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Abstract: Background: There is a need to identify original molecules to develop drugs for the
treatment of microbial infections. Such chemical entities could be found in secondary metabolites
of rainforest plants that are not so well-known. This study examines the antibacterial and antibi-
otic-potentiating effects, and antiviral activities of six rainforest plants endemic to the primary
rainforest of Malaysia.

ARTICLE HISTORY Methods: Leaves, bark, fruits, and wood of Burkillanthus malaccensis, Cleistanthus bracteosus,

Diospyros hasseltii, Kibatalia maingayi, Knema retusa, and Litsea spathacea were extracted suc-
cessively with hexane, chloroform, and methanol, and tested against six human pathogenic bacte-
ria species by disc diffusion and broth microdilution. The extracts were tested against influenza
virus A/Puerto Rico/8/34 (HIN1) using MDCK cells.
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10.2174/0122150838298401240924105857  Results: Of the 42 extracts tested, the hexane extract of fruits of D. hasseltii inhibited the growth
of E. coli with the MIC value of 39 pg/mL. The chloroform extract of leaves of C. bracetosus po-
tentiated the activity of levofloxacin against P. aeruginosa. The strongest antiviral activity was ob-
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cytotoxic.

Conclusion: Preserving the primary rainforest of Malaysia is a means to preserve natural products
with the ability to be developed as antimicrobial leads. In particular, D. hasseltii, C. bracteosus,
and B. malaccensis could be examined for their active antimicrobial constituents.
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1. INTRODUCTION

In Malaysian hospitals, bacterial resistance to B-lactam
antibiotics has become critical; for example, there was re-
ported an increased resistance rate of Pseudomonas aerugi-
nosa to imipenem, increasing from 9.9 to 20.6% between

" Address correspondence to this author at the Institute for Tropical Biology
& Conservation, University Malaysia Sabah, 88400 Kota Kinabalu,
Malaysia; E-mail: christophewiart@ums.edu.my

2215-0846/XX

2005 and 2009 [1, 2]. However, the rates of antibiotic resis-
tance in P. aeruginosa are increasing worldwide. In fact, the
increase in Multidrug-resistant (MDR) bacteria is consid-
ered one of the most urgent threats to global human health
[3]. Methicillin-resistant Staphylococcus aureus (MRSA) ac-
counted for 2% of S. aureus infections in the US intensive
care units in 1974, which increased to 22% in 1995 and 64%
in 2004 [4]. MRSA is now a leading cause of healthcare-as-
sociated infections and one of the most important antibi-
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otic-resistant bacteria in the United States [5]. Nosocomial
Infections (NIs) are defined as hospital-acquired infections
developing at least 48-72 hours after admission [6]. Current-
ly, there is a growing number of patients infected with
Gram-positive or Gram-negative multidrug-resistant nosoco-
mial bacteria who are not treatable [7].

The high prevalence of MDR bacteria pinpoints an ur-
gent need for the development of improved policies, surveil-
lance, and infection control, as well as the development of
new antibiotics specifically targeting these pathogens [8].
To help control bacterial resistance, the World Health Or-
ganization (WHO) recommends developing an economic
case for sustainable investment that takes into account the
needs of all countries and increases investment in new
medicines [9]. In fact, the development of new and effective
antibacterial drugs to treat MDR bacteria is recognized as
one of the most urgent health problems in the world [10,
11]. Interestingly, the number of new antibiotics approved
by the FDA is decreasing [12]. An emerging alternative to
traditional antibiotics is compounds and biologicals collec-
tively called “non-traditional”, which indirectly have antibac-
terial activity [13]. We can cite for instance efflux pump in-
hibitors and other principles targeting antibiotic-targeting en-
zymes. These include clavulanic acid, isolated from a bac-
terium, which potentiates the antibacterial effects of p-lac-
tam antibiotics by inhibiting p-lactamase and has mild
antibacterial effects [14, 15]. Also, natural products derived
from plants, such as plant phenols, like eugenol [16], in-
crease sensitivity to antibiotics by membrane disruption
[17]. Thus, there is precedence for potentiators of natural
product-derived antibiotics.

The primary rainforest of Malaysia was one of the rich-
est plant biospheres on Earth until intense burning (deforesta-
tion) gobbled up huge areas to make way for massive palm
oil and rubber tree plantations [18]. Worldwide deforesta-
tion between 2000 and 2012 was comprehensively reported
by Hansen ef al. (2013), whose analysis registered Malaysia
with the highest level of forest loss in relation to land area
[19]. Along with deforestation, residential and commercial
developments have caused additional stress to the ecosys-
tems. It is estimated that within 50 years, if nothing is done,
this rainforest will disappear completely [20-22]. Many spe-
cies used in traditional medicine are now vulnerable or in
danger [23, 24]. Nonetheless, local rainforest medicinal
plants have been used by the indigenous tribes in Peninsular
Malaysia for centuries, and these have not yet been studied
for their biomedical properties [25]. So far, few reports exist
on the isolation of antibiotic-potentiators from Malaysian
plants. Among these plants, there are members of the genus
Cleistanthus Hook. f. ex Planch. (family Phyllanthaceae)
[26, 27], including Cleistanthus bracteosus Jabl., a magnifi-
cent tree growing to 45 m tall with bright red capsules and
oblong leaves. Burkillanthus malaccensis (Ridl.) Swingle.
(family Rutaceae) known to the inhabitants of the Malaysian
Peninsula as “limau hantu” and commonly termed Burkill‘s
lime is a tree with thorny stems, trifoliate leaves, large white
flowers, and large lemon-like fruits, containing numerous
seeds covered with yellow resin (personal observation). Lit-

