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ABSTRACT

Objective: To determine whether the presence of the resistance factors (plasmids and vanA
genes) will negatively aid the susceptibility of vancomycin-resistant Enterococcus faecalis (VREf) to
medicinal plants.

Materials and Methods: Standard methods were used for the isolation and identification of the
E. faecalis while antibiotic susceptibility of the isolates was determined by disc diffusion method.
Extraction of the plasmid DNA was performed and identification of van genotype vanA was carried
out by PCR. Anti-enterococcal activities of extracts of ten medicinal screened were determined by
agar dilution test.

Results: All the vancomycin-resistant E. faecalis strains isolated were resistant to
amoxicillin/clavulanic acid, ofloxacin, ciprofloxacin and levofloxaxin. Eight out of the nine VREf
starins possessed plasmid with the molecular size ranging from 6557 to 23130 base pairs. Also
only four out of the ten test organisms possessed vanA gene. All the ten medicinal plants screened
had tannins and saponin but lack phlobatanin and cardic glycoside. Entada africana followed by
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Uvaria chamae showed pronounced effect on the isolates while Sarcocephalus latifolius had the
least effect on the bacteria. Chloroform extracts was the most effective among the three extracts of
medicinal plants followed by ethanolic while acetone extracts showed the least effectiveness.
Conclusion: The VREf susceptibility to the medicinal plants seems not to be influenced by the
presence of the plasmid and vanA gene. The isolation of the anti-enterococcal compounds from the
plants and their mode of action are still open to investigation.

Keywords: Vancomycin-resistant; Enterococcus faecalis; medicinal plants; plasmid; phytochemicals;

resistance; vanA gene.
1. INTRODUCTION

Medicinal plants as an alternative to conventional
medicine is assuming a high dimension and
acceptability globally especially in resource-poor
nations [1]. Western drugs have not permanently
solved the problems of infectious diseases; they
leave resistant pathogens as their residues in
most cases after their usage. The use of plants
for the treatment of infectious diseases is as old
as man and has not lost its relevance. Majority of
the population of Nigeria, like other developing
countries, live in the rural areas. Either out of
necessity, poverty and paltry of financial
resources they resulted to plant-derived medicine
for the treatment of different forms of infections
[2-4]. Medicinal plants are cheap, handy and
effective in the treatment of infections caused by
resistant microorganisms.  Traditional and
modern medicines, food supplements,
pharmaceutical and intermediates for synthetic
drugs are all sourced from medicinal plants [5-7].
Extracts of or pure phytochemicals from
medicinal plants have been reported to be
effective in controlling infectious diseases and/or
the growth of antibiotic-resistant pathogenic
bacteria [8]. Emergence of drug-resistant
microorganisms and the needs to produce more
effective antimicrobial agents is of high interest to
clinicians and scientists worldwide.

VRE strains are one of the major nosocomial
pathogens that have accounted for high
morbidity and mortality especially in hospitalized
patients and they are resistant to both first line
and last resort antibiotics [9]. Vancomycin-
resistant enterococci can either be acquired from
the hospital or from the community. Vancomycin-
resistance enterococci (VRE) have assumed a
global emerged pathogen level with increasing
widespread and prevalence. Both hospital- and
community-acquired enterococcal infections are
often lead to treatment failures [10,11].

The recourse to natural products may be the only
way out of the prolonged menaces of antibiotic-

resistance pathogens, [11-14] hence the purpose
of this study. In this study the susceptibility of
vancomycin-resistant ~ Enterococcus feacalis
(VREf) to folkloric medicinal plants used in the
south-Western part of Nigeria for the treatment of
different infectious diseases was determined.
The study also determines whether the presence
of the resistance factors (plasmids and vanA
genes) will negatively affect the susceptibility of
VRETf to the medicinal plants.

2. MATERIALS AND METHODS

2.1lIsolation and Standardization of
Vancomycin Resistant E. faecalis

Samples were collected from the wound samples
from a tertiary hospital in Ekiti State, Nigeria,
using standard procedures. The samples were
plated on sterile plates of Bile aesculin agar
(Oxoid, Basingstoke, Hampshire, UK)
supplemented with 3 pg/ml vancomycin and
incubated at 37°C for 24 h. Colonies with black
hallow were subcultured on MacConkey Agar No
2 also supplemented with 3 pg/ml vancomycin
and incubated as stated above. The pure isolates
were characterized and identified with 24 h old
culture using standard methods of Olutiola et al.
[15] and Fawole and Oso [16] and the results
were interpreted according to Schleifer and
Kilpper-Balz [17].

