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Abstract

Background: Africa has a rich and diverse flora that people use for their food and health needs. This study aims to
explore the possibility of using aqueous and/or ethanolic extracts of Alchornea cordifolia leaves as an alternative in the
fight against multi-resistant bacteria responsible for gastritis and urinary tract infections.

Results: The results show that 100% of the tested bacilli (. coli, K. pneumoniae, P aeruginosa) are resistant to the 10
antibiotic disks tested. This resistance is 66.66% for quinolones and fluoroquinolones. S. aureus was found to be resist-
ant to glycopeptides and aminoglycosides. Three ESBL genes are identified in bacilli against only one type of ESBL
gene in cocci. 100% of the bacilli carry the SHV genes, and S. aureus has the Mec A gene. The aqueous extract exerted
a bactericidal effect on all the strains with MICs and BMCs varying, respectively, from 0.76 to 50 mg/ml and BMCs from
0.76 to 100 mg/ml. Only 40% of the chemical groups (tannin, flavonoids, mucilages and sterol-terpenes) sought were
present in the aqueous extract. The ethanolic extract is not active.

Conclusions: Based on these data, the aqueous extract of A. cordifolia leaves is a good phytomedical candidate for
the treatment of gastritis (stomach cramps, watery or bloody diarrhea) and urinary tract infections caused by multi-

resistant Gram-negative and Gram-positive bacteria.
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Background

Just as for food is a basic human need, so is the need
for health care. In recent years, in African regions, we
have seen an increase in infectious diseases. These dis-
eases are a serious public health problem in developing
countries as they are the leading cause of death with an
alarming growth rate of antibiotic resistance (Dougnon
et al. 2021a). This antibiotic resistance is due to poor
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medication practices observed in developing countries.
The direct impact of these practices is to reduce the ther-
apeutic potential of the drugs available to treat patients
with bacterial infection (Cristobal-Azkarate et al. 2014).
Indeed, infections caused by multidrug-resistant bacteria
are associated with poorer clinical results and a higher
treatment cost than other infections (Lehtinen et al.
2019). This fact may be associated with a risk of exhaus-
tion of therapeutic remedies capable of treating diseases
caused by those mutant strains. In order to fight effec-
tively against this bacterial resistance and to limit the
cases of therapeutic failures, the search for new, more
efficient molecules capable of effectively eradicating the
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mutant strains responsible for bacterial diseases must be
encouraged (Brochot et al. 2017).

In Benin, a country in West Africa, the use of plants
for health care is very old and is currently experiencing
a revival among the populations. According to the World
Health Organization, 80% of the African population still
uses traditional medicinal practices for their primary
healthcare needs (Ayéna et al. 2021). According to the US
Agency for International Development, the importance
of medicinal plants is growing due to the sharp increase
in global demand for medicinal plants and their products
in recent decades and the increasing number of users and
the diversity of areas in which they are used (Brochot
et al. 2017). Nowadays, it is estimated that at least 25% of
all modern medicines are derived, directly or indirectly,
from medicinal plants, mainly through the application
of modern technologies to traditional knowledge (Saini
et al. 2018). It is therefore on the strength of Benin’s rich
plant heritage that this study proposes to explore the
antibacterial potential of A. cordifolia leaves extracts
against multidrug-resistant bacterial strains responsible
for human infections.

Methods

Collection and extraction of plant material

Plant material consisting of fresh leaves of A. cordifolia
was collected in July 2020 in the wetlands of Pahou, a
town located 21 km from Cotonou, Benin. The identifi-
cation followed by certification was carried out by Pro-
fessor Hounnankpon YEDOMONHAN, curator of the
National Herbarium of the University of Abomey-Calavi,
under the reference number YH430/HNB.

After harvesting, the organs were washed with dis-
tilled water and dried in the laboratory at a temperature
of 25 °C and then pulverized using a RETSCH electric
grinder, type SM 100 with a mesh size of 0.5 (Ayéna et al.
2022).

