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Phytochemistry and antimicrobial activities of extracts from Terminalia avicennoides Guill and Perr, Terminalia macroptera Guill and Perr, and Argemone mexicana L. 	Comment by Abdul Al Musa'ad: Please review the title again to ensure that both antiplasmodial and antifungal activities are clearly reflected in it. 
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ABSTRACT 

	Aims: The objective of this study was to evaluate the phytochemical composition and antimicrobial activities of Terminalia avicennoides, Terminalia macroptera, and Argemone mexicana, three plants used in traditional medicine in Burkina Faso.
Study design:  The overall objective was to produce scientific information on the effectiveness of these plants in the treatment of malaria, bacterial and fungal diseases.	Comment by Abdul Al Musa'ad: Please re-examine the study design used: whether it is Experimental Research, Survey, Longitudinal Study, or Case Study. 
Place and Duration of Study: The Pharmacognosy Laboratory at the National Center for Training and Research on Malaria (CNRFP) in Ouagadougou (Burkina Faso) served as the framework for carrying out research activities from July 25, 2022 to April 24, 2023
Methodology: Ethanolic and hydroethanolic extracts were prepared from the leaves of T. avicennoides, the roots of T. macroptera, and the aerial parts of A. mexicana. After qualitative screening, the total phenolic, flavonoid, and flavonol contents were determined. Antiplasmodial activity was tested in vitro on the 3D7 strain of Plasmodium falciparum. Antimicrobial activity was evaluated against six bacteria and a strain of Candida albicans. The cytotoxicity of the extracts was measured by a hemolysis test.
Results: The presence of alkaloids, flavonoids, tannins, and quinones has been confirmed in the extracts. The ethanolic extract of A. mexicana showed excellent antiplasmodial activity (IC₅₀ = 2.797 ± 0.54 µg/mL), followed by that of T. avicennoides (IC₅₀ = 3.013 ± 0.22 µg/mL). However, extracts of A. mexicana were inactive against all microbial strains tested. Extracts of T. avicennoides showed the best antibacterial activity, particularly against Staphylococcus epidermidis (17 ± 1.77 mm). All extracts showed very low hemolytic toxicity.	Comment by Abdul Al Musa'ad: Do the three extracts produce the same compounds? 
Conclusion: These results validate the traditional use of these plants. Argemone mexicana is a promising source for new antimalarial drugs, while Terminalia avicennoides shows great potential for the development of antibacterial therapies.
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1. INTRODUCTION

Infectious diseases are a major global public health issue (Excler et al., 2021). They are mainly caused by bacteria, parasites, and fungi, which are responsible for various conditions such as respiratory, urinary, and diarrheal diseases, as well as malaria (Gorbach et al., 2004). Closely associated with poverty, these diseases are particularly prevalent in low- and middle-income countries, especially in Africa and Asia (Mostafavi et al., 2021). According to the World Health Organization (WHO), microbial infections cause more than 17 million deaths worldwide each year, more than half of which occur in Africa (Traoré et al., 2012). In 2023, the number of malaria cases was estimated at 263 million, resulting in approximately 597,000 deaths (WHO, 2024b). Similarly, lower respiratory infections caused nearly 2.5 million deaths in 2021 (WHO, 2024a).	Comment by Abdul Al Musa'ad: Are there updated data regarding the prevalence of mortality due to microorganisms? The source currently cited dates back to 2012, and more recent data from 2023 or 2024 may be available 
Antibiotics have been an important discovery in the fight against pathogenic microorganisms. Their use has helped reduce the mortality rate from infectious diseases worldwide (Bouyahya et al., 2018). However, their inappropriate and excessive use, particularly through self-medication, has led to the emergence of microbial resistance over time (Georgieva et al., 2021; Lei et al., 2019). In addition to these resistances, accessibility and cost constraints limit the use of antibiotics in many parts of the world (WHO, 2017; Traoré et al., 2019).	Comment by Abdul Al Musa'ad: Antibiotic resistance in bacteria, malaria parasites, or fungi can have significant impacts on the human body. Please explain the consequences of such resistance and clarify why this research is necessary. 
In these circumstances, it is imperative to develop new alternative molecules that are effective against infectious diseases. One approach is to use medicinal plants, which are an important source of bioactive molecules that can be exploited in the treatment of infectious diseases (Lewis & Ausubel, 2006; Pare et al., 2019; Traoré et al., 2012). In this context, much research aims to provide scientific evidence on the efficacy and safety of medicinal plants used in therapy (Moussally, 2009).
Certain plants such as Terminalia avicennoides, Terminalia macroptera, and Argemone mexicana are used by local populations to treat various conditions, including bacterial and fungal infections, gout, rheumatism, lung diseases, malaria, certain skin diseases, and hepatitis (Compaoré, 2018; Nacoulma, 1996; Zerbo et al., 2011). Phytochemical studies have shown that these plants are rich in bioactive compounds such as alkaloids, terpenes, steroids, flavonoids, and tannins, and also have antioxidant properties (Amou et al., 2025; N'do et al., 2024; Patocka et al., 2024), compounds that generally do not cause microbial resistance (Lewis & Ausubel, 2006). The richness of these plants in bioactive metabolites could explain their use by local populations. Studies have also evaluated the antimicrobial activity of extracts from Terminalia avicennoides, Terminalia macroptera, and Argemone mexicana (Courtney & Cock, 2022; N'do et al., 2024; Sidiki et al., 2023). Extracts from these plants have been shown to be effective against chloroquine-resistant Plasmodium, Klebsiella pneumoniae, Pseudomonas aeruginosa, Candida albicans, etc.
Although several studies have already been devoted to these plants, the scientific data available remains limited in the context of Burkina Faso. Gi ven that the type and quantity of secondary metabolites can vary considerably depending on environmental conditions, due to local adaptation or genotypic selection specific to each habitat (Moore et al., 2014), this fully justifies the need for further study in the specific ecological context of Burkina Faso.	Comment by Abdul Al Musa'ad: The final paragraph is well-aligned with the research objectives. However, it could be strengthened by emphasizing the importance of this study for the development of local therapies and its contribution to global knowledge 
The objective of this work was to produce scientific information on the effectiveness of these plants in the treatment of malaria, bacterial and fungal diseases.