2.2 Antibiotics Susceptibility Testing

Diagnostic Sensitivity Test agar was used for the
antibiotic sensitivity testing of the isolates using
disc diffusion method as described by CLSI [18].
The isolates were grown at 37°C in Mueller-
Hilton broth (Oxoid) for 16-18 h and diluted to an
optical density of 0.1 (0.5 McFarland Standard)
at a wavelength of 625 nm and stored at 4°C.
The disc diffusion method was used for
susceptibility testing as described by CLSI [18].
The isolates were tested against the following
commercially prepared antibiotic (Oxoid Limited)
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with the following concentrations (in pg):
Gentamicin (10), ofloxacin (30), amoxicillin-
clavulanic acid (30) ciprofloxacin  (10),

levofloxacin (5), and vancomycin (5). The discs
were gently but firmly placed on the inoculated
plates using sterile forceps. The plates were
inverted and incubated at 37°C for 18 hours after
which the plates were examined. The zones of
inhibition were interpreted according to CLSI
[18].

2.3 Plasmid Analysis

The plasmid analysis of the test isolates was
carried out using the method described by Kraft
et al. [19]. The extracted plasmids were then
separated using a horizontal 1% agarose gel
electrophoresis and visualized under ultra violet
light using ultra-violet trans-illuminator.

2.4 DNA Preparation and PCR

The vanA gene was detected in the vancomycin
isolates using vanA forward and reveres primer:
5'GGG AAA ACG ACA ATT GC -3’ and 5-GTA
CAA TGC GGC CGT TA-3' according to
Kariyama et al. [20]. The vanA genotype of each
of the isolates was identified by the PCR as
describe by Olsvik and Strockbin[21]. A 25 pl of
PCR amplification mixture contained deionized
sterile water, 12.5 yl Green Go Tag Master Mix
pH 8 (Promega, USA) contained [(50 unit/ml) of
Go Tag DNA polymerase, (400 Mm) of each
dNTPs and (3 mM) of MgCl,], 1pmolfor specific
primers (Alpha DNA,Canada). The PCR cycles
for van genes (vanA and vanB) were as follow
initial denaturation at 95°C for 5 min, 30 cycles of
denaturation at 94°C for 45 sec, annealing at
54°C for 45 sec and extension at 72°C and final
extension at 72°C for 7 min using Gradient PCR
(TechNet-500, USA).

2.5Source and Preparation of Plant
Materials

Fresh leaves of Alchornea cordifolia Schum,
Alchornea laxiflora Benth, Anthocleista vogelii
Planch, Entada africana Guill and Perr,
Jateorhiza micrantha, .Hook F., Sarcocephalus
latifolius Sm, Smilax anceps Wild Thonn, Albizia
coriaria Welw, Uvaria chamae P. Beauv and
Vernonia amygdalina Del. were collected in
various abandon farmlands in Ekiti State, Nigeria
and were authenticated at the Herbarium of the
Department of Plant Science, EKiti State
University. The fresh plant sample was air-dried

and ground to fine powder. A 50 g of ground
plant sample was soaked in 500 ml of each of
the extractants for 48 h. The sample was then
suction-filtered through Whatman Number 1 filter
paper and washed with another 200 ml solvent.
The filterate was concentrated with Laborata
4000-Efficient (Heldoph, Germany). The dried
extract was dissolved in DMSO to make the
required concentrations. The reconstituted
extracts were filter through 0.45 pm pore
(Millipore) size membrane filter for sterility.
2.6 Qualitative Determination of the
Phytochemicals

Phlobatannis and flavonoid were detected in the
plants samples according the method of Odebiyi
and Sofowora [22] while saponin and
terpenoinds were detected according to
Herborne [23]. The persistent frothing test of
Odebiyi and Sofowora [22] was used to detect
the presence of the. The methods of Sofowora
[24] and Adetuyi et al. [25] were used to
determine the presence of flavonoids and cardiac
glycosides respectively in the plant samples.

