


Phytochemical screening, Anti-radical and antibacterial activities of leaf extract from combretum glutinosum Perr.Ex DC., a plant used in treatment of urinary infections in Benin
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ABSTRACT 

 Infectious diseases are a major global health problem. Bacterial infections represent about 70% of mortality cases. This work aims to evaluate Combretum glutinosum Perr.Ex DC. through identification of secondary metabolites and evaluation of anti-radical and antibacterial activities of its leaves. Secondary leaf metabolites of C. glutinosum were identified by specific staining and precipitation reactions for each metabolite before phenolic compounds were determined by spectrophotometer. Antibacterial activity was assessed by macrodilution method in microplates and Petri dishes. Based on results obtained, C. glutinosum leaves contain a diversity of secondary metabolites with a total flavonoid content of 16.78 mgEQ/gEx, total phenols of 93.291 mgEAG/gEx and total tannins of 0.583 mgEL/g Ex. Hydroethanolic extract of C. glutinosum leaves showed bactericidal activity against strains of Staphylococcus aureus and Streptococcus D, Klebsiella pneumoniae and Escherichia coli. There is a gradual increase in the rate of DPPH radical capture with increasing concentration of C. glutinosum extract. Thus the lowest IC50 (3.5mg/mL) was obtained with methanolic extract of C. glutinosum. These findings support the traditional use of C. glutinosum in treating urinary infections and suggest its potential as a source of antibacterial and antioxidant agents.
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1. INTRODUCTION
   Many human diseases are caused by the action of microscopic pathogenic agents that develop within a tissue or an organ. These germs of bacterial, viral, or fungal origin cause numerous infectious diseases. Urinary tract infection constitutes a major public health problem and represents one of the most frequent reasons for consultation in healthcare facilities, both in urban and rural settings (Dossim et al., 2017). The prevalence of urinary tract infection increases with age and is 20 times higher in the geriatric population compared with younger individuals (Laborde et al., 2021). Depending on the site of infection, urinary tract infections are classified as lower or upper urinary tract infections. Urinary tract infection is a common disorder of the urinary system that affects both children and adults, with a marked predominance in women due to anatomical and physiological particularities (Dossim et al., 2017). The clinical manifestations of urinary tract infection vary widely, ranging from asymptomatic latency to a full clinical picture associated with pain and irritative urinary symptoms.
The etiologies of urinary tract infection are multiple and may be of bacterial or parasitic origin. Approximately 150 million urinary tract infection are reported each year worldwide, with an estimated cost exceeding 6 billion US dollars (Akoachere et al., 2012, Alamri et al., 2022). Several factors increase vulnerability to urinary tract infection in this population, including immunosenescence, malnutrition, disruption of the microbial flora, vaginal atrophy, urinary retention promoted by prostatic hypertrophy, dehydration, comorbidities, or iatrogenic factors such as the placement of intravesical catheters (Alamri et al., 2022; Esme et al., 2019). From a bacteriological perspective, several pathogens responsible for urinary tract infection have been identified, with the effectiveness of antimicrobial agents increasingly reduced due to bacterial resistance, which has become a major public health problem (Huang et al., 2021). Among the factors promoting this microbial resistance are self-medication and inappropriate use of antibiotics (Semwal et al., 2021). One of strategies to combat antimicrobial resistance is the use of natural products, particularly those of plant origin, which represent an important source of therapeutic agents (Yoro et al., 2023). Combretum glutinosum, belonging to the family Combretaceae, is among plants widely used in phytotherapy to treat various ailments, notably for its abortifacient, antibacterial, anticancer, and antifungal properties (Bekele et al., 2021). It is extensively used in Africa by traditional practitioners to manage various conditions such as respiratory diseases, pain, malaria, and microbial infections (Arbonnier, 2019; Potel, 2002). It is also used in the treatment of scrotal elephantiasis, dysentery, syphilis, and typhoid fever (Potel, 2002; Sène et al., 2020). Previous studies have shown that Combretum glutinosum possesses analgesic, anti-inflammatory, antibacterial, antiparasitic, antidiarrheal, cytotoxic, hypoglycemic, antioxidant, anthelmintic, and antimalarial properties (Sore et al., 2012; Sall et al., 2017; Sène et al., 2018; Tahiri et al., 2022). Therefore, the study of chemical constituents of this plant and its pharmacological screening may provide a basis for the development of phytomedicines. This study aims to promote the valorization of Combretum glutinosum through exploration of chemical and biological screening of extracts from its leaves collected in Benin..  
2. MATERIAL and METHODS
2.1. Material
2.1.1. Plant material 
Plant material consists of leaves from Combretum glutinosum collected in northern Benin. The plants were identified and voucher specimens prepared by botanist Professor Hounnankpon Yedomonhan of Benin National Herbarium where they were deposited under specimen numbers YH755/HNB. 
     2.1.2 Microbial strains 
 Microbial material consists of sixteen (16) bacterial strains such as Staphylococcus aureus, Escherichia coli, 
Escherichia coli ATCC 25922, Streptococcus D, Klebsiella pneumoniae, Streptococcus D and Candida albicans MHMR. The bacterial strains are clinical isolates obtained from urine and semen.
    2.1.3. Chemicals 
Quercetin, gallic acid, aluminum chloride, methanol, Folin–Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), potassium acetate and sodium acetate were purchased from Sigma-Aldrich. All reagents and chemicals were analytical grade.
2.2. Methods
2.2.1. Collection of plant material
Leaves of plant Combretum glutinosum were dried in the laboratory at 20±2°C until vegetable mass stabilized before being ground to powder.
2.2.2. Preparation of hydroethanolic extract
 Extraction was made with ethanol and hydroethanolic under ultrasounds. Briefly, 10 g of powdered biomass were 
mixed with 100 mL solvent and sonicated for two hours at 50 °C with Bandelin (Sonorex Digitech device). Further, all 
extracts were filtered through Whatman No.1 filter paper and concentrated under vacuum (Buchi R215, heating bath 
B-491, rotation 280 rpm, vacuum controller V-850 of 290 mbar) at (50±1) °C. The residues were dried to constant 
weights and stored in the darkness at 4 °C to avoid degradations until use (Koudoro et al., 2021; Koudoro et al., 2022).
2.2.3. Preliminary phytochemical screening
Secondary metabolites of Combretum glutinosum were identified by specific colorations and precipitation reactions for each secondary metabolite (Dohou et al., 2003; Agbangnan et al., 2012; Koudoro et al., 2022; Bakrou et al., 2024).
Table 1: Methods for identifying secondary metabolites from Combretum glutinosum leaves
	Secondary  metabolites
	Chemical test

