Asian Pac J Trop Biomed 2012; 2(8):589—596 589

Contents lists available at ScienceDirect

arnal of

iomedicine

Asian Pacific Journal of Tropical Biomedicine

journal homepage:www.elsevier.com/locate/apjtb

Document heading doi:10.1016/S2221-1691(12)60103—8 ©2012 by the Asian Pacific Journal of Tropical Biomedicine. All rights reserved.

Synergistic anticancer effect of the extracts from Polyalthia evecta caused
apoptosis in human hepatoma (HepG2) cells

Sasipawan Machana', Natthida Weerapreeyakul”™ Sahapat Barusrux’, Kanjana Thumanu®, Waraporn Tanthanuch*

'Graduate School, F aculty of Pharmaceutical Sciences, Khon Kaen University, Khon Kaen, 40002, Thailand

*Center for Research and Development of Herbal Health Products, Faculty of Pharmaceutical Sciences, Khon Kaen University, Khon Kaen, 40002,
Thailand

*Centre for Research and Development of Medical Diagnostic Laboratories, Faculty of Associate Medical Sciences, Khon Kaen University, Khon Kaen,
40002, Thailand

*Synchrotron Light Research Institute (Public Organization), Nakhon Ratchasima, 30000, Thailand

ARTICLE INFO ABSTRACT

Article history:

Received 12 December 2011

Received in revised form 20 December 2011
Accepted 2 March 2012

Available online 28 August 2012

Objective: To evaluate the anticancer activity of the extract fraction of Polyalthia evecta (P.
evecta) (Pierre) Finet & Gagnep and the synergistic anticancer effect of the extracts from P. evecta
by using the ATR/FT-IR spectroscopy. Methods: The 504 ethanol-water crude leaf extract
of P. evecta (EW-L) was prepared and was further fractionated to isolate various fractions. The
anticancer activity was investigated from cytotoxicity against HepG2 using a neutral red assay
and apoptosis induction by evaluation of nuclei morphological changes after DAPI staining.
Synergistic anticancer effects of the extracts from P. evecta were performed using the ATR/FT—

gzy;;zgl;m T IR spectroscopy. Rgsults: The result sh.owed that the EW-L showed higher cytotoxicity gnd
Synergistic apoplosis 1ndu?t}0n in HepG2 cejlls. than its fractionated extracts. The hexane extract exhibited
Apoptosis induction higher cytotoxicity and apoptosis induction than the water extracts, but lfegs than the EW-L.
Cytotoxicity The cqmblned water anfi hexan.e extracts apparently 1nc.reased cytotoxicity and apoptosis
Anticancer activity induction. The %apoptotic cells induced by th(.e extract mixture were 1ncr§asgd about 2—f0}d
Hepatoma compared to the single hexane extract. Conclusions: The polar extract fraction is necessary for

the anticancer activity of the non—polar extract fraction. The ATR/FT-IR spectra illustrates the
physical interaction among the constituents in the extract mixture and reveals the presence of
polyphenolic constituents in the EW-L, which might play a role for the synergistic anticancer
effect.

ATR/FT-IR spectroscopy

1. Introduction lang” or “Tong—lang”. The water decoction of the roots is

used traditionally as a galactagoguel!.2], and a carminativel3|.

Polyalthia evecta (P. evecta) (Pierre) Finet & Gagnep
belongs to the Family Annonaceae. It is a small shrub,
young stems with hairs, flower on long pedicel with small
bracteole and fruit aggregate, an umbel-like arrangement.
It is widely distributed in the semi—deciduous forests of
southern Indochina and is found in the Northeast region of
Thailand. The local Thai name for this plant is “Nam—tou—
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The phytochemicals found in the hexane extraction of
the root of P. evecta are evectic acid and furansl4l. The
respective bioactive constituents from the hexane and
dichloromethane extracts of the air—dried roots were
shown to be active against Plasmodium falciparum and
Mycobacterium tuberculosis|3]. High tannic acid content
was reported in 50% ethanol-water leaf extract of P. evecta
(EW-L), which was found to contribute to the antioxidant
activityl5] while the EW-L crude extract showed strong
antimutagenicity in TA98I51.