Zulkipli et al.

sea spathacea Gamble (Family Lauraceae), Diospyros has-
seltii Zoll. (Family Ebenaceae), Kibatalia maingayi Hook. f.
Woodson (Family Apocynaceae), and Knema retusa (King)
Warb (Family Myristicaceae) are other species common in
the lowlands and the hills of the forest of the Northern Penin-
sula of Malaysia. These are locally known in the Malay lan-
guage as “derahan”, “meranga”, “jelutong pipit”, and “pala
hutan”, respectively [28-33].

Since there is an urgent need to find original chemical
frameworks to develop antimicrobial leads, we examined
the antibacterial, synergistic, and antiviral activities of the
six plants. Since not much study has been conducted to in-
vestigate the biological activities of these six plants, we
aimed to examine their antibacterial, antibiotic-potentiating,
antiviral, and cytotoxicity properties.

2. MATERIALS AND METHODS

2.1. Plant Collection

The chemotaxonomical collection of plants was per-
formed in February 2017. The survey was done in Manong
and Kuala Kangsar primary rainforest, State of Perak,
Malaysia (4.7746° N, 100.9520° E). The survey allowed for
the selective collection of six plant species, identified by bo-
tanists at the National Herbarium of the Forest Research In-
stitute of Malaysia (FRIM). Voucher herbarium specimens
with vernacular names, collection locations, and dates of col-
lection were deposited at the Department of Pharmacy, Fac-
ulty of Science, University of Nottingham Malaysia Cam-
pus. These plants have been found to belong to the families
Rutaceae, Ebenaceae, Lauraceae, Phyllanthaceae, and
Mpyristicaceae. Taxonomical data of specimens, location,
and date of collection, parts collected, Malay common
names, and traditional uses are given in Table 1.

2.2. Preparation of Plant Extracts

The leaves, bark, wood, and fruits collected were separat-
ed and air-dried at room temperature for two weeks. The
dried materials were then finely pulverized by grinding us-
ing an aluminum collection blender (Philips, Shanghai, Chi-
na), and the powders obtained were weighed with a top load-
ing balance (Sartorius AG, Gottingen, Germany). The dried
plant powders (200g) were successively soaked at room tem-
perature with hexane, chloroform, and methanol for selec-
tive extraction of non-polar, mid-polar, and polar com-
pounds, respectively [34]. Each extraction was performed us-
ing the maceration technique with a powder-to-solvent ratio
of the plant of 1:5 (w/v) for three days at room temperature
in three successive repetitions. The respective liquid extracts
were subsequently filtered through qualitative filter papers
No. 1, (Whatman International Ltd. Maidstone, UK), using
an aspirator pump (EW-35031-00, 18 L/min, 9.5 L Bath,
115 VAC), and the filtrates were concentrated to dryness un-
der reduced pressure at 40°C using the rotary evaporator
(Buchi Labortechnik AG Flawil, Switzerland). The dry ex-
tracts obtained were weighed and stored in tightly closed
glass scintillation vials (Kimble, USA) at -20°C until further
use.
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Table 1. Plants collected in Manong and Kuala Kangsar primary rainforest.

FAMILY Voucher No.| Date of Collection Location Common Name|Part Collected | Traditional Uses
Genus, Species, Authority
APOCYNACEAE NB0328 23/3/2017 4°.69°,100°.82’| Jelutong pipit | Leaves, Barks None
Kibatalia maingayi
(Hook. f.) Woodson
EBENACEAE NB0245 12/3/2017 4.73°,100.° 81’ Merangat Leaves, Barks Seeds eaten
Diospyros hasseltii Zoll Fruits, Wood
LAURACEAE NB0523 5/3/2017 4.70°,100.° 83 Derahan Leaves, Barks Fever
Litsea spathacea Gamble Wood
MYRISTICACEAE NBO0314 25/3/2017 4°.69°, 100 °.82° Pala hutan Leaves, Barks None
Knema retusa (King) Warb Wood
PHYLLANTHACEAE NB125 2/3/2017 4°.72°,100 °.81° None Leaves, Barks None
Cleistanthus bracteosus Jabl.
RUTACEAE NB234 2/3/2017 4°72°,100°.84’| Limau hantu | Leaves, Bark None
Burkillanthus malaccensis (Ridl.) Swingle. Fruits

