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ABSTRACT

Our research work has been carried out implementing drug research policy and
strategies established by the National Research Council of Thailand (NNRCT) (fiscal year
2002-2006). More than 100 extracts from medicinal plant species commonly employed in
Thai traditional medicine against infectious diseases were studied against pathogenic
bacteria of medical importance (Book chapter). Quercus infectoria nutgalls were shown to
possess broad spectrum of activity against both Gram-positive bacteria and Gram-negative
bacteria (Patent 1). This is of our interest since most medicinal plants are not active against
Gram- negative bacteria (Publication 4, 9). Further studies indicated that the nutgall could
effectively inhibit Verocytotoxin production in Escherichia coli O157: H7 (Publication 3).
The results suggest an alternative mean for the treatment of the infection. Rhodomyrius
tomentosa (Patent 2) and FEleutherine americana have been demonstrated to be very active
against Gram-positive bacteria.  Rhodomyrtone and its derivatives belonging to
acylphloroglucinol group exhibited very low minimal inhibition concentration (MIC)
and minimal inhibition concentration (MBC) at 0.5 pug/ml, compared to 1 pg/ml of
vancomycin. Active principles in naphthoquinone group from Eleutherine americana bulbs
showed good anti-methicillin resistant Staphylococcus aureus (MRSA) activity (Publication
8) as well as Campylobacter spp., Gram-negative bacteria.

Detailed studies were carried out on bacteria of medical importance such as MRSA
(Book Chapter, Publication 4, 10), Helicobacter pylori (Publication 5), and multiple-
resistant Klebsiella pneumoniae (MRKP) (Publication 6). Antibacterial mechanisms
including an effect on bacterial cell surface hydrophobicity and bacterial cell aggregation
were reported (Publication 11). Effects of certain plants on biofilm production have been
demonstrated and a hypothesis relating to quorum sensing molecules or bacterial chatting
has been proposed (Publication 2). Restoration of p-lactam antibiotic activity was
observed in the presence of Quercus infectoria extract (Publication 1). In addition,
antibacterial activities of plants from family Zingiberaceae against common foodborne

pathogenic bacteria were reported (Publication 7, 12).
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EXECUTIVE SUMMARY

In developing countries where antibiotics can be unrestrictly used, the emergence of
antibiotic-resistant pathogenic bacteria has caused considerable public health concern.
Treatment failure due to MRSA with reduced susceptibility to vancomycin was reported.
More recently, resistance to new antimicrobial agents such as linezolid, quinupristin, and
daffopristin has already occurred. Multiple antibiotic resistant K. pneumoniae, another
important pathogen, has become increasingly reported. Furthermore, problems due to
subinhibitory concentration of certain antibiotics on the stimulation of Verocytoxin
production in E. coli 0157: H7 have been documented.

Recent studies conducted in our laboratories and in others have revealed that
medicinal plants from various parts of the world can provide a rich source of antibiotic
activities. In Thailand, many plant species have been widely used to cure many infectious
discases. They are available locally, inexpensive, and become increasingly popular. The
detailed biological evaluation of these extracts and pure compounds will make it possible
to assess the potential applications of these materials for the targeted infectious
organismes.

The main objective was to find active compounds from certain plants with-broad
spectrum activity as antimicrobial and antiparasitic agents. Further investigations on
selected effective medicinal plants have been carried out according to the following
aspects:

1. Phytochemical study on active compounds
Bacteriological study
Antiprotozoal assay

Detailed studies on antibacterial mechanisms involved

ok N

Toxicity tests
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RESEARCH METHODOLOGY

Selected plants with the above mentioned biological activities, as alluded to previous
literatures, ethno-medicine and ethno-botany, were be subjected to bioassay-guided
fractionation for the isolation of pure active components. Various chromatographic
techniques ¢.g. medium pressure chromatography (MPLC), preparative layer
chromatography (PLC), radial chromatography (chromatotron) and semi-preparative high
pressure chromatography (HPLC) will be employed. Bioassay systems were be
developed for each targeted infectious organism.

Preparation of crude extracts of medicinal plants

Initial screenings of plants for possible antimicrobial activities typically began by
using crude aqueous or alcohol extractions and followed by various organic extraction
methods. Aqueous extracts were dissolved in water while other extracts were dissolved in
dimethysulfoxide (DMSO) before use in bacteriological study.

Phytochemical screening for the presence of active compounds

Thin layer chromatography (TLC)

The extract was first subjected to a coarse separation by column chromatography over
silica gel (500 g). Elution was conducted initially with hexane, gradually enriched with
acetone and followed by increasing amount of methanol in acetone and finally with
methanol. The volume of each solvent mixture was 4 1. All fractions were collected (250
ml), monitored by TLC and combined on the basis of their TLC characteristics.
Preparative thin layer chromatography (PLC)

Further purification of the active fractions was carried out using PLC.

Chemical analysis of purified compound

Compounds were elucidated on the basis of spectroscopic data and chemical
transformations. Structure elucidation of the chemical constituents of pure compounds
isolated was determined by standard spectroscopic techniques including infrared
spectroscopy (IR), ultraviolet spectroscopy (UV), mass spectrometry (MS), and high
resolution nuclear magnetic resonance spectroscopy (NMR). For the NMR techniques,

both proton and carbon-13, werc be the main methods used, with the additional

4.
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employment of the experiments such as correlated spectroscopy (COSY), heteronuclear
chemical shift (HETCOR) and correlation spectroscopy via long-range coupling
(COLOC). For pure compounds with complex structures, if the suitable crystal can be
obtained, the confirmation of the structure was be done by single crystal X-ray diffraction
analysis.

Tested bacterial strains

Important pathogenic bacteria encountered problems with antibiotic resistance were
used. These may include methicillin-resistant S. aureus, multiple-resistant strains of X.
pneumoniae, H. pylori, E. coli, P. aeruginosa. Each bacterial strain was suspended in
Mueller Hinton broth and incubated at 37°C for 18 h. Mueller Hinton agar was used for
testing antibacterial activity.

Antibacterial mechanisms
Determination of minimal inhibitory concentration (MIC) and minimal bactericidal
concentration (MBC)

A modified agar microdilution method waas used to determine the MIC. One
microliter of an overnight culture of each bacterial strain containing approximately 10*
CFU was applied onto MHA supplemented with different fractions of extracts at
concentraton ranging from the MIC values of crude extracts. The microtiter plates were
incubated at 35°C for 18 h. Results expressed as the lowest concentration of plant
extracts that produced a complete suppression of colony growth, MIC. Minimal
bactericidal concentration was performed using agar dilution method in petri dishes with
millipore filter.

Effect on adhesion of bacterial cells

The hydrophobicity of different strains of bacteria was determined by the salt
aggregation test (SAT). Culture was suspended in 0.02 M potassium phosphate buffer
(pH 6.8) according to the 5 McFarland turbidity standard to a final concentration of 1.5 x
10° cells/ml. SAT studies were performed using ammonium sulfate solutions (0.1, 0.5,
1.0, 1.5, 3.0 M) in 0.02 M Pp buffer (pH6.8). An aliquot (0.02 ml) of ammonium sulfate
solution and additionally the same amount of Pp buffer for the control were pipetted into

Nunclon plate wells. To each well, 0.02 ml! of standardized microbial suspension was

5.
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added so that the final concentraitons for ammonium sulfate are 0.05, 0.25, 0.5, 0.75 and
1.5 M. and for 0.75 x 10° cells/ml. The microtitre plates are gently rotated for 5 min.
The presence of aggregation was examined by light microscopy using a dark background.
The strains were tested for autoaggregation using 0.02 M Pp buffer instead of ammonium
sulfate. SAT was defined as positive if bacterial aggregation is clearly visible and
negative if no aggregation. The SAT titre was the lowest concentration of at which
microbes still yield clearly visible aggregaion. Strains autoaggregating in Pp uffer and/or
expressing SAT titres 0.05 and 0.25 were considered highly aggregative/hydrophobic,
strains with titres 0.5-1.5 are considered low aggregative. A strain was considered
nonaggregative if it did not express positive SAT even at a 1.5 M concentration of
ammonium sulfate.
Other antibacterial mechanisms involved were be studied depending on preliminary

results.
Tested protozoa

E. histolytica strain HM1: IMSS and G. intestinalis local Thai strain, originally
described are axenically cultured in screw capped tubes at 37°C on YI medium
supplement with 10% heat-inactivated calf bovine serum under anaerobic condition.
Antiprotozoal assay

Trophozoites, 2x10° cells/ml, were incubated, in triplicate, in the presence of serial
two fold dilutions of plant extracts in 96 well tissue culture plates. Metronidazole and
complete medium with added DMSO were used as negative and positive control,
respectively. After 24h of incubation at 37°C under anaerobic conditions, the trophozoites
from each well were examined with an inverted microscope. The appearance of
trophozoites was scored and presented as score values from 1 to 4 with 1 showing the

most inhibition of growth and 4 showing no inhibition, MIC was recorded.
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OUTPUT

QOur findings have been summarized in terms of 12 papers, one book chapter, two
patents, and three presentations at international congress,reporting the results of our work
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Note:

1.

Three abstracts from ECCMID were subsequently published in Clinical Microbiology
and Infection.

Results from in vitro screening of the extracts on axenic culture of Giardia
intestinalis have completed and being prepared as a manuscript entitled:
‘Antibacterial, anti-giardial, and anti-oxidant activities of Walsura robusta’.
{Voravuthikunchai S.P., Kanchanapoom T., Sawangjaroen, Hutadilok-Towatana N.

2008).
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Abstract

Aims: To investigate the anti-methicillin-resistant Staphylococcus aureus (MRSA)
mechanism of Quercus infectoria (nutgalls) extract as well as its etfective components.
Methods and Results: The ethanol extract, an ethyl acetate fraction I, and its components -
gallic acid and tannic acid, all inhibited the growth of clinically-isolated MRSA strains.
Clumps of partly-divided cocci with thickened cell wall were observed by transmission
electron microscopy in the cultures of MRSA incubated in the presence of the ethanol extract,
the ethyl acetate fraction I, and tannic acid. Since cell wall structure of the organism
structures seemed to be one possible site for these actions, their effect with representative 3-
lactam antibiotics were determined. Synergistic effects were observed with 76% and 53% of
the tested strains for the combination of ethano! extract and amoxicillin and penicillin G,
respectively.

Conclusions: The appearance of pseudomulticellular bacteria in the nutgall ethanol extract
treated cells and the synergistic effect of the plant extract with B-lactamase-susceptible
penicillins indicated that the extract may interfere with staphylococcal enzymes including
wall autolysins and B-lactamase.

Significance and Impact of the Study: Our results provide scientific data on the use of the

nutgall extract for the treatment of staphylococcal infections.

Keywords Quercus infectoria, pseudomulticellular bacteria, f-lactam antibiotics, methicillin-

resistant Staphylococcus aureus
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Introduction

Natural products and their derivatives have continued to be the most significant sources of
new leads into the development of new pharmaceutical agents. Approximately 25% of
modern medications have been derived from previously used plant remedies (Liu and Wang
2008). More than 50% of both antiinfectious and anticancer agents were developed from
natural plant compounds (Newman et al. 2003; Cragg and Newman 2005). Although a
number of herbs have a long history of use as cures for many human ailments, often there has
been very little scientific evidence to substantiate their claims. Recently, various new plant
components have been isolated, chemically characterized, and their mechanisms of biological
action established.

The continuing emergence and development of resistance to existing antibacterial
agents by bucteria has created the need for new antibacterial compounds that exhibit activity
against these resistant strains (Levy and Marshall 2004; Norrby et al. 2005). Methicillin-
resistant Staphvlococcus aurens (MRSA) has become increasingly widespread as a major
cause of both nosocomial and community infections. This situation has placed limits on our
options to treat infections by this organism. Glycopeptide derivatives such as vancomycin
and teicoplanin are now considered to be agents of last resort for the treatment of MRSA
infections (Ferrara 2007). In 2002, vancomycin-resistant S. aureus (VRSA) strains emerged
in the United States (Centers for Disease Control and Prevention 2002; Chang et al. 2003},
followed by reports of these isolates from other parts of the world (Biedenbach et al. 2007;
Emaneini et al. 2007). Therefore, before therapy with vancomycin and teicoplanin fails
completely, we need to find some alternative antibacterial agents against MRSA infections.

A nutgall of Quercus infectoria Olivier (Fagaceae) is one of the most commonly used
plants in a traditional Asian medicine to treat skin infections, gastrointestinal disorders, and

vaginal infections (Kaur er al. 2004; Dayang er al. 2005; Voravuthikunchai er al. 2007;
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Kaur et al. 2008). The nutgall from Quercus infectoria contains the highest naturally
occurring level of tannin, approximately 50-70% (lkram and Nowshad 1977). Tannins have
been used for hundreds of years for medical purposes and are currently indispensable in
dermatology (Folster-Holst and Latussek 2007). Although, catechins, a condense tannin,
have been intensively studied on their mechanisms of actions on bacterial cells. Detailed
antimicrobial mechanisms from the hydrolysable group of tannins, a main component in the
nutgalls, have not been addressed. Likewise, there is very little published information on the
antibacterial mechanisms of the Quercus infectoria nutgall.

A series of experiments in our laboratory has demonstrated the extremely broad-
spectrum of inhibitory activity of the nutgall extract against a wide range of important
pathogenic bacteria (Voravuthikunchai ef af. 2004; Voravuthikunchai and Kitpipit 2005;
Voravuthikunchai and Mitchell 2008). Some work has also clearly indicated that various
extracts from the nutgalls exhibited high activity against MRSA (Voravuthikunchai and
Kitpipit 2005; Chusri and Voravuthikunchai 2008). The primary mechanisms of actions of
the plant extract against other important pathogens have been previously described
(Voravuthikunchai and Limsuwan 2006; Voravuthikunchai et af. 2006). In this present
communication, we further compare the anti-MRSA activities of an ethanol extract of the
nutgall, its effective fraction, and main constituents. Since the extract, the fraction, and
tannic. acid exhibited a significant effect on the cell wall of MRSA strain, therefore their
effects with representative (3-lactam antibiotics have been further explored.

Materials and methods

Tested Bacterial strains

Methicillin-resistant Staphylococcus aureus (NPRC 01-17) were obtained from Hat Yai
hospital, Hat Yai, Thailand. S. aureus ATCC 25923 was used as an antibiotic sensitive

control. The bacteria were maintained on Tryptic soy agar (TSA, Becton, Dickinson and
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Company, France} slant at 4 °C. For use in experiments, the bacteria were grown separately
on TSA at 35 °C for 18-24 h.
Preparation of Quercus infectoria extract and B-lactam antibiotics
A voucher specimen of Quercus infectoria (nutgall) was deposited at the Herbarium of the
Facuity of Pharmaceutical Science, Prince of Songkla University, Hat Yai, Songkhla,
Thailand. The nutgalls were washed with distilled water, cut into small pieces, and crushed
in a mechanical mortar. The plant powder (100g) was extracted with 95% ethanol (500 mL)
at room temperature for 7 days. After filtration, the excess of solvent was removed with a
rotatory evaporator kept at 60 °C until they were completely dry (the extract yield was 57.15
%.). The ethanol extract was dissolved in 10% dimethylsulfoxide (DMSO, Merck, Germany)
before use.

Representative B-lactam antibiotics including amoxicillin (Sigma-Aldrich, CH-9471
Buchs, Switzerland), oxacillin (Sigma-Aldrich, CH-9471 Buchs, India), and penicillin G
(General Drugs House Co., Ltd) were used as control antibiotics in the study.
Fractionation of active constituents
Nutgall extract with strong anti-MRSA activity was further partially purified as follows. The
dried nutgall extract (10 g) was dissolved in 95% ethanol at concentration of 10% {w/v), and
submitted to quick column chromatography on silica gel (Merck 60GF,s; 70-230 mesh; 500g;
column i.d., 5 cm). The column was eluted using an increasing polarity gradient (chloroform,
ethyl acetate, 95% ethanol, and 30% ethanol). Each fraction (75 mL) was monitored by
separating it by thin layer chromatography (TLC) on silica gel 60GF,s; TLC aluminium
sheets (Merck; layer thickness 0.2 mm) with chloroform: methanol: H,O (6: 3.7: 0.3, v/viv)
as the mobile phase. After air drying, spots on the aluminium sheet were visualized with a
UV light (200-400 nm). The fractions with similar TLC R; values were combined and then

concentrated to complete dryness, The nutgall extract yielded 97 fractions including a



chloroform fraction (fractions 1-8), ethyl acetate fraction I (fractions 9-21, 2.26 g), ethyl
acetate fraction II (fractions 22-33, 0.21 g), 95% ethanol (fractions 34-72, 0.52 g), and 30%
ethanol (fractions 73-97, 0.66 g). The chloroform fraction was not further investigated since
it had no UV absorbance and its yield was too low to assay for antibacterial activity. Since
the ethyl acetate fraction I showed strong anti-MRSA activity and the highest percentage
yield (22.65%}), therefore its activity was tested in a further set of experiments. Tannic acid
(Fluka, Switzerland) and gallic acid (Fluka, Spain), the main constituents with anti-MRSA
activity, (henceforth called components) were included in the tests. For bioassay, the extract,
the fraction and the components were dissolved in 10% dimethylsulfoxide (DMSO, Merck,
Germany) before use.

Phytochemical screening methods

For conducting the different chemical tests, both the ethanol extract and the ethyl acetate
fraction I were dissolved in 45% ethanol (1: L, w/v) and divided into a number of separate
fractions. Phytochemical screening tests for alkaloids, cardiac glycosides, flavonoids, tannins,
and triterpene were qualitatively analyzed according to previously described methods
(Houghton and Raman, 1998; Woo, 2001). Dragendorft” s reagent and Mayer’s reagent were
used for alkaloids, Kedde’s reagent and 2% Potassium hydroxide in ethanol for cardiac
glycosides, the Shinoda test (Mg-HCL) reagent for flavonoids, 5% FeCl; and Bromine water
for hydrolysable and condensed tannins, and the Liebermann-Burchard test for triterpenes.
Deterlﬁination of Minimum inhibitory concentrations (MIC)

A broth microdilution method (CLSI 2006) was used to determine the MICs of the Quercus
infectoria extract, its components and the antibiotics. Serial two-fold dilutions of the plant
extract and its separated components were mixed with Mueller-Hinten broth (MHB, Becton,
Dickinson and Company, France) at 1: 10 (v/v) in 96-well sterile microtiter plates to give

final concentrations of 0.03 -1.00 mg mL"'. Twenty microlitres of a 3-5 h culture of each
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bacterial strain, containing approximately 5 x 10° CFU mL", were added to the MHB
supplemented with the tested compounds. The microtiter plates were then incubated at 35 °C
for 18 h. Minimum inhibitory concentrations were observed at least in duplicate as the
lowest concentration of plant extracts that produced a complete suppression of bacterial
growth.

The B- lactam antibiotics were serially diluted two-fold with 10% DMSQO to obtain
solutions of 512-0.06, 640-0.06, and 256-0.02 pg mL "' for amoxicillin, oxacillin, and
penicillin G, respectively. Their MIC values were measured as described above.

Effect of the Quercus infectoria extract on cell membranes of MRSA

A bacterial suspension of 1.5x10” CFU mL" in 0.85% NaCl was added into 100 uL of the
ethanol extract, the ethyl acetate fraction I, gallic acid, and tannic acid (10: 1, v/v). The
bacterial suspension added to 10% DMSO was used as a positive control. The cell pellets
were separated by centrifugation at 10,000 rpm for 5 min, after incubation at 35 °C for 0. 4, §,
12, 16, and 20 h (Oonmetta-aree et al. 2006). Nucleotides and their component structures,
amino acids, and inorganic ions present in the supernatant were reported as the low molecular
weight metabolites leaking from the bacterial cells. The levels of purines, pyrimidines, and
their derivatives in the supernatant were determined at each time interval by measuring the
optical density (OD) at 260 nm using a UV/VIS spectrophotometer (Shimadzu UV-1601
Spectrophotometer, Japan). Each concentration of the extract and its components without the
bacterial suspension were used as blanks. The ODagg at each time point was expressed as a
propogtion of the initial ODj6p. Mean ratios for each treatment agent and time were
calculated and compared to the means for the corresponding untreated samples (Carson ef al.
2002).

Transmission electron microscopy (TEM)
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MRSA was cultured in TSB at 35 °C for 5 h and then 800 pL of the bacterial suspension was
transferred into TSB supplemented with the ethanol extract, its fraction, and its components
at 4x their MIC concentrations (10: 1, v/v). The suspensions were incubated at 35 °C for 12
h. Bacterial cells were collected by centrifugation at 6,000 rpm for 10 min. They were fixed
in 2.5% (w/v) of glutaraldehyde at 4 °C for 2 h. Cells were washed three times with 0.1 mol
L' phosphate buffer solution, pH 7.2 and post-fixed with 1% (w/v) osmium tetroxide at room
temperature overnight. The pellets were then dehydrated through serial concentrations of
ethanol (70, 80, 90, and 100 mL in 100 mL distilled water, respectively). They were
infiltrated in a propylene oxide for 15 min twice, propylene oxide: Epon 812 resin, 1:1 for 30
min, followed by Epon 812 resin for 60 min and polymerized in a hot air oven at 80 °C for
10-12 h. The polymerized samples were sectioned with an ultramicrotome (MTXL, RMC,
USA) and sections observed using a transmission electron microscope (JEOL, JEM 100 CX
[1, Japan).

Checkerboard study

The combined effects of the ethanol extract, the ethyl acetate fraction I, gallic acid, and tannic
acid with B-lactam antibiotics (amoxicillin, oxacillin, and penicillin G) were evaluated by the
checkerboard method to obtain the fractional inhibitory concentration (FIC) index (Sato et al.,
2004). The checkerboard consists of columns in which each well contains the same amount
of antimicrobial agents diluted two-fold along the x-axis, and rows in which each well
contains the same amount of the plant extract and its components diluted two-fold along the
y-axis on a 96-well plate. The FIC index was calculated according to the equation: FIC index
=FIC, +.FICB = (MIC of drug A in combination/MIC of drug A alone) + (MIC of drug B in
combination/MIC of drug B alone). Synergism was defined as an FIC index <0.5, the
additive effect as an FIC index of 0.5-2.0, and antagonism as an FIC index > 2.0 (Eliopoulos

and Moellering 1996).



Page 9 of 23

Lol PN

oy »;*@oov-qcm;n.m

[EEg

PRrY
L8 =

a2

4

JeE—
G

42

2

i
21
27

Results

Anti-MRSA activity and phytochemical composition of Quercus infectoria extract

As indicated in Table 1, the initial ethanol extract, the ethyl acetate fraction I, and
components gallic acid and tannic acid demonstrated anti-MRSA activity. Comparison of the
MIC values of these showed that there were no significant differences (63-250 ug mL™"). The
MRSA strains however were all resistant to amoxicillin, oxacillin, and penicillin G with the
MIC values ranging from 35-512, 16-256, and 160-1,280 ug mL™', respectively compared to
values of < 0.06 pg mL™ for the sensitive control strain.

Preliminary phytochemical analysis of the ethanol extract revealed the presence of
flavonoids, tannins, and steroidal compounds. Tannins were detected in the ethyl acetate
traction I.

Effects on the cytoplasmic membrane of MRSA

Damage to the staphylococcal cytoplasmic membrane was assessed by measuring the leakage
of small UV-absorbing compounds. The proportion of the ODag at each time point is given
in Fig. 1. The ODy¢ of suspensions was not increased significantly at any of the
concentrations tested up to 20 h after treatment with the ethanol extract, its ethyl acetate
fraction, and its components.

Effect of Quercus infectoria extract and its components on cell morphology

The ethanol extract and the ethyl acetate fraction I produced pseudomulticellular MRSA cell
aggregates with thickened cell walls, (Fig. 2A and 2B). Tannic acid produced a similar effect
(Fig. 2D) but gallic acid had no observed effect (Fig. 2C).

Effects on resistance to B-lactam antibiotics

The results of the checkerboard titration are presented in Table 2. The majority of the FIC
indices were in the range of 0.5-2.0 therefore the main interaction between the samples and

the 3 antibiotics was considered to be additive. However, gallic acid was the only compound
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that showed any antagonistic action to the B-lactam antibiotics. Only oxacillin and peniciilin
G were antagonized and antagonism was demonstrated by only one of the 17 MRSA strains.
With all other strains, gallic acid had an additive action with all 3 antibiotics and no
synergistic action. The effect of tannic acid and the B-lactams was very similar to that of
gallic acid and the B-lactams, in that an additive effect was observed with most strains except
for 3 that showed a synergistic effect with amoxicillin only. A synergistic reaction of the
ethanol extract and ethyl acetate fraction with -lactams was obtained. A synergistic
response with amoxicillin was obtained with 76% and 59% of strains respectively, for
oxacillin 12% and 35 % of strains and for penicillin G, 53% and 12% of strains respectively.
For all other strains the responses were additive.

Discussion

In our continuing work to investigate Thai medicinal compounds derived from plants that
exhibit anti-MRSA activity, we found that the ethanol extract of the nutgalls had the ability to
inhibit and eradicate all clinical isolates of MRSA. The high amounts of tannins found in the
nutgalls implied that tannins could be the active compounds responsible for the anti-MRSA
activity. The antibacterial, antifungal, and antiviral properties of plant-derived tannins are
well-known, but there are very few reports on their antimicrobial mechanisms (Singh er al.
2003). Thus, the effects of the nutgall extract as well as the main constituents on MRSA cell
has been investigated and discussed in this report.

Although, the ethanol extract of nutgall, the partially-purified fraction, and the
components did not appear to alter membrane permeability, the ethanol extract and the ethyl
acetate fraction of the nutgalls significantly gave rise to pseudomulticellular aggregates with
thickened cell walls. Many experimental conditions that have the ability to induce the
formation of these pseudomulticellular staphylococci have been reviewed. All of the

conditions for example, divalent cations, negatively charged anticoagulants, sodium dodecyl



Page 11 of 23

11

sulfate, and triton X-100 interfered both directly or indirectly with the activity of wall
autolysins involved in cell separation (Giesbrecht ef al. 1998). It is therefore most likely that

the anti-MRSA mechanism of the plant extract should involve interference with the

staphylococcal autolysins. This has been reported previously using antibiotics such as
chloramphenicol, penicillin, and other B-lactam antibiotics (Giesbrecht er al. 1998). Similar

pseudomulticellular aggregates with thickened internal cell walls have also been detected in

MRSA treated with an active principle of crude tea extract (Camellia sinensis) (Hamilton-
Miller and Shah 1999). Condensed tannins including catechin, epicatechin, epicatechin
gallate, and epigallocatechin gallate are well-recognized as the main component of tea extract.
Recent studies indicate that S. aureus cells treated with epicatechin gallate also produce

thickened cell walls (Stapleton ef ¢l. 2004). In addition, epigallocatechin gallate, mixed with

S. aureus cells at AMIC, gave rise to a moderate increase in permeability of the
staphylococcal cytoplasmic membrane (Stapleton et al. 2004).
Several studies have further indicated that epicatechin gallate and epigallocatechin

gallate have the capacity to reduce oxacillin resistance in S. aureus (Shiota ef al. 1999,

Hamilton-Miller and Shah 2000; Stapleton and Taylor 2002; Stapleton et «l. 2004). The
peptidoglycan binding capacity of epigallocatechin gallate was discussed as being the reason

for its synergistic effect with oxacillin. However, Zhao ef al. (2001) have mentioned that the

binding of epigallocatechin to penicillin-binding protein 2' was not relevant to any synergy
with [-lactam antibiotics. In addition, the observed restoration of B-lactam antibiotic activity
might be explained by the presence of hydrolysable tannins (corilagin and tellimagrandin I)
and a polymeric proanthocyanidin (ZP-CT-A) that suppressed the activity of B-lactamase
(Shiota et al. 2004; Kusuda et al. 2006). It was therefore surprising that although restoration

of oxacillin activity by the plant extract was not observed, most of the tested strains

demonstrated a synergistic effect between the nutgall ethanol extract and the B-lactamase-
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susceptible penicillins, amoxicillin (76% of strains) and penicillin (53% of strains) whereas 4
synergistic effect was produced by only 12% of strains with oxacillin. The results of our work
indicate that at least part of the synergistic activity may be caused by the effect of the active
constituents of the nutgall ethanol extract on the function or production of 3-lactamase.

In conclusion, the appearance of pseudomulticellular bacteria in the nutgall ethanol
extract treated cells and the synergistic effect of the plant extract with -lactamase-
susceptible penicillins indicated that the extract may interfere with staphylococcal enzymes
including wall autolysins and B-lactamase. However, further studies are required to directly
determine the site and mechanism of action of the plant extract on the staphylococcal

autolysins as well as B-lactamase activity.
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Table 1 Minimal inhibitory concentration (MIC) of the ethanolic extract of Quercus
infectoria, the ethyl acetate fraction 1, gallic acid, tannic acid, B-lactam antibiotics against
methicillin- resistant S. aureus
Quercus infectoria extract, MIC (ng mL™")
its components, and antibiotics MRSA (n=17) S, aureus ATCC 25923
Ethanolic extract 125-250 250
Ethyl acetate fraction [ 125-250 250
Gallic acid 63-125 125
Tannic acid 125-250 250
Amoxicillin 32-512 <(.0625
Oxacillin 160-1,280 <(0.0625

Penicillin G 16-256 <0.015
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: Table 2 Activities of B-lactam antibiotics in combination with Quercus infectoria extract and
r its components against methicillin-resistant S. aureus

Q Number of tested strains (%)

Y FIC index ~

<0.5 0.5-2.0 >2.0

Amoxicillin

Ethanolic extract 13 (76%) 4 (24%) 0

Ethyl acetate fraction I 10 (59%) T (41%) 0

Gallic acid 0 17 (100%) O

Tannic acid 3 (18%) 14 (82%) O
Oxacillin

Ethanolic extract 2 (12%) 15 (88%) O

Ethyl acetate fraction I 6 (35%) 11 (65%) 0

Gallic acid 0 16 (94%) 1 (6%)

Tannic acid 0 17 (100%) 0
Penicillin G

Ethanolic extract 9 (53%) 8 (47%) 0

Ethyl acetate fraction | 2 (12%) 15 (88%) 0

Gallic acid 0 16 (94%) 1 (6%)

Tannic acid 0 17 (100%) 0O

" Results for the fractional inhibitory concentration (FIC) indices < 0.5 are synergistic, those

for FIC indices > 0.5 to < 2 are additive, and those for FIC indices = 2 are antagonistic.
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Figure 1 Absorbance of the ccll material contents at 260 nm relcasing from MRSA cells after
treated with the ethanolic extract (A), the cthyl acetate fraction I (B), gallic acid (C), and
'_ tannic acid (D) at 1/2MIC (black bars), MIC (gray bars), 2MIC (bars with diagonal stripes),
" and 4MIC (bars with horizontal stripes). Onc per cent of DMSO (white bars) was used as

control,
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Figure 2 Effects of the ethanolic extract (A), the ethyl acetate fraction I (B), gallic
acid (C), and tannic acid (D) on the cell morphology of methicillin-resistant S. aureus
at 4MIC concentration for 12 h. One per cent of DMSO was used as control (E).

Scale bars represent 500 nm.
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428 Many pathogenic bacteria with the ability to form biofilms  Vickery et al., 2004).
45% are responsible for acute and chronic infections. Examples Streptococcus pyogenes, one of the most important human
448 of biofilm-associated «iseases are dental caries, gingivitis, pathogens associated with extensive human morbidity
45§ periodontitis, endocarditis, and prostatitis (Hall-Stoodley  worldwide. It causes primary infections of skin, throat, and
402 et al., 2004). In addition, implanted medical devices includ- mucosal surfaces. Even though the infections are normally
47% ing intravenous catheters, artificial joints, and cardiac pace- self-limited, antibiotic treatment is usually employed to
4y& makers can become rapidly coated with human extracellular relief discomfort, minimize transmission, and reduce com-
498 matrix and plasma proteins which are prime targets for plications (Bisno et al., 1997). It has to be considered that
i""*(‘-g bacterial biofilm formation (Costerton et al., 1999; Donlan the newly emerging S. pyogenes virulence trait potentially
5id & Costerton, 2002; Parsek & Singh, 2003). Because of the  renders this important pathogen more resistant to antibiotic
503 sharply decreased susceptibility of biefilm-forming bacteria therapy and to innate as well as adaptive immune respanses.
3 Y P Y g py P P
338 to host defenses and antibiotic treatments, biofilms on  Biofilm is known to allow bacteria to hecome more resistant
[
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; FEMS Immunol Med Microbiol 8 (2008) 1-8 © 2008 Federation of European Microbiotogical Societies
g Published by Blackwell Publishing Ltd. All rights reserved
w
™
o m FEMSIM 4 45 'B Dispatch: 20.6.08  Journal: FEMSIM | CE: Sandhya
EEMSINI#A 5

Author Received:  Wo. of pages: 8 Op: prasadvGayithri




-ator=T, Prasath)
B pa Ea R L2
S W

?;f

s 8 PAGES h
P T T T
FORD e IR OO0 V)

SEAE

UK FEMSIM 445 PDF 20-Jun-08 22:19 1171941 Byre,

vad

to antibiotic treatment, and significantly impairs antimicro-
bial therapy even in those cases caused by strains that are
not resistant to the relevant antibiotics {Macris et al.,
1998; Kuhn er al, 2001). Many forms of streptococcal
infections, especially recurrent and chronic ones, are asso-
ciated with the formation of bacterial biofilm {Lembke
et al., 2006).

