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Abstract

Background and Objective: Vancomycin has been a cost effective and fron-
tline antibiotic in the treatment of methicillin resistant Staphylococcus aureus
for many years. However, some vancomycin-resistant Staphylococcus aureus
(VRSA) have been recently reported. This study therefore aimed to determine
the antimicrobial effects of Vernonia amygdalina and honey on VRSA from
environmental and clinical sources. Materials and Methods: Vernonia
amygdalina plant was sourced from farmland within Ekiti State University
vicinity while honey samples, Blessed honey and Sunshine honey, were pur-
chased from stores in Ado-Ekiti and Ondo State respectively. Ethanolic and
aqueous extracts of V. amygdalina parts were prepared using standard me-
thod. The extracts were screened for the presence of some secondary metabo-
lites using standard procedures. Honey brands were also analyzed physico-
chemically for these parameters: appearance, colour, pH and moisture con-
tent, according to standard methods. The antimicrobial activities of extracts
of V. amygdalina and different samples of honey against the VRSA were per-
formed using the Kirby Bauer’s method. Data from the study were statistically
analyzed using descriptive, Pearson’s correlation and regression. Results:
Phytochemical screening of V. amygdalina extracts revealed the presence of
alkaloids, flavonoids, tannins, saponins and phenols at varied concentrations.
Comparatively, the ethanolic extracts of the plant parts had higher concentra-
tion of these metabolites than their aqueous extracts. Differences were ob-
served in the physicochemical parameters of both honey samples. Also, the
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antimicrobial activities of the plant extracts and honey brands demonstrated
effective inhibition against most of the VRSA, though, in a concentration de-
pendent manner. Conclusion: Findings from this study suggest that the
leaves, barks and roots of this plant as well as honey could be very useful in
the therapy against VRSA.
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1. Introduction

Antimicrobial resistance acquisition in microorganisms has become a common
microbiology research theme in the last few decades, particularly with respect to
S. aureus. A significant evolution has been the acquisition of methicillin resis-
tance in 8. aureus, which still remained a major problem globally. With the in-
crease in prevalence of methicilin-resistant S. aureus (MRSA), vancomycin be-
came the drug of choice for treatment of MRSA infections [1]. For several years,
there was no evidence of vancomycin resistant development in S. aureus. How-
ever, the isolation of strains with different degrees of vancomycin resistance has
emerged in clinical methicilin-resistant S. aureus strains, generating significant
concern in both the clinical and research community [2]. In addition to this,
fully vancomycin-resistant S. aureus (VRSA) with vanA gene has emerged. Al-
though, more breakthroughs have been made in respect of discovering new
drugs against MSRA and VRSA, there are still reports on MRSA/VRSA infec-
tions in clinical and environmental samples [3]. In recent times, attention has
been shifted to the exploitation of natural products of plants and animals, which
have been reported to demonstrate a wide range of antimicrobial activities
against human pathogens [4] [5] [6].

Vernonia amygdalina, commonly known as bitter leaf (English), oriwo (Edo),
ewuro (Yoruba), shikawa (Hausa), and olubu (Igbo), is a tropical shrub, 1 - 3 m
in height with petiole leaf of about 6 mm in diameter, and elliptic in shape [7].
The leaves are dark green coloured with a characteristic odour and a bitter taste.
The species is indigenous to tropical Africa and is found wild or cultivated all
over sub-Saharan Africa [8]. All parts of the plant are pharmacologically useful.
Both the roots and leaves are used in phytomedicine to treat fever, hiccups, kid-
ney disease and stomach discomfort, among others [9] [10]. Antihelmitic and
antimalarial properties [11] as well as antitumourigenic properties [4], have also
been reported for extracts from the plant. Other studies have demonstrated hy-

poglycaemic and hypolipidaemic effects of the leaf extract in experimental ani-
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mals [5] [12]. The aqueous and ethanolic extracts of this plant were known to
have great antimicrobial effect against different microorganisms responsible for
various human infections [13]. The extracts displayed potent antimicrobial ac-
tivity against organisms such as Staphylococcus aureus, Escherichia coli, Kleb-
siella pneumonia, Bacillus subtilis, Pseudomonas aeruginosa, Candida albicans
and Aspergillus niger [13].