2.3. Tested Bacterial Strains

Stock cultures of bacteria used for this study were kindly
provided by the Department of Medical Microbiology, Facul-
ty of Medicine, University of Malaya, Malaysia. The follow-
ing human pathogenic bacteria were used as tested or-
ganisms: Staphylococcus aureus (ATCC 11632), Bacillus
subtilis (ATCC 6633), Escherichia coli (ATCC 25218),
Pseudomonas aeruginosa (ATCC 10145), Acinetobacter
baumannii (clinical strain, imipenem-sensitive), and Acineto-
bacter baumannii (clinical strain, imipenem-resistant); they
were sub-cultured in nutrient agar. All sub-cultured bacterial
specimens were transferred aseptically using an inoculating
loop and prepared in 10 mL suspensions of Mueller-Hinton
Broth (Oxoid, Hampshire, UK), and they were then used 15
minutes after inoculation. A fraction equivalent to 1 mL of
the bacterial suspensions was transferred to a cuvette and an-
alyzed with a spectrophotometer (Biochrom, Cambridge,
UK), where the UV absorbance value was monitored to be
in the range of 0.008 to 0.10 at 625 nm to be adjusted to 0.5
McFarland turbidity standards (Healthlink, Florida, USA),
corresponding to a bacterial cell count of 1.5x10° CFU/mL
[35].

2.4. Disc Diffusion Assay

The disc diffusion assay was performed according to the
guidelines of the Clinical and Laboratory Standards Institute
(2012) [36]. Paper discs with a diameter of six millimeters
(filter paper No. 1) (Whatman International Ltd., UK) were
used in this study. Fifty microliters of each material at a con-
centration of 20 pg/mL to be tested were loaded on auto-
claved discs and left to dry for 24 hours. Bacterial strains
were grown for 18—24h at 37°C. Colonies were directly sus-
pended in Cationically Adjusted Miieller-Hinton Broth
(CAMHB) and adjusted to ODy,; 0.08-0.1, corresponding to

1 ~2 x 10° CFU/mL, and spread on the agar plates using

sterile swabs. With the help of sterile forceps, each disc was
applied aseptically to the agar surface on a plate, which had
initially been inoculated with a pure culture from the test or-
ganism. After incubation, the growth inhibition zone for
each extract was measured. The zones of inhibition (mm)
were measured and the results have been reported as mean +
Standard Deviation (SD) of the triplicate experiments. Ampi-
cillin (Sigma-Aldrich) 10 pg/disc was used as a positive con-
trol, while a paper disc loaded with 50 pL of 100% DMSO
was used as a negative control. Experiments were performed
in triplicate.

2.5. Broth Microdilution Assay

The determination of the Minimum Inhibitory Concentra-
tion (MIC) was performed according to the guidelines of the
Clinical and Laboratory Standards Institute (2012) [36]. Brie-
fly, bacterial strains were grown for 18-24 hours at 37°C.
Colonies were directly suspended in Cationically Adjusted
Miieller-Hinton Broth (CAMHB) and adjusted to ODq;,;
0.08-0.1, corresponding to 1~2x10° CFU/mL, followed by
10-fold serial dilutions to give 1x10° CFU/mL. The bacterial
suspension (50 pL) was added to the 96-well round bottom
microtiter plates containing an equal volume of extracts or
phytoconstituents in different concentrations, and the 96-
well plates were incubated for 24 hours at 37°C. The Mini-
mum Inhibitory Concentration (MIC) was defined as the
lowest concentration of material tested that has completely
inhibited the growth of bacteria. The Minimum Bactericidal
Concentration (MBC) was determined by sub-culturing the
test dilutions on a sterile agar plate and further incubated for
18-24 hours. The highest dilution that yielded 0% bacterial
growth on agar plates was taken as MBC. MIC and MBC
values were calculated as the mean of triplicate experiments.
Vancomycin and rifampicin were used as positive control
antibiotics.
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2.6. Synergistic Interaction Assay

The ability of the extract to increase the sensitivity of
bacteria to antibiotics was measured by the technique de-
scribed by Saquib et al. (2019) [37]. Antibiotic discs of
ampicillin (10 pg/disc), gentamicin (10 pg/disc), imipenem
(10 pg/disc), levofloxacin (5 pg/disc), and ciprofloxacin (5
pg/disc) (Sigma-Aldrich) were loaded with 1 mg of plant ex-
tract per disc. The inhibition zones measured after overnight
incubation were estimated as follows: zone of combined ma-
terial and antibiotic > zone of material + zone of antibiotic =
synergy; zone of combined material and antibiotic = zone of
material + zone of antibiotic = additive; zone of combined
material and antibiotic < zone of material + zone of antibiot-
ic = antagonism.

2.7. Cells and Virus

A/Puerto Rico/8/34 (HIN1) obtained from the collection
of viruses of the St. Petersburg Pasteur Institute, St. Peters-
burg, Russia, was used in the study. Prior to the experiment,
the viruses were propagated in the MDCK cells (ATCC no.
CCL-34) for 48 h at 36C. The infectious titer of the virus
was further determined in MDCK cells in 96-well plates in
alpha-MEM medium (Biolot, St. Petersburg, Russia) by
end-point dilution assay.