The ethanolic extract was prepared by placing 100 g
of A. cordifolia powder in 96° ethanol and stirring con-
tinuously for 72 h. The aqueous extract was obtained
by infusing 100 g of A. cordifolia powder in 1L of water
heated at 75 °C for 30 min. Each macerate was filtered
on Whatman No. 3 paper and then dry-evaporated. The
extracts were then recovered and stored in a refrigerator
at 4 °C before testing. The yields of the extracts were cal-
culated according to the following formula:

Me
R(%) = —— x 100
MV
where Me is the mass of the extract after evaporation of

the solvent and My is the mass of the plant material used
for extraction.
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Phytochemical screening

The qualitative phytochemical screening was performed
on the aqueous extract of A. cordifolia leaves. This test
is based on differential staining and precipitation reac-
tions according to the method described by Ayéna et al
(2022). The main chemical groups investigated in A.
cordifolia leaf extract are: alkaloids, tannins (catechin
and gallic), phenolic compounds, flavonoids, antho-
cyanins, leuco-anthocyanins, sterols and tri-terpenes,
saponosides, reducing compounds and mucilages.

Evaluation of the antibacterial activity of the extracts

The total aqueous and ethanolic extracts obtained pre-
viously were used to prepare solutions with a concen-
tration of 50 mg/ml, which were then filtered through
0.22-um Millipore membranes and sterilized. The ste-
rility of the extract solutions was checked by inocu-
lating aliquots of each solution onto Mueller—Hinton
medium and incubated at 37 °C for 24 h. The absence of
bacterial culture indicates that the extract was sterile.

Criteria for selection of bacterial strains

The bacterial strains used in this study were chosen
because of their strong involvement in the development
of infections, their high degree of pathogenicity and
their ability to show resistance to at least three different
antibiotics. In addition, they are included in the WHO
list of antibiotic-resistant “priority pathogens” (WHO
2017). The clinical strains used are multidrug resistant
and possess at least one resistance gene.

Detection of resistance genes

DNA extraction

Young colonies of 18 £2 h obtained after culture on
Muller—Hinton medium were used for DNA extrac-
tion. The young colonies were then added to 200 pl of
physiological water, vortexed for about 5 min and cen-
trifuged at 3000 rpm for 15 min. The supernatant was
collected, and the pellets were discarded.

Resistance genes were detected following the method
described by Koudokpon et al. (2018). A total of 5
genes including 4 genes (TEM, SHV, CTX-M-15 and
CTX-M1) in bacilli and 1 gene (mecA) in cocci were
detected by PCR method. The reaction volume of the
mix prepared was 25 pl and that was introduced into
a thermocycler for amplification following the condi-
tions described in Tables 1, 2 and 3. DNA fragments
were analyzed by electrophoresis in a 2% agarose gel.
Migration was performed, followed by interpretation of
the results based on comparison of the migration of the
fragments to the marker sizes.
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Table 1 List of genes and their primers

Genes Primers Sequence 5'-3’ References
TEM TEMF ATGAGTATTCAACAT Memariani et al. (2015)
TTCCGC
TEMR CAATGCTTAATCAGT
GAGG
SHV SHV F AAGATCCACTATCGC Memariani et al. (2015)
CAGCAG
SHVR ATTCAGTTCCGTTTCCCA
GCGG
CTX-M1  CTX-M1F  GGTTAAAAAATCACT Memariani et al. (2015)
GCGTC
CTX-M1R  TTGGTGACGATTTTA
GCCGC
Mec A MecA-F AATCGATGGTAAAGG Pournajaf et al. (2014)
TTGGC
MecA-R AGTTCTGGAGTACCG
GATTTGC
CTX-M15 CTX-M15F CACACGTGGAATTTA Memariani et al. (2015)
GGGACT
CTX-M15R GCCGTCTAAGGCGAT
AAACA