Penicillin is the antibiotic of choice for S. pyogenes
infections according to its narrow spectrum of effect,
efficacy, safety, and low cost (Bisno et al, 1997, 2002).
However, penicillin treatment failure of S. pyogenes infection
has been demonstrated to associate with biofilm formation
(Conley et al., 2003). In patients with known or suspected
allergy to penicillin, erythromycin and other macrolides
are considered as alternative treatment (Hooton, 1991; Stein
et al., 1991; Adam & Scholz, 1996). Recently, macrolide
resistance in S. pyogenes has been reported in several countries
(Eisner et al., 2006; Hsueh et al., 2006; Littauer et al., 2006}.
Because of the increasing resistance of S§. pyogemes to
antibiotics, much effort is being exerted to identify novel
compounds with antibacterial activity and to analyse their
mechanisms of action. Specifically, there is a critical need to
identify therapeutic strategies which are directed towards
the inhibition of biofilm formation and effective treatment
of biofilms once they have formed. Quorum sensing mole-
cules have been shown to be essential for biofilin formation
(Chen et al, 2004; Hornby & Nickerson, 2004). Quorum
sensing is a strategy of cell—cell communication favouring
the biofilm community by regulating unnecessary over-
population and nutrient competition with impertant im-
plications for the infectious process {Davey & O’ Toole, 2000;
Douglas, 2003).

Many plants have been reported to demonstrate anti-
quorum-sensing activity (Rasmussen et al., 2005; Adonizio
et al., 2006; Choo et al., 2006). Our preliminary screening on
a wide range of Thai plant species demonstrated that
Boesenbergia pandurata (Roxb.) Schltr,, Eleutherine ameri-
cana Merr., and Rhodomyrtus tomentosa (Aiton) Hassk. had
good antibacterial activities on §. pyogenes (Voravuthi-
kunchai et al, 2007). The aim of the present study was
to investigate the effect of these effective plants on bio-
film development and on quorum-sensing activity. Aspects
on their effects on cell-surface hydrophobicity (CSH) of
S. pyogenes was also-éxamined.

Materials and methods

Medicinal plants

Three medicinal plants were used in this study. Classified
reference voucher specimens were deposited at the Herbarium
of Faculty of Pharmaceutical Sciences, Prince of Songkla
University, Hat Yai, Songkhla, Thailand. All of the plant

© 2008 Federation of European Microbiological Societies
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materials were dried at 60 °C overnight. They were crushed
and soaked with extractive solvents for 7 days. The solvent
was then distilled under reduced pressure in a rotary
evaporator until it became completely dry. The extracts were
dissolved in dimethyl sulfoxide (DMSQ, Merck, Germany)
before use.

Bacterial strains

Eleven clinical isolates of S. pyogenes (NPRC 101-111) were
isolated from patients with tonsillitis. Throat swab of each
patient was individually plated onto Columbia blood agar
base (Oxoid) containing 5% sheep red blood «cells.
B-Haemolytic streptococcal-like colonies were subjected to
appropriate biochemical testing as described previously
(Forbes et al., 2002). All isolates were negative for catalase
using 3% H,0,, susceptible to bacitracin disc (0.04 U),
positive for pyrrelidonyl aminopeptidase reagent and pro-
duced no growth on 6.5% NaCl agar and bile esculin
hydrolysis agar. The isolates were stored in brain heart
infusion (BHI) broth (Difco Laboratories, Detroit) contain-
ing 50% glycerol at —70°C until use, Chromobacterium
vielaceum DMST 21761 was purchased from the National
Institute of Health (NIH), Department of Medical Sciences,
Ministry of Public Health, Thailand. All strains were touti-
nely grown in BHI broth (Difco, France) or trypticase soy
agar (TSA, Difco, France) plates.

Determination of minimal inhihitory
concentration (MIC)

A modified broth microdilution method outlined by the
Clinical and Laboratory Standards Institute (CLSI, 2006)
was performed. The bacterial suspensions (10S CFUmL™)
were added into BHI broth supplemented with the plant
extracts serially diluted twofold to give final concentrations
ranging from 0.5 to 1000 ug mL™" and incubated at 37 °C for
20h. MIC was recorded as the lowest concentration that
produced complete suppression of visible growth.

Biofilm assays

All 8. pyogenes isolates were screened for biofilm production
according to a method of Lembke ef al. (2006). Glass test
tubes containing BHI broth were added with bacterial
suspensions (10° CFUmL™), and the remaining planktonic
bacteria were removed by aspiration of the liquid after
desired incubation time points. The test tubes with biofilms
were washed four times with 0.85% normal saline solution
{NSS) and stained in a 0.1% safranin solution for 30 min.
The stained biofilms were washed four times with NSS and
allowed to dry. The stained biofilms were removed from the
tube surface by adding ethanol with vigorous vortexing, and

FEMS immunal Med Microbiol m (2008) 1-8
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quantified in a spectrophotometer (Shimadzu UV-1601
Spectrophotometer, Japan) at 492nm. Tubes containing
BHI were used as controls.

The effect of the plant extracts on biofilm formation of
S. pyogenes was investigated by adding the extracts at
subinhibitory concentrations into glass test tubes containing
BHI broth. Subsequently, the tubes were added with the
bacterial suspension. After incubation, biofilm staining was
performed as described above. The tubes contained the
media and the extracts were tested as control. In parallel
experiments, unstained biofilm and planktonic bacteria
were mixed by vigorous vortexing, and bacterial growth
was quantified in a spectrophotometer at 660 nm.

For visualisation of biofilms, they were allowed to grow
on glass pieces in glass test tubes supplemented with the
extracts. Following incubation, the glass pieces were washed
four times with NSS and stained with 0.1% safranin solu-
tion. Stained glass pieces were observed at a magnification of
40 using light microscope (Olympus CX-31).

Antiquorum-sensing activity

The paper disc agar diffusion method was used to detect
antiquorum-sensing activity of the extracts (Adonizio et al.,
2006). The extracts were dissolved in DMSO, 10pL
(250 mgmL™") of the crude extracts were applied to sterile
filter paper discs (Whatman no. 1; 6 mm in diameter) so
that each disc was saturated with 2.5mg of the extract.
Dry discs (dried at 37°C overnight) were applied onto
the surface of TSA seeded with 3-5h TSB culture of
C. violaceum. The plates were incubated overnight at 37 °C
and examined for violacein production. Quorum-sensing
inhibition was detected by a colourless, opaque halo around
the disc. Dimethyl sulfoxide was used as control.

CSH testing

The effect on CSH of S. pyogenes was measured by microbial
adhesion to hydrocarbon (Rozenberg et al., 1980). Briefly,
the bacterial cells grown in BHI broth with subinhibitory
concentrations of the plant extracts were washed twice and
suspended in NSS so that their ODggp nm was 0.3. The cell
suspension (3mL) was placed in tubes and 0.25mL of
toluene was added. The tubes were agitated uniformly in a
vortex mixer for 2 min and allowed to equilibrate at room
temperature for 10 min. After toluene phase was separated
from the aqueous phase, the OD of the aqueous phase was
determined spectrophotometrically. Controls consisted of
cells incubated with 1% DMSO. The hydrophobicity index
(HPBI) was calculated as: OD initial — OD final/OD initial
% 100%. Streptococcus pyogenes with a hydrophobic index
> 70% was arbitrarily classified as hydrophobic (Martin
et al., 1989; Nostro et al., 2004).

FEMS Immunol Med Microbiol i (2008) 1-8
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Statistical analysis

Statistical analysis was performed using sess. Values were
expressed as mean £ SD. Duncan-ANovA test was used to
compare the parameters between the groups. Dunnett-
ANOVA test was used to compare between the tests and
control.

Results

Screening for biofilm formation

Eleven isolates of S. pyogenes were preliminarily screened for
biofilm production (Fig. 1). Most strains produced high
level of biofilm during 24-48h. Streptococcus pyogenes
NPRC 109, NPRC 110, and NPRC 111 were among efficient
strains for biofilm production (Duncan test, P < 0.05).
Streptococcus pyogenes NPRC 109 was the most efficient
strain in terms of biofilm production at 24 and 48 h, whereas
S. pyogenes NPRC 110 and 111 showed this efficacy at 24 h.
However, we decided to select 48 h for further study because
the organisms have recovered from inhibitory effect. Differ-
ences in biofilm levels indicated that there was a spectrum of
ability of different S. pyogenes isolates to form biofilms.

Biofilm assay with subinhibitory concentrations
of plant extracts

The MICs of the plant extracts on S. pyogenes are shown in
Table 1. Boesenbergia pandurata and R. tomentosa demon-
strated antibacterial activity with MIC values (7.81 pgmL™")
while E. americana inhibited the growth of this strain with
the MIC value of 250 pgmL ™", The plant extracts at sub-
inhibitory concentrations (1/2, 1/4, 1/8, 1/16, and 1/32MIC)
were used for biofilm assay. Their effects on biofilm produc-
tion are shown in Fig. 2. Eleutherine americana and

025

C24h W48h ©172h Q96h

Fig. 1. Biofilm quantification of different strains of Streptococcus pyo-
genes (NPRC 101-111) to glass surfaces by standard safranin staining of
potential biofilms and measuring A 492 om. The mean values of duplicate
independent experiments and deviations are shown. Duncan test de-
monstrates significant difference in biofilm production (P < 0.05).

© 2008 Federation of European Microbiological Societies
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Table 1. MIC of crude plant extracts on Streptococcus pyogenes NPRC 109

S. Limsuwan & S.P. Voravuthikunchai

Specimen No. Botanical species Plant part tested % Extract yield MIC (ugmL ")
NPRC0007 Boesenbergia pandurata (Roxb.) Schltr. (Zingiberaceae) Rhizome 1.58 (chloroform) 7.81
NPRC0044 Eleutherine americana Merr. (Iridaceae) Bulb 4.80 (ethanol) 250.00
NPRC0057 Rhodomyrtus tomentosa (Aiton) Hassk. (Myrtaceae) Leaf 7.40 (ethanol) 7.81
018 tions (1/2 and 1/4MIC) of the extracts (Fig. 4a—f). In
0.16 contrast, the control (1% DMSQO) revealed a strong and
. g::; dense adherence after 48 h incubation (Fig. 4g).
& o.10
] - -
< g:g:_ Antiquorum sensing
g‘g; l Chromobacterium violaceum synthesizes the violet pigment
00

1/2MIC  1/4MIC  1/8MIC  1/16MIC  1/32MIC 1%DMSO
[} Boesenbergia pandurata ® Eleutherine americana @ Rhodomyrtus tomentosa

Fig. 2. Effects of subinhibitory concentrations (1/2-1/32MIC) of the
plant extracts on the biofilm production by Streptococcus pyogenes
NPRC 109 at 48 h, quantified by safranin staining and subsequently by
measuring Age; nm. The mean values of duplicate independent experi-
ments and SDs are shown. Dunnett test demonstrates significant
difference between the tests and the control (*P < 0.05).

1.20
1.00 =14 ™
0.80 § '

0.60
0.40

ABSO nm

0.20

GDO S —'L.L- e b b siniecs ansmaann
1/2MIC 1/4MIC  1/8MIC  1/16MIC  1/32MIC 1%DMSO

t
 E—

Lo

1 Boesenbergia pandurata ® Eleuthenne americana . Rhodomyrius tomenlosa

Fig. 3. Subinhibitory (1/2-1/32MIC) effects of the plant extracts on the
growth of Streptococcus pyogenes NPRC 109. Bacterial growth was
quantified by measuring Aggonm at 48 h. The mean values of duplicate
independent experiments and SDs are shown. Dunnett test demon-
strates significant difference between the tests and the control
(*P < 0.05).

R. tomentosa extracts at all concentrations significantly
inhibited biofilm formation of S. pyogenes (Dunnett-aNova
test, P < 0.05). In contrast, B. pandurata extract demon-
strated this effect only at 1/2MIC. At almost all subinhibi-
tory concentrations, growth of S. pyogenes was at the same
level as that of the control (Fig. 3). This result suggested that
inhibition of biofilm formation did not result from inhibi-
tion of cell growth.

Evaluation and detection of biofilm formation
by microscopy

Streptococcus  pyogenes NPRC 109 did not form dense
biofilm layers when treated with subinhibitory concentra-

© 2008 Federation of European Microbiological Societies
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violaceine as a result of quorum sensing (Lichstein & Van
De Sand, 1946). Loss of purple pigment violaceine in
C. violaceum is an indicative of quorum-sensing inhibition
by the plant extracts (Fig. 5). The yellowish zone of inhibi-
tion observed was opaque and not transparent, indicating
that the halo around the disc was caused by inhibition of
quorum sensing, not inhibition of cell growth. The anti-
quorum-sensing activity is dose-dependent (data not
shown). Strong quorum-sensing inhibition was observed in
the extract of R. tomentosa (Fig. 5c). Eleutherine americana
showed partial inhibition with an incomplete zone (Fig. 5b).
On the other hand, B. pandurata did not demonstrate this
activity (Fig. 5a).

CSH

The effect of subinhibitory concentrations of the plant
extracts on CSH of §. pyogenes was investigated (results not
shown). The growth of S. pyogenes NPRC 109 cells in the
presence of subinhibitory concentrations of all plant extracts
resulted in high CSH (HPBIs were 95.8-98.8%). Hawever,
no significant differences in HPBIs were observed between
the tests and control (HPBI was 97.3%).

Discussion

Very few S. pyogenes are nonbiofilm formers, up to 90% (289
strains) (Baldassarri et al., 2006) and 100% (99 strains)
(Conley et al.,, 2003) were able to form biofilm. Biofilm
production by this organism is a new issue and has not been
well documented. Lembke et al. (2006) reported that
serotype M2 strain was connected by thread-like structures
of an as-yet-unknown chemical composition. There was no
other report on extracellular polymeric substance or exopo-
lysaccharide production.

Many factors influence the biofilm production including
the capability of adherence with the substratum (Donlan,
2002), quorum sensing (Li ef al., 2001), growth rate (Sissons
et al., 1995; Rozen et al., 2001), and anaerobiosis (Baldassarri
et al., 2006). Antibiofilm activities have been demonstrated in
a number of medicinal plants (Limsong et al., 2004; Duarte

FEMS Immunol Med Microbiol 18 (2008) 1-8
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28 Fig. 4. Inspection of biofilm development of Streptococcus pyogenes NPRC 109 on glass surfaces by light microscopy at a magnification x 40.
29 Bacterial biofilms grown in (a—c) 1/2MIC and (d—f) 1/4MIC of the plant extracts at 48h. (a and d) Boesenbergia pandurata, (b and e) Eleutherine
30 americana, (c and f) Rhodomyrtus tomentosa, and (g) 1% DMSO.

Fig. 5. Inhibition of violacein production by
(a) Boesenbergia pandurata, (b) Eleutherine
americana, and (c) Rhodomyrtus tomentosa
extracts using Chromobacterium violaceum
DMST 21761 biomonitor strain and agar disc
diffusion method. The inhibition was detected
by a colourless, opaque halo around the discs.
(d) Dimethyl sulfoxide was used as control.
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%
10
11
12
13
14
15
16 Fig. 6. The effect of subinhibitory concentrations (1/2-1/32MIC) of the
17 plant extracts on CSH of Streptococcus pyogenes NPRC 109 by microbial
I8 adhesion to hydrocarbon (MATH) method. The hydrophobicity index
19 (HPBI) was calculated as: O_D _initial —~ 0D final/lOD AinitiAaI x 10.0.%.
S. pyogenes with a hydrophobic index > 70% was arbitrarily classified
20 as hydrophobic.
1]
.
23 et al., 2006; Cartagena et al, 2007; Kuzma et al., 2007).
24 Berberine sulphate, an alkaloid extracted from the roots
25 and bark of various plants, had been reported to interfere
26 with the adherence of S. pyogenes by releasing the adhesin
27 lipoteichoic acid from the streptococcal cell surface and
28 directly preventing or dissolving lipoteichoic acid—fibronectin
29 complexes (Sun er al., 1988). In this study, the plant extracts
30 possibly interfered at any step of S. pyogenes biofilm forma-
31 tion, but obviously did not inhibit growth at all subinhibi-
B2 tory concentrations tested. Observation on the architecture
33 of S. pyogenes biofilms by light microscopy further con-
34 firmed that the bacteria did not form dense biofilm layers
35 when treated with the subinhibitory concentrations of the
36 extracts.
37 Quorum sensing is composed of the release and the
38 reception of signalling molecules produced by bacteria
39 within a given population. This exchange of signals subse-
40 quently leads to the induction of more signalling molecules
i and finally in the acquisition of defined cellular character-
542 istics. The signalling molecules involved in quorum sensing
§42 are called ‘autoinducers’ Gram-negative bacteria use deriva-
sis tives of homoserine lactones as autoinducers while Gram-
545 positive bacteria use secreted peptides. The concentration of
345 the signalling molecules produced by the bacteria depends
347 on the population density (Obst, 2007). Many streptococci
E48 use quorum-sensing systems to regulate several physiologi-
49 cal properties, including the ability to incorporate foreign
=50 DNA, tolerate acid, form biofilms, and become virulent
851 (Cvitkovitch et al., 2003). In the present study, antiquorum-
Eii.?, sensing activity was observed with the extracts of E. amer-
233 icana and R. tomentosa. With equal numbers of bacterial
g
-
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populations, S. pyogenes NPRC 109 showed a decrease in
biofilm level when treated with the extracts. The extracts
may have an effect on the level or the activity of quorum-
sensing signalling molecules.

Cell surface charge and CSH are known to play an
important role in bacterium—host cell interaction (Magnusson,
1989; Swiatlo et al., 2002). Previous studies on plant extracts
have demonstrated that many plant extracts can affect CSH
of Gram-negative bacteria including Escherichia coli (Turi
et al., 1997; Voravuthikunchai & Limsuwan, 2006), Acineto-
bacter baumannii (Turi et al., 1997), Helicobacter pylori
(Annuk et al., 1999), and Salmonella typhimurium (Das &
Devaraj, 2006), and Gram-positive bacteria such as Strepto-
coccus mutans (Nostro et al., 2004; Prabu et al., 2006; Rahim
& Khan, 2006) Streptococcus sanguinis, Streptococcus miltis,
and Actinomyces sp. (Razak et al, 2006). Changes in
bacterial hydrophobicity resulted in a significant decrease
in adhesion ability (Fonseca et al, 2004; Das & Devaraj,
2006; Razak et al., 2006) and may be associated with biofilm
formation. However, our results showed no effect from all
plant extracts on the CHS of S. pyogenes, irrespective of the
significant decrease in biofilm production.

Conclusions

Our study described the inhibition of biofilm formation of
S. pyogenes by B. pandurata, E. americana, and R. tomentosa.
A correlation between antiquorum-sensing and antibiofilm-
producing activities was demonstrated. Active principles
from these effective plant species are worth studying in
order to solve problems with biofilm-associated infections.
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Antibacterial Activities of Semipurified Fractions of
Quercus infectoria against Enterohemorrhagic
Escherichia coli 0157:H7 and Its Verocytotoxin Production
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ABSTRACT

Escherichia coli O157:H7 is one of the most important foodborne pathogens, causing nonbloody and bloody diarrhea,
hemorrhagic colitis, and hemolytic uremic syndrome. Use of antibiotics has been demonstrated to result in increased levels of
verocytotoxin (VT) production as well as antibiotic resistance. Quercus infectoria was investigated for its antibacterial activity
against E. coli O157:H7 and other VT-producing enterohemorrhagic F. coli (VTEC). The MIC was determined by a broth
microdilution method, and the MBC was assessed by subculturing the bacteria from the wells that showed no apparent growth
onto Mueller-Hinton agar. The fractions Q;2, Q3. and Q4 of Q. infectoria were demonstrated to possess good antibacterial
activity, with MICs and MBCs ranging from 250 to 500 pg/ml. The effect of the effective fraction, Q4. on the production
of VT was determined using a reversed passive latex agglutination. The results indicate that at 20 h, fraction Q4 markedly
inhibits the release of VT and VT2 from VTEC cells at both inhibitory and subinhibitory concentrations. Furthermore,
verotoxicity assay demonstrated that bacterial cultures treated with fraction Q4 exerted less toxic effect on Vero cells. These
in vitro results clearly indicate that the fraction Q4 might constitute a promising natural food additive for the control of food

poisoning by E. coli O157:H7 as well as other VTEC strains.

Verocytotoxin-producing enterohemorrhagic Esche-
richia coli (VTEC) O157:H7 is one of the most important
foodborne pathogens. L. coli O157:H7 is a prototype of
VTEC. a subgroup of E. coli causing nonbloody and bloody
diarrhea, hemorrhagic colitis (HC), and hemolytic uremic
syndrome (HUS). The pathogenicity of E. coli O157:H7 is
associated with virulence factors including verocytotoxin
(VT), intimin, enterohemolysin, and lipopolysaccharide.
The major virulence factor of VTEC is VT, of which two
major subtypes, VT1 and VT2, have been reported. VT is
the major pathogenicity factor responsible for multiple
damaging effects on eukaryotic cells. It usually involves
life-threatening complications of HC and HUS, which
makes VTEC infection a public health problem of serious
concern. It may complicate 14% of cases of E. coli O157:
H7 infection (4/). The organisms can carry one or both VT
subtypes, while strains associated with human disease and
in particular HUS more commonly carry VT2 rather than
VT1 alone (14, 22).

Up to the present time, a number of L. coli O157:H7
outbreaks have been reported from many countries includ-
ing Great Britain (30), Japan (16), and Mexico (36). Ar-
gentina has a high global incidence of HUS, 12.2 cases per
100,000 children (26). Healthy cattle are the reservoir host

* Author for correspondence. Tel/Fax: +066-7444-6601;
E-mail: supayang.v@psu.ac.th.

of the pathogen. Three principal routes of transmission are
contaminated food and water, person-to-person spread, and
animal contact. Because £. coli O157:H7 can survive in the
environment for more than 10 months, humans may be at
risk of infection (37). This is especially true since the in-
fective dose for E. coli O157:H7 in humans has been es-
timated to be fewer than 50 organisms (35).

Many reports pointed out that antimicrobial agents ac-
tually worsen the clinical course of E. coli O157:H7 infec-
tion and in some cases result in HUS (6, 12, 17, 19, 33,
42-44). Although various antibiotics have the potential to
kill E. coli O157:H7 present in the intestines of patients,
they can stimulate VT production during the course of the
infection and bacteriolysis causes the release of VT from
the bacterial cells, thereby exerting a disastrous effect on
the patient (6, 12, 17-19, 42-44). In addition, a multidrug-
resistant phenotype and the identification of a B-lactamasc
gene in E. coli O157:H7 have been recently reported (/).

The antimicrobial activities of a wide range ol many
plant extracts against £. coli O157:H7 have been studied
including those ol Camellia sinensis (28), Geranium pur-
pureum (24), Origanum vulgare (4), and Quercus infectoria
(3). The extracts that contain catechol groups have been
well demonstrated to inhibit extracellular release of Vero
toxin from E. coli O157:H7 (31). However, there are still
limited studies on those with pyrogallol groups (32). The
nut galls of Quercus infectoria (Fagaceae) are an excretory
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product caused by infection by the larvae of Cynips gallue
tinctoriae. They have been traditionally used as astringents,
antidiabetics, local anesthetics, anti-Parkinson’s disease
agents, hypoglycemics, anti-inflammatory agents, and an-
tidiarrhcal drugs (29, 39, 40). The present communication
was aimed at finding an alternative additive for food pres-
ervation. The nut gall is worth studying, as it could be
applied as a direct human food ingredient to prevent con-
tamination by E. coli O157:H7. It has been reviewed by
the U.S. Food and Drug Administration and determined to
be generally recognized as safe.

Previous work with crude ethanolic extract of nut galls
demonstrated their effect on E. coli O157:H7 (38). How-
ever, active compounds of this plant and its antibacterial
mechanisms are still unclear, In this study, a detailed in-
vestigation of the activity of semipurified fractions of (.
infectoria against three strains of E. coli 0157:H7 and other
VTEC strains, including VTEC O26:HI1, VTEC Ol11:
NM, and VTEC 022, was carried oul to examine their in-
hibitory effects on VT production.

MATERIALS AND METHODS

Plant materials. The air-dried nut galls of Q. infectoria were
collceted and identified based on physical characteristics. The nut
galls were crushed to small pieces by using pestie and mortar and
pulverized in an electric grinder.

Preparation of crude extracts of (). infectoria. Dry powder
of nut galls was cextracted at least three times with 50% ethanol
(volivol) at 60°C for 30 min. The solvent was thea distilled under
reduced pressure in a rotary evaporator until it becume completely
dry. Ethanolic extracts were dissolved in dimethyl sulfoxide
(Merck, Darmstadt, Germany) before use in bacteriological study.

Fractionation of ethanolic extract of () infectoria. The
50% ethanolic extract was first subjected w separation by quick
column chromatography using silica gel 60GFaq, (Merck) and
then eluted stepwise with chloroform, methanol, and a linear gra-
dient of chloroforn-methanol (100:0 o 0:100, volivol). The 250-
ml volume of eluent was collected in a flask. An aliquot of quick
column fractions was spotled on thin-layer chromatography on
silica gel 60GF,54 plates. The plates were developed with different
proportions of chloroform-methanol-H-O (6.0:3.7:0.3, vol/vol) as
mobile phase. After air drying, the spots on the plate were located
by exposure to UV light. Different fractions (Q,1, Q;2, Q;3, and
Qi) were concentraled by vacuum evaporalor and assayed for
antibaclerial activity.

Bacterial sirains. Enterohemorrhagic E. cofi O157:H7
RIMD 03091078 and RIMD 03091083 were isolated in the 1996
outbreak in Japan. RIMD 05091078 produces both VT1 and VT2,
while RIMD 05091083 produces only VT2. Anather enterohe-
morrhagic £ coli O157:HT strain, EDL 933, isolated in the 1983
outbreak in the United States, produces both VT1 and VT2. Other
Shiga-like toxin—producing straing were enterohemorrhagic E. cofi
026:HL1 RIMD 05091055 (VT1), enterohemorrhagic . coli
O111:NM RIMD 05091056 (VT1), and enterchemorrhagic E. coli
022 RIMD 05091556 (VT2). E. cofi ATCC 25922 was used as a
reference strain. Each bacterial strain was suspended in Mueller-
Hinton broth (MHB,; Difco, Becton Dickinson, Sparks, Md.) and
incubated at 37°C for 18 h. Mueller-Hinton agar (MHA; Dilco,
Beeton Dickinson) was used to determine antibacterial activity.

I. Food Prot., Vol. 71, No. 6

Determination of MIC and MBC. A modificd broth micro-
dilution assay using the method outlined by the Clinical and Lah-
oratory Standards Institute (5) was performed. Fractions of .01
¢ were dissolved in 1 ml of 10% dimethy] sulfoxide (10 mg/ml).
The resulling solution was diluted {twofold, in concentrations rang-
ing from 1 to 0.0005 mg/ml. Twenty microliters of an overnight
culture of cach bacterial strain, containing approximately 10/
CFU, was imoculated 1a 160 pl of MHB supplemented with 20-
! fractions. The microtiter plates were incubated at 37°C for 18
h. Experiments were performed in triplicate, and the MIC was
recorded as the lowest concentration of plant extracts that showed
no turbidity. The MBC was determined by subculturing onte fresh
MHA the bacteriz from the wells that demonstrated noe apparent
growth. The lowest concentration that produced a complete kill
of bacteria was taken as MBC. Norfloxacin was included as a
conlrol.

Determination of VT preduction by VIEC Q157:H7.
Fraction Q4 (2 MIC} was diluted twofold at the following con-
centrations: 2x MIC, 1> MIC, 0.5x MIC, (.25x MIC, 0.12X
MIC, 0.06% MIC, and 0.03%x MIC., Ten microliters of E. coli
Q157:H7 culture in Trypticuse soy broth (TSB; Difco, Beeton
Dickinson} {cultured at 37°C for 18 h} was inoculated into 90 pl
of fresh TSB and incubated at 37°C for 20 h. The culture was
centrifuged at 5,000 X g for 5 min 1o scparate the supernatant
and cell pellet. VT in the periplasmic space was obtained by sub-
Jecting the cell pellets to the above centrifugation after treating
the pellets with 100 wl of polymyxin B (5,000 /mk; Merck) at
37°C for 30 min (13} VT in the culture supernatant (mainly VT2)
and cell-associated VT (periplasmic, VT1) were separately deter-
mined using a reversed passive latex agglutination test kit (£. coli
Yero loxin detection kit; Denka Sciken Co; Tokyo, Japan), which
can differentiate VT1 and VT2 by using anti-VT| antibody-sen-
sitized latex and anti-VT2 antibody-sensitized latex, respectively.

Verotoxicity assay. Cullure supernatants and periplasmic ex-
tracts were filtered through 0.22-pm-pore-size membrane filters,
The filtrates were tested for cytotoxic activity in a Vero cell assay
system according 10 a method described earlier (42). The ceil sur-
vival was examined by a colorimetric (MTT) assay (Cell Counting
Kit, Wako Chemicals, Osaka, Japan) (9, /7). The plates were read
on a reader (Titerick Multiskan MCC/340, Labsystems, Finland)
using a fest wavelength of 595 nm.

RESULTS

Fractions ;2, Q;3, and Q4, but not Q;1, were shown
lo have antibacterial activily on enterchemorrhagic £, cofi
0157:H7, other enterohemorrhagic £. coli, and the refer-
ence sirain. Significant antibacterial effects, expressed as
MICs and MBCs of these fractions against enterohemor-
rhagic Escherichia coli, are presented in Table 1. The MICs
and MBCs of 32, 3,3, and ;4 against all test strains were
from 250 to 500 pg/ml. Due to low yield (0.28%), only &
preliminary test was done with fraction ;1 against ente-
rohemorrhagic £, coli O157:H7 RIMD 0501078 and E. coli
ATCC 25922, It was demonstraled to have too high of a
MIC (1,000 pgfml).

Since fraction ;4 gave the highest yield (79.37%), it
was used for further experiments. Enterohemorrhagic £
coli O157:H7 RIMD 05091078 was cultured with fraction
Q4 at 2X MIC, 1 X MIC, and subinhibitory concentrations
(0.5 MIC, 0.25x MIC, 0.12X MIC, 0.06Xx MIC, and
0.03xX MIC) for 20 h. its effect on VT production was
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TABLE |. MIC and MBC of semipurified fractions of Q. inlectoria aguinst enterohemorrhagic £. coli by broth micredilution method

Strains Q!
E. coli Q137:H7 (RIMD 05091078) > 1LO00/NA
E coli Q157:H7 (RIMD 05091083) ND
E. coli (157T:H7 (EDL933) ND
E. coli O26:H11 (RIMD 05091055) ND
E. coli O111:NM (RIMD 05091056} ND
E. coli O22 (RIMD 05091556) ND
E. coli ATCC 25922 > 1,000/NA

¢ NA, noi applicable; NI, not done,

detected immunologically. It was clear that the effective
fraction ;4 markedly inhibited the production of VT both
in the periplasmic space (VT1) and in the cell supernatant
(VT2) (Table 2). At the highest concentration (2X MIC) to
0.12x MIC, VT1 production was decreased at least 64-fold
compared with the control values. At 0.06X MIC, VTI
level decreased 16-fold. Similar patterns were obtained with
extracellular VT2 production. At the lowest concentration
(0.03x MIC) of Qi4, both VT1 and VT2 productions were
lowered fourfold.

The biological activities of the culture supernatant and
polymyxin B-treated pellets in 20-h cullures with Q4 at
different concentrations {0.03 X MIC to 2X MIC) were an-
alyzed (Fig. 1). The cell pellets treated with ;4 at 2:X MIC
were significantly less toxic to Vero cells than the control
(P << 0.05). Similarly, the 20-h culture supernatant treated
with the fraction Q4 at 0.5 MIC, 1 X MIC, and 2X MIC
exerted less toxic effect on Vere cells than the control (P
< (1.05).

DISCUSSION

Most medicinal plants can produce antibacterial effect
against gram-positive bacteria, whereas very few are aclive
against gram-negalive bacleria. Interestingly, our current
finding shows a remarkable antimicrobial activity of ). in-
fectoriu against enterohemorrhagic E. cofi isolates. The an-
timicrobial properties of polyphenols trom medicinal plants

TABLE 2. Inhibitory effect of semipurified fraction of Q4 on VT

production by enterohemorrhagic B, coli QI57:H7 (RIMD

05091078} after 20 b

Concn of VT in culture (lllel_of['_EV?I"‘st
passive Tatex agglutination)

Comncen ol semi-

VTI titer VT2 liter

purificd fraction, Q4

2X MIC+ <2 <2
X MIC <2 <2
05X MIC <2 <2
0.25x MIC <2 4
0.12x MIC 2 4
0.06X MIC 8 32
0.03x MIC 32 32
Control with no Q4 |28 128

« MIC, 250 pg/ml.

MICIMEBC (pg/mly

Q2 Qi3 Q4
500/500 5004500 2507250
2507250 500/500 250/500
2500250 250/500 S00/500
500/500 500/500 2504250
500/500 250/1000 500/500
2504250 250/500 S00/500

250/500

2507250 500500

against bacteria causing foodborne diseases have been doc-
umented. Green tea, one of the most common medicinal
plants studied, contains mostly condensed tannin such as
epigallocatechin and epigallocatechin-3-(>-gallate (32} In
contrast, littic is known about the role of the hydrolyzable
group. Regarding the purified compounds from this plant
species (data not shown}, ;1 and Q;2 were found to con-
tain aliphatic hydrocarbons with long alky! chains (Q;1) and
lwo phenolic components (Q;2). Q;3 appeared to be a phe-
nolic compound. Further purification of (4, which con-
tained active components, is currently under investigation.
The ethanolic extract of Q. infectoria has been previously
reported to contain mainly hydrolyzable tannin of the gallic
acid type (23} The reaction of both condensed and hydro-
lyzable tannins on proteins depends on the spatial config-
uration of the molecules and availability of the reactive
phenolic groups. There are several hypotheses on the anti-
bacterial activity of polyphenols. For example, Ikigai et al.
(8) demonstrated that bactericidal catechins primarily act
on and damage bacterial cell membranes. Arakawa et al.
(2) suggested thal oxidative polyphenols generate hydrogen
peroxide, which may mediate antibacterial activity.