The plants in the genus Polyalthia exerted varied biological
activities. The ethanol roots extracts of Polyalthia laui and
Polyalthia rumphii were used as folk medicine by China Li
ethnic minority for prevention of fever, hypertension and
inhibition of cancer cells, i.e., SPC—=A—1 (human lung cancer
cell Line), BEL-7402 (human hepatocellular carcinoma cell
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line), SGC—-7901 (human gastric cancer cell line) and K562
(human myelogenous leukaemia cell line) proliferationl6l.
The extracts of Polyalthia longifolia is reported to have
a cytotoxic effect on cancer cell lines while the extract of
Polyalthia jucunda was found to have a growth inhibitory
effect on tumor cell lines, possibly via apoptosis induction
in NCI-H460 cells[7-91. Our study has previously reported
the potential anticancer effect of the extract of the P. evectic
with selective cytotoxic activity in HepG2 cells compared to
the Vero cells[101.

Hepatocellular carcinoma or liver cancer is the most
common widespread cancerl!1] and causes high mortality
rates, particularly in Southeast Asia where viral hepatitis is
endemicl!ll. However, the main problem of chemotherapy
to treat hepatocellular carcinoma is the cancer resistance
mechanism(12.13]. Recently, the human hepatoma (HepG2)
cells was reported to exhibit the low gene expression of
cytochrome (CYP) transcription factor which make these
cell express the interactions between drugs and hepatic
efflux transporter. The HepG2 can induce the interactions
between food supplements and drugs that are substrates for
P—glycoprotein and multidrug resistance—associated protein
2 (MRP-2) and monocarboxylic transporter 1[14l. Thus, the
discovery of new compound with effective anticancer activity
is needed to control liver cancer and apoptosis induction is
the desirable effect for successful liver cancer treatment.

The mechanism(s) of anticancer activity of this EW-L
extract has, however, not been reported; therefore, the
anticancer mechanism of the EW-L crude extract via
apoptosis induction was investigated against the HepG2
cells in the current study. In addition, the attenuated total
reflectance (ATR)/FT-IR technique was adapted to determine
the synergistic anticancer effect found in the EW-L crude
extract and to convey whether further separation of the crude
extract was necessary.

2. Materials and methods
2.1. Chemicals and reagents

The organic solvents used for extraction were of analytical
grade from Fisher Scientific (UK) and Labscan (Thailand).
Acetonitrile (HPLC grade, Fisher Scientific, UK), Ortho—
phosphoric acid (analytical grade, BHD, England) and
ultrapure water from Milli-Q system (Millipore, Bedford,
USA) were used for the mobile phase preparation. The
standard agents and melphalan were provided from
Sigma—Aldrich Chemie GmbH (Germany). The reagents
used in the cell assay were of molecular biological grade.
Dimethylsulfoxide (DMSO) was bought from United States
Biological (USA). The reagent and culture media Dulbecco’s
modified Eagle’s medium (DMEM) were bought from GIBCO®,
Invitrogen Corporation (USA). Sodium bicarbonate (NaHCO,)
and the fluorescence dye 4’,6—diamidino—2—phenylindole
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(DAPI) were purchased from Sigma—Aldrich Chemie GmbH
(Germany). Neutral red and a standard anticancer drug
(melphalan) were purchased from Sigma Chemical Co. (USA).

