flavonoids, saponins, tannins, phenols
	Nigeria
	(Abdulrahman et al., 2024)

	Fabaceae
	Senna obtusifolia (leaves)
	Aqueous (maceration)
	Crude extract
	25
	50.0
	Tannins, phenols, saponins
	Nigeria
	(Abdulrahman et al., 2024)

	Myrtaceae
	Psidium guajava (leaves)
	Aqueous (maceration)
	Crude extract
	12.5
	25.0
	Tannins, phenols, flavonoids, saponins
	Nigeria
	(Efoli-Bam et al., 2024)

	Myrtaceae
	Psidium guajava (leaves)
	Ethanol (maceration)
	Crude extract
	6.25
	12.5
	Tannins, phenols, flavonoids, saponins
	Nigeria
	(Efoli-Bam et al., 2024)

	Meliaceae
	Azadirachta indica (leaves)
	Aqueous (maceration)
	Crude extract
	25.0
	50.0
	Alkaloids, saponins, flavonoids
	Nigeria
	(Efoli-Bam et al., 2024)

	Meliaceae
	Azadirachta indica (leaves)
	Ethanol (maceration)
	Crude extract
	12.5
	25.0
	Alkaloids, saponins, flavonoids
	Nigeria
	(Efoli-Bam et al., 2024)

	Fabaceae
	Daniellia oliveri (root bark)
	Methanol-dichloromethane (1:1)
	Crude extract
	0.512
	1.024
	δ-cadinene, α-copaene, o-guaiene, trans-α-bergamotene ( )
	Togo
	(Tittikpina et al., 2018)

	Fabaceae
	Daniellia oliveri (root bark)
	Ethyl acetate
	Semi-purified fraction
	0.128
	0.256
	Not specified
	Togo
	(Tittikpina et al., 2022)

	Fabaceae
	Pterocarpus erinaceus (root bark)
	Methanol-dichloromethane (1:1)
	Crude extract
	0.256
	0.512
	Friedelin, 2,3-dihydroxypropyl-24-ethyl-cholest-5-ene-3β-ol-glycoside
	Togo
	(Tittikpina et al., 2018)

	Fabaceae
	Pterocarpus erinaceus (root bark)
	Ethyl acetate
	Semi-purified fraction
	0.128
	0.256
	Friedelin, quercetin
	Togo
	(Tittikpina et al., 2018)

	Fabaceae
	Pterocarpus erinaceus (root bark)
	Purified compound
	Isolated compound
	0.064
	0.128
	Friedelin
	Togo
	(Tittikpina et al., 2018)




3.3 Diversity of taxa and extraction methods
Table 3 categorises the range of botanical resources and technical parameters used in current ethnopharmacological research in West Africa.
Table 3: Summary of taxonomic and methodological diversity
	Category
	Total number
	Observable characteristics

	Plant families
	22
	The most represented families are Combretaceae, Fabaceae and Anacardiaceae. These families are characterised by high concentrations of tannins and phenolic compounds.

	Plant species
	49
	There is a wide diversity of species, including key regional taxa such as Terminalia avicennioides and Mangifera indica, which are regularly studied in several countries.

	Plant parts used
	8
	Distinct anatomical parts: leaves, stem bark, root bark, roots, seeds, fruits, resin and latex. Stem bark and leaves are the parts most frequently used for MRSA inhibition.

	Solvents used
	7
	Ethanol, methanol, water, ethyl acetate, acetone, hexane and dichloromethane. Organic solvents generally yield lower MIC values than aqueous extracts.

	Extraction methods
	5
	Maceration, decoction, Soxhlet extraction, steam distillation and cold pressing. Maceration is the most commonly used technique for preserving thermolabile bioactive molecules.