In addition to the antibacterial activity of semipurified
fraction Qi4, its inhibitory effect on VT1 and VT2 produc-
tion by E. coli O157:H7 at 20 h was clearly demonstrated.
This is of interest as it is well documented that VT cun
cause vascular endothelial damage in HC and HUS patients
(25). The verocytotoxicity assay further confirmed that frac-
tion (4 primarily inhibited the release of VT, resulting in
significantly higher cell recovery than that of the control (F
<2 0.05). In contrast, the administration of certain antimi-
crobial agents for the treatment of VTEC infection has been
previously reported to result in the increased level of VT
production (42, 43). Verocytotoxins are holotoxins com-
posed of a single enzymatic A subunit of approximately 32
kDa in association with a pentamer of receptor-binding B
subunit of 7.7 kDa (7). The expression of the A- and B-
subunit genes differently regulated the production of VT,
which is negatively regulated at the transcriptional level by
an iron-suifur protein corepressor complex (27). Plant ex-
tracts might acl either directly or indirectly by interfering
with the transcription and/or translational steps and reduce
the proeduction of wxins (27). The biclogical activities of
VT1 and VT2 have been reported to be different. It has
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FIGURE 1. Effects of semipurified fraction (4 on the survival of B. coli—infected Vero cells at 20 h: VI (A), VI2 (B). The data ure
presented as means + standard errors. An asterisk (*) indicates values significantly higher than those of the controls (P <7 0.05 in

Dunnett’s test).

been proven that VT1 and VT2 are apparently different in
both the secretion systems and the gene regulation sysiems
{20). YT2 was 1,000-fold more active on human renal en-
dothelial cells than VTt (/5), and VT2 also had a 50%
lethal dose that was 400 times lower than that of VTT when
mjected intravenously or intraperitoneally into mice (34).
Many other faciors such as growth conditions, including
composilion of medium, addition of antibiotic, and aeration
affected the production level of the toxins or release of the
toxins outside the cells (70}

In conclusion, this study demonstrates that semipurified
fractions of Q. infectoria possess good antibacterial activily
against enterohemorrhagic E. cefi Q157:H7. In contrast to
many antibiolics, the effective semipurified fraction Qi4 in-
hibited the production of VT both in the periplasmic space
(VT1) and the cell supernatant (VT2) at subinhibitory con-
centrations. The findings described here suggest that Q. in-
fectoria can effectively prevent both the growth of E. coli
O157:H7 and the production of VT. Whether or not the
presence of VT in food is a problem needs more investi-
gation. However, since both VTI and VT2 can resull in
serious complications, it would be of greal advantage 1o
find some sale and effective food additive which could in-
hibit both the growth of the organisms and the release of
the toxins.
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Acetone, ethyl acetate, 95% ethanol and aqueous extracts of Quercus infectoria (Q. infectoria) demonstrated
significant antibacterial activities agzinst all strains of methicillin-resistant Staphylococcus aureus (MRSA)
and methicillin-susceptible Staphylococcus aurens (MSSA). Inhibition zones were in the range 11.75-16.82 mm.
Both MRSA and MSSA strains exhibited minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) values at 0.13 and 0.13-1.00 mg/mL, respectively. At 2 MIC, the growth of two repre-
sentative MRSA strains was continually inhibited for at least 20 h. Surviving MRSA cells were not detected
within 12-14 h after trcatiment with the extract at 4 MIC concentration, Sraphylococcus aureus ATCC 25923
demonstrated similar results. Copyright © 2008 John Wiley & Sons, Ltd.

Keywords: Quercus infectorig; medicinal plant; methicillin-resistant Stephylococcus aurens; antibiotic-resistant bacteria;

staphylococcal infections.

INTRODUCTION

MATERIALS AND METHODS

During the past decade, community-acquired MRSA
(CA-MRSA) infections among young persons without
healthcare-associated risk f{actors have emerged in
several areas {Maltezou and Giamareilou, 2006). The
majority of CA-MRSA infections are mild skin and
soft tissue infections but the conscquences of the infec-
tions are severe, especially when there is no effective
antibacterial treatment.

To overcome the problem of antibiotic resistance
in bacteria, many medicinal plants have been studied
extensively as an alternative way to treat and prevent
the infection. A preliminary study from this laboratory
demonstrated that the ethanol extract from Q. infectoria
possessed significant activity against MRSA isolates
(Voravuthikunchai and Kitpipit, 2005). Therefore, the
aim of this current communication was further to
investigate closely the bacteriostatic and bactericidal
activities of different extracts from Q. infectoria nutgalls.
Time-kill curves were observed to determine the bac-
tericidal activities of the effective extracts for MRSA
at different concentrations.
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Preparation of plant extracts. A voucher specimen of
0. infectoria nutgalls was deposited at the Herbarium
of Faculty of Pharmaceutical Sciences, Prince of Songkla
University, Thailand. The dry plant materials were
extracted with solvents of increasing polarity at room
temperature for 7 days. The extracts were completely
dried and dissolved in 10% dimethylsulfoxide (DMSO,
Merck, Germany) before use.

Bacterial strains and culture conditions. Seventeen
strains of clinical isolated MRSA were kindly pro-
vided from Hat Yai hospital. Thirty-three strains
of methicillin-susceptible 8. aureus (MSSA) were iso-
lated from carriers. 8. aureus ATCC 25923 was used
as control.

Antibacterial activities. The paper disc agar diffusion
method (Clinical and Laboratory Standards Institute:
CLSI, 2006b) was used for preliminary screening. A
modified broth microdilution method was performed
according to CLSI Guidelines (2006a).

Time-kill assay. The bactericidal activity of the ethanol
extract was studied using the time-kill assay. The
bacterial culture {5 x 10° cfu/mL) was added to MHB
containing the plant extract at MIC, 2 MIC and 4 MIC
and incubated at 35 °C with shaking. The samples were
collected every 2 h interval until 20 h, a control tube
with 1% DMSO was used as control. Surviving bac-
teria were cultured on TSA.
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Table 1. Antibacterial activity of the crude extracts from Quercus infectoria on methicillin-resistant Staphylococcus
aureus (MRSA) and metbicillin-susceptible Staphylococcus aureus (MSSA)

Quercus infactoria

Inhihition zone {mm)

extracts (2.5 mg/disc) MRSA {n =17} MSSA (= 33) S. aureus ATCC 25923
Acetone 16.59 + 0.23° 14,61 + 1.08 16.50 + 0.50°
Ethyl acetate 16.47 + 0.19 14.54 + 0.88 15.25 £ 0.25
95% ethanal 16.47 + 0.27 14,68 £ 0.72 15.25 + 0.75
Water 13.64 + 0.19 13.25+ 1.8 11.75 £ 0.75

* Mean values t standard error from 17 MRSA and 33 MSSA strains.

® Mean values £ standard error of duplicate results.

Table 2. The minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) of the crude extracts from
Quercus infectoria against methicillin-resistant Staphylococcus aurens (MRSA) and methicillin-susceptible Staphylococcus aureus (MSSA)

Quercus infectoria

MIC/MBC (mg/mL)

extracts MRSA (n = 17) MSSA (r = 33) S. aureus ATCC 25923
Acetone 0.13/0.13-1.00 0.13-0.25/0.13-1.00 0.13/0.50
Ethyl acetate 0.13/0.13-1.00 0.13-0.25/0.13-1.00 0.13/0.50
95% ethanoi 0.13/0.13-0.50 0.13-0.25/0.13-0.50 0.13/0.50
Vancomyein {pg/mL) 1.25/1.25 0.60/1.25 0.60/1.25

RESULTS AND DISCUSSION

Extracts from Q. infecforia have been reported to have
a broad spectrum of activity against both Gram-negative
(Voravuthikunchai e al, 2004) and Gram-positive
bacteria (Hwang es al., 2004). In this study, acetone,
ethyl acetate, ethanol and aqueous extracts from Q.
infectoria demonstrated significant antibacterial activi-
ties against all MRSA and MSSA strains {Tabie 1).
The results showed similar activities among all strains
of MRSA, MSSA, as well as S. aureus ATCC 25923,
with inhibition zones in the range 11.75-16.82 mm.

Significant antibacterial effects, expressed as the MIC
and MBC of the crude extracts against MRSA, MSSA
strains and S. anreus ATCC 25923, were at concentra-
tions of 0.13-1.00 mg/mL (Table 2). Comparisons of
the MIC and MBC values of the acetone, ethyl acetate
and ethanol extracts showed no difference.

Time-kill curves are examples of bactericidal activity.
Figure 1 shows the results of the time-kill curves for two
representative MRSA strains (NPRU 04 and NPRU
09), and a reference strain (ATCC 25923). At the MIC
concentration, the number of viable MRSA and the refer-
ence strain declined significantly (3 log cfu/mL) after 6 h.
The clinical isolates were followed by bacterial re-growth
after 8 h, while S. aurers ATCC 25923 was still inhibited
until 20 h. At 2 MIC, all strains decreased approximately
3-4 log cfu/mL and their levels were suppressed until
20h. At 4 MIC, the ethano! extract exhibited complete
eradication of NPRU 04 and 09 within 12-14 h, and
16 h for 8. aureus ATCC 25923, The time-kill curves of
the extract showed a relationship between the concen-
tration of Q. infectoria and the extent of inhibition.

Figure 1. Time-kil! curves of MRSA NPRU 04 (A), MRSA NPRU
09 (B) and $. aureus ATCC 25923 (C) in control suspensions {O)
and after treatment with the ethanol extract at the MIC (l), two
times MIC {A) and four times MIC (®). Each symbol indicates
the mean + SD for at least duplicates. The lowest detection
threshold was 107 cfu/mL.

Copyright © 2008 John Wilcy & Sons, Lid.
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The nutgalls of Q. infectoria are known to produce
various bioactive compounds, including gallotannin with
antitumor activity (Gali et al., 1993), polyphenols with
antivenom activity (Pithayanukul ez al, 2005), gallic
acid, methyl gallate, and ellagic acid with antioxidant
activity (Hamid et al., 2005; Krishnaraju et al., 2005).
Our preliminary data demonstrated that gallic acid and
tannic acid had similar MICs and MBCs to the crude
extracts. Research is ongoing to investigate other com-
pounds responsible for antibacterial mechanisms.

The MIC, MBC values depicted in Table 2 and the
time-kill curves described above confirm the potency
of the ethanol extract from nutgalls against S. aureus

and the MRSA strains. The isolated bioactive com-
pounds may be used as therapeutic agents for the
control of staphylococcal infections. Testing their
mechanisms of action on MRSA and their toxicity in
humans are warranted for further studies.
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Multiple antibiotic-resistant Helicobacter pylori
(H. pylori), one of the major causes of gastric can-
cer, is now increasingly reported. The aim of this
study was to screen medicinal plants widely used in
Thailand as possible sources of medicines that can be
used to treat H. pylori infection. Twenty-four extracts
from 13 kinds of Thai herbs were tested for their
antibacterial activity against 20 strains of antibiotic-
resistant H. pylori, Inhibition of growth was tested by
the paper disc agar diffusion method. Most strains
of H. pylori examined were proved to be suscepti-
ble to seven medicinal plants; i.e., Peltophorum pte-
rocarpum, Piper betle, Punica granatum (P. grana-
tum), Quercus infectoria {Q. infectoria), Tamarindus
indica, Uncaria gambir, and Walsura robusta, Among
these extracts, P. granatum and Q. infectoria exhibited
the greatest inhibitory potencies. Minimal inhibitory
concentrations (MIC) were determined by the agar
dilution method in Petri dishes with a Millipore fil-
ter membrane, and minimal bactericidal concentra-
tions (MBC) were assessed with the extract that gave
a significant MIC value against each bacterial strain
by placing the Millipore filter membrane onto a fresh
Isosensitest agar plate. Ethanolic extracts of P, grana-
tum and Q. infectoria significantly reduced the growth
of all strains of H. pylori, with the best MIC values at
0.3 and 3.1 mg/ml, and the best MBC values at 3.1
and 6.2mg/ml, respectively. Effective fractions par-

*To whom correspondence should be addressed: Natural Prod-
ucts Research Center and Department of Microbiology, Fac-
ulty of Science, Prince of Songkla University, Hat Yai,
Songkhla 90112, Thailand. Tel. & Fax: +66-7444-6661; E-
mail: supayang.v@psu.ac.th

tially purified from both plant species yielded MICs
and MBCs that were at least 10-fold less compared
with the crude extracts. From the data obtained, it is
hoped that P. granatum and Q. infectoria will become
useful sources with which to develop new therapeutic
agents for H. pylori infection.

Key words—— Helicobacter pylori, Punica grana-
tum, Quercus infectoria, antibacterial activity, medicinal
plant

INTRODUCTION

Helicobacter pylori (H. pylori) is a Gram-
negative spirally shaped bacterium that has been
implicated to cause not only gastritis and pep-
tic ulcer disease but also gastric carcinoma and
lymphoma.'™ Unless specifically treated, infection
with the gastric pathogen H. pylori is lifelong. In-
fection with this bacterium induces the development
of an active chronic gastritis. While chronic inflam-
mation is the major outcome of infection, this dis-
order often develops into a number of more serious
conditions such as peptic ulcer disease (PUD), gas-
tric cancer and B cell mucosa-associated lymphoid
tissue (MALT) lymphoma. For example, approxi-
mately 20% of infected persons develop PUD dur-
ing their lifetime.* )

Currently, antimicrobial therapy represents the
sole approach for the eradication of H. pylori infec-
tion. The eradication of H. pylori with antibiotics
significantly decreased the recurrent rates of gastric
and duodenal ulcers in both adults and children.®
A wide variety of antimicrobial regimens have been
used for the treatment of H. pylori infection with
varying degrees of success.”’

It is obvious that the appearance of antibiotic-
resistant strains decreases the efficacy of eradica-
tion therapy. Alternative approaches on the use of
plant extracts to cure H. pylori infection have be-
come increasingly reported. Previously, we have re-
ported that aqueous and ethanolic extracts of certain
medicinal plants have antibacterial activity against
a number of pathogenic bacteria.?'9 This includes
enterohaemorrhagic Escherichia coli,¥ methicillin-
resistant Staphylococcus aureus,” and opportunis-
tic pathogens in AIDS patients.'” The aim of this
study was to investigate the effects of some selected
plants, the ingredients of which may be useful for
treating H. pylori. We have attempted to find some
bioactive compounds that are simple, affordable,
and have minimal side effects.
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MATERIALS AND METHODS

Plant Collection—— Thirteen well-recognized
traditional Thai medicinal plants used to cure
gastrointestinal diseases were collected in Thailand
in September 2003 on the basis of traditional
practices by Thai herbalists. They were air-dried,
and their botanical identification was kindly made
by Associate Professor T. Supavita, Department
of Pharmacognosy, Faculty of Pharmacy, Prince
of Songkla University, Thailand. A classified
reference voucher specimen was deposited at
the Herbarium of Prince of Songkla University.
The parts of the plants, their uses in traditional
medicine,'” as well as the percentage yield for
each extract are summarized in Table 1.

Plant Extraction —— The plant parts were washed
with distilled water, dried at 60°C overnight, cut
into small pieces, and crushed in a mechanical mor-
tar. Powdered samples (100 g} were soaked either
in water or 95% ethanol (500 ml, w/v) at room tem-
perature for 7 days and then filtered through What-
man No.2 filter paper. The filter was extracted
three times, and the combined filtrate was evapo-
rated under reduced pressure at 60°C until they be-
came completely dry. The aqueous extract was dis-
solved in 250 mg/ml water, and the ethanolic ex-
tract was dissolved in dimethyl sulfoxide (DMSO,
Merck, Darmstadt, Germany) before use.
Fractionation of Active Compounds—— The
ethanolic exudates from Punica granatum (P
granatum, 26.5g) and Quercus infectoria (Q. in-

fectoria, 41.2 g) were partially purified as follows.
The exudate was dissolved in 95% ethanol a con-
centration of 10% (w/v), and applied onto a silica
gel column (Merck 60GFzs4 70-230 mesh; 500 g;
column id., Scm). In the purification of F. grana-
turm exudate, the column was eluted by a linear gra-
dient from hexane-ethyl acetate (100:0 to 0: 100,
v/v, total volume, 8.5 1) to 5% methanol-ethyl ac-
etate (100: 1900, v/v; total volume, 2 1) and 100%
methano! (total volume, 4 1). In the case of Q.
infectoria, the column was developed by a gradi-
ent from chloroform to methanol. Each fraction
(250 ml} was monitored by thin layer chromatogra-
phy (TLC) on silica gel 60GF2s4 TLC aluminium
sheets (Merck; layer thicknesss 0.2 mm) with chlo-
roform : methanol : H,O (6:3.7:0.3, v/v/v) as the
mobile phase. After air drying, spots on the plate
were visualized under UV light (200-400 nm). De-
sired fractions were then concentrated to complete
dryness. P granatum and Q. infectoria yielded
20 and 100 fractions, respectively. Fractions with
similar TLC patterns were pooled as depicted in
Fig.1. Some fractions from P granatum exu-
date were further purified to vield Pgl, 2 and
3 (Fig. 1A). Fraction IV containing a white solid
in yellowish oil gave Pgl by washing with hex-
ane. Fractions VII (white solid) and XV (dark red
hexagonal planar solid) were recrystallized from
methanol : chloroform (8:2, v/v) to Pg2 and Pg3,
respectively.  Fractions 1-9 (i) of the exudate
from Q. infectorig contained only trace amounts
of extracts. Fractions 10 and 11 (ii: Qil), frac-

Table 1. List of Medicinal Plants Used in the Antimicrobial Assay

Botanical species Family Plant part  Anticancer”” Anti-ulcerogenic”’  Extract yield (%)"
Aqueous Ethanolic

Andrographis paniculata (Burm.f) Nees.  Acanthaceae leaf + - ND 11.2
Cenrtelia asiatica (L.) Urb. Apiaceae leaf -+ + ND 6.8
Curcuma longa L., Zingiberaceae  rhizome + + ND 159
Garcinia mangostana L. Clusiaceae pericarp + - ND ND
Peliophorum pterocarpum (DC.) Fabaceae bark - - 8.6 7.1
Backer ex K. Heyne

Piper betle L. Piperaceae leaf - - ND 12.4
Psidium guajava L. Myrtaceae leaf + + 2.8 8.0
Punica granatum L. Punicaceae pericarp + - 8.0 13.0
Quercus infectoria Oliv. Fagaceae fruit - - 37.8 324
Tamarindus indica L. Fabaceae leaf - - 37.1 4.8
Uncaria gambir Hunter Roxb. Rubiaceae leaf, stem - - 59.8 65.4
Walsura robusta Roxb, Meliaceae wood - - 2.3 43
Zingiber cassumanar Roxb. Zingiberaceae  rhizome + + ND ND

«) See reference 11 for these effects. b) Each value represents the percentage (w/w) on the basis of the weight of dried plant. ND = not done.
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Fig. 1. Fractionation of the Exudate of Medicinal Plants
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Schematic representations of the fractionation of exudates from Punica granatum pericarp (A) and Quercus infectoria nutgall (B) are shown.

tions 12-17 (iii: Qi2), fractions 18-26 (iv: Qi3),
and fractions 27-100 (v: Qid} were pooled, and
each combined fraction was designated as indicated
(Fig. |B). When the 1H-nuclear magnetic resonance
(NMR) spectrum was measured for structural elu-
cidation, it was taken in CDCI3, using a 500 MHz
Varian Unity Inova (Merck, Darmstadt, Germany).
Fractions Pg3, Qi2, Qi3, and Qi4 were used for fur-
ther study. The others were not further investigated
since they have no UV absorbance or their yields
were too low to assay for antibacterial activities.

Bacterial Strains Tested —— Reference guide-
lines for culturing and antibiotic sensitivity test-
ing were used.'? Biopsy specimens sampled from
the gastric antrum and body of the stomach were
received in Amies or Stuart’s transport media
and maintained between 4°C and 7°C. Following
the Gram stain, the biopsy specimens were cul-
tured without prolonged delay on Campylobacter-
selective agar (CSA)'? to enable the growth and de-
tection of H. pylori. The plates were incubated with
a lid uppermost at 37°C in 10% CO; and 95% rela-
tive humidity. Some strains required up to 5-7 days
incubation. These plates were examined at 3 day
intervals for 12days. All strains were maintained
frozen in Brain Heart Infusion broth (Oxoid, Bas-
ingstoke, Hampshire, U.K.} containing 31% (w/v)
glycerol in liquid nitrogen. They were thawed just
before use and inoculated directly onto CSA. After
48-72 hr incubation, the cultures were checked for

purity by phase-contrast microscopy. Biochemical
tests including rapid urease, oxidase, and catalase
reactions were performed to verify each culture.
Paper Disc Agar Diffusion Method — A ster-
ile filter paper disc (6 mm) was soakcd with 10l
of plant extract (250 mg/ml extraction solvent) so
that each disc was impregnated with 2.5mg of a
substance whose antimicrobial activity was to be
examined. Bacterial suspensions were adjusted
to a McFarland turbidity of 3.0 (approximately
9.0 x 10 cfu/ml) and cultured on Isosensitest agar
plates (Oxoid) enriched with 5% horse blood (Ox-
oid) by dipping a sterile swab into the suspension
and swabbing over the entire plate surface in three
directions. Both a wet disc and a dry disc (dried
at 37°C overnight) were applied to the surface of
the Isosensitest agar (pH adjusted to 4-6) seeded
with the test bacteria culture and then the cultures
were incubated anaerobically. Antibiotic suscepti-
bility discs (10-30 ug) were used as controls. The
antibacterial activity was evaluated by measuring
the annular radius of the inhibition zone. The ure-
ase test was performed to elicidate a clear zone.'¥
The experiments were performed in triplicate and
the mean of the diameter of the inhibition zones (an-
nular radii) was calculated.

Determination of Minimal Inhibition Concentra-
tion (MIC) and Minimal Bactericidal Concentra-
tion (MBC) —— The MIC was determined accord-
ing to an established method.!” Briefly, one mi-
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croliter of each bacterial strain containing approx-
imately 10? colony forming unit (CFU) was seeded
on an Isosensitest agar plate supplemented with dif-
ferent fractions of the effective extracts at concen-
trations starting from the MIC values of crude ex-
tracts. The plates were incubated anaerobically at
37°C for 48-72hr. Observations were performed
at least in triplicate and the results expressed as the
lowest concentration of a plant extract that produced
complete suppression of colony growth (MIC). The
MBC was determined with the extract that gave
MIC values against each bacterial strain by plac-
ing a Millipore filter membrane onto an [sosensitest
agar plate.

RESULTS AND DISCUSSION

The plants were initially screened for their
antibacterial activity against 20 different clini-
cal strains of H. pylori with multiple resistance
to amoxicillin, clarithromycin, and metronidazole.
Two reference strains, ATCC 43504 and ATCC
43579, were used as controls. Among 26 crude
aqueous and ethanolic extracts tested, only 12 ex-
tracts (46.15%) of 7 plant species were demon-
strated to have antibacterial activity against these
strains (Table 2). The extracts from P granatum,
Q. infectoria, Uncaria gambir, and Walsura robusta

(W. robusta) produced inhibition zones against all
strains of H. pylori tested. The inhibition zones
ranged from 4.95 to 16.5mm. Both aqueous and
ethanolic extracts of P. granatum and Q. infectoria,
and the ethanolic extract of W. robusta, exhibited
high activity against all strains tested. The maxi-
mum zene (16.5 mm) of antibacterial effect against
H. pylori was demonstrated with the ethanolic ex-
tracts from P. granatism.

The antibacterial effects, expressed as MIC and
MBC, of both aqueous and ethanolic extracts of
each medicinal plant against each H. pylori strain
are illustrated in Figs.2 and 3. The ethanolic ex-
tracts of both P. granatum and Q. infectoria were
among the most active, showing very strong activ-
ity against all H. pylori strains, with the best MIC
and MBC values being 0.8, 3.1 and 3.1, 6.2 mg/ml,
respectively.  Partially purified fractions of both
plant species yielded MICs and MBCs that were at
least 10-fold less compared with the crude values
(Table 3). Thus, we purified or partially puri-
fied crude extracts from the above two plants as
described in the Experimental Section. Although
the components involved in the samples obtained
should be further clarified, preliminary experiments
suggest the following (data not shown). Of three
fractions from P. granatwm, Pgl did not contain
any ingredient showing UV absorption. Based on
data such as the TLC profile and 1H-NMR spectra,

Table 2. Antibacterial Activity of Aqueous and Ethanolic Extracts of Medicinal Plants (2.5 mg/disc) against H. pylori

H. pylori strain

Mean values of radii of inthibition zone in wet disc/dry disc (mm)*

Peltophorum Piper Punica Quercus Tamarindus  Uncarcia Walsura
ptercarpum betle granatum infectoria indica gambir robusta
Aqueous extract:
H. pylori 45/43¢4) 2.6/3.0(5) 13.7/12920) 11,7/12.0(20) ND 4.9/5.1 (20) ND
(20 strains)
H. pylori 3n 32 13/15 13/12 ND 5/5 ND
ATCC 43504
H. pylori -/- —f= 12/12 1010 ND 6/3 ND
ATCC 43579
Ethanolic extract:
H. pylori 4.4/4.0(8)  3.8/39(9) 16115920 13.7/13.1(20) 3.6/3.6(14) 55/53(20) 87/8.5(20)
(20 isolates)
H. pylori 3/4 /1 14/12 16/10 5/4 2/4 10/9
ATCC 43504
H. pylori —/- e 15/14 11/11 5/4 17 8/8
ATCC 43579

Andrographis paniculata, Centella asiatica, Curcuma longa, Garcinia mangostana, and Zingiber cassumanar produced no inhibition zones
for alk swrains tested. @) Each value represents the mean of inhibition zones of susceptible strains isolated from human gastrointestinal tract or
the mean of three assays for reference strains (ATCC 43504 and ATCC 43579). Numbers of susceptible strains among 20 strains are shown in

parentheses. — = no inhibition zene; ND = not done.
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Fig. 2. The MIC and MBC of Aqueous Extracts from Medicinal Plants against A. pylori
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Table 3. MICs and MBCs of Partially-Purified Fractions of P. granatum and Q. infectoria against H. pylori

Effective fraction

MIC/MBC (mg/ml} on H. pylori strain

PSU PSU UNSW UNSW ATCC
HP4 HP5 03-03-21-002 03-03-25-001 43504
P, granatum 0.32/0.32 0.32/0.32 0.16/0.16 0.16/0.16 0.32/0.32
Fraction Pg3
Q. infectoria 0.16/0.16 0.16/0.16 0.16/0.16 0.16/0.16 > 2.5 /NA
Fraction Qi2
Q. infectoria 0.32/0.32 0.16/0.16 0.32/0.32 0.16/0.16 0.32/0.32
Fraction Qi3
Q. infectoria 0.32/0.32 0.32/0.32 0.32/0.32 0.32/0.32 >2.5 /NA
Fraction Qid

NA = not applicable.

while Pg2 seemed to be a mixture of stigmasterol
and fisitosterol (1:1), Pg3 is thought to be a pure
compound belonging to the tannin group. Regard-
ing the purified samples from Q. infectoria, Qil and
Qi2 were suggested to contain aliphatic hydrocar-
bons with long alky! chains and two phenolic com-
ponents, respectively. Qi3 appeared to be a pheno-
lic compound. (Qi4, which contained active compo-
nents, was obtained in a large quantity, but its fur-
ther purification is currently underway. In this study,
Pg3, Qi2, Qi3 and Qi4 were further examined for
their anti-H. pylori activities.

Although the majority of individuals infected by
H. pylori are asymptomatic, a proportion of them
develop peptic ulcers. This organism is the ma-
jor cause of gastric cancer and has been classified
as a Class I carcinogen by the World Health Or-
ganization (WHQ). It is well-established that an
asymptomatic H. pylori infection could be a risk
factor for gastric cancer. Due to the increasing
rate of antibictic-resistant organisms, many workers
have attempted to eradicate the organism with nat-
ural products. Plants contain a number of organic
components including alkaloids, flavones, phenols,
quinines, terpenocids, and tanmins, all of which
are known to have antibacterial activity.'® Among
the plants that exhibited an antibacterial effect, F.
granatum and Q. infectorig were the most efficient,
probably due to the production of novel metabolites
capable of inhibiting H. pyleri growth. P grana-
tum has been extensively studied. This medicinal
plant possesses a high amount of tannin (25%). The
antimicrobial properties of this substance are well-
established.!”’ Recently, the antimicrobial proper-
ties of polar fractions, which contain ellagitannin
and punicalagin, of P. granatum, were reported by
other workers.'® In contrast, very limited studies

have been done on (. infectoria, and thus this plant
species is being brought into focus in this labora-
tory. Preliminary results from our laboratory indi-
cate the activity is due to hydrolysable tannins.
Plants also contain a number of water-soluble
proteins, lectins, and carbohydrates which may
bind specifically to sugar residues, polysaccha-
rides, glycoproteins or glycolipids such as adhesins
present on the cell surface of H. pylori. Lengsfeld
et al.'? have demonstrated that adhesion of H. py-
lori to stomach sections is almost completely inhib-
ited by pre-incubating with a fresh juice prepara-
tion of the fruit of the Abelmoschus esculentus (1..)
Moench (okra plant). Many other plant extracts in-
cluding turmeric, borage, and parsley were also re-
ported to possess similar ability.”?? We have previ-
ously described that both P. granatum and Q. infec-
toria can increase the cell hydrophobicity of H. py-
lori.2V Modulation of cell surface hydrophobicity
by the plants may synergistically facilitate the elim-
ination of the bacterial cells from the human body.
Our finding tentatively suggests important ther-
apeutic implications for some herbal preparations
with antibacteriat properties for patients with H. py-
lori-induced PUD or gastric cancer. The high ac-
tivity of both P. granatum and Q. infectoria against
all strains of H. pylori could allow their use in the
treatment of an H. pylori infection. The partially-
purified fractions of P. granatum and Q. infectoria
were the most effective against H. pylori, and had
the same MIC and MBC values {(0.16 mg/ml). In
addition, many plants also have anti-ulcerogenic or
anti-cancer effects. They may enable a treatment
that is simple and relatively inexpensive by incor-
poration into the normal diet of the patient since the
plants are already known to be safe and are com-
monly employed in traditional Thai medicine with
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no toxicity having been reported. Alternatively, they
could be used in combination with antibiotics, pos-
sibly increasing the success of eradication, as has
been demonstrated earlier with cranberry juice,??
However, many more studics arc nceded to confirm
the in vivo effects of plant ingredients. Such infor-
mation would be more important if administration
of the pure forms of these substances to patients is
desired. Q. infectoria is rather interesting since it is
inexpensive and can be recovered at very high ex-
tract yields. This medicinal plant should be further
analyzed as it might provide a new effective com-
pound against H. pylori infections. Further stud-
ies are in progress in this laboratory to determine
more precisely the effects of different fractions of
the plant in order to provide an alternative treatment
of H. pylori infection.
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Abstract

Bacterial resistance to antibiotics 1s enhanced by unre-
stricted use of such drugs. In addition, stimulating ef-
fects of certain antibiotics on the production of verocy-
totoxin by enterohemorrhagic Escherichia coli have been
reported. The aim of this communication was to re-
port a medicinal plant species that is effective against
a broad range of bacteria of clinical importance includ-
ing Acinetobacter baumannii, Bacillus cereus, Enterobac-
ter faecalis, Escherichia coli, Helicobacter pylori, Kleb-
siella prneumoniae, Listeria monocytogenes, Pseudomonas
aeruginosa, Salmonella spp., Shigella flexneri, Staphylo-
coccus aureus, Streptococcus mutans, and Streptococcus
pyogenes. Ethanol extracts of Quercus infectoria Oliv. (Fa-
gaceae) demonstrate a broad spectrum of activity against
all bacterial species tested. Detailed studies were carried
out on clinical isolates of pathogens commonly presenting
problems with the use of antibiotics, including enterohe-
morrhagic Escherichia coli (EHEC), methicillin-resistant
Staphylococcus aureus (MRSA), multidrug-resistant Kleb-
siella pnewmoniae, multidrug-resistant Helicobacter pylori,
and Salmonella spp. The extracts of Quercus infectoria dis-
played remarkable activity against MRSA with MICs rang-
ing from 0.02 to 0.4 mg/mL, and MBCs ranging from (.4 to
1.6 mg/mL. More importantly, this plant species could ex-
hibit strong antibacterial activity against all Gram-Negative
organisms. Its significant activity was shown with EHEC,
with MICs of 0.05 to 0.1 mg/mL and MBCs of 0.8 to 1.6
mg/mL. The results from this study indicate that Quercus
infectoria is potentially a good source of antibacterial sub-
stances with broad spectrum of activities against antibiotic-
resistant bacteria.

Keywords: Escherichia coli O157: H7, Helicobacter
pylori, methicillin-resistant Staphylococcus aureus, multi-

drug-resistant Klebsiella pneumoniae, Quercus infectoria,
Salmonella.