2. material and methods

2.1. Study framework
The Pharmacognosy Laboratory at the National Malaria Training and Research Center (CNRFP) in Ouagadougou (Burkina Faso) served as the setting for the research activities.
2.2. Materials
2.2.1.  Biological materials 
The plant materials consisted of powders from the leaves of Terminalia avicennoides and Argemone mexicana and the roots of Terminalia macroptera.
The chloroquine-sensitive reference strain 3D7 was used. These strains were stored in liquid nitrogen and maintained in continuous in vitro culture at the CNRFP pharmacognosy laboratory.
Bacterial reference strains: Enterococcus faecalis; Staphylococcus aureus; Pseudomonas aeruginosa, Klebsiella pneumoniae; Escherichia coli; Staphylococcus epidermidis.
Fungal reference strain: Candida albicans.
NB: All plasmodial, bacterial, and fungal strains were kindly provided by MR4 through the BEI Resources section, NIAID, NIH of the United States of America.

2.3. Methods
2.3.1. Collection and extraction of plant material
Terminalia avicennoides leaves were collected in Banfora. Terminalia macroptera and Argemone mexicana roots were collected in Bobo-Dioulasso and Ouagadougou, respectively. Herbarium specimens were created to verify their identity.	Comment by Abdul Al Musa'ad: Why not use only the leaf or root parts for all three samples to maintain uniformity? 
The freshly harvested plant material was dried in the laboratory until completely dry. The dried material was immediately ground into powder and stored in airtight containers, protected from light and at room temperature. 
For biological activities, two types of extraction were performed: ethanol (100%) and ethanol water (80:20; v:v). The powders were placed in vials containing the respective solvents in a ratio of 1:10 (g/mL). The mixtures were shaken at room temperature for 48 hours. The extracts were filtered on Whatman paper and concentrated under vacuum in a rotary evaporator. 	Comment by Abdul Al Musa'ad: According to whom is this procedure based? 
The yields (R) of the extractions were calculated using the following formula:


2.3.2. Phytochemical study
2.3.2.1. Phytochemical characterization
The objective is to identify the chemical groups in plant extracts using simple qualitative tests (Ciulei, 1982).
Alkaloids were detected using the Dragendorff test. 
Tannins and polyphenols were detected using the FeCl3 test.
Flavonoids were detected using the Shibata test.
Saponins were detected using the foam test.
Quinones were detected using an alkaline reaction.
2.3.2.2. Quantitative analysis
2.3.2.2.1. Total phenolic content
The total phenolic content was measured using the method described by Singleton et al. (1999), based on the high oxidizability of phenolic compounds. These compounds are evaluated by their ability to reduce Folin-Ciocalteu reagent (FCR), which reacts with the OH functions of phenols. Gallic acid was used as a standard. After 30 min of reaction at room temperature, the absorbance was measured at 765 nm. 
The tests were performed in triplicate to ensure reproducibility of the results. The total phenolic compound content was expressed in mg of gallic acid equivalents per gram of sample.
2.3.2.2.2. Total flavonoid assay
In a test tube, 1 mL of extract from each plant was mixed with 1 mL of 2% aluminum chloride solution (AlCl₃). After incubation for 10 min at room temperature, the absorbance was measured at 415 nm. Flavonoid concentrations were determined in mg of quercetin equivalents per gram of dry extract, using a calibration curve obtained under the same reaction conditions with quercetin as a standard (N’do et al., 2024).

