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ABSTRACT 

Combretum collinum Fresen. (Combretaceae) is a plant native to Côte d'Ivoire commonly used to traditionally treat various 

ailments, including envenomations, ear infections, diarrhea, infertility, gonorrhea, epilepsy, and dengue fever. This work 

contributes to the development of this plant, aiming to promote its sustainable management and conservation among local 

populations. Like many medicinal plants, it is subject to human pressure that could lead to its extinction. The study aims to 

evaluate the antibacterial activity of aqueous, acetone, and ethanolic extracts of Combretum collinum stem bark on the in vitro 

growth of methicillin-resistant Staphylococcus aureus strains. Diffusion in agar and macrodilution in liquid medium were used 

to evaluate the sensitivity of bacterial strains to the extracts and to determine their antibacterial parameters (MIC and MBC). 

The MICs obtained ranged from 0.60 to 9.72 mg/ml. The MBCs ranged from 0.60 to 9.72 mg/ml for the ethanolic extract and 

from 1.21 to 4.86 mg/ml for the aqueous extract, demonstrating the bactericidal activity of these extracts. Furthermore, 

qualitative analysis by thin-layer chromatography on the extracts detected several groups of compounds. These included 

tannins, flavonoids, polyphenols, polyterpenes, anthocyanins, and anthraquinone glycosides, most of which have known 

antibacterial effects. This work justifies the traditional use of C. collinum in the treatment of various bacterial infections, 

particularly those induced by Staphylococcus aureus. 
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1. INTRODUCTION 

Modern medicine and its advances in treating bacterial infections have led populations to turn away, somewhat, from 

traditional medicine. Indeed, the advent of antibiotics has been a true boon for humanity, as they have contributed to 

significantly reducing the spread of these diseases. However, bacterial resistance to these molecules is becoming 

increasingly common.
[1] 

This is the case with methicillin-resistant Staphylococcus aureus (MRSA). In fact, this highly 

adaptive bacterium has developed various resistance mechanisms to anti-staphylococcal agents. More than 90% of 

strains produce penicillinase. These strains now exhibit cross-resistance between M-penicillins (methicillin, oxacillin) 

and other β-lactams through the production of a protein, PLP2a, which binds penicillins (PLP) and has a low affinity 

for these compounds. The gene (mecA) encoding PLP2a is carried by a chromosomal element which also contains 

other genes for resistance to heavy metals and other antibiotics, hence the multi-resistance profile of S. aureus to 

methicillin. 

 

In Côte d'Ivoire, numerous cases of multidrug-resistant bacteria have been reported.
[2]

 This bacterial resistance, 

resulting from the continuous and even uncontrolled use of antibiotics, has contributed to making microbial-related 

illnesses the leading cause of death worldwide.
[3]

 Bacteria are responsible for 70% of these deaths.
[4]

 To address this 

situation, which is compounded by the high cost of modern medicines, much hope remains in the secrets of medicinal 

plants, and the emergence of alternative medicine based on these plants is more relevant than ever. 

 

Indeed, the modern pharmaceutical industry itself still relies heavily on the diversity of plant secondary metabolites to 

find new molecules with novel biological properties.
[5]

 This source seems inexhaustible since each of the 400,000 

known species can contain several thousand different constituents whose various uses aim to alleviate suffering and 

improve human health.
[6] 

 

In this context, some researchers have conducted antimicrobial tests on many of these plants.
[6,7]

 However, several of 

them are threatened with extinction due to poor human management. This is the case for Combretum collinum Fresen 

(Combretaceae), a promising plant widely used in traditional African medicine to treat various ailments, some of which 

are bacterial in origin. These include, in particular, diarrhea, urinary tract infections, and ear infections caused by 

Staphylococcus aureus.
[8] 

 

To further develop the field of Ivorian traditional medicine, we chose to evaluate the antibacterial activity of 

Combretum collinum stem bark against strains of Staphylococcus aureus resistant to conventional antibiotics and to 

conduct a phytochemical screening. This research could help the population understand the urgency and necessity of 

conserving and protecting this medicinal plant. 

 

2. MATERIALS AND METHODS 

2.1 Bacterial strains 

The germs originate from the bacterial strain bank of the Department of Bacteriology and Virology of the Pasteur 

Institute of Côte d'Ivoire and the University Hospitals (CHU) of Cocody and Yopougon (municipalities of Abidjan). 