	Alkaloids
	Mayer’s test and Dragendroff’s test

	Anthocyanes
	HCl and NH3 test

	Anthraquinones
	Borntranger’s test

	Coumarins
	UV 365 nm

	Flavanoids
	Shibita’s reaction test

	Tannins
	Ferric chloride and sodium  acetate test

	Saponins
	Frothing test

	Leuco anthocyanins
	Bate-Smith and metcalf

	Mucilages
	flaky test

	Cyanogenic derivatives
	picric acid test

	Reducing compound
	Fehling’s test

	Sterols and terpenes
	Liebermann-Burchard’s test)


2.2.4. Dosage of phenolic compounds
2.2.4.1. Total phenols
Total phenolic content was determined using Folin-Ciocalteu colorimetric method Lupoae et al. (2025) with some modifications. This method consisted of using a mixture of phosphotungstic and phosphomolybdic acids, which were reduced during the oxidation of phenols into a mixture of tungsten blue oxide and molybdenum. Finally, absorbance was measured at 765 nm using a spectrophotometer and total phenol content are expressed in micrograms of gallic acid equivalence per milligram of extract (µgGAE/mgEx) (Lupoae et al., 2015; Singleton et al.,1999; Koudoro et al, 2021).
2.2.4.2. Total flavonoids
Aluminum trichloride (AlCl3) method was used to quantify total flavonoids (Koudoro et al, 2021).
2.2.4.3. Condensed tannins
Condensed tannins were measured using Butanol-HCl method. Reaction medium is composed of 0.5 mL of extract, 3 mL of butanol-HCl (95/5) and 0.1 mL of a ferric solution (2% ferric ammonium sulfate, diluted in 2N HCl). Samples are incubated in a boiling water bath for 60 min. Absorbance is measured at 550 nm and results are expressed in leukoyanidine equivalents, according to following formula: T (mgEL/gEx) = (A x 78.26 x FD) (Dohou et al., 2003). 
A: is absorbance recorded at 550 nm; FD: dilution factor. Dilution factor is equal to 1 if extract is prepared at 200 mg in 10 mL of solvent and measured absorbance is less than 0.6. 
2.2.5. Anti-radical activity  
Anti-radical activity was evaluated by 2,2-diphenyl-1-picrylhydrazyl (DPPH) method. The principle of this method is based on measuring trapping of free radicals in a DPPH solution. This trapping is visualized by disappearance of purple color of DPPH. The tanks were left in dark for one hour and absorbances were measured at 517 nm (Brand-williams et al., 1995; Koudoro et al., 2022). Percentage of radical trapping was determined by formula: P = (Ab-Ae) /Ab; With P: trapping percentage; Ab: absorbance of blank, Ae: Absorbance of sample.
2.2.6. Antimicrobial activity
2.2.6.1 Sensitivity test  
 Sensitivity test of various extracts obtained was performed in a solid medium Mueller Hinton (MH). Indeed, a preculture of previous day (1 colony in 1 mL of Mueller-Hinton liquid) was diluted to obtain a turbidity of 0.5 on McFarlane scale (108 CFU/mL) and reduced to 106 CFU/mL in sterile distilled water. This bacterial suspension (1000 μL) is used to flood a Petri dish containing Mueller-Hinton agar (Bio Rad, France). Using a perforator, paper discs of 6 mm diameter were made. Sterile discs are placed under aseptic conditions on boxes previously flooded with bacterial culture. On deposited discs, 30 μL of test extract are inoculated under aseptic conditions. For each extract, experiment is duplicated and a negative control is performed with solvent instead of extract. The plates are then left for 15-30 min at room temperature before being incubated at 37°C in the oven for 24 h and 48 h. Inhibition diameters are measured using a graduated ruler after incubation times of 24 h and 48 h (Adesokan et al., 2007; Doughari et al., 2007; Chabi-Sika et al., 2020).
