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ABSTRACT: The purpose of this investigation was to determine the antibacterial activities of five medicinal plants, against
both Gram-positive and Gram-negative bacteria. The levels of phenolic constituents in these medicinal plants were also
quantified and compared. Minimum inhibitory concentrations (MIC) were determined colorimetrically using 96-well
sterile microtitre plates and treatment with p-iodonitrotetrazolium chloride (violet). Concentrations of selected phenolic
constituents were determined using HPLC methods, by comparison to standard plots prepared using catechin, caffeic acid,
gallic acid, and quercetin standards. MIC tests indicated that Callicarpa formosana and Melastoma candidum possessed
the strongest bacterial inhibitory activities, with MIC values ranging between 12.5 and 37.5 mg/ml and 0.80–8.3 mg/ml,
respectively. M. candidum also demonstrated inhibitory activities against Gram-negative bacteria, with MIC value of
8.3 mg/ml. Quercetin was detected in all medicinal plants tested, with concentrations ranging between 0.25 and 0.47 µg per
mg of dried sample. Caffeic acid, catechin and gallic acid were detected in only some of the medicinal plants. Our results
suggested that C. formosana and M. candidum could potentially be used for the isolation of potent antibacterial compounds.
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INTRODUCTION

Over the centuries, ethnomedicine in many parts of
the world has been using medicinal plants for curing
various diseases and promoting of good health. Be-
sides, many modern drugs are based on plant-derived
synthetic derivatives1. Before the age of penicillin
and antibiotic discovery, medicinal plants were fre-
quently used to treat microbial infections. In view
of the worldwide recurrence of multidrug-resistant
bacterial strains2, it becomes an urgency to search
for next-generation antimicrobial compounds. Since
plants produce diverse polyphenolic compounds as
parts of their self-defence mechanism against micro-
bial infection, medicinal plants represent a promising
reservoir in the search for novel antimicrobial com-
pounds3. Nonetheless, detailed antimicrobial prop-
erties of some medicinal plants are not readily avail-
able. Frequently, reported antibacterial activities are
measured using Kirby-Bauer disk diffusion methods,
with no additional information on the exact inhibitory
concentration. Moreover, detailed measurements of

the individual phenolic or flavonoid constituents are
lacking.

In this study, we evaluated the antibacterial prop-
erties of five medicinal plants, namely Callicarpa for-
mosana, Clinacanthus nutans, Melastoma candidum,
Pereskia bleo and Vernonia amygdalina. C. formo-
sana is a small flowering plant, and other species
from the same genus have reportedly been applied
in treatments of external bleeding, rheumatism, and
fever4. C. nutans has reportedly been used in Thailand
for treating herpes virus infection5. Recently, this
plant has received much attention because of its po-
tential application in cancer treatment. M. candidum
and P. bleo represent two traditional medicinal herbs
used in some parts of Asia as diuretic herbal drink6.
Additionally, V. amygdalina was chosen for this study,
as ethnomedicine has been using it in the treatment of
bacterial infection7.

Here, we tested each of these medicinal plants
and compared their minimum inhibition concentra-
tions (MIC), against both Gram-positive, and Gram-
negative bacterial strains. Additionally, we used
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Table 1 Minimum inhibitory concentration (MIC, mg/ml) of medicinal plant extracts against Gram-positive and Gram-
negative bacterial strains.

Extract Minimum Inhibitory Concentration (mg/ml)

S. aureus M. luteus E. coli P. aeruginosa

C. formosana 12.5± 0.0 37.5± 12.5 > 50 > 50
C. nutans > 50 > 50 > 50 > 50
M. candidum 6.3± 0.0 0.80± 0.0 8.3± 2.1 8.3± 2.1
P. bleo 50.0± 0.0 > 50 > 50 > 50
V. amygdalina 50.0± 0.0 > 50 > 50 > 50
Amp 0.02± 0.00 0.02± 0.00 1.0± 0.2 0.6± 0.0

Ampicillin (Amp) was included as the positive control. Data are reported as mean± SE values (n=3).

reversed phase-high performance liquid chromatog-
raphy to determine the phytochemical profiles of
these medicinal plants. With detailed evaluation of
antibacterial activities and measurements of phenolic
contents, we wish to contribute to the understanding
on these selected medicinal plants and their potential
antibacterial applications.

