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Abstract

Andaliman (Zanthoxylumac anthopodium DC.) is an exotic spice from North
Sumatra (Indonesia) commonly added to enrich the flavor of Bataknese ethnic
food because of its unique aroma and trigeminal sensation.Traditionally, it
is also known to have health benefits in the gastrointestinal tract; however
no studies have reported it. Therefore, this study aimed to investigate the
potency of Andaliman fruit to inhibit the proliferation of HCT-116 and Wi Dr
colon cancer cells and its underlying mechanism of inhibition. Andaliman
fruits were extracted using ethanol. The anti-proliferative effect was
evaluated using the MTT test, and the underlying mechanism of inhibition
was examined using the Real-Time Polymerase Chain Reaction (RT-PCR)
and Hoechst staining. Bax and Bcl-2 proteins were used as the markers for
the pro-apoptotic and anti-apoptoticgene expression analysis, respectively.
Andaliman ethanolic extract showed potential bioactivity to inhibit the growth
of WiDr and HCT-116 cells in vitro with IC_, of 95.61 pg.mL" and 94.64
pg.mL", respectively. The cytotoxicity effect of andaliman was rationalized
by the gene expression of Bax and Bcl-2 in a non-dose-dependent manner.
In addition, Andaliman extract could increase the apoptotic gene marker
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expression in both cells at half of their IC,,

i.e. 47.81 uyg.mL" and 47.32
pg.mL-" for WiDr and HCT-116 cells, respectively. This study demonstrated
that Andaliman fruit could be potentially developed as a functional food
ingredient to prevent colon cancer by inducing the apoptosis mechanism.

Introduction

Andaliman (Zanthoxylumac anthopodium DC.) has
been used as a food condiment in traditional cuisine
for centuries in Batak ethnic in North Sumatra, not
only because of its unique flavor, but it is also known
to have folkloric usage against diarrhea, stomach
ache, toothache, and used as the food preservative.
The plant is a low branching shrub grown at an
elevation of 900 m above sea level endemically
around Lake Toba, North Sumatra.! Andaliman
belongs to the citrus family (Rutaceae), which fruits
have a diameter of 2-3 mm. In the native regions,
it is also known as Sinyar-Sinyar, Syarnyar, Toba,
or Intir-Intir. Previously, three varieties of this spice
existed, namely Simanuk, Sihorbo, and Sitanga,?
however, Simanuk was more commonly used due to
its more desirable flavor and higher production yield.
Sitanga is no longer found naturally. The fruits and
leaves from similar plants, i.e., Z. piperitum and Z.
simulans grown in China, Japan, and Korea, have
also been used as food condiments and medicinal
plants. Zanthoxylum species had been reported to
have bioactivity toward the gastrointestinal tract.>
Sanshools were known as one of main components
that contributed to this bioactivity.>#

Andaliman possessed several bioactivities such as
antioxidant and antidiabetic,”® anti-inflammatory,®
the cytotoxic effect on breast cancer cells,'®" antihy
perglycemic,’? and anti-aging as well as antiacne
effects.”® However, no scientific study has reported
its health benefit on the gastrointestinal tractnor
bioactive compound. Considering its traditional
value and its reported health benefit, Andalimanhas
a potency to be developed as a functional food
ingredient to prevent degenerative diseases,
especially in the gastro intestinal tract.

Colorectal cancer (CRC) has become a global health
burden, with constantly increasing occurrence.
The latest database in 2018 from the International
Agency for Research in Cancer' indicated that
CRC was the third-highest cancer incidence

(1,849,518 cases) and the second-highest cancer
mortality (880,792 deaths) in the world. Meanwhile
in Indonesia, CRC was the sixth-highest cancer
incidence (17,368 cases) and the eighth-highest
cancer mortality (9,444 deaths).'s

The development of CRC can be caused by three
main pathways, i.e. chromosomal instability(CIN),
micro satellite instability (MSI), and CpG island
methylator phenotype (CIMP). For instance,
DNA hypomethylation and hypermethylation
in the specific region result in the inactivation
of tumor suppressor.'® Our study address the role
of apoptotic event to regulate cells proliferation.
Fas protein (an apoptotic factor) is known to affect
the chromosomal stability via tumor suppressor
transcription factor 53 (TP53) pathway.'® Controlling
Fas R/Fas L signaling pathway'” has been reported
as one of the methods studied in the preclinical
models for colon cancer cells. The other studies
also have shown the increase tumor medicinal agent
efficacy with the addition of methyl-B-cyclodextrin, as
a cholesterol suppressor. This hepta saccharide was
able to promote apoptosis and PARP-1 cleavage
through p53 activation to inhibit MCF-7 cell, Hepa 1-6
cell, and melanoma cancer cells development.'®1°

