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Abstract

The challenge of resistance to synthetic antimicrobials necessitates new alternative solutions. Medicinal plants are rich
in active compounds with various medicinal properties that can be used in treatment of urinary infections. This work
aims to highlight the value of Annona senegalensis and Detarium microcarpum by evaluating phytochemical and
antimicrobial potentials of their leaf extracts. Qualitative and quantitative analyses were carried out using color and
precipitation reactions and spectrophotometric assays. The antiradical activity was evaluated using the DPPH test, and
the antimicrobial activity was assessed by the agar diffusion method. Phytochemical screening showed that both plants
contain anthraquinones, catechic tannins, coumarins, flavonoids, reducing compounds, sterols and terpenes.
Hydroethanolic extract of Detarium microcarpum and A. senegalensis showed ICso inhibition percentages of 0.20 mg/mL
and 0.22 mg/mL respectively. Regarding antimicrobial activity, the hydroethanolic leaf extracts of D. microcarpum and
A. senegalensis were found to be bactericidal and fungicidal against the tested bacteria and molds. This extract showed
more pronounced antimicrobial activity than amoxicillin and ciprofloxacin, which are synthetic antimicrobials.
Diversity of secondary metabolites and notable antimicrobial activity of D. microcarpum and A. senegalensis may justify
their use in traditional medicine for treating urinary infections in Benin.
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1. Introduction

Benin, like many West African countries, uses medicinal plants to treat diseases in traditional medicine [1]. This
medicine is based on empirical knowledge passed down from generation to generation. Plants are valuable resources
for the vast majority of rural populations, with more than 80% using them for their healthcare needs [2], [3]. Urinary
tract infections are common ailments affecting various populations worldwide. These infections, primarily caused by
bacteria, affect the urinary tract and can manifest in different forms such as cystitis, urethritis and pyelonephritis [4].
They represent a significant public health issue, being second most common infectious disease after respiratory tract
infections [5], [6]. They can have severe consequences, particularly for pregnant women or patients with urinary tract
abnormalities or predisposing factors such as diabetes or immunodepression [7]. Women, in particular, are more
susceptible to these infections due to anatomical proximity of the urethra and anus, facilitating bacterial entry into the
urinary tract [8], [9]. Living conditions, limited access to quality medical care, and certain behaviors contribute to high
incidence of these infections. They are mainly caused by bacteria such as Escherichia coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Staphylococcus saprophyticus, and Proteus mirabilis [4],[10],[11],[12]. Annona senegalensis
and Detarium microcarpum, from the Annonaceae and Fabaceae families respectively, are among plants heavily used in
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traditional medicine in Benin to treat urinary tract infections. They are used in traditional medicine to treat various
ailments, including infections, fever, pain, chickenpox, tuberculosis, diabetes, malaria, stomachaches, dysentery,
sexually transmitted diseases, and diarrhea [13], [14],[15]. With the increase in bacterial resistance and the relatively
high cost of conventional medicines, scientific exploration of medicinal plants becomes an ideal alternative. This work
aims to highlight Annona senegalensis and Detarium microcarpum through phytochemical characterization and
evaluation of their antiradical and antimicrobial activities of their leaves.

2. Materials and Methods

2.1. Materials

2.1.1. Plant material

The plant material consists of leaves from Annona senegalensis and Detarium microcarpum collected in northern Benin.
The plants were identified and voucher specimens prepared by the botanist Professor Hounnankpon Yedomonhan of
the Benin National Herbarium where they were deposited under the specimen numbers YH754/HNB and YH756/ HNB
for Annona senegalensis and Detarium microcarpum respectively.

2.1.2. Chemicals
Methanol, Folin-Ciocalteu reagent, 2,2-diphenyl-1-picrylhydrazyl (DPPH), quercetin, gallic acid, aluminum chloride,

potassium acetate and sodium acetate were purchased from Sigma-Aldrich. All reagents and chemicals were analytical
grade.

2.1.3. Microbial strains

The 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.

2.2. Methods

2.2.1. Annona senegalensis and Detarium microcarpum leaves pretreatment

After identification of plant samples at National Herbarium of Benin, they were dried in laboratory until their plant mass
stabilized before being ground into powder.

2.2.2. Plant extracts

The 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 [16], [17].

2.2.3. Preliminary phytochemical screening

The secondary metabolites of Annona senegalensis and Detarium microcarpum were identified through specific color
reactions and precipitation reactions unique to each secondary metabolite, as summarized in Table 1 [18],[19],[17].

