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ABSTRACT

Cervical cancer is the fourth most common cancer diagnosed in woman
worldwide in 2018. Astoundingly, the data base of GLOBOCAN 2018 has been reported
that Thailand was ranked as fourth for most common woman cancer diagnosed of
South-Eastern Asia. In Thailand, cervical cancer is the second of cancer incidence rate
and fourth rank of mortality rate in female. The reports show that cervical cancers
until remains a crucial also in Thailand and global public health problem. Vatica
diospyroides Symington (VDS) has been used as a Thai medicinal herb for cardiac and
haematonic therapy and shown greatly cytotoxic response on human breast cancer
cells as showed in previous reports. In this study, fruit extracts (cotyledon and pericarp)
of VDS type SS were obtained using acetone and methanol. The aim of this research
is to determine the cytotoxic activity and mode of cell death of VDS type SS fruit
extracts on cervical cancer cell lines. The cytotoxicity was performed by MTT assay
and the 50% inhibitory concentration (ICso) was used to indicate the cytotoxic effect.
In order to investigate the mode of cell death including cell cycle arrest and apoptosis
induction were subsequently measured using flow cytometry analysis. Protein
expression involved with mode of cell death was elucidated by western blotting. The
MTT result showed that the crude extracts exhibited highly cytotoxicity on HelLa with
ICsprank at 7.69-17.93 pg/mL and SiHa with ICsg rank at 9.81-19.00pg/mL, respectively.
Surprisingly, the cotyledon-acetone extract notably showed the highest cytotoxicity
on both cell lines. Furthermore, the selectivity index or Sl was used to determine the
harmless response of VDS extracts on normal cells. The result exhibited that only

cotyledon-acetone extract shows high safety response on 1929 cell with Sl value more



viii

than 3. Remarkable feature of anticancer agent as cell cycle arrest was performed on
cervical cancer cells and result showed that the extract could induce G,/M arrest in
Hela and SiHa with 2-fold ICsy at 48h through accumulation of cyclin-B1 expression
and increasing of p-cdc2 CDK inhibitor in time-dependent manner. Additionally, the
mode of cell death which effect by cotyledon-acetone extract was found that Hela
and SiHa treated cells were shown apoptosis induction in a dose-dependent manner.
In addition, the expression of Bax was increased at 48 h and caspase-8 was declined
together with increasing of cleaved caspase-8 expression. In conclusion, the anti-
proliferation effect of cotyledon-acetone extract may be due to cell cycle arrest at
G2/M phase via cyclin-B1 accumulation and apoptosis induction by stimulation of Bax
and cleaved caspase-8 expression on cervical cancer cells. Based on our study, the
cotyledon- acetone extract would be a candidate anticancer agent with promise

anticancer properties and might be lead to alternative approach for cancer therapies.

Keywords: Vatica diospyroides Symington, Cervical Cancer, MTT, Flow cytometry,

western blotting
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CHAPTER 1
INTRODUCTION

Cancer is a major cause of human deaths worldwide reported by World
Health Organization (WHO). Cervical cancer is the fourth most common cancer
diagnosed in woman worldwide with 569,847 new cases and 311,365 deaths in 2018.
Cervical cancer is also frequently occurring in Asia female with rank as the third most
common cancer. Astoundingly, the data base of GLOBOCAN 2018 has been reported
that cervical cancer incidence in Thailand was ranked as fourth most common cancer
diagnosed in woman of South-Eastern Asia. In Thailand, cervical cancer is the second
of cancer incidence rate and fourth rank of mortality rate in female (1). The data
demonstrate that cervical cancer remains a serious health problem worldwide.

Although, the most conventional treatment such chemotherapy that
cause to kill cancer cells, but induce the systemic side effect in cancer patients. Several
anticancer chemotherapy drugs are effect due to their mechanisms of action. First line
drug of chemotherapy in cervical cancer patient is cisplatin. The cisplatin and various
chemotherapy drugs induce DNA damage and subsequently causing cancer cell death,
but also in normal cells (2). Therefore, the patients with conventional chemotherapy
treatment are received the side effect such as gastrointestinal problem, hearing loss,
diarrhea and also related with severe side effect such as nephrotoxicity, cardiotoxicity
and hepatotoxicity (3).

Natural products have been used as the major source of illness therapy
including cancer. Various natural sources, such as fungus, marine life and especially
natural plants have been accepted by universal as an efficient material for world
healthcare system (4). The medicinal or plant derived compounds are well
characterized as anticancer properties, such as inhibition of cell proliferation, anti-
angiogenic activity and induction of apoptosis (5). This is consistent with report was
explained that 25% of modern drugs are developed from traditional folk medicines
(6). The medicinal herbs have consistent some therapeutic agents that are called
secondary metabolites or natural products (7). At present, natural product has a

significant role and is interesting in drug discovery process for treatment of various



diseases. The most cases of synthetic drugs cause many side effects, but the
phytochemical agents that discovered from plants and other natural sources may
represent less side effects (8). Therefore, researchers try to seek out the alternative
treatment from natural plant as an anticancer agent with less or no side effects to the
patients. Many plants have potential compounds containing several biological activities
to treat various ailments such as cardiotonic, anti- inflammatory, analgesic and
antitumor agent (9). Thailand is a rich in biodiversity, consisting of plant families that
used as medicinal herbs. Among the variety of plant families, there is one family that
has been used as a folk remedy which Dipterocarpaceae. The family Dipterocarpaceae
majority found in Asian rain forests and Thailand includes 9 genuses, 64 species (10).
The phytochemical and biological activities testing in Dipterocarpaceae plans have
been discovered continuously for many years (11). The family contains many plants
that have biological activities such as antioxidant, antimicrobial, antifungal and
including anticancer activity (9, 11). Vatica diospyroides Symington (VDS) is one of the
Dipterocarpaceae. In 2017, VDS was identified in endangered population on the IUCN
red list of International Union for Conservation of Nature and Natural Resources (IUCN)
(12). In Thailand, flower and stems of VDS have been used as Thai ethnobotanical
medicine such as ingredients in cardiac and blood tonic treatments (13). VDS contains
major compound that called resveratrol. Resveratrol derivatives which is a plant-
derived polyphenolic phytoalexin that produced by enzyme stilbene synthase in
response to its infection. This polyphenol has many biological activities including
anticancer property. The resveratrol dimers from stem bark extract of Hopea gregaria
one of Dipterocarpaceae that called €-viniferin, showed highly active cytotoxicity on
murine leukemia P-388 cells (14). The VDS can be easily observed into two subtypes
with not only discriminated of leaf morphology, but also in differentiated on color of
flower. There are two subtypes of VDS which are large size of leaf (LS type) and small
size of leaf (SS type). The previous works have been screened the phytochemical from
root, leaf, branch, pericarp and cotyledon extract of subtype LS and showed cytotoxic
activity against breast cancer cell lines (15). The extract from cotyledon showed highly
active cytotoxicity against MDA- MB-468 cell line. The results from this research

indicated that VDS fruit is the best source of active compounds for cytotoxic effect on



cancer cell lines. The later research by Srisawart et al (2014). showed the highest
cytotoxic response and induced apoptosis in breast cancer cell line from VDS subtype

SS fruit extracts (16).

Therefore, this study was interested in cytotoxic activity of the extracts
and their mode of cell death induction on cervical cancer cell lines which are Hela
and SiHa. Cytotoxic activity was performed by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. Mode of cell death of extract was performed by
flow cytometry and western blot analysis. This research is the first to investigate VDS
crude extract against cervical cancer cell lines from VDS type SS fruit. Based on their
effective biological activity, the extracts could be serves as a potential agent against

cancer and lead to therapeutic development for those anticancer therapies.
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CHAPTER 2
OBJECTIVES

2.1 To determine the cytotoxic activity of V. diospyroides type SS fruit extracts on
cervical cancer cell lines.

2.2 To investigcate the mode of cell death on cervical cancer cell lines by V.
diospyroides type SS fruit extracts induce apoptosis and cell cycle arrest.

2.3 To elucidate the mode of action of V. diospyroides type SS fruit extracts by protein
expression of molecules involve in apoptosis induction and cell cycle arrest of

pathway by crude extracts.



3.1 Scope of study

CHAPTER 3
RESULTS AND DISCUSSION
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3.2 Results

3.2.1 In vitro cytotoxicity of VDS crude extracts on cervical cancer cell lines
by using MTT (3-(4,5-dimethylthiazol- 2-yl) - 2,5- diphenyltetrazolium bromide)
assay

The VDS crude extracts were extracted by Asst. Prof. Dr. Yaowapa
Sukpondma, Prince of Songkla University and kindly provided by Asst. Prof. Dr. Theera
Srisawat, Surat Thani campus. Sample of SS fruit of V. diospyroides was collected from
Nong Thung Thong non-hunting area, Kiansa, Suratthani Province, Thailand. Voucher
specimens (Collector number T. Srisawat 002) were deposited in the Herbarium of
Queen Sirikit Botanic Garden (QBG), Maerim, Chiang Mai, Thailand. The samples were
authenticated by Dr. Charun Maknoi of QBG. The dry fruit was separately extracted in
methanol (CH;OH) and acetone ((CH3),CO). Then, extracts were dissolved in 100%
dimethyl suloxide (DMSO) to final concentration of DMSO in extracts less than 0.5%
(17). Two human cervical cancer cell lines HelLa (ATCC CCL-21) and SiHa (ATCC HTB-
35) were purchased from the American Type Culture Collection (ATCC) and mouse
fibroblast cell L929, which kindly provided from Prof. Dr. Teerapol Srichana,
Department of Pharmaceutical Technology, Faculty of Pharmaceutical Sciences, Prince
of Songkla University, was used as a normal cell line. The cell lines were cultured in
DMEM medium supplemented with 10% fetal bovine serum (FBS), L-glutamine,
streptomycin (100 pg/mL) and penicillin (100 U/mL). All cells were maintained in
humidified air with 5% CO, at 37 °C incubator. The cytotoxic effect of crude extracts
was performed by using MTT assay. This method is measurement of cell viability. Cells
were cultured to exponentially stage and trypsinized. The cells were seeded into 96-
well plates (5x10° cells/well) and incubated for 24 hours to reach 70% confluency.
After incubation, concentration of each extracts were diluted with medium to 5, 10,
20, 40 and 80 pg/mL and treated with these extracts for 72 hours. At the end of
incubation, cells were washed with 100 ul of 1x PBS and added 100 pl of 1 mg/mL
MTT solution (Invitrogen, California, USA) to each well and incubated at 37°C for 90
minutes. The yellow tetrazolium MTT was reduced by mitochondrial reductase in

viable cells and resulting in intracellular purple formazan crystal (18). The solution was



carefully removed and formazan crystal was dissolved with organic solvent DMSO to
each well and incubated at 37°C for 30 minutes. The absorbance was measured at 570
nm and 650 nm using multi-well plate reader (SpectraMax M5 Multi-Mode Microplate
Reader). The absorbance value associate with viable cell counts. The result showed
that four of the VDS crude extract exhibited antiproliferation on Hela and SiHa cells.
The cotyledon-acetone extract was the highest effect in term of antiproliferation with
decreasing of cell survival approximately 25% at 10 yg/mL. On the other hand, the
inhibition of survival rate by other extracts showed merely decreased rank at 60. 20-
94.00% at 10 pg/mL treatment (Figure 2A). The extracts were also screened in SiHa
cell for cytotoxic effect. The result showed that the cotyledon-acetone extract as well
displayed inhibitory effect on SiHa cell with decreasing the percentage of cell survival
to 45.95% at lower concentration (10 pyg/mL). However, three other extracts showed
slightly declined the cell survival same as Hela cell with 68.74-74.24% at 10 pyg/mL
treatment (Figure 2B). After that, the data was calculated for percentage of inhibition
and plot the graph for cytotoxic effect in term of the half maximal inhibitory
concentration (ICsp) value.

