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Abstract

Background: Phytochemical products have a critical role in the drug discovery process. This promising possibility,
however, necessitates the need to confirm their scientific verification before use. Hence, this study aims to evaluate
(1) the antioxidant activity, (2) cytotoxicity potential, and (3) the effect on ultrastructural alteration in gastric cancer
cell lines through exposure to fractions of three local Northeastern Thai edible plants.

Methods: Plants, Syzygium gratum, Justicia gangetica and Limnocharis flava were extracted with ethyl acetate, and
each crude extract analysed for their total phenolics content by Folin-Ciocalteu method. Their antioxidant activity
was assessed using the ABTS system. The extracts were then assayed for cytotoxicity on two gastric cancer cell lines
Kato-III and NUGC-4, and compared with Hs27 fibroblasts as a control using the MTT assay. The cell viability (%),
IC50 values, as well as the ultrastructural alterations were evaluated after treatment with one way analysis of
variance (ANOVA).

Results: The total phenolic values of the ethyl acetate extracts were well correlated with the antioxidant capacity,
with extracted product of S. gratum displaying the highest level of antioxidant activity (a 10-fold greater response)
over J. gangetica and L. flava respectively. Exposure of S. gratum and J. gangetica extracts to normal cell lines (Hs27)
resulted in marginal cytotoxicity effects. However, through a dose-dependent assay S. gratum and J. gangetica
extracts produced cytotoxicological effects in just over 75 percent of Kato-III and NUGC-4 cell lines. In addition,
apoptotic characteristic was shown under TEM in both cancer cell lines with these two extracts, whereas
characteristics of autophagy was found in cell lines after post exposure to extracts from L. flava.

Conclusions: From these three plants, S. gratum had the highest contents of phenolic compounds and antioxidant
capacity. All of them found to contain compound(s) with cytotoxicity in vitro on cancer cells but not on normal cell
lines as resolved in tissue culture and ultrastructural analysis. This is the first report to show the effect on cellular
alteration as apoptosis of an ethyl acetate extract of S. gratum and J. gangetica. Further studies are now focused on
individual isolates and their function, prioritizing on S. gratum and J. gangetica for the development of novel
therapeutics and combatants against cancer.
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Background
Gastric cancer is the fourth most frequently diagnosed
cancer and the second most leading cause of cancer
related death in the world [1]. It was estimated that
there were about 1 million new gastric cancer cases
recorded in 2008 but of those, the majority (713,900)
were reported in developing countries, with the highest
incidences for gastric cancer found in Eastern Asia, over
Central and Eastern Europe, and South America [1].
Despite the seeming intensification of the disease, evidence
suggests that overall gastric cancer rates is bucking the
trend, with a decrease in reports of gastric cancer found in
most parts of the western world [2].
Unfortunately most gastric cancer patients are often

diagnosed at an advanced stage when a cure is not
possible and treatment is palliative with the intent of
improving the quality and quantity of life. Even though,
there are treatment guidelines for gastric cancer, the
five-year survival rate is less than 50% [3,4]; a rate that is
obviously not encouraging to either oncologists or
cancer sufferers. In addition, side effects from current
treatments i.e. surgery, chemotherapy and radiation are
not satisfactory. So, targeted therapies are needed to
decrease side effects and improve the clinical outcomes
of patients. Hence, researchers in this new millennium
are paying much more attention to the development of
not only new therapeutic guidelines, and early prevention
strategies for gastric cancer [5,6], but also on finding novel
and target specific therapeutic agents as well.
Over the last two decades, phytochemical products

have played a dominant role in the discovery of new
drugs to target cancer [7], with over 60% of currently
used anti-cancer agents are derived from natural sources
[8]. Examples of worldwide clinically useful antitumor
agents derived from wild plants include taxol, vinblastine,
vincristine, camptothecin derivatives, topotecan (a wheat
grass), sea-buckthorn, lingzhi, irinotecan, and etoposide,
which is derived from epipodophyllotoxin [9,10]. Others
are derived from fruits and vegetables; not limited to
include curcumin (turmeric), genistein (soybean), cate-
chins (green tea) [7], but also herbs like vinca alkaloids,
podophyllotoxin, berberine, lemons grass oils, flavonoid
and camptothecin; another group of promising anticancer
agents [11]. Although these anti-cancer agents have been
employed for targeted mechanism-based pathways, their
effective manipulation of the extrinsic and the intrinsic
apoptosis pathways are still being explored [12-14].
Paclitaxel isolate from the bark of the Pacific yew, Taxus
brevifolia is one phytochemical that shows promise. It is a
drug approved from the FDA to be used to treat AIDS-
related Kaposi sarcoma, breast cancer, non-small cell lung
cancer and ovarian cancer. Its primary cellular effect is to
cause abnormal stabilization of the dynamic microtubule
polymerization, leading to the failure of cell division
resulting in apoptosis [15-17]. However, paclitaxel is also
being studied as an alternative treatment for other types
of cancer including gastric cancer. It is currently in
clinical trials phase III [18,19]. Regardless of whether
they have been approved or not, the broad reaching
support and continuation of studies of plant extracts
with implications in gastric cancer treatment are indicative
of the continued role that natural products play in the
drug discovery process.
When considering an epidemiology study of newly

diagnosed gastric cancer cases in Thailand, much lower
incidences have been observed in the Northeastern
region [20]. Though, the prevalence of Helicobacter pylori
infections, are not different across the northern region of
Thailand, no geographical factor (for example plateau,
mountainous range or jungle terrain) was different either
[21]. Therefore, there must be something else central to
the population in the Northeastern region that reduces
the overall incidences of gastric cancer. Having all but
ruled out genetics, and environmental factors, it has
been suggested that edible folk plants diets that are
usually consumed in this region, may hold the answer
to this discrepancy. This new data, and this promising
lead greatly challenges us to explore the mysterious
phenomenon, that is whether the phytochemical
compounds within Northeastern Thai edible folk plants
have chemopreventive or cytotoxic potential to combat
gastric cancer, or other properties. For that reason, this
study therefore was undertaken to evaluate the cytotox-
icity potential of these local edible plants. Of particular
interest, plants S. gratum, J. gangetica and L. flava, were
selected based on epidemiological data that suggests that
they are the most regularly edible folk vegetables in the
Northeastern region.
We postulate that these plants could hold within

hidden properties that could be exploited to combat this
cancer, and the present study seeks to assess their potential.
We assess the crude phenolic-based extracts of these
plants, and demonstrate high cellular apoptotic and
cytotoxic effects in two common, and comparative
gastric cancer cell lines, Kato-III and NUGC-4.