Table 1 Methods for the identification of secondary metabolites of Annona senegalensis and Detarium microcarpum

Secondary metabolites | Chemical test

Alkaloids Mayer’s test and Dragendroff’s test
Anthocyanes test with hydrochloric acid and ammonia
Anthraquinones Borntranger’s test

Coumarins 365 nm, fluorescence test

Flavanoids Shibita’s reaction test
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Tannins stiasny test, 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. Determination of phenolic compounds

o Total phenol content: Total phenolic content was determined using the Folin-Ciocalteu colorimetric method
Lupoae et al.[20] 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 760 nm using a spectrophotometer (with Infinite
200 PRO-Tecan microplate) and total phenol content are expressed in micrograms of gallic acid equivalence
per milligram of extract (ugGAE/mg Ex) [20],[21],[22].

e Total flavonoids content: Method of aluminum trichloride (AlCls) was used to quantify total flavonoids. This
technical was based on formation of aluminum complex flavonoids. Absorbance was read at 415 nm using a
spectrophotometer (Infinite 200 PRO-Tecan microplate) and Total flavonoid content are expressed in
micrograms quercetin equivalence per milligram of extract (ugQE/mg Ex)[23].

¢ Condensed tannin content: Condensed tannins are 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% ferricammonium
sulfate diluted in 2N HCI). Samples are incubated in a boiling water bath for 60 minutes. Absorbance is
measured at 550 nm, and results are expressed in leucocyanidin equivalents, according to following formula: T
(mgLE/gEx) = (A x 78.26 x DF); A: is absorbance recorded at 550 nm; DF: dilution factor. The dilution factor is
equal to 1 if the extract is prepared at 200 mg in 10 mL of solvent and measured absorbance is less than 0.6
[24].

2.2.5. Antiradical activity

Antiradical activity was evaluated using 2,2-diphenyl-1-picrylhydrazyl (DPPH) method. The principle of this method
is based on measurement of free radical scavenging in a DPPH solution. This scavenging is visualized by disappearance
of purple color of DPPH. Samples are left in dark for one hour and absorbance is measured at 517 nm [23],[17]. The
percentage of radical scavenging was determined using formula: P= ﬂ*loo. where As: Sample absorbance; Aw:

Aw

Absorbance of white.

2.2.6. Antimicrobial activity

e Sensitivity test: A bacterial pre-culture (1 colony in 1 mL of liquid Mueller-Hinton) from previous day is
diluted to obtain a turbidity of 0.5 on McFarland scale. This bacterial suspension (1000 pL) was introduced
into Petri dishes containing Mueller-Hinton agar (Bio Rad, France). Using a perforator, 6 mm diameter paper
discs were made. The sterile discs are placed, under aseptic conditions, on bacterial culture plates. On placed
discs, 30 pL of the extract to be tested are inoculated under aseptic conditions. For each extract, experiment
is duplicated along with a negative control. The plates are then left for 30 minutes at room temperature before
being incubated at 37°C in oven for 48 hours before measuring inhibition diameters [25].

e Determination of minimum inhibitory, bactericidal, and fungicidal concentrations: Minimum
inhibitory, bactericidal, and fungicidal concentrations were determined by microdilution method using
iodonitrotetrazolium as an indicator of microbial strain viability [26].