The synthesised data highlight significant taxonomic diversity, with 22 botanical families represented (Table 4). The Combretaceae family appears to be the most important taxon, particularly thanks to the Terminalia genus (T. avicennioides, T. ivorensis, T. glaucescens, T. collinum), closely followed by Fabaceae (Pterocarpus erinaceus, Daniellia oliveri, Parkia biglobosa) and Euphorbiaceae (Alchornea cordifolia, Mallotus oppositifolius, Phylantus discoideus). These families are frequently cited in studies conducted in Nigeria, Ghana and Côte d'Ivoire, suggesting a regional consensus on their therapeutic value against resistant skin and soft tissue infections.
Methodologically, studies use a wide range of extraction protocols that directly influence phytochemical yield and antimicrobial efficacy.
3.4. Solvent selection
Maceration remains the most common technique, typically using ethanol (50 % to 80 %) or methanol to target polar and semi-polar metabolites such as flavonoids and tannins. Studies conducted by Akinyemi et al., (2005) and Coulibaly et al., (2014) provide essential comparative data between aqueous decoctions and organic extracts, consistently showing that ethanolic extracts achieve higher MIC values (e.g., 0.0182 mg/mL for T. avicennioides).
3.4.1 Specialised techniques 
Advanced methods such as Soxhlet extraction and hydrodistillation (for essential oils from Dennettia tripetala and Lavandula rotundifolia) are used to isolate volatile compounds and lipophilic fractions.
3.4.2. Levels of purification
Research progresses from crude extracts to semi-purified fractions (ethyl acetate) and finally to isolated compounds. This is illustrated by Tittikpina et al., (2018), where purification of Pterocarpus erinaceus led to the identification of fredeline, which demonstrated a very potent MIC of 0.064 mg/mL.
Table 4: Taxonomic diversity of anti-MRSA flora in West Africa
	Botanical family
	Key genera and species
	Main countries
	Notable phytochemicals

	Combretaceae
	Terminalia avicennioides, T. ivorensis, Guiera senegalensis
	Nigeria, Ivory Coast, Burkina Faso
	Tannins, saponins, flavonoids

	Fabaceae
	Pterocarpus erinaceus, Daniellia oliveri, Parkia biglobosa
	Togo, Benin, Nigeria
	Triterpenes (friedelin), alkaloids

	Euphorbiaceae
	Alchornea cordifolia, Mallotus oppositifolius, Phyllanthus discoideus
	Ivory Coast, Nigeria, Ghana
	Phenols, flavonoids, tannins

	Annonaceae
	Uvaria chamae, Dennettia tripetala, Xylopia aethiopica
	Benin, Nigeria
	Acetogenins, essential oils

	Rubiaceae
	Mitragyna inermis, Crossopteryx febrifuga
	Burkina Faso, Nigeria
	Alkaloids, saponosides

	Asteraceae
	Acanthospermum hispidum, Acmella uliginosa
	Benin
	Flavonoids, diterpenes

	Malvaceae
	Cienfuegosia digitata, Adansonia digitata
	Burkina Faso, Benin
	Alkaloids, sterols

	Apocynaceae
	Cryptolepis sanguinolenta, Holarrhena floribunda
	Ghana, Nigeria
	Indoloquinoline alkaloids

	Lamiaceae
	Ocimum gratissimum, Lavandula rotundifolia
	Nigeria, Cape Verde
	Essential oils (thymol, camphor)


The diversity of plant parts used, ranging from leaves and stem bark to roots and fruits, further reflects the richness of West African ethnomedicine. While leaves are the most accessible, extracts from roots and stem bark often have lower IC50 values, probably due to a higher accumulation of defensive secondary metabolites such as alkaloids and terpenoids (Table 5).
Table 5: Frequency of use of plant parts
	Part of the plant
	Percentage of use (%)
	Representative species
	Phytochemical profile

	Leaves
	42
	Mallotus oppositifolius, Psidium guajava, Vitex doniana
	Mainly flavonoids, phenols and essential oils.

	Stem bark
	22
	Terminalia avicennioides, Adansonia digitata, Parkia biglobosa
	Highly concentrated in hydrolysable tannins and saponins.

	Root bark
	12
	Pterocarpus erinaceus, Daniellia oliveri, Guiera senegalensis
	Specialised triterpenes (e.g. fredelin) and alkaloids.

	Roots
	8
	Uvaria chamae, Cryptolepis sanguinolenta
	Rich in chalcones, dihydrochalcones and indoloquinoline alkaloids.

	Aerial parts
	6
	Acanthospermum hispidum, Lavandula rotundifolia
	Mixture of volatile oils, flavonoids and diterpenes.