Methods
Plant materials
Three local edible folk plants; S. gratum, J. gangetica and
L. flava (Table 1) were purchased from three different
local markets in Khon Kaen province in the Northeastern
part of Thailand during October to December 2008. These
plants were selected based on ethnobotanical information
[22-26] and epidemiological data as described above.
Correct taxonomic identification of plant species used for
this study was overseen by botanists from the Department
of Botany and Pharmacology, Faculty of Pharmacy, Khon
Kaen University, Thailand.



Table 1 The names of three plant extracts and other research references, therapeutic use in Thai traditional medicine
screened in this study

Species
[Voucher number]

Family (Common name
English/Thai)

Reported major constituents Therapeutic use in
Thai traditional
medicine

Edible
part

Ref.

Syzygium gratum (Wight)
S.N. Mitra var. Gratum
[Ch. Laongpol 6]a,c

Myrtaceae (Eugenia/Phak
Mek, Samet chun)

Not yet clearly determined in
chemical structure but proved
to be strong in antioxidants
and the prevention of oxidative
and nitrosative stresses

Treatment of
dyspepsia and
indigestion

Leaves 22,23

Justicia gangetica L.
[TK-PSKKU-0066]b

Acanthaceae (Chinese violet,
tropical primrose/Accepted
name: Asystasia gangetica )

5,11-epoxymegastigmane glucoside
(asysgangoside), salidroside, benzyl
β-D-glucopyranoside, (6S,9R)-roseoside,
ajugol, apigenin 7-O-β-D-glucopyranoside,
apigenin 7-O-neohesperidoside,
and apigenin 7-O-β-D-glucopyranosyl
(1→6)-β-D-glucopyranoside

Treatment of
stomach pain,
stomach worms,
anti-asthma

Leaves 24,25

Limnocharis flava L.
Buchenau [Patt. 173]c

Limnocharitaceae (yellow
velvetleaf, yellow burr
head/Talabhat reusi)

Undetermined Appetizer Stem 26

aVoucher specimens deposited at the Forest Herbarium (BKF), Department of National Park, Wildlife and Plant Conservation, Ministry of Natural Resource, bthe
Herbarium of the Faculty of Pharmaceutical Sciences, Khon Kaen University and cthe Prince of Songkla University herbarium (PSU), Department of Biology,
Faculty of Science, Prince of Songkla University, Thailand.
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Preparation of plant extracts
Edible parts of each individual plant variety (Table 1) were
rinsed with sterile distilled water to remove detritus and
dried in hot air oven at 50°C for 7 days. Once dried, plant
parts were then cut into small pieces and ground to a fine
powder using a mortar and pestle. Each ground powder
plant material was then immersed with the excess of the
ethyl acetate solvent (Sigma-Aldrich Pte-Ltd, Singapore) in
an extraction bottle. The ethyl acetate mixtures were then
incubated on a shaker incubator at room temperature for
72 h. Following this process, the supernatants were then
transferred to a new container, and the extraction process
with ethyl acetate was repeated three more times,
before the supernatants of these triplicate extractions
were combined. These were then filtered through
whatman filter paper no.1, and evaporated by a rotary
evaporator. These sample extracts were then employed
in further experiments.

Determination of total phenolic compound
Total phenolic compounds in the plant extracts were
determined by Folin-Ciocalteu method as described by
Sachindra [27]. In brief, 0.2 mL each plant extract
dissolved in 50% DMSO (Santa cruz biotechnology Inc.,
Bangkok, Thailand) was oxidized with 1.0 mL 10-fold-
diluted Folin–Ciocalteu reagent (Sigma-Aldrich Pte-Ltd,
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Singapore) and neutralized with 0.8 mL of 6% sodium
carbonate solution (Sigma-Aldrich Pte-Ltd, Singapore).
After 1 h incubation, the absorbance of the solution was
measured at 764 nm and the results were represented as
milligram gallic acid equivalent per gram of dry weight
(mg GAE/g). The assay was conducted in triplicate for
each sample concentration from 3 separated assays.

Determination of antioxidant activity
Antioxidant activity of the plant extracts was determined
spectrophotometrically using the ABTS system according
to the method of Re and colleagues [28]. Briefly, ABTS
radical cation (ABTS•+) mixture was generated by the oxi-
dation of 7 mM ABTS (Sigma-Aldrich Pte-Ltd, Singapore)
with 140 mM potassium persulphate (Sigma-Aldrich Pte-
Ltd, Singapore), incubated for 16 h at room temperature
in the dark. Antioxidant activity was determined by adding
0.2 mL of plant extracts with 1.8 mL ABTS•+ radical
cation mixture. After incubating the mixture for 6 min,
the absorbance at 734 nm was recorded. ABTS•+ radical
scavenging ability (%) of plant extracts were calculated
based on the following equation: ABTS•+ radical scavenging
ability (%) = [(Abs.control–Abs.test sample) /Abs.control]
x100. Where Abs.control is the absorbance of control
reaction (without plant extract) and Abs.test sample is
the absorbance in the presence of a plant extract. The
results were then compared to the anti-scavenging
activity of Trolox (Sigma-Aldrich Pte-Ltd, Singapore)
and represented as Trolox equivalent antioxidant capacity
per gram of dry weight (TEAC/g). The assay was
conducted in triplicate for each sample concentration
from 3 separated assays.