Introduction

In developing countries where antibiotics can be used on
an unrestrict basis, the emergence of antibiotic-resistant
pathogenic bacteria has caused considerable public health
concern. Treatment failure due to methicillin-resistant
Staphylococcus aureus (MRSA) with reduced susceptibil-
ity to vancomycin has been reported (Ward et al., 2001).
More recently, resistance to new antimicrobial agents such
as linezolid, quinupristin, and daffopristin has already oc-
curred (Leclercq, 2002; Berns, 2003). Multiple-antibiotic
resistance of Klebsiella pneumoniae, Salmonella spp., and
other important pathogens has become increasingly re-
ported (Guan et al., 2006; Martinez-Martinex et al., 1999).

Helicobacter pylori has been implicated as a major
causative agent of gastritis and peptic ulcer disease and
as a carcinogen responsible for gastric carcinoma and
lymphoma (Dixon, 1997, Kuipers, 1997; Marshall &
Armstrong, 1995, Wotherspoon et al, 1993). A wide
variety of antimicrobial regimens have been used for the
treatrnent of H. pylori infection with varying degrees of
success (Megraud, 1997). However, the use of antibiotics
induces the appearance of resistant strains (Megraud,
2001). Over recent years, there has been a global increase
in the prevalence of antibiotic resistance to metronidazole
and clarythromycin in . pylori strains (Graham, 1998;
Tompkins et al., 1997).

Enterohemorrhagic Escherichia coli (EHEC), in par-
ticular serotype O157: H7 (Bower, 1999; Paton & Paton,
1998; Wells et al., 1995) have increasingly emerged as
pathogens that cause significant human diseases including
diarrhea (Pai et al,, 1988) enterohemorrhagic colitis (HC)
(Riley, 1987), and occasionally complications such as
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hemolytic-uremic syndrome (HUS) and thrombocytopenic
purpura (TTP) (Griffin & Tauxe, 1991; Scotland et al,,
1988}). The largest outbreak reported to date occurred
in Japan in 1996. The issue of the risk involved in the
treatment of the organism with antimicrobial agents has
been reported. Fosfomycin, the most frequently prescribed
antibiotic in Japan for the treatment of this organism, was
reported to stimulate the production and the release of
verocytotoxin 1 (VT1) (Yoh et al., 1997). Furthermore,
work from the same laboratory clearly demonstrated
that subinhibitory concentrations of quinolones including
norfloxacin, sparofloxacin, and grepafloxacin markedly
stimulated the production of both VT'1 and VT2 {Yoh et al.,
1999).

The investigation of traditionally used plants as a guide
to biologically active extracts has been well-documented.
Complications of the use of antibiotics in the treatment
of bacterial infections encourage us to find an effective
medicinal plant as an alternative treatment. Recent stud-
ies conducted in our laboratories {Voravuthikunchai et al,,
2004, 2006; Voravuthikunchai & Kitpipit, 2005) and in
others (Cowan, 1999) have revealed that medicinal plants
from various parts of the world can provide a rich source of
antibiotic activities. In Thailand, many plant species have
been widely used to cure many infectious diseases. They are
available locally, inexpensive, and are very popular. As part
of a collaborative research program among our groups, we
have investigated almost 100 medicinal plant species. The
purpose was to find some attributed antibiotic properties of
plant extracts that have been used in traditional medicine to
cure infections.

Quercus infectoria Oliv. (Fagaceae) is an evergreen shrub
growing to |.8 m, valued for excrescences formed upon the
young branches, known in the markets as galls or nut-galls.
They are the result of a puncture made in the bark by an in-
sect, Diplolepis gallae tinctoriae or Cynips quercufolii, for
the purpose of depositing its egg. The excrescences vary
from the size of a large pea to that of a small hickory-
nut, are nearly round, hard, and quite smooth with the ex-
ception of small tubercles scattered over the surface. Any
galls produced on the tree are strongly astringent and have
been employed in traditional medicine in the treatment of
chronic diarrhea, dysentery, hemorrhages, leucorrhea, and
sore throat. In addition, the bark and acorns are astrin-
gent and used in the treatment of intertrigo, impetigo, and
eczema. Although the nut-gall is routinely prescribed for
the treatment of diarrhea in Thai herbal medicine, scientific
data supporting the use of this plant as an herbal medicine
against bacteria is scarce. The purpose of this investiga-
tion was to observe the antibacterial effects of this plant
species against a wide range of pathogenic bacteria accord-
ing to traditional practices. Minimal inhibitory concentra-
tion (MIC) and minimal bactericidal concentration (MBC)
of both extracts against selected important pathogens were
established.

Materials and Methods
Medicinal plant materials

The air-dried nut-galls of Quercus infectoria were pur-
chased from traditional Thai herbalists. Botanical iden-
tification of the plants materials was authenticated by
Dr. Tanomjit Supavita, Reader in the Department of
Pharmacognosy, Faculty of Pharmacy, Prince of Songkla
University. A classified reference wvoucher specimen
was deposited at the Herbarium of Prince of Songkla
University.

Preparation of plant extracts

The extracts used in this investigation have been previously
described (Voravuthikunchai et al., 2004). Aqueous extracts
were dissolved in water and ethanol extract was dissolved in
dimethyl] sulfoxide (DMSQ; Merck, Darmstadt, Germany)
before use.

Tested bacterial strains

Methicillin-resistant S. awreus (MRSA) and multidrug-
resistant K. pneumoniae (MRKP) isolates were obtained
from Hatyai Hespital in Thailand. Climical isolates of
H. pylori were from The Australian Helicobacter Refer-
ence Laboratory and Chulalongkorn Hospital, Thailand,
E. coli O157: H7 RIMD 0509952, RIMD 05091078, and
RIMD 05091083 were isolated in the 1996 outbreak in
Japan. RIMD 0509952 and RIMD 05091078 produced both
VTI1 and VT2 (VTI*, VT2*), whereas RIMD 05091083
produced only VT2 (VT2™). Other Shiga-like toxin pro-
ducing strains included E. coli O26: H11 RIMD 05091055
{(VT1*), E coli O111: NM RIMD 05091056 (VT1™), and
E. coli O22 RIMD 05091556 (VT2%). All of the £, coli
strains were kindly provided by the Research Institute for
Microbial Diseases, Osaka University. Other pathogens in-
cluded Acinetobacter baumannii, Bacillus cereus, Enter-
obacter fuecalis, Listeria monocytogenes, Pseudomonas
aeruginosa, Salmonella spp., Shigella flexneri, Streptococ-
cus mutans, and Streptococcus pyogenes. Each bacterial
strain was suspended in Mueller-Hinton broth (MHB; Bec-
ton, Dickinson and Company, Sparks, MD, USA), incu-
bated at 35°C for 3 to 5 h, and turbidity adjusted to McFar-
land no. 0.5. Mueller-Hinton agar (MHA; Difco) was used
for testing antibacterial activity.

Paper disk diffusion method

Sterile filter paper disks (Whatman no. 1; 5 mm in diam-
eter) were soaked with 10 L of extract residue diluted
in the corresponding extractive solvent (250 mg/mlL), so
that cach disk was impregnated with 2.5 mg of residue.
Dry disks (dried at 37°C overnight) were applied on the
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Table 2. Antibacterial activity of the ethanol extracts of Quercus
infectoria (concentration 2.5 mg/disk) against important pathogenic
bacteria.

Mean of inhibition zone {mm)

Bacterial strains Aqueous extract Ethanol extract

Aciretobacter baumannii 14.00 14.00

Bacillus cereus 15.00 14.75

Enterobacter faecalis 12.00 £3.50

Escherichia coli ATCC 25922 11.50 12.50

Helicobacter pylori ATCC 23.50 24.00
43504

Helicobacter pylori ATCC 21.00 20.50
43579

Kiebsiella pneumoniae ATCC 11.00 11.00
10273

Listeria monocytogenes 12.00 12.00

Pseudomonas aeruginosa ATCC 11.00 10.00
27853

Salmonella typhi 9.50 9.00

Salmonella typhimuritm 8.75 9.06

Salmonella weltevreden 9.00 875

Shigella flexneri 17.00 17.00

Staphylococcus aureus ATCC 16.25 17.00
25923

Streptococeus mutans 15.50 15.25

Streptococcus pyogenes 22.50 23.00

surface of MHA plates seeded with a 24-h broth culture
of the tested strains in trypticase soy broth (TSB; Ox-
oid, Hampshire, England). The inoculum size was adjusted
to approximately 10® colony-forming units (CFU)/per
milliliter. The plates were then incubated at 35°C for 18
h. Antibiotic susceptibility disks including chlorampheni-
col, erythromycin, gentamicin, kanamycin, oxacillin, tetra-
cycline, and vancomycin (10-30 ug) were used as con-
trols (Table 1). The activity was evaluated by measuring the
diameter of the inhibition zone. The experiment was per-
formed in duplicate and the mean of the diameter of each
inhibition zone was calculated.

Determination of MIC and MBC

A modified agar microdilution method was used to deter-
mine the MIC of aqueous and ethanol extracts of medicinal
plants that produced inhibition zones. Chloramphenicol,
crythromycin, gentamicin, kanamycin, oxacillin, tetracy-
line, and vancomycin {10-32 p1g/mL) were used as refer-
ence standards. The culture of each bacterial species (1 xL)
containing approximately 10 CFU was applied onto MHA
supplemented with the medicinal plant extracts at concen-
trations ranging from 0.12 to 250 mg/mL. The microtiter
plates were incubated at 35°C for 18 h. Observations were
performed in triplicate and results expressed as the lowest
concentration of plant extracts that produced a complete
suppression of colony growth (MIC). Minimal bactericidal
concentration was performed with the extracts that gave sig-
nificant MIC values against each bacterial isolate by culture
on fresh MHA.

Results and Discussion

Preliminary test for antibacterial activity of the ethanol ex-
tracts of this plant material against a wide range of im-
portant pathogenic bacteria is reported in Table 2. The
plant extracts produced inhibition zones against all bacterial
species, ranging from 8.75 to 23.00 mm. Both aqueous and
ethanol extracts were effective against all clinical isolates of
selected pathogens tested; in general, the ethanol extracts
produced larger zones (Table 3). Significant antibacterial
effects, expressed as MICs and MBCs of the crude extracts
of Quercus infectoria, were observed (Table 4). The MICs
were from 0.05 to 6.2 mg/mL, and the MBCs ranged from
0.4 to 12.5 mg/mL. Both aqueous and ethanol extracts dis-
played similar antimicrobial activity. Although the extracts
demonstrated some inhibitory effect against A. pylori, the
MICs and MBCs were much higher than those of the other
organisms.

This is the first report of broad antibacterial activity of
extracts from Quercus infectoria against a wide range of im-
portant pathogens. Tt was demonstrated to have significant

Table 3. Antibacterial activities of aqueous and ethanol extracts of Quercus infecioria (concentration 2.5 mg/disk) against clinical isolates.

Clinical bactenal isolates

Inhibition zone (mm) (Mean =+ standard error)

Aqueous extract Ethanol extract

Escherichia coli O157: H7 (RIMD 0509952)
Escherichia coli O157. H7 (RIMD 05091078)
Escherichia coli 0157 H7 (RIMD 05091083}
Escherichia coli O26: HI I(RIMD 05091055)
Escherichia cofi O111: NM (RIMD 05091056)
Escherichia coli 022 (RIMD 05091556)

Helicobacter pylori (20 isolates)

Multidrug-resistant Klebsiella pneumoniae (21 isolates)
Satmonella spp. (6 isolates)

Methicillin-resistant Staphylococcus aureus (52 isolates)

8.00 11.00
9.00 12.50
8.00 14.00
9.00 12.00
8.00 15.00
9.00 11.00
24.10 £ 0.70 2030£073
11.57 £ 0.17 928 £0.74
ND 8254015
18.5 + 0.57 17.97 + 0.24

ND, not determined.
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Table 4. Minimal inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) of crude Quercus infecioria extracts against

bacterial strains.

Bacterial strains

Range of MIC/MBC values {mg/mL}

Agueous extract

Ethanol extract

Escherichia cali Q157: H7 (RIMD 0509952)
Escherichia coli O157: HT (RIMD 05091078)
Escherichia coli O157: H7 (RIMD 05091083)
Escherichia coli 026: HI1(RIMD 05091055)
Escherichia coli O111: NM (RIMD 05091056)
Escherichig coli 022 (RIMD 05091556)

Escherichia coli ATCC 25922

Helicobacter pylori (21 isolates)

Helicobacter pylori ATCC 43504

Helicobacter pylori ATCC 43579

Klebsiella preumoniae ATCC 10273
Multidrug-resistant K/ebsiella pnewmoniae (20 isolates)
Salmonella spp. (6 isolates)

Staphvlacoccus aureus ATCC 25923
Methicillin-resistant Staphylococcus aureus (52 isolates)

0.12/0.8% 0.1/0.8
0.1/0.8 0.1/0.8
0.143.1 0.1/1.6
0.1/1.6 0.1/0.8
0.1/0.8 0.1/0.8
0.1/1.6 0.05/1.6
0.4/0.4 0.8/0.8
6.2-12.5/6.2-12.5 3.1-12.5/6.2-12.5
62/12.5 6.2/12.5
3.1/6.2 3.173.1
0.2/0.4 0.1/0.8
0.1-0.2/0.4-12.5 0.1-0.8/1.6-12.5
ND 0.02-0.04/6.2-12.5
0.2/1.6 0.1/1.6
0.2-0.4/0.4-0.6 4.2-0.4/0.4-1.6

NI, not determined.
*MIC.
PMBC.

antibacterial activity against pathogenic bacteria, irrespec-
tive of their antibiotic-resistant patterns. In general, a much
greater number of medicinal plants have been found to
be more active against Gram-positive bacteria than against
Gram-negative bacteria (McCutcheon et al., 1992). The ba-
sis for this difference might be the differences in plant cell
wall composition {Grosvenor etal., 1995). The antibacterial
activity may be indicative of the presence of some metabolic
toxins or broad-spectrum antibiotic compounds. The gails
of Quercus infectoria are a potentially good source of an-
timicrobtal substances with broad spectrum of significant
antibacterial activity, The main constituents are tannin (50—
70%), a small amount of free gallic acid, and ellagic acid
{Wiart et al., 2001). The high activity of Quercus infecto-
ria against all bacteria tested could allow its application
in the treatment of many types of infections. The use of
such a biologically active compound from a natural source
is another approach to solve the problem of drug-resistant
pathogens. The results presented here suggest that this plant
extract should be further analyzed as it might provide a new
compound that is effective against multiresistant infections.
This simple and inexpensive alternative to conventional
treatment of a number of infections may be worth further
rigorous investigations. Qur research group is carrying out
extensive studies on this plant species as we found that it
has a broad spectrum of activity against all bacterial species
of medical importance tested. In addition, it is inexpensive,
and very high yield up to 38% (Voravuthikunchai et al.,
2006) was recovered.

Conclusions

This is to date the most comprehensive report on antibac-
terial activities of Quercus infectoria. This plant species

was demonstrated to have significant antibacterial activ-
ity against many important pathogens, irrespective of their
antibiotic patterns. Detailed studies of its constituents and
mechanisms of action, toxicology study, and clinical trials
may lead to a solution for the problem of unrestricted use
of antibiotics.
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ABSTRACT

Increasing numbers of reported cases of food-associated infections and health problems associated with synthetic additives have led to a
growing interest by consumers in ingredients from natural sources. Some members of the family Zingiberaceae have been extensively
used as a condiment for flavoring as well as traditional medicines. These include Alpinia galanga (galanga), Boesenbergia pandurata
(krachai), Curcuma amada (mango ginger), Curcuma longa (turmeric), Curcuma zedoria (zedoary), Kampferia galanga (proh hom), Zin-
giber officinale (ginger), and Zingiber zerumbet (zerumbet ginger). Their antimicrobial activities against important foodborne pathogens
including Bacillus cereus, Campylobacter jejuni, Clostridiunt botulinum, Clostridium perfringens, Escherichia coli, Listeria monocyto-
genes, Salmonella spp., Shigella spp., Staphylococcus aureus, Vibrio spp., Yersinia enterocolitica, Hepatitis A Norwalk virus, Entamoeba
histolytica, and Giardia lamblia are outlined. In addition to the antimicrobial activities against a wide range of microorganisms, their
antioxidant activities have been documented. The potential uses of these plant species as food preservatives are discussed.

Keywords: Alpinia galanga, antimicrobial activity, antioxidant activity, Boesenbergia pandurata, Curcuma amada, Curcuma longa,
Curcuma zedoria, food poisoning, food preservation, food spoilage, galangal, ginger, Kampferia galanga, krachal, mango ginger, proh

hom, turmeric, zedoary, zerumbet ginger, zingiberaceae, Zingiber officinale, Zingiber zerumbet
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INTRODUCTION

At present, food safety is a fundamental concern to both
consumers and food industries as there are increasing num-
bers of reported cases of food-associated infections. Food-
borne illness remains a major problem even in industria-
lised countries {Gould ez al. 1995). In addition, lipid oxida-
tion is another issue affecting quality loss in muscle foods.
There has been a growing interest in new and effective
techniques to reduce the cases of food-borne illness (Ot-
shudi et al. 2000). Consumers prefer high quality, nutritious,
and long shelf-life food products with no preservative
agents. Food preservation, therefore, is the basis of most
modern food industries in the world.

A number of botanical supplements have been used for
centuries in the ancient Indian system of medicine known as

Ayurveda. Almost every nation has traditional folk medi-
cines or folk remediation with medicinal plants. The use of
herbs and their extracts as functional ingredients in foods is
expanding rapidly both for the growing interest of consu-
mers in ingredients from natural sources and also increasing
concern about potential health problems associated with syn-
thetic additives (Reische e al. 1998). Antimicrobials from
natural sources have been used for food safety since anti-
quity (Alzoreky and Nakahara 2003). There is an increasing
interest in the use of plant-derived antimicrobial compounds
as natural food preservatives. Natural antimicrobials found
in medicinal plants can protect us from infectious diseases
caused by bacteria, fungi, and viruses including HIV, the
virus that produces AIDS. Interestingly. a new emerging
food threat, bird flu virus H5N1, has been claimed to be
effectively eliminated using plant extracts such as hypercine

Raceivad: 11 Juna, 2007, Accepted: 28 Septamber, 2007.
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(www scidev.net/News/index), sambucol (www.nutraingre
dients.com/news). The secondary metabolites of plants pro-
vide humans with numerous biologically active products,
which have been used extensively as food additives, flavors,
colors, insecticides, drugs, fragrances, and other fine chemi-
cals, These plant secondary metabolites including several
classes such as terpenoids, flavonoids, and alkaloids com-
prise of diverse chemicals and biological activities. In ad-
dition, plant derivatives have unique structural diversity.
This has led to a renewed interest in bioactive compounds.

The public is using natural products for a wide range of
health-related problems. A common need is availability of
natural extracts with a pleasant taste or smell combined
with a preservative action to avoid both microbial contami-
nation and lipid deterioration. Those undesired phenomena
are not an exclusive concern of the food industry but a com-
mon risk wherever a pathogen is present. Spoilage microor-
ganisms, lipid oxidation, protein oxidation, and enzymatic
oxidation severely affect the shelf-life of many foods in ad-
dition to the development of undesirable off-flavours (Farag
et al 1990; Hirasa and Takemasa 1998).

In recent years, much attention has been focused on ex-
tracts from herbs and spices which have been used tradi-
tionally for centuries to improve the sensory characteristics
and to extend the shelf-life of foods. Spices and their essen-
tial oils have been widely used as natural food preservatives
to make processed foodstuff safe for consumers. They are
gaining increasing interest because they impart desirable
flavors but they may fulfil more than one function to the
food when they are added (Nasar-Abbas and Halkman 2004).
Spices have been extensively studied by various groups of
scientists because of their relatively safe status, their wide
acceptance by consumers, and their exploitation for poten-
tial multi-purpose functional use (Sawamura 2000; Orman-
cey et al. 2001). Plants produce an array of defensive mole-
cules including antimicrobial proteins and peptides (Xu
1990; Ng and Wang 2000; Wang et al. 2000; Ye et al. 2000).
We reported earlier antibacterial activities of a number of
Thai medicinal plants against a wide range of bacteria (Vo-
ravuthikunchai et al. 2002, Voravuthikunchai and Kitpipit
2003; Voravuthikunchai et al 2004a, 2004b, 2004¢, Vora-
vuthikunchai and Kitpipit 2005; Voravuthikunchai et ol
2005a, 2005b, 2005¢, 2006a, 2006b, 2006c, 2006d; Voravu-
thikunchai and Limsuwan 2006; Voravuthikunchai er al.
2007). In addition, their antimicrobial, antioxidant and radi-
cal-scavenging properties by spices and essential oils have
been reported (Hirasa and Takemasa 1998) and in some
cases, a direct food-related application has been tested.
Several antioxidants were used to extend food shelf life. It
was anticipated that they might inhibit the oxidation reac-
tion involved in enzymatic browning (Madsen and Bertel-
son 1995).

Rhizomes of the family Zingiberaceae contain some im-
portant aromatic and color-producing spices such as turme-
ric, ginger, galanga, krachai, cardamom, and grains of para-
dise. Currently, there is an increasing demand for new eth-
nic foods. The foods also include the emerging cuisines
siuch as Thai, Vietnamese, Indian, and Moroccan, which
have strong flavors and aromas. Some of the popular ingre-
dients for developing these foods include tamarind, carda-
mon, lemon grass, basil, and galanga (Cousminer and Hart-
man 1996, Uhl and Mermelstein 1996). Many studies have
demonstrated that they contain bioactive compounds that
have excellent antimicrobial activities against a diverse
group of pathogens. Therefore, they are potential candidates
for a preservative substance in food. Tom-yum, a well-known
Thai traditional seasoning containing galanga and many
other herbs, has been shown to possess both antioxidation
and antimicrobial effects. Tom-yum mix was demonstrated
to have a potential as a natural preservative agent for ensur-
ing safe marinated food products (Siripongvutikomn er al.
2005).

In tropical countries, many kinds of gingers are cultiva-
ted and used not only for spices but also as traditional medi-
cines. This review attempts to gather important scientific in-
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formation on the family Zingiberaceae in relation to health
care concepts as food supplements and preservatives. Parti-
cularly, an overview of recent progress reports on the anti-
microbial and antioxidant activities of common species of
this plant family is substantially highlighted.

FACTORS AFFECTING FOOD SAFETY

More than 200 known diseases are transmitted through food.
Food-borne ilinesses result from ingesting food contami-
nated with bacteria or toxic substances they produce, yeast,
fungi, viruses, prions, parasites, chemicals, and metals. Re-
actions and the duration of the illness vary according to the
type of organism or toxic substance consumed. The symp-
toms may be mild gastroenteritis and last only a few hours,
These usually include diarrhea, malaise, dizziness, nausea,
vomiting, headache, and fever. On the other hand, there are
more serious, life-threatening infections which last much
longer, and require intensive medical treatment, for example,
botulism caused by Clostridium botulinum, hepatitis A from
Hepatitis A virus, and renal syndromes from Escherichia
celi O157: H7. In specific groups such as children and the
elderly, death may encounter.

Food spoilage microorganisms

All food, unless just cooked or sterilised, contains some
bacteria. The numbers present will depend on conditions in
which the food has been handled and stored. If allowed to
grow, some of these bacteria may cause spoilage. Most
common organisms include various yeast species such as
Candida albicans, Rhodotolura glutinis, Schizosaccharo-
myces pombe, Saccharomyces cerevisige, and Yarrowia
Iypolitica (Sacchetti et al. 2005). Generally, these spoilage
organisms are harmless and do not cause illness. However,
if spoilage is noticeable, the food should not be consumed.

Food-borne pathogens and food poisoning

Food-borne pathogens continue to cause major public
health problems world-wide. These organisms are the lead-
ing causes of illness and death in less developed countries,
killing approximately 1.8 million people annually (Frata-
mico et al. 2005). Even in developed countries, food-borne
pathogens are responsible for millions of cases of infectious
gastrointestinal diseases each year, costing billions of
dollars in medical care and decreasing productivity. Further-
more, new food-borne diseases are likely to emerge driven
by factors such as pathogen evolution, changes in agricultu-
ral and food manufacturing practices, and changes to the
human host status.

Harmful organisms often do not alter the appearance,
taste or smell of food. Because of this, it is impossible to
visually determine whether or not food is contaminated.
Only a laboratory analysis can verify the presence of these
pathogenic microorganisms. Food-borne pathogens cover
diverse groups of microorganisms including bacteria, yeast,
fungi, enteric viruses, and protozoan parasites. Most com-
mon cohtamination encounters pathogenic bacteria such as
Bacillus cereus, Campylobacter jejuni, C. botulinum, Clos-
tridium perfringens, E. coli, Listeria monocytogenes, Sal-
monella spp., Shigella spp., Staphylococcus aureus, Vibrio
spp., and Yersinia enterocolitica. In addition to bacteria,
food may also become contaminated with viruses. Unlike
bacteria, viruses cannot multiply in food and do not cause
spoilage. They do not cause any change in the appearance,
taste or smell of food and cannot be detected by ordinary la-
boratory tests. Once they get into the human body, however,
they can multiply and cause disease. Fortunately, most viru-
ses are destroyed by adequate cooking. Cooking eggs at
160°F {71°C) can kil! the avian flu virus (Wiwanitkit 2007).
The diseases produced by parasites are varied, and in some
countries, they are more important than bacterial food-bormne
illnesses. Many infected individuals do not show signs of
infection, but the symptoms, when they occur, are similar to
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Infection

Incubation peviod Symptoms

Sources of contamination

Bacterial

Baciilus cereus 30 min-15h abdominal cramps, diarthea nausea, vomiting cheese, fish, meat, milk, pasta,
potatoes, rice, vegetables
Campylobacter jejuni 1-7d abdominal cramps, headache, inflammatory diarvhea, raw beef, cake, eggs, unpasteurised
nausea milk, poultry, water
Clostridium bondinum 12-72 % diarrhea, double vision, dry mouth, fatigue, headache,  bottled garlic, fermented fish, herb-
muscle paralysis, nausea, respiratory failure, vomiting  infused oils, low-acid canned foods,
meats, sausage
Clostridium perfringens 8-22h abdominal cramps, some with dehydration, nausea, gravy, meat, poultry
watery diarrhea
Clostridium parvem 2-28d watery diarrhea fruit, unpasteurized milk, vegetables,
water
Enterotoxigenic Escherichiacoli  1-3d watery diarrhea fecal contaminated food or water
Escherichia coli 0157: H7 1-8d abdominal cramps, bloody diarthea, hemorrhagic egg, ground beef, meat, unpasteurised
colitis, hemolytic uremic syndrome milk, milk products, poultry
Listeria monocytogenes 2dto6 wks diarrhea, fever, muscte aches, meningitis, nausea, cheese, hot dogs, meat, milk, seafood,
sepsticemia, miscarriage vegetables
Salmonelia spp. 12-72h abdominal pain, chiils, dehydration, diarrhea, fever, dairy products, poultry, raw
headache, inflammatory diarrhea, nausea, prostration  vegetables, salads
Shigella spp. 12-72 h abdominal pain, cramps, fever, inflammatory diarrhea,  fecal contaminated food, salads, water
vomiting
Staphylococcus aureus i-6 h abdominal cramps, diarthea, severe vomiting cream-filled baked goods, cream
sauces, custard, diary, dressing, eggs,
gravy, ham, meat, poultry, salads,
sandwich fillings
Vibrio spp. 4h-7d abdominal cramps, chills, nausea, diarrhea, fever, infected fish and shellfish
headache, nausea, vomiting
Vibrio parahemolyticus 2-48 h inflammatory diarrhea raw shellfish
Yersinia enterocolitica 1-3d enterocolitis {may mimic acute appendicitis) chocolate milk, raw milk, pork, water,
raw meats
Fungal
Cryptosporidium parvum 2-15d loss of appetite, mild stomach cramps, nausea, watery  food, milk, water
diarrhea
Viral
Hepatitis A virus 15-50d abdominal discomfort, fever, malaise, nausea, iced drinks, fruits, salads, shellfish,
hepatitis, jaundice, hiver failure vegetables, water
Norwalk virus 1248 h abdominal cramps, diarrhea, nausea, vormiting frosting, fruit, ice, raw oysters, salads,
sandwiches, shellfish, water
Enteric virus 10-72 h watery diarthea fecal contaminated food or water
Parasitic
Cyclospora cayetanensis 1-11d watery diarrhea imported berries, basil
Giardia lamblia 1-2 wks infection of the small intestine, diarrhea, loose or fecal contaminated food or water
watery stool, stomach cramps
Toxoplasma 5-23d no symptoms or mild iliness (swollen lymph glands, raw or undercocked food

fever, headache, and muscle aches) severe infection for
unbormn babies, immunocompromised host

Modified from Centers for Disease Control 2006, bold words are the most pronounced symptoms.

those produced by bacteria. Diarrhea is usually the most
common symptom. As with viruses, parasites need a host in
which to multiply and contaminated food and water act only
to transport the parasite from one host to the next. Infec-
tions by common pathogens including incubation period,
symptoms, and possible causes of contamination are sum-
marised in Table 1 (hitp://en wikipedia.org/wiki/Centers_
for_Disease_Control_and_Prevention).

Campylobacter is a pathogen that causes fever, diarrhea,
and abdominal cramps. Tt is the most commonly identified
bacterial cause of diarrheal illness in the world. Campylo-
bacter enteritis occurs throughout the world, particularly in
the temperate areas during the warmer months. The bacteria
may be responsible for some ‘traveler’s diarthea’. These
bacteria live in the intestines of healthy birds, therefore
most raw poultry meat has Campylobacter on it. Eating
undercooked chicken or other food that has been contami-
nated with juices dripping from raw chicken is the most fre-
quent source of this infection. Campylobacter enteritis is
self limiting and of short duration, with the symptoms las-
ting from one to four days (Pebody ez al. 1997, Altekruse ef
al. 1999),

Clostridium perfringens food poisoning is characterised
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by a sudden onset of abdominal pain and diarrhea. Nausea
is common but vomiting and fever are usually absent. This
type of food poisoning (s mild and usually lasts only one
day or less (Eley 1992b).

Escherichia coli O157-H7 is a pathogen that has a reser-
voir in cattle and other similar animals. Human illness typ-
ically follows the consumption of food or water that has
been contaminated with cow feces. The illness it causes is
often a severe and bloody diarrhea and painful abdominal
cramps, without much fever. Hemorrhagic colitis, com-
monly referred to as ‘hamburger disease’ or ‘barbecue sea-
son syndrome’, is a recognised type of emerging foodborne
illness. The bacteria can produce verocytotoxin which
damages the lining of the intestine resulting in diarrhea and
pain. While most people recover from this disease within
two weeks, in three to five percent of cases, a complication
called ‘hemolytic uremic syndrome’ (HUS) can occur seve-
ral weeks after the initial symptoms. This illness affects the
kidneys and blood. Severe complications include temporary
anemia, profuse bleeding, and kidney failure. It is especially
dangerous to young children and the elderly. Death can re-
sult from either HUS or the intestinal disease (Canada Com-
municable Disease Report 2000, O’Connor 2002).
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Listeriosis is an illness caused by the Listeria spp. pre-
sent in soil and water. Animals such as cattle and sheep can
carry it without appearing ill and can contaminate foods of
animal origin such as meats and dairy products. About ten
per cent of healthy persons may also harmlessly carry this
organism in their bowel. Symptoms can be similar to the flu,
with fever, muscle aches, and often gastrointestinal symp-
toms such as nausea or diarrhea. Listeriosis can be deadly if
it encounters meningitis, an infection of the fluid around the
brain, causing headache, stiff neck, confusion, loss of bal-
ance, or seizures (Eley 1992¢).

Salmonellosis Salmonella is widespread in the intestines
of birds, reptiles, and mammals. Tt is alse found in food
such as raw eggs and egg products, meat and meat products,
and poultry. The organism can spread to humans via a vari-
ety of different foods of animal origin. Illness may occur
after individuals eat food or drink water contaminated with
faeces. The bacteria multiply in the small intestine and in-
vade the intestinal lining, The illness caused by Sa/monella
typically includes fever, diarrhea, and abdominal cramps.
Dehydration, especially among infants, may be severe. In
persons with poor underlying health or weakened immune
systems, it can invade the bloodstream and cause life-threat-
ening infections (Eley 1992a).

Shigellosis is commonly known as ‘bacillary dysentery’.
Shigellosis occurs throughout the world and is most often
associated with children under ten years. If the disease is
not properly treated, it can be fatal. Symptoms such as diar-
thea, fever, nausea, vomiting, and cramps are most common.
Blood may also be found in the feces (Eley 1992¢).

Staphylococcal food poisoning or food intoxication syn-
drome was first studied in 1894 (Jay 2000). Staphylococcal
gastroenteritis i1s caused by the ingestion of enterotoxins
produced by some strains of Staphylococcus aureus (Van-
derzant and Splittstoesser 1992). The toxin is not destroyed
by cooking. Although the illness may be of short duration,
usually less than two days, it can become very severe. In
processed foods in which S. awreus should have been des-
troyed by processing, the reappearance of this particular
bacterium can cause damages to food industries as it is a
vector of food poisoning. It may be inferred that sanitation
or temperature control or both are inadequate. There is no
guarantee that foodstuff is safe enough for consumption,
although only a trace amount of 5. aureus is present. Natu-
ral preservaiives such as spices and plant essential oils can
be used as additives instead of chemical preservatives be-
cause food remains safe for consumers while S. aureus is
eliminated (Oonmetta-aree et al. 2006).