The ICsq value was used for preliminary screening following the criteria of
crude extracts decided by the American National Cancer Institute (NCI) and Geran et
al, which ICsq less than 20 pg/mL will be defined to highly active (19). The cytotoxic
result of VDS extracts that induced anti proliferation of cancer and normal cell lines
and the ICsq values were expressed as mean + SD in three independent experiments
were shown in Table 1. The lower ICs, values considered the extract represented the
higher potent cytotoxicity to the cells. After treatment for 72 h, pericarp-acetone
extract showed highly cytotoxic response on both Hela and SiHa cervical cancer cell
lines at I1Csy 17.93+0.81 and 19.00+3.37 pg/mL, respectively. The pericarp-methanol
treated cancer cells also displayed no different of the ICs, values between cervical
cancer (Hela and SiHa: 13.40+0.71 and 14.55+0.69 ug/mL, respectively). For cotyledon-
methanol extract, the extract was shown the highly active cytotoxic against Hel.a, and
SiHa cell lines with ICsy value at 11.60+0.96 and 14.54+1.10 pg/mL, respectively.
Notably, the cotyledon-acetone extract showed very strong cytotoxic effect on cervical

cancer cell lines with the lowest IC5, values ranged between 7-9 pg/mL. Although the



extracts showed potent cytotoxicity against cervical cancer cell lines, the cytotoxic
effect of the normal cell also required in order to evaluate safety of extracts, in vitro.
Thus, the MTT assay was performed using L929 mouse fibroblast cell line. The results
showed that pericarp- methanol and cotyledon- methanol extracts showed highly
cytotoxic on L929, while the pericarp-acetone and cotyledon-acetone exhibited the
cytotoxic response with ICsy more than 20 pg/mL (I1Cso of 33.12+0.82 and 34.41+2.05
ug/mL, respectively).

As part of anticancer drug finding out, the safety response of the extracts on
the normal cell should be considered. The selectivity index (SI) was used to determine
the harmless response of VDS extracts which dividing the ICs5, of the normal cell by
the cancer cell in same extract (Appendix Al) as represented in Table 2. The Sl value
which more than 3 were considered to high selectivity or less toxic on the normal cell
lines (20). Unfortunately, only cotyledon-acetone extract shows high safety response
on L929 cell with ranked of Sl value between 3.51-4.47 which followed in safety criteria
of Prayong et al., 2008 (20) with greater than 3 of SI value, whereas the other extracts
were shown critical effect (SI<3) on cancer cell line. Hence, these results suggested
that the cotyledon-acetone extract showed highly active cytotoxic against cervical cell

lines or without harmful on normal fibroblast cell line.
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(B) cells after 72 h treatment. Data were expressed as mean+SD.



Table 1 The cytotoxic activity in 50% growth inhibitory concentration (ICso) of V. diospyroides type SS fruit extracts on cancer and normal

cell lines. The result showed as a mean + SD from triplicate independent experiments.

Pericarp Cotyledon
Cell types Cell lines
Acetone Methanol Acetone Methanol
Hela 17.93 + 0.81 132.40 + 0.71 7.69 + 0.44 11.60 + 0.96
Cervical cancer
SiHa 19.00 + 3.37 14.55 + 0.69 9.81 + 1.38 14.54 + 1.10
Normal fibroblast L929 33.12 £ 0.82 14.10 £ 0.47 34.41 + 2.05 2432 + 1.81

Activity criteria ICs, of crude extract: < 20 pg/mL = highly active; 21-200 pg/mL = moderately active; 201-500 pg/mL = weakly active; > 501 pg/mL = inactive

0]



Table 2 The safety response of V. diospyroides type SS fruit extracts in selectivity index (SI) on cancer cell lines.

Selectivity Index (SI)
Cell lines Pericarp Cotyledon
Acetone Methanol Acetone Methanol
Hela 1.85 1.05 4.47° 2.1
SiHa 1.74 0.97 3.51° 1.67

@ Slvalue > 3 is considered to be high selectivity

17
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3.2.2 Cotyledon-acetone extract on cell cycle arrest induction in HeLa and
SiHa human cervical cancer cell lines using propidium iodide (PI) and flow
cytometry analysis

The cell cycle machinery and components of checkpoint pathways have
already provided the targets for novel antitumor (21). Since the cotyledon-acetone
extract seemed to be the most effective extract. So, the extract was chosen for further
analysis to identify its cytotoxic mechanism. Mode of cancer cell death by cell cycle
arrest induction of the cotyledon-acetone extract was measured by flow cytometry.
This method is a cell cycle analysis using propidium iodide (PI). The Pl is fluorescent
nucleic acid dye to identify the population of cells in cell cycle phase by using flow
cytometry to measure their relative DNA content. In this study, cell cycle of Hela and
SiHa were analyzed by Amnis® ImageStreamX Mark Il imaging flow cytometer. The
single cell for 10000 events was acquired with flow cytometer and data analysis using
IDEAs image data exploration and analysis software. The results from software were
shown as a histogram. The fluorescence intensity of the stained cells was correlated
with the amount of DNA content. This approach reveals the distribution of cells in
three major phases of the cycle including G1, S and G2/M (Appendix A3).

In order to investigate the mode of cell death of cotyledon-acetone on cell
cycle progression, Pl staining analysis was measured on treated cells with ICsqand 2-
fold ICs for 24 and 48 h and the results were expressed as the mean of three
independent experiments as shown in Figure 3A and 3B. As presented in Figure 4A,
after 24 h of the treatment, ICsq cotyledon-acetone-treated Hela cells were slightly
decreased of cell population in G1 and G2/ M phase as 52.71% and 21.35%,
respectively. Whereas high dose extract at 2-fold IC5, induce the percentage in the cell
cycle distribution of G1 phase was decreased from 20.67% to 17.68% when compared
to control. When extending the treatment time to 48 h, the cell population in sub-G1
phase was increased in dose-dependent manner. Interestingly, the distribution of S
and G2/ M phase were significantly increased in 2-fold ICs, treatment with 12.93% to

25.08% and 14.50% to 27.59% when compared with control. For SiHa cell, number in
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G1 slightly decreases and S and G2/M increased in ICso treatment for 24 h. Meanwhile,
the percentage of the treated SiHa cells in S and G2/M phase was augmented from
7.34% in control to 11.49% and 16.98% to 23.73%, respectively, in ICsq treatment at
48 h. The 2-fold ICs, treated cell seemed to be similar with the ICso treatment (Figure
4B). From these data, we conclude that the cotyledon-acetone extract had the ability
to anti-proliferation on cervical cancer cell lines especially in Hela by cell cycle arrest

induction at G2/M, but the initiation stage was occurred in the S phase.
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3.2.3 Effect of cotyledon-acetone extract on the protein expression involved

in cell cycle arrest induction in cervical cancer cell lines

Since the cotyledon-acetone extract was determined to induce the cell
cycle arrest in G2/M phase at 48 h particularly on Hela cell, we further performed its
effect on the expression of protein related in G2/M arrest molecule which are p21,
cyclin-B1 and phosphorylative form of cdc2 (p-cdc2 or CDK1). To better understand
how the extract induces G2/M arrest, the cell cycle arrest related molecules in protein
level were performed by western blot analysis (Figure 5A). The key factor protein of
G2/M phase is driven by cyclin-B1. The cyclin/Cdk families play a critical role or cell
cycle progression. The expression of cell cycle inhibitor which is p21 was determined
on Hela cells. The p21 expression was decreased in dose-dependent manner both 24
and 48 h treatments (Figure 5B). For cyclin-B1, the extract induced the expression of
this protein for 24-48 h (Figure 5C). Similarly, p-cdc2 protein also increased in time-
dependent manner, but decreased expression in term of dose dependent manner
(Figure 5D). These results may convince that the cotyledon-acetone extract-modulated
cell cycle arrest at G2/M phase. Although, p21 play critical role in G2/M checkpoint, in
our result, the extract did not regulate the expression on Hela cells at G2/M arrest,
suggesting that the extract may cause G2/M arrest through other molecules such as

p27 and p57.
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3.2.4 Apoptosis induction of cotyledon-acetone extract on HelLa and SiHa
human cervical cancer cell lines using Annexin V-FITC/ Pl binding and flow
cytometry analysis

The mechanisms of action of plant-derived anticancer drugs are numerous
and most of them induce apoptotic cell death that may be intrinsic or extrinsic (22).
The data from flow cytometry analysis was analyzed by WinMDI software and
represented as a density plot diagram. The cell populations were discriminated by the
positions in the plot (Appendix A2).

