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Bark Against Human Colorectal Cancer Cells

Siti Fairuz Ishak1,2, Nor Fadilah Rajab2,3, and Dayang Fredalina Basri1,2

Abstract
Colorectal cancer is the most common malignant cancer in developing countries. Canarium odontophyllum, also known as
“Dabai” or “Borneo Olive“ is among the natural plants that can potentially be used as an anticancer agent. This study aims to
determine the antiproliferative activities and cytotoxicity effects of acetone extract from C. odontophyllum stem bark against
human colorectal cancer cell lines HCT 116 and HT 29. Acetone extract of C. odontophyllum stem bark exerted a significant
cytotoxic effect on HCT 116 and HT 29 cells determined by MTT assay at the concentration of 12.5 μg/mL to 200 μg/mL for 24,
48, and 72 hours treatment. It was found that acetone extract of C. odontophyllum stem bark inhibited proliferation of HCT 116
with an IC50 value of 184.93 ± .0 μg/mL, 61.24 ± .1 μg/mL, 79.98 ± .029 for 24, 48 and 72 hours respectively. The findings also
showed that acetone extract of C. odontophyllum stem bark revealed a lower inhibitory effect against HT-29 with an IC50 value of
more than 200 μg/mL for 24, 48 and 72 hours. However, acetone extract of C. odontophyllum stem bark at similar concentrations
and time points did not show any cytotoxic effect to normal colorectal fibroblast cell CCD18-Co. In conclusion, the acetone
extract of C. odontophyllum stem bark exhibited more sensitivity against HCT 116 than HT 29. Its antiproliferative ability towards
HCT 116 and HT 29 cells provides insight that this extract may serve as an anticancer agent against colorectal cancer.
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Introduction

The third most common cancer globally is colorectal cancer.
This cancer has been identified as one of the leading causes of
death especially in Western countries.1 Colorectal cancer can
be defined as uncontrolled cell growth in the digestive system
especially in the large intestine.2 This cancer usually begins
with a growth on the wall of the colorectal or rectal. These
growths are known as polyps and will turn into cancer when
left untreated. In Malaysia, colorectal cancer patient distri-
bution by race mostly involves the Chinese, followed by
Malays and Indians.1 Several factors can invite this case of
colorectal cancer. Among them are age factors, family history
of colorectal cancer, smoking and unhealthy diet practices,
especially diets with high protein and fat content and diets
lacking in fiber.3 Various treatments are available to treat this
colorectal cancer. Among them are surgery, radiotherapy,

chemotherapy, hormone therapy, immune therapy, sympa-
thetic therapy, and support.4 Yet this treatment can lead to
various side effects such as anemia, hair loss, and diarrhea.3
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Since a long time ago, natural plants have been used to treat
a wide variety of diseases. Natural resources also play an
important role in treating cancer.5 Therefore, natural products
can be used as an alternative treatment to treat cancer. Ac-
cording to Ref [6], plant extracts can be used as cancer-
preventing agents and can inhibit the process of carcino-
genesis. Among the drugs produced using natural products are
vincristine, teniposide, and vinorelbine. These drugs are anti-
tumor agents that are used to treat cancer.6 Canarium
odontophyllum also known as “Dabai” or “Borneo Olive” is
one of the natural plants that have the potential to be used as an
anticancer agent. The plant distribution in Asia is largely
concentrated in Borneo, Malaysia, Brunei, Kalimantan, Su-
matera, Indonesia, and Palawan, Philippines.7 This plant
belongs to the “Burseraceae” family and is a native plant
found along the banks of the Kanowit, Sarikei, and Kapit
rivers in Sarawak.8 The fruit produced by this plant is purple
and oval in shape. It has one hard elongated seed.9 The stem
bark of this tree is gray or yellowish from the outside while the
inside is pink with a soft texture and produces a fragrant
aroma.10,11 Typically, the harvesting season runs from No-
vember until January. Because of the plant’s rapid respiration
rate, its fruits have a short shelf life. As a result, this study
focuses on the plant’s stem bark, which is more readily
available throughout the year.11,12

