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Stilbenoids have been considered as an alternative phytotherapeutic treatment against methicillin-resistant Staphylococcus aureus
(MRSA) infection. The combined effect of e-viniferin and johorenol A with the standard antibiotics, vancomycin and linezolid,
was assessed against MRSA ATCC 33591 and HUKM clinical isolate. The minimum inhibitory concentration (MIC) value of
the individual tested compounds and the fractional inhibitory concentration index (FICI) value of the combined agents were,
respectively, determined using microbroth dilution test and microdilution checkerboard (MDC) method. Only synergistic outcome
from checkerboard test will be substantiated for its rate of bacterial killing using time-kill assay. The MIC value of e-viniferin
against ATCC 33591 and johorenol A against both strains was 0.05 mg/mL whereas HUKM strain was susceptible to 0.1 mg/mL of
e-viniferin. MDC study showed that only combination between e-viniferin and vancomycin was synergistic against ATCC 33591
(FICI 0.25) and HUKM (FICI 0.19). All the other combinations (e-viniferin-linezolid, johorenol A-vancomycin, and johorenol
A-linezolid) were either indifferent or additive against both strains. However, despite the FICI value showing synergistic effect
for e-viniferin-vancomycin, TKA analysis displayed antagonistic interaction with bacteriostatic action against both strains. As
conclusion, e-viniferin can be considered as a bacteriostatic stilbenoid as it antagonized the bactericidal activity of vancomycin.
These findings therefore disputed previous report that e-viniferin acted in synergism with vancomycin but revealed that it targets
similar site in close proximity to vancomycin’s action, possibly at the bacterial membrane protein. Hence, this combination has a
huge potential to be further studied and developed as an alternative treatment in combating MRSA in future.

1. Introduction

Infection with Staphylococcus aureus is a major cause of
serious hospital and community-acquired bacteremia world-
wide and is associated with significant morbidity and mor-
tality, especially when inappropriately treated [1]. With
the emergence of methicillin-resistant Staphylococcus aureus
(MRSA) in the 1960s, antimicrobial resistance in S. aureus
has posted a great challenge to clinician treating serious
infection, particularly endovascular infection [2]. To date,
most of the MRSA strains are resistant to multiple classes

of antibiotics and cannot be treated with conventional f3-
lactams, making glycopeptides (vancomycin or teicoplanin)
the only therapeutic solution [3]. In recent years, emergence
of MRSA strains with reduced susceptibility to glycopeptides
has emphasized the need for new effective drugs [4]. New
antistaphylococcal drugs such as linezolid, which is the first
oxazolidinone antibiotic to be approved by the Food and
Drug Administration (FDA), have developed and shown
efficacy comparable to that of vancomycin for the treatment
of pneumonia and soft tissue infections [5, 6]. However,
linezolid has not been routinely prescribed because of higher
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acquisition cost of drug as well as lack of clinical trial and
experience compared to vancomycin, thus maintaining van-
comycin as a first line of defense in treating MRSA infection
[7]. The frequently increasing antibiotic resistance is a serious
global problem, and therefore there is a desperate need to
explore new class of antibacterial substances, especially from
plant-derived sources [8].

Plants are known to produce enormous variety of com-
pounds to protect themselves from being attacked by plant
pathogens. In this regard, phytochemicals have been con-
sidered as a promising source of novel antibacterial thera-
peutics due to the successful defense mechanism developed
by plants [9]. Stilbenoids are plant secondary metabolites
formed in the flavonoid biosynthesis pathway belonging to
the phenylpropanoid family [10]. Phenylpropanoids are clas-
sified as phytoalexins which are involved in plant responses
to various pathogens and herbivores attack [11]. Stilbenoid
dimer and trimer used in this study belong to the oligomer
stilbenes, which were isolated from Shorea maxwelliana and
Shorea johorensis (Dipterocarpaceae), respectively. Oligomer
stilbenes are the main polyphenol compounds known to
possess a variety of pharmacological properties such as anti-
inflammatory, antibacterial, antiviral, and antifungal [12]
activities. Therefore, plant stilbenes have received consider-
able interest over the past 20 years due to their biological
activities and possible pharmacological applications.

In an attempt to overcome the problem of widespread
microbial resistance, it is essential to study the new antibac-
terial agents in combination with the existing antibiotics. In
addition to preventing the emergence of resistant mutant
strains, combination antimicrobial therapy might be able to
increase clinical efficacy as well as to widen the spectrum
of antibacterial activity compared to monotherapy [13].
Furthermore, combination therapy can reduce dose regimen
of the individual antibiotics and thus undesirable effects of
drugs can be reduced [14]. In our last report, it was shown that
stilbenoid dimer and trimer displayed anti-MRSA activity
with synergistic effect in combination with vancomycin based
on microdilution checkerboard (MDC) assay [15]. To our best
knowledge, this is the first work on the combined effect of
stilbenoids and linezolid using MDC method and using time-
kill kinetic study to substantiate the synergistic antimicro-
bial activity of e-viniferin/vancomycin combination against
methicillin-resistant Staphylococcus aureus (MRSA).