	Fruits/Seeds
	4
	Dennettia tripetala, Paullinia pinnata
	Volatile nitro compounds and specialised polyphenols.

	Whole plant
	4
	Cienfuegosia digitata, Ageratum conyzoides
	Total alkaloid and flavonoid content.

	Flowers/Calyces
	2
	Acmella uliginosa, Hibiscus sabdariffa
	Organic acids, anthocyanins and mucilage.


3.5. Most effective species (regional champions)
The table 6 summarises research conducted in Benin, Burkina Faso, Côte d'Ivoire, Ghana, Nigeria, Togo and Cape Verde, focusing on minimum inhibitory concentration (MIC) as the main criterion for effectiveness.
Table 6: Most active species by country
	Country
	Species (most effective part)
	Solvent
	MIC (mg/mL)
	Key compounds

	Nigeria
	Terminalia avicennioides (stem bark)
	Ethanol
	0.0182
	Tannins, alkaloids, saponins

	Burkina Faso
	Cienfuegosia digitata (whole plant)
	10% DMSO/water
	0.0625 – 0.125
	Alkaloids

	Togo
	Pterocarpus erinaceus (root bark)
	Purified/EtOAc
	0.064 – 0.128
	Friedelin, quercetin

	Benin
	Acanthospermum hispidum & Caesalpinia bonduc
	Hydroethanolic
	< 0.128
	Flavanone, Diterpenes

	Ghana
	Terminalia ivorensis (bark)
	80% ethanol
	0.125
	Terpenoids, saponins

	Ivory Coast
	Terminalia ivorensis (bark of the trunk)
	70% ethanol
	0.156
	Polyphenols, tannins

	Cape Verde
	Lavandula rotundifolia (aerial parts)
	Essential oil
	0.32
	1,8-cineole, camphor


DMSO: dimethyl sulfoxide; EtOAc: ethyl acetate
3.6. Molecular mechanisms by chemical class
The antimicrobial efficacy of these plants is based on four main chemical pathways. Each pathway targets a specific structural or metabolic vulnerability of bacteria.
3.6.1. Polyphenols: protein modifiers
Very common in the Combretaceae family, they include "tannins, flavonoids and polyphenols" (Coulibaly et al., 2014).
Flavonoids such as quercetin (Tittikpina et al., 2018) act as powerful enzyme inhibitors. Externally, research confirms that "polyphenols exert antimicrobial activity by forming complexes with bacterial cell walls and inactivating microbial adhesins." This prevents bacteria from attaching to host tissues. Their targets are cell wall integrity and protein synthesis (Álvarez-Martínez et al., 2021).
3.6.2. Alkaloids: genetic intercalators
Identified in species such as Cienfuegosia digitata and Cryptolepis sanguinolenta under the name "alkaloid compounds" (Konaté et al., 2012) and "cryptolepine (alkaloid)" (Pesewu et al., 2008) .
Alkaloids often act by intercalating into DNA. As mentioned in the pharmacological literature, these molecules "insert themselves into the DNA double helix, causing structural distortions that inhibit transcription and replication."
Their targets are DNA/RNA synthesis and efflux pump inhibition.
3.6.3. Terpenoids and saponins: membrane disruptors
Present in the most effective extracts, such as the "champion" from Togo, Pterocarpus erinaceus, which contains "friedelin" (Tittikpina et al., 2018).
These are highly lipophilic molecules. Saponins, in particular, act as natural detergents. External studies describe their action as "interacting with membrane sterols to increase pore formation, leading to the leakage of essential ions such as K+ and ultimately cell death".
They disrupt the stability of the cytoplasmic membrane.
3.6.4. Volatile compounds: energy metabolism inhibitors
Present in essential oil (EO) extracts of Dennettia tripetala and Lavandula rotundifolia, containing compounds such as "1,8-cineole, camphor and linalool" (Adesida et al., 2022; Romeiras et al., 2023).
These oils disrupt the proton motive force (PMF). By making the membrane permeable to protons (H+), they force the cell to exhaust its energy in an attempt to maintain pH balance. The main targets are ATP synthesis and cellular respiration.
3.7. Bacterial target sites
Identifying specific bacterial target sites is essential to understanding how West African medicinal plants circumvent typical MRSA resistance mechanisms. Molecular mechanisms of action correlate specific phytochemicals with their respective bacterial targets. By attacking multiple structural and metabolic pathways, ranging from cell wall integrity to genetic replication, these botanical compounds provide a multifaceted attack that makes the development of bacterial resistance much more difficult.
Research on regional species has shown that different chemical classes specialise in different biological interventions. For example, the ability of terpenoids to disrupt membranes and the precipitating effects of tannins on proteins work in tandem to neutralise pathogens. The therapeutic efficacy of these botanical resources relies on their high chemical diversity, which ensures that if one pathway is blocked by a resistance gene (such as mecA), other phytochemicals remain effective. Table 7 lists these target sites by chemical class and by important West African species that utilise them.
Table 7: Bacterial target sites
	Target site
	Chemical class
	Species