Various studies have been performed using the leaves,
fruits, seeds, and stem bark of this plant.9,10,13-15 According to
a study by Refs.[10,14], this plant stem bark has anticancer
properties against colorectal cancer continuous cells HCT 116.
Several phytochemicals are also found in this plant stem bark
namely flavonoids, terpenoids, tannins, saponins, and phe-
nolic compounds that may also contribute to the anticancer
activity. Ref. [14] found that acetone extract from Canarium
odontophyllum stem bark was the most potent in terms of IC50

values on HCT 116 cell line compared to methanol and
aqueous extract. Hence in this study, acetone extract produced
from the plant’s stem bark has been collectively decided as the
principal cell treatment extract. However, no previous studies
have been done on the effect of acetone extract from Cana-
rium odontophyllum stem bark against HT 29. Therefore, this
study was designed to determine antiproliferative activities
and cytotoxicity effects of acetone extract from the stem bark
of Canarium odontophyllum against human colorectal cancer
cells, HCT 116, and HT 29. The findings of this study may
show that the extract has potential to be used as an anticancer
agent in the fight against colorectal cancer.

Results and Discussion

The results showed that acetone extract from C. odonto-
phyllum stem bark exhibited different suppressive effects on
colorectal cancer cells. The antiproliferative activities of
acetone extract from C. odontophyllum stem bark increase
as the concentration of acetone extract level increases from
12.5 μg/ml to 200 μg/ml. The results showed that the highest

cytotoxicity effect of acetone extract from C. odonto-
phyllum stem bark that demonstrated the lowest IC50 against
HCT 116 cell was shown at 48 hours with IC50 61.24 μg/ml
± .1 compared to the 24 hours and 72 hours treatments
which are 184.93 ± .0 μg/mL and 79.98 ± .029 μg/ml, re-
spectively (Figure 1 and Table 1). While, the IC50 of
menadione was 10.19 ± .037 μM, 9.40 ± .037 μM and 9.95 ±
.002 μM after 24 hours, 48 hours, and 72 hours treatments,
respectively (Figure 2 and Table 1). IC50 of irinotecan was
shown higher than menadione, 26.00 ± .1 μM, 15.00 ±
.146 μM, and 14.19 ± .147 μM after 24 hours, 48 hours, and
72 hours treatments, respectively, against HCT 116 (Figure
3 and Table 1)

After treatment with acetone extract of C. odontophyllum
stem bark, it is shown that this treatment has the ability to
inhibit cell proliferation of HT 29 for 72 hours. However,
the IC50 values for all three time points were more than
200 μg/ml (Figure 4 and Table 2). While, the IC50 of
menadione was 21.33 ± .048 μM, 26.30 ± .019 μM and
17.42 ± .031 μM after 24 hours, 48 hours, and 72 hours
treatments, respectively (Figure 5 and Table 2). IC50 value
of irinotecan was more than 50 μM for 24 hours, while for
48 hours and 72 hours exhibited IC50 41.69 ± .025 μM and
9.46 ± .108 μM, respectively, against HT 29 (Figure 6 and
Table 2). Although this extract revealed showed growth
inhibitory potential towards colorectal cancers, the good
thing is this acetone extract did not elicit a cytotoxic effect
against normal human colorectal cells, CCD18-Co (Figure
7). Based on Figure 8, menadione showed prominent cy-
totoxic activity against both HCT 116 and CCD-18co cells
with IC50 of 10.19 μM and 17.54 μM, respectively.

Although this acetone extract from C. odontophyllum
stem bark demonstrated an antiproliferative effect with the
dose-dependent manner in these two colorectal cancer cells,
these results showed that acetone extract was more effective
and sensitive toward HCT 116 rather than HT 29 because of
low IC50 was exhibited by HCT 116. In other words, HT 29
response was seen more resistant to this C. odontophyllum
extract treatment compared to HCT 116. Moreover, this
may also be due to the faster doubling time exhibited by
HCT 116 which is 20 hours compared to doubling time by
HT 29 which is 22 hours that showed on the growth curve
graph (Figure 9 and Figure 10).

