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ABSTRACT

Colorectal cancer is among the most common cancers in Malaysia. Canarium odontophyllum is a native
plant species found in Sarawak. A previous study have shown that C. odontophyllum acetone extract caused cell
death via primary apoptosis on human colorectal cancer cell line HCT 116. The objective of the present study was
to evaluate the mechanism of C. odontophyllum stem bark acetone extract against human colorectal cancer cell HCT
116. A MTT assay was used to determine the ICso value of C. odontophyllum stem bark acetone extract from
concentration 12.5 pg/ml to 200 pg/ml at 48 hrs of treatment against HCT 116. Tetra methyl rhodamine ethyl ester
(TMRE) labelling was used to determine the mitochondrial membrane potential (MMP) of HCT 116 cell line after
exposure with ICsp of the extract at 30 min, 1 hr and 2 hrs. At 48 hrs of treatment, C. odontophyllum stem bark
acetone extract showed cytotoxic effect towards HCT 116 with 1Cso of 24 pug/ml + 3.059. From the MMP result, an
increase of population of MMP loss were observed from 1 hr to 2 hrs of treatment with the value of 19 + 5.3 % and
43 + 2 % respectively. Furthermore, there was a slight increase level of superoxide anion in extract-treated HCT 116
cell at 30 min, 1 hr and 2 hrs compared to the negative control with values at 3.17 + 1.4 %, 3.67 £ 2.0 % and 4.5 =
1.0 % respectively. In conclusion, involvement of superoxide ion and loss of MMP confirmed the function of
mitochondria by C. odontophyllum stem bark acetone extract in inducing apoptotic mechanism in HCT 116 cell
lines. These data provide information on the mechanism of C. odontophyllum-induced apoptosis and may have the
potential in the development of drug for colon cancer.
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1. INTRODUCTION

Colon cancer is defined as an uncontrolled cell growth in the digestive system especially in the large intestine
(Underwood & Cross 2009). It is one the most common cancers occurring worldwide especially in Western Countries
(Perse, 2013). In Asia, there are 283,596 incidence rate of colorectal cancer with the mortality rate of 144,980 cases
(Sankaranarayanan, 2014). The increase in incidence rate of colon cancer in Europe goes along with urbanization
and industrialization (Labianca, 2010). Meanwhile in Malaysia, colorectal cancer ranked second common cancer
affecting Malaysian (National Cancer Society Malaysia, 2015). Furthermore, colon cancer is common among
Chinese rather than Malay and Indian (Lim, 2003).

The treatment for colorectal cancer includes chemotherapy, surgery, radiotherapy, hormone therapy, immune
therapy and also sympathetic therapy (Lim, 2002). Plant derived anticancer drugs contribute an important role in
cancer chemotherapy (Wang, 2012). There are variety of anticancer agents isolated from plants such as vinblastine,
vincristine, and irinotecan (Newman & Cragg, 2005). Canarium odontophyllum is an indigenous plant that is also
known as “Dabai” or Borneo olive and is available in Sarawak, Malaysia especially in Kanowit, Sarikei, and Kapit
(Kueh, 2003). It belongs to the Burseraceae family and genus, Canarium L. The fruit of C. odontophyllum is oval in
shaped, has a thin skin and is blue-black in colour when riped (Ding, 2003). Almost all parts of C. odontophyllum
were utilised for studies due to its benefits in human health including the pulp, skin of fruit, shell, leaf and stem. The
fruit from this plant has antioxidant constituent such as phenolic (Shakirin, 2010). Besides that, the skin, pulp and
shell from its fruit contain carotenoid with high antioxidant capacity (Prasad, 2011). The extract from C.
odontophyllum shell has antimicrobial activity against Acinetobacter baumannii although it only inhibits the growth
P. mirabilis (Basri, 2014). The leaf and bark from C. odontophyllum stem have cytotoxic activity against HCT 116
colorectal carcinoma cell line (Basri, 2015).

Apoptosis is indicated by distinct changes in morphology and biochemistry such as cellular shrinkage,
membrane blebbing, nuclear and cytoplasmic condensation, fragmentation of DNA, activation of caspase and
phosphatidylserine exposure (Nowsheen & Yang, 2012). Generally, the two pathways of apoptosis which are
intrinsic and extrinsic represent receptor and mitochondrial mediated apoptosis mechanisms respectively (Wu, 2001;
Henry-Mowatt, 2004). Mitochondria also have important role in generating ATP as source of energy (Green & Reed,
1998). The disruption of electron transport chain and loss of mitochondrial membrane potential cause the apoptotic
factor to be released from mitochondria (EImore, 2007).