2.2. Extraction and isolation

Leaves of P. evecta (Pierre) Finet & Gagnep were collected
from Khon Kaen Province in 2009. A voucher specimen
(CRD-HHP-011L) was kept at the Herbarium of the Faculty
of Pharmaceutical Sciences, Khon Kaen University. After
drying, 1 kg of dried leaves was ground into finely powder
then macerated in 8 L of 50% ethanol-water for seven
days then filtered. The solvent was removed using a rotary
evaporator at 40—50 C. The residue (EW-L) was further
freeze—dried (8.4% yield) and kept in amber in an air—tight
container at 4 C until used. The EW-L was further extracted
with hexane to get the ‘crude hexane extract” then further
extracted with another relatively polar solvent (chloroform).
Briefly, 1 g of EW-L crude extract was initially macerated
in the 150 mL of hexane. The Erlenmeyer flask was shaken
by hand for 5 min. The fraction was filtered by using
Whatman filter paper No.1, evaporated by rotary evaporator
and the % yield calculated. The remaining residue was
subjected to further maceration with chloroform as the
solvent until the extract was obtained. Various solvents
were used consecutively; including, hexane, chloroform,
dichloromethane, ethanol, methanol, ethyl acetate and water,
respectively, with a %yield of 0.8%, 1.0%, 0.8%, 0.1%, 7.6%,
19.7% and 16.5%. All of the extracts were freshly prepared as
a stock in DMSO and used for the study.

2.3. ATR FTIR spectroscopy

The substrate used for ATR measurement was a ZnSe
crystal with a reflective index of 2.4 and an incidence
angle of 45X, yielding a total of six internal reflections at
the sample. Spectra were recorded with a Tensor 27 FTIR
spectrometer equipped with a KBr beam splitter and an MCT
detector cooled with liquid nitrogen with a measurement
range of 4 000~6 000 cm . The samples were freshly prepared
in 20% v/v DMSO—water. Each fraction of the hexane, water
and combined extract fraction (1:1 ratio) was prepared to give
a final concentration of 50 mg/mL in 20% v/v DMSO—water
which was then applied to the ATR cell. The background
spectrum was recorded for each sample. The measurements
were performed with a spectral resolution of 4 cm™ with 32
scans co—added (Bruker Optics Ltd, Germany). The relative
integral area of each peak was performed using OPUS 6.5
software (Bruker optic, German).

2.4. Cell culture

The human hepatoma cell line HepG2 and the African
green monkey kidney cell line Vero were maintained at the
Centre for Research and Development of Medical Diagnostic
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Laboratories, Khon Kaen University). The HepG2 passage
number 25-30 and the Vero passage number 37-40 were
maintained in DMEM, supplemented with 10% fetal bovine
serum and antibiotics (100 U/mL penicillin and 100 g/
mL streptomycin) and cultured at 37 C in a humidified
atmosphere containing 5% CO,.

2.5. Cytotoxicity assay

Both the HepG2 and Vero cell lines were separately
cultured in a T25 flask with medium DMEM (supplemented
with 109 fetal bovine serum, 100 units/mL penicillin and 100
- g/mL streptomycin) and incubated at 37°C in a humidified
5% CO, atmosphere.

To determine the cytotoxicity of the samples in the
cell model, neutral red (NR) uptake assay was used for
identification of vital cells and was performed following
the method of Machana et all15]. NR is a cationic dye
which accumulates in the lysosomes of viable cellsii6l.
Damage to the lysosomes is induced by toxic compounds
leading to a release of the NR dye from the lysosome to
the medium(16l. Briefly, cells were seeded at a density of 3
% 10" cells in 96—well plates with medium and incubated
for 24 h. The cells were then treated with plant extracts
at various concentrations for a 24-h exposure time. Cells
were centrifuged at 550Xg for 5 min and the supernatant
removed. Then, 50 #g/ml NR was added to each well and
incubated for another 1 h. After NR incubation, cells were
washed using media. The viable cells that accumulated NR
were lyzed with 0.33¢ HCI in isopropanol. The absorbance
of viable cells was measured as 520 nm and 650 nm
(reference wavelength) using a spectromicroplate reader.
The maximum concentration of the compound used in the
study was 500 + g/mL in order to maintain 19 v/v DMSO with
a cytotoxicity of less than 10% compared to the untreated
cells. The Vero cells were used as a normal cell model for a
comparison to the HepG2 cell model. The anticancer drug
melphalan was used as a positive control.