Acetone extract of C. odontophyllum stem bark demonstrated
cytotoxic ability in inhibiting the proliferation of HCT 116 and
HT 29 cells at all three treatment time points (24 hours, 48 hours
and 72 hours) and showed a prominent decrease in viability of
HCT 116 at 48 hours. The result had been supported by Ref. [16]
demonstrated a drastic reduction of HCT 116 cell viability after
48 hours of treatment with 8-prenylnaringenin. It also reported
that the lowest IC50 of 8-prenylnaringenin against HCT 116 was
shown at 72 hours but there is no significant difference in IC50

compared to 48 hours.16 While in this study, higher IC50 of
acetone extract against HCT 116 cells were obtained at 72 hours
treatment compared to the 48 hours but there is no significant
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difference (P > .05) indicated between these two values. This
might be due to the instability of certain phytochemicals in the
extract. A study by Ref. [17] reported that exposing cancer cells
at a low dose for a prolonged time does not inhibit the prolif-
eration of cancer cells. This may explain the finding in this study
that the prolonged exposure of HCT 116 cells toward the extract
no longer inhibits the growth of HCT 116 cells. This acetone
extract from C. odontophyllum stem bark demonstrated an an-
tiproliferative effect in a dose-dependent manner against these
two colorectal cancer cells. A study from Ref. [18] also reported
that viability cells of both colorectal cancer cells (HCT 116 and
HT 29) reduce dose-dependently after treatment with hexane and
ethyl acetate extracts for 72 hours. Treatment with certain ex-
tracts in a dose-dependent manner that inhibited the growth of
target colorectal cancer cells indicate that increasing the exposure
of concentration will increases the colorectal cancer cell numbers
be killed.18

The IC50 value obtained in this study was slightly lower
(61.24 μg/ml ± .1 μg/ml) when compared to the previous study
by Ref. [19] (82 ± 9.3 μg/ml) under similar conditions.
However, it contradicts another previous study when IC50

value obtained in this study was higher than the study by
Ref. [20] (24 ± 3.059 μg/ml) at 48 hours of treatment. The
differences in IC50 values can be due to storage conditions
and periods that could affect the phytochemical content of
the plant extract. A study conducted by Ref. [21] found
that the flavonoid compounds and phenolic acids in Salvia
tomentosa had decreased after 6 months of storage. In this
study, acetone extract of C. odontophyllum stem bark has
been stored in Universiti Kebangsaan Malaysia for more
than 6 months. Therefore, there could be a slight difference
in flavonoid, phenolic acids, and other compounds of C.
odontophyllum stem bark sample, resulting in differences
in IC50 values. Phytochemical screening conducted by Ref
[10] to study the presence of the phytochemicals re-
sponsible for the cytotoxic activity of these crude extracts
against HCT 116 found that flavonoid, tannin, saponin,
terpenoid, and phenolic compounds were present in the
acetone extracts of C. odontophyllum stem bark. However,
the identification of active compounds in this acetone
extract of C. odontophyllum stem bark is needed to be
further study.

Figure 1. Percentage viability of HCT 116 cell line after 72 hours of treatment with acetone extract of C. odontophyllum stem bark. Each
data was expressed in mean ± SEM and obtained from three separate experiments. (*P <.05 against negative control).

Table 1. IC50 Value of HCT 116 Cell Line After 72 hours of TreatmentWith Acetone Extract of C. odontophyllum Stem Bark, Menadione And
Irinotecan.