2.3.2.2.3. Flavonol assay
The total flavonol content of the extracts was estimated using the method described by (Almaraz-Abarca et al., 2007). A volume of 100 μL of 20% AlCl3 in methanol is mixed with an equal volume of extract at 200 µg/mL in methanol. For each sample, a blank is made by mixing 100 μL of extract with an equal volume of methanol. The optical densities are read after 10 min at 425 nm using a spectrophotometer against a rutin standard curve (0-100 μg/mL). The values are expressed in mg Rutin Equivalents (RE)/100 mg.
2.3.2.3. Thin-layer chromatography
Thin-layer analytical chromatography plates (60F254, 20×10 cm) were used to analyze the extracts. The plates were developed in conventional glass chambers (CAMAG), whose atmosphere had been previously saturated with vapors from the mobile phase. The solvent system consisted of ethyl acetate-formic acid-water 80:10:10 (v/v). The spots were revealed at UV 254/365 nm before and after spraying with the NEU reagent. Rutin, quercetin, and gallic acid were used as reference compounds.

2.3.3. Biological activities
2.3.3.1. Cytotoxicity assessment
The cytotoxicity of plant extracts was estimated based on their hemolytic power according to the method described by (Haddouchi et al., 2018) at a concentration of 100 μg/mL on a suspension of human blood erythrocytes in PBS (phosphate-buffered saline) at pH 7.4. 
Exposure of red blood cells to certain physicochemical parameters such as a hypotonic environment the use of a membrane disruptor such as detergents or reactive oxygen species causes a rupture of its cytoplasmic membrane, thus causing the release of hemoglobin. A reading of the absorbance with a spectrophotometer allows the rate of red blood cell hemolysis to be estimated. 
· Experimental protocol 
5 mL of PBS (pH 7.4) was added to 5 mL of blood and centrifuged at 2200 rpm at 4°C for 15 min. The resulting supernatant was removed and the process was repeated twice on the pellet. Finally, the final supernatant was removed and the red blood cells (RBC) were diluted to 10% (v/v) in PBS. For the test, 40 μL of each concentration was added to 760 μL of previously prepared RBC. A negative control comprising 10 μL of PBS and 190 μL of 10% RBC and a positive control comprising 10 μL of 20% Triton X-100 in distilled water (v/v) + 190 μL of 10% RBC were also prepared (Table V). The tubes were incubated at room temperature for 60 minutes, followed by centrifugation at 2200 rpm for 5 minutes, and the supernatants were used for the rest of the experiment. In a 96-well microplate, 150 μL of the supernatant from each concentration and the controls were added in triplicate, and the absorbances were read at 630 nm. The hemolysis rate of the different extracts was calculated as a percentage of total hemolysis, using the following formula.

2.3.3.2. Antiplasmodial activity
2.3.3.2.1. Preparation of solutions
· Incomplete culture medium
The incomplete culture medium consists of 500 mL of RPMI-1640 (Roosevelt Park Medium Institute) in which 12.5 mL of 1M Herpes, 2.5 mL of 10 mg/mL Gentamicin, 5 mL of L-glutamine, and 0.5 mL of a 50 mg/mL Hypoxanthine solution in 1M sodium hydroxide are dissolved. The homogeneous mixture is filtered through a 0.22 µm Millipore filter. The solution is stored at -20°C for use over a period of more than two weeks.
· Albumax solution:
 25 g of Albumax II were weighed and 0.5 mL of a 50 mg/mL hypoxanthine solution in 1 M sodium hydroxide was prepared. The mixture was dissolved in 500 mL of RPMI-1640 and then filtered through a 0.22 µm Millipore filter. The prepared solution was stored at -20°C.
· Complete culture medium
The complete culture medium consisted of a mixture of 200 mL of the incomplete medium and 50 mL of Albumax 5% (lyophilized bovine serum) or 20 mL of human serum. If the RPMI used in the various solution preparations does not contain sodium bicarbonate, then 10 mL of a 5% sodium bicarbonate solution must be added.
At the end of the preparation, ensure that the pH of the complete medium is between 7.2 and 7.4.

· Thawing medium
The thawing medium is a solution of sodium chloride at a concentration of 9 mg/mL in distilled water. The solution is prepared in a sterile environment and then stored at 4°C.
· Washing medium
To 500 mL of RPMI-1640 solution, add 2.5 mL of gentamicin at a concentration of 10 mL and 4 mL of L-glutamine. The resulting solution constitutes the washing medium.