2.6. Apoptosis induction assay

Apoptosis induction was evaluated by fluorescence dye
staining, using DAPI to identify the condensation and
fragmentation of nucleic DNA of the apoptotic cells. The
cancer cells were treated with the plant extracts 500 ©g/
mL or melphalan 76 +¢g/mL for 24 h. The culture medium
was removed and rinsed by using 500 ¢ L of fresh medium
without FBS and the cells were fixed by using 50 #L
methanol. Then 50 +#L of DAPI was added to cells with a
final concentration 1 +g/mL and exposed for another 1 h.
The excess dye was removed and 20 © L, of PBS:Glycerin (1:1)
addedI171. The stained nucleic DNA was captured in 10 views
under inverted fluorescence microscopy at a magnitude of 40
X. The percentage of apoptotic nuclei was calculated.
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2.7. Statistical analysis

All of the tests were done in triplicate. The results were
expressed as a mean * standard deviation. A probability
level less than 59 (P < 0.05) was considered significant.
The i—test, one—way ANOVA and Tukey—Kramer multiple
comparisons were performed using Microsoft Excel.

3. Results
3.1. Cytotoxicity effects of P. evecta extracts in HepG2 cells

The cytotoxicity of the crude extract of P. evecta (EW-1))
and the extracts obtained from the fractionation were
determined vis—a—vis the anticancer drug melphalan (Table
1). The results showed that the strong cytotoxic compound
was melphalan and EW-L crude extract. The moderate level
cytotoxic compound was the extract from the hexane extract.

The inactive extracts were the extracts from fractions F2—F7.
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Figure 1. Percent cytotoxicity of a single treatment after 24—h
incubation by neutral red assay.

The HepG2 cells were incubated with 100, 250 and 500 + g/mL EW-L
crude extract (white), single extract from fraction hexane (red),
chloroform (green), ethylacetate (blue), dichloromethane (yellow),
ethanol (orange), methanol (pink), and water (black), respectively.
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Figure 2. The cytotoxic effect of hexane extract enhanced by the
polar extract fraction after 24 h incubation by neutral red assay.
HepG2 cells were incubated with EW-L (white) and the mixture of
500 ¢ g/mL hexane extract and 100, 250, and 500 - g/mL extract from
the water (black), methanol (pink), ethanol (orange), dichloromethane
(yellow), or ethyl acetate (blue) fraction, respectively. *Significantly
different with P < 0.05 using a one—way ANOVA, Tukey—Kramer
multiple comparison.
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The EW-L crude extract of P. evecta exhibited the
highest significant cytotoxicity to HepG2 cells (P < 0.05).
Interestingly, the EW-L crude extract showed significant

icity and high selectivity than melphalan based

on relative high cytotoxicity in the HepG2 cells than the

Vero cells. The EW-L crude ex howed significant
cytotoxicity and a high selective against HepG2 cells
after 24 h exposure as dose dependent manner (Table 1).
Thus, fractionation with various s

determine the fraction contributing to the




Table 1
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Percentage of cytotoxicity and apoptotic cells induced in malignant human hepatoma (HepG2) by P. evecta extract and a combination of extract

fractions compared to melphalan.

% Cytotoxicity

Samples Final concentration( ¢ g/mL) 9% Apoptotic cells in HepG2
HepG2 Vero
Hexane fraction (F1) 500 74.6+1.6 54.2+15.4 46.4+2.6
Chloroform fraction (F2) 500 24.319.3 2.21+3.8 9.874.7
Ethylacetate fraction (F3) 500 29.6+8.8 32.5+8.1 3.2%1.6
Dichloromethane fraction(F4) 500 24.0+7.4 25.5+8.1 2.9F1.1
Ethanol fraction (F5) 500 22.7+8.8 7.6+8.3 2.4%1.9
Methanol fraction (F6) 500 9.9F2.5 12.3+1.3 4.6+1.6
Water fraction (F7) 500 7.8+£2.5 10.8+0.8 9.2%2.1
Hexane:water 500:100 98.91.8 4.012.9 n.d.
Hexane:water 500:250 81.8110.6 43.913.3 n.d.
Hexane:water 500:500 100.01.0 45.174.1 72.713.6
Hexane:methanol 500:100 91.0£6.2 26.915.6 n.d.
Hexane:methanol 500:250 100.0+5.7 36.1:8.0 n.d.
Hexane:methanol 500:500 100.08.9 39.9+3.2 54.9+10.8
P. evecta crude extract (EW-L,) 140 60.04.8 30.2+9.3 46.412.6
P. evecta crude extract (EW-L,) 500 100.0=4.1 37.24.2 92.8+10.8
Melphalan 76 67.213.1 70.313.1 41.6%2.1