Hepatitis A is caused by the Hepatitis A virus. Many
adults and most children may be infected but have no or
very mild symptoms. These symptoms may be followed by
jaundice which is the yellowing of the skin and the whites
of the eyes. People with symptoms may be iil for a few days,
but most people do not feel fully recovered for quite a few
weeks. In some rare cases, people are severely ill for seve-
ral months with liver failure and death occasionally occur
(http:/fwww health. gov.ab.ca/about/about html).

Norwalk virus (s an extremely common cause of food-
borne tllness, though it is rarely diagnosed, because the
laboratory test is not widely available. It causes an acute
gastrointestinal illness, usually with more vomiting than
diarrhea, that resolves within two days. Outbreaks of Nor-
walk virus gastroenteritis are often associated with con-
sumption of contaminated oysters (Tian et al. 2006). The
viruses spread primarily from one infected person to an-
other. Infected kitchen workers can contaminate a salad or
sandwich as they prepare it, if they have the virus on their
hands. Infected fishermen have contaminated oysters as
they harvested them.

Amoebiasis is an intestinal disease caused by the para-
site ‘Entamoeba histolytica’. The disease is commonly
known as ‘amoebic dysentery’ and results when the parasite
invades the wall of the large intestine, forming ulcers in the
process. Community outbreaks usually involve water sup-
plies contaminated with the cysts of the parasite. Invasive
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amoebiasis is a potentially fatal condition. It ranks third on
a global scale after malaria and schistosomiasis as a cause
of death among people with parasitic infections. Infection
with has been reported to be an important cause of acute
and chronic diarrhea in HIV patients (Arenas-Pinto et al.
2003).

Giardiasis caused by the parasite Giardia lamblia (syn.
Giardia intestinalis, Giardia duodenalis). The disease oc-
curs world-wide although it is more common in areas with
poor sanitation. Children appear to be infected more fre-
quently than adults. The parasite produces cysts which are
responsible for the spread of the disease. Feces containing
these cysts can contaminate both water and food. Species
within this genus cause human giardiasis, which probably
constitute the most common causes of protozoal diarrhoea
worldwide, leading to significant morbidity and mortality n
both developing and developed countries (Caccido et al
2005).

Lipid oxidation

It is now widely accepted that apart from microbial spoilage,
lipid oxidation 1s the primary process by which quality loss
of muscle foods occurs (Buckley er al. 1995). Lipid oxida-
tion in muscle foods is initiated in the highly unsaturated
phospholipid fraction in subcellular biomembranes (Gray
and Pearson 1987). Lipid hydroperoxides formed during the
propagation phase of the peroxidation process are unstable
and are reductively cleaved in the presence of trace ele-
ments to give a range of new free-radicals and other non-
radical compounds including alkoxyl and alkyl radicals,
aldehydes, ketones, and a range of carboxyl compounds
which adversely affect nutritive value, texture, color, flavor,
and more seriously, the safety of muscle food (Buckley e al.
1995). Oxidative deterioration of fat components in foods is
responsible for the rancid odors and flavors which decrease
nutritional quality. Undesirable flavors in precooked meats
are caused by volatile compounds such as hexanal, pentanal,
2.4-decadienal, 2,3-octanedione, and 2-octenal (St. Angelo
et al. 1987, Trout and Dale 1990; Kerler and Grosch 1996).

The addition of antioxidants is required to preserve food
quality. Many plants can extend shelf life by slowing oxida-
tion. Rancidity development is an oxidative process that can
be blocked by antioxidants, which block formation of free
radicals by donating electrons or hydrogen ions to halt the
oxidative process. Oxidative damage is thought to be a fac-
tor in cardiovascular disease, cancer, neurological disorders,
arthritis, and other aging-related degenerative diseases. The
benefits of anttoxidant are not just limited to food preserva-
tion. In the human body, free radicals are initiated by a
number of processes such as heat, UV light, radiation, alco-
hol, and tobacco. Antioxidants prevent damage from reac-
tive oxygen species to tissues throughout the body. Free-
radical damage to cells can limit the ability of cells to fight
cancer or to limit aging. Numerous studies have indicated
that lipid oxidation may be controlled through the use of
antioxidants (Gray et al. 1996 El-Alim et al. 1999, McCar-
thy et al. 2001; Ahn er al 2002; Sanchez-Escalante ef al.
2003) Synthetic antioxidants from phenolic compounds
such as butylated hydroxytoluene (BHT), butylated hyd-
roxyanisole (BHA), tertiary butylhydroquinone (TBHQ),
and propyl gailate {PG) have long been used in the food
industry, but their use has recently come into dispute to a
suspected carcinogenic potential (Chen ef al. 1992) and the
general rejection of synthetic food additives by consumers,
BHA was shown to be carcinogenic in animal experiments.
At high doses, BHT may cause internal and external hemor-
rhagic, which contributes to death in some strain of mice
and guinea pigs. This effect is due to the ability of BHT to
reduce vitamin K-depending blood-clotting factor (Ito ef al.
1986). Therefore, the importance of replacing synthetic
antioxidants by natural ingredients is obvious according to
health implications.

Many plants have high antioxidant activity and are used
in many food applications (Hirasa and Takemasa 1998).
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Table 2 Studies on antimicrobial activities of well-known Zingiberaceae species.

Microorganisms

Common Zingiberaceae spp.

Alpinia galanga Boesenbergia Curcuma longa Zingiber officinale Zingiber
pundurata zerumbet
Aspergillus niger Konning et al. 2004
Bacillus cereus Jagannath and Alzoreky and Nakahara 2003
Radhika 2006
Bacillus subtilis Konning et al. 2004
Candida albicans Haraguchi ef af. 1996, Janian ef al. 2003 Sacchetti et al. 2005 Kouning ef al. 2004, Sacchetti et al
Jantan et al. 2003 2005
Cryptococcus neoformans Jantan er al. 2003 Jantan et af 2003
Dengue virus Kiat et al. 2006
Entamoeba histolytica Sawangjaroen er al. Sawangjaroen et af. Sohni and Bhatt 1996 Sawangjaroen
2006 2006 et al 2006
Escherichia coli Jagannath and Alzoreky and Nakahara 2003, (-)
Radhika 2006
Escherichia coli O157: H7 Konning et al. 2004; Samy 2005, (-)
Giarrdia intestinalis Sawangjaroen et al. Sawangjaroen et al. Sawangjaroen
2005 2005 et al 2005

Haemophilus influenza
Helicobaciter pylori
Listeria monocytogenes

Mycobacterium tuberculosis  Phongpaichit et al.
2006

Pseudomonas aeruginosa
Salmonella spp. Thongson et al. 2004,

2005

Thongson ef al.
2004, 2005

Phongpaichit et al
2006

Thongson et al.
2004, 2005

Akoachere er al. 2002

Mahady ef al. 2005

Alzoreky and Nakahara. 2003, (-);
Leal er al. 2003, Thongson et al.
2004, 2005

Mahady et al. 2005
Leal et al. 2003,
Thongson ef al.
2004, 2005

Konning ef al. 2004; Samy 2005, (-)

Thongson et al. Alzoreky and Nakahara 2003

Qonmetta-aree et al.
2006,
Voravuthikunchal et
al 2005b, 2006d

Staphylocaceus aureus
al. 2005b, 2006d

Streptococcus mutans
Streplococcus preumoniae
Streptecoccus pyogenes
Trichophyton mentagrophytes

Hwang et al. 2004

1985

Voravuthikunchai er

2004, Jagannath and
Radhika 2006
Jagannath and
Radhika 2006

Akoachere ef al 2002; Alzoreky and Voravuthi-
Nakahara 2003, (-); Konning efal.  kunchai ef al.
2004; Samy 2005; Voravuthikunchai 2005b, 2006d
et al. 2005b, 2006d

Akoachere ef al. 2002
Akoachere et af. 2002

Janssen and Scheffer

Natural antioxidants have been isolated from various kinds
of plant materials such as oilseeds, leaves, roots, spices,
herbs, cereal crop, vegetables, and fruits (Ramarathnam et
al. 1995). A number of studies deal with the antioxidant
activity of extracts from herbs and spices (Economou et al.
1991; Kikuzaki and Nakatani 1993; Cuvelier ef al. 1994; Lu
and Foo 2001). Among natural antioxidants, plant-derived
phenolic compounds are in the forefront as they are widely
distributed in the plant kingdom. This may be applicable to
such diverse areas as human health and the preservation of
food lipids. The antioxidative potential in herbs is related to
their redox properties of phenolic compounds. The antioxi-
dant action s sumilar to synthetic phenolic antioxidants
which allow them to act as reducing agents, hydrogen dona-
tors and singlet oxygen quenchers {Caragay 1992, Rice-
Evans et al. 1997).

POPULAR MEMBERS OF FAMILY
ZINGIBERACEAE USED IN FCOD PRESERVATION

It is a perennial herb with a modified fleshy stem termed the
rhizome, which occurs below ground. Some common mem-
bers of family Zingiberaceae have been extensively used as
condiment for flavoring. Many species are frequently pres-
cribed by practitioners of traditional Thai medicine for
treating stomach-ache, carminative, diarrhea, and dysentery.
Important studies of the antimicrobial activities of impor-
tant species are presented in Table 2. However, results from
different laboratories may be varied since antimicrobial pro-
perties depends on several factors such as type, composition
and concentration of spices, extraction method, and num-
bers of contaminating microorganisms. In addition to their
antimicrobial activities, it has been reported that all tropical

ginger extracts have antioxidant activities (Jitoe et al. 1992).
Moreover, several plants in this family have been used in
Thai traditional treatment of allergy and allergic-related dis-
eases (Tewtrakul and Subhadhirasakul 2006). In this com-
munication, the species that provide most of the known
benefits to human beings will be reviewed in detail. These
nclude Alpinia galanga (galanga), Boesenbergia pandurata
(krachai), Curcuma amada (mango ginger), Curcuma longa
(turmeric), Curcuma zedoria (zedoary), Kampferia galanga
{proh hom), Zingiber officinale (ginger), and Zingiber ze-
rumbet (zerumbet ginger). Their potential uses as food pre-
servatives are discussed. Some other species with fewer ap-
plications will only be briefly mentioned.

Alpinia galanga (L.} Willd.

Syn. Alpinia galanga (Linn); Languas galanga. Common
names; da liang jiang, el adkham, el galanga, galanga, ga-
langa de I'inde, galanga maior, galanga majeur, galangal,
galgant, grand galanga, greater galanga, grober galgant,
hang dou kou laos, herbe indienne, java galanga, khaa, len-
kuas, naukyo, riéng, siamese galanga, siamese ginger, stor
kalanga, ulanjan (Plate 1).

A tropical plant, 2 member of the ginger family, is na-
tive to Southern China, South East Asia, and West Africa.
Galanga is a perennial growing up to seven feet tall. The
leaves are lanceolate while the flowers are small greenish-
white and the fruit is orange-red. Galanga has characteristic
fragrance as well as pungency. The rhizome is a hot, sweet,
spicy aromatic root-stock like ginger with slightly sour and
peppery notes. It is commonly used in stir-fries, curries and
soups in the Eastern-Caribbean, and Southeast Asia kitchen.
Galanga is commomly used as a flavoring especially in the
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Plate 1 Alpinia galanga (L.) Willd.

OAc

AO—J:HCHA:HZ

1'-Acetoxychavicol acetate

Fig. 1 I’-Acetoxychavicol acetate isolated from the rhizomes of 4lpi-
nia galanga (L.) Willd.

preparation of fresh Thai curry paste and Thai soup (Uhl
and Mermelstein 1996, Oonmetta-aree et al. 2006). The rhi-
zome is used as a medicine for curing allergy, bad breath,
bronchial catarrh, dyspepsia, fever, rheumatism, stomach-
ache, throat infections, toothache, ulcers, and whooping
cough in children (Yang and Eilerman 1999; Yoshikawa er
al. 2004).

With regard to biological activities, it has been shown
that essential oils from both fresh and dried rhizomes of ga-
langa exhibit antimicrobial activities against Gram-positive
bacteria, fungi, yeast, and parasite (Farnsworth and Bunya-
praphatsara 1992). Essential oil from the rhizomes com-
prised 1,8-cineole, B-pinene, a-terpineol, fenchyl acetate, a-
pinene, camphene, guaiol, camphor and B-elemene (Raina
et al. 2002). In dried galanga, the essential oil has quanti-
tatively different composition than in fresh one. Whereas a-
pinene, 1,8-cineol, a-bergamotene, trans-p-farnesene and f-
bisabolene seem to contribute to the taste of fresh galanga
equally, the dried rhizome shows lesser variety in aroma
components (cineol and farnesene). The chemical constitu-
ents, cineole, camphor, 8-pinene, methyl cinnamate, and vo-
latile essential oil, were reported to be effective against der-
matophytes, filamentous fungi, and yeast-like fungi inclu-

ding C. albicans and Crypiococcus neoformans (Jantan et al.

2003). It has been reported that terpinen-4-ol, one of the
monoterpenes in the essential oil from fresh galanga rhi-
zomes, contains an antimicrobial activity against Trichophy-
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ton mentagrophytes (Janssen and Scheffer 1985).

It is well-documented that 1’-acetoxychavicol acetate
(ACA) (Fig. 1) (Voravuthikunchai ef al. 2007), the major
constituent isolated from an ethanolic extract of dried ga-
langa rhizomes possess antimicrobial activities. This sub-
stance is present in some other plants in the Zingiberaceae
family. It has been demonstrated to be very active against S.
aureus (Voravuthikunchai et al. 2005b; Oonmetta-aree et al.
2006, Voravuthikunchai et al. 2006d), Mycobacterium tu-
berculosis (Palittapongarnpim et al. 2002), many dermato-
phyte species (Janssen and Scheffer 1985), E. histolytica
(Sawangjaroen et al. 2006), and Giarrdia intestinalis (Sa-
wangjaroen ef al. 2005). The galanga extract had the great-
est inhibitory effect against S. aureus, compared to ginger,
turmeric, and krachai (Oonmetta-aree et al. 2006). As have
been mentioned earlier that different results may occur from
different laboratories. Khattak et al. (2005) have reported a
weak inhibition activity of ethanolic extracts of Bosenber-
gia pandurata against S. aureus while we found better acti-
vity from chloroformic extracts of this plant (Voravuthi-
kunchai et al. 2005b, 2006d). The antimicrobial effect of
the extract depends on many factors such as extractive sol-
vents, the exposure time and the bacterial cell concentration.
It has been demonstrated that the methyl ester penetrated to
the hydrophobic regions of the membranes and the carboxyl
groups pass through the cell membrane, perturbed internal
pH and denatured proteins inside the cell which resulted in
coagulation of cell contents (Marquis et al. 2003; Qonmet-
ta-aree ef al. 2006). Furthermore, it disrupted the cytoplas-
mic membrane function of S. aureus cells which resulted in
a loss of cytoplasmic constituents and ions. In contrast, the
extract could not inhibit the growth of E. coli because the
extract could not penetrate through the outer membrane
which was composed of a lipopolysaccharide monolayer
surrounding the cell wall that restricts diffusion of hydro-
phobic compounds (Burt 2004).

Galanga extract may be a possible additive for meat and
meat products. The potent antioxidant activity of curcumi-
noids isolated from A. galanga was reported (Barik et al
1987; Cheah and Abu Hasim 2000; Siripongvutikorn et al.
2005). Two phenolic compounds, p-hydroxycinnamalde-
hyde and di-p-hydroxy-cis-styryl methane, were isolated
from the chloroform extract of the rhizomes (Barik er al.
1987). Cheah and Abu Hasim (2000) reported the antioxida-
tive effect of galanga in raw and cooked minced beef during
storage at 4°C. It was found to delay the induction period of
lipid oxidation and affect microbial growth in cooked beef.
The application of dried galanga powder and its ethanolic
extracts has been demonstrated to enhance oxidative stabi-
lity of meat. Furthermore, its free radical scavenging_ acti-
vity, superoxide anion radical scavenging activity, Fe™ che-
lating activity, lipoxygenase inhibitory activity, and redu-
cing power have been documented (Juntachote and Berg-
hofer 2005). Some components found in galagal root are ef-
fective in inhibiting tumors in the digestive tract (Murakami
et al. 1993, 1995). The ability of ACA to act as an antiulcer,
antitumor agents as well as an inhibitor of chemically in-
duced carcinogenesis is event (Murakami et al. 2000).

Boesenbergia pandurata (Roxb.) Schitr.

Syn. Boesenbergia pandurata Holtt, Boesenbergia pandu-
rata (Roxb.) Holtt.; Boesenbergia rotunda (L.) Mansf
Kaempferia pandurata Roxb. Common names: Chinese
ginger, finger root, krachai, temu kunci (Plate 2).

B. pandurata, the yellow variety, 1s a perennial herb
found in Southern China and Southeast Asia. A tall ginger
has the long tubers sprouting in the same direction from the
middle of the rhizome with large beautiful pink-purple
flowers. There are culinary applications of its rhizome as a
spice in Thai and Indonesian kitchen. “Thai ginger’ or ‘Thai
krachai’ is used for similar purposes as ginger in Thai cui-
sine. It is one of the plants in the primary health care project
of Thailand for medical purposes such as treatment of diar-
rhea, dyspepsia, inflammation, and wounds.
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Plate 2 Boesenbergia pandurata (Roxb.) Schitr.
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Fig. 2 Main chemical constituents isolated from the rhizomes of Boe-
senbergia pandurata Holtt.

Regarding the chemical constituents of B. pandurata,
there are many reports on chalcones (Trakoontivakorn ef al.
2001), flavonols (Jaipetch et al. 1983), flavones (Jaipetch et
al. 1982), and essential oil (Pandji er al. 1993). Flavonoids
such as boesenbergin A, boesenbergin B, panduratin A, pan-

duratin B, cardomin, cardamonin, pinostrobin, pinocembrin,
alpinitin, 5-hydroxy-7-dimethoxyflavanone (Jaipetch et al.
1982; Jaipetch er al. 1983; Pancharoen et al. 1987; Pandji et
al. 1993), and 1,8-cincole are recognised as the bioactive
compounds (Pancharoen ef al. 1987). Main chemical consti-
tuents isolated from the rhizomes of B. pandurata are pre-
sented in Fig. 2 (Voravuthikunchai ef al. 2007).

A broad range of biological activities have been attrib-
uted to B. pandurata. These include antibacterial (Palitta-
pongarnpim et al. 2002; Voravuthikunchai et al. 2005b,
2006d) and anti-giardial (Sawangjaroen et al. 2005) acti-
vities. Finger root contains 1-3% of essential oil. Several
aroma components from its rhizomes contained high levels
of 1-8 cineol, camphor, 8-borneol, methyl cinnamate, gera-
niol, and camphene being the most important. Trace compo-
nents are 8-pinene, zingiberene, zingiberone, curcumin, and
zedoarin. The oil of Boesenbergia pandurata thizomes has
been reported to be effective against dermatophytes, fila-
mentous fungi and yeast-like fungi including C. albicans
and C. neoformans (Jantan et al. 2003). Its activities against
S. mutans (Hwang et al. 2004), L. monocytogenes and S.
Typhimurium have been reported (Thongson ef al. 2005). In
our series of studies, we found that among the three flavo-
noids, alpinetin, pinocembrin, and pinostrobin, isolated
from methanolic extract of B. pandurata, pinocembrin was
the most potent antimicrobial compound. Tt exhibited acti-
vity against S. aureus (MIC 256 pg/ml) (Voravuthikunchai
et al. 2006d), E. histolytica (MIC 125 pg/ml) (Sawangja-
roen ef al. 2006) M. tuberculosis (MIC 25 pg/ml (Phongpai-
chit et al. 2006), and M. gypseum (MIC 32 pg/ml) (Phong-
paichit ef al. 2005). However, it showed no effect on C. al-
bicans (Phongpaichit et al. 2005).

Moreover, this plant also displayed antimutagenic (Tra-
koontivakorn ef al. 2001), antitumor (Murakami et al. 1993,
1995), anti-hepatocarcinogenic (Tiwawech e al. 2000), anti-
inflammatory, analgesic, and antipyretic activities (Pathong
et al. 1989). Both natural and synthetic chalcones are known
to exhibit immunostimulatory activities (Barfod et al. 2002),
anti-inflammatory (Tuchinda et al. 2002), anticancer (Say-
dam et al. 2003), and anti-tuberculosis (Lin et al. 2002).
Panduratin A, sakuranetin, pinostrobin, pinocembrin, and
dihydro-5,6-dehydrokawain from chloroform extracts of the
rhizomes were reported to be responsible for the anti-
inflammatory effect (Tuchinda ef al. 2002). In addition, the
chloroform and methanol extracts of B. pandurata have
been reported to have HIV-1 protease inhibitory activity
(Trakoontivakorn e al. 2001).

It is obvious that this plant may have a high potency to
be used as a food additive since it possesses appreciable
antibacterial activities. Its safety is also supported by a pre-
vious report on the low toxicity and lack of mortality in rats
after 7 days of treatment (Pathong et al. 1989).

Curcuma amada Roxb.

Common names: amada, amba haldi, mango ginger (Plate 3).

The main use of C. amada, or mango ginger rhizome is
in the manufacture of pickles. It has a morphological and
phylogenic resemblance with ginger but imparts a mango
(Mangifera indica) flavor. Themango flavor is mainly at-
tributed to car-3-ene and cis-ocimene among the 68 volatile
aroma components present in the essential oil of mango gin-
ger rhizome (Singh ef al. 2002, 2003). The mango ginger
rhizome has been extensively used as an appetizer, alexteric,
antipyretic, aphrodisiac, and laxative. In Ayurveda, it has
been applied to cure biliousness, itching, skin diseases, bron-
chitis, asthma, hiccough and inflammation as a result of in-
juries (Warrier et al. 1994). High antibacterial activity of di-
furocumenonol, a new antimicrobial compound from man-
go ginger against a wide range of bacteria has been recently
demonstrated (Policegoudra et al. 2006). Difurocumenonol
possesses four-hydroxyl, six-methyl and one-carbonyl
groups along with two furan rings. Difurocumenonol by vir-
tue of possessing two furan rings, which are aromatic in
nature, thus possesses units, which are capable of exhibiting
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Plate 3 Curcuma amada Roxb.

delocalization of electrons, a feature that has been proposed
to be responsible for increased antibacterial activity (Ultee
et al. 2002). These may account for the enhanced activity of
difurocumenonol compared with its source extract. The
bioactivity of difurocumenonol may be similar to several
other compounds like curcumin, capsaicin, caffeic acid, car-
vacrol, eugenol and menthol (Apisariyakul et al. 1995; Ci-
chewicz and Thorpe 1996; Ali-Shtayeh et al. 1997; Cowan
1999). In addition, the presence of hydroxyl groups in plant
derivatives has been associated with many biological acti-
vities (Phillipson 1995; Halliwell et al. 1995, Tess et al.
1999; Laurence et al. 2001, Tegos et al. 2002; Adewole et
al. 2004; Burt 2004). The hydroxyl group may be actively
responsible for depletion of ATP-dependent metabolic func-
tions, ultimately leading to cell death (Ultee et al. 2002).
Further, the presence of oxygen function in the framework
of the compound increases the antibacterial properties (Nai-
gre et al. 1996).

Curcuma longa L.

Common names: curcuma, cucurmin, geelwortel, huldi, gel-
bwurz haldi, Indian safran, kakoenji, koenir, koenjet, koen-
jit, kondin, kurkuma, kunir, kunyit, oendre, rame, renet, saf-
randes indes, temu, temu kuning, tius tumeric, turmeric,
ukon goeratji (Plate 4).

This perennial plant is native to Indonesia, India, South
and Southeast Asia. When the roots of Curcuma longa are
dried and ground, the result is a yellowish-orange powder
called ‘turmeric’ (Indian saffron). Turmeric is an ancient
spice and a traditional remedy that has been used as a medi-
cine, condiment and flavoring. There is also a vegetable
which has all the properties of the true saffron, as well as
the color, and yet 1t is not really saffron. From thousand of
years turmeric has been used with no side effects. Curcumin
is the active ingredient in turmeric which has been shown to
have a wide range of therapeutic effects and can be used as
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Plate 4 Curcuma longa L.

natural preservative. Powdered turmeric, or its extract, is
found in numerous commercially available botanical sup-
plements. Studies have also shown that curcumin even in
large quantities does not produce any known side effects in
humans. The FDA classifies turmeric as GRAS (General
Recognized as Safe).

The presence of carotenoids is responsible for its lemon
yellow color. It has a bitterish, slightly acrid taste and a pec-
uliar fragrant odor. It is one of the principle ingredients of
curry powder. It is also used in pickles, relishes, and mus-
tards as a coloring and flavoring agent. Turmeric has found
application in canned beverages, baked products, dairy pro-
ducts, ice cream, yogurts, yellow cakes, biscuits, popcorn-
color, sweets, cake icings, cereals, sauces, gelatines, direct
compression tablets, etc. In combination with Annatto
(E160D) it has been used to color cheeses, dry mixes, salad
dressings, winter butter, and margarine. Interestingly, y—ir-
radiation showed no effect on the color of turmeric (Chat-
terjee et al. 1998).

In Ayurvedic medicine, turmeric, the powdered rhizome
of the herb has traditionally been used as a treatment for
epilepsy, bleeding disorders, skin diseases, fevers, diarrhea,
urinary disorders, poisoning, cough, lactation problems as
well as inflammation, wounds and tumors (Ammon and
Wahl 1991). The rhizome of C. longa has long been used in
Thai traditional medicine for treatment of itching and other
skin diseases (Tewtrakul and Subhadhirasakul 2006). The
Chinese use turmeric to improve digestion, reduce gas, and
to stimulate bile production in the liver. The rhizome are
crushed fresh and the juice was mixed with water and used
as a treatment for ear infections, cleaning the nasal passages.
Herbalists recommend it for many health disorders like di-
gestive disorders, irritable bowel syndrome, colitis, Crohn’s
disease, diarrhea, and post-salmonella infection, skin disea-
ses, wound healing, eye disorder, atherosclerosis, and liver
problems. It improves beneficial intestinal microbiota,
while inhibiting certain harmful bacteria.



Functional Zingiberaceae compounds. Supayang P. Voravuthikunchai

OCH, Hs
Curcumin Keto form
4] OH
O h 7 O
HO' OH
OCHy OCH,4

Curcumin Enol form

Fig. 3 Curcumin from the rhizomes of Curcuma longa L.

Curcumin (Fig. 3) (http://en wikipedia.org/wiki) is
known for its antimicrobial (Martins et al. 2001), anti-in-
flammatory, antioxidant (Nakatani 2000), anticancer (Surh
1999), and anti-allergic (Yano et al. 2000) properties. The
active components of turmeric are the curcuminoids (Xu ef
al. 2006). Interestingly, the rhizome has liver protection
properties. This juice is taken one spoon for children and
one to two for adults, once a day for 10 to 15 consecutive
days for hepatitis. In preclinical animal studies, turmeric
has shown anti-inflammatory (Aratjo and Leon 2001), can-
cer-chemopreventive and antineoplastic properties (Kelloff
et al. 1996). Curcumin appears to be able to act at multiple
sites to reduce inflammation (Aggarwal ef al. 2003; Lantz
et al. 2005). Turmeric has proven to decrease blood lipid
peroxides in humans (Ramirez-Bosca ef al. 1995, 1997) and
prevent ulcers (Prucksunand er al. 2001). It also protects the
liver from chemical injury (Sohni and Bhatt 1996; Song et
al. 2001), and alleviate pain from arthritis (Kulkarni ef al.
1991). A recent study showed that turmeric dramatically
lowers blood fibrinogen levels (Dean 2000). Fibrinogen is a
substance in the blood that is responsible for the final step
in the blood clotting cascade. The formation of blood clots
may cause heart attacks or strokes (Olajide 1999). High fib-
rinogen levels have been shown to be an even more signifi-
cant risk factor for heart disease and stroke than cholesterol.

Curcuma zedoaria (Christm.) Roscoe

Common name: white turmeric, zedoary, zedoary root
(Plate 5).

It is found in the East Indies and Cochin-China. There
are two kinds of zedoary, the long and the round, distin-
guished by the names of radix zedoaria longae (Curcuma
Zerumbet, the Long Zedoary of the shops) and radix zedo-
aria rotundae. The long is in slices, or oval fingers; the
round in transverse, rounded sections, twisted and wrinkled,
greyish-brown in color, hairy, rough, and with few root
scars. The odor is camphoraceous, and the taste warm, aro-
matic, and slightly bitter, resembling ginger. The powder is
colored brown-red by alkalis and boric acid. The zerumbet
has been erroneously confused with the round zedoary. The
main chemical components are curzerenone 22.3%, 1-8 cin-
eole 15.9%, germacrone 9% (Purkayastha et al. 2006). Cur-
cuma zedoaria has been used as a substitute for Curcuma
longa. 1t is used in flatulent colic and debility of the di-
gestive organs. It is used as an ingredient in antiperiodic
pills and antiperiodic tincture. It has recently been reported
to show anti-allergic activity (Matsuda er al. 2004).

Kaempferia galanga

Common name: Proh hom (Plate 6).
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Plate 5 Curcuma zedoaria (Christm.) Roscoe.

Plate 6 Kaempferia galanga.

It is an acaulescent perennial that grows in Southern
China, Indochina, Malaysia and India. Essential oils from
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its rhizomes have been used in Thai traditional medicine for
indigestion, cold, pectoral and abdominal pains, headache
and toothache urticaria and allergy. The rhizomes have been
used in Chinese medicine as an aromatic stomachic. Its al-
coholic maceration has also been applied as liniment for
rheumatism (Keys 1976).

The constituents of this rhizome consist of cineol, bor-
neol, 3-carene, camphene, kaempferol, kaempferide, cinna-
maldehyde, p-methoxycinnamic acid, ethyl cinnamate, and
ethyl p-methoxycinnamate. Ethyl p-methoxycinnamate was
reported to inhibit monoamine oxidase (Noro et al. 1983).
The rhizome extract of K. galanga exhibited inhibitory acti-
vity against Epstein-Barr virus (EBV) (Vimala et al. 1999).
The methanolic extract of K. galanga, which identified as
ethyl cinnamate, ethyl p-methoxycinnamate and p-metho-
xycinnamic acid, showed larvicidal activity against Toxo-
cara canis (dog roundworm) (Kiuchi et al. 1988). K. galan-
ga extract possessed effective amoebicidal activities for
Acanthamoeba culbertsoni, Acanthamoeba castellanii, and
Acanthamoeba polyphaga, the causative agents of granulo-
matous amoebic encephalitis and amoebic keratitis (Chu et
al. 1998). Pitasawat ef al. (1998) demonstrated significant
larvicidal activity of this plant species against Culex quin-
quefasciatus.

Zingiber officinale

The genus Zingiber has about 85 species of aromatic herbs
mostly distributed in East Asia and tropical Australia (Mab-
berley 1990). The term ‘Zingiber’ is derived from the San-
skrit word ‘shringavera’, owing to their ‘horn-shaped’ rhi-
zomes (Sabulal et al. 2006). Zingiber species are rich in
volatile oils and are used in traditional medicine and as spi-
ces. Ginger is on the GRAS list from FDA, however, like
other herbs, ginger may be harmful because it may interact
with other medications, such as warfarin.

Even though ginger is native to Southeast Asia, it is
widely used in both western and oriental dishes. Oleoresin
from ginger roots can be found in ginger ale, gingerbread,
gingersnap cookies, ginger tea, ginger wine, cordials and
candies, as well as a number of great Chinese, Indian, and
Jamaican dishes. It has been used in Indian traditional me-
dicine for relief from arthritis, rheumatism, sprains, mus-
cular aches and pains, congestion, coughs, sinusitis, sore
throats, diarrhoea, cramps, indigestion, loss of appetite, mo-
tion sickness, fever, flu, chills, etc. (Varier 1996). In ad-
dition to its aromatic contribution to a food, ginger tea is
often used to improve circulation, aid digestion, and treat
nausea from motion sickness, pregnancy or chemotherapy.
Medical research has shown that ginger root is an effective
treatment for nausea caused by motion sickness or other ill-
ness (Ernst and Pittler 2000).

Organic compounds present in ginger include zingiberol,
zingiberene (Fig. 4), bisabolene, a-curcumene, linalool, cin-
eole, gingerol, and gingerone (Xu 1990). Volatile oils from
the rhizomes of Z. officinale (Plate 7) have been charac-
terised (Pino et al. 2004). The volatile oil of ginger contains
zingiberene, a-curcumene and farnesene, while the pungent
taste is due to gingeroles and zingerone. Zingiberene and a-
curcumene, the major constituents in most of the rhizome
oils of Z officinale, are known for insecticidal, repellent
and insect feeding deterrent activities (Sakamura et al. 1986,
Millar 1998; Pino et al. 2004).

The ethnomedical and pharmacological activities of Z.
officinale have been reviewed by various authors (Afzal et
al. 2001). In addition to its antioxidant (Nakatani 2000) and
antimicrobial activities (Martins ez al. 2001; Wang and Ng.
2005), ginger is most noted for its actions to safely relieve
nausea from many causes including morning sickness, laby-
rinthitis, and motion sickness (Ernst and Pittler 2000) im-
prove digestion (Gupta and Sharma 2001) lower cholesterol
(Bhandari er al. 1998) and prevent seizures (Minami et al.
2000). It has been used as anti-asthmatic agent in Thal tra-
ditional medicine (Wutthithamavet 1997). It can prevent
cancer (Surh 1999) and the formation of blood clots which
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Fig. 4 Zingiberene from the rhizomes of Zingiber officinale.