2.8. Cytotoxic Assay

The Micro Tetrazolium Test (MTT) was used to study
the cytotoxicity of the extracts [19]. Briefly, the extracts
were serially diluted threefold (from 300 to 4 pg/mL, with
additional lower dilutions for separate experiments, if need-
ed) in a Minimal Essential Medium (MEM). MDCK cells
were incubated for 48 h at 37 °C in 5% CO, in the presence
of the dissolved substances. The degree of destruction of the
cell monolayer was then determined by MTT. The cells
were washed twice with saline, and a solution of 3-(4,5-
dimethylthiazolyl-2) 2,5-diphenyltetrazolium bromide (ICN
Biochemicals Inc., Ohio, USA) (0.5 mg/mL) in MEM was
added to the wells. After 1h incubation, the wells were
washed for 5 min with saline, and the formazan precipitate
was dissolved in DMSO (0.1 mL per well). The optical den-
sity of cells was then measured on a Multiscan FC reader
(Thermo Scientific) at a wavelength of 535 nm and plotted
against the concentration of the extracts. Each concentration
was tested in three replicates. The optical density was plott-
ed against the concentration, and the 50% cytotoxic concen-
tration (CC,,) was calculated from the data obtained.

2.9. Antiviral Assay

The extracts at increasing concentrations (4-300 pg/mL)
were dissolved in MEM with trypsin (1 pg/ mL) and incubat-
ed with MDCK cells at 36 °C for 1 h. The cell culture was
then infected with the corresponding viruses at a multiplicity
of infection (moi) of 0.01 and incubated for 1 h at 36 °C in
the presence of 5% CO,. The culture medium was then re-
moved and replaced with fresh medium containing the same
concentrations of material to be tested. Plates were incubat-
ed at 36 °C in the presence of 5% CO, for 24 h, followed by

Zulkipli et al.

virus titer determination by TCID50 for 48 h. Each extract
concentration was tested in quadruplicate. The 50% inhibito-
ry concentration (IC,,) and SI (CC,,-to-IC,, ratio) were calcu-
lated from the data obtained. Oseltamivir carboxylate (Hof-
mann LaRoche, Basel, Switzerland) and rimantadine (Sig-
ma-Aldrich, Missouri, USA) were used as reference antivi-
ral drugs.

3. RESULTS

3.1. Disc Diffusion Assay

Disc Diffusion Assay of the 42 extracts tested against
two Gram-positive and four Gram-negative bacteria, the
strongest activity was obtained with the methanol extract
from the bark of C. bracteosus, which inhibited the growth
of S. aureus, E. coli, and P. aeruginosa, with the inhibition
zone diameters of 15.5+0.2, 13.5+0.2, and 17.1+0.4 mm, re-
spectively (Table 2). Most extracts were active against
Gram-positive bacteria Staphylococcus aureus and Bacillus
subtilis. Six extracts were active against E. coli, notably the
methanol extracts from leaves and bark of C. bracteosus,
which yielded inhibition zone diameters of 13.3+£0.5 and
13.5+£0.2 mm, respectively. Nine extracts inhibited the
growth of P. aeruginosa; the strongest activity was observed
with the methanol extract of bark of C. bracteosus and the
methanol extract of wood of K. retusa with the inhibition
zone diameters of 17.1£0.4 and 11+0.0 mm, respectively.

The methanol extract from leaves of C. bracteosus was
active against 4. baumannii (imipenem-resistant) with a di-
ameter of the inhibition zone of 8.3£0.5 mm. Five extracts
of D. hasseltii inhibited the growth of A. baumannii (imipen-
em-sensitive), with the methanol extract from the bark being
the most active with the diameter of the zone of inhibition of
10£0.0 mm, but it showed no relevant activity against the
imipenem-resistant A. baumannii. The chloroform extract of
leaves from L. spathacea showed the most relevant antibacte-
rial activity with a zone of inhibition of 12+0.1 mm.

3.2. Broth Microdilution Assay

We sought to determine the Minimum Inhibitory Concen-
tration (MIC) of 42 extracts from the five plant species by
the broth microdilution method (Table 3) [38-43]. Results of
the broth microdilution assay confirmed the Gram-positive
bacteria S. aureus and B. subtilis to be more susceptible to
the plant extracts than Gram-negative bacteria (Table 3).
Chloramphenicol and tetracycline were used as positive con-
trols because of their broad-spectrum activities [44]. The
hexane extract of the fruits of D. hasseltii exhibited notewor-
thy activity with an MIC value against the Gram-negative ba-
cillus E. coli as low as 39.0 ug/mL (Table 3). The lowest
MIC value towards the Gram-positive S. aureus was ob-
tained by the methanolic extract of bark from C. bracteosus
(250 pg/mL). The chloroform extract from leaves of L.
spathacea was able to inhibit the growth of S. aureus, B. sub-
tilis, E. coli, and P. aeruginosa with the MIC value of 500
pg/mL. Additionally, this extract inhibited the growth of A4.
baumannii (imipenem-sensitive) with an MIC value of 500
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pg/mL and MBC above 1000 ug/mL. The methanolic ex- MBC value > 1000 ug/mL. None of the extracts tested could
tract of L. spathacea leaves was active against A. baumannii inhibit the growth of imipenem-resistant 4. baumani.
(imipenem-sensitive) with an MIC value of 1000 pg/mL and

Table 2. Inhibition zone diameters.