Besides targeted clinical treatments, cancer
chemo prevention has recently become a new
approach to reduce the occurrence and burden of
CRC. The chemo preventive intervention, such as
dietary agents and pharmaceuticals, could help to
inhibit, reverse, or delay the growth of abnormal
cells into neoplastic diseases,? in addition to
the induction of apoptosis.?' In supporting this
approach, many scientists have done research
related to natural chemopreventive agents from
herbs and spices.???® Therefore, this research aimed
to evaluate the cytotoxicity induced by Andaliman
extract toward human colon cancer cells and the
underlying mechanism of action in the colon cancer
cells inhibition.
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Materials and methods

Plant Material and Sample Preparation
Andaliman (Z. acanthopodium DC. var. Simanuk)
fruits were collected from a farmer in Dairi Regency,
North Sumatera, Indonesia. The fruits used in this
experiment were green and fresh (2-3 days old
from the harvest day). To preserve the sample,
it was oven-dried at 54 °C for eight hours before
the extraction.?* The plants were identified by
“Herbarium Bogorience” Research Center for
Biology in the Indonesian Institute of Sciences (LIPI)
with specimen No. 382/IPH.1.01/If.07/11/2017.

Extraction

One hundred grams of Andaliman fruits were
crushed for 10-15 s and were macerated for 72 hours
twice at room temperature using 220 mL analytical-
grade ethanol (Merck, Germany). It was then filtered
using filter paper (Whatman no.1). The filtrate was
evaporated under low pressure at a temperatureof
40 °C using a rotary vacuum evaporator (Bichi
Rotavapor® R-11) for + 90 mins (pressure: 1000
mbar; rotary scale: 3). Finally, the crude extract
was freeze-dried using a laboratory-scale benchtop
freeze drier (Martin Christ Alpha 1-2 LDplus).

Cell Culture Maintenance

Wi Dr (ATCC® CCL-218™) and HCT-116 (ATCC®
CCL-247™) are human colon cancer cells obtained
from Primate Center Research, IPB University. Wi Dr
and HCT-116 cells were between passages 17-21
and 32-36, respectively, for all the experiments. Wi Dr
cells were cultured in RPMI (Roswell Park Memorial
Institute) 1640 Medium; meanwhile, HCT-116 were
cultured in DMEM (Dulbecco's Modified Eagle
Medium). Both of the media were supplemented
with 10% (v/v) fetal bovine serum (FBS) (Gibco,
Life Technologies Corporation, USA) and 100 U.
ml! penicillin/streptomycin (Gibco, Life Technologies
Corporation, USA). Cells were incubated at 37 °C
and 5% CO,. The growth media was changed every
two days. Subculture was done by washing the
cells using PBS (phosphate-buffered saline) and
adding 0.5 mL of 0.25% trypsin. After incubation for
5 mins, 1 mL of media was added to inactivate the
trypsin. The suspension was centrifuged at 250xg
for five mins. The cell pellet was resuspended
with 3 mL media and counted. An estimated 5x10*
cells. mL" was removed to a T25 flask and 10 mL
of media was added.
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Cytotoxicity Analysis

Cell culture was transferred to a 96-wells microplate,
100 pl for each well with a density of 5 x 10° cells/
well and three wells were left as the media control.
The condition and distribution of the cells were
observed using an inverted microscope. After
an overnight incubation, the media was discarded,
and 100 ul of PBS was added and then thrown
away. The extracts of Andaliman fruit with different
concentrations were pipetted into the wells and
incubated in a CO, incubator for 48 hours. Andaliman
extract was applied toWiDr and HCT-116 cells at
concentrations of 213.33, 106.67, 53.33, 26.67,
13.33, and 6.67 pg.mL-'. Control cells were
incubated without extract. Doxorubicin (Dox) 1 and 3
pg.mL " were also applied to both cells as the positive
controls. Cytotoxicity analysis was done with MTT
(3-(4,5-dimethyithiazol-2-yl)-2,5-diphenyltetrazolium
bromide tetrazole) analysis to measure the inhibition
of cells proliferation by the extracts. Tetrazolium
salt reagent (10 pL; 5 mg.mL™") was added to each
well and was incubated for four hours; then, 96%
ethanol was added to dissolve the reagent. The
viability of colon cancer cells was evaluated using
the iMark™ microplate absorbance reader (Bio-Rad
Laboratories, Inc., UK) at 595 nm. All the treatments
were performed in triplicates. The IC_ was calculated
using the regression equation of the percentage
of the colon cancer cells inhibition.