3. Results and discussion

3.1. Secondary metabolites in Detarium microcarpum and Annona senegalensis leaves

Secondary metabolites identified in the leaves of Detarium microcarpum and Annona senegalensis are listed in Table
2. The results of preliminary phytochemical screening revealed presence of catechin tannins, flavonoids,
anthraquinones, coumarins, reducing compounds, sterols, and triterpenes in Detarium microcarpum and Annona
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senegalensis leaves. However, mucilages and saponosides were identified only in the leaves of Detarium microcarpum,
while anthocyanins were found only in the leaves of Annona senegalensis. The results of previous studies by Loubaki
et al.[27] in Niger, Saxena et al.[28] and Ebi et al.[29] in Nigeria, Akabassi et al.[30] in Benin and Hamadou et al.[31]
in Mali on the leaves of Detarium microcarpum corroborate our findings. However, Dembele et al.[32] noted absence
of tannins in Detarium microcarpum from Mali, while tannins were identified in sample from Benin. Similarly,
Abdullahi et al.[33] reported presence of alkaloids in species from Nigeria, which are absent in the leaves of Detarium
microcarpum collected in Benin. As for the Annona senegalensis leaves collected in Mali, Traoré et al.[15] reported
presence of alkaloids in their sample, whereas alkaloids were not identified in species from Benin. Yakubu et
al.[34](2021) noted the absence of anthraquinones in Nigerian species, which were identified in Benin species.
However, results of Diallo[35] work with sample from Mali are consistent with our findings. Mbaya et al.[36] observed
the absence of tannins and anthraquinones in the Nigeria sample, which were identified in our work. The variation in
secondary metabolites observed in our samples compared to previous studies could be related to harvest period, soil
nature, or climatic factors [37],[38]. The diversity of secondary metabolites in these plants, particularly tannins,
flavonoids, coumarins, anthraquinones, sterols, and triterpenes, could explain their use in treating various ailments
[39], [40], [41].

Table 2 Phytochemical composition of Detarium microcarpum and Annona senegalensis leaves

Secondary metabolites | Detarium microcarpum | Annona senegalensis
Observation (Present/Absent)

Alkaloids Absent Absent
Anthocyanins Absent Present
Anthraquinones Present Present
Catechic tannins Present Present
Coumarin Present Present
Cyanogenic derivatives | Absent Absent
Flavonoids Present Present
Leucoanthocyanins Absent Absent
Mucilages Present Absent
Reducing compounds Present Present
Saponosides Present Absent
Sterols and Terpenes Present Present

3.2. Phenolic compound content of Detarium microcarpum and Annona senegalensis leaves

Table 3 presents phenolic compound contents of hydroethanolic extract of Annona senegalensis and Detarium
microcarpum leaves. For Detarium microcarpum leaves, phenol content is 94.434 mg GAE/g Ex and 91.99 mg GAE /g Ex
for Annona senegalensis, with a flavonoid content of 18.419 mg QE/g Ex and 21.25 mg QE/g Ex, respectively, for Annona
senegalensis and Detarium microcarpum. As for tannin content, it is 0.986 mgTAE/gEx for Detarium microcarpum and
2.649 mgTAE/gEx for Annona senegalensis. For Detarium microcarpum species from Benin, Akabassi et al.[30] obtained
a phenol content of 46.79 mg GAE/g Ex. However, in Niger, Hamadou et al.[31] and Lawaly et al.[42] found phenol
contents of 105 mg GAE/gEx and 40.0 mg GAE/gEx, respectively. Regarding total flavonoid content, hydroethanolic
extract of Annona senegalensis leaves contains 18.419 mg Q E/g Ex and 21.25 mg Q E/g Ex for Detarium microcarpum.
Hamadou et al.[31] obtained a content of 23.94 mg Q E/g Ex from Detarium microcarpum leaves. In contrast, Akabassi
et al. [30] obtained a content of 30.29 mg Q E/g Ex in Benin, and David et al.[43] obtained a content of 30.5 mg Q E/g Ex
from a sample in Nigeria. This higher content compared to our results. The variation in phenolic compound content
observed in our samples compared to previous studies could be related to harvest period, soil nature, or climatic factors
[44],[45].
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Table 3 Content of phenolic compounds

Ethanol extract Detarium microcarpum | Annona senegalensis
Total phenol content (mg EAG/gEx) 94.43 91.99

Total flavonoid content (mg EQ/g Ex) 21.25 18.419

Condensed tannin content (mg EL/g Ex) | 0.986 2.649

3.3. DPPH free radical scavenging assay

3.3.1. Detarium microcarpum

The DPPH' radical scavenging rate as a function of concentrations of hydroethanolic extract of Detarium microcarpum
leaves is shown by the curve in Figure 1. A progressive increase in the scavenging percentage is observed as
concentration of hydroethanolic extract of Detarium microcarpum leaves increases, reaching almost 100% before
starting to decrease. From this curve, concentration of hydroethanolic extract of Detarium microcarpum leaves
required to scavenge 50% of DPPH radical is 0.20 mg/mL. These results are consistent with those of Akabassi et al.[30],
who showed that D. microcarpum has very interesting antiradical activity. David et al.[43]similarly observed
pronounced activity in Detarium microcarpum leaves collected in Nigeria.