Honey is a traditional topical treatment for infected wound and can be effec-
tive on antibiotic resistance strains of bacteria [6]. The pure honey contains al-
kaloids, anthraquinone glycosides, cardiac glycosides, flavonoids and reducing
compounds. The antibacterial properties of honey includes, the release of hy-
drogen peroxide, some honey have an additional phytochemical antibacterial
compound. The antibacterial property of honey is also due to osmotic effect of
its high sugar content as it has an osmolarity sufficient to inhibit the microbial
growth [6]. It is reported that proliferation of peripheral blood B-Lymphocytes
and T-Lymphocytes in cell culture is stimulated by honey at concentration as
low as 0.1%. In addition, the glucose content of honey and the acid pH (between
pH 3 - pH 4) may assist in bacteria destroying action of monophages [6].

Considering the rising trend in antibiotic resistant pathogens in recent times,
it is therefore, pertinent to investigate the potentials of known medicinal plants
on antibiotic-resistant isolates so as to source for complementary or alternative
chemotherapeutic agents. This study was carried out to determine the antibac-
terial properties of V. amygdalina leaf extract and honey against vancomy-

cin-resistant staphylococcus.

2. Materials and Methods

2.1. Study Area and Duration of Study

Study took place in EKkiti State University, Ado-Ekiti, the capital city of Ekiti
State, Nigeria between April and August, 2013.

2.2. Source of Test Microorganisms

Vancomycin-resistant Staphylococcus aureus (VRSA) isolates from clinical and
environmental samples from Ekiti State University Teaching Hospital, Nigeria in

a previous study (unpublished) were used in this study.

2.3. Collection of Vernonia amygdalina Plants and Honey

Vernonia amygdalina plants (bitter leaf) were sourced from farmland within the
vicinity of Ekiti State University. Commercial honey which included “blessed
honey” and “sunshine honey” purchased from stores in Ado-Ekiti and Ondo
State respectively were used in the study. All the materials were taken to the mi-

crobiology laboratory of Ekiti State University for analyses.

2.4. Preparation of Extracts of Vernonia amygdalina

This was carried out using the standard method employed by Malairajan et al.
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[14]. The various parts of Vernonia amygdalina (leaves, stem back and roots)
were collected, air-dried and ground to powder with pestle and mortar. Twenty
gram (20 g) of each ground plant material was separately extracted with 200 ml
of 70% ethanol and 200 ml of distilled water (via maceration) in a separate con-
tainer over 24 hours period in a sterile conical flask plugged with sterile
non-absorbent cotton wool wrapped in aluminum foil. These were subjected to
filtration and the resulting filtrates evaporated to dryness using a rotary evapo-
rator at 40°C. Each residue of the plant extract was then used to prepare solu-

tions of different concentrations for antimicrobial susceptibility testing.

2.5. Phytochemical Screening of Extracts of Vernonia amygdalina

Phytochemical screening of both ethanolic and aqueous extract of V. amygdalina
were performed according to standard procedures of Evans [15] and Sofowora
[16]. The extracts were screened for the presence of secondary metabolites which
included alkaloids, flavonoids, saponins, tannins, anthraquinones, phlobatan-

nins and phenolics.

2.6. Determination of Antimicrobial Activity of Vernonia
amygdalina

The antimicrobial activities of different concentrations of ethanolic and aqueous
extracts of V. amygdalina against the vancomycin resistant S. aureus (VRSA)
was performed using the standard procedures of CLSI [17]. Test materials were
prepared by diluting each extract of V. amygdalina in sterile distilled water at
different dilutions (concentration): 10 mg/ml, 20 mg/ml, 30 mg/ml and 40
mg/ml. Muller Hington Agar plates were prepared and the test organisms were
transferred to already solidified agar plates from the standardized inoculum with
the use of sterile swab sticks. Wells were prepared using sterile cork borer and
filled with test materials. The inoculated petri-dishes were incubated at 37°C for

24 hrs and observed for zone of inhibition.