This experiment, HelLa and SiHa cells were used as a model for apoptosis
induction by cotyledon-acetone extract. After 48 h of various concentration of the
extract at half- 1Csg, ICso and 2-fold ICs, treatment, we found that cotyledon-acetone
extract decreased viability from 98.50% to 7.15% in Hela cells as shown in Figure 6A
and Figure 7A. Importantly, the percentage of apoptotic cells which is a total of lower
and upper-right quadrants was considerably increased from 0.80% in control to 85.98%
in 2-fold ICso treatment. Noteworthy, the extracts showed the efficiency for apoptosis
induction in a dose-dependent manner. On the other hand, the extract showed slightly
decreased the SiHa live cells and apoptotic cell population of half- ICs, ICsqand 2-fold
ICso were not different when compared to those groups (Figure 6B and Figure 7B).
However, the apoptosis induction of SiHa cell was seemed to be slightly increased in
dose- dependent manner. It is noticeable that the extract at half-1Cs, exhibited
negligible apoptosis induction by increased the apoptotic cells from 1.15% to 32.90%,
while the viable cells were declined from 98.85% to 65.90% when compared to
control. Although, apoptosis induction was also shown in SiHa cells, but expressed to
the lower rate of apoptotic cells when compared with Hela cells. In summary, we
could initially conclude that the cotyledon-acetone extract shows promising apoptosis

induction in cervical cancer cell lines, especially in HelLa cell.
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3.2.5 Effect of cotyledon-acetone extract on the protein expression involved

in apoptosis induction in cervical cancer cell lines
To investigated molecular events underlying cotyledon-acetone extract on
apoptosis induction in Hela cervical cancer cell line. Bax as a pro-apoptotic protein
that involved in mitochondrial apoptosis or intrinsic pathway was measured under the
treated-cell at half-1Cs, for 0, 24, 48 and 72 h. Bax induction were more detectable
with expanding time up to 72 h (Figure 8A and 8B). As shown in Figure 5C, while the
expression of caspase-8 was reduced (Figure 8C), the cleaved caspase-8 as an active
form was continuously escalated in time-dependent manner (Figure 8D). From these
results, we could assume that the cytotoxic activity of the extract on Hela cell maybe
possibly through apoptosis induction via Bax induction and encouragement of active

caspase-8.
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3.3 Discussion

Based on medical record, natural source has long been reported to be a
precious and trustworthy origin of drug development, including antitumor therapies
(23). It is well known that the natural resource serves as immense medicinal products
which originate from marine, microorganism, especially plants. Throughout medicinal
background, plants have been used as a valuable source with their bioactivities
inducing anticancer properties ( 24) . However, several steps were required for
anticancer drug discovery which initiate by preclinical screening. The aim of screening
process is to indicate the agent which contains the cytotoxic or anticancer effects (25).
This research was determined the cytotoxic activity of the crude extracts and their
mode of cell death induction on cervical cancer cell lines which are HelLa and SiHa.
All extracts showed highly cytotoxic effect on both cervical cancer cell lines with
ranked of ICsy values between 8-19 pg/mL (Table 1). In addition, the cytotoxic values
of each extract in both cell lines were similar. Surprisingly, the cotyledon-acetone
extract demonstrated the highest cytotoxicity with lowest ICsq value in HelLa and SiHa.
Regrettably, pericarp- methanaol and cotyledon-methanol extracts were represented
not only the lower ICs, value on cancer cell lines, but also cytotoxic to L929 murine
fibroblast cells. The different anti-proliferation effect of these extracts was possibly
relied on cellular characteristics of each cell line. According to the different cellular
histological of those cell lines, these extracts showed specifically cytotoxic activity
against HelLa less aggressive cancer. This hypothesis was supported by previous
research, the researchers has been reported that the up regulation of nuclear factor
erythroid-related factor2 (NRF-2) which is an oncogene in SiHa cell resulting in inducing
anti apoptosis, metastasis and resistance to therapy. Following this evidence, it implies
that SiHa cell contain more aggressive characteristic when compare to Hela (26). The
excellent cytotoxicity of cotyledon- acetone extract was maybe based on the
phytochemical constituents that contain in the extract. However, the phytochemical
component of SS fruit extract has not been screened. Previous research has been
tested the phytochemical in cotyledon-acetone extract of LS fruit subtype of V.
diospiroides. Terpenoid, anthraquinones and saponins which has been reported as

potential anticancer agents (27-29) were the main component that found in the extract
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(30). Ground on the phytochemical data of cotyledon-acetone extract of LS subtype,
we could deduce that the cytotoxic effect on cancer cells by the cotyledon-acetone
extract of SS subtype maybe through the bioactivity effects of those phytochemical
compounds. The best cytotoxicity against cancer cell lines in this study was consistent
with previous report (16). Moreover, in vitro screenings of cytotoxic activity of the
cotyledon-acetone extract has shown on MDA-MB-468 human breast cancer cell line
with highly active effect (16). Although, the cytotoxicity of these extracts on cancer
cell lines was the key of anticancer screening, but the safety response on normal cell
also required. The safety effect of these extracts was determined by selectivity index
(SI) which calculated from ICs, value of normal cell versus cancer cells (31). The result
showed that only the cotyledon-acetone extract demonstrated the safety response
on both colorectal and cervical cancer cell lines with Sl value more than 3 (Table 2).
Based upon the cytotoxic activity, the cotyledon-acetone extract not only showed
highly cytotoxicity, but also presented the safety response on both groups of cancer
as mentioned above which specific toxicity against cancer cells. Therefore, cotyledon-
acetone extract was used to investigate the mode of cell death and mode of action
for further experiments. It is well known that uncontrolled cell proliferation cause to
cancer, so inhibiting this process will result in the positive response in cancer therapy.
In this study, we determined the cell cycle arrest induction on cervical cancer cells
using PI staining analysis. For ICsy treatment, the cell population in G2/M phase was
increased at 24 h, while the population was decreased at 48h. The result may
hypotheses that this alteration may cause by normal process in cell cycle progression.
As shown at 48 h after treatment, the cell population in G1 phase was increased. The
extract clearly induced the accumulation of Hela cells in G2/M phase, while declined
the G1 phase population of 48 h after 2-fold ICs, treatment (Figure 3A and 4A). For
SiHa, the alterations of cell populations were similar occurring as HelLa (Figure 3B and
4B), but showed slightly altered. These results suggested that the extract could induce
G2/M arrest in Hela and SiHa cells at 48 h for 2-fold ICsy treatment. Many studies have
shown the accumulation of G2/M phase together with decreasing of G1 phase was
identified to G2/M cell cycle arrest (32, 33). In accordance with our results, the G2/M

arrest was occurred in human gastric carcinoma by deoxypodophyllotoxin (34) .
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Consequently, to confirm cell cycle arrest induction of the extract, the protein that
involved in G2/M arrest were performed in Hela cell using western blotting. The result
showed that p21 cyclin-dependent kinase inhibitor was decreased in dose-dependent
manner both 24 and 48h treatments in dose-dependent manner (Figure 5B). This result
suggested that p21 maybe not a key regulator in mode of action by cotyledon-acetone
extract. The G2/M arrest induction on Hela cells may cause through other molecules
such as p27 and p57. There are many molecules involved in cell cycle progression
and two key molecules that drive the cell cycle in eukaryotic cell are cyclin and cyclin
dependent kinase (Cdk). Main protagonist protein related G2/M transition is cyclin-
B1/Cdkl complex (35). The cyclin-B1 and phosphorylated form of cdc2 (p-cdc2 or
CDK1) protein was also measured in Hela cells. The result showed that the extract at
ICsq induced the expression of cyclin-B1 for 24-48 h which consistent with flow
cytometry result (Figure 5C). The extract showed the accumulation of cyclin-B1
expression which is crucial marker for mitotic arrest (36). Meanwhile, p-cdc2 protein
also increased in time-dependent manner (Figure 5D). Generally, the phosphorylation
of cdc2 at Tyr15 resulting in kinase activity inhibition (37). The result suggested that
prolonged treatment may up-regulate the p-cdc2 leading to G2/M arrest. This result
was supported with the G2/M arrest induced by Origanum majorana extract on breast
cancer cells (38). Generally, cyclin-B1 accumulation peak in metaphase and it degrade
before entry to anaphase by anaphase-promoting complex (APC) (39). In case of this
study, the augmentation of cyclin-B1 cause to G2/ M arrest as shown by G2/ M
population was increased (Figure 3A and 4A). These results indicated that the extract
may be able to induce G2/M arrest by inhibiting of kinase activity with p-cdc2 and
activating of cyclin-B1 accumulation. Many anticancer drug discovery researches
reported that apoptosis induction and cell cycle arrest are used as a target in cancer
therapeutics. In this study, we measured the apoptosis induction function by flow
cytometry analysis. Apoptosis or programmed cell death is a crucial pathway for
eradicating abnormal cells. When this process fails, it can cause various diseases,
especially cancer (40). This experiment, the mode of cell death of cervical cancer cell
lines including HelLa and SiHa were performed by flow cytometer. Interestingly, Hel a-

treated cells showed increased of apoptotic cells, while decreased the viable cells in
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dose-dependent manner (Figure 6A). On the other hand, the extract was slight induced
apoptosis on SiHa cells (Figure 6B) as compared with Hela in dose-dependent manner.
Similarly, a previous work reported that the extract could inhibit human breast cancer
cell line through the apoptosis induction by time- dependent manner ( 16) .
Furthermore, the apoptosis induction activity on Hela cells were confirmed by protein
expression using western blotting. Main two different pathways of apoptosis are
mitochondrial or intrinsic and death receptor or extrinsic pathway (41). Our study, we
selected the representative apoptosis-related protein in both pathways namely Bax
(intrinsic pathway), Caspase-8 and cleaved caspase-8 (extrinsic pathway). We found
that Bax, a pro-apoptotic protein was increased after 48 h of treatment (Figure 8A and
8B). On the other hand, caspase-8 was measured in HelLa cells and the result showed
that the expression of caspase-8, an inactive form, was continuously declined ( Figure
8C), together with consecutively increasing of active form cleaved caspase-8 (Figure
8D) . Intrinsic apoptosis induction is well related with accelerate in Bax protein
expression and Bax can induced the cytochrome c release from mitochondria and form
with Apaf-1 and caspase-9 as called Apoptosome complex and it can cleave caspase-
9 to active form and then cleaved the effector caspases such as caspase-3 and
caspase- 7 lead to apoptosis. For extrinsic pathway, cleaved caspase-8 is a key
molecule that acts as initiator caspase for this process and lead to apoptosis.
Meanwhile, cleaved caspase- 8 can cleave BID to tBID and tBID fragment then
translocates to mitochondria, causes to cytochrome c release, resulting in formation
of apoptosome complex, thereby activating a cascade of caspase pathway, and cell
death (42). Our results demonstrated that the cytotoxic activity of the extract on
cancer cell lines maybe possibly through apoptosis induction via both intrinsic and
extrinsic pathways. This hypothesis is supported by a previous research that showed
intrinsic and extrinsic activation of Emilia sonchifolia extract on colorectal cell line (43)
and Solanum lyratum extract on leukemia cell line by increased Bax and cleaved
caspase-8, while decreased the caspase-8 (44). Although, the p21 is not related with
cell cycle arrest, there is evidence was reported that decreasing of p21 expression
resulting in apoptosis induction. Piccolo and Crispi (2012) reported that in case of

prolonged treatment, p21 was inactivated through cleavage caspase-3 and decreasing
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of p21 resulting in apoptosis induction (45). Reduction of p21 expression was consistent
with the apoptosis result which showed apoptosis induction in dose- dependent
manner. This hypothesis was supported with the decreasing of p21 expression in
prostate cancer cells to sensitization for doxorubicin and lead to apoptosis induction
(46). Finally, it may be concluded that the cytotoxic activity of cotyledon-acetone
extract maybe through both of cell cycle arrest and apoptosis induction on cervical
cancer cell as shown in Figure 9. To our research, the cotyledon-acetone extract would
be a candidate anticancer agent with promise anticancer properties and might be lead
to alternative approach for cancer therapies.
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on cervical cancer cell line
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CHARPTER 4
CONCLUDING REMARKS

1. The crude extracts of VDS type SS fruit showed highly active against both cervical

cancers which are HelLa and SiHa cell lines.

2. The cotyledon-acetone extract notably showed the highest cytotoxicity on cervical

cancer and exhibited high safety response on normal fibroblast L929 cell.

3. The cotyledon- acetone extract induced cell cycle arrest at G2/ M phase and

apoptosis.