MATERIALS AND METHODS

Preparation of herbal extracts

Medicinal plants were collected from April to June of
2012. The plant species were authenticated by Profes-
sor Dr Ong Hean Chooi at the Institute of Biological
Sciences, University of Malaya, Malaysia. Voucher
specimens (Voucher Numbers: MHR-2012-001 to
MHR-2012-005) were deposited at Department of
Chemical Science, Tunku Abdul Rahman University.
The medicinal plants were dried in an oven at 40 °C
for 48 h or until constant weight was observed. Each
dried plant sample was then pulverized. Plant samples
were then incubated with distilled water at 1:18 (w/v),
followed by heating at 90 °C for an hour. Supernatant
was then filtered using cheesecloth and centrifuged at
14 900g for 10 min. Clarified medicinal plant extracts
were then aliquoted and stored in −20 °C until testing.

Determination of minimal inhibitory
concentration (MIC)

MIC assay was performed using the published pro-
tocols with modification8, 9. Briefly, a final bacterial
inoculum of 5× 105 cfu/ml is prepared using Mueller-
Hinton broth and aliquoted into a 96-well sterile
microtitre plate. Plant extracts were added into the
first row of wells, and serial dilutions were performed
to achieve final concentrations of 50.0, 25.0, 12.5, 6.3,
3.1, 1.6, 0.8, and 0.4 mg/ml. The sealed plate was
then incubated at 37 °C for 18–24 h. Next, 20 µl
of 0.4 mg/ml of p-iodonitrotetrazolium chloride (INT,
Fisher Scientific) was added to each well, followed

by 30 min of incubation at 37 °C. Colour changes
to pink were observed. The lowest sample concen-
tration whereby no colour change was observed and
recorded as the MIC value. The reported MIC values
represented average values of three identical replicate
trials. Commercial ampicillin (Sigma-Aldrich) was
used as positive control, at the concentrations of 2.50,
1.25, 0.63, 0.31, 0.16, 0.08, 0.04, and 0.02 mg/ml.
Additionally, sterility control and solvent control were
also included in the MIC assays.

HPLC Conditions

HPLC separation was performed with a Shimadzu
HPLC system (Company name: Shimadzu Corpora-
tion). Samples were separated on a ThermoScientific
ODS Hypersil column (5 µm, 100 mm× 4.6 mm).
Solvent mixtures were as follows: A: distilled water
acidified to pH 2.74 with acetic acid, B: acetonitrile10.
After injecting 20 µl of plant extract or phenolic
standard, the following elution gradient was applied
with a flow rate of 0.8 ml/min: 0–5 min, 5% B;
5–22 min, 9% B; 22–38 min, 11% B; 38–43 min,
18% B; 43–44 min, 23% B; and 44–54 min, 90% B.
UV-spectra were monitored at 272 nm for gallic acid
(Sigma-Aldrich), 280 nm for both catechin hydrate
(Sigma-Aldrich) and caffeic acid (Sigma-Aldrich),
and 370 nm for quercetin (Acros). The column was
eluted at room temperature, and all aqueous solvents
for HPLC were filtered through 0.45 µm membrane
prior to applications (Millipore).

RESULTS

Minimum inhibitory concentration

We first tested these medicinal plant extracts against
two Gram-positive bacterial strains: Staphylococcus
aureus and Micrococcus luteus (Table 1). Based on
MIC results, M. candidum exhibited the strongest
antibacterial activities, as indicated by its low MIC
values (6.3 mg/ml against S. aureus, and 0.8 mg/ml
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Table 2 HPLC determination of phenolic constituent concentrations.

Herb Concentration of phenolic constituents (µg per mg of dried sample)

Gallic acid Quercetin Caffeic Acid Catechin

C. formosana 0.04± 0.00 0.43± 0.01 ND 0.66± 0.03
C. nutans ND 0.25± 0.01 ND ND
M. candidum 0.61± 0.03 0.40± 0.01 ND ND
P. bleo ND 0.52± 0.02 ND ND
V. amygdalina ND 0.57± 0.03 0.08± 0.01 1.31± 0.08

‘ND’ represented ‘not detected’. Data are reported as mean± SE values (n=3).

Q Q

Retention time (min) Retention time (min)

40.0      42.5     45.0     47.5      50.040.0      42.5       45.0       47.5       50.0

Fig. 1 Representative HPLC chromatograms of V. amyg-
dalina extract (left) and commercial quercetin standard
(right), monitored at 370 nm. ‘Q’ denoted the peak corre-
sponding to quercetin.

against M. luteus), followed by C. formosana
(12.5 mg/ml against S. aureus, and 37.5 mg/ml against
M. luteus). The observed antibacterial activities of
M. candidum are 2-fold and 47-fold stronger against
S. aureus and M. luteus, respectively, compared to
that of M. candidum. Interestingly, the M. candidum
extract was only 40-fold lower in its anti-M. luteus
activities, compared to that of commercial ampicillin.