· Parasite culture: Thawing of Plasmodium strains
Thawing consists of reviving frozen strains (returning them in vitro for continuous culture). The cryotubes containing the strains were removed from liquid nitrogen (-80°C) and thawed in a water bath at 37°C for 5 minutes, then centrifuged at 1500 rpm for 10 minutes at 37°C. Remove the supernatant and add a volume of thawing medium equal to the volume of the pellet. Centrifuge at 1500 rpm for 7 minutes at 37°C. Remove the supernatant again, then add 1 mL of complete medium (MCC) and centrifuge at 1500 rpm for 7 minutes at 37°C. Finally, remove the supernatant and distribute the pellet into bottles containing 5 mL of MCC for incubation.

· Blood smear
Using a sterile Pasteur pipette, take a drop of blood from the bottle containing the culture. Place it on a microscope slide and apply a thin smear. The smears were mounted on glass slides with methanol and dried at room temperature. The smear was then stained with 10% Giemsa in buffered water for 30 minutes. Finally, the slides were rinsed with distilled water and dried again at room temperature. The reading was made under an optical microscope at 100× magnification. Parasitemia was expressed as the percentage of parasitized red blood cells out of a total of at least 1000 red blood cells counted in different areas of the smear.	Comment by Abdul Al Musa'ad: What is the duration? 	Comment by Abdul Al Musa'ad: What is the formula to calculate the parasitemia level? 
During culture, if the parasitemia decreases, the strain is in poor growth condition. Conversely, if the parasitemia increases, the strain is in good growth condition. When the parasitemia reaches 6%, it is in good growth condition and can be used for possible biological activity such as antiplasmodial activity or freezing.

2.3.3.2.2. Antiplasmodial activity tests
In vitro antiplasmodial activity was tested using the optical semi-microtest method developed by Rieckman et al. (1978) and adopted by the WHO for monitoring the emergence of parasite resistance to antimalarial drugs (Mark III Test). Plasmodia in the annular stage of Plasmodium falciparum strains were maintained in decreasing concentrations of the drugs under study in 96-well microplates for 72 hours. Each extract was tested in duplicate. At the end of each incubation period, new plates were prepared containing the incubated solutions and reagents such as MALSTAT and NBT/PES. After 15 minutes of incubation, the absorbances were read at 630 nm. Smears were made for each well, and parasitemia was determined using an optical microscope.
The percentage of parasite growth inhibition was calculated using the following formula:


The 50% inhibitory concentration (IC50) was determined for each extract using the equation of the curve obtained by plotting the percentage of parasite growth inhibition against drug concentration using logarithmic regression.	Comment by Abdul Al Musa'ad: Is the determination of LC50 not conducted using probit analysis? 

2.3.3.3. In vitro antibacterial and antifungal activity
· Bacterial culture medium 
In a 2-liter bottle, 38 g of Muller Hinton II medium powder is added to 1000 mL of distilled water. The mixture is heated while stirring and brought to a boil for 1 min, then autoclaved for 1 h 30 min at 121°C, avoiding overheating. Muller Hinton agar (v: 22 mL) is poured into 90 mm Petri dishes to obtain a thickness of 4 mm. The agar is allowed to solidify on a level table and the dishes are dried at 37°C in an oven for 30 minutes before use.	Comment by Abdul Al Musa'ad: Is this not too time-consuming? 	Comment by Abdul Al Musa'ad: Could this cause excessive evaporation and alter the concentration of the medium? 
· Fungal culture medium
Yeast suspensions were prepared from Sabouraud agar enrichment broth with chloramphenicol. Sabouraud agar is a general-purpose medium that allows for the growth and isolation of a wide variety of yeasts and molds. The preparation consists of suspending 65.5 grams of the mixture in 1 liter of pure water, then bringing the medium to a boil under constant stirring for at least 1 minute; then introducing it into tubes or bottles and finally autoclaving at 115°C for 15 minutes.	Comment by Abdul Al Musa'ad: The standard autoclave condition for culture media is typically 121°C for 15–20 minutes. Using a temperature of 115°C may be insufficient for complete sterilization. 
· Preparation of the bacterial inoculum
The nutrient broth consists of 7.5 g of peptone, 1.5 g of yeast extract, 3 g of NaCl, and 0.5 g of glucose. The pH is adjusted to 7.5 at a temperature of 37°C for 500 ml of distilled water. Ten milliliters (10 ml) of nutrient broth were added to each test tube, then sterilized for 15 minutes at 121°C in an autoclave. 	Comment by Abdul Al Musa'ad: Culture media sterilization is performed prior to distribution into test tubes, not after the media has been placed in the tubes—unless the tubes are tightly sealed and subjected to autoclave sterilization. However, when sterilizing media within test tubes, precautions must be taken to prevent tube breakage and to avoid sealing the caps too tightly. 
Using a Pasteur pipette with a bulb, a sufficient quantity of the different bacterial strains was scraped out separately. The bacterial strains from each 24-hour culture broth were emulsified in 10 ml of 0.9% NaCl physiological medium to form a bacterial suspension.	Comment by Abdul Al Musa'ad: Inoculum collection using a Pasteur pipette may lead to contamination if not performed under strict aseptic conditions. 