Duration of treatment IC50 Value of extract IC50 Value of menadione IC50 Value of irinotecan

24 hours 184.93 μg/ml 10.19 µM 26.00 µM
48 hours 61.24 μg/ml 9.40 µM 15.00 µM
72 hours 79.98 μg/ml 9.95 µM 14.19 µM
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This study also reported that HCT 116 cells as the most
sensitive cell compared to HT 29. In other words, HT 29
response was seen more resistant to this C. odontophyllum
extract treatment. This also had been supported by a previous
study which demonstrated that HCT 116 were more sensitive
to 8-prenylnaringenin by Ref. [16] Annona muricata hexane

and ethyl acetate extracts by Ref. [18] and fish singgang
extracts by Ref. [22] compared to HT 29. Moreover, this may
also be due to the higher and faster growth rate exhibited by
HCT 116 compared to HT 29 from the growth curve. A study
from Ref. [23] showed that a higher and faster growth rate of
HCT 116 cells can lead to short-term effects and high

Figure 2. Percentage viability of HCT 116 cell line after 72 hours of treatment with menadione. Each data was expressed in mean ± SEM and
obtained from three separate experiments. (*P < .05 against negative control).

Figure 3. Percentage viability of HCT 116 cell line after 72 hours of treatment with irinotecan. Each data was expressed in mean ± SEM and
obtained from three separate experiments. (*P < .05 against negative control).
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Figure 4. Percentage viability of HT 29 cell line after 72 hours of treatment with acetone extract of C. odontophyllum stem bark. Each data
was expressed in mean ± SEM and obtained from three separate experiments. (*P < .05 against negative control).

Table 2. IC50 Value of HT 29 Cell Line After 72 hours of Treatment With Acetone Extract of C. odontophyllum Stem Bark, Menadione and
Irinotecan.

Duration of Treatment IC50 Value of Extract IC50 Value of menadione, μM IC50 Value of Irinotecan

24 hours >200 μg/ml 21.33 >50 µM
48 hours >200 μg/ml 26.30 41.69 µM
72 hours >200 μg/ml 17.42 9.46 µM

Figure 5. Percentage viability of HT 29 cell line after 72 hours of treatment with menadione. Each data was expressed in mean ± SEM and
obtained from three separate experiments. (* P < .05 against negative control).
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sensitivity against treatment compared to other cell lines
which are HT-29 and CCD-18Co. However, some studies
reported that HCT 116 cells were more resistant than HT 29
cells after treatment with protopanaxadiol ginsenosides.24

Besides that, menadione exhibited more sensitivity against

both colorectal cells after 72 hours of treatment compared to
irinotecan and will be used as a positive control in this study.

Before any further study can be done, it is very important to
evaluate SI value for any research on extract or active com-
pound. Any extract or active compound should not affect the

Figure 6. Percentage viability of HT 29 cell line after 72 hours of treatment with irinotecan. Each data was expressed in mean ± SEM and
obtained from three separate experiments.

Figure 7. Percentage viability of CCD18-Co after 72 hours of treatment with acetone extract of C. odontophyllum stem bark. Each data was
expressed in mean ± SEM and obtained from three separate experiments. (*P < .05 against negative control).
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normal cells although it can inhibit the growth of cancer
cells. So, cytotoxicity against normal cell lines and cancer
cell lines must be determined in order to calculate the SI
value.25 In this study, acetone extract did not elicit any
cytotoxic effect against normal human colorectal cells al-
though this extract could inhibit the growth of colorectal
cancer cells. The evaluation of the selectivity index (SI)
value of this extract is more than 3. This indicates that this

extract produced a non-toxic effect on normal colorectal cells
and was highly selective on colorectal cancer cells. Similar to
menadione, positive control in this study was selective
against colorectal cancer cells. SI value can be defined as a
simple ratio of IC50 calculated between normal and cancer
cells26-29 which indicated values more than 1 is selective
against cancer cells. Only cancer cells were found to be
suppressed by the extract, but not normal cells. This can

Figure 8. Percentage viability of CCD18-Co and HCT 116 after 24 hours of treatment with menadione. Each data was expressed in
mean ± SEM and obtained from three separate experiments. (*P < .05 against negative control).