4. Cell cycle arrest at G2/ M phase effect by the cotyledon-acetone extract on Hela

and SiHa cells due to accumulation of cyclin-B1 protein expression.

5. The cotyledon-acetone extract induce apoptosis on HelLa and SiHa cell lines via
increasing of Bax (pro-apoptotic protein) and caspase-8 was declined together with
increasing of cleaved caspase-8 expression in HelLa cells which indicated that the
cytotoxic activity of the extract on cervical cancer cell lines may be possibly trough

apoptosis induction via both intrinsic and extrinsic pathways.
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APPENDIX A

1. Cytotoxicity screenning of VDS crude extracts on human cancer cell lines using
(3-(4,5-dimethylthiazol-2-yl)-2,5 diphenyltetrazolium bromide) MTT assay

Cell viability was performed by colorimetric technique MTT (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. MTT is the widely used
method for determination of cell viability and cytotoxic effect in drug screening
process. In viable cell, the mitochondrial reductase enzyme can generate the NADH
and NADPH that act as reducing equivalent resulting in reduce yellow tetrazolium salt
[3-(4, 5- dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide] to purple formazan
crystal (E,2)-5-(4,5-dimethylthiazol-2-yl)-1,3-diphenylformazan. The crystal is dissolved
with dimethyl sulfoxide (DMSO) and the absorbance value is measured at 570 and 650
nm. Therefore, the viable cell shows high intensity of purple formazan, while the dead
cell that has inactive mitochondrial reductase enzyme resulting in fail to reduce the
yellow tetrazolium indicate with lower absorbance value. These data are calculated
for percentage of viability as showed in equation (1) and plot the graph for the half
maximal inhibitory concentration (ICsy) value. Additionally, selectivity index (SI) is
calculated which dividing the cytotoxicity as ICsq of the normal cell by the cancer cell

in same extracts as showed in equation (2).

0D 570-650 nm of treated cells
X
0D 570-650 nm of untreated cells

Percentage of cell viability = 100 (1)

IC50 of A extract on normal cells

Selectivity index (SI) 2)

~ IC50 of A extract on cancer cells
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2. Apoptosis induction using Annexin V-FITC/PI binding and flow cytometry
analysis

The data which derived from flow cytometry analysis and WinMDI
software was displayed as a density plot diagram and the results were interpreted by
the position of the cell population in each quadrant of the diagram. In healthy cell,
phosphatidylserine (PS) that represented as purple circle is located at inner cell surface
membrane resulting in viable cells can exclude both dyes with the complete plasma
membrane and showed rid of both Annexin V-FITC and propidium iodide (PI) intensity
as showed in lower-left quadrant. Meanwhile, the early apoptosis is occurred, initially
altered by cell surface flip-flop of PS to outer membrane. Whereupon, Annexin V
which a dye that conjugated with Fluorescein isothiocyanate (FITC) and high affinity
binding with PS is used as a detector to determine the early apoptotic cell as showed
in lower-right quadrant. Following the altered of membrane position, the PS membrane
is changed and the cell also loss of membrane integrity in late apoptosis process
resulting in the late apoptotic cells not only stained with Annexin V-FITC, but also
labeled with PI as appeared in the upper-right quadrant. In death cells, whereas the
cell that loss of plasma and nuclear membrane, Pl which used as a DNA binding dye
can readily enter to the cell and bind with DNA in the nucleus which showed as the

upper-left quadrant.
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3. Cell cycle distribution analysis by propidium iodide (PI) and flow cytometry
analysis

The propidium iodide (P1) is fluorescent nucleic acid dye to discriminate
the cell population in cell cycle phase by using flow cytometry to measure their
relative cellular DNA content. Cell cycle was analyzed by Amnis® ImageStreamX Mark
Il imaging flow cytometer. The single cell for 10,000 cell counts was acquired with flow
cytometer and data analysis using IDEAs image data exploration and analysis software.
The result from software was shown as a histogram. The fluorescence intensity of the
Pl-stained cells was correlated with the amount of DNA content. This approach reveals
the distribution of cells in three major phases of the cycle including G1, S and G2/ M.
Pl intensity is used for describe the cell proportion in each phase of cell cycle. In G1
phase, this phase is called that synthesis phase because the RNA and protein
molecules that is equipped for cell division were synthesized in this process (2N DNA
content) as showed the lower Pl intensity as G1 peak. The S phase is a duration time
for DNA synthesis resulting in altered the cellular DNA content to 2N and 4N as showed
the higher Pl intensity in S peak. In G2/M phase, this phase show 4N DNA content from

continuous growth cell and mitosis stage as indicated in G2/M peak.
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Abstract

Vatica diospyroides Symington or locally known as Chan-ka-pho in Thailand.
An ancient people have been used as therapeutical plant for cardiac and blood tonic
cure. The anticancer property of the plant extracts has been reported with greatly
cytotoxicity and apoptosis induction on breast cancer cell lines. The purpose of this
research was to investigate the potential cytotoxic effect and mode of its action of VDS
extracts on human cervical cancer HelLa and SiHa cell lines. The cytotoxicity of the
extracts was observed using MTT colorimetric assay. Our results revealed that the
extracts showed inhibition of cell survival in dose-dependent manner and exhibited
highly cytotoxic activity against both HelLa and SiHa cells with 1Cso value less than 20
pg/mL (7.69 £ 0.44 - 19.00 £ 3.37 pg/mL). Moreover, the cytotoxicity of these extracts
also determined on L929 normal cell line. Unfortunately, only the acetone cotyledon
extract was shown safety response on normal cells. Therefore, acetone cotyledon
extract was further evaluated apoptosis induction characterizing by Annexin V-FITC
and propidium iodide (PI) staining and flow cytometry analysis. The results suggested
that the extract has indicated ability of apoptosis induction by increasing of apoptotic
cells and decreasing of viable cells compared to control. Interestingly, HeLa cells
treated showed clearly expanding of apoptotic cell population by dose- dependent

manner. In addition, the apoptosis feature was confirmed by DNA fragmentation. The
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DNA ladder were appeared after 48 h and obviously showed laddering pattern for 72-
120 h of treatment. Furthermore, the extract also induced an increasing of Bax protein,
concordant with the induction of cleaved caspase-8. Our finding indicated that the
apoptosis pathway related in acetone cotyledon extract-promoted antiproliferation may
be through the intrinsic pathway. Based on our results from this study, the extract could
be carried out of its potential biological activity to alternative approach for cancer

treatment.

Keywords: Vatica diospyroides Symington, cervical cancer, cytotoxicity, Flow

cytometry, apoptosis

Introduction

Cervical cancer is a serious cause of death in women. It is the fourth worldwide
ranking of common cancer incidence and mortality rate among females. According to
the 2012 GLOBOCAN report, cervical cancer has been diagnosed as 528,000 new cases
and 266,000 deaths (49). In Thailand, the cervical cancer is the second major type of
cancer in women with 8,184 new cases and 4,513 deaths in 2012 (50). The significant
risk factor of cervical cancer are smoking or environmental tobacco smoke, oral
contraceptive use, nutrition and parity including sexually transmitted infections (51).
Human Papillomavirus (HPV) infection is related with cervical cancer development.
Nowadays, cervical cancer treatments were radiotherapy and chemotherapy. However,
these treatments were reported to have mild to severe side effects. These conventional
treatments will destroy to tumor cells and normal cells and will cause adverse drug
reaction such as skin problems, hair lose, bone marrow suppression, gastrointestinal
abnormalities and neuropathies. (52). Consequently, the research and development of
anticancer therapeutic with lower adverse drug reaction are necessary to improve
patient’s quality of life. The major resources of therapeutic origin is natural sources
especially plants with a lot of ancient medical reports (53).

The family Dipterocarpaceae grown in the Asian rain forests and Thailand
includes 9 genuses, 64 species (54). The phytochemical and biological screening in
Dipterocarpaceae plans has been discovered continuously for many years (55). Various

species of this family have been shown biological activities, such as anti-inflammatory,
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antioxidant, anti HIV and antimicrobial activity together with against on several cancer
cell lines (56). For example, hopeaphenol was isolated from Shorea hopeifolia shown
anti-proliferation on hepatocarcinoma cell line (HepG2) (57). Ampelopsin H which is
phytochemical constituent in stem bark extract of Hopea mengarawan, showed
cytotoxic effect against human cervical cancer cell line (HelLa-S3) (58). Vatica
diospyroides Symington belonging to Dipterocarpaceae, is an endemic plant in
southern part of Thailand. Thai people used stem and flower of V. diospyroides as
folklore medicine in cardiac and blood tonic remedies (59). The main phytochemical
that found in Dipterocarpaceae is resveratrol. This compound also has been isolated
from ethyl acetate of V. diospyroides stem extract, and has been shown against human
oral epidermoid carcinoma (KB) (60). Cytotoxic activity screening from leaf, branch,
root and fruit of V. diospyroides type LS were previous reported that the fruit extracts
showed highly active against breast cancer cells (59, 61, 62). Fruit of V. diospyroides
type LS and SS were appropriated to compare cytotoxic activity. These report indicated
that V. diospyroides fruit type SS is a potential source of active agent. The extracts had
indicated highly active cytotoxicity and induced apoptosis on human breast cancer cell
line (63). Furthermore, there were continued screening of phytochemical from crude
extract of V. diospyroides type LS fruit. Terpenoids, anthraquinones and saponins were
found in the fruit extracts. These compounds have been reported for many plant species
with show anticancer effect against various cancers. Terpenoids are a group of
secondary metabolites with various structures and biological functions. For instance,
Lupane terpenes, a member terpenoid that found in Hopea odorata, showed
cytotoxicity against several cancers such as prostate and colorectal cancer cell lines.
More than 25 terpenoids that has been isolated from Dipterocarpus costatus were
evaluated anticancer on human cancer cells (56). Isolated anthraquinones from genus
Cassia also showed for antitumor properties (64). Cytotoxic effect of several plant
saponins were shown cytotoxic effects on several cancer cell lines such as lung,
colorectal, breast and liver cancer through apoptosis induction (65). Most popularity
organic solvent for plant compound extraction are medium and high polarity such as
methanol, ethanol, acetone, ethyl acetate or combination which commonly used for

extracting anticancer agents from plant materials ( 66) . Previous result for
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phytochemical extraction indicated that acetone and methanol are the most appropriated
solvents for extraction (59).

However, the cytotoxic activity of fruit extracts on human cervical cancer cell
lines has not been investigated yet. Therefore, in this research was determined to
cytotoxic effects and mode of action of V. diospyroides fruit type SS crude extracts on
cervical cancer cell lines. The cytotoxic activity on cervical cancer cell lines was
evaluated by MTT assay. Mode of cell death was analyzed using flow cytometry and
western blot analysis which used to investigate the cell death pathway proteins. Our
research is the important preliminary data to guide the potential anticancer resource and
could be applied to alternative drugs development in future studies.