n.d. = not be determined.

Table 2

Infrared absorption bands and vibrational modes of observed species on crude extracts collected from each fraction.

Absorbance bands (cm™) Vibration mode Species

3 000—2 800 C—H stretch aliphatic carbons(alkanes, alkenes, alkynes
1 760—1 700 C=0 stretch esters, aldehydes, ketones, carboxylic acids
1 650—1 500 C=C aromatics, alkenes

1 500—1 400 C-H bending CH, and CH, bending

1 400—1 300 C—0-H bending phenolic C—0—H bending

1 300—1 000 C-0 stretch alcohols, ethers, esters, carboxylic acids
Table 3

Relative integral area () of infrared absorption bands of averaged representative spectra of crude extract from each fraction.

Crude extract

9 relative integral area

C—H stretch C=0 stretch C=C C—H bending C—0-H bending C-0 stretch
Hexane 58.7 20.20 0.35 10.40 6.40 3.90
Water - 0.16 79.20 12.90 6.00 1.20
Hexane & water 50.4 10.10 15.80 7.40 16.30 2.52

was found that the extracts from the polar fractions F5-F7
(i.e., ethanol, methanol and water) were inactive because
at a maximum concentration of 500 *g/mL they showed no
cytotoxicity to either HepG2 or Vero cells.

The percent cytotoxicity of 100, 250 and 500 #g/mL EW-L
crude extract and the extracts from each fraction were
also determined in HepG2 cells (Figure 1). The percent
cytotoxicity in the HepG2 cells was found to be the highest
when the cancer cells were exposed to EW-L crude extract
at 100, 250 and 500 #g/mlL while percent cytotoxicity was
less when the HepG2 cells were exposed to the extracts
which had been further fractionated by using relatively
more polar solvent (F2—F7). At 100 #g/mL none of the
fractionated extracts demonstrated any cytotoxicity. The
hexane extract fraction began to exhibit cytotoxicity at 250
g/mL (Figure 1). Among the fractionated extracts, the hexane

fraction exhibited the highest cytotoxicity but less than that
of the EW-L crude extract of P. evecta. The extracts from
water, methanol, ethanol, and dichloromethane and the
ethylacetate fractions showed a cytotoxicity less than 309 at
the maximum concentration of 500 +g/mL. The cytotoxicity
was found to be diminished in the crude extract obtained
from the polar solvent extraction compared to the relatively
non—polar solvent extraction. The solvent polarity extracted
different constituents and thus contributed to different
cytotoxicities. The cytotoxicity of a single extract from the
hexane fraction was found to be concentration dependent.
The highest cytotoxicity of the EW-L crude extract indicated
that the chemical constituents in the whole crude extract
were necessary for the specific cytotoxicity against the
HepG2 cells.
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3.2. Enhancement cytotoxicity effects of the combined extract

Jraction from P. evecta in HepG?2 cells

An enhancement of cytotoxicity of the hexane extract
fraction compared to the EW-L crude extract was observed
particularly when it was combined with the polar extract
fraction (i.e., from hexane+water, hexane+methanol,
hexane+ethanol) (Figure 2). An enhanced activity of the
combined extracts—between a fixed final concentration of 500
- g/mL hexane extract and the other extracts—were initially
observed when the final concentrations of those relative
polar extracts were 100 #g/mL. It should be noted that this
enhanced cytotoxicity of the combined extract fraction was
higher than that of 100 #g/mL of EW-P crude extract. To
exceed the cytotoxicity of the combined extract fraction, the
EW-P crude extract concentration had to be higher than
250 ¢ g/mL. These results indicated that the polar extract
fraction of P. evecta enhanced the cytotoxicity of the hexane
extract fraction.
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Figure 4. ATR/FT-IR chromatograms.