2.7. Physicochemical Analysis of Honey

The honey samples were investigated for the following physicochemical para-
meters: appearance, colour, pH and moisture content using standard procedures
of Farida ef al [18]. The pH of the honey samples was determined using the pH
meter (Hanan M-22054). Ten gram of the honey sample was dissolved in 75 ml
of distilled water in 250 ml beaker. The solution was stirred and the pH electrode
was immersed in the solution and the pH was recorded. Moisture content in
honey was measured by means of refractometer. One to two drops of honey
sample was pipetted onto the main prism of a honey refractometer (Atago 8436,
Japan). The light was led in from the window of the refractometer and a clear
boundary line between the light and dark fields was observed through the eye-
piece by adjusting the focusing ring. The moisture content was read directly

from the scale where the boundary line falls. The value was corrected by adding
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the indicated plus or minus percentage point of the thermometer on the instru-

ment itself.

2.8. Determination of the Antimicrobial Activity of Honey

The antimicrobial activities of different concentrations of the honey samples
against the vancomycin-resistant S. aureus (VRSA) were performed using the
Kirby Bauer’s method (CLSI, 2013). Test materials were prepared by diluting
each honey sample in distilled water at different dilutions (concentration): 20%,
40%, 60%, 80% and neat honey ie, 100%. Mueller Hinton Agar plates were
prepared and the test organisms transferred to already solidified agar plates from
the standardized inoculum with the use of sterile swab sticks. Wells were pre-
pared on the agar plates using sterile cork borer. The wells were filled with test
materials, and the plates were incubated at 37°C for 24 hours. Zones of inhibi-

tion were observed and measured.

2.9. Statistical Analysis

The data generated from the phytochemical screening were analyzed using de-
scriptive statistics and regression. Also the mean zone of inhibition of the plant
parts from both ethanolic and aqueous extracts were anlysed using descriptive
statistics while the relationship between the potency of both extract was investi-
gated using Pearson’s correlation and multiple regression. The significant level

was set to 0.05.

3. Results

3.1. Colour Characteristics of Extracts of V. amygdalina

Different colour characteristics of aqueous and ethanolic extracts of the parts of
V. amygdalina were observed. Aqueous extract appeared yellow, while ethanolic

extract was green (Table 1).

3.2. Qualitative and Quantitative Phytochemical Screening of
Different Parts of V. amygdalina

The qualitative phytochemical screening showed the presence and absence of
some secondary metabolites in both the ethanolic and aqueous extracts of the
parts of the plant (Table 2). While the quantitative phytochemical screening of
the different parts of the plant showed varied concentration of these secondary
metabolites (Table 3). The table revealed that ethanolic extract of these parts
had higher quantity when compared with that of aqueous extract. And it was al-
so observed that alkaloids, tannins, and phenols were present in high concentra-
tion, flavonoids in moderate concentration while saponins were present in low
concentration in both ethanolic and aqueous extracts. However, alkaloids were
not detected in the aqueous extract of the plant root, flavonoids were also not
detected in both ethanolic and aqueous extract of the plant root (Table 3). The
statistical analysis on the concentration of phytochemicals present in ethanolic
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Table 1. Colour characteristics of extracts of V. amygdalina.

Plant parts
Leaves
Stem back

Roots

Aqueous extract

Yellow

Yellow

Light yellow

Ethanolic extract

Light Green
Green

Green

Table 2. Qualitative phytochemical screening of different parts of V. amygdalina.

Part of V. amygdalina assayed

Plant constituent Leaf Stem Bark Root
EE AE EE AE EE AE

Alkaloids + + + + + _
Anthraquinones - - - - - —
Flavonoids + + + + _ _
Tannins + + + + + +
Saponins + + + + + +
Phlobatannins - - - - - _
Phenols + + + + + +

Key: EE = ethanol extract, AE = aqueous extract, + = present, and — = absent.

Table 3. Quantitative phytochemical screening of different parts of V. amygdalina.