Figure 9. Growth curve graph of HCT 116 after 72 hours. Each data was expressed in mean ± SEM and obtained from three separate
experiments.
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excite new interest in additional research into possible
cancer-cell-targeting compounds.

Conclusion

This acetone extract from C. odontophyllum stem bark dem-
onstrated an antiproliferative effect with the dose-dependent
manner in the two colorectal cancer cell lines. However, HCT
116 was more sensitive towards the treatment compared to HT
29. Proliferation of normal colorectal cell CCD18-Co was ob-
served after treatment with the acetone extract despite anti-
proliferative activities in colorectal cancer cell lines. Evaluation
of the selectivity index (SI) value of this extract is 3 (>1) in-
dicating high selectivity towards colorectal cancer cells. Its
antiproliferative ability toward HCT 116 and HT 29 cells pro-
vides insight that this extract may serve as an anticancer agent
against colorectal cancer.

Materials and Methods

Plant Materials

The material used in this study was dried acetone extract
from C. odontophyllum stem bark that was prepared in ad-
vance by solvent extraction method. C. odontophyllum stem
bark was taken from Kuching, Sarawak and the voucher
number for C. odontophyllum stem bark was UKMB 40052.
A stock solution of 100 mg/mL was prepared by dissolving
100 mg of dried stem bark acetone extract in 100% DMSO.
The stock solution was mixed using a vortex for 5 minutes
before being centrifuged for 5 minutes at 2500 rpm. The
centrifuged stock solution was then filtered using .22 μM

nitrocellulose membrane filter. The stock solution was stored
at �20°C until further used. Menadione and irinotecan were
used in this study to determine which one is the best as a
positive control.

Preparation of Cell Culture

HCT 116 and HT 29 human colorectal carcinoma cell line
originated from American Type Culture Collection (ATCC®

CCL-247 TM & ATCC® HTB-38 TM) was used in this study.
The cell line was maintained in complete growth medium
McCoy’s 5A media (Sigma Aldrich, USA) enriched using
10% of fetal bovine serum (FBS) and 1% of penicillin-
streptomycin. Cells were cultured at 37°C under 5% CO2.
These HCT 116 and HT 29 cells are adherent cells. The cells
were cultured to reach 70-80% confluence approximately 2–
3 days before the next subculture.

Evaluation of Cytotoxic Activity

The cytotoxic activity of the extract was determined using
(3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide), MTT assay. This method was to determine the
effect of cytotoxic activity of acetone extract from C.
odontophyllum stem bark. The C. odontophyllum extract
was used to treat HCT 116 and HT 29 cells ranging from
12.5 μg/ml to 200 μg/ml and the seeded cells were incubated
for 24 hours prior to treatment. Menadione and irinotecan at
a concentration ranging from .781 μM to 12.50 μM were
used to determine which one is the best as a positive control,
while untreated cells were used as a negative control. All
media in each well were discarded and C. odontophyllum

Figure 10. Growth curve graph of HT 29 after 72 hours. Each data was expressed in mean ± SEM and obtained from three separate
experiments.
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use as treatment and menadione was introduced into each
well accordingly. Then, the 96-well plate was incubated for
24, 48, and 72 hours at 37°C, 5% CO2. Thereafter, a total of
20 μL of MTT was added to each treated well. This pro-
cedure is performed in the dark. The plates were incubated
for 4 hours. Then, all media were removed and DMSO was
added to each well to dissolve the dark blue formazan
crystals at room temperature. The plates were re-incubated
in the incubator for 15 minutes. Afterward, the plates were
shaken with an automatic microplate shaker for 5 min. The
absorption will be read using an ELISA microplate reader at
570 nm. The response dose curve graph was plotted to
obtain the IC50 value. The cell viability was calculated as
follows

Percentage of cell viability ð%Þ:
Mean Absorbance of Treated Well

Mean Absorbance of Negative Control Well
×100

Statistical analysis

All the data obtained were expressed as mean ± SEM of three
replicates. Graphs were plotted in a semi-log graph using
GraphPad Prism 9.0. Data were analyzed through two
way-ANOVA to compare for significance using GraphPad
Prism 9.0. The values of P < .05 were considered statistically
significant.