ATR/FT-IR chromatograms of 50 mg/mL of the hexane fraction (green),
50 mg/mL of the water fraction (pink) and the combined hexane and
water extract fraction at a 1:1 ratio (red); to give a final concentration of
50 mg/mL in 209, v/v DMSO-water.

3.3. Apoptosis effects of the combined extract fraction from P.

evecta in HepG2 cells

Programmed cell death or apoptosis performs an essential
role for an effective cancer therapy and becomes the
pharmaco—dynamic endpoint for anti—cancer treatmentl17].
To confirm the anticancer potential of the EW-L crude
extract and the combined extracts fraction, apoptosis
induction in cancer cells was tested with the DAPI staining
assay. The morphological changes of the nuclei DNA-after
being treated with EW-L extract of P. evecta, hexane fraction
(non—polar), water fraction (polar) and combined extract from
hexane and water fraction—are shown in Figure 3.

The results indicated that the fraction that possessed
a low cytotoxicity also induced fewer %apoptotic cells
(Table 1). The extracts classified into the inactive group
(F2-F7) exhibited less than 10% apoptotic cells. The strong
cytotoxic compounds—such as EW-L crude extract, and
melphalan—exhibited a moderate percentage of apoptotic
cells 40-50%). The percentage of apoptotic cells induced in
human hepatoma (HepG2) cells—by combining non—polar
and the low cytotoxic extract (hexane) and polar inactive
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cytotoxic extracts (e.g., water or methanol)—were (72.7+
13.6)% and (54.9710.8)%, respectively (Table 1). These results
confirmed that the polar extract fraction was necessary for
the apoptosis induction of the non—polar extract fraction.
The EW-L crude extract demonstrated an anticancer activity
based on cytotoxicity and apoptosis induction effect which
was reduced when it was fractionated. Thus, the anticancer
activity occurred when the opposite polarity of each fraction
was combined, which indicates a synergistic effect among
the constituents of the whole EW-L crude extract.

3.4. Physical interaction by ATR/FT-IR spectroscopy

Attenuated Total Reflectance (ATR)/FT-IR spectroscopy
is a useful technique for simple, direct, and sensitive
quantitative study of the liquid sample for investigation of
specific interaction between molecules(18]. The ATR-FT—
IR was adapted to identify the chemical functional groups
and the interaction type between the non—polar (hexane)
and polar (water) extract fractions (Figure 4). All the assigned
bands are indicated in Table 2.

The relative integral area (%) of the infrared absorption
bands of the average representative spectra of the crude
extract from each fraction are presented in Table 3. The
functional groups of the extract from the hexane fraction
showed predominantly (about 58.7%) C—H stretching
aliphatic carbons (3 000-2 800 ¢cm )19l The integral area of
C=0 (1 760—1 700 cm') groups was approximately 20.2%. By
contrast, the water extract fraction clearly showed a high
relative integral area (79.2%) of aromatic C=C (1 650—1 500
em ') absorption bands. The relative integral area of this
water extract fraction showed the lowest integral area of C=0
species of 0.164%. In addition, there was no peak of C—H
stretching in this fraction. Interestingly, the combination
fractions of hexane and water showed the appearance of
C—-H stretching, C=0, aromatic C=C, C-H bending, C—O—H
bending and C-0 stretching with a respective relative
integral area of 50.4, 10.1, 15.8, 7.4, 16.3 and 2.52(201.