The present study therefore aimed to confirm the mode
of anti-MRSA action of stilbenoids in combination with two
selected antibiotics, vancomycin and linezolid, using time-
kill assay.

2. Materials and Methods

2.1. Preparation of Bacterial Inoculum. The bacteria used in
this study were methicillin-resistant Staphylococcus aureus
(MRSA) ATCC 33591 as a reference strain and a clinical
HUKM strain. The latter was obtained from Universiti
Kebangsaan Malaysia Hospital (HUKM) and was approved
by the Research and Ethical Committee of Medical Faculty,
UKM. All the bacteria strains were cultured in nutrient agar

BioMed Research International

(NA) and incubated at 37°C for 18 hr. Isolated colonies were
inoculated onto slant agar in a bijou bottle for storage at 37°C
for 24 hr. The bacteria suspension was adjusted to a turbidity
corresponding to a spectrophotometric absorbance at 0.08 at
650 nm, which is equivalent to a bacteria inoculum size of
approximately 10° CFU/mL.

2.2. Determination of Minimal Inhibitory Concentration
(MIC). The pure compounds used in the study were
stilbenoid dimer and trimer, respectively, e-viniferin and
johorenol A. The MIC values of e-viniferin and johorenol
A against MRSA were determined using twofold serial
microdilution method based on [16]. The tested stilbenoids
and antibiotics were pipetted in a 96-well plate containing the
sterile Mueller-Hinton broth enriched with 2% NaCl before
the bacterial suspension was added. The range of final con-
centration of stilbenoids and linezolid was 0.00078 mg/mL-
0.4 mg/mL whereas the range of final concentration of
vancomycin was 0.00050 mg/mL-0.2500 mg/mL. A positive
control comprised bacteria inoculum in Mueller-Hinton
broth whereas the tested compounds in Mueller-Hinton
broth were used as negative control. The 96-well plate was
then incubated at 37°C for 24 hr. MIC is the lowest concentra-
tion of compound and antibiotic showing no turbidity after
24 hr, where the turbidity is interpreted as visible growth of
bacteria. Each test was carried out in triplicate.

2.3. Determination of Fractional Inhibitory Concentration
(FIC). The combined effect of stilbenoids with antibiotics
against MRSA ATCC 33591 and HUKM strains was evaluated
from the FICI values for each combination using microdilu-
tion checkerboard method. The concentration of individual
compound in the combination of stilbenoid and antibiotic
which prevented visible bacterial growth was recorded as
the MIC of the individual compound in the respective
combination. The FICI value was then calculated as follows
[17]:

FICI = FIC of stilbenoid + FIC of antibiotic, 1)

where

MIC of stilbenoid in combination

FIC of stilbenoid =
of stiibenol MIC of stilbenoid alone

MIC of antibiotic in combination
MIC of antibiotic alone

FIC of antibiotic =
(2)

Synergistic effect is defined as FICI of <0.5; partial
synergism as FICI > 0.5 < 1; additivity as FICI = 1;
indifference as FICI > 1 < 4; and antagonism as FICI of more
than 4.

2.4. Time-Kill Study. The rate of bacterial killing over time
was performed only on the antibiotic combinations found to
be synergistic by microdilution checkerboard method. The
time-kill kinetic study of the stilbenoids in combination with
antibiotics against both MRSA strains was performed in the
microtiter 96-well plates. In each well, the combined agent
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was added to 0.04 mL Mueller-Hinton broth and 0.05mL
suspension of the bacterial inoculum. The growth control
wells comprised only bacteria and 0.05 mL Mueller-Hinton
broth. The wells were then incubated at 37°C and viable
counts were performed at 0, 2, 4, 6, 8, and 24 hr after addition
of treatment agents. At each hour, 0.01 mL of the sample was
removed from the wells to be diluted twofold with normal
saline (0.9% NaCl). The sample was then spread on Mueller-
Hinton agar plates using L-shaped glass rod and incubated
for 24 hr at 37°C. Colony count of bacteria of between 30
and 300 CFU/mL for each plate was determined to obtain
time-mortality curves by plotting the log;, CFU/mL on the
x-axis and time (hr) on the y-axis. Synergistic interaction
was defined as a > 2log,, decrease in CFU/mL between the
combination and the most active agent at 24 hr. Additive or
indifference was defined as a < 2log;, CFU/mL reduction
in colony count at 24 hr by the combination compared with
the most active single agent. Antagonism was described as
a > 2log,, increase in CFU/mL after 24 hr between the
combination and the most active agent [18]. The time-Kkill
curves were recorded as a decrease in CFU/mL within a
specific time period. Bactericidal and bacteriostatic were,
respectively, defined as >3log,, or <3log;, reduction in
colony count at 24 hr compared with the starting inoculum
[19].