Bcl-2 and Bax Gene Expression Analysis
Based on the results of cytotoxicity analysis, three
concentrations of Andaliman extracts were applied to
WiDr and HCT-116 cells, namely, 2, 1, and %2 times
of the IC,,. Both cells were transferred to a 6-wells
microplate, 1 mL for each well with a density of 1.0
x 10* cells/mL. After 48 hours of treatment with the
extract, the cells were harvested for RNA isolation.
Untreated cells were used as a negative control.

Total RNA was isolated using RNA Mini Kit (50)
Qiagen®. Every sample was diluted in 100 pL
of RNAse-free water to detach the RNA. The quantity
of RNA was measured by Nanodrop 2000C UV
Spectrophotometer. Complementary DNA (cDNA)
was synthesized using Primer Invitrogen Super
Script Il First-Strand Synthesis System for RT-
PCR (SS lll RT) Kit following the instructions for
use. The reactants were incubated at 25 °C for 10
mins, 50 °C for 59 mins, 85 °C for 5 mins, and 4 °C
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for 2 mins. RNAse H enzyme was added to harvest
the cDNA. The reaction was done at 37 °C for 20
mins and 4 °C until done. The RT-PCR analysis
to measure the expression of Bcl-2 and Baxwas
carried out using SSo fast evergreen Supermix
and performed using iQ5 Bio-Rad Real-Time PCR.
Primer accession numbers, sequences (confirmed
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with BLAST analysis:www.ncbi.nim.nih.gov/blast),
and the annealing temperature (Ta) are shown in
Table 1. The relative expression of both genes was
analyzed using the 2-22¢t method.? Each experiment
was performed in duplicate. B-actin (ACTB) was
used to normalize the gene expression levels.

Table 1: Primer sequences of target and normalization genes
in WiDr and HCT-116 cells

Gene Accession Primer sequences Ta (°C)
numbers
Bcl-226 NG - 009361.1 F: 5- GCTCTAAAATCCATCCAG -3' 48
R: 5'- CCTCTCCATCATCAACTT -3’
Bax?” NG -012191.1 F: 5- CCCGAGAGGTCTTTTTCCGAG -3' 67
R: 5'- CCAGCCCATGATGGTTCTGAT -3’
B-actin? NG - 007992.1 F: 5- AGAGCTACGAGCTGCCTGAC -3' 67

R: 5- AGCACTGTGTTGGCGTACAG -3'

*Ta: annealing temperature

Hoechst Staining

To further confirm the apoptosis mechanism in
colon cancer cells inhibition, staining was done
using Hoechst 33342 (Thermo fisher Scientific,
MA, USA). WiDr and HCT-116 viable cells were
seeded in an 8-well plate with a density of 1.0 x
104 cells/well and incubated at 37 °C in 5% CO.,.
The test concentration was similar to gene expression
analysis. Following sterile PBS wash (3 times), 200
pL of 2 uM Hoechst stain was added, and they were
incubated for one hour incubation at 37 ° C in dark
condition. The dye was discarded and the cells were
washed with PBS three times and allowed to dry. The
observation was performed under a fluorescence
microscope with a UV filter and the images were
captured with Dino eyes pieces camera 1280x1024.
The experiment was carried out in duplicate.

Statistical Analysis

Data in the tables and figures were reported as mean
+ SD. The result was analyzed using Graph Pad
Prism Version 8.30 (San Diego, USA). Statistical
significance forcyto toxicity analysis was calculated
using one-way or two-way ANOVA followed by
the Sidak multiple comparison test. Significantly
different values were determined when p<0.05.
Gene expression and Hoechst staining result

were presented in an average of the duplicate
measurements.