Materials and Method
Cell culture conditions

Three cell lines were used in this experiment, including two human cervical
cancer cell lines HeLa (ATCC CCL-21) and SiHa (ATCC HTB-35), and fibroblast cell
L929 which kindly provided from Asst. Prof. Dr. Jasadee Kaewsichan was used as
normal cell line. The cell lines were purchased from the American Type Culture
Collection (ATCC). Cells were cultured in DMEM medium supplemented with 10%
fetal bovine serum (FBS), L-glutamine, streptomycin (100 ug/mL) and penicillin (100

U/mL). All cells were maintained in humidified air with 5% CO; at 37 °C incubator.

Preparation of extracts

The fruit samples were separated for two segment including cotyledon and
pericarp and were separately extracted with methanol ( CH3OH) and acetone
((CH3)2CO0), following the procedure described previously (59). Then, extracts were
dissolved with dimethyl suloxide (DMSO) with a final concentration of DMSO in
extracts less than 0.5% (15)
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In vitro cytotoxicity assay

Cytotoxic activity of cotyledon and pericarp extracts were performed by MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay. The HeLa and
SiHa cell lines were seeded with 5x102 cells per well in 96-well plates (150 pL of
medium cell suspension) and cultured overnight. After incubating, the crude extracts
were diluted to the concentration at 5, 10, 20, 40 and 80 pg/mL with complete medium,
and cells were treated with each extracts for 72 hours. Each cell line was washed with
100 pL of PBS buffer, before treated cells were detected with 100 pL of 0.5 mg/mL
MTT solution and incubated for 30 minutes. The crystal formazan was dissolved with
DMSO and incubated for 30 minutes. Cell viability was measured the by optical density
absorbance with wavelength at 570 nm and 650 nm using multi- well plate reader
(SpectraMax M5 Multi- Mode Microplate Reader). The cytotoxic data or the half
maximal inhibitory concentration (ICso value) was calculated from growth inhibition

curves.

Apoptotic cells analysis by flow cytometry

The cells were seeded in 6-well plates at 1.5x10° cells per well. After incubating
for 24 hours, cells were treated with extracts at 0, 0.5 1Cso, 1Cs0 and 2-fold 1Cso with
culture periods were 0, 24, 48 and 72 hours. After discard the old medium, cells were
washed with PBS buffer, and trypsinized with 300 pL of 0.25% trypsin-EDTA. The
cell suspension was harvested by centrifugation and washed with PBS. Pellet cells were
diluted with PBS to 1x10° cells per mL. After centrifugation, 100 pL of 1X binding
buffer (0.1 M Hepes, 0.1 M NaOH pH 7.4, 1.4 M NaCl, 25 mM CaCl,) was added to
the pellet and these solutions were transferred to 5 mL clear tube. Each Annexin V-
FITC and Propidium iodide (PIl) was added for 5 pL. The solutions were vortexed
softly. After incubation at room temperature for 15 minutes in the dark condition with
cover by aluminums foil, 400 pL of 1X binding buffer was added into tube before the
flow cytometric analysis. The FACSCalibur flow cytometer ( Becton Dickinson
Biosciences [BDB], San Jose, CA) was used in apoptotic cells analysis. The single cell
for 5000 events was acquired with FACS and data analysis using WinMDI version 2.9

software.


http://en.wikipedia.org/wiki/Di-
http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Phenyl

a7

DNA fragmentation

For DNA fragmentation assay, HelLa cells were seeded in 100x20 mm. cell
culture plates with 3x10° cells for 0.01% (v/v) Triton X-100 ( positive control) and
2x108 cells for extract treatment respectively. After 24 hours of incubation, the old
medium in the plate was replaced by new medium that contained 0.01% Triton X-100
and the acetone cotyledon extract (0.5 1Cso). At the end of treatment in each condition
(1 hour for positive control and 0-120 hours for treatment), both attached cells and
suspension cells were collected before DNA extraction. Cell pallets were lysed in lysis
buffer (50 mM Tris-HCI; pH 8.0, 20 mM EDTA, pH 8.0, and 0.5% Triton X-100). Low
molecular weight DNA and genomic DNA were collected from supernatant after
centrifugation. RNA and protein were removed by treated with 1 mg/mL RNase A and
1 mg/ mL Proteinase K respectively. DNA was extracted by phenol: chloroform:
isoamyl alcohol (25:24:1). After centrifugation, the DNA were collected in upper-phase
and DNA were precipitated by isopropanol (Labscan, Thailand), and resuspendednin
DEPC-treated H20O (Applichem, Germany). All samples were run on 2.5% (w/V)
agarose gel in 0.5x Tris acetate-EDTA (TAE) buffer, pH 7.0 with 50 volt for 2 hours,
then gel was stained with ethidium bromide. The characteristic of apoptosis was show
in DNA laddering in multiples of 200 bp.

Western blot analysis

Cells were treated with a half concentration of 1Csg value (0.5 ICsp) extracts for
0, 24, 48 and 72 hours. The cells were trypsinized and harvested by centrifugation. The
cell pellets were washed in cold phosphate buffer saline (PBS), follow by lysis with
RIPA buffer (Peirce Biotechnology, IL, USA). The extracted protein samples were
measured by Bradford assay (Biorad, CA, USA). Quantitation of protein samples with
40 pg was separated by 12% SDS-PAGE (Sodium Dodecyl Sulfate- Polyacrylamide
Gel Electrophoresis), and transferred to a PVDF (polyvinylidene difluoride) membrane
using electrophoretically supporting. The membranes were blocked in 5% non-fat milk
in TBS-T ( Tris- buffered saline, 0.1% Tween 20) on a shaking incubator at room
temperature for 1 hour. After blocking, the membrane was washed twice with 1X TBS-
T for 10 minutes. Each membrane was incubated for overnight at 4°C, shaking

continuously in primary antibodies (1:1,000; diluted with 1% non-fat milk in TBS-T)
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specific with Bax, caspase-8, cleaved caspase-8 and B-actin (used as the internal
control). After incubation, the membrane were washed with 1X TBS-T for three times
(10 minutes/time) and incubated with secondary antibody (anti-rabbit 1gG horseradish
peroxidase) at 1:5,000 in 1% non-fat milk in TBS-T for 2 hours. Then, membranes
were washed in 1X TBS-T for three times and the last washing using 1X TBS for 10
minutes. Finally, the protein expressions were detected by a chemiluminescent
detection kit (Peirce, IL, USA).

Results

In vitro cytotoxicity on cervical cancer cell lines

The cytotoxic effects of V. diospyroides fruit type SS crude extracts on cervical
cancer cell lines were determined by MTT assay. After 72 hours of treatment with
various concentrations, the overall results showed highly cytotoxicity which 1Csg value
less than 30 pg/mL (67). HelLa and SiHa cells were continuously decrease in dose-
dependent manner in term of cell survival (Fig. 1A and 1B). The ICso value of all
extracts were similar effect on both HelLa and SiHa cell lines. The acetone cotyledon
extract showed very strong activity of cell growth inhibition on HelLa and SiHa cells
with low 1Csp values at 7.69 + 0.44 and 9.81 + 1.38 pg/mL respectively (Table 1) and
showed a significant cytotoxicity by low concentration at 20 pug/mL against both cancer
cell lines comparing with control. Moreover, these extracts indicated cytotoxic against
HeLa and SiHa cells in a dose-dependent manner. Selectivity index (Sl) is a value that
indicates the cytotoxic or safety of the crude extract against cancer cells versus normal
cells, and was calculated from the ICso of the crude extract in normal cell line versus
ICso of the same extract in cancer cell line. Sl value >3 is indicating to high selectivity
and more safety to normal cells (18). The methanol cotyledon, methanol pericarp and
acetone pericarp extracts were shown lower Sl value (<3) on L929 cell. The results
indicated that these extracts showed cytotoxic on normal cell line. On the other hand,
the acetone cotyledon extract showed higher Sl values on HelLa and SiHa cells with
4.47 and 3.51, respectively. This result was demonstrated that the acetone cotyledon
extract not only showed the highest cytotoxicity against HeLa and SiHa cells, but also

showed highest selectivity value in L929 cell (Table 2).
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Fig. 1 Cell survival curves on HeLa (A) and SiHa (B) cell lines are determined by MTT
assay for 72 h of treatment with V. diospyroides fruit type SS crude extracts

concentrations at 0, 10, 20, 40 and 80 pg/mL (Data are show as mean +SD).
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Table 1 Cytotoxic effects for different extracts of V. diospyroides fruit type SS on HelLa

and SiHa cells. The IC soresults are represented by the mean + SD of three independent

experiments (n=3) of the replicates.

ICso value for cytotoxicity (g/mL)

Cell Pericarp Cotyledon
Cell type )
line Acetone Methanol Acetone Methanol
17.93 + 13.40 + 11.60 +
HelLa 7.69+0.44
cancer 19.00 + 1u 14.55 + 14.54 +
SiHa 9.81+1.38
3.37 0.69 1.10
Normal cell L 929 33.12 + 1410 £ 34.41 + 24.32 +
line 0.82 0.47 2.05 1.81

Table 2 Selectivity index (SI) of V. diospyroides fruit type SS extracts on HeLa and

SiHa cells.
Selectivity Index (SI)
Pericarp Cotyledon
Cell line Acetone Methanol Acetone Methanol
HelLa 1.85 1.05 4.47% 2.10
SiHa 1.74 0.97 3.51% 1.67

& Sl value > 3 is considered to be high selectivity
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Apoptotic cells analysis

The occurrence of apoptosis on cancer cell is determined as an importance
model to seek out and develop the anticancer drugs. In this study, mode of cell death of
cotyledon- AC was performed by morphological investigation and Annexin V-
FITC/Propidium iodide (PI) staining, follow by flow cytometry analysis. HelLa and
SiHa cells were treated with cotyledon- AC extract at half 1C50, IC50 and 2-fold 1C50
concentrations for 48 hours. The morphology of HeLa and SiHa cervical cancer cell
lines was observed under phase- contrast microscopy. Acetone cotyledon extract
induced cellular changes which are cell shrinkage, round shape of cell and detachment
of non-viable cells, especially in 2-fold 1C50 treatment when compared with control
(Fig. 2A and B). This morphological observation provides evidence for apoptosis
induction by the extract on cervical cancer cells. However, apoptosis induction
efficiency was carried out to ensure by flow cytometry analysis. After analyze with
flow cytometry, the results were showed in a dot plot diagram. The modes of cell death
were determined from the transitions of cells in the plots. One of the characteristics of
early apoptotic cell is phosphatidylserine (PS) translocation which specific for Annexin
V-FITC binding as shown in lower-right quadrant. For late apoptotic cell, the loss of
plasma membrane is permeable to Pl that viability probe to distinguish viable from dead
cell as located in upper-right quadrant (3). HeLa cell that treated with the extract at half
IC50 was reduced viable cells and increased apoptotic population with slight dead cells
(Fig. 2A). By increasing concentration to 2-fold 1C50, the viable cells were dramatically
decreased from 98.50% to 7.15% as compared with control. Additionally, the acetone
cotyledon extract was shown induction of apoptosis with increasing of apoptotic cells
at half 1C50 to 2-fold IC50 (60.92 % to 79.66 %). After 48 hours of treatment, the
apoptotic cells of SiHa were slightly increased (Fig. 2B). However, there is no different

in apoptosis induction among three concentrations.
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Fig. 2 Apoptosis induction effect of cotyledon-acetone extract at half 1C50, IC50 and
2-fold IC50 on HelLa and SiHa cells for 48 hours by morphological investigation (A)
under phase contrast microscopy (magnification 10x). Flow cytometry analysis by
Annexin V-FITC and PI staining (B). Dot plot diagrams show percentage of cell

populations which divide to viable, early apoptotic, late apoptotic and dead cells.
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DNA fragmentation

To further evaluated insights of apoptosis induction by cotyledon-AC. The
agarose gel electrophoresis was used for observation of DNA fragmentation which a
crucial marker of apoptosis. HeLa cells were treated with the extract at half 1Cso for
various time intervals (0, 24, 48, 72, 96, 120 h). As the genomic DNA pattern in control
(lane 3) was without appearance of fragment ladder. Interestingly, agarose showed a
laddering pattern which initially occurred at 48 h after treatment (lane 5). The ladder of
DNA as 72-120 h (lane 6-8) were found to be a clearly ladder as compared to 0.01%
triton-x 100 (positive control: lane 2) which 200-1000 base pair as shown in figure 3.
The result indicated that cotyledon-AC extract induced apoptosis in HeLa cells.

