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Canarium odontophyllum Miq. is an indigenous fruit found in Sarawak, Malaysia. Methicillin-resistant Staphylococcus
aureus (MRSA) is a deadly pathogen that causes to hospital (health-care-acquired MRSA [HA-MRSA]) and community
(CA-MRSA) infections worldwide. Vancomycin has been the therapeutic drug of choice against MRSA, but unfortunately
this pathogen has developed some degree of resistance to vancomycin. This research aimed to evaluate the antimicrobial
activity of the stem bark extract of C. odontophyllum against MRSA Mu50 strain. The minimum inhibitory concentration
(MIC) and minimum bactericidal concentration (MBC) of extract and vancomycin against MRSA were determined using
broth microdilution method and streak plate method. The rate of killing by the extract against Mu50 strain was determined
using time-kill assay (TKA) at x1 MIC, x2 MIC, x4 MIC, and x8 MIC of the extract. The post-antibiotic effect (PAE) time
of extract x10 MIC against MRSA was also investigated. The extract exhibited bacteriostatic effect against MRSA Mu50
strain with MIC and MBC values of 1.563 mg/ml and 3.125 mg/ml, respectively. From TKA analysis, the extract was not
capable of killing the Mu50 strain at X1 MIC and x2 MIC, but it displayed bactericidal activity at higher concentrations
tested. Interestingly, the acetone stem bark extract of C. odontophyllum at x4 MIC showed comparable time-killing
kinetic with the standard antibiotic in the study. The PAE time of the extract was 3.6 = 0.51 h against MRSA Mu50
compared to vancomycin at 2.4 + 0.68 h. In conclusion, the stem bark acetone extract from C. odontophyllum demonstrated
concentration-dependent bactericidal effect with prolonged PAE time against MRSA Mu50 strain.

1. INTRODUCTION

promotes the rates of autolysis [5]. The emergence of multi-resistant
microorganisms sparked an interest in the search for natural sources as

Methicillin-resistant Staphylococcus aureus (MRSA) is well known as
a public health problem worldwide [1]. Approximately 94,360 invasive
MRSA infections were reported in the United States in 2005 which
resulted in more than 18,000 deaths per year [1]. In Malaysia, MRSA
infections in hospitals have increased from 17% in 1986 to 44.1%
in 2007 [2]. This problem not only resulted in significant mortality and
morbidity but also increase health-care costs [1]. MRSA Mu50 strain was
first reported in Japanese hospitals [3]. It is highly resistant to beta-lactam
antibiotic group and moderately resistant to vancomycin [4]. The changes
in the structure of the bacterial cell wall resulted from the emergence of
VRSA phenotype of Mu50 strain. Unlike MRSA strain, MuS0 strain has a
thicker cell wall, resulting in more cell wall materials being released into
the culture medium. An increase in the level of these materials eventually
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novel compounds with promising antimicrobial activity [6].

Canarium odontophyllum, which is known as “dabai” locally, is a
famous indigenous fruit of Sarawak. C. odontophyllum belongs to the
Burseraceae family and grows naturally in the wild environment [7].
The leaves from C. odontophyllum were found to have antimicrobial
activity [8]. Recently, the acetone bark extract from C. odontophyllum
was also reported to demonstrate bactericidal effect against S. aureus
ATCC 25923 from minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) assays [9]. The present
study, therefore, aims to investigate the antimicrobial activity of
C. odontophyllum acetone stem bark extract against the resistant strain
of S. aureus, namely MRSA Mu50 strain using time-kill assay (TKA)
and post-antibiotic effect (PAE) assessments.

2. MATERIALS AND METHODS

2.1. Plant Extract

C. odontophyllum stem bark was collected from Kuching, Sarawak.
All plant parts were authenticated and deposited in the Herbarium of
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the Universiti Kebangsaan Malaysia (UKM) with voucher specimen
number UKMB 40052.