Ethanolic Extract

Aqueous Extract

Leaf
Alkaloids

(mg/g) 7
Flavonoids 15

(mg/g)
Tannins 540

(mg/g)
Saponins (%) 14.2
Phenols 824

(mg/g)

Stem.
back

68.5

20.6

Root

17.7

ND

21.6

4.7

38.2

Mean value
+8.D

53.7 £31.3

14.0£12.2

424 +18.1

10.0 £ 4.9

65.5 +23.8

Leaf

25.0

18.0

32.5

10.4

53.6

Stem.
back

23.6

12.9

29.3

7.4

51.3

Root Mean value
+S8.D
ND 16.2 + 14.1
ND 10.3 9.3
10.9 242 +£11.7
2.2 6.7 4.2
17.5 40.8 +20.2

r = 0.858014; P-value = 0.06. Key: EE = ethanol extract, AE = aqueous extract, ND = not detected.

and aqueous extracts revealed that there is a positive, strong but no significant

relationship between the concentration of phytochemicals in these extracts (r =
0.858; p-value = 0.06).

3.3. Antimicrobial Activities of V. amygdalina on Hospital and

Environmental Isolates

From Table 4 and Table 5, all the test organisms showed similar responses to

the different concentration of both ethanolic and aqueous extract of V. amygdalina.
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Table 4. Susceptibility pattern of vancomycin-resistant S. aureus from hospital samples to the mean concentration (mg/ml) of
ethanolic and aqueous extract of V. amydalina.

Different Concentration (mg/ml) of Ethanolic Different Concentration (mg/ml) of Aqueous
Test Organisms Extract of V. amydalina Extract of V. amydalina

Control 10 20 30 40 Control 10 20 30 40
BH154 0 10 12 17 18 0 0 0 8 16
BH157 0 0 0 6 14 0 0 0 0 7
PH178 0 4 8 15 19 0 6 10 12 17
HH181 0 0 0 8 17 0 0 0 3 14
HH206 0 3 7 12 15 0 3 7 11 13
BH210 0 0 4 8 13 0 0 0 8 14
ZH226 0 4 12 16 18 0 0 3 7 15
ZH229 0 0 4 10 15 0 0 0 6 11
BH241 0 3 9 14 18 0 0 0 2 11
BH245 0 11 13 17 19 0 0 9 15 16
BH247 0 0 0 3 13 0 0 0 0 4
SH262 0 7 12 14 16 0 3 7 11 15
BH268 0 0 4 12 15 0 0 0 4 9
BH273 0 12 15 16 18 0 12 16 17 19
BH280 0 3 7 11 15 0 0 2 10 13
TH296 0 0 3 11 17 0 0 0 6 14

r=0.713; p-value = 0.002. Key: H—isolate from beddings (hospital); PH—isolate from phone (hospital); HH—isolate from hand (hospital); ZH—isolate
from zinc (hospital); SH—isolate from sample bottle (hospital); TH—isolate from thermometer (hospital).

Table 5. Susceptibility pattern of vancomycin-resistant S. aureus from environmental samples to the mean concentration (mg/ml)
of ethanolic and aqueous extract of V. amydalina.

Different Concentration (mg/ml) of Ethanolic Different Concentration (mg/ml) of Aqueous
Test Organisms Extract of V. amydalina Extract of V. amydalina

Control 10 20 30 40 Control 10 20 30 40

AEl1l 0 0 0 11 13 0 0 0 2 8
SE17 0 0 7 13 15 0 0 0 6 12
SE35 0 0 3 13 17 0 0 0 12 15
FE46 0 0 0 6 13 0 0 0 4 15
BE60 0 0 0 9 16 0 0 3 11 14
BE71 0 4 12 14 16 0 0 0 7 10
SE76 0 0 0 8 15 0 0 0 2 6
DFE87 0 0 0 3 11 0 0 0 0 7
PE95 0 0 0 9 14 0 0 0 6 14
WE101 0 3 7 11 16 0 0 6 9 13
WEL104 0 0 4 5 12 0 0 0 8 12
BE112 0 0 3 13 15 0 0 6 7 10
SE146 0 0 4 14 18 0 0 3 11 13