Cell culture
Two human gastric carcinoma cell lines Kato-III (ATCC
No. HTB-103) from American Type Culture Collection
(ATCC, Rockville, MD, USA) and NUGC-4 (JCRB0834)
from the Health Science Research Resources Bank
(Japan Health Sciences Foundation) were used for
in vitro cytotoxic assays. The human foreskin fibroblast
cell line Hs27 (ATCC No.1634) was used as a control.
They were cultured in sterile RPMI 1640 containing 10%
(v/v) fetal bovine serum (Biochrom AG, Berlin) at 37°C
supplied with 5% CO2 in an incubator. Cells were grown
in standard tissue culture flasks and upon reaching 80%
confluence were passaged with a solution of 0.25%
trypsin-EDTA (Sigma-Aldrich Pte-Ltd, Singapore) every
3–4 days until use.

In vitro cytotoxicity assay
Plant extracts were assessed its cytotoxic activity against
Kato-III and NUGC-4 cell lines via the MTT colorimetric
assay as first described by Mosmann [29] with modifica-
tions suggested by Denizot and Lang [30]. Cultured cells
(1 × 104 cells) in complete media were transferred into
each well of a flat 96 well plate and then incubated at
37°C in a humidified air atmosphere enriched with 5% (v/v)
CO2 for 24 h in order to let the cells attach to the bottom
of each well. The cultured cells were then treated with
the tested crude extract (triplicate wells per condition)
by the addition of 2 μL of serial dilutions of each extract
at a concentration of 1.25, 2.5, 5, 10 and 20 μg/mL.
The cells were then cultured as above for another 72 h
prior to the addition of 10 μL of a 5 mg/mL solution of
3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) (Sigma-Aldrich Pte-Ltd, Singapore)
into each well. The incubation was continued for another
4 h before the media was removed. A mixture of DMSO
(150 μL) and glycine (25 μL) was added to each well and
mixed to ensure cell lysis and dissolving of the formasan
crystals, before the absorbance at 540 nm was measured.
Three replications of each experiment were performed and
the percentage of MTT conversion to its formazan deriva-
tive for each well (percent cell growth) was calculated by
dividing the OD at 540 nm of the wells with the control
based on the following equation: Percent cell growth =
[A540 test – A540 zero] × 100/[A540 control – A540 zero].
Where A540 zero = A540 of solution after the cell was
incubated for 24 h before the addition of plant extracts;
A540 test = A540 of solution after plant extracts addition;
and A540 control = A540 of solution without plant extracts
addition. In addition, for non-toxic assurance of plant
extracts against normal cells (fibroblast cell line Hs27), a
double dose (2 times of IC50 concentrations [10 μg/ml]) of
the extracts were employed and assessed by MTT assay.
The assay was conducted in triplicate for each sample
concentration from 3 separated assays.

Half maximal inhibitory concentration (IC50)
The obtained absorbance at 540 nm was used to determine
the percentage of cell survival assuming that 100% survival
was obtained when treated with solvents only as controls,
and that no differences in metabolic activity existed
between surviving cells under differing conditions.
Under these assumptions, the percentage survival of
the treated cancer cell lines and normal cultured cells was
calculated according to the following formula: Percentage
of survival = (A540 treated cells/A540 control) × 100. The
mean ± 1 standard deviation (SD) cell survival (%) was
plotted against the corresponding plant extract concentra-
tion and the best fit line was used to derive the estimated
IC50 value from the concentration that could provide
50% of cell survival.
The concentrations of plant extracts giving 50% inhibi-

tory concentration (IC50) were determined from three
separate experiments. The IC50 of each plant extracts were
then used as the treated concentration at 0 and 3 days
against Kato-III and NUGC-4, which were assessed for



Table 2 Mean total phenolic content of plant extracts
expressed as GAE and anti-scavenging activity of the
plant extracts represented as TEAC

Plant extracts Total plenolics
(mg GAE/g dry weight)

Anti-scavenging activity
(mM TEAC/g dry weight)

S. gratum (Wight) 149.789 ± 0.381 2,823.521 ± 27.521

J. gangetica L. 16.513 ± 0.130a 313.141 ± 39.713a

L. flava (L.) 14.334 ± 0.463a 900.845 ± 20.346a,b

Values were expressed as means ± SD of replicates from 3 separated assays.
ap<0.05 VS S. gratum, bp<0.05 VS J. gangetica.
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apoptosis using a transmission electron microscopy (TEM).
The assay was conducted in triplicate for each sample
concentration from 3 separated assays.

Sample preparation for transmission electron microscopy
Kato-III cells (1x106 cells) and NUGC-4 cells (1x106 cells)
treated with each plant extract as well as the negative con-
trol (untreated cultures), were performed separately. Briefly,
they were rinsed with D-Hank’s solution (Life technologies,
Bangkok, Thailand) twice, and delivered into centrifuge
tubes with a plastic scraper, followed by centrifugation at
2000 rpm for 15 min, with the supernatant removed. The
precipitate was fixed in a solution containing 4% glutaralde-
hyde (Electron Microscopy Sciences, Bangkok, Thailand)
and 2% paraformaldehyde (Electron Microscopy Sciences,
Bangkok, Thailand) in 0.1 M phosphate buffer saline (PBS),
pH 7.4, at 4°C for 1 h, then washed with 0.1 M PBS
to remove the fixative. Specimens were postfixed in 1% os-
mium tetroxide (Electron Microscopy Sciences, Bangkok,
Thailand) in the same buffer for 30 min, and dehydrated in
a graded ethanol series for 10 min each. They were then
cleared with two changes of propylene oxide and immersed
in sequential mixtures of propylene oxide and Araldite 502
resin (Sigma-Aldrich Pte-Ltd, Singapore), at ratios of 3:1,
2:1, 1:2, and finally embedded in pure Araldite. Sections of
1 μm were cut using a MT-2 Porter-Blum ultramicrotome.
The sections were subsequently mounted on copper grids,
air dried and contrasted sequentially with 2% uranyl acetate
(Electron Microscopy Sciences, Bangkok, Thailand) in 7%
alcohol in the dark, and then treated with lead citrate
(Electron Microscopy Sciences, Bangkok, Thailand). They
were examined under a Philips CM 100 transmission
electron microscope operating at 80 kV.