2.2. Preparation of Acetone Extract

The acetone extract of C. odontophyllum stem bark was prepared
based on the previous study with some modification [10]. A total
of 100 g of the dried C. odontophyllum stem bark was mixed with
500 ml absolute acetone. The mixture was shaken at 100 rpm for
24 h at room temperature. The mixture was then filtered through
Whatman No. 1 filter paper. The residue was further extracted using
350 ml and 150 ml of absolute acetone. The filtrates were pooled
together. The acetone solvent from the filtrates was removed using
the rotary evaporator to form a pellet. The solvent was further
removed by drying the pellet using a hot air-dryer. The pellet was
then finely grounded using a mortar and pestle to produce a dry bark
acetone crude extract.

2.3. Preparation of Antibacterial Agents

The acetone bark extract was dissolved in 10% dimethyl sulfoxide
while vancomycin was dissolved in sterile distilled water. The stock
solution for vancomycin was prepared at concentration 1 mg/ml and
was stored at 4°C for further use.

2.4. Preparation of Bacterial Inoculum

Bacteria strain used in this experiment was MRSA Mu50 strain. The
strain was obtained from the UKM Medical Molecular Biology Institute
in Collaboration with Professor Keiichi Hiramatsu, Director of Infection
Control Science Research Center of Juntendo University, Tokyo, Japan.
The bacteria were subcultured on Mueller-Hinton agar (MHA) plate
at 37°C for 24 h. About 2 or 3 single colonies with the same colony
morphology were inoculated into 10 ml Mueller Hinton broth (MHB)
and incubated at 37°C for 24 h. The size of inoculum was determined
at optical density reading of 0.08 using spectrophotometer at 625 nm
equivalent to 10® colony-forming unit (CFU)/ml. The inoculum was
adjusted to 10° CFU/ml by diluting the inoculum with MHB at 1:100
ratio.

2.5. Determination of MIC

The MIC of C. odontophyllum acetone stem bark extract against MRSA
Mu50 strain was determined using two-fold serial microdilution
method. Bacterial suspension and MHB were used as positive control,
whereas the extract in MHB was used as negative control to monitor
the medium sterility. The lowest concentration of the extracts with no
turbidity showed after being incubated at 37°C for 24 h was taken as
the MIC value. To further confirm the growth of the bacteria, triphenyl
tetrazolium chloride (TTC) was added into each well and was then
incubated for 20 min. Reduction of TTC to red formazan was directly
proportional to the presence of bacteria. There was no growth of
bacteria in the well that retains the yellow color of TTC, indicating
the presence of antimicrobial activity which inhibited the bacterial
growth [11]. The whole process was repeated using vancomycin. The
experiment was run in triplicate.

2.6. Determination of MBC

Wells that showed no color changes were subcultured on MHA plate
and incubated for 24 h at 37°C. MBC value was recorded at the lowest
concentration that showed no obvious growth on the MHA plate. The
whole process was repeated for vancomycin. The experiment was run
in triplicate.

2.7. TKA Analysis

The time-kill curve of the extract was investigated using microbroth
dilution assay at a concentration of x1 MIC, x2 MIC, x4 MIC, and
x8 MIC. The growth control tube was only filled with MHB. All tubes
were incubated at 37°C, and the viable count was performed at 0, 2, 4,
6, 8, and 24 h. At each hour, 10 pl of the mixture was removed from
the tubes and followed by 10-fold serial microdilution by adding 90 pul
of normal saline in each well. Then, 10 pl of the dilution was dropped
onto the MHA plate with a total of five drops for each quadrant of the
plate before being incubated at 37°C for 24 h. Time-mortality curves
were plotted by obtaining colony count of bacteria ranged between
3 and 30 CFU/ml for each drop. The graph of log,, CFU/ml on the
Y-axis and time (h) on the X-axis is plotted. Bactericidal activity was
defined when the extracts showed a reduction of >3 log,, CFU/ml,
whereas bacteriostatic activity was defined when the killing activity
was <99.9% [12]. The whole process was repeated for vancomycin
at x1 MIC. The experiment was run in triplicate.