· Antibacterial and antifungal tests
The antibacterial activity of the extracts was evaluated using the method described (Gupta & Gupta, 2011). The strains were inoculated using the streak method in Petri dishes containing Mueller Hinton/Sabouraud medium. After the agar medium in the Petri dishes had solidified, a quantity of inoculum was poured into each Petri dish so as to flood the dishes with germs, then left to dry for 30 minutes. A 6 mm diameter Whatman paper soaked in 10 µL of an extract at different concentrations (which ones) was placed in a Petri dish, and the whole thing was incubated (at what temperature) for 24 hours. Ciprofloxacin and flucanazole were used as positive controls. 	Comment by Abdul Al Musa'ad: The standard method for the disk diffusion test typically involves swabbing the entire surface of the agar medium with a sterile cotton swab to evenly distribute the inoculum, rather than using a streaking technique. 	Comment by Abdul Al Musa'ad: Typically, bacterial or fungal suspensions are evenly and thinly spread over the agar surface, rather than being poured to fill the entire plate. Pouring excessive liquid can cause the medium to become overly wet, preventing the disks from adhering properly or causing uneven diffusion of the solution.	Comment by Abdul Al Musa'ad: The standard diameter of the antibacterial test disc is usually 6 mm, which is appropriate. However, a volume of 10 µL of extract is relatively large for a 6 mm disc, which typically accommodates a maximum of 5–10 µL without overflowing onto the medium. More importantly, the extract concentration should be determined and clearly stated in the methods section (e.g., mg/mL, % v/v). 
Sensitivity to the extracts is measured using a digital ruler after 24 hours of incubation. The results are expressed as the diameters of the inhibition zones produced around the discs.

2.3.3.4. Statistical analysis
Microsoft Excel 2016 software was used to obtain the standard curves and graphs, as well as the inhibition percentages and averages. XLSTAT 2016 software was used for principal component analysis (PCA). Table Curve version 5.0 software was used to process the antiplasmodial activity data.


3. results and discussion

3.1. Phytochemical analyses
1.1.1. Extraction yields
Extraction yields ranged from 6.6 to 11.13% and 12.5 to 16.6% (Table I). For ethanol extracts, the highest yield (11.13%) was obtained from Terminalia macroptera leaves and the lowest yield (6.6%) from Argemone mexicana. For hydroethanolic extracts, the highest yield was obtained from Terminalia avicennoides leaves (16.6%) and the lowest yield from Terminalia macroptera (12.5%). The highest yields were obtained using hydroethanolic extract. These results show that water-ethanol mixtures are more effective than ethanol alone. Indeed, N'do et al. (2024) reported that water-ethanol solvents produced better yields than ethanol. 
Table I: Yields of extracts from T. macroptera, T. avicennioides, and A. mexicana
	Species
	Yield (%)

	
	Extract

	
	Ethanolic
	Hydroethanolics

	Terminalia macroptera Guill
	11,13
	12,5

	Terminalia avicennoides Guill
	7,6
	16,6

	Argemone mexicana L.
	6,6
	16,35



1.1.2. Phytochemical characterization
The results of phytochemical characterization tests (Table II) revealed that the ethanolic and hydroethanolic extracts of T. macroptera, T. avicinnoides, and A. mexicana contained low concentrations of flavonoids, saponins, quinones, alkaloids, polyphenols, and tannins. However, saponins were not detected in any of the ethanol extracts. These secondary metabolites are well known for their many biological properties, particularly their antimicrobial effects (Wallace, 2004). In our extracts, saponins were absent from the ethanol fractions, but flavonoids, saponins, quinones, alkaloids, polyphenols, and tannins were detected in those from A. mexicana, T. macroptera, and T. avicennioides. Flavonoids are particularly recognized for their broad-spectrum antimicrobial action, and some of them can even reverse bacterial resistance (Górniak et al., 2019). Saponins, on the other hand, have several biological properties (antioxidant, antitumor, and anti-inflammatory) and play an important role in plant defense mechanisms thanks to their antimicrobial, antifungal, and antiparasitic effects (Sharma et al., 2023). The tannins identified in our extracts are also associated with numerous therapeutic properties. Indeed, Fraga-Corral et al. (Fraga-Corral et al., 2021) reported that plants rich in tannins possess antioxidant, antipyretic, antimicrobial, and antihelminthic activities. Finally, the alkaloids detected are compounds of major interest in pharmacology due to their antimicrobial, antitumor, antihyperglycemic, antimalarial, and anti-inflammatory activities (Bhambhani et al., 2021).
Table II: Results of phytochemical characterization tests of extracts from T. macroptera, T. avicennioides, and A. mexicana.
	Plant species	Comment by Abdul Al Musa'ad: Please review this again. These results should be connected to the abstract 
	Extracts
	Saponins
	Flavonoids
	Alkaloids
	Tannins et Polyphenols 
	Quinones