Trapping perrcentage (%)

0 T T 1
0 0.005 0.01 0.015 .02 0.025 0.03 0.035

Concentrations (g/mL)

Figure 1 Percentage of DPPH radical scavenging by the ethanolic extract of Detarium microcarpum leaves

3.3.2. Annona senegalensis
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Figure 2 Percentage of DPPH radical scavenging by ethanolic extract of Annona senegalensis leaves
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Figure 2 shows the DPPH radical scavenging percentage curve as a function of concentrations of hydroehanolic extract
of Annona senegalensis leaves. A progressive increase in radical scavenging percentage was observed before becoming
almost constant around 100%. The concentration of extract required to scavenge 50% of radical, determined from this
curve, is 0.22 mg/mL. Similarly, the work of Winsou et al.[46] in Benin also showed that Annona senegalensis leaves
have significant antiradical activity.

3.4. Total Inhibition Diameters of hydroethanolic Extract of Detarium microcarpum Leaves on Some Microbial
Strains

Table 4 shows inhibition diameters of hydroethanolic extracts of Detarium microcarpum and Annona senegalensis, along
with ciprofloxacin and amoxicillin, against 16 microbial strains. From this table, the hydroethanolic extract of Annona
senegalensis leaves inhibited all clinical strains (12 strains) and reference strains (4 strains). Traoré et al.[15]
demonstrated that hydroethanolic extract of Annona senegalensis leaves collected in Cote d'Ivoire inhibited
Streptococcus pneumoniae strain. Our results align with previous studies, which showed that extracts of Annona
senegalensis leaves inhibited various pathogens, including Staphylococcus aureus, Candida albicans, Streptococcus
mutans, and Aspergillus niger, with significant inhibition zone diameters [47], [34]. These results corroborate previous
studies that showed hydroethanolic extract of Detarium microcarpum inhibited microbial strains with significant
inhibition zone diameters [48],[49]. The extracts of Annona senegalensis and Detarium microcarpum inhibited 100% of
all tested microbial strains, whereas ciprofloxacin and amoxicillin inhibited 75% and 25% of targeted strains,
respectively. It was observed that hydroethanolic extracts of Detarium microcarpum and Annona senegalensis have a
broader spectrum of activity than the synthetic products used (ciprofloxacin and amoxicillin). The diversity of
secondary metabolites in these plants could explain this remarkable activity. Similarly, inhibition of various microbial
strains by hydroethanolic extracts of Annona senegalensis and Detarium microcarpum may justify use of these plants in
treatment of urinary tract infections [49].

Table 4 Inhibition diameters (mm) of hydroethanolic plant extracts and tested antibiotics
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Legends: Dm: Detarium microcarpum; AS: Annona senegalensis; VS: vaginal swab; S: sperm; UR: urine; Re: reference; SD: Streptococcus D;
KP: Klebsiella pneumoniae; CA: Candida albicans; EC: Escherichia coli; SA: Staphylococcus aureus; SP: Streptococcus pneumoniae; A: amoxicillin;
C: ciprofloxacin

3.5. Minimum Inhibitory Concentrations (MIC) and Minimum Bactericidal Concentrations (MBC) of extracts of
two plants on tested strains

Table 5 presents the MICs and MBCs of hydroethanolic extract of Detarium microcarpum leaves, Annona senegalensis,
ciprofloxacin, and amoxicillin. The MICs range from 0.39 mg/mL to 1.56 mg/mL, while MBCs fluctuate from 1.56 mg/mL
to 12.5 mg/mL. Hydroethanolic extract of Annona senegalensis showed bactericidal activity on the 16 tested strains,
including 12 clinical strains and 4 reference strains. Previous studies align with results obtained in this study[15].
However, our results differ from those of Yakubu et al.[34], who found higher MBCs for the hydroethanolic extract of
Annona senegalensis leaves compared to our results with the Staphylococcus aureus strain. Regarding hydroethanolic
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extract of Detarium microcarpum leaves, MICs range from 0.39 mg/mL to 1.56 mg/mL, with MBCs varying from 1.56
mg/mL to 12.25 mg/mL. Based on the obtained results, hydroethanolic extract of Detarium microcarpum leaves was
found to be bactericidal against all tested strains. The findings of this study are in agreement with previous studies that
demonstrated hydroethanolic extract of Detarium microcarpum leaves has a broad spectrum of antimicrobial activity
[48], [49]. On the other hand, Fotso et al.[50] found higher minimum bactericidal concentrations with several strains
compared to results of this study. Regarding antimicrobial activity of synthetic antibiotics (ciprofloxacin and
amoxicillin), the 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 Klebsiella pneumoniae (vaginal sample), E. coli (vaginal sample), Streptococcus D
(sperm sample), and E. coli (ATCC 25922) at an inhibitory concentration of 10 mg/mL. However, it showed bactericidal
activity against Klebsiella pneumoniae strain (sperm sample) at a concentration of 20 mg/mL. The results indicate that
hydroethanolic extracts of Detarium microcarpum and Annona senegalensis leaves demonstrated more pronounced
antibacterial activity than two synthetic antibiotics used (amoxicillin and ciprofloxacin). The diversity of secondary
metabolites, particularly tannins, flavonoids, coumarins, anthraquinones, sterols, and triterpenes in the leaves of
Detarium microcarpum and Annona senegalensis, could explain the significant antimicrobial activity observed
[51],[52];[39],[41].