Acknowledgments

The colorectal cancer cell lines used in this study were kindly
provided by Prof. Dr Saiful Anuar Karsani from the Institute of
Biological Sciences, Faculty of Science, Universiti Malaya.

Author Contributions

Assoc. Prof Dr Dayang Fredalina Basri designed and lead the project.
Siti Fairuz Ishak performed the experiment and prepared the article.
Prof. Dr Fadilah Rajab supervised the experiment.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This
project was funded by research code grant Research University Grant
GUP-2016-036.

ORCID iDs

Siti Fairuz Ishak  https://orcid.org/0000-0002-3132-2059
Dayang Fredalina Basri  https://orcid.org/0000-0001-6667-9253

References

1. Hassan A, Radzi M, Mohd Suan MA, et al. Incidence and
mortality rates of colorectal cancer in Malaysia. Epidemiology
and Health. 2016;38:e2016007.

2. Underwood JCE, Cross SS. General and Systemic Pathology.
5th ed. Churchill Livingstone: Elsevier; 2009:395.

3. National Cancer Institute. Colorectal Cancer. 2018. Available at:.
https://www.cancer.gov/types/colorectal/hp Accessed Mac 15,
2018.

4. Lim GCC. Overview of Cancer in Malaysia. Jpn J Clin Oncol.
2002;32(1):S37-S42.

5. Wang H, Khor TO, Shu L, et al. Plants against cancer: A review
on natural phytochemicals in preventing and treating cancer and
their druggability. Anti Cancer Agents Med Chem. 2012;12(10):
1281-1305.

6. Pezzuto JM. Plant-Derived Anticancer Agents. Biochem
Pharmacol. 1997;53(2):121-133.

7. Mundi M, Rawi MH, Saupi N, Sarbini SR. Mini-review:
phytology of Dabai (Canarium odontophyllum) as a potential
functional food. Food Res. 2022;6:pp1-pp8.

8. Azlan A, Nasir NNM, Amom Z, Ismail A. Physical properties of
skin, flesh, and kernel ofCanarium odontophyllum Fruit. J Food
Agric Environ. 2009;7:55-57.

9. Basri DF, Ishak SF, Zin NM. Shell extract of seed from
Canarium odontophyllum Miq. (dabai) fruit as potential source
of antibacterial agent. Int J Pharmaceut Sci Rev Res. 2014;28(2):
257-262.

10. Basri DF, Mohd MAAR, Meng CK, Latif ES, Huyop FZ.
Cytotoxic activity of stem bark extracts from Canarium
odontophyllum Miq (Dabai) against human colorectal carci-
noma HCT 116 cell line. Am J Plant Sci. 2014a;5(26):
3925-3933.

11. Mogana R, Wiart C. Canarium L.: A Phytochemical and
Pharmacological Review. J Pharm Res. 2011;4(8):2482-2489.

12. Mundi M, Rawi MH, Saupi N, Sarbini SR. Mini-review:
phytology of Dabai(Canarium odontophyllum) as a potential
functional food. Food Res 2022;pp1-pp8.

13. Basri DF, Saidi N, Mahari H, Saari S, Santhanam J. Preliminary
screening for antimicrobial activity of the pulp of Canarium
odontophyllum Miq. (Dabai) fruit. Global J Pharmacol. 2014b;
8(2):213-220.

14. Basri DF, Alamin ZAZ, Meng CK. Assessment of cytotoxicity
and genotoxicity of stem bark extracts from Canarium odonto-
phyllum Miq. (dabai) against HCT 116 human colorectal cancer
cell line. BMC Compl Alternative Med. 2016;16(1):36-48.