Plant Part Solvent S. aureus B. subtilis E. coli P. aeruginosa A. baumannii A. baumannii
(ATCC11632) | (ATCC 6633) [(ATCC 25218)|(ATCC 10145)|(imipenem-sensitive) [ (Clinical, imipenen-resis-
tant)

B. malaccensis| Leaves Hexane 6.5+£0.6 6.£0.5 - 6.6+1.1 - -
Leaves [Chloroform 7+0.5 6.5+0.0 - - - -
Leaves [ Methanol 7.6+0.5 72+0.1 6.6+0.0 - - -
Bark Hexane 10.6+ 0.0 83+04 - - - -
Bark |Chloroform 7+0.5 65+1.3 - - - -
Fruit flesh|Chloroform - - - 11.3£0.0 - -
C. bracteosus | Leaves Hexane 73+0.6 - 6.7+0.3 6.6=0.1 - -
Leaves [Chloroform 9.3+0.8 6.3+0.5 83+04 - - -

Leaves | Methanol 13.1£0.5 - 13.3 +£0.5- 103+£0.2 - 8.3+ 0.4-
Bark Hexane 10.5+0.2 - - - - -
Bark [Chloroform 9.1+£04 8.6+0.3 13.5+0.2 - - -
Bark Methanol 155+0.2 - 17104 - -
D. hasselti Leaves Hexane 7.0£0.0 75+1.5 - 7.5+0.5 8.0+0.4 -
Leaves [Chloroform 6.8 +£0.02 - - 10.1£0.3 - -
Leaves | Methanol 7.8+0.2 7+0.5 - - 8.0+0.2 -
Bark |Chloroform - - - - 10+0.0 -
Bark | Methanol 11.7£0.8 - 8+0.5 6.7+£0.3 9.0+0.8 -
Fruit Hexane 83+0.1 - - - 9.0+0.1 -
Fruit |Chloroform 8.7+£0.0 - 7.7+0.2 7.3+0.0 - -

Fruit Methanol -

K. retusa Leaves [Chloroform 6.6+0.2 - - - - -
Leaves | Methanol 85+0.0 - - - - -
Bark Hexane 8.0+£0.8 7.1+£0.2 - - - -
Bark |Chloroform 7.8+£0.2 7.0£0.0 - - - -
Wood Hexane 8.0+0.0 7.8+0.4 - 10£0.2 - -
Wood [Chloroform 12+0.5 9.0+0.2 73+0.1 - - -
Wood | Methanol - 11+0.4 9.0+£0.2 9.0.+£0.0 - -
L. spathacea | Leaves |Chloroform 7.1£0.2 - - - 12.0 £ 0.1 -
Bark Hexane 7.0+0.07 - - - - -
Bark |Chloroform 6.9+0.07 - - - - -
Wood | Methanol - 7.7+0.3 - 11+0.0 - -
Ampicillin (10 pg/disc) 44+£0.4 34+27 145+0.3 22+0.8 20+04 -

Imipenem (5 pg/disc) 10+ 0.04

6 mm diameter paper discs impregnated with 1 mg of plant extracts; Values are expressed as mean of triplicate experiments; extracts without any activity are not included.



6  Current Traditional Medicine, XXXX, Vol. XXX

Table 3. Minimum inhibiting concentrations (MIC).
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Plant Part Solvent S. aureus B. subtilis E. coli P. aeruginosa A. baumannii
(ATCC11632) (ATCC 6633) (ATCC25218)|(ATCC 10145)|(imipenem-sensitive)
B. malaccensis| Leaves Hexane 1000 - - - -
Leaves [Chloroform 250 250 - - -
Leaves | Methanol 500 1000 - - -
Bark [Chloroform 1000 - - 250 -
Bark Methanol 250 - 500 1000 -
Fruit flesh{Chloroform - - - 1000 -
Seed Hexane - - - -
C. bracteosus | Leaves |Chloroform 1000 - - - -
Leaves | Methanol 500 - 500 - -
Bark Hexane 1000 - - - -
Bark |Chloroform 1000 - - - -
Bark Methanol 250 - 500 250 -
D. hasseltii Leaves Hexane - - 500 - -
Leaves [Chloroform 500 - - 500 -
Leaves | Methanol - - 500 - -
Bark |Chloroform - - 500 500 -
Bark Methanol 500 - 250 1000 -
Fruit Hexane 1250 - 39.0 - -
Fruit |Chloroform 1250 - - 250 -
Fruit Methanol 2500 - 2500 2500 -
K. retusa Leaves | Methanol 250 - - - -
Wood Hexane 250 - 2500 2500 -
Wood [Chloroform 1250 625 1250 1250 -
Wood | Methanol 2500 1250 - 1250 -
L. spathacea Leaves [Chloroform 500 500 500 500 500
Leaves | Methanol 1000 - - - 1000
Bark Hexane - - 500 - -
Bark |Chloroform - - 500 - -
Wood Hexane - 1250 2500 - -
Wood [Chloroform 625 - 2500 - -
Wood | Methanol 2500 - - 250 -
Chloramphenicol 0.03 0.02 0.002 0.01 nt
Imipenem - - - - 20

MIC (ng/mL), against 6 bacteria by microdilution assay. Extracts without any activity are not included. nt: not tested.