2.8. PAE Time Analysis

PAE time of the extract against MRSA Mu50 strain was determined using
viable plate count method [13]. The treatment group was prepared at
concentration x10 MIC and bacterial suspension at a final inoculum of 10°
CFU/ml. In this study, x10 MIC was chosen to make sure the antibacterial
agent reached the maximum effect of bactericidal activity within 1 h
of exposure to bacteria [14]. The control group comprised of MHB in
bacterial suspension. Both treatment and control groups were incubated in
a 37°C water bath for 1 h. After 1:1000 dilution was achieved using MHB,
the tubes were incubated at 37°C, and the viable count was performed at
0, 2,4, 6, 8, and 24 h. At each hour, 10 ul of the sample was removed
from the tubes, followed by 10-fold serial microdilution by adding 90 pl
of normal saline in each well. A total of 10 pl of the dilution was dropped
onto the MHA plate with 5 drops for each quadrant of the plate. The plates
were incubated at 37°C for 24 h. PAE value was obtained from the plotted
graph of log ; CFU/ml on the Y-axis against time (h) on the X-axis. The
experiment was run in triplicate, and the whole process was repeated for
vancomycin at x10 MIC [15].

PAE was calculated using the following formula [14]:
PAE =T-C

T is the time required for the treated group to increase 1 log,, CFU/ml
following dilution at 1:1000 and C is the time required for the control
group to increase 1 log,; CFU/ml following dilution at 1:1000 [13].

2.9. Statistical Analysis

Each experiment was carried out in triplicate for MIC, MBC, TKA,
and PAE. All the data were expressed as mean + SD of three replicates.

3. RESULTS

3.1. Determination of MIC and MBC

The results of microbroth dilution and streak plate method of
C. odontophyllum acetone bark extract and vancomycin against MRSA
Mu50 strain are shown in Table 1. The MIC values of C. odontophyllum
acetone stem bark extract and vancomycin against MRSA Mu50
strain are 1.563 mg/ml and 0.00195 mg/ml, respectively. On the other
hand, the MBC value of C. odontophyllum acetone stem bark extract
is twice its MIC value (3.125 mg/ml) indicating bacteriostatic effect.
Vancomycin, which is bactericidal effect against MRSA Mu50 strain,
has equal MIC and MBC value, which is 0.00195 mg/ml.
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3.2. TKA Analysis

The rate killing analyses of C. odontophyllum acetone stem bark extract
at concentrations of x1 MIC, x2 MIC, x4 MIC, x8 MIC, and at x1 MIC
of vancomycin are presented in Figure 1. At x1 MIC and x2 MIC
of C. odontophyllum acetone stem bark extract, the bacteria did not
exhibit 3log ; CFU/ml reduction, and after 6 h incubation period,
bacterial colony regrowth was observed. The extract, however,
showed a rate-killing pattern at x4 MIC comparable with that of
vancomycin at x1 MIC throughout the 24 h incubation time without
bacterial regrowth. At the highest concentration of the extract tested
(x8 MIC), the bactericidal effect of the extract was apparent at 16 h
against MRSA Mu50, indicating a concentration-dependent manner of
the anti-MRSA agent.

3.3. PAE Time

As seen in Figure 2, the PAE time of C. odontophyllum acetone stem bark
extract and vancomycin against MRSA Mu50 strain was 3.6 + 0.51 h
and 2.4 + 0.68 h, respectively. The longer PAE time of C. odontophyllum
acetone stem bark extract against MRSA Mu50 strain compared to
vancomycin indicated that the growth inhibition of the bacterial strain
exposed to the extract persisted over a longer duration of time than the
standard antibiotic.

4. DISCUSSION

In this study, C. odontophyllum acetone stem bark extract was used
against MRSAMu50 strain with MIC value of 1.563 mg/ml. Meanwhile,
the MBC value of this acetone stem bark extract is 3.125 mg/ml.
The MBC value is twice the MIC value. MIC and MBC values of
vancomycin against MRSA Mu50 are both 0.00195 mg/ml. This result
showed that C. odontophyllum acetone stem bark extract possessed
bacteriostatic effect while vancomycin possessed bactericidal effect
against MRSA Mu50 strain.

Based on the previous study, C. odontophyllum acetone stem bark
extracts showed a bactericidal effect against S. aureus ATCC 25923 [9].
Unfortunately, in this study, C. odontophyllum acetone stem bark extract
showed bacteriostatic effect against MRSA Mu50. This may be because
MRSA Mu50 strain is more virulent compared to S. aureus ATCC 25923.