0.51C5, of Cotelydon-AC

| 1
100bp Positive 0 24 48 72 96 120 h

Fig. 3 DNA fragmentation pattern in HeLa cells treated with cotyledon-acetone extract
by 2.5% agarose gel electrophoresis. From left lanel; 100 bp DNA ladder, lane 2;
positive control (0.01% triton-x 100), lane 3-8; treated cells with cotyledon-acetone
extract at half-1Cso for 0, 24, 48, 72, 96,120 h, respectively.
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Western blot analysis

To validate the apoptosis induction effect of cotyledon-AC extract on HelLa
cells. The Bcl-2-associated X protein (Bax), caspase-8 and cleaved caspase-8 were
examined using western blot analysis. HeLa cells were exposed the extract at half 1Cso
for 48 h. The western blotting result showed that the extract induced the expression of
Bax at 48 h after treatment. The protein expression of caspase- 8 was decline.
Meanwhile, the cleaved form of caspase-8 was increased in time dependent manner
(Fig. 4). These results suggested that the induction of apoptosis of cotyledon-AC extract
in HeLa cell line could be due to up-regulation of pro apoptotic (Bax) protein and
initiated cascade caspase (cleaved caspase-8).

0 24 48 72 h
Bax L e c— S 000 -
Caspase-8 aannis dil— Gl oD

Cleaved caspase-8 - -
p-actin ORI A —

Fig. 4 Apoptosis induction effect of cotyledon-acetone extract at half- 1Cso on protein
expression of Bax, caspase-8 and cleaved caspase-8 in HeLa cells was observed using

western blot analysis. p-actin served as an internal control.
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Discussion

Preclinical screening is an essential process for new anticancer drug
development (69). The purpose of screening step is to selecting the extracts that has
anticancer activities. Cell proliferation is labeled feature in cancer development (70).
Therefore, the antiproliferation property is required in anticancer agents. In vitro
cytotoxicity test is importantly evaluated to seek out the active compounds that have
cytotoxic effect on cancer cells. In our study, V. diospyroides fruit type SS crude
extracts (VDS) were divided by fruit ingredients (pericarp and cotyledon) and organic
solvents ( acetone and methanol) which four agents including pericarp- acetone,
pericarp-methanol, cotyledon-acetone and cotyledon-methanol. Cell growth inhibition
on cervical cancer cell lines was performed using MTT assay and the half maximal
inhibitory concentration (1Cso) was used to classified effect. The 1Csq that less than 30
Hg/mL were considered to high cytotoxic effect (67). We found that HeLa and SiHa
cells that exposed with extracts at various concentrations were significantly declined in
term of cell survival in dose- dependent manner as compared to control. In vitro
cytotoxic activity was reported as ICso value which the lower of value intended to
higher cytotoxic response in cancer cells. Among four crude extracts from VDS also
showed highly active cytoxic against both cervical cancer cell lines with 1Cso value less
than 20 pg/mL. In agreement with previous report, the VDS extracts has previously
been screened the cytotoxicity on MDA-MB 468 breast cancer cell line and showed
strong activity with I1Cso at 1.60-17.45 pg/mL (63). Noteworthy, acetone extracts of
cotyledon had shown greatly affect than other extract in HeLa and SiHa cells with 1Csg
at 7.69 £ 0.44 and 9.81 + 1.38 pg/mL respectively. On the contrary, Srisawat et al. (63)
found that the ethanol extract of cotyledon also showed strong activity against MDA -
MB-468 cell with ICso 3.50 + 0.06 pg/mL. This dissimilarity can be described by the
variation in cellular responses of the cell types. Our data explained that the extracts
which used the acetone as an organic solvent was more effective in terms of cytotoxic
effect than the methanol. It is known the most of the anticancer drugs not only harmful
on cancer cells but also damaging on normal cells (71). Thus, the goal of anticancer
agent is could be safe on normal cells. In consequence, the safety responses of VDS

extract on normal cell lines were investigated on L929 cell. L929 is a mouse normal
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fibroblast cell line which commonly used as a normal cell model in cytotoxicity
screening (72). The value of selectivity index (SI) was used to determine the harmless
response of VDS extracts and S| value which more than 3 were considered to high
selectivity (18). Unfortunately, only cotyledon-acetone extract was shown high safety
response on L929 cell with greater than 3 of Sl value on both cells. Therefore, these
results imply that the cotyledon-acetone extract showed the highest cytotoxic effect on
cervical cancer cells and also showed utmost safety response on normal cell.
Subsequently, the mode of cell death which induced by the extract at half 1Csg, ICsoand
2-fold 1Cso were investigated using flow cytometry analysis. As is well known, somatic
cells are produce by mitosis cell division and all of them will eradicate by apoptosis.
An imbalance of cell proliferation and apoptosis is occurring can leading to
tumorigenesis (73). Programmed cell death or apoptosis is a key mechanism which
relates the genetically elimination of cells (74). For apoptosis detection, we numbered
the proportion of apoptotic cells which the transition of cell populations in the density
plots. The apoptotic cells were located in lower and upper quadrants (68). As shown in
figure 2A, this result showed that HeLa cells treated cotyledon-acetone extract at half
ICso for 48 h were shoed apoptosis induction with diminished viable cells and extended
apoptotic populations. The treatment of HeL a cell with the extract at 1Csoshowed higher
apoptotic cells. Moreover, exposure to highest concentration (2-fold 1Csp) resulted in
an augment of apoptotic cells from 60.92% to 71.51% and 79.66%, respectively which
confirm by morphological changing of HeLa and SiHa cell lines (Fig. 2A and B). Our
results are also confirmed with the investigation of Srisawat et al (63) breast cancer
cells exposed to acetone extract of cotyledon at half 1Cso for 48 h induced apoptosis by
increased apoptotic count to 20.82%. Meanwhile, the SiHa cell also showed apoptosis
induction in dose-dependent manner, but lower rate of apoptotic cells when compared
with HeLa cells. Therefore, we selected the HeLa cell for further experiment in this
study. In apoptotic cell death, the one of remarkable characteristics of apoptosis is DNA
fragmentation. Nuclear DNA was cleaved by endonuclease resulted in DNA
degradation which oligonucleosomal fragment about 180-200 bp length or multiple of
it (75). In this study, the mode of cell death was confirmed by DNA fragmentation
using agarose gel electrophoresis. The DNA ladder obtained from agarose gel clearly

showed that the cotyledon- acetone extract at half 1Cso caused initially apoptosis
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induction after 48 h of treatment. The DNA ladder of HeLa cell showed 500-600 bp of
fragments, while DNA pattern of untreated showed as a single band of genomic DNA.
Interestingly, nuclear fragmentations after treatment for 72- 120 h were observed with
clearly band at 200-1000 bp size. In agreement with previous result on the HL-60
treated with betulinic acid from Melalenca cajuput showed ladder in 100- 1500 bp
fragment (76). Apoptosis pathway can be identified by the adapters and cellular
stimulation. These programs are divided into extrinsic (death receptors pathway) and
intrinsic (mitochondrial pathway). Caspase or endoprotease are playing important role
in cell death and inflammatory regulation (77). Cleaved caspase-8 is an initiator caspase
which have a death receptor domain and the response of death receptor- mediated
activation of cleaved caspase-8 rely on cell type (78). HeLa cell was classified in type
Il cells which first activate to intrinsic pathway (79). Thus, cleaved caspase-8 was
induced regulation of pro- apoptosis Bax protein resulting in intrinsic apoptosis
induction. The protein- involved apoptosis pathway each other confirmed with
appearance of DNA fragmentation. These results are also in corroboration with the data
from Peng et al (80). Our data also suggested that the anticancer activity of the extract
on HeLa cell may act via apoptosis induction. In summary, cotyledon-acetone extract
induced cell proliferation due to higher cytotoxic activity on cervical cancer cells and
showed not toxic on normal cell. Antiproliferation activity of the extract on cancer cells
may be through apoptosis induction by up regulation of pro-apoptotic Bax and initial
cleaved caspase-8. Our finding demonstrated that the extract would be an effective

compound and showing alternative approach for cancer treatment.
Acknowledgement

We would like to acknowledge Faculty of Medicine, Prince of Songkla

University for financial support of this study.
References

1. Cervical Cancer; Estimated Incidence, Mortality and Prevalence Worldwide in 2012
[ Internet] . 2012 [ cited September 10, 2016] .  Awvailable from:

http://globocan.iarc.fr/Pages/fact_sheets_cancer.aspx.



58

. Thailand, Human Papillomavirus and Related Cancers, Fact Sheet 2016 [ Internet].
2016 [ cited  September 10, 2016] . Available  from:
http://www.hpvcentre.net/statistics/reports/ THA_FS.pdf.

. Kjellberg L, Hallmans G, Ahren A, Johansson R, Bergman F, Wadell G, et al.
Smoking, diet, pregnancy and oral contraceptive use as risk factors for cervical intra-
epithelial neoplasia in relation to human papillomavirus infection. Br J Cancer.
2000;82(7):1332.

. Chan H-K, Ismail S. Side effects of chemotherapy among cancer patients in a
Malaysian General Hospital: experiences, perceptions and informational needs from
clinical pharmacists. Asian Pac J Cancer Prev. 2014;15(13):5305-9.

. Atanasov AG, Waltenberger B, Pferschy-Wenzig E-M, Linder T, Wawrosch C,
Uhrin P, et al. Discovery and resupply of pharmacologically active plant-derived
natural products: A review. Biotechnol Adv. 2015;33(8):1582-614.