Plate 7 Zingiber officinale.

may cause heart attacks or strokes (Olajide 1999; Koo et al.
2001). It also protects the liver from chemical injury (Sohni
and Bhatt 1996; Song et al. 2001) and alleviate pain from
arthritis (Kulkami ez al. 1991; Altman and Marcussen 2001).

Zingiber zerumbet (L.) Roscoe ex Sm.

Common names: broad-leaved ginger, pinecone ginger,
pine-cone ginger, shampoo ginger, wild ginger, zerumbet
ginger (Plate 8).

Z. zerumbet is native to Southeast Asia but has been
widely cultivated in tropical and subtropical areas around
the world. Tt grows to about seven feet tall with long narrow
leaves arranged oppositely along the stem. In mid to late
summer, separate stalks grow out of the ground with green
cone-shaped bracts that resemble pinecones. The green cone
turns red over a couple of weeks and then small creamy yel-
low flowers appear on the cone. In some locales, this plant
is known as the ‘pinecone ginger’, but it is most widely
known as the ‘shampoo ginger’ for the creamy liquid sub-
stance in the cones.

The rhizomes are mashed with salt and used to treat
headaches. It has been used as against tooth and stomach-
ache, antiflatulant, and anti-inflammatory agent (Wutthitha-
mavet 1997). Chemical composition of the volatile oils from
different parts of Z. zerumbet have been characterised
(Chane-Ming et al. 2003). Zerumbone is the major compo-
nent in rhizome oils of Z zerumber (Chane-Ming et al.
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Plate 8 Zingiber zerumbet (L.) Roscoe ex Sm.

2003; Nakamura et al. 2004). It shows potential insecticidal
(Chane-Ming et al. 2003) antibacterial (Kitayama et al.
2001) and chemopreventive (Murakami et al. 2002; Kirana
et al. 2003) activities.

The ginger family also houses many other members
which are less common such as Kaempferia parviflora. Its
rhizome is used for the treatment of allergy and gastrointes-

tinal disorders as well as an aphrodisiac (Pengcharoen 2002).

Zingiber nimmonii (J. Graham) Dalzell, an endemic
species from the Western Ghats in South India, grows both
at low and high altitudes, in moist areas under the shades of
trees (Sabu. 2003). Its rhizomes are fleshy with a yellowish
cross-section and an occasional purple tinge. The antibacte-
rial and antifungal activities of the rhizome oil of Z. nim-
monii have been reported (Sabulal e al. 2006).

Zingiber mioga Roscoe (Myoga) appears in Japanese
cuisine; the flower buds are the part eaten.

Zingiber montanum (Koening) Link ex Dietr. (Syn. Zin-
giber cassumunar Roxb.) (Phlai) It is used for the treatment
of inflammation and skin disease (Wutthithamavet 1997).
Cardamom, whose sweet, aromatic seeds contain about 8%
essential oil and a number of the previously mentioned
compounds. In the past, cardamom was used as an aromatic
in pomanders, and as an aphrodisiac. It is an essential part
of Arabic coffee, and is also used in meat and rice dishes.

Properties of rhizome oils from many other Zingiber
species such as Zingiber cassumunar (Bordoloi et al. 1999,
Tewtrakul and Subhadhirasakul 2006), Zingiber oitensii
(Thubthimthed et al. 2005), Zingiber wrayi var. halabala
(Chairgulprasert e al. 2005) have been studied.

CONCLUDING REMARKS

The literature outlines different approaches within this trend
and both the biological screening of new natural products
from family Zingiberaceae and the evaluation of new pro-
perties. For manufacturing processes of food products, qua-
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lity, safety, long-term adverse effects, and toxicity are pri-
mary concerns. To establish food product safety and ef-
ficacy, extensive safety studies including toxicity studies,
supplementary studies in animals, and clinical trials in
humans are necessary. The safety assessment of chemical
preservatives in food and food supplements is complicated.
Detailed scientific studies on the members of family Zin-
giberaceae should lead to effective application of the plant
extracts as natural food preservative agents to control spoil-
age organisms and food-borne pathogens in food industry.
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ABSTRACT

Ethanolic extracts of eight Thai medicinal plants (representing five families) that are used as traditional remedies for
treating diarrhea were examined with a salt aggregation test for their ability to modulate cell surface hydrophobicity of
enterohemorrhagic Escherichia coli strains, including E. coli O157:H7. Four of these medicinal plants, Acacia catechu, Pel-
tophorum pterocarpumn, Punica granatum, and Quercus infectoria, have high bacteriostatic and bactericidal activities. The
ethanolic extract of Q. infectoria was the most effective against all strains of E. coli, with MICs of 0.12 to 0.98 mg/ml and
MBCs of 0.98 to 3.91 mg/ml. The ethanolic extract of P. granatum had MICs of 0.49 to 1.95 mg/ml and MBCs of 1.95 to
3.91 mg/ml. Ethanolic extracts of Q. infectoria, P. pterocarpum, and P. granatum were among the most effective extracts
against the two strains of E, coli O157:H7, The other four plants, Andrographis paniculata, Pluchia indica, Tamarindus indica,
and Walsura robusta, did not have high bacteriostatic and bactericidal activities but were able to affect hydrophobicity char-
acteristics on their outermost surface, All plants except . infectoria had some ability to increase cell surface hydrophobicity.
There appears to be no correlation between antibacterial activity and cell aggregative properties,

Enterohemorrhagic Escherichia coli (EHEC) serotype
0157:H7 is an important pathogen that causes significant
human diseases, especially in developed countries. These
diseases include diarrhea (18), hemorrhagic colitis (19), and
occasionally complications such as hemolytic uremic syn-
drome and thrombocytopenic purpura (6, 10). Two types of
verocytotoxin {(VT), VT1 and VT2, have been implicated
as important factors in these diseases (21). Many antibiotics
stimulate the production and release of VT (29, 30). Anti-
biotics are effective in curing many infectious diseases, but
they may enhance selection of antibiotic-resistant bacteria.
Some pathogens rapidly become resistant to many of the
original effective drugs (3). Recently, isolates of EHEC
from food and animal feces were reported to be resistant to
cephalothin, tetracycline, and cefazolin (12).

Medicinal plants have been used by the world popu-
lation for basic health care needs and to combat many kinds
of infectious bacteria. Some plants may have novel antibi-
otics that may be effective for treating diarrhea or can be
used as food additives. Researchers have reported the an-
tibacterial activities of various species of plants against E.
coli O15T:H7 (11, 20). In a study of 38 Thai medicinal
plants, the extract of Punica granatum and Quercus infec-
toria were reported to have high activity against E. coli
0157:H7 (27). Even though use of medicinal plants has
become increasingly popular in many parts of the world,
there is little information published on the antibacterial
mechanisms of these plants. One hypothesis is that com-
pounds in these plants have an effect on cell surface hy-

* Author for correspondence. Tel: +66-7444-6661; Fax: +66-7444-6661;
E-mail: supayang.v@psu.ac.th.

drophobicity (CSH). of microbial cells. Hydrophobic inter-
actions seem to be commonly involved in prokaryotic and
eukaryotic cell interactions (5). Microbial adhesion to eu-
karyotic cells is often the first stage in many infections (/4).
Adhesion onto host cells is important in intestinal infections
with many pathogenic gram-negative bacteria and can be
influenced by the surface hydrophobicity of the microbial
cell, In a previous study of aqueous extracts from plants,
these extracts affected the CSH of gram-negative bacteria
including E. coli, Acinetobacter baumannii (25), and Hel-
icobacter pylori (1).

The present study was aimed at finding some new ad-
ditives for preserving foods. Thai medicinal plants were
selected from traditional remedies used for treating diar-
rhea. The effects of the plant extracts on CSH were inves-
tigated, and the relationship between CSH and antibacterial
effects was established.

MATERIALS AND METHODS

Tested bacterial strains, Escherichia coli O157:H7 (RIMD
05091078 and RIMD 05091083) and three other enterohemor-
thagic E. coli strains (RIMD 05091055 026:HIl, RIMD
05091056 O111:NM, and RIMD 05091556 022) were kindly do-
nated by the Research Institute for Microbial Diseases, Osaka Uni-
versity, Osaka, Japan. E. coli ATCC 25922 was used as the ref-
erence strain, Each bacterial strain was precultured in nutrient agar
{Difco, Becton Dickinson, Sparks, Md.) at 35°C overnight and
then inoculated into Mueller-Hinton broth (Difco, Becton Dick-
inson) and incubated at 35°C for 3 to 5 h. Mueller-Hinton agar
{MHA,; Becton Dickinson) was used for testing antibacterial ac-
tivity.

Preparaticn of crude extracts. Eight Thai medicinal plants
belonging to five families were studied. Parts of plants collected
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TABLE 1. Medicinal plants used in the antimicrobial assay
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Plant part Ethanolic extract

Botanical species Family tested vield (%)?
Acacia catechu (L.E) Willd. Fabaceae Wood 5.6
Andrographis paniculata (Burm, E.) Nees Acanthaceae Leaf Not done
Peltophorum prerocarpum (DC.) Backer ex K.Heyne Fahaceae Bark 7.1
Pluchea indica (L.} Less. Asleraceae Leaf 17.8
Punica granatum L. Punicaceae Fruit shetl 13.0
Quercus infectoria Oliv. Fagaceae Nutgall 18.5
Tamarindus indica L. Fabaceae Leaf 4.8
Walsura robusta Roxb, Meliaceae Wood 43

4 Weight of extracttotal dry weight X 100,

were chosen based on practices used by traditional Thai herbalists,
Botanical identification of the plant materials was verified, and
authenticated voucher specimens were deposited at the herbarium
at the Department of Pharmacognosy and Pharmaceutical Scienc-
es, Faculty of Pharmacology, Prince of Songkla University. Iden-
tification was made by comparison with authentic specimens and
in some cases with the assistance of specialists. The plants were
cut into small pieces, dried at 60°C overnight, and crushed in a
mechanical mortar, and extracts were made by soaking in 95%
ethanol at room temperature for 7 days. The solvent was then
distilled under reduced pressure in a rotary evaporator until it
became completely dry. The ethanolic extracts were dissolved in
dimethyl sulfoxide (DMSO, Merck, Darmstadt, Germany) before
use.

Salt aggregation test. The hydrophobicity of different
strains of E. coli was determined using a modification of the stan-
dard salt aggregation test (SAT) (1, 25). Cultures of E. coli strains
on nutrient agar were suspended in 0.04 M phosphate buffer
{Merck) at pH 6.8 and adjusted to the 5 McFarland turbidity stan-
dard to a final concentration of 1.5 X 10'® CFU/ml. SATs were
performed with 0.1, 0.5, 1.0, 1.5, and 3.0 M ammonium sulfate
solutions (Merck) in buffer. One hundred microliters of an am-
monium sulfate solution was added into U-shaped microtiter plate
wells, and 100 wl of standardized microbial suspension was then
added to each well to produce final concentrations of 0.05, 0.25,
0.5, 0.75, and 1.5 M ammonium sulfate. The micratiter plates
were then gently rotated for 5 min and incubated at 35°C for 30
min. The presence of aggregation was determined with light mi-
croscopy. The strains were tested for autoaggregation using 0.04
M phosphate buffer instead of ammonium sulfate. The SAT result
was defined as positive when bacterial aggregation was clearly
visible and negative when no aggregation was observed. The SAT
titer was defined as the lowest concentration at which microbes
still yielded clearly visible aggregation. Strains autoaggregating in
potassivm phosphate buffer and/or expressing SAT titers of 0.05
and 0.25 were considered highly aggregative or hydrophobic,
strains with titers of 0.5 to 1.5 were considered low aggregative.
Strains were considered nonaggregative if they did not produce a
positive SAT result even at a 1.5 M concentration of ammonium
sulfate (25).

The effect of ethanolic extracts on cell surface hydrophobic-
ity of E. coli was investigated by mixing 50 ul of ethanolic ex-
tracts (0.12 to 250 mg/ml) with 50 pl of bacterial suspension (10
McFarland turbidity standard). After 15 min, 100 pl of ammo-
nium sulfate was added to give final concentrations of 0.03 to
62.5 mg/ml. DMSO, 0.04 M phosphate buffer, and water were
included as controls. Solutions were incubated at 35°C for 30 min
before bacterial aggregation was estimated.

Determination of MIC and MBC. A meodified agar micro-
dilution method (15) was used to determine the MIC. Each etha-
nolic extract was dissolved in DMSO before use. Serial twofold
dilutions of the ethanolic extracts were made to achieve solutions
of 0.31 to 625 mg/ml. Each concentration was mixed with melted
MHA at 1:10 in 96-well sterile microtiter plates to give final con-
centrations of 0,03 to 62.5 mg/ml. Ten microliters of a 3- to 8-h
culture of bacterial strains containing approximately 10* CFU/ml
was applied to MHA supplemented with the medicinal plant ex-
tracts. The microtiter plates were then incubated at 35°C for
18 h. Observations were made in at least triplicate, and MIC was
defined as the lowest concentration of extracts that produced a
complete suppression of bacterial growth. The cultures of bacterial
strains in microtiter plate wells at or above the MIC were inoc-
ulated onto MHA and incubated at 35°C overnight, and the lowest
concentration of fractions that produced a complete kill of bacteria
was defined as the MBC.

RESULTS

The extract yield for each of the medicinal plants is
shown in Table 1. Q. infectoria has the highest yield
(18.5%), followed by Pluchea indica (17.8%) and P. gra-
natum (13.0%).

The CSH of five clinical isolates of E. coli was deter-
mined with the SAT (Figs. 1 and 2). All isolates were non-
aggregative (SAT, >1.50). E. coli ATCC 25922 (the ref-
erence strain) was low aggregative (SAT, 1.5). At high con-
centrations (7.81 to 62.5 mg/ml), the ethanolic extracts
from five plant species were aggregated with 0.05 M am-
monium suifate (highly aggregative) (Fig. 1). P. granatum
was highly aggregative at 62.5 mg/ml and low to nonag-
gregative at other concentrations. Acacia catechu was low
to nonaggregative, and Q. infectoria was nonaggregative at
every concentration (Fig. 2).

High concentrations (7.81 to 62.50 mg/ml) of five plant
species (62.5%) resulted in high aggregation when mixed
with individual bacterial strains and 0.05 M ammonium sul-
fate in the SAT (Fig. 1). Some plant extracts at concentra-
tions of 0.98 to 3.91 mg/ml were able to enhance aggre-
gation of some F. coli strains, The ethanolic extracts of
some plants such as P. granatum and A. catechu clearly
enhanced bacterial cell aggregation at high concentrations.
At concentrations lower than 7.81 mg/ml, all test isolates
were nonaggregative and E. coli ATCC 25922 was low ag-
gregative. Q. infectoria was the only plant that had no ag-
gregative effect on all bacterial strains. At 0.03 to 0.49 mg/
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FIGURE 1. Salt aggregation test (SAT) of (NH.):504 (M)
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ml (data not shown), no plant extract had any effect on the
CSH of the E. coli strains.

Antibacterial activities of the medicinal plant ethanolic
extracts against the six E. coli strains are shown in Table
2. All ethanolic extracts had activity against all strains of
E. coli. Four plants, A. catechu, Peltophorum pterocarpum,
P. granatum, and Q. infectoria, had high bacteriostatic and
bactericidal activities. The ethanolic extract of Q. infectoria
was the most effective agent against all strains of E. coli,
with MICs of 0.12 to 0.98 mg/ml, followed by the extract
of P. granatum, with MICs of 0.49 to 1.95 mg/ml. The
highest bactericidal activities were found in the ethanolic
extract of Q. infectoria, with MBCs of 0.98 to 3.91 mg/ml,
followed by the extract of P. granatum, with MBCs of 1,95

to 3.91 mg/ml. The ethanolic extract of Q. infectoria had
activity against two strains of E. coli 0157:H7, with MICs
of 0.12 and 0.98 mg/ml and MBCs of 0.98 and 1.95 mg/
ml, followed by the extract of P. pterocarpum, with MICs
of 0.24 and 0.98 mg/ml and MBCs of 0.49 and 1.95 mg/
ml. No correlations between MIC, MBC, and cell aggre-
gation were found in a detailed investigation (Table 3).

DISCUSSION

Four Thai medicinal plant extracts possess strong an-
tibacterial activitics and at high concentrations are enough
to kill enterohemorrhagic E. coli. Ethanolic extracts of Q.
infectoria and P. granatum were the most effective extracts
against all E. coli strains tested. Q. infectoria has been re-
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FIGURE 2. Salt aggregation test (SAT) of
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ported to have high antimicrobial activity against other
pathogenic bacteria such as Streptococcus mutans (9),
methicillin-resistant Staphylococcus aureus (26), Bacillus
subtilis, Klebsiella pneumoniae, Proteus vulgaris, and
Pseudomaonas aeruginosa {22). All plants in this study have
been investigated for their antibacterial activities against E,
coli strains (27), but the effect of the plants on CSH has
not been reported. The effects of various plant extracts on
CSH of bacteria have been determined with the SAT (1,
25), but in neither study was the SAT of plants alone in-

vestigated (without bacterial suspensions). We found that at
high concentrations, nearly all herb extracts were highly
aggregative, Therefore, it cannot be claimed that any plant
extract at high concentrations can produce the effect on
CSH of bacterial cells untess the SAT of the plant itself has
been defined.

Pathogenic bacteria adhere to eukaryotic cells by var-
ious mechanisms. The main action is the specific binding
of bacterial adhesins to the host cell surface. Specific in-
teractions, cell surface charge, and CSH are known to play

TABLE 2. MICs and MBCs of crude ethanolic extracts of medicinal plants tested by the agar microdilution method against strains of

Escherichia coli

MIC/MBC against E. coli strains {mg/mi):

RIMD RIMD RIMD RIMD RIMD
05091055 05091056 05091078 05091083 05091556
Medicinal plants 026:H11 Ol111:NM O157T:H7 O157TH7 022 ATCC 25922

Acacia catechu 1.95/3.91 1.95/3.91 0.98/3.91 1.95/3.91 1.95/3.91 1.95/3.91
Andrographis paniculata 7.81/62.50 15.62/31.25 15.62/31.25 3.91/62.50 7.81/62.50 15.62/62.50
Peliophorum pterocarpum 0.98/7.81 1.95/1.95 0.98/1.95 0.24/0.49 1.95/3.91 3.91/7.81
Pluchea indica 31.25/>62.50  31.25/>62.50 31.25/>62.50 62.50/>62.50  62.50/>6250  62.50/>62.50
Punica granatum 1.95/3.91 1.95/3.91 0.49/3.91 1.95/3.91 1.95/3.91 0.49/1.95
Quercus infectoria 0.98/3.91 0.98/3.91 0.12/0.98 0.98/1.95 0.49/3,91 (.98/1.95
Tamarindus indica 15,62/>62.50 15.62/62.50 15.62/>62.50 15.62/>62.50 15.62/>62.50  15.62/62.50
Walsura robusta 7.81/>62.50 7.81/7.81 1.95/>62.50 1.95/>62.50  15.62/>62.50 7.81/>62.50
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TABLE 3. Results of the salt aggregation test (SAT) of Escherichia coli strains and crude medicinal plant extracts at the MIC and

MBC(C#
SAT of E. coli strains:
RIMD RIMD RIMD RIMD RIMD

05091055 05091056 05091078 05091083 05091556 ATCC
Medicinal plants 026:H11 O111:NM Q157:H7 O157:H7 022 25922
Acacia catechn N/L N/N N/N N/L N/L L/L
Andrographis paniculata H/H H/H HMH H/H H/H HH
Peltophorum pierocarpum L/H L/L N/L N/N L/ H/H
Pluchea indica H/H H/H H/H H/H H/H H/H
Punica granatum N/N N/L N/H N/N N/N L/H
Quercus infectoria N/N N/N N/N NN N/N L/
Tamarindus indica H/H H/H H/H H/H H/H H/H
Walsura robusta H/H H/H L/H L/H H/H H/H
Dimethyl sulfoxide N/N N/N NN N/N N/N NIN
Phosphate buffer N/N N/N N/N N/N N/N N/N
Water N/N N/N N/N N/N N/N N/N

¢ Values are for the MIC/MBC, H, high aggregative; L, low aggregative; N, nonaggregative.

important roles in bacterium-host cell interactions (16, 24).
CSH is an important factor in the ability of the opportu-
nistic pathogenic yeast Candida albicans to adhere to sur-
faces. Hydrophobic yeast cells adhere more readily to host
tissue and are more resistant to phagocytic killing than are
hydrophilic cells (8, 17, 23). The surface hydrophobicity of
Klebsiella aerogenes is influenced by the presence of cap-
sular (K) and lipopolysaccharide (O) antigens. Loss of both
K and O antigens, but not loss of the K antigen alone,
increased surface hydrophobicity and susceptibility to
phagocytosis (28). Changes in bacterial morphology and
hydrophobicity resulted in a significant decrease in adhe-
sion in clinical isolates of P. aeruginosa {4). In a study of
32 strains of enteropathogenic E. coli isolated from rabbits,
relatively high CSH was found (2). Two other strains of &
verotoxigenic E. coli O157:H7 were reported as hydropho-
bic as determined with the SAT (i3). Preexposure of bac-
teria and HeLa cells to various concentrations of plant ex-
tracts affected the adhesion between non-EHEC and Hela
cells (7). Our results revealed that EHEC cells did not pos-
sess high CSH. However, modification of these cells with
cerlain medicinal plants can increase their CSH.

Because there were no correlations between MIC,
MBC, and cell aggregation in this study, we hypothesize
that enhancement of bacterial cell aggregation is not related
to antibacterial effects. Q. infectoria had high antibacterial
activity but produced no hydrophobic effect on bacterial
cells. Andrographis paniculata, P. indica, Tamarindus
indica, and Walsura robusta did not have high bacterio-
static and bactericidal activities but may be able to modify
bacterial morphology and hydrophobicity characteristics,
which may interfere with some bacterial functions such as
mechanisms used to adhere to host cells.

Because bacteriostatic and bactericidal actions are in-
dependent of CSH in bacterial cell, the plants used in this
study may provide some novel antibacterial substances or
may be able to directly affect bacterial CSH. Plants with
low antibacterial activity also may be useful in the treat-
ment of bacterial contamination in food, possibly by en-

hancement of bacterial CSH. Because these plants are gen-
erally regarded as safe for human consumption, their crude
ethanolic extracts are good candidates for development as
food additives. However, pure active compounds require
further study, including investigation of toxicological im-
pacts, before these materials can be used as additives in
foods.
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ABSTRACT

Chloroformic extracts of selected Thai medicinal plants commonly
emploved to treat infections were investigated for their antibacterial activity
against important foodborne pathogenic bacteria. These included Bacillus
cereus, Staphylococcus aureus, methicillin-resistant S. aureus (MRSA),
Escherichia coli 0157:H7, Salmonelta Typhi and Shigella sp. Among 33
extracts tested, only chloroformic extracts of five plant species exhibited unti-
bacterial properties. Alpinia galanga, Boesenbergia rotunda, Zingiber zerum-
bet and Piper betel were active against S. aureus. Barleria lupulina was active
against B. cereus. Only the extract from P. betel leaves possessed activity
against gram-negative bacteria. As extracts from the three plant species
belonging to family Zingiberaceae displayed strong activity against S. aureus,
they were further tested against 17 clinical isolates. Minimum inhibitory
concentration (MIC) values of B. rotunda, A. galanga and Z. zerumbet
extracts against most clinical S. aureus isolates were 0.01, 0.19 and
0.79 mg/mL and the minimum bactericidal concentration (MBC) values were
0.19, 1.57 and >12.5 mg/ml, respectively. Significant growth inhibition of
MRSA was observed in the cultures incubated in the presence of the B. rotunda
extract, A. galanga and 7. zerumbet. B. rotunda exhibited the greatest activity
among the three plant species against S. aureus ar MIC, 2MIC and MBC
within 2 h.
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INTRODUCTION

Foodborne infections have been one of the major public health concerns
worldwide and account for considerably high cases of illnesses. Recent studies
report that Bacillus cereus, Campylobacter jejuni, Escherichia coli, Salmo-
nella, Shigella and Staphylococcus aureus are considered to be the most
frequent pathogens (Gaulin et al. 2002; Prado et al. 2002; Di Pietro et al. 2004,
Branham et af. 2005; Graham et al. 2005; Hall er al. 2005, Jimenez et al. 2003;
Padungtod and Kaneene 2005).

Recently, a number of new drugs were discovered from ethnobotanical
leads such as benzoin isolated from Styrax tonkinensis used for oral disinfec-
tant and emetine from Psychotria ipecacuanha for amoebic dysentery (Cox
1994). Treatment failures arising from antibiotic-resistant bacteria (Boyce
1992; Berns 2003), stimulation of toxin production (Yoh et al. 1999), together
with the recent upturn in consumer mistrust of synthetic additives, it is there-
fore necessary to search for natural compounds from plants to replace antibi-
otics or artificial antimicrobials.

Thai native herbs are becoming more widely used at a commercial scale
in the food industry, mainly for their flavoring properties. Even though certain
plants have been demonstrated of their effects against pathogenic bacteria
(Voravuthikunchai e al. 2004a,b), 4 number of them have not yet been inves-
tigated for their antibacterial activities. Hence, it is essential to establish the
scientific basis lor their therapeutic actions as these may serve as the source for
the development of effective drugs.

The present study was undertaken to assess the potential of medicinal
plants as antimicrobial agents against common foodborne pathogenic bacteria.
A total of 33 extracts from 11 plant species belonging to six families com-
monly used in Thailand to cure bacterial infections were used. These included
Acanthus ebracteatus (saltbush), Alpinia galanga (kha), Barleria lupulina
(hophead Philippine violet), Boesenbergia rotunda (fingerroot or krachai),
Coccinia grandis (ivy gourd), Eclipta prostrata (swamp daisy), Gyvnura
pseudochina (waan maha karn), Murraya paniculata (orange jasmine), Piper
betel (betel vine), Piper chaba (long pepper) and Zingiber zerumbet (pinecone
ginger). They were primarily screened for attributed antibiotic properties
against selected important group of both gram-positive and gram-negative
bacteria. Only chloroformic extracts of five plant species exhibited antibacte-
rial properties. Both the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of the extracts from effective
medicinal plant species were established. As the extracts from the three plant
species belonging to family Zingiberaceac displayed significant activity
against S. aureus, they were further tested against 17 clinical isolates and
closely investigated by time-course growth assays.
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MATERTALS AND METHODS

Medicinal Plant Materials

Eleven medicinal plant species used in this study have been previously
described (Voravuthikunchai et al. 2005). Plant materials were dried at 60C
overnight, powdered and extracted by percolation with solvents of increasing
polarty beginning with chloroform, methanol and boiling water. The solvents
were removed under reduced pressure in a rotary evaporator until they became
completely dry. The extracts were diluted in dimethyl sulfoxide for antibac-
terial assays.

Tested Bacterial Strains

The following bacteria were used as tested organisms: B. cereus (ATCC
1778), S. aureus (ATCC 25923), methicillin-resistant S. aureus (MRSA, PSU
0205), enterohemorrhagic E. coli O157:H7 (RIMD 0509952), Salmonella
Typhi (PSSCMI 0034) and Shigella sp. (PSSCMI 0032). In further series of
experiments, 17 clinical isolates of S. aureus with multiple drug resistance
were collected from Hatyat hospital, Songkla, Thailand. All bacterial strains
were subcultured on tryptic soya agar (Oxoid, Hampshire, England) and incu-
bated at 37C for 18 h. Mueller-Hinton agar (MHA, Oxoid) and Mueller—
Hinton broth (Oxoid) were used for testing antibacterial activity.

Determination of MICs and MBCs

A modified agar microdilution method (LLorian 1996) was used to deter-
minc the MIC of extracts of the medicinal plants that produced inhibition
zones. Tetracycline and vancomycin were used as reference standards. One
microliter of an overnight culture of each bacterial strain containing approxi-
mately 10” cfu was applied onto MHA supplemented with the medicinal plant
extracts. The microtiter plates were incubated at 35C for 18 h. Observations
were performed in triplicate and results expressed as the mean values of the
lowest concentration of plant extracts that produced a complete suppression of
colony growth, MIC. MBC was determined with the extracts that gave signifi-
cant MIC values by subculturing on fresh MHA,

Time-Course Growth Assay

Fifty microliters of overnight nutrient broth (NB, Oxoid) culture was
added to 400 uL. of NB containing 50 uL of plant extracts at MIC, 2MIC and
MBC in sterile tubes. The tubes were incubated at 35C, with shaking at 100 rpm,
and viable count after 0, 2. 4, 6, up to 24 h was performed using standard Ioop
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technique (Schaedler ef al. 1965). Control tubes without extract were incubated
under the same condition. All assays were carried out in duplicate.

RESULTS

Preliminary evaluation of antibacterial activity using paper disk agar
diffusion assay showed that among 33 extracts tested, only chioroformic
extracts of five plant species (belonging to family Zingiberaceae [three plants],
family Acanthaceae and family Piperaceae) exhibited antibacterial properties.
A. galanga, B. rotunda, P. betel and Z. zerumbet were active agamst S. aureus.
B. lupulina was active against B. cereus. Only the extract from P, betel leaves
produced activity against gram-negative bacteria.

Significant antibacterial effects, expressed as MIC, of B. rotunda, A.
galanga, P. betel and Z. zerumbet extracts against the pathogens tested and the
MBC values are presented in Table 1. As extracts from the three plant species
belonging to family Zingiberaceae displayed strong activity against S. aureus,
they were further tested against 17 clinical isolates. MIC values of B. rorunda,
A. galanga and 7. zerumber extracts against most clinical S. aureus isolates
were 0.01, 0.19 and 0.79 mg/mL and the MBC values were 0.19, 1.57 and
>12.5 mg/mL, respectively (Table 2).

The antibacterial activity of the three plant species from family Zingib-
eraceae was further investigated by time-course growth assays using MRSA
PSU039 as a representative strain. The concentration of the extracts performed
in these assays was at MIC, 2MIC and MBC. Significant growth inhibition of
the bacterial strain was observed in all cultures incubated in the presence of the
B. rotunda, 7. zerumbet and A. galanga (Fig. 1). B. rotunda exhibited the
greatest activity at MIC, 2MIC and MBC within 2 h, indicating rapid antibac-
terial action. At MIC, the differences among A. galanga, Z. zerumbet and
control with no extracts were statistically significant (P, 0.05; paired i-test)
after 8 h. At 2MIC, A. galanga produced similar effect as at MIC while no
bacterial cells were recovered when treated with Z. zerumbet after 18 h. Sig-
nificant bactericidal activity was demonstrated for all extracts tested.

DISCUSSION

A. galanga, B. rotunda, P. chaba, Spilanthes acmella and Z. zerumbet are
medicinal plants commonly used to treat cases of diarrhea in Thai traditional
medicine (Farnsworth and Bunyapraphatsara 1992). This communication
demonstrated high activity of certain plants in tamily Zingiberaceac against S.
aureus including multiple resistant strains. Khattak er af. (2005) have reported
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TABLE 2.
MINIMUM INHIBITORY CONCENTRATION (MIC} AND MINIMUM BACTERICIDAL
CONCENTRATION (MBC) OF CHLOROFORMIC EXTRACTS OF EFFECTIVE MEDICINAL
PLANTS AGAINST CLINICAL ISOLATES OF STAPHYLOCOCCUS AUREUS

Bacterial strains Values* of MIC and MBC (mg/mL)

Alpinia galanga Boesenbergia rotunda Zingiber zerumbet

MIC MBC MIC MBC MIC MB(C
PSU 036 0.79 1.57 0.02 0.39 0.79 >12.50
PSU 037 0.09 .57 (.01 0.01 (.79 12.50
PSU 038 0.79 1.57 0.0 0.19 1.57 >12.50
PSL 039 0.19 1.57 0.02 0.19 0.79 313
PSU 040 (.39 1.57 0.01 0.04 0.79 6.25
PSU 041 .19 1.57 0.01 0.09 0.79 = 12.50
PSU 042 0.19 3.13 0.02 0.19 .39 =§2.50
PSU (43 (.39 313 0.02 (1.39 1.57 >12.50
PSU 044 1.57 313 0.01 {+.39 .79 =12.50
PSU 045 0.19 1.57 0.01 0.09 0.79 >12.50
PSU 046 0.79 3.13 0.02 0.79 0.39 >12.50
PSU 047 0.39 1.57 0.01 0.19 0.79 >12.50
PSU 048 0.39 1.57 0.02 0.79 079 =12.50
PSU 049 0.19 1.57 0.01 0.19 0.79 =>12.50
PSU 050 0.19 3.13 0.02 0.19 0.79 >12.50
PSU 051 0.79 3.13 0.01 0.39 0.39 12,50
PSU 032 0.19 1.57 0.02 0.19 1.57 =>12.50

* Values from triplicate,

a weak inhibition activity of ethanolic extracts of A. galanga against 5. aureus.
Presumably, chloroform extracted more inhibitory principles from the plants
than the others. It was clearly established that many plants contain microbial
inhibitors. Naturally occurring combinations of these compounds can be syn-
ergistic and often result in crude extracts having greater antimicrobial activity
than the purified individual constituents (Delaquis er al. 2002). Both A
galanga and Boesenbergia pandurata are used in many Thai dishes. This
finding further supported that a number of edible plants are obviously a
potential source for inhibitory substances for some important foodborne
pathogenic bacteria. Alzoreky and Nakahara (2003) reported antibacterial
activity against B. cereus from Zingiber officinale, another plant from Zingib-
eraceae. Flavonoids are the main bioactive constituents of these rhizomes. An
active compound, 1’-acetoxychavicol acetate, was previously identified from
A. galanga. B. rotunda as its primary components: alpinitin (7-hydroxy-5-
methoxyflavanone), pinocembrin (5,7-dihydroxyflavanone) and pinostrobin
(5-hydroxy-7-methoxy-flavanone) (Voravuthikunchati et al. 2005). Soluble fla-
vonoids were reported to be more active than their glycosidic forms naturally
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FIG. . DETECTION OF CELL SURVIVAL OF STAPHYLOCOCCUS AUREUS (PSU 039)
FOLLOWING TREATMENT WITH CHLOROFORM EXTRACTS OF MEDICINAL PLANTS
FROM FAMILY ZINGIBERACEAE
{A) Minimum inhibitory concentration (MIC), (B) 2MIC and (C) minimum bactericidal concentration.
For all graphs, @ represents control with no extract, L, A and O represent tested cultures with extracts
of Alpinia galanga, Boesenbergia rotunda and Zingiber zerumbet cullures, respectively.
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present in plants (Otshudi er ¢l. 2000; Rauha et ¢/. 2000). The antimicrobial
compounds from plants may inhibit bacterial growth by different mechanisms
than those presently used antimicrobials and may provide a significant clinical
value in treatment of resistant pathogenic bacteria. -Lactamase stable peni-
cillins are now the drugs of choice in the treatment of S. aureus. However,
because increasing numbers of S, aureus strains now demonstrate methicillin
resistance, alternative antibiotics such as vancomycin are used more fre-
quently. The MIC values of vancomycin for drug-resistant strains range from
0.6 to 1.25 pg/ml.. Chloroformic extract from B. rotunda had MIC values of 6
to 24 pg/mL. Therefore, it appears to hold promise as an antimicrobial agent
in the treatment of S. aureus including MRSA. The activities of these extracts
provide preliminary scientific validation for the traditional medicinal use of
these plants. Whether the active compounds present in these extracts can
inhibit the organisms in food have yet to be characterized. However, previous
study has demonstrated undetectable level of Salmonella Typhimurium after
addition of fingerroot essential oils to apple juice (Thongson et afl. 2005).
Furthermore, both toxicity and safety issues of any purified compounds should
be addressed betore the application to medicine or food.
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(DA), levofloxacine (LEV), and tetracycline (TE} by disc
diffusion method.