	T. Macroptera
(Roots)
	Ethanolic
	-
	+
	+
	+
	+

	
	Hydroethanolic
	+
	+
	+
	+
	+

	T. avicennoides
(leaves)
	Ethanolic
	-
	+
	+
	+
	+

	
	Hydroethanolic
	+
	+
	+
	+
	+

	A. mexicana
(Leafy stem)
	Ethanolic
	-
	+
	+
	+
	+

	
	Hydroethanolic
	+
	+
	+
	+
	+


+++=strong presence; ++= meduim presence ; += weak presence ; -= absence 

1.1.3. Thin-layer chromatography (TLC)
Plates A1 and B1 (before development) and A2 and B2 (after development at 366 nm) (Figure 1) show the chromatographic profiles of the ethanolic and hydroethanolic extracts of A. mexicana L., T. macroptera, and T. avicennioides, respectively. Among the references used, only rutin could be identified in our extracts, resulting in the appearance of a characteristic yellow spot. However, the blue fluorescence spots observed at 366 nm could not be associated with the available references. TLC therefore confirmed the presence of rutin, a flavonoid known for its antimicrobial properties. Indeed, several studies have shown that this molecule has a strong inhibitory effect on the growth of bacteria such as Escherichia coli, Klebsiella sp., Shigella sonnei, and Proteus vulgaris (Madkour et al., 2024), which could partly explain the activity observed in our extracts.
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Figure I : Chromatographic Profile of Extracts (A, B, C)
Legend:
A1, B1: Plates observed under visible light; A2, B2: Plates observed at 665 nm;Q: Quercetin; R: Rutin ; A3: Ethanolic extract of Terminalia macroptera A6 : Ethanolic extract of Terminalia avicennioides ;A7: Hydroethanolic extract of Argemone mexicana ; Hydroethanolic extract of Terminalia macroptera ;B6: Hydroethanolic extract of Terminalia avicennioides ; B7: Hydroethanolic extract of Argemone mexicana.

1.1.4. Quantification of Phenolic Compounds
The analysis of secondary metabolites (Table III) showed that the ethanolic extract of T. macroptera had the highest total polyphenol content (51.15 ± 0.30 mg GAE/100 mg), while the lowest content was recorded in the ethanolic extract of A. mexicana (3.61 ± 0.007 mg GAE/100 mg).
Concerning flavonoids, the ethanolic extract of T. avicennioides was particularly rich (25.45 ± 4.69 mg QE/100 mg), whereas the hydroethanolic extract of A. mexicana contained only a very small amount (0.25 ± 0.00 mg QE/100 mg).
As for flavonols, the highest concentration was also observed in the ethanolic extract of T. avicennioides (8.38 ± 2.41 mg RE/100 mg), followed by its extract The hydroethanolic extract (4.35 ± 1.80 mg RE/100 mg) followed, while the other extracts did not yield exploitable values.
Overall, these results highlight the richness of the studied extracts in total phenolic compounds and flavonoids. These observations are consistent with those reported by other authors, who also emphasized the high content of T. macroptera, T. avicennioides, and A. mexicana in phenolic metabolites (Bangou et al., 2021; Khan & Bhadauria, 2019; N’do et al., 2024). However, significant variations are observed depending on the study. For example, N’do et al. (2024) reported lower levels in T. macroptera for total phenolics (158.69 ± 0.12 µg GAE/g), flavonoids (36.19 ± 0.05 µg QE/g), and flavonols (15.89 ± 0.02 µg RE/100 g). For T. avicennioides, the same authors also indicated lower values (156.31 ± 0.12 µg GAE/g for total phenolics, 72.25 ± 0.03 µg QE/g for flavonoids, and 42.27 ± 0.26 µg RE/100 g for flavonols).
Meanwhile, Khan and Bhadauria (2019) reported, for A. mexicana, contents of 20.89 ± 0.89 mg GAE/g in total polyphenols and 30.59 ± 1.27 mg QE/g in total flavonoids.