. Dayanandan S, Ashton PS, Williams SM, Primack RB. Phylogeny of the tropical
tree family Dipterocarpaceae based on nucleotide sequences of the chloroplast
RBCL gene. Am J Bot. 1999;86(8):1182-90.

Zain W, Ahmat N, Nawi L, Jusoff K. Chemical prospecting of Malaysian
Dipterocarpaceae from HSUITM, Pahang, Malaysia. World Appl Sci J.
2010;8:1050-5.

Satiraphan M. Etude phytochimique de deux Dipterocarpaceae de la forét
thailandaise: Hopea odorata Roxb. et Dipterocarpus costatus Gaertn. f: Paris 5;
2012.

. Rohaiza S, Yaacob W, Din L, Nazlina I. Cytotoxic oligostilbenes from Shorea
hopeifolia. African J Pharm Pharmacol. 2011;5(10):1272-7.

10. Atun S, Aznam N, Arianingrum R, Takaya Y, Masatake N. Resveratrol derivatives

from stem bark of Hopea and their biological activity test. J Phys Sci. 2008;19:7-21.



59

11. Srisawat T, Chumkaew P, Heed- Chim W, Sukpondma Y, Kanokwiroon K.
Phytochemical screening and cytotoxicity of crude extracts of Vatica diospyroides
Symington Type LS. Trop J Pharm Res. 2013;12(1):71-6.

12. Seo E-K, Chai H, Constant HL, Santisuk T, Reutrakul V, Beecher CW, et al.
Resveratrol tetramers from Vatica diospyroides. J Org Chem. 1999;64(19):6976-83.

13. Srisawat T, Chumkaew P, Kanokwiroon K, Graidist P, Sukpondma Y. Vatica
diospyroides symington type LS root extract induces antiproliferation of KB, MCF-
7 and NCI-H187 cell lines. Trop J Pharm Res. 2015;14(6):961-5.

14. Srisawat T, Chumkaew P, Maichum W, Sukpondma Y, Graidist P, Kanokwiroon
K. In vitro cytotoxic activity of Vatica diospyroides symington type LS root extract
on breast cancer cell lines MCF-7 and MDA-MB-468. J Med Sci. 2013;13(2):130.

15. Srisawat T, Sukpondma Y, Chimplee S, Kanokwiroon K, Tedasen A, Graidist P.
Extracts from Vatica diospyroides Type SS Fruit Show Low Dose Activity against
MDA-MB-468 Breast Cancer Cell-Line via Apoptotic Action. BioMed Res Int.
2014;2014.

16. Dave H, Ledwani L. A review on anthraquinones isolated from Cassia species and
their applications. Indian J Nat Prod Resour. 2012;3(3):291-319.

17. Podolak I, Galanty A, Sobolewska D. Saponins as cytotoxic agents: a review.
Phytochem Rev. 2010;9(3):425-74.

18. Baharuma Z, Akima AM, Hinb TYY, Hamida RA, Kasranc R. Theobroma cacao:
review of the extraction, isolation, and bioassay of its potential anti-cancer. Ttrop
Life Sci Res. 2016;27(1):21-42.

19. Ramasamy S, Wahab NA, Abidin NZ, Manickam S, Zakaria Z. Growth inhibition
of human gynecologic and colon cancer cells by Phyllanthus watsonii through
apoptosis induction. PL0oS One. 2012;7(4):e34793.



20.

21.

22.

23.

24.

25.

26.

217.

28.

60

Itharat A, Houghton PJ, Eno-Amooquaye E, Burke PJ, Sampson JH, Raman A. In
vitro cytotoxic activity of Thai medicinal plants used traditionally to treat cancer.
J Ethnopharmacol. 2004;90(1):33-8.

Prayong P, Barusrux S, Weerapreeyakul N. Cytotoxic activity screening of some
indigenous Thai plants. Fitoterapia. 2008;79(7-8):598-601.

Heidari S, Akrami H, Gharaei R, Jalili A, Mahdiuni H, Golezar E. Anti-tumor
activity of Ferulago angulata Boiss. extract in gastric cancer cell line via induction
of apoptosis. Iran J Pharm Res. 2014;13(4):1335-45.

Burger AM, Fiebig H-H. Preclinical screening for new anticancer agents. In: Figg
WD, McLeod HL, editors. Handbook of Anticancer Pharmacokinetics and
Pharmacodynamics. Totowa, NJ: Humana Press; 2004. p. 29-44.

Feitelson MA, Arzumanyan A, Kulathinal RJ, Blain SW, Holcombe RF, Mahajna
J, et al. Sustained proliferation in cancer: mechanisms and novel therapeutic

targets. Seminars in cancer biology. 2015;35 Suppl:S25-S54.

Muhammad Shahbaz Aslam SN, Aftab Ahmed, Zaigham Abbas, Iram Gull,
Muhammad Amin Athar. Side effects of chemotherapy in cancer patients and
evaluation of patients opinion about starvation based differential chemotherapy. J
Cancer Ther. 2014;2014(5):817-22.

Liu XR, Tang M, Zhang T, Hu YY, Zhang SS, Kong L, et al. Determination of a
threshold dose to reduce or eliminate cdte- induced toxicity in 1929 cells by

controlling the exposure dose. Plos One. 2013;8(4).

Gerl R, Vaux DL. Apoptosis in the development and treatment of cancer.
Carcinogenesis. 2005;26(2):263-70.

Mousavi SH, Tayarani-Najaran Z, Hersey P. Apoptosis: from signalling pathways
to therapeutic tools. Iran J Basic Med Sci. 2008;11(3):121-42.



61

29. Dullea RG, Robinson JF, Bedford JS. Nonrandom degradation of DNA in human
leukemic cells during radiation-induced apoptosis. Cancer Res. 1999;59(15):3712-
8.

30. Faujan NH, Alitheen NB, Yeap SK, Ali AM, Muhajir AH, Ahmad FBH. Cytotoxic
effect of betulinic acid and betulinic acid acetate isolated from Melaleuca cajuput
on human myeloid leukemia (HL-60) cell line. Afr J Biotechnol. 2010;9(38):6387-
96.

31. Mcllwain DR, Berger T, Mak TW. Caspase functions in cell death and disease.
Cold Spring Harb Perspect Biol. 2013;5(4):a008656.

32. Stupack DG. Caspase- 8 as a Therapeutic Target in Cancer. Cancer lett.
2013;332(2):133-40.

33. Wurstle ML, Laussmann MA, Rehm M. The caspase-8 dimerization/ dissociation
balance is a highly potent regulator of caspase-8,-3,-6 signaling. J Biol Chem.
2010;285(43):33209-18.

34. Peng Y, Fu ZZ, Guo CS, Zhang Y X, Di Y, Jiang B, et al. Effects and mechanism
of baicalin on apoptosis of cervical cancer hela cells in-vitro. Iran J Pharm Res.
2015;14(1):251-61.



62

APPENDIX B (Continued)
Conference Paper

Chothiphirat A, Sangkhathat S, Srisawat T, Kanokwiroon K, Navakanitworakul R.
Cytotoxic effect of cotyledon extract of vatica diospyroides symington type ss against
colorectal cancer cell line. The 20™ World Congress on Clinical Nutrition (WCCN),

Bangkok, Thailand. December 14, 2016. (Poster presentation)



ISBN: 978-974-464-954-4

WCCN

i
20™ World Congress

on Clinical Nutrition
Traditional Medicine, Functional Food, Nutrition,
Natural Health Product and Spiritual Healing :

Additional Tools for Healthcare Delivery

December 14-16, 2016
Rama Gardens Hotel, Bangkok, Thailand

Book of Abstracts

63



T (D T8 & A 20™ Worl r lini iti

S Loy i’ s A World Congress on Clinical Nutrition (WCCN)
oS - R SOF N December14-16, 2016, Bangkok, THAILAND

"Traditional Med Fi ! Food, N , Natural Health Product and Spiritual Healing: Additional Tools for Healthcare Delivery”

Cytotoxic effect of Cotyledon Extract of Vatica diospyroides Symington
Type SS against Colorectal Cancer Cell Line

Atchara Chothiphirat', Surasak Sangkhathat', Theera Srisawat’, Kanyanatt Kanokwiroon' and Raphatphorn
Navakanitworakul'*

'Department of Biomedical Sciences, Faculty of Medicine, Prince of Songkla University
Hat Yai, Songkla, 90112, Thailand
*Faculty of Science and Industrial T echnology, Prince of Songkla University, Suratthani Campus, Muang District,
Suratthani, 84000, Thailand

*Corresponding Author’s E-mail: nraphatp@medicinepsu.ac.th

Abstract

Vatica diospyroides Symington (VDS) is a Thai medicinal plants belonging to Dipterocarpaceae, and is
called Chan-ka-pho in Thai. Flower and stem of VDS have been used as a cardiac and blood tonic
treatments. Previous researches showed that the cotyledon extract of VDS was highly cytotoxic on breast
cancer cell lines. In the present study, the effect of cotyledon extract of VDS type SS on growth inhibition
was investigated by MTT assay in HCT116 human colorectal carcinoma cell line. The cotyledons were
extracted with acetone (ACC) solution, and then HCT116 cells were incubated with various concentrations
of cotyledon extract for 72 h. After treatment, the ACC extract inhibited the proliferation of HCT116 cell
line in dose-dependent manner (ICs of 8.18+0.18 pg/ml). Additionally, the ACC extract at half of ICsp was
used to study the mechanism of its action using flow cytometry. We found that the ACC extract decreased
the number of viable cells to 66%, and increased the number of apoptotic cells. The results demonstrated
that the cotyledon extract showed a highly cytotoxic effect on HCT116 cells by inducing apoptosis. Our
finding deduced that the extract could be a potential anticancer agent which can provide a solution in
colorectal cancer prevention and therapy in the future.

Keywords: Vatica diospyroides Symingion, HCTI116, colorectal cancer, antiproliferation, MTT, Flow
cytometry

Introduction

Colorectal cancer (CRC) is the third most common cancer cases and the fourth leading cause of cancer
mortality worldwide. The global occurrence of CRC is expected to increase by 60% more than 2.2 million of
incidence and 1.1 million deaths in 2030 [1]. CRC is not only public health problem of the world, but also a
serious trouble in Thailand. There are 11,493 new cases and 6,848 deaths were reported in 2012. It is the fourth
most common cancer incidence and mortality in Thailand [2].

Natural products and compounds derived from natural source have been reporting for donkey year as a
potential source of therapeutic agents. The ancient people used plant as a medicine for disease treatment. At the
present time, natural products are restored to take an interest in natural product research to alternative drug
development and still use as a capital source for drug discovery process [3]. A lot of the commercially approved
anticancer drugs are derived from natural product and specifically anticancer compounds that originate from
plants [4].