2.7 Determination of Minimum Inhibitory
Concentrations (MICs)

Macrobroth dilution method was used for the
determination of minimal inhibitory concentration
(MIC) of the extract as described by CLSI [18].
Mueller-Hinton broth was used to prepare
different concentrations ranging from 0.0977 to
25 mg/ml by serial dilutions. Each prepared
concentration in tubes was inoculated with 100 pl
of each of the standardized culture of the test
bacteria. Tube containing Mueller-Hinton broth
without extract was used as negative control.
The tubes were incubated aerobically at 37°C for
18 h. The first tube in the series with no sign of
visible growth was taken as the MIC. The vanA-
negative control, E. faecalis ATCC 29212 was
used as control.

3. RESULTS

The phenotype of the selected nine E. faecalis
strains used in this study showed all the isolates
to be resistant to amoxicillin/clavulanic acid and
vancomycin (Table 1). Five out of the isolates
were resistant to gentamicin, while all the
isolates were susceptible to the remaining five
antibiotics. The test organisms were resistant to
ofloxacin, ciprofloxacin and levofloxacin. Only E.
faecalis CIW 44 had intermediate susceptibility to
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gentamicin out of the nine test organisms. All
isolates except E. faecalis CIW 44 had plasmids
with the molecular size ranged from 23130 to
6557 base pairs. As shown in Fig. 1, seven out of
the plasmid-borne isolates have plasmids with
23130 base pairs. Though all the isolates were
resistant to vancomycin, only E. faecalis CIW 02,
E. faecalis CIW 17, E. faecalis CIW 22 and E.
faecalis CIW 26 possessed vanA gene among
the nine test strains (Fig. 2).

The phytochemical constituents of the medicinal
plants screened against VREF showed that all
the plants had tannins and saponin while they all
lack phlobatanin and cardic glycoside. Alkaloids
were not detected in J. micrantha and Ant.
vogelii. Out of the ten plants only S. anceps,
U. chamae and V. amygdalina had steroid and
terpenoid. Flavonoid was detected in six out of
the ten medicinal plants screened (Table 2).

Table 1. The phenotypes of selected VREF strains

E. faecalis Antibiotics
CIW 02 AMOX/CLAV * Gen’ Clox" ofl Cip* Lev’
CIW 17 AMOX/CLAV * Gen’ Clox* off* Cip* Lev"
CIwW 22 AMOX/CLAV * Gen® Clox* off* Cip* Lev
CIW 26 AMOX/CLAV * Gen’ Clox* ofl* Cip* Lev®
CIW 29 AMOX/CLAV * Gen’ Clox* ofl* Cip* Lev’
CIW 38 AMOX/CLAV * Gen’ Clox* ofl* Cip* Lev’
CIW 40 AMOX/CLAV * Gen’ Clox" ofl Cip* Lev’
CIW 44 AMOX/CLAV * Gen* Clox* off* Cip* Lev"
CIW 49 AMOX/CLAV " Gen’ Clox" ofl Cip* Lev’
*= Resistant, = susceptible, * = Intermediate
M 1 2 3 4 5 6 7 8 9

23130 bp

9416 bp

6557 bp

4,361 bp
2,322 bp
2,027 bp

Fig. 1. Gel electrophoresis results of E. faecalis
M = HIND Il digest of A-DNA (DNA molecular weight marker). Lane 1 = E. faecalis CIW 02, Lane 2 = E. faecalis
CIW 17, Lane 3 = E. faecalis CIW22, Lane 4 = E. faecalis CIW 26, Lane 5 = E. faecalis CIW 29, Lane 6 = E.
faecalis CIW 38, Lane 7 = E. faecalis CIW 40, Lane 8 = E. faecalis CIW 44 and Lane 9 = E. faecalis CIW 49
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M 1

1200 bp
1,031 bp

2 3 4 5

]