2.2.6.2. Determination of Inhibitory and Bactericidal/Fungicide Minimum Concentrations 
 Minimum Inhibitory and Bactericidal or Fungicidal concentrations were determined by microdilution method using iodonitrotetrazolium as an indicator of microbial strain viability (Singleton et al., 1999; Adesokan et al., 2007; Chabi-Sika et al., 2020).
2.2.6.3. Statistical Analysis
The results were analyzed using the ANOVA test. A difference between values ​​was considered significant for a p-value < 0.05.
3. RESULTS and DISCUSSION
3.1. Secondary leaf metabolites of C. glutinosum  
Combretum glutinosum leaves contain catechic tannins, flavonoids, anthraquinones, coumarins, reducing compounds, sterols and triterpenes. On the other hand, cyanogenic derivatives, gallic tannins and alkaloids are absent in leaves of this plant. Regarding saponosides, they were reported in leaves of Combretum glutinosum. The leaf metabolites of Combretum glutinosum our results are in agreement with work of Ousmane et al. (2015) with species from Senegal. However, our results are different from those of Yahaya et al. (2011) in Nigeria who found alkaloids. The variation in secondary metabolites observed in the leaves of Combretum glutinosum compared to previous studies could be linked to the harvesting period, soil characteristics, or climatic factors (Daddona et al., 1976; Manolaraki, 2011). The diversity of secondary metabolites in this plant may explain its use in traditional medicine.
Table 2: Methods for identification of secondary metabolites of Combretum glutinosum
	                   Secondary metabolites
	Observation (Present/Absent)

	Alkaloids
	Absent

	Tannins

	catechisms
	Present

	
	gallic
	Absent

	Flavonoids
	Present

	Anthocyanins
	Absent

	Leuco-anthocyanes
	Absent

	Saponosides
	Present

	Reducing compounds
	Present

	Mucilages
	Absent

	Cyanogenic derivatives
	Absent

	Coumarins
	Present

	Sterols and triterpenes
	Present

	Anthraquinones
	Present


1.2.  Phenolic compounds contained in Combretum glutinosum
Table 3 presents the contents of total phenolic compounds, expressed in mg GAE/gEx (y=0.0103x + 0.017; R² 
=0.9991) and the content of total flavonoids, expressed in mgQE/gEx (y=2.5532x + 0.0285; R² = 0.9975) of the 
hydroethanolic extract. This table shows the contents of phenolic compounds in the hydroethanolic extract of Combretum glutinosum leaves. The values are 93.29 mgGAE/gEx for total phenols, 16.78 mgQE/gEx for total flavonoids and 0.583 
mgEL/gEx for condensed tannins. The phenolic compound contents in the leaves of Combretum glutinosum from Senegal are higher, with a total phenol content of 374.5 mg GAE/g and a flavonoid content of 134.94 mg QE/g (Ousmane et al., 2017). The variation in secondary metabolites observed in the leaves of Combretum glutinosum compared to previous studies could be linked to the harvesting period, soil characteristics, or climatic factors (Daddona et al., 1976; Manolaraki, 2011).
                         Table 3: Secondary metabolite content of Combretum glutinosum leaves
	Extract 
Hydroethanolic
	Total phenols 
mg GAE/gEx
	Total flavonoïd
(mg EQ/gEx)
	total tannin 
(mg EL/g Ex)