Table 1: Determination of MIC and MBC value of C. odontophyllum
acetone stem bark extract and vancomycin against MRSA Mu50 strain

Extract (mg/ml) MRSA Mu50 Vancomycin MRSA Mu50
MIC  MBC (mg/ml) —nc MBC
12.5 - - 0.25 - -
6.25 - - 0.125 - -
3.125 - - 0.062 - -
1.563 - + 0.031 - -
0.781 + + 0.016 - -
0.391 + + 0.00781 - -
0.195 + + 0.00391 - -
0.098 + + 0.00195 - -
0.049 + + 0.00098 +
0.024 + + 0.00049 + +

+: Absence of antibacterial activity, -1 Presence of antibacterial activity,
Positive: MHB and bacterial suspension, Negative: MHB and acetone extract ,
MHB: Mueller Hinton broth, MRSA: Methicillin-resistant Staphylococcus aureus,
MIC: Minimum inhibitory concentration, MBC: Minimum bactericidal concentration,
C. odontophyllum: Canarium odontophyllum

S. aureus ATCC 25923 is a clinical isolate that is sensitive to many types
of antibiotics including methicillin [16]. S. aureus ATCC 25923 is known
as methicillin-susceptible S. aureus (MSSA). Meanwhile, MRSA Mu50
strain used in this study is S. aureus isolate that is resistant to methicillin.

In 1997, MRSA Mu50 strain has been identifying as vancomycin-
intermediate S. aureus. It was first isolated from the surgical wound of
Japanese infant. The patient infection does not respond to long-term
vancomycin therapy [3]. In addition, a study done in 2003 showed that
mortality rate of patients with MRSA bacteremia was higher compared
to patient with MSSA bacteremia [17]. This supported the reason why
C. odontophyllum acetone stem bark extract showed bacteriostatic effect
against MRSA Mu50 strain instead of bactericidal effect against S. aureus
ATCC 25923 [9]. However, the MIC value of C. odontophyllum acetone
stem bark extract in the present study is higher compared to previously [9].
This might be due to the different bacteria strains that are being used. This
finding is corresponding with the study of [ 18], where the MIC for MRSA
strain is 32 mg/L, higher than MIC for MSSA strain which is 4 mg/L.
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Figure 1: Time-kill assay of Canarium odontophyllum acetone stem bark
extract and vancomycin against methicillin-resistant Staphylococcus aureus
(MRSA) Mu50 strain. Growth control curve that represented MRSA Mu50
strain showed increased in bacterial colony growth proportionally with the

incubation time
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Figure 2: Post-antibiotic effect of Canarium odontophyllum acetone stem
bark extract and vancomycin against methicillin-resistant Staphylococcus
aureus Mu50 strain
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From the results, C. odontophyllum acetone stem bark extract showed
lower antibacterial effect than vancomycin, where the MIC value
of acetone extract was greater than MIC value of vancomycin. This
study is corresponded with a study of [19], in which C. odontophyllum
leaf acetone and methanol extract showed lower antibacterial activity
compared to vancomycin. This may be because the stem bark extract
has a variety of compounds while the standard antibiotics are pure
compounds [20]. Plant secondary metabolites are compounds that play
no role in the maintenance of the plant life process but very important for
the plant to withstand stress, protect from harmful microorganism, and
interact with the environment for their adaptation [21]. Antimicrobial
activity of C. odontophyllum acetone leaf extract resulted from the
presence of secondary metabolites such as terpenoid, saponin, tannin,
flavonoid and phenolic compounds [10]. Previous study also reported
the existence of phenolic compound and tannins in the stem barks of
C. album [22].