Statistical analysis
Results were expressed as means±SD of replicates from
3 separated assays. Comparison between data sets was
performed using one way analysis of variance (ANOVA)
followed by Student’s t-test. All statistical analyses were
performed using SPSS19. Differences were accepted as
statistically significant at p<0.05.
Results
Total phenolic contents of plants extracts
Three edible folk plants from Northeastern region of
Thailand (S. gratum, J. gangetica and L. flava) were
extracted and their total phenolic content determined with
the results shown in Table 2. Among these plant extracts,
the highest level of total phenolic content was detected in
S. gratum at 149.789 ±0.381 mg GAE/g. It was 10 folds
significantly greater in content than that was identified in
J. gangetica and L. flava (16.513 ±0.130 and 14.334 ±
0.463 mg GAE/g, respectively, p<0.05).
Antioxidant capacities of plant extracts
Antioxidant activities of ethyl acetate extracted of S. gratum,
J. gangetica and L. flava are shown in Table 2. TEAC
equivalent values for these plants were significantly different
in descending order from S. gratum > L. flava > J. gangetica
(2,823.521 ± 27.521, 900.845 ± 20.346, 313.141 ± 39.713,
respectively, p<0.05). Noticeably, around 3–9 folds higher
antioxidant activity of S. gratum was found compared with
the other two species extracts. These were correlated well
with total phenolic contents. (Correlation coefficient of
R2= 0.935, Y=16.64x + 324.5).
Cell growth inhibition
Gastric cancer cell lines Kato-III and NUGC-4 and the
human fibroblast cell line (control) were exposed to each
plant extract (serial dilution concentration [1.25, 2.5, 5,
10 and 20 μg/mL]), to determine the growth inhibitory
activity effect induced from each plant. After 72 h, viable
cells were measured by MTT assay. Kato-III and
NUGC-4 cells exposed to S. gratum and J. gangetica
extracts resulted in a significant decrease in viable cells in
a dose-dependent manner (Figure 1). At 20 μg/mL they all
induced over 50% cell death in both gastric cancer cell
lines. However, at 10 μg/mL the extracts produced from
only S. gratum and J. gangetica demonstrated significant
potent cytotoxicity (p<0.05) to induce over 70% cell death
in Kato-III and NUGC-4 when compare with L. flava
(Figure 2). In addition, these two plant extracts showed
no effect on normal human foreskin fibroblast cell
line (Figure 2). In contrast, L. flava’s effects diminished.
Resulting in around 25% of cell death, with no significant
difference between gastric cancer cells and normal
fibroblast cell (Figure 2).
The IC50 (μg/mL) values are summarized in Figure 3.

The J. gangetica extract had the lowest IC50 values of
5.45 μg/mL and 5.86 μg/mL for Kato-III and NUGC-4,
respectively. Similarly, the S. gratum extract showed
higher cytotoxicity to the cancer cell lines with IC50

values in the 7.24 μg/mL – 11.96 μg/mL range, whereas,
the highest IC50 was from L. flava extract 17.20 μg/mL
and 14.64 μg/mL for Kato-III and NUGC-4 respectively.



Figure 2 Cytotoxicity test against Kato-III, NUGC-4 and Hs-27 after incubated with 10 μg/mL ethyl acetate extracted of S. gratum,
J. gangetica and L. flava. The antiproliferative effect was measured by MTT assay. Results were expressed as the means ±SD from three
independent experiments. The results showed both S. gratum and J. gangetica strongly inhibited up to 70% gastric cancer cell growth while not
destroying normal fibroblast cells Hs 27 (significant difference [*p<0.05]). This contrasted by the effect by L. flava, which demonstrated a
diminished amount of cell growth, not only in gastric cancer cells but also on normal fibroblast cells as well.

Figure 1 Dose response studies of the plant extracts on two gastric cancer cell lines: (A) Kato-III and (B) NUGC-4. The cells were treated
with various concentrations (0, 1.25, 2.5, 5, 10 and 20 μg/mL) of S. gratum, J. gangetica and L. flava for 72 h. The antiproliferative effect was
measured by MTT assay. Results were expressed as the means ±SD from three independent experiments.
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Figure 3 Comparative cytotoxicity of IC50 of S. gratum, J. gangetica and L. flava on Kato-III, NUGC-4 and Hs27 by MTT assay. Results
were expressed as the means ±SD from three independent experiments (*p<0.05) and compared to Hs27-treated cells. J. gangetica showed the
lowest IC50, whereas the highest was from L. flava. Significant differences (p<0.05) between S. gratum and L. flava were observed between both
cancer cell lines.