15. Basri DF, Shabry ASM, Meng CK. Leaves extract from
Canarium odontophyllum Miq. (Dabai) exhibits cytotoxic ac-
tivity against human colorectal cancer cell HCT 116. Nat Prod
Chem Res. 2015;3(2):1-4.

16. Koosha S, Mohamed Z, Sinniah A, Ibrahim ZA, Seyedan A,
Alshawsh MA. Antiproliferative and apoptotic activities of
8-prenylnaringenin against human colorectal cancer cells. Life
Sci. 2019;232:116633.

Ishak et al. 9

https://orcid.org/0000-0002-3132-2059
https://orcid.org/0000-0002-3132-2059
https://orcid.org/0000-0001-6667-9253
https://orcid.org/0000-0001-6667-9253
https://www.cancer.gov/types/colorectal/hp


17. Zheng XH, Nie X, Liu HY, Fang Y, Zhao Y, Xia L. TMPyP4
promotes cancer cell migration at low doses, but induces cell
death at high doses. Sci Rep. 2016;6:26592.

18. Moghadamtousi SZ, Karimian H, Rouhollahi E, Paydar M,
Fadaeinasab M, Abdul Kadir H. Annona muricata leaves induce
G1 cell cycle arrest and apoptosis through mitochondria-
mediated pathway in human HCT 116 and HT 29 colorectal
cancer cells. J Ethnopharmacol. 2014;156:277-289.

19. Basri DF, Subramaniam S, Surhaida Latif E. Effect of Canarium
Odontophyllum stem bark extracts against human colorectal cancer
cell line HCT 116. Int J Med Res Pharma Sci. 2018;5:10-18.

20. Basri DF, Hasan W, Alamin ZAZ, Chan KM. Mechanism of
cytotoxic activity of Canarium odontophyllum Miq. (dabai)
against human colorectal cancer cell line HCT 116. J. Chem.
Pharm. Sci. 2017;10(1):109-115.

21. Dincer C, Tontul I, Cam IB, et al. Phenolic composition and
antioxidant activity of Salvia tomentosa Miller: effects of cul-
tivation, harvesting year, and storage. Turk J Agric For. 2013;
37(5):561-567.

22. Jamain AN, Anwar NA, Ridzwan N, et al. Fish singgang ex-
tracts as a potential antiproliferative against colorectal cancer
cell lines (HT-29, HCT-116, CT-26). J Pharm Res. 2021;
33(29B):126-136.

23. El Khoury F, Corcos L, Durand S, Simon B, Le Jossic-Corcos C.
Acquisition of anticancer drug resistance is partially associated

with cancer stemness in human colorectal cancer cells. Int J
Oncol. 2016;49(6):2558-2568.

24. Zheng Y, Nan H, Hao M, Song C, Zhou Y, Gao Y. Anti-
proliferative effects of protopanaxadiol ginsenosides on hu-
man colorectal cancer cells. Biomedical Reports. 2013;1(4):
555-558.

25. Indrayanto G, Putra GS, Suhud F. Chapter six – validation of in-
vitro bioassay methods: Application in herbal drug research.
Profiles Drug Subst Excipients Relat Methodol. 2021;46:
273-307.

26. Badisa RB, Darling-Reed SF, Joseph P, Cooperwood JS,
Latinwo LM, Goodman CB. Selective cytotoxic activities of two
novel synthetic drugs on human breast carcinoma MCF-7 cells.
Anticancer Res. 2009;29:2993-2996.

27. De Oliveira PF, Alves JM, Damasceno JL, et al. Cytotoxicity
screening of essential oils in cancer cell lines. Rev Bras
Farmacogn. 2015;25:183-188.

28. Kaminsky R, Schmid C, Brun R. An “in vitro selectivity index”
for evaluation of cytotoxicity of antitrypanosomal compounds.
In Vitro Toxicol. 1996;9:315-324.

29. Peña-Morán OA, Villarreal ML, Álvarez-Berber L, Meneses-
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