r=0.381522; p-value = 0.198331. Key: AE—isolate from air (environmental); SE—isolate from soil (environmental); FE—isolate from animal feed
(environmental); BE—isolate from beddings (environmental); DFE—isolate from dried fish (environmental); PE—isolate from phone (environ-
mental); WE—isolate from water (environmental).
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It was observed that the degree of potency of the plant extracts increased with
increased concentration, that is, as the concentration of the extracts of the plant
increased, the test organisms became more susceptible. Statistical analysis
showed that there is a positive, strong and significant relationship between the
potency of the concentration of ethanolic and aqueous extract on hospital iso-
lates (r = 0.7132; p-value < 0.05). However, there was a positive, weak and no
significant relationship between the potency of the concentration of ethanolic
and aqueous extract of the plant on environmental samples as r value = 0.381

and p-value > 0.05.

3.4. Physicochemical Characteristics and Antimicrobial Activities
of Blessed and Sunshine Honey Samples

The physicochemical characteristics of blessed and sunshine honey samples are
shown in Table 6. Differences were observed in appearance, colour, pH and
moisture content of the honey samples. The antimicrobial activities of different
concentrations of the two honey samples on the vancomycin resistant S. aureus
from hospital and environmental sources are shown in Table 7 and Table 8 re-
spectively. The degree of potency of both honey samples increased with in-
creased concentration. Although Blessed honey sample appeared to be more po-
tent at every concentration while Sunshine honey was only potent at concentra-
tions above 40% and 60% against hospital and environmental sources respec-
tively (Table 7 and Table 8). Statistically, there was a weak but no significant
relationship between the potency of the two honey samples at different concen-
tration on both hospital isolates (r = 0.237; p-value = 0.378) and environmental
isolates (r = 0.142; p-value = 0.645).

4. Discussion

This study was conducted to determine the antimicrobial potential of extracts of
V. amygdalina and honey. The plant extracts demonstrated significant antibac-
terial activities against the VSRA. Generally, differences in antimicrobial proper-
ties of a plant extract may be attributed to the age of the plant used, freshness of
plant materials, physical factors (temperature, light, water), contamination by
field microbes, adulteration and substitution of plants, incorrect preparation and
dosage [19] [20] [21]. It was found out that the higher the concentration of the
extract, the higher the diameter of zones of the inhibition. The observation made
on the bioactivity of the plant extracts correlate with the report of Evbuomwan
[22] who also reported that V. amygdalina has potential bioactive phytochemi-
cals which are responsible for its antimicrobial activity against multidrug resis-
tant bacterial isolates.

The phytochemical screening revealed the presence of various concentrations
of secondary metabolites in the extracts. Quantitative phytochemical screening
revealed that alkaloids, tannins, and phenols were present in high concentration,
flavonoids in moderate concentration while saponins were present in low con-

centration. Anthraquinones and phlobatannins are not detected in any of the
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Table 6. Physico-chemical characteristics of honey samples.

Parameters Blessed Honey Sunshine Honey
Appearance Vmb]igzzg ZC: dO}fuI))r(itn and Clear
Colour Light golden amber Dark brown
pH 3.6 3.9
Moisture Content (%) 17.8 19.8

Table 7. Susceptibility pattern of selected VRSA from hospital samples to different con-
centration (%) of blessed and sunshine honey.

Blessed honey Sunshine honey
(conc. in %) (conc. in %)

20 40 60 80 100 20 40 60 80 100

Hospital Isolates

BH154 10 15 17 17 20 0 0 0 0 21
BH157 0 0 0 0 16 0 0 0 8 13
PH178 0 9 15 18 24 0 0 8 9 15
HH181 0 0 0 0 21 0 0 0 0 0
HH206 0 0 16 16 21 0 0 0 0 0
BH210 0 0 0 14 23 0 0 0 0 13
ZH226 0 10 10 15 20 0 0 0 12 19
ZH229 0 0 12 14 22 0 0 0 0 0
BH241 0 0 8 9 19 0 0 0 0 0
BH245 13 13 15 21 23 0 0 8 8 17
BH247 0 0 0 12 21 0 0 0 0 15
SH262 0 13 13 19 26 0 0 0 15 15
BH268 11 14 14 15 20 0 0 0 0 0
BH273 8 13 17 17 24 0 0 0 0 22
BH280 0 11 15 16 23 0 0 0 0 0
TH296 0 0 0 8 20 0 0 0 0 0

R = 0.236523; p-value = 0.3778. Key: BH—isolate from beddings (hospital); PH—isolate from phone
(hospital); HH—isolate from hand (hospital); ZH—isolate from zinc (hospital); SH—isolate from
sample bottle (hospital); TH—isolate from thermometer (hospital).

plant extract. Phytochemical screening helps to reveal the chemical nature of
constituents of the plant extract and the one that predominates over the others.
It may also be used to search for bioactive agents that could be used in the syn-
thesis of useful drugs [23].