Figure 4 Electron micrographs comparing the effects of S. gratum, J. gangetica and L. flava on Kato-III (A-D) and NUGC-4 (E-H) 3 days
post treatment. Scale bar 2 μm. A) Untreated Kato-III cell shows very few vesicles (v), a rather uniform rounded shape and chromatin scattered
throughout nucleus (N). B) S. gratum treated Kato-III cell shows condensed chromatin in nucleus (N), apoptotic body formation (arrowhead) and
many vesicles. The cell is dispersing as granular debris (*). C) Kato-III cell treated with J. gangetica. This cell shows chromatin condensation around
the periphery of the nucleus, membrane bound organelles (arrow) and numerous vacuoles (v). D) Kato-III cell after exposure to L. flava shows a
large number of autophagic vacuoles (v), and a shrinking nucleus (N) with condensed chromatin. E) Untreated NUGC-4 cell shows no
condensation of chromatin in nucleus (N) and a rather uniform rounded shape. F) NUGC-4 cell treated with S. gratum shows chromatin
condensation nucleus, numerous vesicles (v) and many membrane bound organelles (arrow). G) NUGC-4 cell after exposure to J. gangetica shows
a nucleus condensed chromatin, membrane bound organelle (arrow) and vesicles (v). H) Morphological changes observed in L. flava treated
NUGC-4 cell were comprised with chromatin condensation in the nucleus (N), and many heterogenous vesicles of varying size (v).
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This was significantly different (p<0.05) when compared
to the other two plant extracts (Figure 3).
Ultrastructure alterations of Kato-III and NUGC-4 cell lines
induced by S. gratum, J. gangetica and L. flava
In order to determine whether the growth inhibition by
plant extracts were associated with apoptosis, we further
examined the morphological changes of Kato-III and
NUGC-4 gastric cancer cell lines under transmission
electron microscope. The control cells nuclear structures
appeared intact (Figure 4A: Kato-III, E: NUGC-4), while
the cells treated with those of the plant extracts demon-
strated ultrastructural changes in several manners
(Figures 4B-4D: Kato-III, and 4 F-4H: NUGC-4, respect-
ively). In detail, the Kato-III cells treated with S. gratum
displayed a condensed nucleus with chromatin condensa-
tion, apoptotic body formation (Figure 4B), and dispersing
granular debris. While for Kato-III cells treated J. gangetica,
these displayed chromatin condensation, membrane bound
apoptotic bodies and numerous vesicles (Figure 4C).
Whereas the morphological changes found in L. flava
treated Kato-III cells, displayed shrunken nucleus with
chromatin condensation and numerous heterogenous
vesicles, including extensive features of intracellular
vacuolization (Figure 4D).
S. gratum treated NUGC-4 cell lines exhibited apoptosis

with compacting nucleus and production of membrane
bound apoptotic bodies and numerous vesicles (Figure 4F).
However in comparison, NUGC-4 cells treated with
J. gangetica, produced early stages of apoptosis with
chromatin condensation and numerous vesicles (Figure 4G).
While cells treated with L. flava showed peripheral chro-
matin condensation nucleus with numerous heterogenous
vesicles and blebbing (Figure 4H).
Discussion
Serendipitous observations have shown that plants,
traditional herbs and teas can be harnessed to potentially
win the fight in battling cancer; a worldwide health
problem. However, it is not until these phytochemicals
are tested in vitro and in vivo that we can know for sure
how far they can go in keeping this disease under
control [31-34]. In Thailand gastric cancer is a scourge,
however the unusually lower gastric cancer incidences in
the Northeastern part of Thailand is of considerable
interest. The fact that S. gratum, J. gangetica and L. flava
are indigenous to the area and form a major part of the
routine dietary supplement in the local population, we
therefore decided to investigate whether these folk
plants are potential candidates for the safe and reliable
control of gastric cancer. Though there are many reports
to clarify their anti-oxidant activities, this study provides
the first evidence of their potent cytotoxic effects and
apoptotic induction based on ultrastrutural characteristic
on gastric cancer.
These plants were firstly extracted with ethyl acetate

and then analyzed for their phenolic contents using
Folin-Ciocalteu method. The ethyl acetate extract of S.
gratum demonstrated that it possessed water and
ethanolic extracts strongly correlating to those aqueous
extracts found by Senggunprai et al., although in
significantly lesser amounts [22]. This suggests that the
potent compounds to battle with gastric cancer cell
lines in S. gratum exist primarily in medium polarity.
Also in agreement with findings reported by Ruan et al.,
whom indicated that the active components of S. cumini
(a plant within the Myrtaceae family similar to S. gratum),
are mainly in the medium-polarity ethyl acetate fraction
[35]. However, even if none of the major constituents of
S. gratum have been determined chemically, they are
proven to prevent not only oxidative damage but also
know to alleviate nitrosative stresses [23]. Our data
therefore strengthens the previous research in this field
that S. gratum has strong antioxidant activity, and therefore
provides further support for considering S. gratum as a
food supplement for the people of Thailand.
In addition, some Thai plants are reported to possess