3. Results

The results of anti-MRSA susceptibility test of two stilbenoid
compounds (e-viniferin and johorenol A) and linezolid are
presented in Table 1. The MIC value of johorenol A against
both strains of MRSA and the MIC value of e-viniferin
against MRSA ATCC 33591 were 0.05 mg/mL. On the other
hand, the MIC value of e-viniferin against HUKM strain was
0.1mg/mL. As seen in Table 1, linezolid displayed a strong
anti-MRSA activity with MIC value of 0.0125 mg/mL against
both MRSA strains. On the other hand, Table 2 represented
the result of MIC determination of vancomycin which was the
lowest among the four antimicrobial agents with MIC value
of 0.002 mg/mL against ATCC and HUKM strains.

Table 3 represented the FICI values of the combination
studies between the stilbenoids tested and the standard
antibiotics. From the microdilution checkerboard assay, only
the combination between e-viniferin and vancomycin was
synergistic against ATCC 33591 and HUKM strains with
FICI values of 0.25 and 0.19, respectively. These FICI values
of less than 0.5 indicated a synergistic interaction between
e-viniferin and vancomycin. However, combination of e-
viniferin and linezolid displayed an indifference reaction
against MRSA ATCC 33591 and HUKM strains with FICI
values of greater than 1 but less than 4. Johorenol A also
showed indifference interaction with vancomycin at FICI
values of more than 1 but less than 4 against both strains of
MRSA. On the other hand, an additive interaction (FICI =
1) was observed with combined effect of johorenol A and
linezolid.

Only the combination which displayed synergistic effect
will be subjected to time-kill assay (TKA) to confirm such

interaction. The combination of e-viniferin and vancomycin
which displayed synergistic interaction was disputed through
time-kill analysis. From Figure 1, it was clearly shown that
bacteriostatic action was observed for e-viniferin singly,
vancomycin singly, and e-viniferin-vancomycin combination
at the 8thhr against MRSA ATCC 33591 strain. In other
words, all treatments exhibited reduction of between 1.3 and
2.4log;, CFU/mL which was then followed by no change in
the inhibitory effect against the ATCC strain. TKA curves
showed that, at 2log,, decrease in CFU/mL, e-viniferin
alone showed slower rate of inhibition (15.2 hr) compared to
vancomycin alone (5.5hr) but the rate of inhibitory effect
in combination treatment was the slowest (24.5 hr). Time-
kill assay curve in Figure 1, thereby, indicated that combina-
tion treatment showed antagonistic interaction between e-
viniferin and vancomycin against MRSA ATCC 33591 strain.
This is justified by an increase of more than 2log, in
bacterial counts within a specific time period throughout
24 hr between the combination and the most active agent.

On the other hand, combination treatment showed a
faster inhibitory rate (4 hr) compared to viniferin singly (6 hr)
but still slower than vancomycin alone (2hr) at 1.3log;,
decrease in CFU/mL, against clinical strain as shown in
Figure 2. In other words, both combination and vancomycin
treatments displayed faster rate of inhibition against HUKM
strain compared to e-viniferin singly but all treatments gener-
ally showed a reduction of between 1.1 and 2.11log;, CFU/mL
indicating bacteriostatic effect. However after the 8th hr, the
TKA profile is similar to that against ATCC strain, whereby
the combination curve is above that of e-viniferin alone but
vancomycin time-kill curve is below that of e-viniferin alone.
Time-kill assay curve in Figure 2 indicated that combination
treatment showed synergistic effect until the 8thhr after
which the interaction between e-viniferin and vancomycin
was also antagonistic against the clinical HUKM isolate.

4. Discussion

Stilbenoid belongs to a polyphenolic compound which con-
stitutes a large class of resveratrol derivatives such as stil-
benoid dimer and trimer, resulting from different oxidative
condensation of an individual monomer [20]. Stilbenoid is
abundantly distributed in fruits such as grapes, red wine, and
vine stems. Numerous research studies have demonstrated
many promising biological activities of stilbenoids [21] in
which one of those activities includes antibacterial property
[22]. The current study demonstrated that e-viniferin and
johorenol A showed equal anti-MRSA potency against the
reference strain but the clinical strain appeared to demon-
strate greater resistance towards e-viniferin than johorenol
A. In general, stilbenoid dimer and trimer exert inhibitory
effect against both reference and clinical strains of MRSA.
This is supported by previous research [23] which showed
that there was an antimicrobial activity of trans-e-viniferin
isolated from Vitis amurensis against Staphylococcus mutans
and Staphylococcus sanguis, establishing stilbenoid dimer as
an active antimicrobial agent against most Gram-positive
bacteria. Study on the antibacterial properties of methanol
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TABLE 1: Determination of MIC values of stilbenoids and linezolid against MRSA ATCC 33591 and HKUM strains.

Concentration (mg/mL) ATCC 33591 HUKM strain
e-Viniferin Johorenol A Linezolid e-Viniferin Johorenol A Linezolid

0.4 _ — ~ - - -
0.2 B ~ - i
0.1 _ _ ~ - B }
0.05 _ ) ~ )
0.025 + N _ . ) j
0.0125 + N . N

0.00625 + N N . N .,
0.00313 + N N . N N
0.00156 + N N N N N
0.00078 + . N . N N

+: presence of bacterial growth.

—: absence of bacterial growth.