6 7 8 9

Fig. 2. Agarose gel showing PCR pattern of vanA gene from vancomycin-resistant E. faecalis
Lane 1 = E. faecalis CIW 02 (showing vanA band), Lane 2 = E. faecalis CIW 17 (showing vanA band), Lane 3 =
E. faecalis CIW22 (showing vanA band), Lane 4 = E. faecalis CIW 26 (showing vanA band), Lane 5 = E.
faecalis CIW 29, Lane 6 = E. faecalis CIW 38, Lane 7 = E. faecalis CIW 40, Lane 8 = E. faecalis CIW 44 and
Lane 9 = E. faecalis CIW 49

Table 2. The phytochemical constituents of medicinal plants screened against VREF

Plant species

Phytochemical constituents

Alk Tan Sap Ste Phl Ter Fla Car
U. chamae + + + + - + + -
S. anceps + + + + - + + -
J. micrantha - + + - - - + -
V. amygdalina + + + + - + + -
Alc laxiflora + + + - - - + -
Ant. vogelii - + + - - - - -
E. africana + + + - - - - -
Sar. latifolius + + + - - - + -
Alc. cordifolia + + + - - - - -
Alb. coriaria + + + - - - - -

Alk=Alkaloids, Tan=Tannins, Sap=Saponin, Ste=Steroid, Phl=Phlobatanin, Ter=Terpenoid, Fla=Flavonoi, Car= Cardic
glycoside, += Present, -= Absence

Enterococcus faecalis ATCC 29212 was the
most susceptible among the test organisms to
ethanolic extract of the medicinal plants followed
by E. feacalis CIW 26 while E. faecalis CIW 40
was the most resistant among the test
organisms. Entada africana followed by Uvaria
chamae showed pronounced antibacterial effect
on the isolates. Out of the ten plants screened
S. latifolius had the least effect on the organisms
with its MIC greater than 5.00 mg/ml when tested
against E. feacalis CIW 02, E. feacalis CIW 17,
E. feacalis CIW 29, E. feacalis CIW 40 and E.
feacalis CIW 44. The MIC of the ethanolic extract
of the plant against E. feacalis ATCC 29212 was

higher (2.50 mg/ml) than E. feacalis CIW 49 with
1.25 mg/ml.

The general overview of the susceptibility of the
test organisms to the extracts to the E. feacalis
ATCC 29212 was most susceptible among the
organisms this is closely followed by E. feacalis
CIW 49. Chloroform extracts was the most
effective among the three medicinal plants
followed by ethanol while acetone extract
showed the least effectiveness on the isolates.
The susceptibility order of the isolates to acetone
extract was observed as followed: E. feacalis
CIW 44 > E. feacalis CIW 02 > E. feacalis CIW
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38 > E. feacalis CIW22 > E. feacalis CIW 17 > E.
feacalis CIW 40, while the least susceptibility
was observed in E. feacalis CIW 49 followed by
E. feacalis ATCC 29212 (Tables 3, 4 and 5).
Resistance to the medicinal plants seems not to
be mediated by the presence of the plasmid.
There is no clear evidence that the possession of
vanA coded for the resistance to the medicinal
plants.

Relatively, E. feacalis CIW 44 exhibited the least
susceptibility to all the extracts of ten medicinal
plants tested. Enterococcus feacalis CIW 49 with
plasmid showed the least resistance to the
extracts.

4. DISCUSSION

Enterococcus faecalis is one of the leading
antibiotic-resistant bacterial pathogens causing
both nosocomial- and community-acquired
infections. It is resistant to an array of antibiotics

including the antibiotic of last resort [26]. Borhani
et al. [27] reported that 100% and 98%
vancomycin resistant enterococci isolated from
Tehran were resistant to ciprofloxacin and
gentamicin, respectively. In this study also 100%
of the isolates were resistant to ciprofloxacin
while only 55.56% were resistant to gentamicin.
The use of broad-spectrum antibiotics especially
third-generation cephalosporins have been
reported to encourage intestinal overgrowth of
enterococci. The spread of the vancomycin
resistance genes especially vanA among
enterococci and other organisms has been
identified in various bacterial species like
S. aureus.

