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ABSTRACT

Staphylococcus aureus is a ubiquitous bacteria that causes a serious health problem because of its multi-resistance to antibiotics. The aimed of this study was to evaluate
the antibacterial activity of P. kotschyi root against S. aureus ATCC 29213 and S. aureus, a clinical strain. The phytochemical compound was sought in the extracts by
standard staining tests and extractions were carried out by fractionation using solvents depletion method with increasing polarity. The method of dilution in liquid
medium was used for the antibacterial tests. The results showed that the aqueous extract of the bark was effective against both S. aureus with MICs of 0.39 mg.mL™.
The MICs of ethanolic extract were 0.39 and 0.78 mg.mL™, respectively on S. aureus ATCC 29213 and S. aureus. The steles of P. kotschyi roots were less effective.
The ethanolic and aqueous extracts at concentrations = 2MICs, have been respectively bacteriostatic and bactericidal effects on tested germs. The kinetics of inhibition
showed that the aqueous extract of the bark at 0.78 mg.mL™, completely destroyed the two germs respectively in 4 h and 5 h. The action of ethanolic extract at 0.78 and
1.56 mg.mL™ occurs late against both S. aureus at 6 h and 7 h. Phytochemical screening revealed the presence of alkaloids, tannins, flavonoids, anthracenes, glycosides,
saponosides and sterols, some of that may be responsible for the observed antimicrobial activity. This study proved the antibacterial activity of P. kotschyi roots that can

be exploited as an antibiotic in the treatment of S. aureus infections.
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INTRODUCTION

Pseudocedrela kotschyi is a medicinal plant of Meliaceae family and commonly
known in English as dry zone cedar or hard cedar-mahogany. It's a woody of
savanna tree up to 20 m tall with a broad crown and fragrant white flowers (Ayo
et al., 2010; Ojewale et al., 2014). The plant is commonly found in tropical West
Africa and Togo. It has some biological effects as antimalarial, anticonvulsant,
antibacterial, antipyretic, antidiabetic, anticancer (Ojewale et al., 2014; Elufioye
et al., 2017). In traditional medicine, the plant is used to treat various diseases
(Elufioye et al., 2017; Mambou et al., 2018). In West Africa, the roots of the
plant are used to clean teeth (Kassim et al., 2009). In Ghana small branches and
leaves are used in the treatment of malaria and abdominal pain (Asase et al.,
2005)). The people of northern Cote d’Ivoire useit in the treat toothache and
internal injuries (Ayo et al., 2010). In Nigeria, leaves and roots are used in the
treatment of rheumatism and amoebic dysentery (Ayo et al., 2010). The interest
in studying this plant lies in cultural and scientific considerations.

In rural areas, the majority of people use plants for treatment (Azzazi et al.,
2015). These plants are effective, available and affordable at a lower cost and
with lower side effects. An ethnobotanical survey of traditional healers in Togo
identified several plants with antibiotic activity, including P. kotschyi, which is
mainly used in the treatment abscesses. Among the bacteria responsible for this
infection, S. aureus is one of the bacteria incriminated (references). S. aureus is a
ubiquitous germ which is a major public health problem because it’s multidrug
resistance (McGuinness et al., 2017).

In order to explore novel compounds with antibiotic properties and to validate the
traditional use of P. kotschyi, the present study was conducted to evaluate the
antibacterial activity of plant roots on a S. aureus ATCC 29213 strain and a strain
of S. aureus isolated from clinical.

MATERIAL AND METHODS
Plant material

The plant material consists of roots, bark and roots steles of Pseudocedrela
kotschyi, harvested in the plateau region of Togo following an ethnobotanical
survey of tradipraticians. Harvests were made at Kolocope, a village in Ogou
Prefecture; about 170 km from Lome. They were then identified in the
Laboratory of Botany and Plant Ecology of the Faculty of Sciences of the
University of Lome where voucher, the specimen was deposited in the
herbarium. The organs of the plant were dried at the temperature of the laboratory
of ESTBA/University of Lome away from light and then reduced to powder
using a Thomas Scientific ™ type grinder.

Microbial germs

The germs tested consisted of a reference strain and a clinical strain of
Staphylococcus:
- S. aureus ATCC 29213 was from the National Institute of Hygiene
(INH) of Togo
- S. aureus, isolated from patients in the Bacteriology Laboratory of the
Hospital of University Center (CHU Campus) (Togo).