	
	93.29
	16.78
	0.583


	     
1.3. DPPH
    The curve of percentage trapping of DPPH radical, function of concentrations of hydroethanolic extract of Combretum glutinosum leaves is presented in Figure 1. We note a progressive increasement in the trapping rate with increasement in the concentration of Combretum glutinosum extract. Determined using trapping percentage curve, concentration of hydroethanolic extract of C. glutinosum making it possible to trap 50% (IC50) of DPPH radical is 3.5 mg/mL for hydroethanolic extract of Combretum glutinosum. At level of Senegal species, Cheikh et al. (2017) obtained an IC50 of 0.65 mg/mL. Likewise, Soré et al. (2012) also showed that leaves of Combretum glutinosum collected in Senegal have remarkable anti-radical activity.  Tahiri et al. (2022) found an IC50 of 0.055 mg/mL for ethanolic extract of Combretum glutinosum leaves from Ivory Coast.

Figure 1: Percentage of trapping as a function of concentrations of hydroethanolic extract of Combretum glutinosum leaves



1.4. Diameter of inhibition of hydroethanolic extract of Combretum glutinosum on microbial strains selected      
   Table 4 presents inhibition diameters of  hydroethanolic extract of Combretum glutinosum, Ciprofloxacin and Amoxicillin on 16 microbial strains tested. Hydroethanolic extract of Combretum glutinosum inhibited 56.25% of microbial strains tested with inhibition zone diameters varying between 10 mm to 22 mm.  Strains of K. pneumoniae (vaginal sample), Staphylococcus aureus (vaginal sample), Staphylococcus aureus (semen), Staphylococcus aureus (urine), Escherichia coli (vaginal sample), C. albicans (MHMR), Streptococcus D (semen) are insensitive to hydroethanolic extract of C. glutinosum.  On the other hand, Ciprofloxacin and Amoxicillin, which are synthetic products, inhibited respectively 75% and 25% of the strains tested. The diameters of inhibition zone of Ciprofloxacin vary from 41 mm to 13.5 mm while those of Amoxicillin vary from 19 min to 13 min. Our work is in agreement with work of Yahaya et al. (2012) who showed that C. glutinosum extract inhibited several microbial strains with a divergence in diameters of inhibition zone which varied from one strain to another. 

 Table 4: Inhibition diameters of Combretum glutinosum extract of  microbial strains selected  
      
	Microbial strains
	C. glutinosum
	Ciprofloxacin
	Amoxicillin

	
	Origins
	ID (mm)
	ID (mm)
	ID (mm)

	[bookmark: _Hlk187671740]K. pneumoniae
	PV
	-
	41.5±0.5
	19.5±0.5

	
	SP
	10.0±0.0
	38.0±0.0
	16.0±1.0

	
	UR
	10.5±0.5
	36.0±0.5
	-

	S. aureus
	PV
	-
	18.5±0.5
	-

	
	SP
	-
	18.5±1.5
	-

	
	UR
	-
	38.0±0.0
	-

	[bookmark: _Hlk187671862]E. coli
	PV
	-
	41.5±3.5
	13.0±0.0

	
	SP
	22.0±0.0
	13.5±0.5
	-

	
	UR
	17.0±0.0
	14.5±0.5
	-

	Streptococcus D
	PV
	14.0±0.0
	-
	-

	
	SP
	-
	40.0±0.0
	13.5±1.5

	
	UR
	15.0±0.0
	40.0±0.0
	-

	C. albicans
	MHMR
	-
	-
	-

	 E. coli
	ATCC 25922
	19.5±0.5
	-
	-

	 S. aureus
	ATCC 29213
	13.0±0.0
	38.0±0.0
	-

	S. pneumoniae
	ATCC 49619
	20.5±1.5
	-
	-


Legends: PV: vaginal sample; SP: sperm; UR: urine; S. aureus: Staphylococcus aureus; S.pneumoniae: Streptococcus pneumoniae; E. coli: Escherichia coli; ID: Inhibition diameter; -: absence of inhibition; K. pneumoniae: Klebsiella pneumoniae; C. albicans: Candida albicans                      