The ATR/FT-IR results of the mixture between the hexane
extract fraction and water extract fraction showed an
increase of the integral area of C—H and C=0 that was absent
in the crude fraction of water and showed an increase of
the integral area of C—O—H bending; from either the hexane
or water extracts spectra (Table 3). These functional groups
might be affected by the physical interaction between the
non—polar and polar extractsl21-23].

In the combined extract fraction of water and hexane, an
increment of C—O—H bending—assigning the polyphenolic
functional group—was more discernible. The lipophilic
functional groups of mixture (i.e., C—H stretch, C—H bending,
C=C) and hydrophilic functional groups (C=0 stretch,
C-0-H bending, C-0 stretch) were also changed from both
the original hexane and water extract fractions. This might
result in optimal hydrophilic-lipophilic properties, which
would enhance the permeability of the active components.
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4. Discussion

Anticancer drugs have been extensively discovered from
natural compounds. Several anticancer activity studies
have focused on the ability of single pure compounds;
however, there have been reports that the total contents of
a whole herb show a significantly better effect than a single
isolated active ingredient (i.e., synergistic action); that is,
the potential anticancer effects of herbal combinations are
more effective than using any single constituent alone(24-26].
The synergistic combination of bioactive fractions presented
highly potential effect in Barleria prionitis(24l. Moreover,
the combination of two or more agents can overcome the
toxicities or other side effects of a single pure compoundi2s1.
For instance, the glycyrrhizin and saponin fractions of
ginsenosides were individually reported to be ineffective
but collectively useful for reducing ulcerative colitis in
male Wistar/ST rats caused by 2,4,6—trinitrobenzene sulfonic
acidi271.

In addition, the existence of phenolic compounds in
plants was reported to be responsible for chemopreventive
properties such as antioxidant, anticarcinogenic, or
antimutagenic and anti-inflammatory effects. Phenolic
compounds are also contribute to their inducing apoptosis
by arresting cell cycle, regulating carcinogen metabolism
and ontogenesis expression, inhibiting DNA binding and
cell adhesion, migration, proliferation or differentiation, and
blocking signalling pathways(28-33]. The hydrolysable tannin
which is commonly found in the polar extract was previously
reported to enhance the activity of the other phytochemicals
by inhibition of the efflux mechanism, and decrease
expression of P—glycoprotein, MRP1 and MRP2 membrane
efflux transporter proteins in human cholangiocarcinomal34l.
Previously, the 50% ethanol and water extract of leaves of
P. evecta was reported to contain high tannic acid content
—(198.8%10.4) mg tannic acid equivalents/g dried extractl5],
which agrees with our study which was based upon ATR/FT-
IR techniques.

The known synergistic anticancer effect in the crude
extract of P. evecta might be due to the polyphenolic
functional group present in the polar fraction, which was
confirmed by ATR/FT-IR techniques. An overexpression
of the cancer drug efflux in the HepG2 cells was previously
reportedl13.35]. This polyphenolic functional group might
act by inhibiting the efflux mechanism existed on HepG2
cells or facilitating the permeability of the active compound
in the extract mixture. Moreover, the apparent anticancer
activity of the EW-L extract was also possible based on the
inactive functional group in the non—polar fraction’s being
blocked; hence, the undesirable activity was lessened. As a
consequence, the functional group that possesses the higher
anticancer activity is dominant. Our observation confirmed
a plausible molecular basis for the synergistic anticancer
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effect of whole crude leaf extract of P. evecta by which the
total contents of a whole plant show a significantly better
anticancer effect than each isolated extract fraction singly.

In conclusion, our study clearly show a cytotoxicity and
apoptosis inductive effect indicative of an anticancer
activity of the 50% ethanol-water leaf extract of P. evecta
on the human hepatoma (HepG2) cell line. The synergistic
anticancer effect of the extracts from P. evecta caused
apoptosis in HepG2 cells. The combination of the extracts
from the hexane and water fraction confirmed an enhanced
anticancer activity with a synergistic anticancer effect found
in the whole crude extract of P. evecta.
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