antimutagenic properties and activities related to inflam-
mation; key properties of many antioxidants [36,37]. To
measure anti-oxidative potential, ABTS and DPPH assays
are favourable because of their relative ease of use and
their ability to yield reliable results [38]. We, therefore,
determined antioxidant activity of the plant extracts to
reflect the counteract properties to the mutagen in these
plants by the ABTS assay. Moreover since it has been
recommended to reduce the background interference
originating from plant extracts at a wavelength of
740 nm [39]. From our data we can observe a significant
positive correlation between total phenolic contents
and antioxidant activity of those three plant extracts
(R2= 0.935, Y=16.64x + 324.5), consistent with other
studies [40,41]. Of all three plants investigated, S. gratum
had the highest level of phenolic contents, as well as the
strongest antioxidant capacity, which correlates to and
is supported also by studies headed by Maisuthisakul
[42]. This group showed that the antiradical activity
(1.8 L/EC50), total phenolic (57.3 mg GAE/g db) and
total flavanoid (23.6 mg RE/g db) of S. gratum was not
only reflective of our findings, but their additional
experiments that explored the antioxidant capacity in
plasma of β-thalassemia/Hb E patients treated with
S. gratum. This overall places further emphasis that
S. gratum is an excellent candidate for gastric cancer
treatment, even with short term intake [43]. Moreover, leaf
extracts of S. gratum which has proven radical scavenging
activity and anti-inflammatory properties, gives more
weight to this conviction [23].
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Additionally, aberrant cell survival has always been
closely investigated to perhaps find a strategy to control
their proliferation, which often results from inhibition of
apoptosis, leading to tumor progression and oncogenesis.
It is clear that cancer cells often gain a selective growth
advantage by blocking apoptosis [44]. Therefore, as the
induction of apoptotic cell death is an important mechan-
ism in anticancer properties in many anticancer drugs
[45,46], this is the first study to further examine whether or
not, S. gratum, J. gangetica and L. flava induce apoptosis
(cell death) in gastric cancer cells. Following on from our
initial cytotoxicity trials, S. gratum and J. gangetica were
found to be better dose-dependently than L. flava through
the higher inhibition of cell viability in Kato-III and
NUGC-4, whereas they had almost no effect on the growth
of normal fibroblast cells Hs27. Before continuing with our
morphological investigation, ethanolic extracts of those
three plants were also analyzed for total phenolic content,
and additionally evaluated for their cytotoxicity against
gastric cancer cell lines. The results showed that they had
only a marginal 20% capacity to inhibit the growth of
gastric cancer cell lines (data not shown). This finding thus
directed us to conduct on-going research towards using
ethyl acetate extracts. Therefore based on this information
and our cytotoxicity data, which gave a more favorable and
clearer response, we therefore continued with ethyl acetate
extracts of S. gratum, J. gangetica and L. flava, and
photo documented the characteristic morphological
changes of each cell line under TEM. At 72 h post
treatment, S. gratum and J. gangetica produced ultra-
structural alteration of chromatin aggregation, mito-
chondrial denaturation and apoptotic body formation,
as well as cytoplasmic compartments, swelling and
disappearance of mitochondrial cristae in Kato-III and
NUGC-4. These features are consistent to those commonly
found in apoptotic cells, which by comparison, closely
reflects as a dose-dependent way of cimetidine induced
apoptosis in human gastric cancer cells SGC-7901 and
MGC-803 [13]. Moreover, the similar morphologic features
of apoptosis in gastric cancer cells SGC-7901 treated with
tributyrin (i.e. not limited to chromatin aggregation, the un-
ravelling of mitochondria, cellular breakdown and cytolysis)
might be explained by the disturbance of apoptotic mech-
anism including the down-regulation of Bcl-2 expression
and the up-regulation of Bax expression as demonstrated
by Yan and Xu [14]. In the more recent investigations of
SGC-7901 and MGC-803 cells treated with cimetidine, an
increase in Bax/Bcl-2 ratios and activation of caspases
were also observed [13]. These proteins are members
of the Bcl-2 family which are important regulators in
the apoptotic pathway that can suppress Bcl-2 amd
Bcl-xl activity, or promote Bax upregulation, and thus
apoptosis. Moreover, when we consider the anti-cancer
effects of megastigmane glycoside, the major compound in
J. gangetica, it has been reported that apoptotic induction
can be achieved in human melanoma cell lines through
inhibiting NF-κB activation [47]. So, the phenolic extracts
produced by S. gratum and J. gangetica should be investi-
gated further to assess their full function.
This study demonstrates that S. gratum and J. gangetica

can be considered candidate anti-carcinogenic agents,
adding to previous reports demonstrating that health
benefits directly come from synergistic combinations of
the phytochemicals compounds existing in each plant [48].
Therefore further studies are now needed to focus on their
function on gastric cancer gene expression pathways,
verify the individual active components of each plant,
and to determine their extract chemical structures.
Development of extension projects in this area will
bridge a gap and create new knowledge to alleviate the
detrimental effects of this disease.
Conclusions
In summary, among the three local edible plants
analyzed in this study, our present findings indicate that
S. gratum and J. gangetica significantly inhibited growth
of human gastric cancer cells, Kato-III and NUGC-4.
These two plants also were effective in inducing cellular
alterations, determined by characteristic ultrastructural
changes which could reflect cytotoxic activity. These two
plants hold the highest levels of total phenolic contents,
and demonstrate strong antioxidant activity. When
considering their potential and safety, we can move
closer to identifying novel candidates not only for the
treatment of gastric cancer by determining their effect in
the therapeutic agents, but also by promoting the Thai
people to include these plants as a daily supplement for
the prevention of the disease. We are now moving
forward to breakdown and assess the individual plant
components of S. gratum and J. gangetica, and their
efficacy against gastric cancer cells.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
PS and PR contributed in the experimental design and carried out the
experiments, analyzed and interpreted the data, and contributed in drafting
and revision the manuscript. PB carried out the plant extraction and SP
carried out some of the experiments. All of the authors read the manuscript,
contributed in correcting it and approving its final version.

Acknowledgements
This work was supported by the National Research University Project of
Thailand Office of Higher Education Commission under supervision of the
National gastric cancer and Helicobacter pylori research center, and Grant-in-aid
from Faculty of Medicine, Thammasat University, Thailand. We thank Dr.
Nuchanart Suealek for assistance with the statistic illustration. We also would
like to extend our gratitude to Dr. Michael Stewart at the University of the
Sunshine Coast, Australia for assistance in manuscript editing, reviews and
assistance in manuscript preparation.



Stewart et al. BMC Complementary and Alternative Medicine 2013, 13:60 Page 10 of 11
http://www.biomedcentral.com/1472-6882/13/60
Author details
1Division of Anatomy and Department of Preclinical Science, Faculty of
Medicine, Thammasat University, Pathumthani, Thailand. 2Department of
Biochemistry, Faculty of Medicine, Khon Kaen University, Khon Kaen,
Thailand. 3Institute of Biotechnology and Genetic engineering,
Chulalongkorn University, Bangkok, Thailand. 4Division of Biochemistry,
Department of Preclinical Science, Faculty of Medicine, Thammasat
University, Pathumthani, Thailand.

Received: 21 September 2012 Accepted: 7 March 2013
Published: 13 March 2013

References
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D: Global cancer

statistics. CA Cancer J Clin 2011, 61:69–90.
2. Bertuccio P, Chatenoud L, Levi F, Praud D, Ferlay J, Negri E, Malvezzi M,

Vecchia CL: Recent patterns in gastric cancer: a global overview.
Int J Cancer 2009, 125:666–673.

3. Ajani JA, Barthel JS, Bekaii-Saab T, Bentrem DJ, D’Amico TA, Das P, Denlinger
C, Fuchs CS, Gerdes H, Hayman JA, Hazard L, Hofstetter WL, Ilson DH,
Keswani RN, Kleinberg LR, Korn M, Meredith K, Mulcahy MF, Orringer MB,
Osarogiagbon RU, Posey JA, Sasson AR, Scott WJ, Shibata S, Strong VEM,
Washington MK, Willett C, Wood DE, Wright CD, Yang G: Gastric cancer.
J Natl Compr Canc Netw 2010, 8:378–409.