Results: All of the isolates were found susceptible to PG and 6
(12.2%) strains resistant to E by E-test method. All of the wound
isolates were susceptible to LEV, 2 resistant to DA and 4
resistant to TE by disc diffusion method.

Conclusion: Penicillin is still the first choice of the treatment of

Tokiel: Peracilin O anet Erviiwoiovoing MIC rancies. MICS0. MICS0 viiuos of the Groun A Bete- haemoivic siraotococs!

GABHS infections. Although erythromycin is an alternative in
patients who have penicillin hypersensitivity, there is an
increasing resistance against it. Levofloxacin and clindamycin
could be the other therapy options. Therefore antibiotic suscep-
tibility testing and resistance surveillance of GABHS should be
done.

R1979
In vitro activity of cefepime against clinical

isolates from patients in Tehran, Iran
A. Rastegar Lani, S. Razavi, H. Mostafavi, B. Mostafavi,
M. Habibi (Tehran, IR)

Objective: Infections caused by resistant bacterial pathogens,
including Gram positive and Gram-negative bacteria, have
become an increasing problem with respect to therapy in many
of the Irananian medical center, Cefepime has been recently
introduced in Iran, which is highly effective against these
organisms. The purpose of this study was to determine in vitro
activity of this antibiotic against isolated organism from
patients, before introducing to the market, in Iran.

Methods: In vitro activity of Cefepime were tested against 304
clinical isolates samples including Escherichin coli {n = 167),
Klebsiclla (n = 49), Staphylococcus (n = 52), Pseudomonas (n = 18)
and other isolates {n = 18), obtained during January-May 2005
from patients of Hazrat Rasoul hospital in Tehran, Iran.
Minimum Inhibitory Concentration (MIC) of antibiotics was
adjusted using an agar dilution method, described by NCCLS.
Results: The overall susceptibility rate for Cefepime against all
isolates was 75%. Against Pseudomonas aeroginosa and Staphylo-
coceus spp strains Cefepime was less active (40% resistance) and
against Enterobacteriacene Cefepime was excellent activity (more
than 80% susceptibility).

Conclusion: Cefepime could be a valuable alternative for the
treatment of infections due to multiply resistant organisms in
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R1981

Plant extracts as new anti-tuberculous agents,
evaluation by MRA

E. Banfi, G. Scialino, F. Cateru, G. Innocenti {Treste, Padua, IT)
Objectives: Tuberculosis (TB) is a disease of antiquity, which is

thought to have evolved sometime between the seventh and
sixth millennia BC. Current estimates suggest that one third of

2006 Clinical Microbiolagy and Infection, Volume 12, Supplement 4
ISSN: 1470-9465

Iran. Hence, it seems this drug could be suitable for empiric
coverage of serious nosocomial infections.

R1950

Inhibitory activity and killing activity of extracts
from the gall of Quercus infectoria against
methicillin-resistant Staphylococcus aureus

5. Voravuthikunchai, 5. Chusri, P. Kleiner (Hatyai, Songkla, TH;
Munich, DE)

Objectives: Methicillin-resistant $. aureus has been well-docu-
mented as a major cause of hospital-acquired infection. Medi-
cinal plants have been increasingly used to reduce the problem
of antibiotic-resistant bacteria. Quercus infectoria was previously
reported from this laboratory to produce high antibacterial
activity. The aims of this study were to closely investigate the
antibacterial activities of the extracts from Q. infectoria galls and
to determine the effects of these extracts on the growth of clinical
MRSA strains.

Methods: Fifty-one clinical isolates of MRSA were collected
frem Hat-Yai hospital. All isolates were multidrug-resistant.
Galls of Q. infectoria were extracted with acetone, ethyl acetate,
95% ethanol, and water. Paper disc agar diffusion method was
used to determine the antibacterial activity of these extracts.
Minimal inhibitory concentration (MIC) and minimal bacteri-
cidal concentration (MBC) were evaluated by modified broth
microdilution method according to National Committee for
Clinical Laboratory Standards. Growth curves demonstrating
bacteriostatic and bactericidal activities of Q. infectoria against
MRSA strains were documented for 24 h.

Results: All extracts of Q. infectoria show antibacterial activities
against all strains of MRSA. The inhibition zones ranged from
11-23 mm. The ethanolic extract demaonstrated the largest
inhibition zone. Most of the MRSA strains treated by the
ethanolic extract of Q. infectoria exhibited the MIC and MBC
values at 0.4 and at 1.6 mg/ml, respectively. At the MIC
concentration, the growth of a representative was inhibited and
gradually decreased after 16 h incubation. The survival cetls of
the MRSA were not detected within 2 h after treated with the
extract at its MBC concentration. Stephylecoccus aurenus ATCC
25923, a reference strain showed similar results.

Conclusion: The ethanolic extract of the galls of (). infectoria
have a high potential as antibacterial agent against MRSA. More
detailed studies on the extract may provide an alternative way
to treat infections caused by MRSA. Use of the active com-
pounds could be developed as antibacterial agent in order to
reduce problems with antibiotic-resistant bacteria in the hospi-
tals.

Acknowledgement: This work was supported by Thailand
Research Fund, Fiscal year 2005-2008.

world’s population are infected resulting in some 2 million
deaths per year. Pulmonary TB, the most common type of the
disease, is usually acquired by inhalation of the bacillus and
causes irreversible lung destruction, although other organs are
sometimes involved. 50 years ago the introduction of the first
drugs for TB treatment (streptomycin, para-aminosalicylic acid,
isoniazid) led to optimism that the disease could be controlled if
not eradicated. However, since the late 1980s the disease has
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P2074] In vitro and in vivo antibacterial activity of novel
nitrile-containing flueroquinolones

M.D. Huband, PJ. Pagano, RW Murray, JW Gage, G. Gibson,
8.1 Murphy, K.R, Maroni (Ann Arbor. US)

Objectives: The continuing emergence of resistance in Gram-positive
bacterial species including multi-drug resistant Streptococcus preu-
moniae, vancomycin-R Enterococci (VRE), ciprofloxacin-R MRSA
{CRMRSA), and Vancomycin-intermediate Staphyvlococcus awreus
{VISA) has created the need for new antibacterial compounds. Two new
nitrile-containing fluoroquinolones (#1966 and #9402) were developed
to treat infections caused by susceptible and multi-drug resistant Gram-
positive and fastidious Gram-negative bacterial strains. This study inves-
tigated the in vitro antimicrobial activity of 1966, 9402, moxifloxacin,
and conventional antibacterials against 1204 geographically diverse
recent bacterial clinical isolates. Compound efficacy was also evaluated
by in vivo testing {PD30s).

Methods: Microbroth dilution MICs followed CLSI guidelines. In vivo
testing was performed in CD1 female mice using protocols approved by
the Pfizer Animal Use Committee in compliance with NIH guidelines
for proper care and use of laboratory animals.

Results: See the table. Both of the nitrile fluoroguinclones were highly
active against Gram-positive (MICags 0.5—4pg/ml) and fastidious
Gram-negative strains (MICgos 0.03-0.06 ug/mL). This potent activity
carried over to cfficacy in Streprococcus pneumoniae animal infection
models. Acute systemic PD50s (oral dosing) were 3.2 and 1.1 mg/ke,
respeciively, and pneumonia model PD50s (oral dosing) were 5.93 and

548 mg/kg.

Organism (# strains) MICyg (ug/mL)

#1966 #9402

Moxifloxacin

S. aureus CRMRSA (34) 1 1 8

§. aureus VISA? (4) 2 0.5 4

3. gpidermidis ORSE (23) 2 1 32
S. preumoniae FQ-R (26) Q0.5 0.5 4

E. faecalis (13) 0.5 .5 ]

E. faecalis Van A (14) 1 0.5 16
E. faecalis Van B (22) 1 0.5 16
E. faecium Van A (45) 4 4 32
Moraxells catarrhalis (30) 0.06 0.06 0.06
Haemophilus influenzae (67) 0.03 0.06 0.03

*MICsp (pg/mL).

Conelusion: This study confirms both the in vitro antibacterial potency
and in vivo efficacy of 1966 and 9402 against clinically relevant Gram-
positive and fastidious Gram-negative organisins.

P2075; Screening for medicinal plants with broad spectrum of
antibacterial activity

8.2 Voravuthikunchai, . Limsuwan, S. Subhadhirasakul (Hatyas,
Songkla, TH)

Objectives: Interest in the study of medicinal plants as a source of
pharmacologically active compounds has increased worldwide. The
objective of this study was to screen for effective plants from 31
plant species commonly used in Thai traditional medicine for bacterial
infections.

Methods: Preliminary screening was performed using agar disc diffusion
method. Minimal inhibitory concentration and Minimal bactericidal
concentration were subsequently carried out on effective plants.
Results: Agar dise diffusion method showed that most plants were more
active against Gram-positive than Gram-negative bacteria. Streptococcus
Pyogentes was the most sensitive organism inhibited by nearly all of

5599

the extracts (97.6%), followed by Staphvlecoccus aureus (61.0%), and
Bacillus cercus (63.4%). We report two plants with very broad spectrum
of activity. The ethanolic extracts from Quercus infectoria demonstrated
significant activity against all important pathogens including Acineto-
bacter bawmannii, Bacillus cereus, Enterococcus Jfaecalis, Escherichia
coli, Klebsielln pneumoniae, Listeria monocytogenes, Psendomonas
aeruginosa, Salmoneila spp., Shigella flexneri, Staphylococcus aureus,
Streptococcus mutans, and Strepfococcus pyogenes. It inhibited the
growth of all pathogens with the MIC values of 62.5 to 1000 ug/mL and
the MBC values of 125 to >1000 pg/mL. The ethanolic extracts from
Piper betle showed antibacterial activity against almost all species, except
Enterococcus faecalis. Tt showed antibacterial activity with the same MIC
and MBC values (125-500ug/mL). The leaf extract of Rhodomyrtus
tomentosa showed extremely good antibacterial activity on most Gram-
positive bacteria with the MICs and MBCs ranging from 3.9 to 15.6 and
7.8 to 125 pg/mL.

Conclusion: Further studies on these plant species may result in
discovery of novel natural medicine against pathogenic bacteria.
Acknowledgement: This work was supported by the Thailand Research
Fund: Royal Golden Jubilee (PHD/0029/2548), Fiscal year 2005-2010,
the Thailand Research Fund: Basic Research (BRG4880021), Fiscal year
2005-2008, and Natural Products Research Unit, Faculty of Science,
Prince of Songkla University, Thailand.

P2076| Linezolid versus a glycopeptide or B-lactam for treatment
of Gram-positive bacterial infections: a meta-analysis of
randomised controlled trials

M.E. Falagas, LI Siempos, K.Z. Vardakas {Athens, GR)

Objectives: During the last decade, several new antibiotics have been
released 1o the market for the treatment of patients with infections due to
Gram-positive cocci resistant to traditionally used antibiotics, including
glycopeptides. Among these antibiotics, linezolid has been reported
to have excellent pharmacokinetics and cffectiveness. We performed 2
meta-analysis of randomised controlled trials (RCTs) to further clarify
the therapeutic role of linezolid.

Methods: Our data sources for relevant RCTS were PubMed, Current
Contents, and Cochrane Central. A total of 12 RCTs comparing linezolid
with vancomycin {6 RCTs), teicoplanin (2 RCTs), and P-lactams
(amoxicillin/clavulanic acid, cephadroxil, and cefiriaxone in 2, 1, and
1 RCT, respectively) that studied 6,093 patients were included in our
analysis.

Results: Two reviewers independently extracted data from published
RCTs. Overall linezolid, as empirical treatment, was more effective
regarding treatment success than the comparator antibiotics (OR=
1.41, 95% CL 1.11~1.81). Mortality was similar between the compared
antibiotics {OR= 0,97, 95% CI 0.79-1.19). Linezolid was more effective
in the subset of patients with skin and soft tissue infections (OR=
1.67, 95%CI 1.31-2.12) and bacteraemia (OR= 2.18, 95%CI 1.10-
4.29), However, there was no difference in treatment success for patients
with pneumonia (OR= 1.03, 95%Cl 0.75-1.42). Although treatment
with linezolid was not associated with more adverse effects in general
{OR= 1.40, 95% CI 0.95-2.05), more episodes of thrombocytopenia were
recorded in patients receiving this antibiotic (OR= 9.25, 95%CT 3 .52~
25.76).

Conclusion: Linezolid was more effective than a glycopeptide or a
f-lactam for the empirical treatment of patients with skin and soft tissue
infections and bacteraemia due to Gram-positive cocci. However, the
lack of any benefit in the treatment of patients with pneumonia, the
same all-cause mortality, and the higher probability of thrombocytopenia
are major limitations of the antibiotic that should be taken under
consideration and limit the use of linezotid to specific patient populations
or infections that are difficult to treat with other antibiotics.
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Methods: Consecutive, non-duplicate isolates (17,206) from blood-
stream, skin and skin structure and respiratory tract infections were
collected from medical centres in Europe (23}, Turkey (2) and Israel
(1) participating in the BPR Surveillance Program during 2005-2006.
Identifications were confirmed by the central menitoring laboratory and
all isolates were susceptibifity (S) tested using CLSI methods against
BPR and comparator agents,

Results: Results are in the Table. Among SA (27% OXA-R) and CoNS
(75% OXA-R) isolates tested, BPR inhibited 100% at <4 and <8
mg/L, respectively. While BPR MIC30 values for OXA-R strains were
elevated over those of OXA-S strains (8-fold), MIC90 values for other
cephalosporins correspondingly increased >32-fold. BPR was 4-fold
more potent when testing beta-hacmolytic streptococci (BHS) and SPN
compared with CRO or FEP; all BHS were inhibited at €025 mg/L
and >99% of SPN by 0.5 mg/L. BPR was similar in potency to CAZ
and FEP (MIC50 values, <1 mg/L) against tested Enterobacteriaceae;
coverage against EC was nearly identical for the three agents (94-95%
inhibited at <4 mg/L). FEP provided enhanced coverage against KSP
(90% at <8 mg/L vs. 78-84% for BPR and CAZ), although BPR and
FEP had lower MIC values than CAZ against ESP. Cephalosporins were
largely inactive against ESBL-producing EC and KSP. BPR was equal
in potency to CAZ (MICS50, 2 mg/L) against PSA and two-fold morg
potent than FEP, although % inhibited for these agents at <2/4/8 mp/L
were similar. None of these agents inhibited >49% of ASP at 8 mg/L.

Species (no. tested) MiCyq (% at SHA/BmgL)
BPR CRO? or CAZY  FEP
S aureus (SA; 4,028) 1 (=100~} >32 (TSP =16 (66/76/81)

Coagulasc-ncgative staphylococcus (CoNS: 18400 2 (W3-99/100) =32 (Z2A347P =216 (4162777
§ pweumoniae {SPN; 1,528) 025 (100-) 1 (>4000000 1 (299099099
E. coli (EC; 27MH 0.12 (93/9494) £1 (93/94}95}b 0.25 (M/95/96)
Klebsiella spp. (KSP. B83) SEUTRTE) =16 (BORIBAT 16 (44RTMO)
Enterabacier spp. {ESP; 5711 SEEUSURT)  >16 (6668700 4 (8892196)

P aeruginosa (PSA; 9841 SH(S6579) 16 (5669760 16 (A%66E0)
Acinetobacier spp. [ASP; 320) SHALAIAZY  »16 (1520 216 (26579

Conclusions; BPR displays prominent activity against European
staphylocacei, including OXA-R strains. The compound also displayed
activity against Enterobacteriaceae, similar to that of extended-spectrum
cephalosporins, as well as against some non-fermentative bacilli. Given
the breadth of its spectrum, BPR may be useful in those European
institutions/ regions where MRSA and PSA arc both prevalent.

P579| Antimycobacterial activity of two Berberis species used as
traditional medicine in Tran

F Khadem, H. Zare Maivan, H. Movassagh, M. Salimi, M. Sharif,
T Sohrabi, B. Yazdanpanah, M. Rostami Baroei, M. Abolhassani
(Tehran, IR}

Objectives: Tuberculosis (TB} is the leading cause of mortality
worldwide, infecting about 9 million people and killing approximately
2 million people annually. In recent years, emerging multiple drug
resistance (MDR) has become a major threat, thus there is an urgent need
to search natural products for developing new, effective and affordable
anti-TB drugs. Berberidaceac, especially berberis species are well known
medicinal plants and are used in traditional medicine, foods and dies
in Tran. Chemical composition of Berberidaceae species show that their
anti-inflammatory and anti-tuberculosis activity is mainly due to alkaloid
constituents, This study was conducted to compare antimycobacterial
activity of extracted alkaloids from root bark and fruit of Berberis
oulgaris and B. integgerima from the natural flora of Khorasan ecological
region.

Methods: Root bark and fruit from two species were cellected, shade
air dried, lyophilised and powdered. Chloroform extracts containing
alkaloid fractions were obtained. Fresh solutions of each extract were
dissolved in 2% DMSQ, The Chloroform extracts were incorporated
into the Lowenstein-Johnson medium after solidification with final
concentrations of 500, 250, 125, 62.5 and 31 pg/ml. Bacterial suspension

§137

test was adjusted to 3x10° CFU per ml Mycobacterium bouis BCG
(Strain 1173 P2, Institut Pastcur, Paris, France) and incubated in 37
degrees of Celsius for 21 days. The minimum inhibitory cencentration
(MIC) amounts were evaluated after 21, 28 and 35 days of incubation,
Mycobacterium bovis BCG was cultured in presence and absence of
reference drug (Kanamycin} as controls, All tests were carried out five
times.

Results: All four root bark and fruit chloroform extracts showed
significant (P <0.05) MIC concentrations (31-500pg/ml), therefore
31 pg/ml was considered to be the best MIC for all four extracts.
Conclusion: Medicinal plants are an important resource to find original
active drugs or new therapeutic agents especially against TB. The resulis
indicate that root bark and fruit of Berberis vulgaris and B. integgerima
can be used as antimycobacterial agents because of their considerable
MIC values. Our investigations show that these remarkable results
are due to alkaloids such as berberine, palmatine, oxyacantine and
jatrorrhizine. Further investigations are required to assess the activities
of these compounds against MDR M. ruberculosis.

P580| Antistaphylococcal activity of semi-purified fractions from
Eleutherine americana

§. Voravuthikunchai, B.O.T Ifesan, W Mahabusarakam, C. Homtasin
(Hatyai, Songkla, TH)

Introduction: Meticillin-resistant Staphylococcus aureus (MRSA) infec-
tions are a giobal health concern due 1o the severity of the illnesses they
may cause, ranging from mild to very severe infections. The numbers
of 8. aureus strains that exhibit antimicrobial resistance properties have
increased and there is a potential risk of transmitting antibiotic resistance
genes to the human micrabiota through foods, Interest in plants with
antibacterial properties has revived as a consequence of current problems
associated with the use of antibiotics. Preliminary research from our
laboratory revealed that the crude extract from Eleutherine americana
produced good antibacterial effect on 8. eureus from foods. The aim of
the present study was to examine the activity of semi-purified fractions
from this plant extract against meticillin-resistant strains isolated from
foods and enterotoxin-producing reference strains.

Methods: Twenty-two MRSA strains isolated from food together with
two enterotoxin-producing strains {ATCC 23235 and ATCC 27664)
were used in this study. The Minimum inhibitory concentration
(MIC) was deterrnined by the broth dilution methed and Minimum
bactericidal concentration (MBC) was performed with the cxtracts
that gave significant MIC values using a sterile loop streaking
on fresh MHA (CLSI standard methods). Time-kill assay in the
presence of these fractions were carried out. The crude hexane extract
was chromatographed on column chromatography and fractions were
obtained on the basis of their TLC characteristics.

Results: Fraction Ea 6.3 had MIC90 of 0.25 mg/m] while Ea 9.0 gave
MIC50 of 0.125 mg/ml with MBC values ranging from 0.25 2> 1.00
mg/ml for the two fractions on all the strains tested. Kill-curve in the
presence of Ea 6.3 at 4MIC resulted in tatal killing of the cells at 20 h
for reference strains and 24h for MRSA while fraction Ea 9.0 reduced
the moculum size by 7 tog cycle.

Conclusion: Both fractions were very effective against all food isolated
MRSA as well as enterotoxin-producing strains. These semi-purificd
fractions are being investigated in our laboratory to provide altcrnate
treatment against MRSA.

Acknowledgements: Supported by Graduate School Prince of Songkla
University and Thailand Research

Fund (BRG 4880021, fiscal year 2005-2008).

Approach to identify novel antimicrobials against
staphylococct

I. Abaev, O Koroboua, E. Pecherskikh, P Kopylou, N. Kiseleva,
D. Donovan (Obolensk, RU; Beltsville, US)

Objectives: Bacteriophage endolysing degrade the host cell wall
peptidoglycan with near-specie specificity, and thus are of interest as
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New Perspectives on Herbal
Medicines for Bacterial Infections

SuPAYANG PryawaN VORAVUTHIKUNCHALY,
Surasak LiMsuwan? aND SastrorN CHUSRI?

Abstract

Medicinal plants have been used for generations to treat bacterial infections.
Scientific evidence is accumulating that a number of these herbs do have
antibacterial activity that can alleviate symptoms or even prevent infectious
diseases. The challenge of discovering new, urgent needed antibacterial drugs
from medicinal plants requires a truly interdisciplinary research. The present
communication discusses data from important findings with specific focus
on recent literature on the antibacterial activity of some plant species with
spectfic reference to important pathogenic bacteria. The following aspects
are covered: (i) antibacterial activities of medicinal plants, (ii) plants with
promising efficacious antibacterial activity, (tii} antibacterial mechanisms
involved, (iv) structural aspects of antibacterial phytochemicals in medicinal
plants, (v} research methodologies, and (vi) problems encountered with
researches on medicinal plants.

Key words : Antibacterial activity, Antibacterial mechanism, Escherichic
coli 0O157: H7, Herb, Medicinal plant, Methicillin-resistant
Staphylococcus aureus, Quercus infectoria, Staphylococcus
aureus
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Introduction

The word ‘herb’ comes from the Latin ‘herba’ meaning grass, green stalks
or blades. In addition to its nutritional values, its therapeutic roles have
been recognized in many parts of the world for generations. Originally, the
Chinese used a number of forms of phytotherapeutic agent to develop drugs.
This was also with the Egyptians, Greeks, and Romans. Countries in Africa,
Asia, and Latin America use traditional medicine to achieve some of their
primary health care needs. In Africa, up to 80 % of the population uses
traditional medicine for primary health care (World Health Organization,
2003). In Ethiopia, traditional remedies represent not only part of the
struggle of the people to fulfil their essential drug needs but also they are
integral components of the cultural beliefs and attitudes (Abebe, 1996).
Medicinal components from plants also form an important part of the health-
care system in the western medicine (Phllhpson and Anderson, 1989). For
example, the use of Arctostaphylos uva-ursi (L.) Spreg. (bearberry) and
Vacecinium macrocarpon Aiton (cranberry) juice to treat urinary tract
infections has been reported in different manuals of phytotherapy. Melaleuca
alternifolia (tea tree) is well-known as a common therapeutic tool to treat
acne and many other skin infections {Vanaclocha and Canigueral, 2003).

There are about 2,500,000 species of higher plant species worldwide.
It has been estimated that only 14-28 % of higher plant species are used
medicinally (Farnsworth and Soejarto 1991). The majority of these have
not yet been examined in details for their pharmacological activities. Until
natural products have been approved as new antibacterial drugs, there is
an urgent need to identify novel substances active towards pathogenic
organisms,

Infectious disease is the number one cause of death in tropical countries.
It is remarkable that mortality rates are actually increasing in developed
countries. The increases are attributed to increases in respiratory tract
infections and HIV/AIDS. Other contributing factors are an increase in
antibiotic-resistance in both community-acquired infections and nosocomial
infections.

Drug resistance to human pathogenic bacteria has been commonly
reported. Hospitals throughout the world have been faced with patients
failing to respond to antibiotics. Bacteria have become resistant to drugs as
a result of over prescribing antibiotics. In addition, patients’ own immune
systems have become compromised as a result of overuse of antibiotics.
More seriously, the drug-resistant bacteria have further complicated the
treatment of infectious diseases in immunocompromised, AIDS, and cancer
patients (Diamond 1993; Rinaldi 1991; Senda et al., 1996). In light of
emerging bacteria resistant to multiple antimicrobial drugs as well as the
appearance of undesirable side effects of certain antibiotics, it is critically
important to develop new antibacterial compounds for these organisms
before we enter the post-antibiotic era.
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Traditional medicine has made use of many different plant extracts
for the treatment of bacterial infections. In most developing countries, plants
are the main medicinal source to treat infections. New pharmaceutically
important compounds inhibiting microorganisms such as benzoin and
emetine (Cox, 1994) as well as a number of top-selling drugs of modern
time, for example, atropine, artemisinin, berberine, camptothecin, codeine,
morphine, quinine, taxol, topotecan, vinblastine, and vincristine have been
isolated from plants. To our knowledge, herb-resistant bacterial strains
have never been reported. No correlation was observed between
susceptibility of test strains with plant extracts and antibiotic resistance
patterns (Ahmad and Beg, 2001; Voravuthikunchai and Kitpipit, 2003, 2005;
Voravuthikunchai et ¢l., 2006a). The substances that can inhibit or kill the
pathogens and have no or least toxicity to host cells are considered
candidates for developing new antibacterial drugs. Both fresh and dried
plant materials may provide clinical value in combating such resistant
strains.

Over the past 20 years, there has been a lot of interest in the
investigation of medicinal plants as sources of new antibacterial agents.
Recent research has taken into consideration all aspects related to the use
of medicinal remedies towards the development of modern medicines.
During the past few years, there have been a substantial increase in the
numbers of publications that authors screened plants for their antibacterial
activities. We have documented here results from recent researches on
selected antibacterial herbs, with specific references to important pathogenic
bacteria.

Antibacterial activities of medicinal plants

In vitro antibacterial screening permits the selection of crude plant extracts
with potentially useful properties to be used for further chemical and
pharmacological studies. Considerable literatures involve studies on plants
with antibiotic properties against a wide range of pathogenic bacteria (Al-
Dabbas et al., 2006; Bonjar, 2004; Boonkaew et al., 2005; De Boer et al.,
2005; Dijipa et al., 2000; Eldeen ef al., 2006; Elgayyar et al., 2001; EL-Kamali
et al., 2005; Getie et al., 2003; Holetz et al., 2002; Kabouche et al., 2006;
Kone et al., 2004; Magwa et al., 2006; Mandal et al., 2005; Matasyoh et al.,
2006; Messager et al., 2005; Moon et al.,, 2006; Natarajan et al., 2006; Ojala
et al., 2000; Okeke et al., 2001; Oussalah et al., 2006; Ozkan et al., 2006;
Palombo and Semple, 2001; Ramesh et al., 2001; Rojas et al., 2001; Samy
2005; Singh et al., 2005; Srinivasan ef al,, 2001; Steenkamp et al., 2004;
Voravuthikunchai et al., 2004c; Wannissorn et al., 2005; Yasunaka et al.,
2005). Some specific researches have been focused on activity of plants
against concrete pathogens including Bacillus cereus (Chaibi et al., 1997,
Delgado et al., 2004; Kwona et al., 2003; Smirnoff 1968; Valero and Giner
2006; Valero and Salmeron 2003), Escherichia coli 0157: H7 (Cutter 2000;
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Isogai et al., 2000; Okubo et al., 1998; Sakagami et al., 2001; Takahashi et
al., 1999; Voravuthikunchai and Limsuwanm, 2006; Voravuthikunchai et
al., 2002, 2004b, 2005a, 2005¢, 2006d), Helicobacter pylori (Annuk et af.,
1999; Fukai ef al., 2002; Nir ef al., 2000; O’Gara et al., 2000; O’'Mahony et
al., 2005; Voravuthikunchai et al., 2004a, 2006b; Yesilada et al., 1999),
Listeria monocytogenes (Fyfe et al., 1998; Gill and Holley 20086; Mytle et al.,
2006; Nairs et al., 2005; Owen and Palombo, 2006; Rosooli et al., 2006; Singh
et al., 2003; Yamazaki ¢f al., 2004), Mycobacterium tuberculosis (Cantrell ef
al., 2001; Copp, 2003; Lall and Meyer 1999; Molina-Salinas et al., 2006;
Okunade et al., 2004; Pauli e al., 2005; Tosun et al., 2004; van der Kooy et
al., 2006), Neisseria gonorrhoeae (Caceres et al., 1995; Shokeen et al.,, 2005;
Silvaet al, 2002; Swart et al., 2002; Van Puyveldeet al., 1983), Pseudomonas
aeruginosa {Bonjar et al., 2003; Pereira et al., 2004; Senda et al., 1996),
Salmonella spp. (Evans et al., 2002; Fyfe et al., 1998; Owais et al., 2005,
Perez and Anesini, 1994; Waihenya et al., 2002), Staphylococcus aureus
(Edwards-Jones et al., 2005; Hatano et al., 2005; Machado et al., 2003;
Voravuthikunchai and Kitpipit, 2003, 2005). Streptococcus mutans (Hwang
et al., 2004; Jagtap and Karkera 2000; Rosalen et al., 2000; Taweechaisu-
papong et al., 2000), Streptococcus pyogenes (Ferro et al., 2003). Most of the
papers on preliminary screening of plant activities against bacteria have
been frequently published in the Journal of Ethnopharmacology, followed
by those appearing in Fitoterapia, and Pharmaceutical Biology.

Antibiotic-resistant bacteria are becoming more and more common in
the clinical setting. Staphylococcus aureus is one of the major causes of
hospital infections. Serious infections with this organism include wound
infections, food poisoning, bacteraemia and sepsis. They are sometimes
associated with a high mortality rate. Staphylococcal resistance to wide
spectrum p-lactam antibiotics such as methicillin, oxacillin, and
flucloxacillin emerged soon after the introduction of the first drug in this
class. Since methicillin-resistant S. aureus (MRSA) has acquired stable
resistance against almost all clinically available antibiotics, therapeutic
option for MRSA infections is limited to glvcopeptide-type drugs such as
vancomycin (Patterson, 2000). However, treatment failure due to MRSA
with reduced susceptibility to vancomycin was reported (Ward et al., 2001).
More recently, resistance to new antimicrobial agents such as linezolid,
quinupristin, and daffopristin has already occurred (Berns, 2003; Leclercq,
2002). Extensive studies on the use of medicinal plants against S. aureus,
in particular, MRSA have been established {(Braga et al., 2005; Caelliet al.,
2000; Carson et al., 2002; Edwards-Jones et al., 2005; Hatano et al., 2005;
Machado et al., 2003; Voravuthikunchai and Kitpipit, 2003, 2005). Other
workers have alternatively investigated another approach to the treatment
of the infections based on agents that have no intrinsic antibacterial activity
but are able to sensitize the pathogen to a previously ineffective antibiotic
(Anderson et al., 2005; Sato et al., 2004; Stapleton et al., 2004). Combination
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of plant oils and derivatives of benzoic acid was demonstrated to inhibit L.
monocytogenes and Salmonella enteritidis (Fyfe et al., 1998). Further studies
of the synergistic interaction of active phytecompounds with antibiotics or
synthetic chemicals are required in order to exploit medicinal plant extracts
in the combination therapy of infectious diseases caused by the multidrug-
resistant bacteria.