Vatica diospyroides Symington (VDS) belongs to Dipterocarpaceae, and name in Thai is Chan-ka-pho.
Flower and stem of VDS were previously used as a Thai medicinal plants for cardiac and blood tonic treatments
[5]. The resveratrol were founded in ethyl acetate extract from stem of VDS, and this agent inhibits proliferation
on human oral epidermoid carcinoma (KB) cell line [6]. For the research of fruit VDS extracts, the cotyledon
extracts from LS type has been reported highly potential against MDA-MB-468 cell [5], and SS fruit cotyledon
extract showed cytotoxicity on MCF-7 cell [7]. The phytochemicals of plans in Dipterocarpaceae were reported
several biological activities including anticancer property [8].

Apoptosis is a programmed cell death with play important roles to protect against tumor. The
mechanism use to eliminate abnormal or unwanted cells. Many therapeutic of cancer and chemopreventive
agents seem to apoptosis induction pathway as target signaling intermediates [9]. Induction of apoptosis is

~ 186 ~

64



65

) j“ " ot A 20" World Congress on Clinical Nutrition (WCCN)
' December14-16, 2016, Bangkok, THAILAND

"Traditional Medicine, Functional Food, Nutrition, Natural Health Product and Spiritual Healing: Additional Tools for Healthcare Delivery”

- R L

apparently the potential pathway for anticancer therapeutics development. For instance, numerous
chemotherapeutic agents depress cancer cell proliferation by apoptosis induction [10].

The present study investigated the effect of cotyledon acetone extract of VDS type SS on growth
inhibition of HCT116 human colorectal carcinoma cell line by MTT assay. The inhibitory effect of the extract
was monitored by inverted microscope and the type of cell death by ACC extract was determined using flow

cytometry.
Materials and Methods
Cell culture conditions

Human colorectal cancer cell line HCT116 was kindly provided by Assoc. Prof Dr. Surasak
Sangkhathat, Department of Surgery, Faculty of Medicine, Prince of Songkla University. Cells were cultured in
Dulbecco's Modified Eagle's medium (DMEM) medium supplemented with 10% fetal bovine serum (FBS), L-
glutamine, streptomycin (100 pg/mL) and penicillin (100 U/mL). HCT116 cells were maintained under
humidified air with 5% CO», in 37 °C incubator.

Plant extract preparation

The cotyledon acetone (ACC) extract was kindly provided by Asst. Prof. Dr. Theera Srisawat, Prince of
Songkla University (Suratthani campus). The cotyledons were separated from fruit, and were extracted with
acetone ((CH;),CO) and protocol which described previously [11]. The crude extract was dissolved with
dimethyl suloxide (DMSO) before analysis.

Cytotoxicity activity assay of ACC extract and inhibitory effect observations

Cytotoxic activity of ACC extract was examined by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay. The crude extract was diluted to various concentration including 5, 10, 20,
40 and 80 pg/mL with DMEM. The HCT cells were seeded in 96-well plates with cells density at 5x10° cells per
well (150 pL of cell suspension with DMEM), and cultured overnight. Cells were treated with extracts for 72
hours. After incubation, cells were washed with 100 uL of phosphate buffer saline (1xPBS), before treated cells
were detected with 100 pL of 0.5 mg/mL MTT solution and incubated for 30 minutes. At the end of MTT
reduction the solution was discarded and the crystal formazan was dissolved with DMSO. Thirty minutes later,
the plate was measured live cells using multi-well plate reader at 570 nm and 650 nm. The cytotoxic results
which observed in the half maximal inhibitory concentrations (ICs, value) were calculated by percentage of
inhibition graph. Mention to National Cancer Institute guides mention that extracts with ICsq value less than 30
ug/mL were classify in active ability [12]. For observation of inhibitory effect, cells were monitored by inverted
microscope and photographed using CellSens software.

Evaluation of apoptosis by AnnexinV-FITC/PI staining and flow cytometry

The apoptotic cell populations were identified from viable cells by AnnexinV-FITC/PI staining and
flow cytometry. The cells were plated in 6-well plates with density in each well at 1.5x10° cells. After cultured
overnight, cells were treated with ACC extracts at 0, half ICs, ICsy and 2-dose ICs. The culture duration was 48
hours. Plates were removed the old medium and cells were washed with 1xPBS buffer. The cells were harvested
with 300 pL of 0.25% trypsin-EDTA. After centrifugation, pellet cells were washed and diluted to 1x10° cells
with 1xPBS. The cells were resuspended with 1x binding buffer (0.1 M Hepes, 0.1 M NaOH pH 74, 1.4 M
NaCl, 25 mM CaCl,) and stained with 5 uL of Annexin V-FITC and Propidium iodide (PI). The solutions were
incubated for 15 minutes at room temperature in the dark condition. Before analyzed using flow cytometer, 400
puL of 1x binding buffer was added into each tube. Apoptotic cells were analyzed and quantitated by
FACSCalibur flow cytometer (Becton Dickinson Biosciences [BDB], San Jose, CA) with 5000 events of single
cell. The data were analysis by WinMDI version 2.9 software.

Results and discussion

This research determined the cytotoxicity of crude extract of VDS fruit type SS on human colorectal
carcinoma cell line (HCT116). The acetone cotyledon extract (ACC) has highly cytotoxic effect against HCT116
cell with lower 50% inhibitory concentration value (ICsp) at 8.18+0.18 pg/ml (Fig. 1). Previous screening of .
diospyroides fruit extracts including acetone cotyledon on breast cancer cell line (MDA-MB-468 cell) showed
the greatly cytotoxic activity with ICso = 1.6 pg/ml [11]. The difference in ICs;, value might be due to different
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cell line. The criteria of cytotoxic activity of crude extracts that suggested by the American National Cancer
Institute (NCI) was an ICs, values must be less than 30 pg/ml [12]. The ICs; value of ACC extract was assumed
that this extract was showed inhibitory effect on cancer cells proliferation. In addition, cells were monitored by
inverted microscope for inhibitory observation. Cells were untreated with extract that used as a control and cells
were treated with DMSO in DMEM used as a vehicle. The cell populations in both condition were
approximately 100% confluence and morphology in control were normal (Figure 2A and 2B). Cells that treated
with ACC extract at various concentrations were reduced in descending order by dose (Figure 2C-2G). These
results were conformed to cytotoxic screening by MTT assay. In the highest concentration, cells were obviously
seen changed morphology into contract cells (Figure 2G).

Figure 1 Inhibition activity of ACC extract at 0, 5, 10, and 20 pg/ml against HCT116 cell line.
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Figure 2 The morphology of HCT116 cells were untreated (control) (A), vehicle (DMSO) (B), cells treated with ACC extract at 5, (C), 10

(D), 20 (E), 40 (F), and 80 pg/ml (G) by inverted phase contrast microscopy at 10X of magnification.
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Apoptosis induction of ACC extract on HCT116 cell was performed by staining of Annexin V-FITC/PI
fluorescence dyes and analyzed with flow cytometer. The single cell of HCT116 was detected and separated in
each quadrant of dot plot which specific characteristics of dyes. The most population of control or untreated cells
was contained in lower-left quadrant (Figure 3A). This position was excluded with both Annexin V-FITC and
PL, identified as viable cells. In early apoptosis stage, the phosphatidylserine of plasma membrane were reversed
to outer membrane that can bind with Annexin V-FITC. Then the membranes of damaged cells in late apoptosis
stage are permeable to PI [13]. The population of cell that treated with ACC extract at half of ICs, was decrease
in viable cells and increased in under-right and upper-right quadrant that identified as early apoptotic and late
apoptotic cells, respectively (Figure 3B). However, the increasing of concentration of extract as ICsq and 2-dose
1Csy were induced apoptosis less than ICsy. The results were estimated that ACC extract induced apoptosis on
HCT116 cells in independent-dose effect. This study demonstrated that the ACC extract showed a highly
cytotoxic effect on HCT116 cells by inducing apoptosis. These results deduced that the extract could be a
potential anticancer agent which can supported in colorectal cancer prevention and therapy in the future.
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Figure 3 Dot plots from flow cvtometry analysis by AnnexinV-FITC/PI staining of HCT116 cells untreated (A) and treated with ACC
extract at halt-1Csq (B), ICso (C) and 2-dose ICs, (D) for 48 hours. Viable cells were positioned in the lower-left quadrant. the early apoptotic
cells stained by annexin V and unstained by propidium iodide in the lower-right quadrant, late apoptotic cells (stained with both dyes) were
positioned in the upper-right quadrant, and dead cell were presented in the upper-left quadrant.
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Abstract

Vatica diospyroides Symington (VDS) is a Thai medicinal plants belonging to Dip! and is called Chan-ka-pho in Thai. Flower and stem of VDS have been used as a
cardiac and blood tonic treatments. Previous researches showed that the cotyledon :xn'acl of VDS was highly cytotoxic on breast cancer cell lines. In the present study, the effect of
cotyledon extract of VDS type SS on growth inhibition was investigated by MTT assay in HCT116 human col i cell line. Tbe ledons were d with
acetone solution, and then HCT116 cells were incubated with various concentrations of cotyledon extract for 72 h. After the extract i d the proliferation of HCT116
cell line in dose-dependent manner (ICs, of 8.18+0.18 pg/ml). Additionally, the extract at half of ICs; was used to study the mechanism of its action using flow cytometer. We found
that the extract decreased the number of viable cells to 66%, and increased the number of apoptotic cells. The results demonstrated that the cotyledon extract showed a highly
cytotoxic effect on HCT116 cells by inducing apoptosis. Our finding deduced that the extract could be a potential anticancer agent which can provide a solution in colorectal cancer
prevention and therapy in the future.

Introduction |
Colorectal cancer (CRC) is the fom'th most common cancer incidence and mortality =
in Thailand. A lot of the Ily app drugs are derived from »
natural prod Vatica diosp Symi: (VDS) belongs to Dipterocarpaceae, i

and namc in Thai is Chan-ka-pho. The previous study reported that resveratrol tetramer
has bcen found in ethyl acetate extract from stem of VDS, and this agent inhibited

of oral epids id i (KB) cell line. The cotyledon extracts from
LS and SS type have been reported to be highly potential against MDA-MB-468 breast B
cancer cells, and cotyledon extract type SS showed cytotoxicity on MCF-7 breast
cancer cells. The present study aims to study the cytotoxic effect of cotyledon extract of
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VDS type SS on HCT116 cell line using MTT assay, and the growth lnhlbmon of the T s e B ol
cells will be observed and photographed under inverted mi the :::om n-knam"mmm“;.. n‘::u':nm:
death mode of the cells treated with the extract will be investigated by FACs analysis. e iy

. »

Materials and Methods T

Flow cytometry

sy,
| Asasia VITIC i 1

Figuress.
mmm-lmm.mn«hm\mnm were positioned in the lower-left quadrant, the early apoplotic cells stained by annexin V na

11 5wyt i col were preseaied o te spperiol yesdrant
Conclusion
o
e This study showed that the extract showed a highly cytotoxic effect on HCT116
. s e cell with lower ICy, value at 8.18+0.18 pg/mL by inducing apoptosis. The extract
I+ N - - M': d e A sl at half-IC, decreased the number of viable cells to 66%, and increased the number
" :“:’9 B of apoptotic cells. This preliminary result will be carried out to confirm mode of
T = A o J cell death in the future study.
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