We next tested these plant extracts against two
Gram-negative bacterial strains, namely Escherichia
coli and Pseudomonas aeruginosa. With the excep-
tion of M. candidum, all herbal extracts produced
MIC values which are 50 mg/ml or higher. Notably,
M. candidum exhibited an MIC value of 8.3 mg/ml
against both E. coli and P. aeruginosa, which are
merely 8-fold and 14-fold weaker than ampicillin.

HPLC analysis

To quantify the phenolic constituents of these medic-
inal plants extracts, concentration plots of four stan-
dard phenolic compounds (gallic acid, quercetin,
caffeic acid and catechin) were prepared (data not

shown). HPLC analysis was then performed for each
plant extract in triplicate. The concentration of each
phenolic constituent was calculated using the respec-
tive standard plots and is summarized in Table 2.

Quercetin was detected in all five extracts
(Table 2), in the following descending order: V. amyg-
dalina, P. bleo > C. formosana, M. candidum > C. nu-
tans. In Fig. 1, HPLC plot for V. amygdalina (top) was
compared to that of quercetin standard (bottom), with
elution peak at 48.2 min. Gallic acid was detected
in M. candidum, which is 15-fold higher than that
observed in C. formosana. Catechin was only detected
in V. amygdalina and C. formosana, with the amount
observed in V. amygdalina 2-fold higher than that of
C. formosana. Except in V. amygdalina, no caffeic
acid was detected in other plant extracts.

DISCUSSION

Recently, in view of the recurrence of the multidrug-
resistant bacterial strains, much attention has been
given to the search of effective antibacterial com-
pounds, including those of plants origin11. In our
MIC study, C. formosana and M. candidum were
found to inhibit the Gram-positive bacterium S. au-
reus, at concentration lower than 50 mg/ml. Among
the aforementioned medicinal plants, M. candidum
exhibited the strongest inhibitory activities, with MIC
values as low as 6.3 and 0.8 mg/ml against S. aureus
and M. luteus, respectively. Based on our HPLC
analysis, moderate level of quercetin, a flavonoid-type
flavonol derivative, was detected in M. candidum and
C. formosana. Quercetin and other flavonol deriva-
tives (e.g., kaempferol) have previously been reported
to inhibit the growth of S. aureus12, 13. Hence, it is
possible that quercetin found in M. candidum played
a significant role in the observed inhibitory activity
against S. aureus.

Our HPLC analysis also indicated the presence
of catechin, a flavonoid-type flavan-3-ol derivative,
in C. formosana. Catechin derivatives, which are
abundant in green tea, have previously been indicated
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as the bioactive compounds responsible for bacterial
inhibitory activities14. Catechin may contribute in
a similar manner to the inhibitory activity observed
in C. formosana. Additionally, gallic acid, a non-
flavonoid hydroxybenzoic acid derivative, was de-
tected in both C. formosana and M. candidum. Gallic
acid has been identified as the compound responsible
for the inhibitory action of Caesalpinia mimosoides
against both Gram-negative and Gram-positive bacte-
ria15. Hence, the 15-fold higher gallic acid content in
M. candidum relative to C. formosana, may explain
at least in part the greater antibacterial activity in
the former. Previous studies have highlighted the
importance of synergistic effects among the variety of
plant-derived bioactive compounds16–18. It is highly
possible that the detected quercetin, catechin[E21?]
and gallic acid could interact in a synergistic manner
to contribute to the bacterial inhibitory activities found
in C. formosana and M. candidum.

In general, the protection provided by outer
membranes19 and efflux pumps20 renders the Gram-
negative bacteria more resistant towards antibiotics
and other antibacterial bioactive compounds, when
compared with Gram-positive bacteria. Interestingly,
among the five medicinal plants tested, only M. can-
didum exhibited inhibitory activities against Gram-
negative bacteria. It was tempting to speculate that
antibacterial compounds from M. candidum might
have impressively high membrane permeabilities and
possess physical characteristics which prevented them
from being extruded by the bacterial efflux pumps.
Both of these factors could potentially enable the
accumulation of these antibacterial compounds, inside
the bacterial membranes, to an effective concentration
which exerted the observed inhibitory activities.

CONCLUSION

We reported here the MIC values of five medici-
nal plants, against both Gram-positive and Gram-
negative bacteria. The concentrations of selected
polyphenolic constituents were also determined using
HPLC method. Among the medicinal plants tested,
M. candidum and C. formosana demonstrated the
strongest antibacterial activities, as indicated by their
low MIC values. Additionally, M. candidum exhibited
inhibitory activities towards Gram-negative bacteria.
Further work in this direction could potentially lead to
the discovery of powerful antibacterial compounds.
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