All isolates except E. faecalis CIW 44 had
plasmid with the molecular size range from 6557
to 23130 base pairs. Seven out of the plasmid-
borne isolates have plasmids with 23130 base
pairs. Though all the isolates were resistant to

Table 3. Minimum inhibitory concentrations (mg/ml) of chloroform extracts of ten medicinal
plants screened against vancomycin resistant E. faecalis

Medicinal Enterococcus faecalis
plants CIW CIW CIW CIW Ciw29 CIw CIwW Cilw CIwW ATCC
02 17 22 26 38 40 44 49 29212

U. chamae >5.00 >5.00 >5.00 1.25 >5.00 0.625 2.50 >5.00 >5.00 <0.156

S. anceps >5.00 2.50 >5.00 1.25 2.50 5.00 1.25 >5.00 >5.00 0.625

J. micrantha 5.00 >5.00 5.00 0.625 2.50 0.625 2.50 250 >5.00 0.156

V. amygdalina 0.625 0.625 >5.00 0.156 0.625 2.50 2.50 500 0.625 0.156

Alc. laxiflora 1.25 0.625 >5.00 1.25 2.50 0.625 2.50 250 0.625 <0.156

Ant. vogelii >5.00 >5.00 >5.00 5.00 2.50 <0.15 >5.00 250 >5.00 0.625
6

E. africana 1.25 0.312 1.25 2.50 <0.156 <0.15 2.50 >5.00 0.156 <0.156
6

Sar. latifolius 0.625 1.25 0.156 5.00 2.50 1.25 >5.00 >5.00 0.625 <0.156

Alc. cordifolia  2.50 0.312 0.312 <0.156 <0.156 0.625 2.50 5.00 <0.156 2.50

Alb. coriaria <0.156 <0.156 <0.156 2.50 >5.00 >5,00 0.625 250 250 0.312

Table 4. Minimum inhibitory concentrations (mg/ml) of acetone extracts of ten

medicinal plants

screened against vancomycin resistant E. faecalis

Medicinal Enterococcus faecalis
plants CIW Clw CIW CIw 26 CIwW Cilw 38 CIwW CIw CIw ATCC
02 17 22 29 40 44 49 29212
U. chamae 2.50 2.50 1.25 1.25 0.625 >5.00 0.312 >5.00 1.25 <3.175
S. anceps >5.00 5.00 >5.00 2.50 5.00 5.00 >5.00 2.50 1.25 0.312
J. micrantha >5.00 >5.00 >5.00 0.625 2.50 >5.00 5.00 >5.00 5.00 0.625
V. amygdalina 2.50 0.625 0.625 0.625 2.50 5.00 >5.00 >5.00 0.625 <3.175
Alc. laxiflora >5.00 >5.00 >5.00 5.00 <3.175 3.175 >5,00 >5.00 5.00 1.25
Ant. vogelii 0.625 3.175 0.625 <3.175 3.175 <3.175 2.50 2.50 1.25 3.175
E. africana >5.00 0.312 >5.00 >5.00 >5.00 5.00 5.00 >5.,00 250 2.50
Sar. latifolius >5.00 >5.00 >5.00 0.312 3.175 0.625 2.50 5.00 0.312 <3.175
Alc. cordifolia 3.175 <3.175 <3.175 2.50 0.625 <3.175 0.625 1.25 0.312 <3.175
Alb. coriaria 3.175 <3.175 2.50 2.50 1.25 3.175 0.625 2.50 250 1.25
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Table 5. Minimum inhibitory concentrations (mg/ml) of ethanol extracts of ten medicinal plants
screened against vancomycin resistant E. faecalis

Medicinal Enterococcus faecalis
plants CIW02 CIW17 Ciw22 CIwW26 CIW CIW Ciw Ciw CIW ATCC
29 38 40 44 49 29212
U. chamae 1.25 <3.175 0.625 0.625 0.625 1.25 250 >5.00 >5.00 0.625
S. anceps >5.00 >5.00 2.50 >5.00 2.50 >5.00 250 >5.00 2.50 0.312
J. micrantha 2.50 2.50 2.50 0.312 250 >5.00 5.00 >5.00 2.50 0.312
V. amygdalina 0.312 3.175 3.175 1.25 0.312 5.00 1.25 1.25 3.175 <3.175
Alc. laxiflora <3.175 <3.175 <3.175 5.00 2.50 1.25 250 2.50 <3.175 <3.175
Ant. vogelii 2.50 <3.175 <3.175 0.625 2.50 <3.175 >5.00 >5.00 0.625 0.312
E. africana 0.312 0.625 2.50 2.50 0.312 0.312 125 1.25 0.312 <3.175
Sar. latifolius >5.00 >5.00 5.00 5.00 >5.00 1.25 >5.00 >5.00 1.25 2.50
Alc. cordifolia >5.00 0.312 >5.00 0.625 2.50 0.625 >5.00 >5.00 3.175 0.625
Alb. coriaria <3.175 <3.175 0.625 2.50 >500 0.625 0.625 1.25 <3.175 <3.175