They consist of eight isolates of Staphylococcus aureus, including one reference strain (Staphylococcus aureus ATCC 

25923) allowing quality control, five strains of resistant phenotype and two strains of wild or susceptible phenotype 

(Table 1). 

 



 

776 

World Journal of Pharmaceutical Science and Research                                                       Volume 5, Issue 8, 2026 

www.wjpsronline.com 

Table 1: Selected Staphylococcus aureus bacterial strains.  

Staphylococcus aureus strain code Organic product Resistance phenotypes 

64y Pus MRSA, Kana.R 

10y Pus  MRSA, Kana.R  

114c Pus Savage 

75c Urine MRSA, FQR  

56c Tooth decay MRSA, Kana.R 

48c Urine MRSA, FQR 

66c Blood Sauvage  

ATCC 25923 Reference strain 

 

MRSA: Methicillin resistance; Kana R: Kanamycin resistance; FQR: Fluoroquinolone cross-resistance; ATCC: American 

Type Culture Collection. 

 

Laboratory Equipment 

The laboratory equipment used to obtain the crude extracts consisted of a rotary evaporator, a freeze dryer, a Voltex 

shaker, a magnetic stirrer, a Densimat, an oven, a fume hood, a refrigerator, automatic micropipettes (P200 and P1000), 

and a balance for determining the collected masses. A UV lamp, a chromatography tank, a digital camera, a hot plate, 

and reagents were used for phytochemical sorting. As for the glassware used to carry out the antibacterial activities, it 

consists of beakers (100 mL and 250 mL), test tubes, graduated cylinders, funnels, sterile Petri dishes of 90 mm 

diameter, jars, Pasteur pipettes, hemolysis tubes, a stand, syringes (5 mL and 10 mL), sterile glass pipettes (10 mL), 

microfilters (0.22 µm and 0.45 µm), swabs, Whatman® 3 mm filter paper, aluminum foil, spatulas, latex gloves, 

masking tape, absorbent cotton, a timer, 100 and 1000 µL tips, F254 silica gel plates, micropillar tubes and bulbs. 

Sterile distilled water, hexane, acetone, and ethanol were the solvents used to prepare the crude extracts. 

 

2.2 Preparation of crude extracts 

The samples were collected at the beginning of the dry season in the savannas of northern Côte d'Ivoire. These harvests 

took place just before sunset, allowing the plants sufficient time to secrete active compounds to combat the day's 

stresses. The plant samples were dried and then ground into a powder, which underwent several extractions using a 

method described by,
[9]

 adapted for this study. To do this, 25 g of plant powder were macerated in 250 ml of hexane for 

24 hours under magnetic stirring to degrease the powder. The residue was dried on blotting paper and weighed, then 

added to 250 ml of acetone. After 24 hours of maceration with stirring, the filtrate was evaporated using a rotary 

evaporator at 40 °C to remove the alcohol and dried under a fume hood to obtain the acetone extract. Repeating the 

same process with ethanol yielded the ethanolic extract. The aqueous extract was obtained by macerating 50 g of plant 

powder in 500 ml of distilled water, placed on a magnetic stirrer for 24 hours. Freeze-drying the filtrate produced the 

aqueous extract. All three extracts (acetonic, ethanolic, and aqueous) were stored in a freezer. 

 

2.3 Performing antibacterial tests 

2.3.1 Preparing the inoculum for solid-state tests 

Young 24-hour strains were emulsified in 2 ml of 85% NaCl suspension, and the optical density was adjusted to 0.5 

MaC Farland using a densimat. A volume of 1 ml was diluted in 10 ml of physiological saline (0.9% NaCl), thus 

constituting the bacterial inoculum estimated at 10⁶ bacteria/ml. 
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2.3.2 Germ susceptibility testing of extracts 

Before evaluating any activity, the extracts underwent a sterility test to verify whether or not they were contaminated 

by a germ. Antibiograms by diffusion in agar wells and the macrodilution method in liquid medium were used to 

perform the tests.
[10]

 Petri dishes containing Muller-Hinton (MHA) Agar were inoculated by swabbing with the 

bacterial inoculum. Fifty μl of a solution of extracts prepared at 50 mg/ml was added to wells in the agar (Figure 1).  