3.3. Synergistic Interaction Assay

Out of the 42 extracts tested with the antibiotics ampi-
cillin, ciprofloxacin, gentamicin, levofloxacin, and imipen-
em, 6 exhibited synergistic antibacterial effects and, interest-
ingly, most of them increased the sensitivity of the Gram-
negative bacilli E. coli and P. aeruginosa to the p-lactam
antibiotic ampicillin. The antibacterial-potentiator results of
the plant extracts are summarized in Table 4. Plant extracts
with no recorded synergy have not been included in this
table. A stronger antibacterial potentiation was achieved by
the chloroform extract of leaves of C. bracteosus, which po-
tentiated the effect of ampicillin (44+0.4 mm) against the
Gram-positive cocci S. aureus with a combined inhibition
zone of 50+0.3 mm. This C. bracteosus extract increased the
sensitivity of P. aeruginosa to the antibiotic fluoroquinolone
levofloxacin (21 £+ 0.4 mm) with a combined zone of inhibi-

tion of 35+0.4 mm. Hexane and methanol extracts from the
wood of K. retusa potentiated the effect of ampicillin
against the two Gram-positive bacteria tested, S. aureus and
B. subtilis.

The methanol extract of fruits of D. hasseltii potentiated
the aminoglycoside antibiotic gentamicin against E. coli
with an increase in the inhibition zone of 132 mm. The hex-
ane extract of L. spathacea leaves increased the sensitivity
of E. coli towards gentamicin with an increase in zone of in-
hibition from 19.5+0.0 to 22+0.01 mm. The only plant ex-
tract capable of potentiating the fluoroquinolone antibiotic
ciprofloxacin was the chloroform extract obtained from the
bark of C. bracteosus towards E. coli bacteria. No plant ex-
tract showed a potentiating effect with the antibiotic B-lac-
tam imipenem in relation to the Gram-negative coccobacil-
lus A. baumannii.
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Table 4. Synergistic activities.
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} B. subtilis E. coli P. aeruginosa
(ATCC 6633) (ATCC25218) (ATCC 10145)
I v 1I I
Ampicillin A Ampicillin + Ampicillin + Levofloxacin .
U osaroa |7 ‘;‘]ni“;‘;hn W 34227 | Ampicittin | 1| 145023 Ampicillin ! 20404 " ng"fg’i‘“m
’ 34.340.2 16£0.2 ’
v 11T VII
Ampicillin L Gentamicin + Levofloxacin +
VI 4404 | F ﬁ“;icl‘us‘“ ; ; ; M 95400 Gentamicin | ¥ 2104 Levofloxacin
’ ’ 32.7+0.2 30+1.0
VI VII
) ) ) ) ) ) VI Gentamicin + v Ciprofloxacin +
19.5+0.0 Gentamicin 35+0.02 Ciprofloxacin
22 +0.01 36+0.1
1I
- - - - - - 1I + Ciprofloxacin - -
28.0 +1.60 32400

6 mm diameter paper discs impregnated with 1 mg of plant extracts or antibiotics and extract + antibiotic

I-C. bracteosus leaves chloroform (1 mg/disc)
I1I-C. bracteosus bark chloroform (1 mg/disc)
II-D. hasselti fruit methanol (1 mg/disc)
IV-K. retusa wood hexane (1 mg/disc);

V-K. retusa wood methanol (1 mg/disc);
VI-L. spathacea wood hexane (1 mg/disc);

VII: Fruit flesh chloroform (1 mg/disc)Ampicillin (10 pg/disc); Ciprofloxacin (5 pg/disc); Gentamicin (10 pg/disc); Levofloxacin (5 pg/disc).

Values are expressed as mean of triplicate experiments
Plant extracts without synergistic activity are not included in this table

3.4. Antiviral Activity

Out of the 42 extracts tested, 17 were able to inhibit the
replication of influenza A virus (HIN1) in MDCK cells.
Most extracts had ICy, values below 10 pg/mL, but they
were almost equally cytotoxic, except the chloroform extract
of leaves of L. spathacea, chloroform extract of bark and
leaves methanol extract of B. malaccensis, and chloroform
extract of bark of C. bracteosus, and the chloroform extract
of D. hasseltii with the selectivity indices of 5, 2, 2, 3, and 2,
respectively (Table 5).

4. DISCUSSION

Some species of bacteria develop the ability to escape
the effects of broad-spectrum antibiotics. This antimicrobial
resistance is responsible for significant rates of nosocomial
infections (now called Healthcare-associated Infections,
HCAIs) worldwide, as well as the commonly called ‘super-
bugs’, and weighs highly on global healthcare systems [3,
45]. Therefore, there is an urgent need to identify antibiotic
potentiators in response to increased antibiotic resistance. In
fact, the WHO has made the research and development of
new antibiotics a priority to address the growing global resis-
tance to antimicrobial drugs. Among the list of WHO priori-
ty pathogens for R&D of new antibiotics are the bacteria
Acinetobacter baumannii, Pseudomonas aeruginosa, and
Staphylococcus aureus [8].