Muitiple antibiotic-resistant Klebsiella pneumoniae (Martinez-
Martinex et al., 1999; Hermandez-Alles et al., 1999), vancomycin-resistant
Enterococcus faecalis (VRE) (Nelson et al., 2000), multidrug-resistant
Salmonella (Akinyemi et al., 2005; Chitnis ef al., 1999; Hoque ef al., 1994;
Rao et al., 1992; Threlfall et al., 1996; Tuyet et al., 1998; Ward ef al., 2005)
have become increasingly reported. A significant number of work on
medicinal plants have been carried out on these organisms (Fukai et al.,
2004; Kubo et al., 2004; Owais et al., 2005; Owais ¢t al., 2006; Rani and
Khullar 2004).

Enterohaemorrhagic Escherichia coli (EHEC), in particular serotype
0157: H7 (Paton and Paton, 1998) have increasingly emerged as pathogens
that cause significant human diseases, including diarrhoea (Pai et al., 1988),
enterohaemorrhagic colitis (HC) (Riley, 1987), and occasionally
complications such as haemolytic-uremic syndrome (HUS) and
thrombocytopenic purpura (TTP) (Griffin and Tauxe, 1991; Scotland et al,,
1988). The issue of the risk involved in treatment of the organism with
antimicrobial agents has been well-documented. Fosfomycin, the most
frequently prescribed antibiotic in Japan for the treatment of this organism,
was reported to stimulate the production and release of Verocytotoxin 1
(VT1}(Yoh et al., 1997). Furthermore, work from the same laboratory clearly
demonstrated that subinhibitory concentrations of quinolones including
norfloxacin, sparofloxacin, and grepafloxacin markedly stimulated the
productions of both VT1 and VT2 (Yoh et al., 1999). Interest in plants with
anti 0157 properties has revived as a consequence of the problems associated
with the use of antibiotics, There are a number of scientists working on the
use of medicinal plants against this organism (Cutter, 2000; Isogai et al.,
2000; Okubo et al., 1998; Sakagami et al., 2001; Takahashi et af., 1999;
Voravuthikunchai and Limsuwan, 2006; Voravuthikunchai et al., 2002,
2004b, 2005a, 2005¢, 2006d).

Several other reports indicate the use of medicinal plants against
groups of infectious pathogens including acne-inducing bacteria
{Chomnawang et al., 2005; Orafidiya et al.,, 2002), foodborne pathogens
(Cutter, 2000; Oussalah et al., 2006; Owen and Palombo, 2006;
Voravuthikunchai e al., 2006¢), gastrointestinal disorders (Alanis et al,
2005; Dupont et al., 2005; Mathabe et al., 2006; Qussalah et al., 2006; Uddin
et al., 2005), impetigo contagiosa (Sharquie et al., 2000), opportunistic
infections in AIDS patients (Miller e al., 2003; Voravuthikunchai et al,,
2005b) and immunocompromised hosts (Senda et al., 1996; Yukawa et al.,
1996), oral microorganisms (Al-hebshi et al., 2006; Bakri and Douglas, 2005;
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Koo et al., 2000; Sato et al., 1996), respiratory tract pathogens (Rojas, 2001;
Skocibusic et al., 2000), sextually-transmitted diseases (Kambizi and
Afolayan, 2001; Ndubani and Hojer 1999; Okoli and Ircegbu 2004;
Tshikalange et al., 2005; Vermani and Garg 2002), urinary tract infection
{Okoli and Iroegbu 2004; Pereira et al., 2004), zoonotic enteropathogens
(Wannissorn et al., 2005).

During the past few years, in our laboratory, we have screened a
number of medicinal plants selected from their properties described in
ethnobotanical data. Table 1 lists the plants studied in our research group
since 2002 with information on their traditional applications. Many of them
have been used to treat infections as well as other disorders. The
antibacterial activity of these medicinal plants against important pathogenic
bacteria is summarized in Table 2 and Table 3.

Plants with promising antibacterial activity

In our laboratory, the major emphasis has been on plants with inhibitory
activity less than 1 mg/ml for crude extracts and 0.1 mg/m] for fractions. A
number of these medicinal plants have been found to be active against a
. wide variety of pathogenic bacteria. Many of them have been investigated
for their chemical components and some of the isolated compounds have
been shown to possess interesting activity (Voravuthikunchai et al., 2005b,
2005¢). Some of these herbs are discussed below. All of these selected plants
presented here show very promising. activity, warranting further
investigation. : '

Alpinia galanga (L.) Willd. (Zingiberaceae)

Alpinia galanga is a tropical plant, originally from south-east Asia and
southern China, with creamy white rhizome. It is commonly used as a
flavouring agent in many Thai, Eastern and Caribbean dishes. The ginger-
flavour thizomes contain a volatile essential oil quite similar to that of the
ginger. The rhizome is used in herbal remedies against rheumatism,
bronchial catarrh, toothache, stomachache, bad breath, ulcers, whooping
cough in children, throat infections, fever and dyspepsia. The essential oils,
responsible for the characteristic odour as well as for their reported use in
folk medicine, are active against Gram-positive and Gram- negative bacteria.
Key constituents of this oil are methy! cinnamate, cincole, camphor, and d-
pinene. We have reported some active compounds such as 1-acetoxychavicol
acetate that active against MRSA from this laboratory (Voravuthikunchai
et al., 2005D).

Boesenbergia pandurata (Roxb.) Schltr. (Zingiberaceae)

This plant is found in south-east Asia and southern China. There are
culinairy applications as a spice in the Thai and Indonesian kitchen. The
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Table 3. Percentage of effective Thai medicinal plants against pathogenic bacteria.

% Active
Pathogenic bacteria
Plant species Plant extracts

A, baumannii 12.9(31) 12.5 (40}
B. cereus _ 59.4 (32) 63.4 (41)
E. faecalis 290 (31) 27.5 40)
E. coli (6 strains) 14.8 (61) 16.3 (92)
K. pneumoniae - 6.5 (31) 5.0 (40)
L. monocytogenes 22.6 (31) 22.5 (40)
MRSA 77.4 (31} 56.5 (7Q)
P. aeruginosi "~ 15.6 (45) 11.3(71)
Salmonella spp. (6 strains) - 6.5 (31) 5.0 (40)
S. typhi 15.1 (53) 11.1 (39)
S. typhimurium (2 strains) 6.5 (31) 5.0 (40)
S. weltevreden 6.5 (31) 5.0 (40)
8. flexneri 16.1 (3D) 15.0 (40)
S. sonnet 27.8(18) 28.1 (32)
S. aureus 63.2 (57) 57.7(97)
S. mutans 30.8 (39) 23.4 (64)
S. pyogenes 96.8 (31) 97.5 (40)

rhizome is used to treat colic disorders, wound infections and inflammation.
321t contains 1 to 3% of an essential oil. Several aroma components have
been identified, 1-8 cineol, camphor, d-borneol and methyl cinnamate being
the most important. Trace components are d-pinene, zingiberene,
zingiberone, curcumin, zedoarin, and others. Among the non-volatile
constituents, flavones and flavonoids (pinostrobin, alpinetin, pinocembrin),
chalcones (cardamonin), and dihydrochalcones (boesenbergin A) have been
identified. This plant species is found to be effective against all Gram-positive
bacteria tested (Table 2), with high activity against MRSA
(Voravuthikunchai et al., 2005b, 2006¢).

Garcinia mangostana L. (Clusiaceae)

The mangosteen tree is very slow-growing, erect, with a pyramidal crown.
The sliced and dried rind is powdered and administered to treat dysentery.
It is also applied as an ointment on eczema and other skin disorders. A
portion of the rind is steeped in water overnight and the infusion given as
aremedy for chronic diarrhoea, cystitis and gonorrhoea. The rind of partially
ripe fruits yields a polyhydroxy-xanthone derivative termed fmangostin.
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That of fully ripe fruits contains the xanthones, gartanin, 8-disoxygartanin,
and normangostin. A decoction of the leaves and bark is employed by the
Filipinos to treat thrush, diarrhoea, dysentery, and urinary disorders. In
Malasia, an infusion of the leaves, combined with unripe banana and a
little benzoin is applied to the wound of circumeision. It is well-documented
that this plant species has significant antibacterial activity. We have
reported good activity against MRSA (Voravuthikunchai et al., 2003, 2005).

Peltophorum pterocarpum (DC.) Backer ex K. Heyne (Fabaceae)

Yellow poincianas are usually planted in tropical Asia and South Pacific as
specimen trees or as shade trees. Significant antibacterial activity of this
medicinal plant against two important pathogenic bacteria, MRSA
(Voravuthikunchai and Kitpipit, 2003) and E. coli O157: H7
(Voravuthikunchai et al., 2002, 2004b) have been reported from this
laboratory. Important chemical constituents of bark are bergenin, hirsutidin,
propelargonidin, quercetin-3-0-2&D-diglucoside, rhamnetin and rhamnetin-
3-0-F-D-glucoside. '

Piper betle L. (Piperaceae)

Piper betle is native to India and throughout the balmy Asian tropics. The
plant grows as a vigorous vine which is usually supported by a trellis of
bamboo poles. The heart-shaped leaves are marvelously pungent and spicy.
Leaves have long been used in Indonesia as traditional medicine. The
essential oil is produced by steam distiliation from the leaves is yellow to
brown with an distinctly phenolic, almost tar-like or smoky. The essential
oils of the plant contained phenolic compounds. These leaves have
antimicrobial activity towards bacteria in the mouth. They are employed
as stomatitis, antitussive, astringent, antiseptic, carminative, stimulant,
stomachic, tonic, expectorant, nerve stimulant, for mouth odour, dental
cares and inhibit nose bleeding. In addition, betel leaves have immune
boosting properties as well as anti-cancer properties. The results from
our research group show that it is one of the very interesting plant species

with broad spectrum of activity against nearly all bacterial species tested
(Table 2).

Punica granatum L. (Punicaceae)

The pomegranate is a shrub, usually with multiple stems, that commeonly
grows 1.8 to 4.6 m tall. It is found in Asia, the Middle East to the Himalayas.
. The fruit is technically a berry. It is filled with crunchy seeds each of which
is encased in a juicy, somewhat acidic pulp that is itself enclosed in a
membranous skin. Pomegranate bark contains about 20% of tannin,
consisting of two astringent principles, gallotannic acid and punicotannic.
The flowers and rind of the fruit are astringent and have been used for
arresting chronic mucous discharges, passive haemorrhages, disorders of
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the mouth, night sweats and diarrhoea. Many workers have demonstrated
significant activity of Punica granatum against MRSA (Braga et al., 2005;
Holetz et al., 2002; Machado et al., 2003; Voravuthikunchai and Kitpipit,
2003, 2005). Contrastly, very few reportsindicate its activity against Gram-
negative bacteria. The methanolic extract of its pericarp showed good activity
against Proteus vulgaris (Prashanth ef al., 2001). In addition to its
antibacterial activity, the active fractions of pericarp have been reported to
inhibit Verocytotoxin production by E. coli 0157: H7 (Voravuthikunchai et
al., 2005¢).

Quercus infectoria Oliv. (Fagaceae)

An evergreen shrub growing to 1.8 m, valued for excrescences formed upon
the young branches, known in market as galls or nut-galls. They are the
result of a puncture made in the bark by an insect, Diplolepis gallse tinctoriae
or Cynips quercufolii for the purpose of depositing its egg. The excrescences
vary from the size of a large pea to that of a small hickory-nut, are nearly
round, hard, and quite smooth with the exception of small tubercles scattered
over the surface.

The main constituents found in the galls of Quercus infectoria are
tannin (50-70 %) and small amount of free gallic acid and ellagic acid. (Evans,
1996; Ikram and Nowshad, 1977; Wiart and Kumar, 2001). Any galls
produced on the tree are strongly astringent and can be used in the
treatment of haemorrhages, chronic diarrhoea and dysentery. They may
be used as a wash and gargle in sore throat and as an injection in bad
leucorrhoea; in which cases they arrest putrefactive tendencies, and may
be combined with suitable stimulants. By coagulating the blood, they
frequently will arrest haemorrhage from small vessels and sometimes are
used for bleeding piles, both as ointment and suppository.

Although nut gall is routinely prescribed for the treatment of diarrhoea
in Thai herbal drug, scientific data supporting the use of this plant as a
herbal medicine is scarce. At present, there have been very limited studies
that demonstrate an effect of this plant against bacteria (Basri and Fan,
2005; Voravuthikunchai and Kitpipit, 2003, 2005; Voravuthikunchai et al,,
2002, 2004b, 2006a, 2006b). Our research group have been extensively
studied on this plant species since we found that it has a broad spectrum of
activity against all bacterial species tested (Table 2). In addition, the bark
and acorns are astringent. They are used in the treatment of intertrigo,
impetigo and eczema.

Uncaria gambir (Hunter) Roxb. (Rubiaceae)

It is a small creeping herb. The leaves are oval-shaped with taper ends.
Important chemical constituents are catechutannic acid 22 % to 25 %,
pyrocatechol 30 %, catechin 33 %, gambir-fluorescein, catechu red, and
quercetin. Pyrocatechin and tannin are thought te be the main components.
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Very limited information on its antibacterial property has been reported.
Results from our laboratories indicate high activity of this medicinal plant
against two important pathogenic bacteria, MRSA (Voravuthikunchai and
Kitpipit, 2003) and E. coli 0157: H7 (Voravuthikunchai et al., 2002, 2004b).

Walsura robusta Roxb. (Meliaceae)

Itis a perennial plant with fresh green leaves. Its bark is the most commonly
used in Thai medicine. Very limited information has been reported on this
medicinal plant. However, antibacterial activity against two important
pathogenic bacteria, MRSA (Voravuthikunchai and Kitpipit, 2003, 2005)
and enterohaemorrhagic E. coli 0157: H7 have been reported from our
laboratory (Voravuthikunchai et al., 2002, 2004b). Chemical constituents
of this medicinal plant have not yet been reported.

Antibacterial mechanisms
Inhibition of cell growth and killing ability

As have been earlier pointed out, most of the preliminary data on the efficacy
of medicinal plants against pathogenic bacteria reported inhibition zones,
minimum bacteriostatic concentration (MIC), and minimum bactericidal
concentration (MBC). Some studies have shown that the antibacterial
activity of some medicinal plants is too low to kill them or to inhibit their
growth in human tissues, therefore their actions must be based on other
mechanisms (Annuk et al., 1999; Braga et al., 2005; Turi et al., 199T;
Voravuthikunchai and Limsuwan, 2006). It is expected that plant extracts
showing target sites other than those used by antibiotics will be active
against drug-resistant organisms. In addition to direct inhibition of growth
and some physiological functions as well as killing ability, many other
different antibacterial mechanisms operated by medicinal plants than the
presently used antibiotics have been proposed. Some of them will be
discussed as follows:

Inhibition of virulence factors

Several lesions associated with S. aureus manifest as result of toxin
production and release. It has been reported that some of the MRSA strains
were equipped with genes for several enterotoxins (Naimi et al., 2003). The
effects of some medicinal plant extracts on Staphylococcal enterofoxin
production have been investigated (Braga et al., 2005; Nostro et al., 2002).
Recently, it has been shown that methanolic extract of Punica granatum
(pomegranate) is effective at reducing staphylococcal enterotoxin secretion
(Braga et al., 2005). The ability of Punica granatum to inhibit such virulence
factors, in addition to its ability to inhibit or kill bacteria, may be exceedingly
effective at controlling resistant organisms. The inhibitory effect of several
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plant extracts such as on the production of Verocytotoxin have been
demonstrated by a number of scientists. These plants include Camellia
sinensis (tea) (Sugita-Konishi et al., 1999), Punica granatum
{(Voravuthikunchai et al., 2005¢), Quercus infectoria (Voravuthikunchai et
al., 2006d), Cupressus lustianica Mill. (Mexican cypress), Jusiaea peruviana
L. (Peruvian primrose), Limonium californicum (Boiss.) A. Heller (sea
lavender, marsh rosemary), and Salvie urica Epling (blue bush sage)
(Sakagami et al., 2001).

Antiadhesive properties

Microbial adhesion to host cells is often the first step in many infections
(Law, 1994). Pathogenic bacteria attach commonly to target host tissues by
specific adhesion-receptor mechanisms. Extract of Julans regia L. (walnut)
has been demonstrated in vitro to inhibit adherence of S. mutans to glass
and tooth surface (Jagtap and Karkera 2000). Many studies reported the
antiadhesive effect of medicinal plants on H. pylori (Burger et al., 2000;
Lengsfeld et al., 2004a, 2004b; O'Mahony et al., 2005; Shmuely et al., 2004).
This bacterium is the major cause of gastric cancer and has been classified
as Class I carcinogen by WHO. Successful inhibition of adhesion has been
shown in vitro with cranberry juice against H. pylori (Burger et al., 2000;
Shmuely e al., 2004). The adhesion of this bacterium to human stomach
sections was inhibited by Abelmoschus esculentus (L.) Moench (okra) and
Ribes nigrum L. (Mackcurrant) seeds have been demonstrated (Lengsfeld
et al., 2004a, 2004b). More recently, a study of O’'Mahony et al., (2005)
suggested a potent alternative therapy for H. pylori by ingestion of the
plants with antiadhesive properties.

Ability to increase and / or decrease cell surface hydrophobicity

Microbial cell surface hydrophobicity (CSH) is often associated with binding
to the specific cell and tissue receptors of mucosal surfaces in the infected
host (Rozgonyi ef al., 1990). It has been demonstrated that Arctostaphylos
uva-ursi and Vaccinium vitis-idaea L. (cowberry) can enhance cell
aggregation of E. coli, Acinetobacter baumannii (Turi et al., 1997), and H.
pylori (Annuk et al., 1989). Recently, detailed studies on CSII demonstrated
that ability of medicinal plants to increase and/or decrease CSH of E. colt
0157: H7 is not correlated with bacteriostatic or bacteriocidal effect of the
medicinal plants tested (Voravuthikunchai and Limsuwan 20086).

Effects of medicinal plants on normal microbiota

While many studies on the antibacterial effects of medicinal plants on
pathogenic bacteria have been extensively carried out, there have been very
limited researches on their effects on indigenous microbiota. It would be
expected that the activity of the herbs would be similar, A case report by
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Logan et al., (2002) suggest an antimicrobial activity of Mentha piperita L.
(peppermint) on small intestinal bacterial overgrowth. Irritable bowel
syndrome symptoms were improved after treatment with enteric-coated
peppermint oil. Contrastly, it has been demonstrated that herbal decoctions
exhibited a positive effect on the growth of indigenous oral microbiota rather
than produced a detrimental effect (Woodward 1999). One possible
mechanism proposed is probably due more to aiding the normal microbiota
as opposed to hindering pathogenic bacteria. Possibly, the phytochemicals
in medicinal plants are closed to those present in our regular diet and as
such would not inhibit the growth of indigenous organisms due to their
continued exposure to such compounds. Disease alleviation through the
use of herbs would be a classic matter of bacterial competition as opposed
to a drug-pathogen interaction. Many antagonistic mechanisms played by
the resident microorganisms against pathogenic bacteria have been well-
described (Fujimori et al., 1996; Vieira et al., 1998; Voravuthikunchai and
Lee 1987).

Why the antibacterial effects on overpopulated indigenous normat
microbiota (Logan ef al, 2002) and those under normal equilibrium
(Woodward 1999) are so different? It would be very interesting to find out
whether the same plant species will produce similar results when a single
resident bacterial species is tested. As have been demonstrated by many
other researchers that various kinds of plants produce antibacterial activity
against S. mutans (Hwang et al., 2004; Jagtap and Karkera 2000; Rosalen
et al., 2000; Taweechaisupapong et al.,, 2000). We thought that a lot more
studies on the effect of herbs on human mierobiota are required before this
can be concluded. If the phenomenon reported by Woodward (1998) can be
repeatable, this is another big advantage of the use of medicinal plants
against infection. In general, antibiotics produce the same effect on normal
microbiota as on pathogenic bacteria (Haahr et al., 1997).

Immunomodulation

The immune system does a great job to keep us healthy and prevent
infections from overwhelming the body. Unhealthy lifestyle practices, stress,
environmental poliution, and many other factors have rendered our immune
systems weak. In addition to antibacterial properties, many studies have
illustrated immunomodulatory activities of various kinds of medicinal plants
(Prince et al., 2004; Rege et al., 1989; Thatte et al., 1992). Treatment with
Tinospora cordifolia (Willd.) Miers (guduchi) was associated with
significantly improved bacterial clearance as well as improved bacteria-
fighting capacities of cells of the immune system (Thatte et al., 1992). By
virtue of its potent antioxidant activity, Tinospora cordifolia is not only
powerful scavengers of bacteria but also help suppress the associated
infection and inflammation. It effectively suppresses oxidative stress and
thereby helps the body fight infections (Prince ef al., 2004). Glycyrrhizin, a
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principle constituent from Glycyrrhia glabra L. (licorice or yashimadhu)
has been studied for its immunomodulating effects in many researches and
found to have a powerful stimulant action on the functioning of various
cells of the immune system (Sohni ef al., 1996). Eugenia malaccensis L.
(Malay apple) was found to inhibit the classical pathway of complement
activation suggesting an immunological basis for its in vive activity (Locher
et al,, 1995). It has been shown that Camellia sinensis (L.) Kuntze, containing
L-theanine, a precursor of the non-peptide antigen ethylamine, could prime
peripheral blood T cells to mediate a memory response on re-exposure to
ethylamine, and secreted interferon-y in response to bacteria. Such priming
may enhance innate immunity to bacteria (Kamath ef al., 1999). Phyllanthus
emblica L. (Indian gooseberry, amla, or amalaki) has been proved to have
potent immunostimulating activity in addition to its antibacterial property
(Haque et al., 2001; Sai Ram and Neetu, 2003). Balsamodendron mukul
(Indian bedellium or guggulu) is another herb with infection-fighting and
immunomodulatory potential (Kimura et al., 2001; Sharma et al., 2005).

Many plants have tropisms to specific organs or human body systems.
Phytomedicines usually have multiple effects on our body. Their actions
often act beyond the symptomatic treatment of disease. Hydrastis
canadensis L. (golden seal) not only possesses antimicrobial activity, but
also increases blood supply to the spleen promoting optimal activity of the
spleen to release mediating compounds (Murray, 1995).

Structural Aspects of Antibacterial Phytochemicals in
Medicinal Plants

Antibacterial phytochemicals of herbs are secondary metabolites of plants
which are structurally heterogeneous. Relatively structural complexity is
very high and includes the occurrence of multiple stereoisomers, for example,
most triterpenes contain 10 or more chiral centers (Pauli et al., 2005). The
major phytochemicals of medicinal plants include multiple organic
compenents such as catechins, curcumin, phenols, quinines, flavones,
tannins, terpenocids, and alkaloids, all of which are known to have
antibacterial effects (Cowan, 1999). The larger the variety of compounds
that are extracted, the better the chance that biclogically active components
will also be extracted if a specific class of chemical component is not targeted.
In general, phenolics are the predominant active chemical in many plants,
with Gram-positive bacteria being more sensitive.

Most phytochemicals contain substituted phenolic ring. The -OH groups
in phenolic compounds are thought to be related to their inhibitory action
(Gelssman, 1963). There is some evidence that increased numbers of -OH
groups in the compounds exhibit more toxicity to microorganisms (Cowan,
1999). Flavonoids are hydrolyxated phenolic compounds linked to additional
aromatic rings. Quinones are known to complex with amino acid residues
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to inactivate microbial proteins (Stern et al., 1996). Allium sativum L. {garlic)
contains non-aromatic sulfur compounds, thiosulfinates that acts as
antibacterial substance.

Detailed studies on some active compounds from our laboratories (Fig. 1)
illustrate that pinocembrin is the most potent antibacterial compound among
the three flavonoids isolated from Boesenbergia pandurata. Acetoxychavicol
acetate from Alpinia galanga is very active against S. aureus and MRSA
(Voravuthikunchai et al., 2005a). Purified compounds from other active plant
species, Punica granatum, demonstrated various groups of antibacterial
compounds which are similar to those earlier reported (Machado et al., 2003).
The antibacterial activity of active compounds from Walsura robusta from
this study group are new and will have to be reported.

" Research methodologies

Plant selection

Scientific criteria should be used in the selection of plant materials. The
selection of plants should be made from an ethnopharmacological
perspective. All the plant species tested should be described and identified.
The use of commercial samples should be avoided. Even though both fresh
and dried materials can be used, most workers have tended to use dried
materials for the following reasons: (i) most plants are used in the dried
form or as aqueous extract by traditional healers; (ii} there are fewer
problems with the large scale extraction; (iii) the secondary metabolites to
be employed as antibacterial agent should be stable; (iv) differences in water
content in fresh material may affect solubility or subsequent separation by
liquid-liquid extraction (Eloff 1998).

Extraction Method

The first generation of plant medicines were usually simple botanicais used
in their crude form. Many effective drugs were employed in their natural
state based on empirical evidence of their clinical practice by traditional
practitioners, for example, Aloe vera (L.) Burm.f. (aloe vera), Atropa
belladona (deadly nightshade), Cinchona officinalis (L.) (cinchona or
quinine), and Papaver somniferum L. (opium). Various solvents have been
used to extract plant metabolites. Importantly that the extractant should
" not inhibit the bioassay procedures. Scientists use different extractants
varying from chloroform, ether, ethanol (50 % to 90 %), methanol, petroleum
and water. Many researchers obtain Soxhlet extraction of dried plant
material using solvent with increasing polarity, for example, ether,
petroleum ether, chloroform, ethyl acetate, ethanol, and water. This
procedure works well with compounds that can withstand the temperature
of the boiling solvent, but cannot be used for thermolabile compounds. Eloff
{1998) suggest acetone as an ideal extractant due to its votality, miscibility
with both polar and non-polar solvents, and relatively low toxicity to test
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organisms. As aqueous (decoction) and ethanolic (infusion) are routinely
employed to treat infectious diseases, they are among the most common in
many studies.

There are a variety of techniques that could be employed to prepare
extracts such as steam-distillation, dichlolomethane extraction (Laenger et
al., 1996), maceration, sonication, Soxhlet and supercritical fluid extraction
with hexane (Janete et al., 1997). These types of preparations are normaily
unavailable to persons in a domestic setting for purposes of self-medication.

The efficacy of herbal remedy may be varied depending on both the
solvents and extraction methods. The ideal approach would be that in which
the extract were the same as that used in phytotherapy or folk medicine.

. Plant extracts obtained by chemical processing would be impractical in many
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Fig. 1. Representative structures of effective antibacterial phytochemicals
(Voravuthikunchai et al., 2005b, and some of unpublished data).

developing countries. Inevitably that the composition and concentrations
of active compounds within different types of preparations would be different
(Laenger et al., 1996; Lienert et al., 1998).

Isolation and identification of active compounds

When crude extracts of medicinal plants are used, it is thought that the
effects are the combined effects of multiple bioactive phytochemicals
interacting synergically. However, towards developing modern drugs, a
scientist has to identify major bioactive compound. Some of the pure
phytopharmaceutical agents were more pharmacologically active that their
synthetic counterparts. Well-known examples are quinine, reserpine from
Rauwclfia serpentine (L.) Benth. ex Kurz, and more recently taxol from
Taxus species. These compounds differ from the synthetic therapeutic agents
only in their origin.

Antibacterial assays

For standard antibacterial assays, most of preliminary works on screening
antibacterial activity tend to use agar well diffusion bioassay (NCCLS 2003)
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and measuring their inhibition zones. This assay should be used to obtain
preliminary data. Our experiences indicate that it does not. always correlate
well with the MIC or MBC values. Egpecially, for non-polar extracts, the
use of this technique seems to be inadequate. More assays should be further
get up in order to confirm the antibacterial activity. Many extracts give
very dark background which make it rather difficult to read the result from
broth microdilution technique. In these cases, agar dilution method may be
substituted.

The use of tetrazolium salts in bioautegraphic procedures has been
described (Begue and Kline 1972). Chromatography plates are dried
overnight and sprayed with a concentrated suspension of actively growing
cells, incubated at 38 °C in a chamber at 100% relative humidity. Plates are
then sprayed with a 2 mg/m! solution of p-iodonitrotetrazolium violet.
Inhibition of growth was indicated by clear zones on the chromatogram
after incubating for 1 hr. Toxicity of solvents are determined by serial
dilution with medium to the level where growth is not inhibited.

Problems encountered with researches on medicinal
plants '

There are several practical aspects to be considered when trying to explain
difficulties that are associated with medicinal plant research. Results of
different reports on the use of same plant species against same pathogen
may be varied. Differences in results obtained from different laboratories
may be due to the stage of plant collection, extraction methods used in each
study protocol, or different sensitivity patterns of test bacterial strains.
Many studies have illustrated the differences in composition and
concentrations of phytochemicals among plants of the same species that
are collected at different times of the year or in different geographic, soil,
and climatic conditions (Laenger et al., 1996; Marotti et al., 1994; McGimpsey
et al., 1994; Piccaglia and Marotti 1993; Saez, 1995; Svoboda and Deans
1992). Critically, some plants may accumulate minerals and heavy metals
from the soil. Contamination by arsenic, cadmium, lead, and mercury has
been reported (De Smet et al., 1996; Ko, 1998). In addition, the efficacy of
an herbal remedy may be different depending on the preparation methods
employed (Laenger ef al., 1996; Lienert et al., 1998).

Among substantial plant species studied, we found that Quercus
infectoria exhibited the greatest activity against E. coli 0157: H7. Work
from other laboratory support this finding (Nimri et al., 1999), however,
other reported different results (Alkofahi and Atta, 1999). Camellia sinensis
showed no activity against E. coli 0157: H7 (Voravuthikunchai et al., 2004b)
while epigallocatechin gallate and gallocatechin gallate in green tea
catechins has been earlier reported by other workers to inhibit extracellular
release of Verocytotoxin from E. coli 0157: H7 (Sugita-Konishi et al., 1999).
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Panax ginseng C.A. Mey. (gingseng) has been shown to inhibit H. pylori
adhesion to human gastric adenocarcinoma cells (Lee et al., 2004). However,
it failed to inhibit H. pylori adhesion to human stomach sections (O'Mahony
et al., 2005). The discrepancy is thought to be due to the differences between
cell-lines and whole tissue.

Many researchers reported antibacterial activity of medicinal plants
though concentrations of plant extracts used in their studies were relatively
high (Bonjar et al., 2003; O’'Mahoni et al., 2005). Information on the minimum
concentration needed for pharmacological activity has not been
standardized. Experiments with quantities higher than 1000 pg/ml for
extracts or 100 mg/ml isolated compounds should be avoided, whereas the
~ presence of activity is very challenging in the case of concentration below
100 pg/ml for extracts and 10 pg/mli for isolated compounds (Rios and
Recio 2005). '

Conclusions

Some general considerations must be established for the study of the
antibacterial activity of medicinal plants such as selection of plant materials,
extraction methods, and test bacterial strains.

In general, a much greater numbers of medicinal plants were found to
be more active against Gram-positive bacteria than Gram-negative bacteria
(McCutcheon et al,, 1992). The basis for their differences in susceptibility
might be due to the differences in their cell wall composition (Grosvenor et
al., 1995). Work from this laboratory further support this. Streptococcus
Ppyogenes was demonstrated to be sensitive to almost all plant species tested
(96.8%). Methicillin-resistant Staphylococcus aureus, an extremely
antibiotic-resistant pathogen responded to a wide range of the medicinal
plants tested (77.4%). Contrastly, we found that only 14.8% of plants studied
have activity against E. coli, a representative of Gram-negative bacteria.

The primary benefits of using plant derived medicines are that they
are relatively safer than synthetic alternatives, offering profound
therapeutic advantages and more affordable treatments. Decades of use of
a particular plant may point to its non-toxicity, however, it is important to
note that herbs are not necessarily harmless. Many plants are toxic and
may be extremely dangerous. In general, when a herb is used as food, it
may be harmless, but it may produce toxicity when used as medicine as a
relatively higher doses administered or interacted with other
pharmaceutical medications (Argento et al., 2000; Earns, 2003). There have
been a number of reports of human poisoning due to the ingestion of
decoctions made from commonly used medicinal herbs (Hamouda et al,
2000; Onen et al., 2002). The chemical composition and safety of the extracts
should always be determined before formulation into dosage forms. On the
other hand, due to inadequate usage, medicinal plants may not yield desired
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effects. Safety on herbs, contra-indications, side effects, other herbal
classifications of commercial uses, and general information, are available
in a published handbook (McGuffin et al., 1997). A reference database on
Natural medicines (Jeff, 1999) that documented reference resource, based
on scientific data is available. In addition, WHO has developed a strategy
to intensify research into the safety and effectiveness of traditional medicines
between 2000 and 2005.

It is obvious that continued and further exploration of plant
antibacterial drugs needs to occur. Plants based antimicrobials have
enormous therapeutic potential. They are effective in the treatment of many
bacterial infections while simultaneously mitigating many of the undesirable
side effects that are commonly associated with synthetic antimicrobials. It
is to be noted that follow-up researches are mostly lacking, since most efforts
are not part of focused drug development programmes and simply lack the
opportunity for synthetic follow-up of promising leads. The isolated active
principles rarely exhibit potent activity themselves, but further follow-up
improvement is required in order to be attractive.
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R1 - -
R2 ] )

R3 - -
R4 0.78 12.50
RS 0.39 1.56
R6 0.39 1.56
R7 0.78 1.56
RE 1.56 312
R9 3.12 6.25
R10 3.12 12.50
R11 6.25 12.50
R12 25.00 50.00
R13 25.00 50.00
Ri4 100.00 100.00
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(ATCC 11778) | 0.39/0.39 0.39/0.39 >50/>50 >50/>50

{Bacillus cereus)

sl Tanoada InTedma
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P & =44 oy o o W A =
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