 

The plates were incubated at 37 °C for 24 h. After this time, the inhibition zone diameter around each well was 

measured using calipers. The effectiveness of the extracts was assessed according to the criteria of.
[11]

 A substance is 

considered ineffective if the inhibition diameter (ID) is less than 8 mm, while it is considered effective if the ID is 

between 9 and 14 mm. It is judged to be very effective when the ID is between 15 and 19 mm, and extremely effective 

if it is greater than 20 mm. 

 

 

Figure 1: Sensitivity test of S. aureus 48c to the ethanolic extract at 50 mg/mL. 

 

2.3.3 Preparation of the inoculum for liquid-based tests 

Young colonies (24 hours old) were collected and emulsified in a test tube containing 10 ml of sterile Muller-Hinton 

broth. The mixture was incubated at 37°C for 3 hours. After this incubation, a 0.3 ml suspension of this preculture was 

diluted in 10 ml of sterile Muller-Hinton broth and then homogenized. 

 

2.3.4 Preparation of the concentration range 

The concentration range was obtained by the double dilution method. To do this, a 50 mg/ml solution of the extracts 

was prepared in sterile distilled water. A series of 2:1 dilutions were performed on this solution to obtain a 

concentration range from 50 to 0.19 mg/ml. 
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2.3.5 Determination of Antibacterial Parameters 

This activity was carried out using the most active extracts in the sensitivity tests, namely the aqueous and ethanolic 

extracts. The determination of antibacterial parameters was performed by dilution in liquid medium according to the 

method used by.
[5]

 Thus, in 10 experimental hemolysis tubes, 0.2 ml of each extract concentration was mixed with 1.8 

ml of bacterial inoculum. The growth control tube received 0.2 ml of sterile distilled water in addition to the inoculum, 

while the sterility control received only 2 ml of sterile Muller-Hinton broth. This distribution yielded a new range of 

concentrations from 5 to 0.019 mg/ml, representing a 1:10 dilution. The tubes were incubated for 24 hours at 37°C.  

 

After this incubation period, the lowest concentration at which no bacterial growth was observed with the naked eye 

corresponds to the Minimum Inhibitory Concentration (MIC). The Minimum Bactericidal Concentration (MBC) yields 

0.01% viable bacteria after 24 hours of incubation at 37°C. Its determination began with enumeration. This consisted of 

diluting the initial inoculum from 10⁻¹ to 10⁻⁴ and inoculating these different dilutions using a 2 μl calibrated loop in 5 

cm streaks onto a MHA (Muller Hinton Agar) and then incubating for 24 hours. These Petri dishes were labeled A.  

 

After reading the MICs, the contents of the tubes in which no visible growth was observed were used to inoculate the 

MHA in 5 cm streaks. This series of Petri dishes is named B. The MBC was determined by comparing the bacterial 

growth of dishes A and B. Thus, the smallest concentration in the tube that has less than 0.01% viable bacteria relative 

to the initial inoculum is the MBC. 

 

The MBC/MIC ratio helped to clarify the mode of action of the extracts.
[13]

 According to
[14]

, an extract is bactericidal 

when its MBC is equal to its MIC or if the MBC/MIC ratio is less than or equal to 4. It is considered bacteriostatic 

when the MBC/MIC ratio is greater than 4. When this ratio is equal to 32, the strain is considered tolerant. 

 

2.4 Phytochemical Screening 

The characterization of the different chemical compounds in the extracts was performed by thin-layer chromatography 

(TLC) according to the method used by.
[12]

 This method allows the detection of several groups of secondary 

metabolites by specific colorations, either in the visible spectrum or at a given wavelength.
[15]

 A 10 mg mass of extracts 

was dissolved in 1 ml of absolute methanol to obtain a 10 mg/ml solution. Ten microliters (10 μl), or 100 μg, of this 

solution were spot-deposited onto a Silicagel 60F254 plate (stationary phase) using a microcapillary tube. The 

chromatograms were developed in tanks previously saturated with CHCl3-MeOH-H2O eluent or mobile phase (65:35:5 

v/v/v), and then dried. These plates were observed before and after development either in the visible spectrum or under 

a UV lamp at 254 and 366 nm. 