Positive control comprises bacterial suspension and Mueller-Hinton broth.
Negative control comprises antimicrobial agent and Mueller-Hinton broth.

TABLE 2: Determination of MIC value of vancomycin against ATCC
33591 and HUKM strains.

Vancomycin

ATCC 33591 HUKM strain
0.25000 - -
0.12500 - -
0.06250 - -
0.03125 - -
0.01560 - -
0.00780 - -
0.00390 - -
0.00200 - -
0.00100

0.00050

+: presence of bacterial growth.

—: absence of bacterial growth.

Positive control comprises bacterial suspension and Mueller-Hinton broth.
Negative control comprises vancomycin and Mueller-Hinton broth.

Concentration
(mg/mL)

extract of chamomile against S. aureus found that the phe-
nolic compounds are responsible for the antibacterial activity
[24].

Antimicrobial combinations are extensively tested in
vitro in the hope of obtaining a synergistic interaction [25],
that is, a phenomenon in which one compound enhances the
individual activity of another compound in combination and
vice versa [26]. Based on the FICI values, e-viniferin reduced
the MIC value of vancomycin by eightfold and sixteenfold,
respectively, against the reference and clinical strain of MRSA
to produce the synergistic effect. The MDC analysis seemed
to demonstrate that the interaction with e-viniferin enhanced
the activity of vancomycin. Synergy occurs when a combina-
tion of two drugs causes inhibition or killing when used at a
fourfold lower concentration than that of either component
drug used separately [27]. A reduction of more than fourfold

in MIC of vancomycin was also observed by e-viniferin
against both MRSA strains despite additive interaction [15]
based on FICI interpretation by [28]. It is pertinent to
emphasize here that if FICI interpretation followed [17] in
our previous research, then it may support the present MDC
finding. According to [29] when the interaction is synergistic,
reduction of the MIC of both antimicrobials occurs, eventu-
ally rendering the microorganism susceptible to the level of
antimicrobials found in the blood and tissues. The present
study demonstrated that there is a synergistic interaction
between e-viniferin and vancomycin against MRSA. If this
is the case, therefore, it can be assumed that e-viniferin and
vancomycin act on the different targets of MRSA based on
the understanding that synergism between two antibiotics
indicates that their mechanisms of antibacterial action might
be different [30].

On the other hand, e-viniferin produced no effect on
the antimicrobial activity of linezolid against both MRSA
strains as depicted by FIC data. Onefold reduction in the
MIC of linezolid indicated that e-viniferin did not interact
with linezolid. This is supported by [31] that if the MIC
of an antibiotic changed within a onefold dilution in the
respective plate, the result was considered as indifference. As
such, we can postulate that e-viniferin could possibly have
the same mechanism of action as that of linezolid. It has
been hypothesized that indifference means that the combined
action is the same as with either component [27]. Linezolid
is an oxazolidinone antibiotic that acts by inhibiting the
initiation complex formation in bacterial protein synthesis
[32].

In the current study, the effect of combination of
johorenol A significantly reduced the MIC value of van-
comycin by more than fourfold, despite exhibiting indif-
ference effect against both MRSA strains. However, when
johorenol A is combined with linezolid, the MIC of the latter
is significantly reduced by fiftyfold although FIC checker-
board indicated additive effect. This is in agreement with
[33] that there was a significant reduction in the MIC values
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TABLE 3: Determination of FICI values and interaction effects of stilbenoid and antibiotic combinations against MRSA.
Strains Agents MIC (mg/mL) FIC (mg/mL) Outcome
Alone Combination FIC FICI
&-Viniferin 0.05 0.00625 0.125
Vancomycin 0.002 0.00025 0.125 0.25 Synergistic
&-Viniferin 0.05 0.00625 0.125
ATCC 33591 Linezolid 0.0125 0.0125 1 L12 Indifference
Johorenol A 0.05 0.05 1
Vancomycin 0.002 0.000125 0.062 1.06 Indifference
Johorenol A 0.05 0.05 1
Linezolid 0.0125 0.00025 0.02 1.02 Additive
&-Viniferin 0.1 0.01250 0.125
Vancomycin 0.002 0.000125 0.0625 0.19 Synergistic
&-Viniferin 0.1 0.00625 0.0625
HUKM strain Linezolid 0.0125 0.0125 1 1.06 Indifference
Johorenol A 0.05 0.05 1
Vancomycin 0.002 0.00025 0.125 L12 Indifference
Johorenol A 0.05 0.05 1
Linezolid 0.0125 0.00025 0.02 1.02 Additive

of antibiotics which showed both indifference and additive
effects, when used in combination. The present finding on
the indifference effect of johorenol A on the bactericidal
vancomycin contradicts previous report that the combination
of johorenol A with vancomycin displayed synergism against
both strains of MRSA [15]. Unfortunately, there is no past
literature as far as johorenol A is concerned; therefore,
further studies involving time-kill assay are currently ongoing
in order to validate these discrepancies. This is because
as alternative to the checkerboard method, time-kill assay
can be employed to confirm the synergy displayed by the
numerical expression of FICI values.