Ethnobotanical survey

The ethnobotanical survey was conducted by semi-structured interviews of 40
traditional practitioners in ten villages in plateau and central regions of Togo
(Atchou et al., 2013). The information was collected using a questionnaire
submitted to the Tradipraticians during the interviews. The questions concerned
plants used to treat wounds and abscesses, associated plants, other pathologies
treated by the plants mentioned, the parts used, the method of harvesting organs,
the vernacular name of the plants mentioned, etc.

Fractional extraction

The method used was that of the depletion of solvents with increasing polarity. It
makes it possible to separate the compounds by carrying out successive
extractions by passing from less polar to more polar solvents (Atchou et al.,
2013; Kaouadji et al., 1986). The solvent systems used were: C¢Hi, = 1 (1 h);
CeH12: Et-COO-Me= 1/2: 1/2 (1 h) ; Et-COO-Me =1 (6 h); Et-COO-Me:
CHCl;= 1/2: 1/2 (6 h) ; CHCIz= 1 (12 h); CHCls: EtOH= 1/2: 1/2 (12 h);
EtOH=1 (24 h); EtOH : H,0 = 1/2: 1/2 (24 h) ; H,O = 1 (24 h).

The bark and steles of the roots (100 g) were successively extracted with
continuous stirring without heating using solvents in the above-mentioned order
from hexane to water. After filtration on Wattman paper filter n® 40 (@150 mm),
the filtrates were concentrated in rotary evaporator vapor type BUCHI1-114. The
dry extracts obtained were placed in an oven at 45 °C for 24 h and then stored in
non-transparent glass vials in the refrigerator at + 4 °C for phytochemical and
antibacterial tests.

Antibacterial tests
The principle is that of dilution in a liquid medium. The technique involves

bringing the inoculum into contact with the extract solutions at different
concentrations and then spreading them on an appropriate agar medium.
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Preparation of inoculum and extract solution

The antimicrobial tests were carried out on young cultures from 18 to 24 h
obtained after isolation on agar medium: Chapman. The microbial suspension
that served as inoculum corresponded to a turbidity of 0.5 Mc Farland (=10°
CFU.mL™). The extracts were dissolved in distilled water and then sterilized by
filtration using a 0.22 um Millipore membrane filter syringe. Their sterility was
verified by seeding aliquots on Mueller-Hinton Agar Medium (MHA) for 24-48 h
at 37 °C £ 2 °C. The tests were performed in a Microbiological Safety Station
(PSM).

Presumptive test

The technique consists of putting the inoculum in contact with the extract, then
seeding on agar medium. Only one concentration was used to identify the active
extracts (Atchou et al., 2013; de Souza et al., 1993). A concentration of 50
mg.mL" of the extracts was dissolved in 2.5 mL of Mueller-Hinton broth (MHB)
and inoculated by 50 pL of inoculum (1.5 x 10° CFU.mL™Y) for 24 h at the
temperature of 37 °C. For the control, the extract is replaced by distilled water.
Gentamicin 10 pg.mL™ was used as a control. After the 24 h of incubation, the
preparations were spread on chapman agar medium and reincubated for 24 to 48
h at the temperature of 37 °C before counting the germs. The percentage growth
inhibition was calculated according to the formula:

% Inhibition of growth = 100 x (1 — number of colonies counted on test boxes /
number of colonies counted on control boxes)

The tests were performed in a Microbiological Safety Station (PSM) and assays
in triplicate.

Determination of antibiotics susceptibility of bacteria

The susceptibility curve was established for extracts that gave total inhibition of
germs growth with the presumptive test. From the initial solution, a series of
successive dilutions of geometric progression of reason 2 was performed to
obtain a final concentration range of 50 to 0.390 mg.mL™. The seeding procedure
remains the same as that of the presumptive test. The preparations were incubated
at the temperature of 37 °C for 24 h and then observed with the naked eye. The
presence of turbidity or deposition corresponded to the presence of microbial
culture. Minimum inhibitory concentrations (MIC) were determined for the last
concentrations giving no microbial culture visible to the naked eye then seeded
on Chapman agar medium and incubated at the temperature of 37 °C for 24-48 h.
The lowest concentration for which no colony was counted was considered the
minimum bactericidal concentration (MBC) that can kill at least 99.99% of the
initial inoculum or leave at most 0.01% of survivors (10> CFU.mL™). The
MBC.MIC? ratio allowed to evaluate the antibiotic power of the extracts:
MBC.MIC™? < 1 => bactericidal power, MBC.MIC™ > 2 => bacteriostatic power
(Anani et al., 2016; Karou et al., 2005).