Table 2 PCR conditions for Bla-TEM, SHV, CTM-1 and CTM-15

Step Temperature (°C) Time Number
of cycles

Initial denaturation 95°C 4 min -

Denaturation 94 °C 305 30

Annealing 68 °C 1 min

Extension 68 °C 1 min

Final extension 72°C 5min -

-:not considered

Table 3 PCR parameters for Mec A

Step Temperature (°C) Time (min) Number
of cycles

Initial denaturation 94 4 -

Denaturation 94 1 30

Hybridization 50 1

Elongation 72 1

Final elongation 72 5 -

-:not considered

A pre-culture of each bacterial strain was diluted in
distilled water to a turbidity of 0.5 McFarland or a con-
centration of 2.10% CFU/mL. Individual strains were
then plated according to the method of Kirby and Bauer
on Petri plates containing Mueller—Hinton agar and
antibiotic disks (CA-SFM / EUCAST 2020). A chloram-
phenicol disk loaded at the concentration of 50 mg/ml
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was used as a positive control. The tests were repeated
two times.

Preparation of bacterial suspensions and susceptibility
testing

Seven bacterial strains were tested, of which four clinical
strains (E. coli, K. pneumoniae, P. aeruginosa, S. aureus)
and three reference strains (E. coli ATCC 25922, S. aureus
ATCC 25923, P. aeruginosa ATCC 27853) were used as
positive controls. Prior to antimicrobial testing, a 24-h
pure colony portion from the Mueller—-Hinton medium
of each strain was emulsified in 5 ml of physiological
water to achieve a turbidity of 0.5 on the McFarland scale
(CA-SEM/EUCAST 2020).

Antibacterial susceptibility testing

Susceptibility testing of isolates was performed according
to the French Society of Microbiology method (CA-SFM
2020). The following antibiotic disks were used to per-
form the susceptibility test: AMC = Amoxicillin+ Cla-
vulanic acid, ATM=Aztreonam, ETP=Ertapenem,
AMP = Ampicillin, CIP =Ciprofloxacin, AK= Amikacin,
FO =Fosfomycin, NA = Nalidixic acid and PEF = Peflox-
acin for bacilli strains. For cocci: CIP = Ciprofloxacin,
AK=Amikacin, FO=Fosfomycin, TOB=Tobramycin,
E=Erythromycin, AK=Clindamycin, VA =Vancomycin
and RP = Rifampicin.

Determination of the minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC)
The MIC and MBC were determined following Dougnon
et al. technique (Dougnon et al. 2021b). They were per-
formed based on the susceptibility test. A sample stock
solution of each extract was prepared at a concentration
of 100 mg/ml in distilled water. Hundred microliters of
Mueller-Hinton broth (MHB) was placed in each well
of a microplate (1-10 wells). Hundred microliters of the
stock extract solution was placed in the first well. After
homogenization by aspiration discharge with a micropi-
pette, 200 uL of 100 mg/ml extract solution was obtained.
Hundred microliters of this new solution was taken and
mixed with the Mueller—Hinton broth contained in the
second well, and this half dilution of the well was con-
tinued until the 8th well. Finally, 10 uL of the bacterial
suspension was added to each well. The 9th and 10th
wells represented the positive and negative controls and
contained 100 pL of Mueller—-Hinton broth+100 uL of
the bacterial suspension and 100 pL of Mueller—Hinton
broth, respectively. The microplates were incubated for
24 hat 37 °C.

MICs were estimated by the addition of nitrachloro-
tetrazolium. All wells with higher MIC concentrations
were then plated on Mueller—Hinton agar and placed at
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37 °C for 24 h. This allowed the evaluation of the mini-
mum bactericidal concentration which is the lowest con-
centration of the extract that does not show bacterial
colonies. The antibacterial power is considered bacteri-
cidal or bacteriostatic according to the ratio R=MBC/
MIC. Indeed, according to Dougnon et al. (2021b), if
1 <R <2, the effect is bactericidal, and if 4 <R> 16, the
effect is bacteriostatic.

Data processing and analysis

Data were collected and stored in Excel 2019 spread-
sheet, and graphs were made with Excel software. The
inhibition diameters are presented as mean =+ standard
deviation.

Results
The yield of extractions was 46.51% and 51.43% for aque-
ous and ethanolic extracts, respectively.