 

2.4.1 Detection of Terpenoids and Saponins 

These compounds are detected using Godin's reagent. After spraying the plate with Godin's reagent and heating it at 

100 °C for 10 minutes, various colors appear. In the visible spectrum, violet and red spots indicate the presence of 

monoterpenes, and blue spots indicate saponins.
[16] 

 

2.4.2 Detection of Alkaloids 

After spraying with Dragendorff's reagent and heating the chromatogram at 100 °C for 10 min, the alkaloids appear as 

orange spots in the visible spectrum. 
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2.4.3 Detection of Polyphenols 

After spraying the chromatogram with 10% Folin-Ciocalteu reagent, then heating at 100 °C for 10 min, the blue spots 

observed in the visible range confirm the presence of polyphenols.
[17] 

 

2.4.4 Detection of Coumarins 

5% (w/v) basic lead acetate (CH3COO)2 Pb was used for sputtering the chromatogram. Green and blue fluorescence 

spots under UV light at 366 nm indicate the presence of coumarins. 

 

2.4.5 Detection of Tannins 

The appearance of spots of various colors (blue, green, black), observable in the visible spectrum, after sputtering the 

chromatogram with a 10% FeCl3 solution, indicates the presence of tannins. 

 

2.4.6 Detection of Anthraquinones and Anthrones 

A 5% ethanolic solution of KOH was sprayed onto the chromatogram. The red spots observed in the visible range and 

at 366 nm confirm the presence of anthraquinones. In contrast, anthrones are visible at 366 nm as yellow spots.
[18] 

 

2.5 Statistical Analyses 

Analysis of variance (one-way ANOVA) followed by Tukey's test was used to compare the variations in MICs and 

MBCs, and to determine whether the activity of the Combretum collinum stem bark extracts was statistically influenced 

by the bacterial phenotypes. The results are expressed as means ± standard deviations. Probability values (P < 0.05) 

were considered statistically significant. The R software
[19]

 was used to perform these statistical tests. 

 

3. RESULTS 

3.1 Antibacterial Activity 

Extracts from the stem bark of Combretum collinum were active to varying degrees against all the bacterial strains 

studied. The ethanolic extract yielded the largest mean inhibition zone diameter (CID) of 22.0 ± 0.1 mm. This was 

followed by the aqueous and acetone extracts, with CIDs of 21.7 ± 0.6 mm and 17.2 ± 4.3 mm, respectively. These 

mean CIDs were observed against Staphylococcus aureus 48c. This strain, exhibiting a resistant phenotype (MRSA, 

cross-resistance to fluoroquinolones), was isolated from the urine of a patient with a urinary tract infection (Figure 2). 

 

The ethanolic and aqueous extracts exhibited minimum inhibitory concentrations (MICs) ranging from 0.60 to 9.72 

mg/ml against all bacteria. The lowest value (0.60 mg/ml) was obtained with the ethanolic extract against S. aureus 

strains 10y and 48c, and with the aqueous extract against S. aureus strain 48c. Minimum bactericidal concentrations 

(MBCs) ranged from 0.60 to 9.72 mg/ml for the ethanolic extract and from 1.21 to 4.86 mg/ml for the aqueous extract 

(Table 2). The latter was bactericidal against all bacterial strains tested, unlike the ethanolic extract, which only showed 

bactericidal activity against 50% of the bacteria. 

 

Statistical analysis compared the mean ± standard deviation values obtained for wild-type bacterial strains (S. aureus 

114c, 66c) and resistant bacterial strains (S. aureus 64y, 10y, 75c, 56c, 48c). Analysis of variance showed that the 

observed differences in MICs were not significant, and the same was true for MBCs (Tables 3 and 4 ; P > 0.05). 
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Figure 2: Activity (mean ± standard deviation) of Combretum collinum Fresen trunk bark extracts at 50 mg/ml 

against Staphylococcus aureus strains. 

 

E.Aq.: Aqueous extract; E.Ac.: Acetone extract; E.Et.: Ethanol extract; Fox: cefoxitin; ATCC: American Type Culture 

Collection. 

 

The same lowercase letters indicate similar activities at the α = 5% threshold. 

 

Table 2: Mean values (mean ± SD of three trials) of the antibacterial parameters of the stem bark extracts of 

Combretum collinum on the strains of S. aureus. 