In this context, we have examined the antibacterial and
antibiotic potentiator effects of five plants selected from
Malaysia’s primary tropical rainforest: Cleistanthus bracteo-
sus, Diospyros hasseltii, Kibatalia maingayi, Knema retusa,
and Litsea spathacea. The choice to collect these medicinal

plants from this geographical area was because (i) they es-
caped deforestation and (ii) no antibacterial reports are avail-
able on these plants. The plants were selected at a time when
fruits or flowers were present to allow absolute botanical
identification by FRIM botanists. The plants collected were
extracted with hexane, chloroform, and methanol to obtain
non-polar, mid-polar, and polar secondary metabolites [34].
The last pockets of the deforestation-threatened primary rain-
forest of Peninsular Malaysia remain a source of untapped
plant resources for drug discovery. Nonetheless, some of th-
ese plants are known by local tribes and have been used as
traditional medicines by natives [46, 47]. For example, L.
spathacea is used for the treatment of fever by locals [48],
while fruits of D. hasseltii are edible [49].

In this study, we have first assessed the antibacterial ac-
tivities of 42 extracts obtained from leaves, wood, barks,
and fruits of 5 species of rainforest trees. These plant ex-
tracts were tested against two Gram-positive bacteria, S. au-
reus and B. subtilis, and four Gram-negative bacteria, E.
coli, P. aeruginosa, and A. baumannii strains being imipen-
em-sensitive and imipenem-resistant. We used the paper
disc diffusion method to test the antibacterial activity of the
extracts. Of the 42 extracts tested, the strongest activity was
obtained with the methanol extract from the bark of C. brac-
teosus, which inhibited the growth of S. aureus, E. coli, and
P. aeruginosa. Plants in the genus Cleistanthus Hook. f. ex
Planch. (1848) tended to produce antibacterial natural prod-
ucts [30, 50]. Members of this genus have been reported to
produce cytotoxic butyrolactone lignans [51], of which justi-
cidin B is antibacterial [52]. In this study, C. bracteosus ex-
tracts showed low toxicity for MDCK cells in vitro. It is ne-
cessary to isolate and identify the substance(s) responsible
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Table 5. Antiviral activities.
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Plant Part Solvent CCy,, pg/mL 1C,,, pg/mL Selectivity Index
Leaves Hexane 0.52 >0.3 2
Leaves Chloroform 0.04 >0.03 2
Leaves Methanol 5.7 >3.7 2
Bark Hexane 2.4 >1 2
Bark Chloroform 0.6 >0.4 2
B. malaccensis Wood Chloroform 6.8 >3.7 2
Fruit flesh Chloroform 0.05 0.03 1
Fruit flesh Methanol 0.17 0.1 2
Seeds Hexane 18 >10 2
Seeds Methanol 16.2 >11 1
Peel Hexane 0.14 0.1 1
Peel Chloroform 0.05 0.03 2
Leaves Hexane 251 >100 3
Leaves Chloroform 13.2 >11 1
C. bracteosus Leaves Methanol 250 433 6
Bark Hexane 61.9 >33 2
Bark Chloroform 99 >33 3
Bark Methanol 300 >79 4
Leaves Hexane 31.2 >11 3
Leaves Chloroform 6.8 >3.7 2
Leaves Methanol 19.4 >11 2
D. hasselti Bark Chloroform 25 10 3
Bark Methanol 170 41 4
Fruit Chloroform 75.3 9.8 8
Fruit Methanol 20.6 >10 2
Leaves Chloroform 50.1 >33 2
Bark Hexane 8.6 3 3
K. retusa Bark Chloroform 475 >33 1
Wood Hexane 75.4 >33 2
Wood Chloroform 7.4 >11 1
Wood Methanol 250 54.4 5
Leaves Chloroform 7.1£0.2 - -
Bark Hexane 126 >100 1
L. spathacea Bark Chloroform 158.5 30.1 5
Wood Chloroform 12 >11 1
Wood Methanol 91.3 >33 3
Rimantadine 62+4 12+3 5
Oseltamivir carboxylate >70 0.088+0.010 795

Inactive extracts are not included
Values are expressed as mean of triplicate experiments

for the antibacterial activity of C. bracteosus before it be-
comes extinct.

Six extracts of D. hasseltii inhibited the growth of A.
baumannii (imipenem-sensitive), with the bark methanol ex-
tract being the most active with an inhibition zone diameter
of 10 mm. It also showed significant activity against E. coli,
particularly the hexane extract of its fruits. There are reports
on antibacterial and cytotoxic activities from plants in the
genus Diospyros L. (1753), attributed in general to naphtho-
quinones [53-55]. One example is plumbagin, which evoked
50% inhibition of growth of Mycobacterium luteus, S. au-
reus, M. smegmatis, and M. avium at concentrations of 80,
100, 300, and 600 png/mL, respectively [56, 57]. Besides
naphthoquinones, other antibacterial principles in this genius
are pentacyclic triterpenes and flavonoids [53].

We observed that the methanol extract of leaves L.
spathacea inhibited 4. baumannii (imipenem-sensitive) with
the largest zone of inhibition. The methanol extract from

leaves of this plant was the only active against A. baumannii
(imipenem-resistant plants in the genus Litsea Lam. (1792)
have been reported to exhibit antibacterial effects on ac-
count of monoterpenes and isoquinolines) [58-61]. Thus, it
is necessary to submit this plant to a phytochemical study
aimed at identifying its antibacterial principle(s).