Phytochemical composition of the extract

The qualitative phytochemical screening revealed the
presence of four major chemical groups (Table 4). These
are catechin and gallic tannins, flavonoids, mucilages and
sterol-terpenes. The other chemical groups (anthocya-
nins, leuco-anthocyanins, alkaloids, reducing compounds
and saponosides) are absent.

Resistance genes detected

A total of 17 antibiotic families were tested in this study.
100% of the bacilli tested (E. coli, K. pneumoniae, P aer-
uginosa) are resistant to penicillins and monobactams.
This resistance is 66.66% to quinolones and fluoroqui-
nolones. As for S. aureus, it was found resistant to glyco-
peptides and aminoglycosides. The search for resistance
genes shows the existence of three ESBL genes in bacilli
against only one type of ESBL gene in cocci. 100% of

Table 4 Result of phytochemical screening
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Table 5 Resistance gene profile of isolated strains

Strains Resistance genes
E. coli TEM SHV

S.aureus Mec A

K. pneumoniae SHV, CTX-M15

P aeruginosa SHV

bacilli carry the SHV genes and S. aureus has the Mec A
genes (Table 5).

Antimicrobial activities of extracts inhibition diameters

of extract-sensitive strains

The results of the antimicrobial test reveal that at the
concentration of 100 mg/ml, all the extracts combined
have proven antimicrobial activities. The aqueous extract
inhibited 100% of the bacterial strains with inhibition
diameters ranging from 9.33+1.21 to 17+£0.89 mm
(Table 6). As for MIC and MBC, the results show that
they ranged from 0.76 to 50 mg/ml and 0.76 to 100 mg/
ml for the aqueous extract, respectively. This extract
showed bactericidal power against 75% of the strains (K.
pneumoniae, S. aureus and P aeruginosa). No activity
was observed with the ethanolic extract (Fig. 1).

Discussion

The multidrug resistance test showed that 100% of
the bacilli were resistant to the combination of Aztre-
onam and Clavulanic Acid+ Amoxicillin compared to
75% to Ampicillin. The S. aureus strain showed abso-
lute resistance (100%) to Vancomycin, Erythromycin
and Rifampicin. According to the work of Ischola et al.
(2021), the high resistance of the isolated bacterial strains
is a concern and calls for a rational use of antibiotics to
avoid the transmission of antibiotic resistance from the
environment to humans. According to Koudopkon et al.

Chemical group categories Metabolites Reagents Color Results

Polar chemical groups Tannin catechins Iron perchloride Dark green +
Tannin gallic Iron perchloride Blue-green +
Flavonoids Chloridic acid 4+ magnesium chips Red or yellow +

Apolar chemical groups Anthocyans Chloridic acid 4+ ammoniac Purplish blue -
Leuco-anthocyanins Shinoda’s reagent Cherry red or purplis —
Alkaloids Dragendorff reagent Orange precipitate -
Mucilages Alcohol Flaky precipitate +
Reducing compounds Fehling's reagent Brick red precipitate -
Sterol-terpenes Liebermann'’s reaction Purple or violet ring +

Saponosides

Distilled water

Persistent moss

(4), presence; (—), absence
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Table 6 Average diameters of inhibition zones
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Type of extract Bacterial strains Inhibition diameter (mm; n=2) Positive control
chloramphenicol
(50 mg/l)
Aqueous extracts of leaves E. coli 933+£1.21 17334+0.04
K. pneumoniae 933+£1.21 19334+057
S.aureus 17+£0.89 18.67+0.02
P aeruginosa 174+0.89 17.334+0.04
E. coli ATCC 25922 12.33£0.00 16.33+£0.04
S.aureus ATCC 25923 19.23+£0.00 1943+057
P aeruginosa ATCC 27853 16.134+0.00 18.67+0.02

Fig. 1 Plate showing average diameters of inhibition zones

(2018), Enterobacteriaceae easily express resistance to
Amoxicillin, Amoxicillin+ clavulanic acid and Aztre-
onam. This high resistance is due to the high frequency

of prescription of these antibiotics in medical training
(Moussé et al. 2019). For the detection of beta-lactam,
four resistance genes (bla gy, blagy, blacry. s in the
bacilli group and Mec A gene in the cocci group) were
identified. The resistance genes bla g, (33.33%), blagy,
(100%), blacryaus (33.33%) and Mec A (100%) were
detected. These results confirm the findings of Abrar
et al. (2019) who also report the presence of these genes
in clinical strains (Abrar et al. 2019).