Bacteria 
Ethanol extract (mg/ml) Aqueous extract (mg/ml) 

MIC MBC MBC/MIC Power MIC MBC MBC/MIC Power 

S. aureus 64y 1,21 2,43 2 Bcide 1,21 1,21 1 Bcide 

S. aureus 10y 0,60 3,60 6 Btique 1,21 2,43 2 Bcide 

S. aureus 114c 1,21 6,05 5 Btique 1,21 2,43 2 Bcide 

S. aureus 75c 1,21 2,43 2 Bcide 1,21 2,43 2 Bcide 

S. aureus 56c 1,21 6,05 5 Btique 1,21 2,43 2 Bcide 

S. aureus 48c 0,60 0,60 1 Bcide 0,60 1,21 2 Bcide 

S. aureus 66c 1,21 9,72 8 Btique 2,43 4,86 2 Bcide 

S. aureus ATCC 25923 2,43 2,43 1 Bcide 2,43 2,43 1 Bcide 

MIC: minimum inhibitory concentration ; MBC: minimum bactericidal concentration ; Bcide: bactericidal ; Btique: 

bacteriostatic. 

 

Table 3: Comparison of mean values (mean ± SD of three trials) of MIC and MBC of the ethanolic extract 

according to the phenotypes of the bacterial strains. 

Antibacterial parameters Wild bacterial strains Resistant bacterial strains P-value 

MIC (mg/ml) 0,648 ± 4,1 0,900 ± 3,2 P > 0,05 

MBC (mg/ml) 1,9146 ± 2,0 1,3186 ± 2,0 P > 0,05 

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

 

Table 4: Comparison of mean values (mean ± SD of three trials) of MIC and MBC of the aqueous extract 

according to the phenotypes of the bacterial strains.  

Antibacterial parameters Wild bacterial strains Resistant bacterial strains P-value 

MIC (mg/ml) 1,297 ± 1,3 1,4692 ± 3,1 P > 0,05 

MBC (mg/ml) 1,915 ± 1,6 1,3548 ± 2,2 P > 0,05 

MIC: minimum inhibitory concentration ; MBC: minimum bactericidal concentration. 
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3.2 Phytochemical Screening 

The results of the phytochemical screening revealed the presence of eight groups of phytochemical compounds in the 

three extracts. These are saponins, anthraquinone glycosides, polyterpenes, polyphenols, catechin and gallic tannins, 

anthocyanins, flavonoids, and anthocyanins (Table 5). 

 

Table 5: Chemical compounds identified in the different plant extracts. 

Plant extracts Chemical compounds detected 

Aqueous extract Catechetical and gallic tannins, polyphenols, flavonoids. 

Acetone extract Saponins, gallic tannins, polyphenols, polyterpenes, anthocyanins, flavonoids. 

Ethanol extract 
Catecholic and gallic tannins, anthraquinone glycosides, polyphenols, 

Polyterpenes, anthocyanins, flavonoids. 

 

4. DISCUSSION 

The antibacterial activity of Combretum collinum stem bark extracts was evaluated on the in vitro growth of eight 

Staphylococcus aureus bacterial strains, including one reference strain, five multidrug-resistant strains, and two 

susceptible strains. The tests revealed varying activities of the extracts against all bacterial strains. This was reflected in 

the differences observed in the mean inhibition zone diameters. The highest values (22.0 ± 0.1 mm, 21.7 ± 0.6 mm, and 

17.2 ± 4.3 mm) were obtained with the ethanolic, aqueous, and acetone extracts, respectively, on the S. aureus 48c 

strain at a concentration of 50 mg/ml. This bacterium, exhibiting a resistant phenotype, was isolated from the urine of a 

patient with a urinary tract infection. This could therefore justify the traditional use of Combretum collinum in the 

treatment of ear and urinary tract infections.
[20]

 This antibacterial activity against all germs could provide a scientific 

basis for the widespread traditional use of this plant in many African countries, such as Kenya and Uganda, in the 

treatment of several pathologies, some of which are of bacterial origin.
[21] 

 

These results corroborate those of,
[22]

 who, in their work in Uganda, indicated the antibacterial potential of this plant 

against Gram-positive bacteria, including methicillin-resistant Staphylococcus aureus (MRSA), responsible for 

diarrhea. Similar large inhibition zone diameters were obtained against bacterial strains collected from patients 

suffering from diarrhea, sinusitis, otitis, fever, and meningitis in infants. This plant could be recommended for the 

treatment of these conditions that may be caused by S. aureus. In general, the results obtained with the ethanolic and 

aqueous extracts are almost identical. This indicates a lack of selectivity towards bacterial strains and the solubility of 

the active ingredients in both types of solvent. 