The honey brands used in this study were effective against most of the van-
comycin resistant S. aureus isolates, although at different concentrations. This
corroborates earlier reports on antibacterial activity of honeys from other coun-
tries [24] [25]. The low pH or acidity of honey is believed to have important

contribution to its antibacterial activity. Indeed, previous studies claimed that
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Table 8. Susceptibility pattern of selected VRSA from environmental samples to different
concentration (%) of blessed and sunshine honey.

Blessed honey Sunshine honey
Environmental (conc. in %) (conc. in %)

isolates 20 40 60 80 100 20 40 60 80 100

AE11 0 0 0 0 21 0 0 0 0 0
SE17 11 11 12 14 15 0 0 0 9 15
SE35 0 0 0 0 20 0 0 0 14 20
FE46 0 0 0 8 22 0 0 0 0 12

BE60 0 0 0 0 17 0 0 0 0 0
BE71 14 15 18 18 23 0 0 0 8 10
SE76 0 0 12 13 19 0 0 0 0 20

DFES87 0 0 0 17 21 0 0 0 0 0
PE95 0 0 0 15 25 0 0 0 12 22
WE101 0 0 0 0 20 0 0 0 10 15
WE104 0 0 8 10 25 0 0 0 0 14
BE112 0 0 0 15 18 0 0 0 11 17
SE146 0 0 10 14 23 0 0 0 0 15

r = 0.141615; p-value = 0.644448. Key: AE—isolate from air (environmental); SE—isolate from soil
(environmental); FE—isolate from animal feed (environmental); BE—isolate from beddings (envi-
ronmental); DFE—isolate from dried fish (environmental); PE—isolate from phone (environmen-
tal); WE—isolate from water (environmental).

the antibacterial activity of honey is credited to its acidity along with osmolarity
and other factors [25] [26]. Moreover, other physicochemical parameters, in
particular the coloration of honey due to the presence of any particular chemical
constituent(s) contributed to its antimicrobial activity as reported by Taormina
et al. [24]. The differences in the observed antibacterial activities of the two sam-
ples of honey could be attributed to several reasons. One possibility might be re-
lated to the differences in susceptibility of each species of microorganism to the
antibacterial activity of honey used. Similar observations were reported by some
researchers [24] [27] [28]. Another possibility could be due to the different floral
sources utilized by the bees and the geographical factors like temperature, hu-
midity where the honey was produced [24]. Other possible reason could also be
the differences in putative antibacterial agent(s) present in these honeys. These
agents may utilize hydrogen peroxide and non-peroxide antioxidant compo-

nents [25].

5. Conclusion

This study has shown that the extracts of V. amydalina and honey samples were
effective in eliminating VRSA, although the concentrations may vary for differ-

ent samples. It is worthy of note that the constituents in the extracts of the

DOI: 10.4236/0alib.1105437

10 Open Access Library Journal


https://doi.org/10.4236/oalib.1105437

0. J. Olaoluwa et al.

leaves, barks and roots of V. amydalina as well as honey could be very useful in

chemotherapy.

6. Significant Statement

This study discovered the antimicrobial potential of extracts V. amydalina and
honey against VRSA. Therefore, the extracts of V. amydalina and honey can be
beneficial for chemotherapeutic purpose. This study will help researchers to un-
cover the potentials in V. amydalina and honey in combating infection with
VRSA. Thus, further research can be carried out on the active ingredients, puri-
fication of these active ingredients and their toxicological studies before they can
be formulated into dosage forms for use against potential disease causing mi-

crobes.
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