	Cell wall/membrane
	Saponins, terpenoids
	T. avicennioides, P. erinaceus

	DNA/RNA synthesis
	Alkaloids, flavonoids
	C. sanguinolenta, A. hispidum

	Protein synthesis
	Tannins, phenols
	A. cordifolia, M. indica

	Energy metabolism
	Essential oils (thymol)
	O. gratissimum, L. rotundifolia


3.7.1. Anti-MRSA mechanisms of key phytochemicals
While MRSA uses the mecA gene to produce PBP2a (a protein that prevents β-lactam antibiotics from binding), the phytochemicals present in these plants attack bacteria through pathways to which MRSA has not yet developed resistance.
3.7.1.1. Tannin-polyphenol synergy (the Terminalia strategy)
The "grand champion" Terminalia avicennioides (MIC 0.0182 mg/mL) relies heavily on "tannins, alkaloids, saponins and anthraquinones" (Akinyemi et al., 2005).
Tannins are known to be "iron chelators." By depriving MRSA of the iron it needs, they disrupt the bacteria's metabolism (Liu et al., 2020).
Research indicates that "tannins act as 'surfactants' that bind to the cell wall of S. aureus, causing irreversible formation of complexes with extracellular and soluble proteins." This essentially "smothers" the cell's ability to transport nutrients (Olchowik-Grabarek et al., 2022).
The Ivorian study on Terminalia ivorensis specifically identifies "polyphenols and tannins" (Coulibaly et al., 2014) as the factors responsible for its low MIC of 0.156 mg/mL.
3.7.1.2. Triterpenes and membrane destabilisation
The champion from Togo, Pterocarpus erinaceus, provides a clear molecular factor: "fredeline" (Tittikpina et al., 2018), which achieves an MIC of 0.064 mg/mL when isolated.
Friedelin is a pentacyclic triterpenoid. Due to its high lipophilicity (solubility in fats), it inserts itself into the lipid bilayer of MRSA.
This intercalation causes "structural instability and increased permeability" (Tittikpina et al., 2018). Externally, triterpenes are known to "disrupt the structural integrity of the MRSA membrane, leading to leakage of intracellular K+ ions and ATP".
3.7.1.3. Inhibition of the efflux pump by alkaloids
Species such as Cienfuegosia digitata (Burkina Faso) and Cryptolepis sanguinolenta (Ghana) rely on "alkaloid compounds" (Konaté et al., 2012; Pesewu et al., 2008).
One of MRSA's most powerful defences is the "efflux pump," which literally expels antibiotics out of the cell before they can act.
Plant alkaloids such as cryptolepine act as efflux pump inhibitors (EPIs). They "clog" the pump, ensuring that other antimicrobial compounds in the plant remain inside the bacterium long enough to reach lethal concentrations.
3.7.2. Summary of factors determining species efficacy
The therapeutic potential of West African medicinal plants is not uniform across all taxa; rather, it depends on specific secondary metabolites that target unique vulnerabilities in the life cycle of MRSA. The therapeutic efficacy of these botanical resources relies on their high chemical diversity, which allows different species to employ distinct pharmacological strategies.
Species such as Terminalia avicennioides achieve high potency through the action of tannins and saponins, while others, such as Pterocarpus erinaceus, use isolated triterpenoids such as fredelin to compromise the structural integrity of bacteria. Table 8 summarises these highly effective species, identifying the main phytochemicals and specific molecular mechanisms that explain their low MIC.
Table 8: Factors determining species efficacy
	Species
	Main factor(s)
	MIC (mg/mL)
	Specific anti-MRSA action