Table III: Content of Polyphenolic Compounds
	Extract Type
	Species
	Total Phenolics (mg GAE/100 mg extract)
	Total Flavonoids (mg QE/100 mg extract)
	Flavonols (mg RE/100 mg extract)

	Ethanolic
	T. macroptera
	51.15 ± 0.30ᵏ
	2.37 ± 0.02ᶜ
	NA

	
	T. avicennioides
	26.50 ± 0.42ⁱ
	25.45 ± 4.69ⁱ
	8.38 ± 2.41ᵍ

	
	A. mexicana
	3.61 ± 0.007ᵈ
	0.78 ± 0.02ᵃ
	NA

	Hydroethanolic
	T. macroptera
	35.02 ± 0.11ʲ
	1.35 ± 0.02ᵇ
	NA

	
	T. avicennioides
	25.94 ± 0.05ⁱ
	11.42 ± 0.21ʰ
	4.35 ± 1.80ᵉ

	
	A. mexicana
	7.51 ± 0.30ᶠ
	0.25 ± 0.00ᵃ
	NA


NA: Not analyzed. Values with different letters (a, b, c, d, e, f, g, h, i, j, k) are statistically different (P-value < 0.0001)
3.1. Biological activities
3.1.1. Antiplasmodial Activity	Comment by Abdul Al Musa'ad: The results of the parasitemia calculation should be presented in a table or graphical format 
The antiplasmodial efficacy of crude extracts against the chloroquine-sensitive 3D7 asexual stages of Plasmodium falciparum is summarized in Table IV. The IC₅₀ values ranged from 2.797 ± 0.54 to 52.422 ± 0.00 µg/mL. The most potent activity was observed with the ethanolic extract of Argemone mexicana (IC₅₀ = 2.797 ± 0.54 µg/mL), whereas the hydroethanolic extract of the same species exhibited the weakest activity (IC₅₀ > 52.422 ± 0.00 µg/mL).
According to the classification proposed by Bashige-Chiribagula et al. (2017), a crude extract is considered active when IC₅₀ < 5 µg/mL, moderately active when IC₅₀ ranges between 5 and 10 µg/mL, and inactive when IC₅₀ > 10 µg/mL. Based on this classification, the ethanolic extracts of A. mexicana and Terminalia avicennioides are among the most active, while the extracts of Terminalia macroptera exhibit moderate activity. In contrast, the hydroethanolic extract of A. mexicana appears inactive against the tested strain.
Phytochemical screening revealed the presence of alkaloids in our extracts, which could partly explain the observed activities. Indeed, alkaloids are well known for their antiplasmodial properties (Uzor, 2020). Several compounds, such as berberine, protopine, and allocryptopine, have already been identified in A. mexicana and are associated with a significant inhibitory effect on Plasmodium (Brahmachari et al., 2013). These findings are consistent with the work of Sidiki et al. (2023), who reported strong antiplasmodial activity of the ethanolic extract of T. macroptera (IC₅₀ = 4.10 ± 0.39 μg/mL) against the Pf3D7 strain. Similarly, Omonkhua et al. (2013) demonstrated that the methanolic extract of T. avicennioides exhibited significant antiplasmodial activity against Plasmodium berghei (NK-65), comparable to that of artesunate.
Table IV: IC₅₀ (µg/mL) of extracts against the 3D7 strain
	Extracts
	Argemone mexicana (µg/mL)
	Terminalia avicennoides (µg/mL)
	Terminalia macroptera (µg/mL)

	Ethanolic
	2.797 ± 0.54ᵃ
	3.013 ± 0.22ᵃ
	6.65 ± 0.99ᵇ

	Hydroethanolic
	>52.422 ± 0ᵈ
	6.51 ± 0.66ᵇ
	8.06 ± 0.75ᶜ


Values with different superscript letters (a, b, c, d) are statistically different (P-value < 0.0001).

3.1.2. Hemolytic Activity of the Extracts
Table V shows the percentage of hemolyzed cells. At a concentration of 50 µg/mL, the crude extracts induced hemolysis rates ranging from 0.044 ± 0.00 to 0.05 ± 0.00%, values close to zero indicating low toxicity. These observations corroborate those of Sidiki et al. (2023), who also reported very low cytotoxicity of T. macroptera extract on red blood cells. Furthermore, Akpovona and Onoagbe (2018) demonstrated that the ethanolic extract of T. macroptera root bark exerted an erythropoietic effect in Wistar rats at certain concentrations, suggesting a potential beneficial role in maintaining red blood cell integrity and production.
Contrary to the findings of Elizondo-Luevano et al. (2024), who reported no anti-hemolytic effect of the methanolic extract of A. mexicana, our study revealed a marked protective effect against induced hemolysis. This discrepancy could be explained by factors such as the geographical origin of the plants, which influences their metabolic composition, or the nature of the extraction solvent, which may favor the extraction of bioactive molecules responsible for the observed anti-hemolytic activity.	Comment by Abdul Al Musa'ad: Please provide a more explicit explanation regarding the differences in the obtained results and relate them to factors that may systematically cause these variations, such as the plant origin, extraction methods, or the existing bioactive compound variations 
Table V: Hemolytic activity of crude extracts (50 µg/mL)
	Extracts
	A. mexicana (µg/mL)
	T. avicennoides (µg/mL)
	T. macroptera (µg/mL)

	Ethanolic
	0.044 ± 0.00
	0.049 ± 0.00
	0.05 ± 0.00

	Hydroethanolic
	0.045 ± 0.00
	0.047 ± 0.00
	0.044 ± 0.00


The hemolytic activities of all extracts are statistically equal (P-value < 0.0001).