The MICs and MBCs of the tested bacteria are
recorded in Table 7. Only the aqueous extract of A. cor-
difolia leaves showed different antibacterial activity
against the tested multidrug-resistant strains. The com-
parison between the inhibition diameters showed that
there was no difference between the diameters of E.
coli, K. pneumoniae and S. aureus, P. aeruginosa strains
at the 0.05 threshold. However, a variation in inhibition
diameter was recorded for S. aureus (17+£0.89 mm)
and P aeruginosa (17+0.89 mm) strains versus smaller
diameters for E. coli (9.33+1.21 mm) and K. pneumo-
niage (9.33+1.21 mm). This difference in the average

Table 7 Minimum inhibitory and bactericidal concentrations of the aqueous extract of A. cordifolia against the four bacterial strains

used
Extracts Parameters E. coli K. pneumoniae S.aureus  P.aeruginosa E. coli ATCC S.aureus ATCC  P.
(mg/mL) 25922 25923 aeruginosa
ATCC 27853
Aqueous extracts  MIC (mg/ml) 12.25 25 0.76 0.78 25 25 50
MBC (mg/ml) 25 50 0.76 0.78 50 25 100
AP (MBC/ MIC) 2 2 1 1 2 1 2
Antibacterial Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal
effects
Chloramphenicol  MIC (mg/ml) 0.195 0.781 0.391 0.391 0.0028 0.0038 0.021
MBC (mg/ml) 0.195 0.781 0391 0.391 0.0028 0.0038 0.021
PA (MBC/ MIC) 1 1 1 1 1 1 1
Afr;tibacterial Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal Bactericidal
effects

AP, antibacterial power
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diameters of inhibition observed would be due to the
presence of resistance genes which are gene 01 for some
and gene 02 for others.

The MIC and MBC determined vary, respectively, from
0.76 to 50 mg/ml and from 0.76 to 100 mg/ml. It exerted
100% bactericidal power on the strains studied. Accord-
ing to several researchers, these values indicate that the
extract possesses antimicrobial activity of the species
toward the studied clinical strains (Djague et al. 2020).
The ethanolic extract of the leaves showed no activity.
These results are not in line with Fadehan et al. study
(2015) who showed that ethanolic extracts of A. cordi-
folia leaves exhibited antibacterial activity against these
strains. Other researchers confirm these results which are
not similar to our findings (Boniface et al. 2016; Djimeli
et al. 2017). This could be explained by the fact that the
active compounds available in the ethanolic extract have
no affinity with water. On the other hand, the resistance
genes would have strengthened the defensive arsenal of
the bacteria, making them more difficult to eliminate.
These results would be due to the phytochemical compo-
sition of the A. cordifolia leaf extract.

Conclusions

This study on the search for an alternative treatment of
infections due to multi-resistant bacteria led to the char-
acterization of the resistance profile of certain bacterial
strains and the exploration of the antibacterial potential
of aqueous extracts of A. cordifolia leaves. The results
show that 100% of the bacilli tested are resistant to the
most commonly used antibiotics (penicillins and mono-
bactams). This resistance is 66.66% to quinolones and
fluoroquinolones. As for S. aureus, it was found resist-
ant to glycopeptides and aminoglycosides. The detection
of resistance genes showed the presence of TEM and
CTX-M15, SHV and Mec A resistance genes. Only the
aqueous extract had a bactericidal effect on all strains.
Regarding the results, aqueous extract of A. cordifolia
leaves is a good phytomedical candidate to treat gastritis
(stomach cramps, watery or bloody diarrhea) and urinary
tract infections caused by multi-resistant Gram-negative
and Gram-positive bacteria. However, in addition to the
observed antibacterial activity, for a better understanding
of the biological potential of this extract, further pharma-
cological tests such as studying the mechanism of action
of the leaf extract should be undertaken.
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