Time-Kkill test, however, did not support the synergistic
outcome of e-viniferin in combination with vancomycin;
neither did it represent bactericidal activity of the combined
effect. The present data revealed that the combination of
e-viniferin and vancomycin produced bacteriostatic action
against both MRSA strains as there was less than 3log,,
reduction in colony count at 24 hr compared with the starting
inoculum. A clear indication of antagonism of the combi-
nation can be seen in the time-kill growth curve, whereby
the combination growth curve was far above the vancomycin
growth curve throughout 24 hr observation (Figure 1) against
ATCC strain and during the last 16 hrs of the study duration
(Figure 2) against HUKM strain. It has been suggested that
antagonism refers to a reduction in the activity of one com-
ponent in the presence of the other [27]. This explained why
the effect of e-viniferin reduced the bactericidal activity of
vancomycin. It is important to address that the present TKA
study did not demonstrate that vancomycin was bactericidal
asareduction in colony count from the starting inoculum was
not >3log,, CFU/mL, despite being the most active agent.

This is possibly due to microbial regrowth after an initial drop
in colony count as frequently observed in time-kill studies.
The growth of the resistant subpopulation during exposition
to the antimicrobial agent explains the observed regrowth
and thus may be interpreted as models of development of
resistance [34]. The current study showed that the synergistic
result of checkerboard did not correlate with antagonistic
outcome of time-kill assay. Therefore, it can be deduced that
e-viniferin could well be a bacteriostatic anti-MRSA agent
because of a widely established pharmacodynamics concept
that antagonism usually occurs when a bacteriostatic agent
is combined with a bactericidal agent [35], which in this
case is vancomycin. The same finding was observed for the
combination of Quercus infectoria gall and vancomycin on
MRSA 43300 which revealed antagonistic effect by time-Kkill
assay but synergistic effect based on microdilution checker-
board technique. Interestingly, time-kill antagonistic effect
was further studied and confirmed by scanning electron
microscope and transmission electron microscope analysis
[36]. The bactericidal drug more effectively attacks the
multiplying bacteria and, hence, if a bacteriostatic drug is
used along with it, inhibition of bacterial multiplication may
reduce the efficacy of the bactericidal agent [35].

The FICI is the mathematical expression used to measure
the inhibitory effect of an interaction [37], whereas the time-
kill assay measures the bactericidal activity and killing speed
of each combination tested [38]. Time-kill assay is considered
as the highest accepted standard for synergy evaluation,
despite the fact that checkerboard method has been widely
used [39-42]. Thus time-kill antagonistic effect observed in
this study was favoured over the synergistic effect displayed
by the checkerboard method.
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FIGURE 1: Time-kill growth curves of combination of e-viniferin
with vancomycin, e-viniferin alone, and vancomycin alone against
MRSA ATCC 33591. The data is presented as a mean of 3 replicates.

10

log CFU/mL

0 T T T T T 1
0 5 10 15 20 25 30

Time (hours)

—&— &-Viniferin Control

—#- Vancomycin —<- Combination of e-viniferin and vancomycin

FIGURE 2: Time-kill growth curves of combination of e-viniferin
with vancomycin, e-viniferin alone, and vancomycin alone against
MRSA HUKM strain. The data is presented as a mean of 3 replicates.
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In the present study, two antibiotics were chosen based
on their different mechanism of action against MRSA. Van-
comycin, antimicrobial agent from glycopeptide class, is a cell
wall synthesis inhibitor while linezolid is a protein inhibitor
[43]. Antimicrobial agent combinations act on different target
site of bacteria that could lead to synergistic effect [44].
Ironically, synergism portrayed by the combination of -
viniferin and vancomycin produced bacteriostatic action
whereby the bactericidal activity of vancomycin is reduced in
the presence of e-viniferin. It has been reported that benzene
ring structure in the phenylpropanoids could exert their
biological activities by causing perturbation of the bacterial
cell membrane [45]. The present FIC checkerboard method
suggested different mechanism of action of e-viniferin from
that of vancomycin but similar mechanism of action to line-
zolid which is in agreement with [46] that phenylpropanoid
displayed synergistic interaction with vancomycin suggesting
that the interaction of phenylpropanoid is primarily with
the bacterial membrane protein. However, the current TKA
study was not in accordance with [46] which reported that
this interaction enhanced the cell wall inhibitory action of
vancomycin, but rather our finding suggested this interaction
could adversely affect therapeutic outcomes. The predomi-
nant antagonism observed in antimicrobial combination calls
for caution in the use of standard antibiotic in combination
with phytochemical [47]. Our TKA findings suggested that
combination of e-viniferin with vancomycin currently rec-
ommended by MDC is not likely to shorten the treatment
period due to the lack of synergistic effect. A synergistic
combination might have caused rapid and radical bacterial
killing, so that the organism gave rise to a smaller number of
spores [48]. This is because ¢-viniferin actually antagonized
instead of potentiating the bactericidal action of vancomycin.
However, the actual mechanism underlying the interaction of
stilbenoids with the present antibiotics is not fully understood
and further study would be beneficial to confirm the exact
knowledge of mechanism of anti-MRSA action.