Based on TKA graph, acetone extract of C. odontophyllum stem bark
at x1 MIC showed bacteriostatic activity by the reduction of bacterial
colony <2 log,, CFU/ml during the first 6 h of incubation. However,
bacterial colony increases from 6 to 24 h of incubation. Acetone
extract of C. odontophyllum stem bark at x2 MIC also showed a
bacteriostatic effect during the first 6 h of incubation. However,
the number of bacterial colonies increased until 8 h and reached a
plateau until 24 h incubation time. Bacteriostatic effect also showed at
x4 MIC concentration when the number of bacterial colony decreases
<3 log,, CFU/ml. Based on Figure 1, there was no increase in the
number of bacterial colony as happened at x1 MIC concentration and
x2 MIC concentration. Reduction of bacterial colony growth by 3 log
CFU/ml was showed at 16 h for concentration x8 MIC. This showed the
bactericidal effect of the C. odontophyllum acetone stem bark extract
against MRSA Mu50 strain. This result indicates that the plant extract
showed bactericidal effect only at highest concentration. This could
be due to MRSA which is a powerful isolate that does not respond
to many commonly used antibiotics [23]. The rate of killing bacteria
depends on extract concentration and duration of exposure [24]. This
result showed that C. odontophyllum acetone stem bark extract gives
concentration-dependent antibacterial activity toward MRSA Mu50
strain. This corresponds with the previous study which showed that
honeybee venom activity against MRSA was concentration dependent,
in which an increase of the agent concentration leads to progressive
reduction of the bacterial colonies [25].

A TKA analysis for vancomycin at x1 MIC showed that this antibiotic
has bactericidal effect against MRSA Mu50 strain, where the bacterial
colony was reduced by 3 log,, CFU/ml during 24 h of incubation.
Vancomycin exhibited bactericidal effect with time-dependent killing
activity [26]. In this study, vancomycin showed time-dependent killing
activity due to a number of bacterial colony that reduces proportionally
to the time.

The antimicrobial activity of C. odontophyllum acetone stem bark
extract was studied further by looking at PAE time. In this study,
PAE time of C. odontophyllum acetone stem bark extract was 3.6 +
0.51 h, while vancomycin was 2.4 £+ 0.68 h. Based on PAE time, C.
odontophyllum acetone stem bark extract showed prolonged PAE
compared to vancomycin, which suggested that plant extract residing
in MRSA Mu50 strain was longer than vancomycin. This result is
supported by Basri and Khairon [27], who showed that PAE for gall
acetone extract Quercus infectoria was longer than vancomycin.
Bioactive compound or secondary metabolites in the plant have
antimicrobial activity [21]. Tannin in gall of Q. infectoria inhibits the

growth of bacteria by interacting with proteins, enzymes as well as
bacterial membrane [13]. Tannin is one of the bioactive compounds in
C. odontophyllum acetone leaf extract that gives antimicrobial effect
[19]. Thus, we can conclude that antimicrobial effect on MRSA Mu50
strain maybe due to tannin content in C. odontophyllum acetone stem
bark extract.

Our result showed that PAE time of vancomycin was shorter than PAE
time of C. odontophyllum acetone stem bark extract. Vancomycin
showed that bactericidal effect of B-lactam antibiotics depends on
time. This result is supported by Basri and Khairon [27] that showed
shorter PAE time of vancomycin. This is why the frequency of taking
this type of antibiotic or dose interval is important. In contrast, the PAE
time is usually longer for an antibiotic that showed dose-dependent
manner than for time-dependent antibiotic [28].

The struggle between humankind and microbes was begun since his
existence on this earth. Fossil records in Mesopotamia (Iraq) reported
that the human lived 60,000 years ago has used a medicinal plant
named Hollyhock (4lcea rosea L.) in their life. This suggested that
plant may be the first weapon used by ancient human to counter the
human diseases. Plants are known to have various biochemical and
pharmaceutical properties. Many of these so-called “medicinal plants”
are expected to be an alternative source of new antimicrobials in the
future [29].

5. CONCLUSION

C. odontophyllum acetone stem bark extract has the potential to be
an antimicrobial agent against the MRSA Mu50 strain. TKA results
showed that C. odontophyllum acetone stem bark extract has a
dose-dependent effect: At x8 MIC, the extract showed bactericidal effect
on MRSA Mu50 strain. PAE results showed that C. odontophyllum
acetone stem bark extract has longer PAE time compared to vancomycin.
However, from MIC and MBC tests, C. odontophyllum acetone stem
bark extract showed bacteriostatic effect instead of bactericidal effect.
The incubation time should be extended from 24 to 36 h or 48 h to
determine if the plant extract showed bactericidal effect on MRSA
Mu50 strain. From this study, C. odontophyllum acetone stem bark
extract has the potential to be an antimicrobial agent against MRSA
Mu50 strain in addition with a few more assays or tests to further
investigate the antimicrobial activity of this plant extract.
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