Table 2: Inhibition of Wi Dr and HCT-116 cells
by Dox 3 and 1 ug.mL" as the control
positive of cytotoxicity test

Control + % Inhibition

WiDr HCT-116
Dox 3 ug.mL" 12.49+2.13 77.91 £0.99
Dox 1 pug.mL"™" 1.38 + 1.96 86.74 + 2.09

Data were mean + SD with n =3

Results

Cytotoxicity of Andaliman extracts

Andaliman extract exhibited inhibition activity in
colon cancer cells in vitro indicated by the smaller
number of cells were detected as the concentration
of extracts was increased. Dox 3 ug.mL-"suppressed
the proliferation of colon cancer cells as expected.
Interestingly, Dox caused a different response in the
WiDr and HCT-116 cells (Table 2). Figure 1 showed
the percentage of cell inhibition by Andaliman
extract. Andaliman extract treatment exhibited
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inhibition in both HCT-116 and Wi Dr, with slightly

different IC,, of 94.64 and 95.6 pug.mL", respectively.
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However, Andaliman extract showed lower inhibition
in HCT-116 cell compared to the Dox treatment.

ICs, (ng.mL™)

----------------------------------

WiDr =95.61+4.43
HCT-116 =94.64+582
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Fig. 1: Inhibition of WiDr and HCT-116 cells after Andaliman extract application for 48 h (n=3).

Mechanism of Wi Dr and Hct-116 Cells Inhibition
A study on pro-apoptosis (Bax) and anti-apoptosis
(Bcl-2) markers was done using Real-Time PCR
to investigate the mechanism of the colon cancer
cells inhibition in vitro. In addition, Hoescht staining

4=
3=

2=

Relative mRNA expression

I Bax

was used further to investigate the extent of this
mechanism of action. WiDr and HCT-116 cells
generally exhibited different responses toward
Andaliman extract, which was consistent with the
inhibition by Dox (Table 2).

B 2.0
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0.00 47.32 94.64 189.28
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Fig. 2: The effect of Andaliman extract (48 h) on: A. gene expression of Bax and
Bcl-2 and B. its ratio in HCT-116 cells, n=2.

As seen in Figure 2 A, the expression of both Bax
and Bcl-2 were relatively low in HCT-116 cell. Bax/
Bcl-2 coefficient was commonly used to evaluate
the significant correlation of gene expression to the
apoptotic status.?® The ratio of Bax/Bcl-2 >1 showed
apoptosis induction in the cells treated with a lower
concentration of Andaliman extract (Figure 2B).
To confirm this, we carried out Hoechst staining to

mark the condensation or fragmentation of chromatin
in the cells under a fluorescence microscope.
Unfortunately, the apoptosis mechanism was
not expressed in Hoechst-stained HCT-116 cells
in any three treatments (data is not shown). Thus,
the confirmation of the apoptosis mechanism from
HCT-116 cells was inconclusive.
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Fig. 3: The effect of Andaliman extract (48 h) on A. gene expression of Bax and Bcl-2 and
B. its ratio in WiDr cells, n=2.
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Fig. 4: Induction of apoptosis by Andaliman extracts in Hoechst-33342-stained WiDr cell: A) the

photographs under a fluorescent microscope, and B) the percentage of apoptotic cells (n=2).
The appearance of apoptotic bodies was pointed by the arrows.
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The expressions of Bax and Bcl-2 in Wi Dr cells
were relatively higher than in HCT-116 cells
(Figure 3). The significant expression of Bax
and Bcl-2 in WiDr can be observed at the lowest
concentration of extract. The application of higher
concentration did not enhance the higher gene
expression. However, the ratio of Bax/Bcl-2 showed
that both treatments at concentrations of 47.81
pg.mL" and 95.61 pg.mL" induced apoptosis
mechanism with a ratio value of 1.74 and 1.46,
respectively, but not in higher concentration (191.22
pg.mL"). Hoechst staining analysis (Figure 4) further
supported the above observation.

Discussion

In this study, the cytotoxic potency of Andaliman
extract toward human colon cancer cells was
confirmed by the in vitro MTT method using
HCT-116 and Wi Dr cell lines. These cells were
isolated from different CRC patients with different
mutation statuses of cancer-causing genes, such
as the TP53 gene type, affecting their sensitivity
toward different therapeutic agent.?®3° From the
IC,, value (Figure 1), Andaliman extracts inhibited
both HCT-116 and WiDr cells effectively in the
similar degree. Positive control (Dox) also exhibited
amore effective inhibition in HCT-116 cell, showing
this cell was more susceptible than WiDr cell
(Table 2). Methanol, hexane, and ethyl acetate
extract of Curcuma zedoaria with concentrations
of 68.4, 41.1 and 21.0 ug.mL"" could inhibit 50%
of HCT-116 cells in vitro®', while Andaliman extract
could perform a similar inhibition at a concentration
of 94.64 ug.mL™". Although Andaliman extract had a
higher IC50, this study demonstrated that Andaliman
effectively inhibited colon cancer in vitro.