3.1.3. Antibacterial and Antifungal Activities	Comment by Abdul Al Musa'ad: It is recommended that the discussion of antibacterial and antifungal activities be presented separately to allow for a more specific and detailed analysis of each 
Sensitivity tests revealed that our extracts exhibited variable antimicrobial activities (Table VI). The ethanolic and hydroethanolic extracts of T. avicennioides were the most active, showing inhibition diameters of 16 ± 1.55 mm and 17 ± 1.77 mm, respectively, against S. epidermidis. Conversely, the lowest inhibition was observed against C. albicans, particularly with the hydroethanolic extracts of T. avicennioides (6 ± 0.44 mm) and T. macroptera (7 ± 0.44 mm).
Compared to reference antibiotics, the ethanolic and hydroethanolic extracts of T. avicennioides (16 ± 1.55 – 17 ± 1.77 mm) exhibited higher activity than ampicillin (15 ± 1.5 mm), with the hydroethanolic extract approaching the efficacy of ciprofloxacin (17 ± 0.8 mm) against S. epidermidis. For other extracts, activity was generally lower than that of the antibiotics but remained notable. A. mexicana was inactive against all tested microorganisms.	Comment by Abdul Al Musa'ad: Please provide a specific explanation as to why the A. mexicana extract does not exhibit antibacterial and antifungal activities despite containing similar secondary metabolites. Additionally, please explain the mechanism of action of these compounds against the tested bacteria and fungi 
These results are generally consistent with the literature. Several authors have reported notable sensitivity of T. macroptera and T. avicennioides against C. albicans, E. coli, K. pneumoniae, and P. aeruginosa (Mbekou et al., 2021; N’do et al., 2024). However, Lega (2010) obtained different results with the methanolic extract of A. mexicana, observing inhibition zones against E. coli, K. pneumoniae, S. aureus, and P. aeruginosa. These discrepancies could be explained by the nature of the extraction solvent or the geographical origin of the plants, both known factors influencing phytochemical composition and, consequently, antimicrobial activity.
The observed antimicrobial and antifungal activities could be attributed to the presence of bioactive compounds, notably polyphenolic compounds, which are well recognized for their antimicrobial and antifungal properties (Górniak et al., 2019). 

Table VI: Diameters (mm) of inhibition of some strains.
	Types of extracts	Comment by Abdul Al Musa'ad: Including images of the antibacterial and antifungal assay results could enhance the clarity and completeness of the data presentation 
	Reference strains
	E. faecalis
	S. aureus
	P. aeruginosa
	K. pneumoniae
	E. coli
	S. épidermidis
	C. albicans


	
	
	Gram +
	Gram-
	

	Ethanolic
	A. mexicana
	-
	-
	-
	-
	-
	-
	-

	
	T. avicennoides
	12±0,66
	14±0
	12,33±1,77
	10±0,44
	12± 0
	16±1,55
	12±0,44

	
	T. macroptera
	10±0,44
	11±0
	10±0,66
	9±0,44
	10±0,88
	9±0,66
	8±0,44

	Hydro ethanolic
	A. mexicana
	-
	-
	-
	-
	-
	-
	-

	
	T. avicennoides
	10±0,44
	11±0,44
	11±0,44
	12±0,66
	13±1,11
	17±1,77
	6±0,44

	
	T. macroptera
	10±0,44
	13±1,11
	-
	11±0,66
	11±0,88
	11,33±1,11
	7±0,44

	Antibiotic
	Ampicilline
Ciprofaxine
Fluconazole
	25±0,2
30±0,1
TN

	17±03
15±00
 TN

	20±0
TN
TN

	-
20±0
TN

	6±0
25±0
TN

	15±1,5
17±08
	TN
TN
30±0,33



Legend: - : inactive, TN: Not tested

4. Conclusion

This study highlighted the phytochemical potential and biological activities of Argemone mexicana, Terminalia avicennoides, and Terminalia macroptera, three medicinal plants from Burkina Faso. Phytochemical analysis confirmed the presence of flavonoids, alkaloids, and tannins. The ethanolic extract of A. mexicana demonstrated remarkable in vitro antiplasmodial activity (IC₅₀ < 3 µg/mL). However, it remained inactive against the tested bacteria and fungi. Extracts of T. avicennoides, rich in flavonoids, exhibited the broadest antibacterial spectrum, particularly against S. epidermidis, while T. macroptera showed moderate activity. The low cytotoxicity observed suggests potential safety. These results validate the ethnobotanical use of these plants and support further isolation of bioactive compounds for the development of new phytomedicines.
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