1.5. Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) of hydroethanolic extract of Combretum glutinosum on microbial strains selected  
     Table 5 indicates MIC and MBC of hydroethanolic extract of Combretum glutinosum leaves and synthetic antibiotics (Amoxicillin and Ciprofloxacin).  MICs of  hydroethanolic extract of C. glutinosum leaves are between 0.39 and 1.56 mg/mL while MBCs fluctuate from 1.56 mg/mL to 10 mg/mL. Strains of K. pneumoniae (vaginal sample), S. aureus (vaginal sample, semen, urine), E. coli (vaginal sample) and Candida albicans (MHMR) are insensitive to hydroethanolic extract of this plant. MICs of Ciprofloxacin range from 0.125 to 5 mg/mL while MBCs range from 0.31 to 20 mg/mL. Amoxicillin inhibited only strains of K. pneumoniae (vaginal swab), E. coli (vaginal swab), Streptococcus D (sperm) and E. coli (ATCC 25922) at an inhibitory concentration of 10 mg/mL. On the other hand, it showed bactericidal activity against strain of K. pneumoniae (sperm) at a concentration of 20 mg/mL. Hydroethanolic extract of Combretum glutinosum leaves has a broad spectrum of antimicrobial activity, more than two synthetic antibiotics (Amoxicillin and Ciprofloxacin) used as reference products.  Our results are in agreement with work of Ousmane (2015) in their work which proved that hydroethanolic extract of Combretum glutinosum leaves has bactericidal activity against strains of Staphylococcus aureus, Enterococcus faecalis and Pseudomonas aeruginosa.       
 
	Table 5: MIC and MBC of  hydroethanolic extract of Combretum glutinosum     

	Strains
	C. glutinosum
	Amoxicillin
	Ciprofloxacin

	
	Origin
	CMI (mg/mL)
	CMB (mg/mL)
	CMI (mg/mL)
	CMB (mg/mL)
	CMI (mg/mL)
	CMB (mg/mL)

	K. pneumoniae
	P V
	-
	-
	10
	
	0.625
	2.5

	
	S P
	0.39
	1.56
	5
	20
	0.625
	2.5

	
	U R
	0.39
	10
	-
	-
	1.25
	5

	S. aureus
	P V
	-
	-
	-
	-
	0.156
	0.625

	
	S P
	-
	-
	-
	-
	5
	20

	
	U R
	-
	-
	-
	-
	2.5
	10

	E. coli
	P V
	-
	-
	10
	-
	1.25
	5

	
	S P
	0.39
	1.56
	-
	-
	0.156
	0.31

	
	U R
	0.78
	3.125
	-
	-
	0.156
	0.625

	Streptococcus D
	P V
	0.78
	3.125
	-
	-
	-
	-

	
	S P
	-
	-
	10
	-
	   1.25
	5

	
	U R
	1.56
	6.25
	-
	-
	2.5
	10

	C. albicans
	MHMR
	-
	-
	-
	-
	-
	-

	E. coli
	ATCC 25922
	0.39
	1.56
	10
	-
	2.5
	10

	S. aureus
	ATCC 29619
	0.78
	3.125
	-
	-
	-
	-

	S. pneumoniae
	ATCC 49619
	1.56
	6.25
	-
	-
	0.625
	2.5



Legends: PV: vaginal sample; SP: sperm; UR: urine; S. aureus: Staphylococcus aureus; E. coli: Escherichia coli; MIC: minimum inhibitory concentration; CMB: minimum bactericidal concentration; -: absence of inhibition; K. pneumoniae: Klebsiella pneumoniae; C. albicans: Candida albicans.      

4. CONCLUSION
      
    Infectious diseases have generated considerable interest in the use of medicinal plants to treat various pathologies. This work focuses on the leaves of Combretum glutinosum used in traditional medicine in Benin to treat urinary tract infections, by determining their phytochemical potential and evaluating the biological activity of the hydroethanolic extract. The abundance of secondary metabolites, such as tannins, flavonoids, coumarins, anthraquinones, sterols, and triterpenes present in Combretum glutinosum leaves, may explain the observed antimicrobial activity, thus reinforcing the use of this plant in traditional medicine.
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