Similar bioactivity was also observed in the
essential oil extracted from Z. bungeanum leaves.
It could inhibit the proliferation of SW620 cells
with IC,, of 72.35 and 36.41 uM at 24 and 48
hours, respectively.®> Nozaki et al.®® found that
Japanese pepper (Z. piperitum De Candolle) fruit
extract could induce autophagic cell death (ACD)
in the DLD-1 and Caco-2 cells at a concentration
of 200 pg.mL". Interestingly, it did not give the
same effect in WiDr cells. Inhibition toward Caco-2
colon adenocarcinoma cells was also shown by
Z. armatum fruit, leaves, and bark with approximate
IC,, of 200 ug.mL" for each type of methanolic
extract. At a concentration of 200 ug.mL™", the crude
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saponin from Z.armatum fruit extract could inhibit
75.88% of Caco-2 cells.®

These studies supported the finding above
that Andaliman also posed bioactivity on the
gastrointestinal tract, in this case, inhibition
of colon cancer cells in vitro. No previous studies
have reported Z. acanthopodium fruit bioactivity
toward colorectal cells or its underlying cell death
mechanism. Up to now, our study was the first to
report the bioactivity against colorectal cancer cells.

Sanshool (250 pg.mL") isolated from Z. bungeanum,
as one of the trigeminal sensation compounds
known in Zanthoxylum species,' also showed
inhibition toward hepatocarcinoma HepG2 cells
with the inhibitory effect of 73.01% (48 hours).®
Sanshool compounds were also known as the
major secondary amides found in Andaliman.%
However, none study has proved the bioactivity
of these compounds on colorectal cancer. Hydroxy-
alpha-sanshool (HAS) has been used as one of
the main constituents in Daikenchuto, a Japanese
traditional medicine, that had a vasodilatory effect
in 2,4,6-trinitrobenzenesulfonic acid-induced
Crohn’s disease rat by enhancing the release
of adrenomedullin.? It also gave a strong contraction
effect in the rat proximal colon indicating its
therapeutic function for colonic health.* Conversely,
HAS and hydroxy-beta-sanshool (HBS) did not
show any anticancer activity on DLD-1colon cancer
cells.?® Although we did not examine the bioactive
compound in this context; we speculated that the
sanshool compounds might have contributed to the
bioactivity of Andaliman fruit extract.

There were several pathways of cell death. One
of the critical executions is programmed cell
death, known as apoptosis, which can be induced
intrinsically and extrinsically. In intrinsic regulation,
the caspases group is the executioner. Meanwhile
Bcl (B cell ymphoma)-2 family is the arbiter for cell
death. The Bcl-2 proteins family is the backbone
of the apoptosis mechanism and can regulate
apoptosis negatively or positively. The opposing
apoptosis proteins own 3-4 Bcl-2 Homology
(BH) regions located at the outer mitochondrial
membrane, endoplasmic reticulum and nuclear
membrane.® The imbalance of pro-apoptotic and
anti-apoptotic protein would induce tumorigenesis
by inhibiting the apoptosis in cancer cells.®® In
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this study, relative mRNA expression of Bax was
markedly higher than Bcl-2, indicating that apoptosis
through the extrinsic pathway was underlying the
colon cancer cells’ inhibition (Figure 5). At least,
in this case, Andaliman extract interfered and
caused the cells’ death via mitochondrial disruption.
A study found that Bax was more upregulated in the
isolated tissue from patients in the Dukes’ C and D
colon cancer stage than Dukes’ A and B, which was
more likely shown in WiDr and HCT-116 cells.®*® A
similar mechanism was also reported in the inhibition
of SW620 cancer cells,* HepG2 cancer cells®* by
Z. bungeanum, and LNCaP cancer cells by
Zanthoxyli Fructus.*® The down regulation of Bcl-2
protein and upregulation of Bax by Z. bungeanum
essential oil was also reported in HaCaT cells.*!
Contrarily, the underlying mechanism of cell
death induced by Z. piperitum fruit extract was
autophagy, which was shown by the increased level
of LF3-1l protein and cytoplasmic vacuolization
in DLD-1 cells.®