5. Summary

Generally, it can be concluded that the interaction between
e-viniferin and vancomycin results in bacteriostatic action
whereby e-viniferin appeared to antagonize the bactericidal
activity of vancomycin. In order to prove that resistance
of vancomycin is due to the fact that e-viniferin targets
the bacterial protein membrane resulting in the molecular
changes, future research should address proteomic analysis
of MRSA treated with the combined antibiotics in order to
elucidate the mechanism of action.

6. Recommendation

Further study with regard to morphological and ultrastruc-
tural analysis of e-viniferin using scanning electron micro-
scope and transmission electron microscope is underway
to confirm the exact mechanism of action and effect of
this stilbenoid compound in combination with the standard
antibiotics. Hence, this combination has a huge potential to
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be further studied in view of their mechanism of action and
developed as an alternative treatment in combating MRSA in
future.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgments

The authors would like to thank Associate Professor Dr.
Noraziah Mohamad Zin from Novel Antibiotic Research
Group, Universiti Kebangsaan Malaysia, for providing the
laboratory facilities. This project is funded by the Malaysian
Government under the Fundamental Research Grant Scheme
FRGS/1/2012/SG06/UKM/02/7.

References

[1] A. Soriano, E. Marco, J. A. Martinez et al., “Influence of van-
comycin minimum inhibitory concentration on the treatment
of methicillin-resistant Staphylococcus aureus bacteremia,” Clin-
ical Infectious Diseases, vol. 46, no. 2, pp. 193-200, 2008.

[2] G. Sakoulas, P. A. Moise-Broder, J. Schentag, A. Forrest, R. C.
Moellering Jr., and G. M. Eliopoulos, “Relationship of MIC and
bactericidal activity to efficacy of vancomycin for treatment of
methicillin-resistant Staphylococcus aureus bacteremia,” Journal
of Clinical Microbiology, vol. 42, no. 6, pp. 2398-2402, 2004.

[3] G.Lin, L. M. Ednie, and P. C. Appelbaum, “Antistaphylococcal
activity of ACHN-490 tested alone and in combination with
other agents by time-kill assay, Antimicrobial Agents and
Chemotherapy, vol. 54, no. 5, pp. 2258-2261, 2010.

[4] C. E. Udobi, A. E Obajuluwa, and J. A. Onaolapo, “Preva-
lence and antibiotic resistance pattern of methicillin-resistant
Staphylococcus aureus from an orthopaedic hospital in Nigeria,”
BioMed Research International, vol. 2013, Article ID 860467, 4
pages, 2013.

[5] M. J. Rybak and K. L. LaPlante, “Community-associated
methicillin-resistant Staphylococcus aureus: a review; Pharma-
cotherapy, vol. 25, no. 1, pp. 74-85, 2005.

[6] H. Boucher, L. G. Miller, and R. R. Razonable, “Serious infec-
tions caused by methicillin-resistant Staphylococcus aureus,
Clinical Infectious Diseases, vol. 51, supplement 2, pp. S183-5197,
2010.

[7] L. K. Hidayat, D. I. Hsu, R. Quist, K. A. Shriner, and A. Wong-
Beringer, “High-dose vancomycin therapy for methicillin-
resistant Staphylococcus aureus infections: efficacy and toxicity;’
Archives of Internal Medicine, vol. 166, no. 19, pp. 2138-2144,
2006.

V. Bharti, N. Vasudeva, and J. S. Duhan, “Bacteriostatic and
fungistatic activities of Oreganum vulgare extract and volatile
oil and interaction studies in combination with antibiotics and
antifungal agents against food poisoning pathogens,” Interna-
tional Food Research Journal, vol. 20, no. 3, pp. 1453-1458, 2013.

[9] S. Hemaiswarya, A. K. Kruthiventi, and M. Doble, “Synergism
between natural products and antibiotics against infectious
diseases,” Phytomedicine, vol. 15, no. 8, pp. 639-652, 2008.

[10] R. Moss, Q. Mao, D. Taylor, and C. Saucier, “Investigation of
monomeric and oligomeric wine stilbenoids in red wines by

[8

ultra-high-performance liquid chromatography/electrospray
ionization quadrupole time-of-flight mass spectrometry;” Rapid
Communications in Mass Spectrometry, vol. 30, pp. 1815-1827,
2013.

J. Chong, A. Poutaraud, and P. Hugueney, “Metabolism and
roles of stilbenes in plants,” Plant Science, vol. 177, no. 3, pp. 143-
155, 2009.

[12] L.Drago, E. De Vecchi, L. Nicola, and M. R. Gismondo, “In vitro
evaluation of antibiotics’ combinations for empirical therapy
of suspected methicillin resistant Staphylococcus aureus severe
respiratory infections,” BMC Infectious Diseases, vol. 7, article
111, 2007.

A. Belley, E. Neesham-Grenon, E E. Arhin, G. A. McKay, T. R.
Parr Jr., and G. Moeck, “Assessment by time-kill methodology of
the synergistic effects of oritavancin in combination with other
antimicrobial agents against Staphylococcus aureus,” Antimicro-
bial Agents and Chemotherapy, vol. 52, no. 10, pp. 3820-3822,
2008.