Kinetics of growth inhibition of microbial germs

Concentrations of the extracts corresponding to twice their MIC were seeded by
plating and then incubated at the temperature of 37 °C. In times t = 0; 0.5; 1; 2; 3;
4;5;6;7;8;9;10; 11; 12 h an aliquot of 100 uL was removed and diluted in 100
mL of MHB broth and then inoculate on Chapman agar medium. The cultures
were incubated at the temperature of 37 °C for 24-48 h. After incubation, the
colonies were counted and then the kinetics of growth inhibition of germ was
studied.

Phytochemical screening

The phytochemicals compounds have been detected in the extract by classical
staining tests in chemistry (Harbone, 1973; Chhabra et al., 1984).

The detection of alkaloids was carried out with the reagents of Mayer,
Bouchardat and Draggendrof. The reactions with 0.1 N hydrochloridic acid,
made it possible to highlight the flavonoids. The tannins were identified by ferric
chloride 1%, ammonia copper sulfate 1% and lead acetate 10%. Anthracenes
were identified by reaction with 0.1 N sodium hydroxide; glycosides by a-
naphthol test, saponins by the foams test; sterols and terpenes by the reaction of
Liebermann-Buchard.

Statistical analysis

Data were analyzed by GraphPad Prism 6 software and considered significant for
p <0.05. It’s were expressed in Mean + SEM (standard error of the mean).

RESULTS AND DISCUSSION
Ethnobotanical data collected

The ethnobotanical study undertaken in this study showed that traditional healers
in Togo used P. kotschyi to treat hydrocele, fractures, edema, ascites, female
infertility, rashes, pruritus, lesions, scabs, nodules or cysts, breast abscesses,
anthrax, boils, chancre and tooth decay. Then, the fresh root and bark of P.
kotschyi are pounded and applied to the scrotum in the treatment of hydrocele. In
the case of fractures, the bark of the fresh roots of the plant is crushed with the
roots of Piliostigma thonninngii then the paste is applied on the fractured part.
The hot residue of leaf decoction is used during rehabilitation. Leaf infusion is
administered orally in the treatment of generalized edema, ascites and female
infertility. The leaves and bark of the roots of P. kotschyi are also pounded
together and then applied locally to the diseased parts to treat conditions such as
rashes, pruritus, lesions, scabs, nodules or cysts, breast abscesses, anthrax, boils,
chancre. The twigs are used as toothpicks to treat tooth decay.

Antimicrobial effects of extracts

The data from antimicrobial tests proof that P. kotschyi roots have antibacterial
activity against both S. aureus tested. The extracts which resulted in 100%
inhibition at the concentration of 50 mg.mL™ in the presumptive test were
considered effective while the extracts which growth inhibition rates <100% were
considered inactive (Table 1). However, it should be noted that our fractioned
extracts were semi-purified and concentrated less active compounds. S. aureus
ATCC 29213, the reference strain was 100% susceptible to gentamicin, unlike
the clinical strain that was insusceptible to growth inhibition which was <100%
(Table 1). This suggested that the antibacterial activity of P. kotschyi roots was
more effective when compared to Gentamycin.

The ethanolic and aqueous extracts were selected for the susceptibility study
because they are extracted by the polar solvents which are the antibiotics and also
related to the solvents in which the roots of P. kotschyi are traditionally used.
MICs of the aqueous extract of P. kotschyi root bark was the same on both strains
of S. aureus (0.39 mg.mL™?) (Table 2). The ethanolic bark extract was less
effective in inhibiting growth of the clinical S. aureus strain (MIC = 0.78 mg.mL"
%y (Table 2). In view of MICs, steles of root extracts were less effective when
compared to root bark extracts. The MICs of the ethanolic steles root extract were
6.25 mg.mL* and 12.5 mg.mL™, respectively, on the growth of S. aureus ATCC
29213 and S. aureus (Table 2). The aqueous extract resulted in growth inhibition
of S. aureus ATCC 29213 and S. aureus with MICs of 1.56 mg.mL™ and 3.12 mg
mL™, respectively (Table 2). Once again the aqueous extract was more effective
in growth inhibition of both bacteria. The determination of minimum bactericidal
concentrations (MBC) made it possible to assess the bactericidal power of the
extracts (Table 3). The ratio MBC.MIC™ = 2 for ethanolic extracts; which means
that these extracts have a bacteriostatic power, they inhibit the growth of the
germ without Killing it (Table 4). Ethanolic extracts can be used to manage
chronicle infections. The aqueous extracts had a bactericidal effect (MBC.MIC™
= 1) and can be used in acute infection to kill bacteria quickly (Table 4).
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Table 1 Growth inhibition rate of S. aureus