Apoptotic cells were usually marked by cell
morphological changes, condensed chromatin,
fragmented nuclei, and cell reduction,*? which
can be seen using Hoechst staining. Hoechst
33342 is a blue fluorescing dye that can stain
chromatin DNA. This dye can be used to observe
the features of apoptotic cells under a fluorescence
microscope or phase contrast inverted microscope.
By this analysis, we could confirm the apoptosis
mechanism in WiDr cells by Andaliman extract.
The concentration of 95.61 ug.mL"" had the highest
percentage of the apoptotic cell, yet it was close
to the number of apoptotic cells at a concentration
of 47.81 ug.mL"', which was in line with the result
of apoptosis gene expression analysis (Figure 3).
Although reviewed as one of the most popular
and excellent fluorescent chemical compounds
used to detect the apoptotic cells, Hoechst staining
has some limitations. Visualizing in the UV region
may be interfered by tissue autof luorescence and
phototoxicity of the UV light, peculiarly when there
is only a small amount of non-nuclear DNA detected
in the sample.*® This might appearas the issue in the
HCT-116 cells observation in this research.

The expression of Bax and Bcl-2 after Andaliman
extract applications were not ina dose-dependent
manner in both cells (Figure 2 and Figure 3).
An increasing dose of Andaliman extract reduced
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the expression of the apoptotic gene marker.
Similar trend was also shown by Trolox application
which had dual behavioras an antioxidant and
prooxidant agents on the model HelLa cells over
wide concentrations. It had induced prooxidant
activity at concentration above 15 pM which was
accompanied by the decrease of cell viability
due to apoptosis.* Similar dual roles was also
observed in the other cancer therapeutic studies.
In the specific concentrations, reactive oxygen
species (ROS) can induce cancer cell death by
several pathways, for instance the activation of
ASK1/JNK and ASK1/p38 signaling pathways*
and inactivation of glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) in colon cancer with KRAS
or BRAS mutations in vitro.4¢ Therefore, we speculate
that this trend was potentially caused by the alteration
of intracellular ROS due to different concentrations
of Andaliman extracts on the observed colon
cancer cells.

Interestingly, the expression of apoptotic gene
markers in the WiDr cell tended to be higher than
in the HCT-116 cell. Based on the cell origin, WiDr
and HCT-116 were distinguished by the colon cancer
staging. HCT-116 was isolated from colorectal
carcinoma patients at Dukes’ stage D, meanwhile,
WiDr was from colorectal adenocarcinoma patient
at Dukes’ stage C. The Bax/Bcl-2 coefficient tended
to increase with tumor progression,*® i.e., with more
advancing in growth and metastases, which was
not precisely shown in this research. Nevertheless,
the difference was tight between Dukes’ C and D,
as shown in the previous study.*® Both cells also
shared a different molecular pathway and mutation
status.?® These features might be the reason for
the differences in the inhibition trend and the gene
expression between the two cell lines. WiDr, LS-
174, and HT-29 cell was reported to overexpress
COX-2, whereas HCT-116 did not express COX-24.
Palozza et al. observed that not expressing COX-
2 cells (HCT-116) was insensitive to the growth
inhibitory and pro-apoptotic effect of R-carotene
treatment.*” A similar phenomenon was suspected
as the underlying mechanism of higher expression
of pro-apoptotic gene marker in WiDr than HCT-116
cells in this study.

There are several limitations to this study that should
be considered. Only Bcl-2 and Bax gene markers
were used to assess the underlying mechanism
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of colon cancer cells inhibition by Andaliman extract.
Other apoptotic markers, such as PARP cleavage
and several types of caspases, can also be used
to validate the apoptosis mechanism at the protein
level in this experiment. Besides, cell cycle analysis
and cell cycle regulatory protein expression can

e
s

Bel-2
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be performed to support the result. Furthermore,
an animal study has not been conducted yet. In
vivo studies can give more comprehensive analysis
of Andaliman extract’s bioactivity to prevent colon
cancer disease.

WiDr Cell o
________ st
- Apoptotic
_I Proliferation bodies
“ —— inhibition

HCT-116 Cell

—— induction

Fig. 5: Schematic diagram of proposed mechanism of WiDr and HCT-116 cells
proliferation inhibition by andaliman extract.

Conclusion

Andalimanethanolic extract possessed bioactivity
toward colorectal cancer cells inhibition in vitro,
indicating its potency to be developed as a functional
food ingredient for colon cancer disease prevention.
The suggested mechanisms of action behind
this inhibition were apoptosis and not in a dose-
dependent manner. Moreover, the trend was different
between the studied cells. For future research,
it would be interesting to see the compounds inside
the extract responsible for this bioactivity. Cell cycle
analysis, additional apoptotic markers and cell cycle
regulatory protein expression, as well as in vivo
experiment are suggested to be done as a validation
approach of our finding here.
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