vancomycin, only four of the isolates possessed
vanA gene among the nine test strains. In this
study we observed that only 44.44% had vanA
gene among the VREf strains. This report was
lower than the 100% recorded by Borhani et al.
[27] among the VRE isolates they screened.
Vancomycin-resistant enterococci can transfer
genetic (resistant) factor to closely and distantly
related bacteria. This phenomenon has been
responsible for the development of vancomycin
resistance in S. aureus and S. epidermidis
[28,29].

Detection of vanA determinant in four out of the
VRE, demonstrates that the vanA gene cluster
located on mobile elements is able to
disseminate between different species. The vanA
gene can be carried in by different species of
Enterococcus; the most common carriers being
E. faecalis, E. faecium and E. durans. Other
types of vancomycin resistance genes may be
present in them. The vanA determinant was not
detected in five out of the strains in this study.
Apart from vanA, vanB and vanD. The vanE and

vanG genes have both been reported in
E. faecalis [30].
Vancomycin-resistant enterococci have been

reported to be associated with infections with
treatment failures [10,31,32]. However, natural
plant products have showed pronounced activity
against them [14]. The phytochemical
constituents of the medicinal plants screened
against VREf in this study had tannins and
saponin while they all lack phlobatanin and
cardiac glycoside. Alkaloids were not detected in
J. micrantha and Ant. vogelii. Phytochemical
constituents of the plants are responsible for their
anti-enterococcal activity either singly or in
combination. The quality and quantity of
biologically active compounds in plant extracts

are largely dependent on the type of solvent
used in the extraction process [33-35].

Phytochemical analyses revealed the presence
of various metabolites. These metabolites have
been reported to contribute to the anti-
enterococcal action. The phytochemicals in
Withania somnifera were reported to aid its
effects on the VRE [36]. The most of the MICs of
the extracts of the plants screened for anti-
enterococci were within the effective range of
100-1000 pg/mL reported by Ahmed et al. [37].
Plant  phytochemicals are often  show
considerable activity against Gram-positive
bacteria compared to Gram-negative bacteria
and yeast. This is due to the inability of their
outer membrane serving as an ineffective barrier
for amphipathic compounds [37]. Their single
membrane is more easily permeated by the
amphipathic phytochemicals [37]. Chloroform
extracts was the most effective among the three
medicinal plants followed by ethanol while
acetone extract showed the least effectiveness
on the isolates. This finding agrees with the
report of Parekh et al. [38] and Masoko and Eloff
[39] that reported that most bioactive
phytochemicals are not water soluble and
biologically active. The susceptibility order of the
isolates to acetone extract was observed as
followed: E. feacalis CIW 44 > E. feacalis CIW 02
> E. feacalis CIW 38 > E. feacalis CIW22 > E.
feacalis CIW 17 > E. feacalis CIW 40, while the
least susceptibility was observed in E. feacalis
CIW 49 followed by E. feacalis ATCC 29212.
Vancomycin resistant Gram-positive bacteria
have been reported to have thicker cell wall than
the vancomycin susceptible strains [40,41]. Cui
et al. [40] reported the thick cell wall to
significantly  reduce the penetration  of
antimicrobials through the cell wall. This may
account for the high susceptibility of the
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vancomycin-susceptible
E. faecalis ATCC 29212.

(control strain)

5. CONCLUSION

The presence of the plasmids and vanA gene in
the VREf strains seems not to affect the
susceptibility of the isolates to the extracts of the
medicinal plants. Isolation and characterization of
bioactive phyto-compounds with proven anti-
enterococcal properties have to be studied.
Toxicity and mechanisms of action of the
screened medicinal plants is still open to
investigation.
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