4. Degiuli M, Sasako M, Ponti A, Calvo F: Survival results of a multicentre
phase II study to evaluate D2 gastrectomy for gastric cancer. Brit J Cancer
2004, 90:1727–1732.

5. Hartgrink HH, van de Velde CJ, Putter H, Bonenkamp JJ, Klein Kranenbarg E,
Songun I, Welvaart K, van Krieken JH, Meijer S, Plukker JT, van Elk PJ,
Obertop H, Gouma DJ, van Lanschor JJ, Taat CW, de Graaf PW, von
Meyenfeldt MF, Tilanus H, Sasako M: Extended lymph node dissection for
gastric cancer: who may benefit? Final results of the randomized Dutch
gastric cancer group trial. J Clin Oncol 2004, 22:2069–2077.

6. Sano T, Sasako M, Yamamoto S, Nashimoto A, Kurita A, Hiratsuka M,
Tsujinaka T, Kinoshita T, Arai K, Yamamura Y, Okajima K: Gastric cancer
surgery: morbidity and mortality results from a prospective randomized
controlled trial comparing D2 and extended para-‐aortic
lymphadenectomy-‐-Japan Clinical Oncology Group study 9501.
J Clin Oncol 2004, 22:2767–2773.

7. Bhanot A, Sharma R, Noolvi MN: Natural sources as potential anti-cancer
agents: A review. Int J Phytomed 2011, 3:9–26.

8. Cragg GM, Kingston DGI, Newman DJ: Anticancer agents from natural
products. Taylor & Francis Group. Boca Raton, FL: Brunner-Routledge
Psychology Press; 2005.

9. Shoeb M: Anticancer agents from medicinal plants. Bangladesh J Pharmacol
2006, 1:35–41.

10. Kaur R, Kapoor K, Kaur H: Plants as a source of anticancer agents.
J Nat Prod Plant Resour 2011, 1:119–124.

11. Nagarani B, Debnath S, Kumar SC, Bhattacharjee C, Kumar GG: A review:
herbs used as anticancer agents. Int Res J Pharmacy 2011, 2:20–24.

12. Labi V, Grespi F, Baumgartner F, Villunger A: Targeting the Bcl-2-regulated
apoptosis pathway by BH3 mimetics: a breakthrough in anticancer
therapy? Cell Death Differ 2008, 15:977–987.

13. Jiang C-G, Liu F-R, Yu M, Li J-B, Xu H-M: Cimetidine induces apoptosis in
gastric cancer cells in vitro and inhibits tumor growth in vivo. Oncol Rep
2010, 23:693–700.

14. Yan J, Xu Y-H: Tributyrin inhibits human gastric cancer SGC-7901 cell growth
by inducing apoptosis and DNA synthesis arrest. World J Gastroentero 2003,
9:660–664.

15. Zhou H-B, Zhu J-R: Paclitaxel induces apoptosis in human gastric
carcinoma cells. World J Gastroentero 2003, 9:442–445.

16. Alexandre J, Hu Y, Lu W, Pelicano H, Huang P: Novel action of paclitaxel
against cancer cells: bystander effect mediated by reactive oxygen
species. Cancer Res 2007, 67:3512–3517.

17. National Cancer Institute at the National Institute of Health. Cancer Drug
Information [online]. Available from http://www.cancer.gov/cancertopics/
druginfo/paclitaxel.

18. Kodera Y, Ito S, Mochizuki Y, Fujitake S, Koshikawa K, Kanyama Y, Matsui T,
Kojima H, Takase T, Ohashi N, Fujiwara M, Sakamoto J, Akimasa N: A phase
II study of weekly paclitaxel as second-line chemotherapy for advanced
gastric Cancer (CCOG0302 study). Anticancer Res 2007, 27:2667–2671.
19. Sakamoto J, Matsui T, Kodera Y: Paclitaxel chemotherapy for the
treatment of gastric cancer. Gastric Cancer 2009, 12:69–78.

20. National Cancer Institute of Thailand website [online]. [accessed 14th Jul 2012]
available from http://www.nci.go.th/th/File_download/Cancer%20In%
20Thailand%20IV/C-II-07.PDF.

21. Atisook K, Kachinthorn U, Luengrojanakul P, Tanwandee T, Pakdirat P,
Puapairoj A: Histology of gastritis and helicobacter pylori infection in
Thailand: a nationwide study of 3776 cases. Helicobacter 2003, 8:132.

22. Senggunprai L, Kukongviriyapan V, Prawan A, Kukongviriyapan U:
Consumption of Syzygium gratum promotes the antioxidant defense
system in mice. Plant Food Hum Nutr 2010, 65:403–409.

23. Kukongviriyapan U, Luangaram S, Leekhaosoong K, Kukongviriyapan V,
Preeprame S: Antioxidant and vascular protective activities of Cratoxylum
formosum, Syzygium gratum and Limnophila aromatica. Biol Pharm Bull
2007, 30:661–666.

24. Akah PA, Ezike AC, Nwafor SV, Okoli CO, Enwerem NM: Evaluation of the
anti-asthmatic property of Asystasia gangetica leaf extracts.
J Ethnopharmacol 2003, 89:25–36.

25. Kanchanapoom T, Ruchirawat S: Megastigmane glucoside from Asystasia
gangetica (L.) T. Anderson. J Nat Med 2007, 61:430–433.

26. Daduang J, Vichitphan S, Daduang S, Hongsprabhas P, Boonsiri P: High
phenolics and antioxidants of some tropical vegetables related to
antibacterial and anticancer activities. Afr J Pharm Pharmacol 2011,
5:608–615.

27. Sachindra NM, Airanthi MKWA, Hosokawa M, Miyashita K: Radical
scavenging and singlet oxygen quenching activity of extracts from
Indian seaweeds. J Food Sci Technol 2010, 47:94–99.