Hex- AcEL CHCI, EtOH-
Hex AcEt AcEt CHCl, CHCl;, EtOH EtOH H,0 H,0 GM

oo S AUrEUSATCC 29213 80.79 9355 9957 100 100 100 100 100 100

Barks  S.aureus 7045 7621 8907 9465 100 100 100 100 190

Roots  S.aureus ATCC29213  69.98 7815 8812 9544 9632  99.98 100 100 igg

steles S, aureus 5417 6389 7555 8108 9097 9281 100 100

S. aureus ATCC 29213 100

GM S. aureus 84.25

Hex = hexanolic extract ; Hex-AcEt = extract of hexane and ethyl-acetate mixture; AcEt = ethyl-acetate extract; AcEt-CHCI; = extract of
ethyl-acetate and chloroform mixture; CHCI; =chloroformic extract; CHCI;-EtOH= extract of chloroform and ethanol mixture; EtOH=
ethanolic extract; EtOH-H,0= hydroethanolic extract; H,O = aqueous extract; GM = gentamicin 10 ug.mL™. Values were expressed in

percent (%).

Table 2 Minimum inhibitory concentrations (MICs)

Concentrations (mg.mL™)

Extracts Microbial germs 50 25 125 625 312 156 078 039 0.19
S. aureus ATCC 29213 + + + + + + + - -
EtOH S. aureus + o+ + + + + - - )
Roots
Barks S. aureus ATCC 29213 + + + + + + + - -
H.0 S. aureus + + + + + + + - )
S. aureus ATCC 29213
S. aureus * * ) ) ) ) ) )
Stelesof  =OH T ) ) ) i i i i
roots S. aureus ATCC 29213 + + + + + - - - -
H,O S. aureus + + + + - - - - -
+ = culture visible to the naked eye ; - = No culture visible to the naked eye
Table 3 Percent of the Growth Inhibition and Minimum Bactericidal Concentrations (MBCs)
Concentration (mg.mL™)
Extracts Microbial germs 25 12.5 6.25 3.12 1.56 0.78 0.39 0.19
S. aureus ATCC 29213 100 100 100 100 100 100 94.30 78.21
foos | ETOH S. aureus 100 100 100 100 10 9904 o100 487
Barks S. aureus ATCC 29213 100 100 100 100 100 100 100 99.76
H.,O S. aureus 100 100 100 100 100 100 100 98.43
S. aureus ATCC 29213 100 100 98.56 90.07 85.71 70.99 66.79 57.41
EtOH S. aureus 100 93.21 84.76 68.95 53.22 36.02 00.00 00.00
f;g'tess of ho S.aureus ATCC 29213 100 100 100 100 100 9634 8954 7882
2 S. aureus 100 100 100 100 80.18 71.06 50.25 39.97
Table 4 Antimicrobial activity
MBC.MIC*  Antimicrobial
Extracts Microbial germs MIC MBC Ratio activity
S. aureus ATCC 29213 0.39 0.78 2 Bacteriostatic
EtOH S. aureus 0.78 156 2 Bacteriostatic
Roots
Barks S. aureus ATCC 29213 0.39 0.39 1 Bactericidal
H,0 S. aureus 039 039 1 Bactericidal
S.aureus ATCC 29213 625 12,50 2 g:gg:gigﬂg
EtOH S. aureus 12.50 25.00 2
f;i'tis of S. aureus ATCC 29213 156 156 1 Bactericidal
H,O S. aureus 3.12 3.12 1 Bactericidal

MICs and MBCs were expressed in mg.mL™

The Kinetics of growth inhibition of both Staphylococci were followed for
ethanolic and aqueous extracts of P. kotschyi bark in order to determine whether
their bactericidal effect is time dependent. The choice of the 2 x MIC
concentration in the time-dependent study showed that the aqueous extract was
more effective and S. aureus ATCC 29213 was more susceptibility. The aqueous

extract exerted a bactericidal effect on S. aureus ATCC 29213 and S. aureus
respectively in 4 h and 5 h while that of the ethanolic extract arrived late in 6 h
and 7 h respectively (Figure 1). The results showed that S. aureus ATCC 29213
was more susceptible to extract than the clinical strain. At 4 h, S. aureus ATCC
29213 was completely destroyed by the aqueous extract of the root bark while the
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bactericidal effect of the clinical strain with the same extract was completed at
about 5 h. The ethanolic extract of the root bark was less effective and resulted in
S. aureus ATCC 29213 and S. aureus bactericidal effect. These kinetics of
growth inhibition have highlighted the promptness of ethanolic and agqueous
extracts in the destruction of bacteria; and increases the use of extracts in the
treatment of acute and chronic infections.