	T. avicennioides
	Tannins / Saponins
	0.0182
	Protein precipitation and nutrient deprivation

	P. erinaceus
	Friedelin (triterpene)
	0.064
	Membrane rupture and K+leakage

	C. digitata
	Alkaloids
	0.0625
	DNA intercalation and efflux pump blockade

	O. gratissimum6
	Thymol (essential oil)
	0.8
	Disruption of proton motive force (PMF)


3.8. External validation of safety and toxicology
The safety of medicinal plants is often inferred from their traditional use, but modern pharmacology requires rigorous external validation.
3.8.1. Species presumed to be very safe (food sources)
Plants that are part of the daily diet are generally classified as GRAS (generally recognised as safe).
 Adansonia digitata (baobab): Research confirms that the fruit and leaves do not exhibit any significant acute toxicity (Vertuani et al., 2002).
 Psidium guajava (guava): Toxicological evaluations of leaf extracts show an LD50greater than 5000 mg/kg in rats, indicating extremely low toxicity (Sanda et al., 2011).
 Mangifera indica (mango): Studies on mangiferin (the primary phenol) show no mutagenic or toxic effects at therapeutic doses (Gabino et al., 2004).
3.8.2. Phytochemical risk markers
Certain chemical classes require cautious dosing due to their ability to interfere in physiological mechanisms. 
3.8.2.1. Alkaloids (e.g., cryptolepine)
Although effective, alkaloids may exhibit dose-dependent cytotoxicity. At high doses, they may interfere with DNA topoisomerase II in host cells (Nair & van Staden, 2025).
3.8.2.2. Anthraquinones
They are found in Terminalia and Annona species, and can act as stimulant laxatives. Long-term use of high concentrations is linked to electrolyte imbalance (Zhou et al., 2025).
3.8.2.3. Tannins
Generally safe, but at very high concentrations, they can act as "anti-nutrients" by precipitating dietary proteins and inhibiting digestive enzymes( Sinha & Thomas, 2025).
3.9. Therapeutic index: the MBC/MIC ratio
The ratio between inhibitory and lethal concentrations is a standard pharmacological reference for safety and efficacy.
Reference: an MBC/MIC ratio ≤ 4 is considered bactericidal, which is clinically preferable as it eliminates infection with less reliance on the host's immune system, thereby reducing the risk of recurrence (Pereira et al., 2022).
Application: Species in the table with a ratio of 1 (such as Mallotus oppositifolius) are considered "highly effective" because the effective dose is also the lethal dose for the pathogen. 
3.10. Solvent safety and residual toxicity
The choice of solvent affects the safety of the final medicinal product.
3.10.1. Aqueous vs organic
Aqueous (water) extractions are inherently safer. Organic solvents such as methanol are classified as Class 2 solvents by the ICH (International Council for Harmonisation) and must be limited to < 3000 ppm in final products due to neurotoxicity risks (Connelly, 2017).
3.10.2. Dimethyl sulfoxide (DMSO)
Often used in laboratories to dissolve extracts, DMSO increases the permeability of the skin and membranes, which can unintentionally "transport" toxins into the bloodstream if not handled properly (Capriotti & Capriotti, 2012).
3.11. Methodological analysis
The research methodologies used in the study of West African antimicrobial flora are essential for determining the potency of "regional champions." However, each method has inherent technical and biological limitations that affect the interpretation of results.
3.11.1. Extraction techniques
The efficiency of phytochemical compound recovery is highly dependent on the extraction method used.
3.11.1.1. Soxhlet extraction 
Used for high-potency champions such as Terminalia avicennioides. Although it ensures exhaustive extraction of lipophilic compounds, the continuous application of heat can lead to thermal degradation of thermolabile molecules.
3.11.1.2. Maceration (cold extraction)
This is the standard method for aqueous preparations of species such as Psidium guajava and Azadirachta indica. It preserves heat-sensitive compounds, but often requires longer times and may be less effective at extracting deeply buried metabolites than the Soxhlet method.
3.11.1.3. Hydrodistillation 
Specifically used for essential oils (EO) in species such as Dennettia tripetala and Lavandula rotundifolia. This method is very specific for volatile compounds, but excludes non-volatile antimicrobial compounds such as tannins or alkaloids.
3.11.2. Solvent systems and their selective efficiency
The choice of solvent determines which "molecular drivers" are present in the final extract.
3.11.2.1. Ethanol/methanol
These polar organic solvents are very effective at capturing a broad spectrum of metabolites, including the alkaloids present in Cienfuegosia digitata.
Limitation: methanol is toxic and must be rigorously removed before any clinical evaluation.
3.11.2.2. Aqueous (water)
Reflects traditional preparation methods (decoctions). It successfully extracts polar compounds such as polyphenols present in Terminalia ivorensis.
Limitation: it often gives higher MIC values (lower potency) than organic solvents, as many active antimicrobial terpenoids are not soluble in water.
3.12. Bioassay measurements: MIC and MBC
The "gold standard" for these data is the minimum inhibitory concentration (MIC).
3.12.1. Determination of MIC 
Obtained by microdilution methods to find the minimum concentration that prevents visible growth, such as 0.0182 mg/mL for T. avicennioides.
3.12.2. MBC (Minimum Bactericidal Concentration) 
Measures the minimum concentration required to kill 99.9% of the bacterial population, as shown by the result of 0.78 mg/mL for Mallotus oppositifolius.
3.13. Identified limitations of current methodologies
To address existing gaps in anti-MRSA research, it is essential to recognise that laboratory findings often face significant barriers to translation. The main obstacle to the clinical standardisation of these results lies in methodological variability, particularly with regard to extraction protocols. While the biochemical potential of West African flora is high, the 'false' accuracy of in vitro data can lead to an overestimation of clinical utility if systemic biases are not identified.
Furthermore, the chemical complexity of these plants complicates the transition from traditional remedies to isolated pharmaceutical agents. As the therapeutic efficacy of these botanical resources relies on their high chemical diversity, which often takes advantage of a synergistic 'entourage effect', standardising dosages remains a challenge. Table 9 summarises these methodological limitations, highlighting how factors such as ecological variation and solvent interference affect the reliability of current data.
Table 9: Limitations of current methodologies
	Methodology
	Limitation
	Impact on data