[14] D. E Basri and R. Khairon, “Pharmacodynamic interaction
of Quercus infectoria galls extract in combination with van-
comycin against MRSA using microdilution checkerboard and
time-kill assay;” Evidence-Based Complementary and Alternative
Medicine, vol. 2012, Article ID 493156, 6 pages, 2012.

[15] D. F. Basri, K. L. Chan, A. M. Azmi, and L. Jalifah, “Evaluation
of the combined effects of stilbenoid from Shorea gibbosa and
vancomycin against methicillin-resistant Staphylococcus aureus
(MRSA),” Pharmaceuticals, vol. 5, pp. 1032-1043, 2012.

[16] Clinical and Laboratory Standards Institute, Methods for Dilu-
tion Antimicrobial Susceptibility Tests for Bacteria That Grow
Aerobically; Approved Standard, Wayne, Pa, USA, 7th edition,
2007.

(17] L. Drago, E. De Vecchi, L. Nicola, and M. R. Gismondo, “In vitro
evaluation of antibiotics’ combinations for empirical therapy
of suspected methicillin resistant Staphylococcus aureus severe
respiratory infections,” BMC Infectious Diseases, vol. 7, article
111, 2007.

[18] H. C. Neu and T. D. Gootz, “Chapter 1I: antimicrobial
chemotherapy;” in Medical Microbiology, S. Baron, Ed., Univer-
sity of Texas Medical Branch at Galveston, Galveston, Tex, USA,
4th edition, 1996.

[19] G. C. Lee and D. S. Burgess, “Polymyxins and doripenem
combination against KPC-producing Klebsiella pneumoniae,”
Journal of Clinical Medicine Research, vol. 5, no. 2, pp. 97-100,
2013.

[20] T. Richard, A. D. Pawlus, M.-L. Iglésias et al., “Neuroprotective
properties of resveratrol and derivatives,” Annals of the New York
Academy of Sciences, vol. 1215, no. 1, pp. 103-108, 2011.

[21] P. Saiko, A. Szakmary, W. Jaeger, and T. Szekeres, “Resveratrol
and its analogs: defense against cancer, coronary disease and
neurodegenerative maladies or just a fad?” Mutation Research—
Reviews in Mutation Research, vol. 658, no. 1-2, pp- 68-94, 2008.

[22] S. Sotheeswaran and V. Pasupathy, “Distribution of resveratrol
oligomers in plants,” Phytochemistry, vol. 32, no. 5, pp. 1083-
1092, 1993.

[23] N.Yim, D. T. Ha, T. N. Trung et al., “The antimicrobial activity
of compounds from the leaf and stem of Vitis amurensis against
two oral pathogens,” Bioorganic & Medicinal Chemistry Letters,
vol. 20, no. 3, pp. 1165-1168, 2010.

[24] E C. Asolini, A. M. Tedesco, C. Ferraz, S. M. Alencar, and S.
T. Carpes, “Antioxidant and antibacterial activities of phenolic
compounds in extracts of plants used as tea,” Brazilian Journal
of Food Technology, vol. 9, pp. 209-215, 2006.

(11

(13



[25] G. M. Eliopoulos and C. T. Eliopoulos, “Abtibiotic combina-
tions: should they be tested?” Clinical Microbiology Reviews, vol.
1, no. 2, pp. 139-156, 1988.

[26] A.Rani,S.Jain, P. Dureja, R. Kumar, and A. Kumar, “Synergistic
interaction between synthetic and natural products: a promis-
ing tool for the development of environmentally safe potent
antimicrobial agents,” World Applied Sciences Journal, vol. 5, pp.
59-63, 2009.

R. Qin, K. Xiao, B. Li et al., “The combination of catechin and
epicatechin gallate from Fructus crataegi potentiates S-lactam
antibiotics against methicillin-resistant Staphylococcus aureus
(MRSA) in vitro and in vivo, International Journal of Molecular
Sciences, vol. 14, pp. 1802-1821, 2013.

[28] R. Bharadwaj, A. Vidya, B. Dewan, and A. Pal, “An in vitro
study to evaluate the synergistic activity of norfloxacin and
metronidazole,” Indian Journal of Pharmacology, vol. 35, no. 4,
pp. 220-226, 2003.

[29] G. L. Drusano, R. A. Bonomo, N. Bahniuk et al., “Resistance
emergence mechanism and mechanism of resistance suppres-
sion by tobramycin for cefepime for Pseudomonas aeruginosa,’
Antimicrobial Agents and Chemotherapy, vol. 56, no. 1, pp. 231-
242, 2012.

[30] 1. H.N. Bassolé and H. R. Juliani, “Essential oils in combination
and their antimicrobial properties,” Molecules, vol. 17, no. 4, pp.
3989-4006, 2012.

[31] M. M. Sopirala, J. E. Mangino, W. A. Gebreyes et al., “Syn-
ergy testing by etest, microdilution checkerboard, and time-
kill methods for pan-drug-resistant Acinetobacter baumannii,’
Antimicrobial Agents and Chemotherapy, vol. 54, no. 11, pp.
4678-4683, 2010.