Table 5 Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC)

Strains | Origin Extract of Dm | Extract of AS | A C
Concentrations (mg/mL)
MIC | MBC |MIC | MBC | MIC | MBC | MIC | MBC
KP VS 0.39 | 1.56 1.56 |6.25 |10.0 |- 0.63 | 2.50
S 1.56 | 5.00 039 | 156 |5.00 |20.00  0.63| 250
UR 0.78 | 5.00 1.56 | 6.25 |- - 1.25 | 5.00
SA VS 0.78 | 3.13 0.78 |3.13 |- - 0.16 | 0.63
S 0.78 | 3.13 1.56 | 6.25 |- - 5.00 | 20.00
UR 1.25 | 12.25 | 039 | 156 |- - 2.50 | 10.00
ATCC 29213 | 0,39 | 1.56 039 |6.25 |- -
EC VS 0.39 | 1.56 0.78 | 5.00 | 10.00 | - 1.25 | 5.00
S 0.39 | 1.56 039 | 625 |- - 0.16 | 0.31
UR 0.78 | 6.25 039 | 1250 |- - 0.16 | 0.63
ATCC 25922 | 0.39 | 6.25 0.78 |3.13 | 10.00 | - 2.50 | 10.00
SD 'S 0.78 | 3.125 | 0.39 | 1250 | - - - -
S 0.78 | 3.125 | 0.78 | 3.13 | 10.00 | - 1.25 | 5.00
UR 0.78 | 3.125 | 0.39 | 10.00 | - - 2.50 | 10.00
CA MHMR 0.39 | 1.56 10.00 | - - - - -
SP ATCC 4961 | 0.39 | 6.25 039 | 156 |- - 0.63 | 2.50

Legends: Dm: Detarium microcarpum; AS: Annona senegalensis; VS: vaginal swab; S: sperm; UR: urine; Re: reference; SD: Streptococcus D;
KP: Klebsiella pneumoniae; CA: Candida albicans; EC: Escherichia coli; SA: Staphylococcus aureus; SP: Streptococcus pneumoniae; A: amoxicillin;
C: ciprofloxacin

4, Conclusion

Natural substances extracted from plant biomass offer multiple benefits, which are utilized in food, cosmetics, and
pharmaceutical industries. Infectious diseases are a serious health problem worldwide, particularly in Benin. Today,
there is great interest in the use of medicinal plants to treat these infections. The present work aims to highlight two
plants (Annona senegalensis, Detarium microcarpum) used in traditional medicine in Benin to treat urinary infections
by determining their phytochemical potential and evaluating biological activities of their extract. According to results
obtained, leaves of Annona senegalensis and Detarium microcarpum contain anthraquinones, catechic tannins,
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coumarins, flavonoids, reducing compounds, sterols, and terpenes. Hydroethanolic extract of Annona senegalensis and
Detarium microcarpum leaves showed bactericidal activity against sixteen (16) microbial strains used in this study.
Ciprofloxacin and amoxicillin showed bactericidal activity against 75% and 25% of the tested strains, respectively.
Hydroethanolic extract of Annona senegalensis and Detarium microcarpum exhibited more pronounced antimicrobial
activity than two synthetic antibiotics used. The diversity of secondary metabolites, particularly tannins, flavonoids,
coumarins, anthraquinones, sterols, and triterpenes present in the leaves of Detarium microcarpum and Annona
senegalensis, could explain observed antimicrobial activity, which also supports the use of these plants in traditional
medicine.
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