After assessing the antibacterial potential of the plant ex-
tracts via disc diffusion assays, we investigated the Mini-
mum Inhibitory Concentrations (MIC) at which the plant ex-
tracts inhibited bacterial growth via broth microdilution as-
says. MIC values below 1000 ng/mL were considered to in-
dicate extracts active at inhibiting the growth of bacteria (t-
wo Gram-positive and 4 Gram-negative strains).

According to Krishnan ez al. (2010), antibacterial ex-
tracts or compounds are categorized into two classes: bacte-
riostatic (MBC/MIC ratio more than 4) and bactericidal (M-
BC/MIC ratio less than or equal to 4) [62]. Following this
classification, the chloroform extract of leaves of L.
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spathacea was bactericidal against 4. baumannii (imipen-
em-sensitive). Again, we had no clue about the type of natu-
ral product responsible for this bactericidal activity, but anti-
cipated an alkaloid or a terpene to be responsible for it [63,
64]. We ran LC-MS of the chloroform extract of leaves of L.
spathacea and observed two major compounds with the for-
mula of C,H,O, (retention time: 4.888 mins) and
C,,H;NO;, corresponding to eugenol methyl ether and dicen-
trinone, but since we had no pure standard compounds, we
were unable to ascertain the identity of these 2 peaks. It is
noteworthy that eugenol methyl ether and dicentrinone ap-
peared to be antibacterial [65]. Dicentrinone was found to in-
tercalate bacterial DNA [66, 67].

We also analyzed, specifically, the ability of these ex-
tracts to potentiate the activity of ampicillin, gentamicin,
imipenem, levofloxacin, and ciprofloxacin towards S. au-
reus, B. subtilis, P. aeruginosa, E. coli, A. baumannii
(imipenem-sensitive), and A. baumannii (imipenem-resistan-
t) by synergistic interaction assay. Chloroform extracts of C.
bracteosus induced the strongest antibacterial and synergic
effects. Plants in this genus have been reported to produce
lignans and diterpenes [68, 69]. The diterpene 16a-hydroxy-
cleroda-3,13(14)-Z-dien-15,16-olide from the leaves of
Polyalthia longifolia (Sonn.) Thwaites (family Annonaceae)
elicited synergistic effect with norfloxacin, ciprofloxacin,
and ofloxacin against several strains of Methicillin-resistant
S. aureus (MRSA) via inhibition of multidrug resistance
pumps [70]. While the neolignans (-)-acuminatin, (-)-denu-
datin B, and puberulin D of Piper betle L. (family Piper-
aceae) had synergistic effect with norfloxacin towards S. au-
reus (strain SA1199B) [71].

Wood hexane and methanol extract from K. retusa were
found to potentiate ampicillin effects against S. aureus and
B. subtilis, respectively. Members of the genus Knema Lour.
(1790) are known to produce antibacterial alkyl resorcinols
[72]. Further chemical analysis is being conducted in our lab-
oratories to identify and isolate the antibiotic-potentiating
constituents in C. bracteosus and K. retusa. Antibiotic poten-
tiators are needed to be discovered by clinicians [73, 74].

Gram-negative bacteria are particularly resistant to
antibiotics due to their outer membrane,
lipopolysaccharides, porins, and efflux pumps [75]. Most of
the bacteria that responded to our synergy test were Gram-
negative, showing Malaysian primary forest plants to be a
source of natural products with the potential to be developed
as antibiotic potentiators [76, 77]. Our data have also con-
firmed recently published findings [78].

Finally, we have investigated the in vitro toxicities of the
plant extracts against MDCK cells as well as their antiviral
activity against HIN1. The American National Cancer Insti-
tute defines extracts as toxic to canine cells when cytotoxic
concentration (CCs,) values are below 20 pg/mL [78]. In
this context, most extracts were not toxic to MDCK cells.
As for the antiviral activity, most extracts had ICs, values be-
low 10 pg/mL, but were almost equally cytotoxic (selectivi-
ty index close or equal to 1), except the chloroform extract
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of leaves of L. spathacea, chloroform extract of bark and
leaves methanol extract of B. malaccensis, chloroform ex-
tract of the bark of C. bracteosus, and the chloroform extract
of D. hasseltii These antiviral effects have been reported for
the first time.

CONCLUSION

In the past few decades, there has been a dramatic de-
crease in the number of new antibiotics approved by the
FDA, while infections with multi-resistant bacteria are on
the rise. Resistant bacteria are a source of concern to clini-
cians due to the small number of effective antibiotics now
available to save patients. The development of resistant-mod-
ifying agents could be a supplemental strategy to overcome
bacterial resistance. Furthermore, the risk of viral pan-
demics, including influenza virus outbreaks, should stimu-
late developing countries, including Malaysia, to safeguard
what is left of their rainforests, which are home to molecules
with the potential to be developed as antiviral agents. The
current results present evidence, further demonstrating that
the rainforest of Malaysia comprises plants with potential
for the development of plant-based material to improve the
current treatment strategies for bacterial and viral infections.
In addition, most plant extracts studied showed to not be tox-
ic to canine cells, which magnifies the relevance of these
plants as antibiotic-potentiating agents. Studies are being
conducted to identify the active constituents.
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