	In vitro tests
	Lack of biological complexity.
	MIC values obtained in the laboratory do not take into account human metabolism or immune response.

	Raw extracts
	Synergy vs antagonism.
	A crude extract may exhibit high activity due to synergy, but it is difficult to identify the single "active ingredient".

	Standardisation
	Ecological variation.
	Phytochemical levels vary depending on soil, season and plant age, making results difficult to reproduce exactly.

	Use of DMSO/solvents
	Permeability bias.
	The use of 10% DMSO to dissolve extracts may artificially increase the permeability of the bacterial membrane, leading to a "false" high potency.


DMSO: dimethyl sulfoxide

4. Conclusion

This systematic review confirms that West African medicinal plants are a very powerful and diverse reservoir of bioactive compounds capable of neutralising MRSA. Regional "champion" species, notably Terminalia avicennioides, exhibit levels of efficacy that rival or complement existing therapeutic options. A key conclusion is that the pharmacological profile of these plants is fundamentally dictated by the choice of solvent, with organic extracts consistently outperforming traditional aqueous decoctions. Furthermore, the diverse mechanisms of action employed by these phytochemicals targeting membrane integrity, protein synthesis, and genetic replication suggest that botanical resources are particularly well positioned to overcome the mecA-mediated resistance mechanisms prevalent in modern healthcare settings. To facilitate the transition from ethnomedical use to standardised clinical therapies, future research should prioritise the standardisation of extraction methods and the rigorous evaluation of toxicity profiles. Ultimately, integrating traditional knowledge with modern pharmacological standards offers a promising avenue for addressing the acute biological pressure of antibiotic resistance in the region.
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