 

The antibacterial parameters, namely the MIC, MBC, and MBC/MIC ratio, were determined using C. collinum extracts. 

The lowest values at which the extracts exerted inhibitory activity were 0.60 mg/ml for both types of extract. These 

values were obtained for S. aureus 10y and 48c with the ethanolic extract and for S. aureus 48c with the aqueous 

extract. Therefore, it can be concluded that the extracts were more effective against these strains. These results are 

similar to those of.
[7]

 Indeed, these authors demonstrated that C. collinum extracts have bactericidal activity against a 

wide range of bacteria, including S. aureus, which is responsible for opportunistic infections. 

 

The statistical analysis indicated that the observed differences in MIC and MBC values between the two strain 

categories were not significant for either type of extract. This suggests that the activity of the extracts was not 

statistically influenced by bacterial phenotypes. In other words, while the values obtained with the two types of extracts 

differ, they produce similar effects against the bacteria. This further justifies the non-selectivity of the extracts' action 
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against the bacteria. Moreover, the aqueous extract was bactericidal against all bacterial strains tested in this study, as 

its MBC/MIC ratios were all less than 4.
[14] 

 

A plant identified as effective against a microbial infection is often prescribed for the treatment of several other 

common ailments. It therefore has multiple uses, explained by the presence of numerous groups of biologically active 

chemical compounds that chemical screening reveals in its organs.
[6]

 Indeed, phytochemical investigations have 

identified eight major groups of chemical compounds, including saponins, anthraquinone glycosides, polyterpenes, 

polyphenols, catechins and gallic tannins, flavonoids, and anthocyanins. These phytoconstituents are certainly 

responsible for the pharmacological effects observed with the use of this plant and, consequently, determine its 

therapeutic value. Among these compounds, many are recognized for their antibacterial effects. 

 

The flavonoids present in this plant species are secondary metabolites with significant antibacterial activity. Indeed, 

due to their high phenolic content, these flavonoid compounds can bind to certain proteins and enzymes, thus altering 

enzymatic balances.
[23]

 These constituents are certainly involved in the observed antibacterial activity. Their presence in 

C. collinum could also explain some traditional therapeutic uses of this plant, particularly in the treatment of epilepsy, 

as flavonoids play a crucial role in maintaining neuronal function.
[24]

 Similarly, these phytoconstituents could be 

involved in relieving fever, managing generalized malaise, and treating urogenital disorders traditionally addressed 

with C. collinum. 

 

Saponins are also known for their anti-inflammatory, anti-edematous, analgesic, and antibacterial properties.
[25]

 The 

presence of these compounds in C. collinum could explain its use in treating stomach aches, fever, general malaise, 

gonorrhea, and erectile dysfunction. Indeed, these various ailments can be the result of an inflammatory process caused 

by bacteria.
[26] 

 

Tannins are known for their antiseptic, bactericidal, and astringent properties.
[27]

 Their presence could also be 

responsible for this bacterial activity.
[28]

 Furthermore, these compounds, due to their healing and coagulating properties, 

could justify the use of C. collinum in postpartum treatment.
[29] 

 

Furthermore, C. collinum, like many plant species, is being overexploited by local populations for its numerous 

therapeutic properties. Yet, it plays a crucial role in the functioning of ecosystems in tropical and subtropical regions. 

For this reason, and many others, it must be included among the cultivated and protected plants in Côte d'Ivoire, or risk 

disappearing in the near future. 

 

5. CONCLUSION  

The work carried out confirmed the antibacterial activity of aqueous, acetone, and ethanolic extracts of C. collinum 

stem bark against Staphylococcus aureus strains of different phenotypes. The determination of the MICs and MBCs 

revealed a bactericidal effect of the aqueous extract on all bacterial strains. Furthermore, the major groups of chemical 

compounds, likely responsible for this activity, were identified and are more concentrated in the ethanolic and aqueous 

solvents. It is therefore conceivable to further ethnopharmacological studies, confirm the results obtained in vitro with 

in vivo tests, and conduct toxicity tests on C. collinum, which could offer hope for alleviating microbial infections, a 

true public health threat. The range of protections for endangered species must be broadened to guarantee the 

preservation and safeguarding of biodiversity, a true treasure of Ivorian flora. 
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