28. Re R, Pellegrini N, Proteggente A, Pannala A, Yang M, Rice-Evans C:
Antioxidant activity applying an improved ABTS radical cation
decolorization assay. Free Radical Bio Med 1999, 26:1231–1237.

29. Mosmann T: Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. J Immunol Methods
1983, 65:55–63.

30. Denizot F, Lang R: Rapid colorimetric assay for cell growth and survival.
J Immunol Methods 1986, 89:271–277.

31. Rasul A, Yu B, Zhong L, Khan M, Yang H, Ma T: Cytotoxic effect of evodiamine
in SGC-7901 human gastric adenocarcinoma cells via simultaneous
induction of apoptosis and autophagy. Oncol Rep 2012, 27:1481–1487.

32. Rasul A, Yu B, Yang LF, Ali M, Khan M, Ma T, Yang H: Induction of
mitochondria-mediated apoptosis in human gastric adenocarcinoma
SGC-7901 cells by kuraridin and Nor-kurarinone isolated from Sophora
flavescens. Asian Pac J Cancer Prev 2011, 12:2499–2504.

33. Lee H, Lee JH, Jung KH, Hong SS: Deguelin promotes apoptosis and
inhibits angiogenesis of gastric cancer. Oncol Rep 2010, 24:957–963.

34. Jang KJ, Han MH, Lee BH, Kim BW, Kim CH, Yoon HM, Choi YH: Induction of
apoptosis by ethanol extracts of Ganoderma lucidum in human gastric
carcinoma cells. J Acupunct Meridian Stud 2010, 3:24–31.

35. Ruan ZP, Zhang LL, Lin YM: Evaluation of the antioxidant activity of
Syzygium cumini leaves. Molecules 2008, 13:2545–2556.

36. Nakahara K, Trakoontivakorn G, Alzoreky NS, Ono H, Onishi-Kamayama M,
Yoshida M: Antimutagenicity of some edible Thai plants, and a bioactive
carbazole alkaloid, mahanine, isolated from Micromelum minutum.
J Agr Food Chem 2002, 50:4796–4802.

37. Laupattarakasem P, Houghton PJ, Hoult JRS, Itharat A: An evaluation of the
activity related to inflammation of three plants used in Thailand to treat
arthritis. J Ethnopharmacol 2003, 85:207–215.

38. Buenger J, Ackermann H, Jentzsch A, Mehling A, Pfitzner I, Reiffen KA,
Schroeder KR, Wollenweber U: An interlaboratory comparison of
methods used to assess antioxidant potentials. Int J Cosmetic Sci 2006,
28:135–146.

39. Li HB, Wong CC, Cheng KW, Chen F: Antioxidant properties in vitro and
total phenolic contents in methanol extracts from medicinal plants.
LWT- Food Sci Technol 2008, 41:385–390.

40. Katalinic V, Milos M, Jukic M: Screening of 70 medicinal plant extracts for
antioxidant capacity and total phenols. Food Chem 2006, 94:550–557.

41. Song FL, Gan RY, Zhang Y, Xiao Q, Kuang L, Li HB: Total phenolic contents
and antioxidant capacities of selected Chinese medicinal plants. Int J Mol
Sci 2010, 11:2362–2372.

42. Maisuthisakul P, Pasuk S, Ritthiruangdej P: Relationship between
antioxidant properties and chemical composition of some Thai plants.
J Food Compos Anal 2008, 21:229–240.

http://www.cancer.gov/cancertopics/druginfo/paclitaxel
http://www.cancer.gov/cancertopics/druginfo/paclitaxel
http://www.nci.go.th/th/File_download/Cancer%20In%20Thailand%20IV/C-II-07.PDF
http://www.nci.go.th/th/File_download/Cancer%20In%20Thailand%20IV/C-II-07.PDF


Stewart et al. BMC Complementary and Alternative Medicine 2013, 13:60 Page 11 of 11
http://www.biomedcentral.com/1472-6882/13/60
43. Bureemas J, Kukongviriyapan V, Kukongviriyapan U, Senggunprai L,
Jetsrisuparb A: Effects of Syzygium gratum on antioxidant system in
β-thalassemia/Hb E patients. KKU Res J (GS) 2007, 7:15–21.

44. Hanahan D, Weinberg RA: The hallmarks of cancer. Cell 2000, 100:57–70.
45. Deigner HP, Kinscherf R: Modulating apoptosis: current applications and

prospects for future drug development. Curr Med Chem 1999, 6:399–414.
46. Sporn MB, Suh N: Chemoprevention of cancer. Carcinogenesis 2000,

21:525–530.
47. Panza E, Tersigni M, Iorizzi M, Zollo F, De Marino S, Festa C, Napolitano M,

Castello G, Ialenti A, Ianaro A: Lauroside B, a megastigmane glycoside from
Laurus nobilis (bay laurel) leaves, induces apoptosis in human melanoma
cell lines by inhibiting NF-κB activation. J Nat Prod 2011, 74:228–233.

48. Liu RH: Health benefits of fruit and vegetables are from additive and
synergistic combinations of phytochemicals. Am J Clin Nutr 2003,
78:517S–520S.

doi:10.1186/1472-6882-13-60
Cite this article as: Stewart et al.: Antioxidant activity and ultrastructural
changes in gastric cancer cell lines induced by Northeastern Thai edible
folk plant extracts. BMC Complementary and Alternative Medicine 2013
13:60.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Plant materials
	Preparation of plant extracts
	Determination of total phenolic compound
	Determination of antioxidant activity
	Cell culture
	In vitro cytotoxicity assay
	Half maximal inhibitory concentration (IC50)
	Sample preparation for transmission electron microscopy
	Statistical analysis

	Results
	Total phenolic contents of plants extracts
	Antioxidant capacities of plant extracts
	Cell growth inhibition
	Ultrastructure alterations of Kato-III and NUGC-4 cell lines induced by S. gratum, J. gangetica and L. flava

	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