Concentraions of extracts = 2 x MICs

EtOH_S. aureus
8 ATCC 29213

Time () — EtOH_S. aureus

CFU.mL™ 150x10°8

H,0_S. aureus

1.00<10°4 ATCC 20213

— H;0_S. aureus

Survivors %

5.00x10°4

04

Figure 1 Kinetics of growth inhibition

Inoculum = 15 x 10° CFU; EtOH_S. aureus ATCC 29213 / S. aureus and
H,0_S. aureus ATCC 29213 / S. aureus = ethanolic and aqueous extracts of P.

kotschyi roots barks tested on the both Staphylococci; [EtOH_S. aureus ATCC

29213] = 2MIC = 0.78 mg.mL"; [EtOH_S. aureus] = 2MIC = 1.56 mg.mL";
[H,0_S. aureus ATCC 29213] = [H,0_S. aureus ATCC 29213] = 2MIC = 0.78

mgmL'l. CFU = colony format unit

Previous studies on P. kotschyi leaves and stem bark have demonstrated the
antibacterial activity of the plant against S. aureus. The work of Ayo et al. (2010)
showed that S. aureus was susceptible to the methanolic extract of P. kotschyi
leaves (@ = 18.00 mm) with a MIC of 20 mg.mL™ and a MBC of 40 mg mL™. As
a result, the leaves had a bacteriostatic effect against S. aureus (MBC.MIC™ = 2).
Alhassan et al. (2014) showed that crude methanolic extracts of P. kotschyi
stems at 30 mg.mL? inhibited the growth of S. aureus Methicillin Resistant
(MRSA) with @ = 24.00 mm, MIC = 7.5 mg.mL" and MBC = 30 mg.mL™; either
a bacteriostatic effect (MBC.MIC™ = 4). The works of this author confirmed the
antibacterial activity of P. kotschyi which is also found in steam and the leaves
with bacteriostatic power. According to our finding, the root of P. kotschyi had a
good antibacterial activity against both S. aureus which was bactericidal with
aqueous extracts.

Phytochemical screening

The qualitative phytochemical analysis revealed in both extracts the presence of
alkaloids, tannins, flavonoids, anthracene, carbohydrates, sterols and
saponosides. Terpens were absent (Table 5). The mechanisms by which these
extracts exerted their bactericidal effect on the both S. aureus strains could be
explained by the presence of this phytochemical compound such as flavonoids
and tannins. The action mechanism of tannins is complexation either with
enzymes or with bacterial substrates or with metal ions or its action on the cell
membrane of bacteria (Banso et al., 2007). Flavonoids cause lysis of the
membrane and consequently death of the cell (Banso et al., 2007). Other
compounds such as alkaloids, saponosides are known to have a curative activity
against S. aureus (Usman et al., 2007; Jimoh et al., 2017).

Table 5 Phytochemical compound

Phytochemical Reactions Results
compounds Rb-EtOH Rb-H,0O Rs-EtOH  Rs-H,0O
R -
Alkaloids Dral anrof * * *
99 + + +
FeCI3
Ammonia copper + + + +
Tannins sulfate 1% + + + +
Lead acetate 10% + + + +
Concentrated HCI + + +
Flavonoids NaOH 10% + + +
Anthracene 0,1 N NaOH + + + +
Carbohydrates Molisch / a- + + + +
(oses and osids) Naphthol test
gte rpelnes Lieberman - -
erols + + + N
Saponosides Stirring + + N +

Rb = Roots bark; Rs = Roots steles; H,O = Water; EtOH = ethanol; + =
presence; - = absence

CONCLUSION

This work evaluated the antibacterial properties of the root bark and steles of P.
kotschyi roots. The results obtained proved that the ethanolic and aqueous
extracts had antibacterial properties and could be used as a source for the
development of new antibiotics. The barks were more effective than steles of the
roots, as was the aqueous extract compared to the ethanolic extract. This assumes
that traditional healers could optimize the efficacy of P. kotschyi in the treatment
of S. aureus infections using root bark. They can use the aqueous extract in acute
infections, then the ethanolic extract in chronic infections. However, further
studies are still needed to clarify the physicochemical and pharmacological
constants of the active compounds contained in P. kotschyi roots in order to
produce improved phytomedicines and their rational use in traditional medicine.

Acknowledgments: Our thanks to the University of Lome and its authorities and
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