[32] Y.-Q. Xiong, M. R. Yeaman, and A. S. Bayer, “Linezolid: a new
antibiotic,” Drugs of Today, vol. 36, no. 9, pp. 631-639, 2000.

[33] Y. Zhang, F. Chen, E. Sun, R. Ma, C. Qu, and L. Ma, “In vitro
antibacterial activity of combinations of fosfomycin, minocy-
cline and polymyxin B on pan-drug-resistant Acinetobacter
baumannii, Experimental ¢ Therapeutic Medicine, vol. 5, pp.
1737-1739, 2013.

[34] N. Grégoire, S. Raherison, C. Grignon et al, “Semimecha-
nistic pharmacokinetic-pharmacodynamic model with adap-
tation development for time-kill experiments of ciprofloxacin
against Pseudomonas aeruginosa, Antimicrobial Agents and
Chemotherapy, vol. 54, no. 6, pp. 2379-2384, 2010.

[35] R.S. Satoskar, S. D. Bhandarkar, and N. N. Rege, “Chapter 49:
antimicrobials—combinations,” in Pharmacology and Pharma-
cotherapeutics, R. S. Satoskar, Ed., Popular Prakashan, Mumbai,
India, 21st edition, 2009.

[36] D. E Basri, N. Jaffar, N. M. Zin, and R. Santhana, “Electron
microscope study of gall extract from Quercus infectoria in com-
bination with vancomycin against MRSA using post antibiotic
effect determination,” International Journal of Pharmacology,
vol. 9, pp. 150-156, 2013.

[37] M. H. Hsieh, C. M. Yu, V. L. Yu, and J. W. Chow, “Synergy

assessed by checkerboard. A critical analysis,” Diagnostic Micro-
biology and Infectious Disease, vol. 16, no. 4, pp. 343-349, 1993.

[38] J. N. Steenbergen, J. E. Mohr, and G. M. Thorne, “Effects of
daptomycin in combination with other antimicrobial agents:
a review of in vitro and animal model studies,” Journal of
Antimicrobial Chemotherapy, vol. 64, no. 6, pp. 1130-1138, 2009.
[39] V. Balaji, S. S. Jeremiah, and P. R. Baliga, “Polymyxins: antimi-
crobial susceptibility concerns and therapeutic options,” Indian
Journal of Medical Microbiology, vol. 29, no. 3, pp. 230-242, 2011.

[27

(40]

(41]

[42]

(48]

BioMed Research International

A. C. Kastoris, P. I. Rafailidis, E. K. Vouloumanou, I. D.
Gkegkes, and M. E. Falagas, “Synergy of fosfomycin with other
antibiotics for Gram-positive and Gram-negative bacteria,’
European Journal of Clinical Pharmacology, vol. 66, no. 4, pp.
359-368, 2010.

W. U. Jing, J. Tian-tong, S. Jian-rong, and L. Li, “Antimicro-
bial activity of linezolid combined with minocycline against
vancomycin-resistant Enterococci,” Chinese Medical Journal,
vol. 126, no. 14, pp. 2670-2675, 2013.

C. Jacqueline, J. Caillon, V. Le Mabecque et al., “In vitro
activity of linezolid alone and in combination with gentam-
icin, vancomycin or rifampicin against methicillin-resistant
Staphylococcus aureus by time-kill curve methods,” Journal of
Antimicrobial Chemotherapy, vol. 51, no. 4, pp. 857-864, 2003.

S. T. Micek, “Alternatives to vancomycin for the treatment of
methicillin-resistant Staphylococcus aureus infections,” Clinical
Infectious Diseases, vol. 45, no. 3, pp. S184-S190, 2007.

M. A. Campos, P. Morey, and J. A. Bengoechea, “Quinolones
sensitize gram-negative bacteria to antimicrobial peptides,”
Antimicrobial Agents and Chemotherapy, vol. 50, no. 7, pp. 2361-
2367, 2006.

K. Tonari, K. Mitsui, and K. Yonemoto, “Structure and antibac-
terial activity of cinnamic acid related compounds,” Journal of
Oleo Science, vol. 5, no. 1, pp. 271-273, 2002.

S. Hemaiswarya and M. Doble, “Synergistic interaction of
phenylpropanoids with antibiotics against bacteria,” Journal of
Medical Microbiology, vol. 59, no. 12, pp. 1469-1476, 2010.

K. C. Ofokansi, A. A. Attama, P. E Uzor, and M. O. Ovri,
“Antibacterial activities of the combined leaf extract of Phyllan-
thus muellerianus and ciprofloxacin against urogenital isolates
of Staphylococcus aureus,” Clinical Pharmacology and Biophar-
maceutics, vol. 1, no. 4, pp. 1-5, 2012.

A. Athamna, M. Athamna, A. Nura et al., “Is in vitro antibiotic
combination more effective than single-drug therapy against
anthrax?” Antimicrobial Agents and Chemotherapy, vol. 49, no.
4, pp. 1323-1325, 2005.