Furthermore, the incidence and mortality of colon cancer was higher compared to other cancers. Therefore,
the significant of the current study is to produce an alternative source of anticancer agent from natural product such
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as Canarium odontophyllum plant to treat colorectal cancer. This is because synthetic anticancer agents cause side

effects to patients when compared with an anticancer agent derived from plants. In addition, this work was

undertaken to prevent problems such as resistance to chemotherapeutic agents. Furthermore, no study till date was

performed to investigate the effect of C. odontophyllum extract on the MMP and superoxide ion in HCT 116 cell
lines.

2. MATERIALS AND METHODS

Plant Material: The bark from Canarium odontophyllum Mig. stem was flown from Sarawak, Malaysia. All parts
of the plants were confirmed its authenticity by Sani Miran and left for deposition in Universiti Kebangsaan Malaysia
(UKM) Herbarium, Bangi, Selangor, Malaysia with a voucher specimen number of UKMB 40052. All reagents and
chemicals were purchased from Sigma (USA).

Preparation of Acetone Extract: The bark of Canarium odontophyllum stem was extracted in acetone solvent. In
the preparation of the stock extract solution at 100 mg/ml, 100 mg of acetone extract were dissolved with 1 ml of
dimethyl sulfoxide (100 % DMSO). Then the solution was mixed well with an auto vortex until it was completely
dissolved. The extract was sterilized by passing through a 0.22 um membrane filter and was stored in eppendorf tube
at -20°C refrigerator until further use.

Preparation of Cell Culture: HCT 116 cell lines were from American Type Culture Collection (ATCC) (Rockville,
MD USA with ATCC Number: CCL-247™) and cultured in McCoy 5A media (1x) (Sigma Aldrich, USA). Culturing
of HCT 116 cells was done in the sterile laminar flow to avoid any source of contamination. The media was enriched
with 10 % fetal bovine serum. Cells were cultured at 37°C in 5% CO; humidified condition at Biocompatibility and
Toxicology Laboratory, Faculty of Health Sciences, Universiti Kebangsaan Malaysia. Cultured cells were observed
daily to see the morphology and cell confluency of 70 % - 80 %. Subculture was done every 2-3 days.

Cell Plating of the Cell and In Vitro Treatment: The cell lines were plated at seeding concentration of 5 x 10*
cells/mL and were allowed to stand overnight for cell attachment prior to treatment with C. odontophyllum acetone
extract in a concentration-dependent or time-dependent manner as indicated in each subsection.

Evaluation of Cytotoxic Activity: MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide] assay
(Mosmann, 1983) was performed to determine the cytotoxicity of C. odontophyllum acetone extract at a
concentration range of 12.5 ug/ml to 200 pg/ml at 48 hrs of treatment against HCT 116. Plating was performed in a
96-well plate before incubation of the seeded cells for 24 hrs and treatment with acetone extract. Menadione served
as a positive control, while untreated served as negative control. A volume of 20 uLL of MTT solution at 5 mg/ml was
added to each of the well and incubated for 4 hrs. DMSO solution was pipetted into each well to mix with the
formazan crystals at room temperature of 27°C, then further incubated and shaken on an automatic mixer for 15 min
and 5 min, respectively. The absorbance was read by using an ELISA plate reader (Bio-Rad, USA) at a wavelength
of 570 nm. The cell viability was calculated as follows:

Mean of treated sample
Mean of negative control

Cell viability (%) = X 100 %

The half maximal inhibition dose (ICso) of the extract was selected for further test.
Mitochondrial Membrane Potential Assay: The method was modification of Chan (2010). The cells were plated
in 6 well-plates. Each well contained 3 mL of cells and media. As for positive control and purpose of verification of
the results, menadione at concentration 50 uM was used and exposed to the cells for 2 hrs while the untreated cells
served as negative control. The cells were treated with ICso of C. odontophyllum for 2 hrs, 1 hr and 30 min. After
treatment, all extract-treated cells were harvested and suspended with one mL serum-free media and 1 uL of 50 uM
TMRE (Molecular Probes, Invitrogen) was added to the suspended cells. The cells were incubated in the dark for
staining purposes (15 min, 37°C), followed by centrifugation (2,500 rpm, 5 min, 4-C). The stained cells were chilled
with 1 mL cooled PBS once prior to centrifuge. The supernatant was discarded and 500uL of chilled PBS was added
to the pellet. Finally the samples were transferred into a falcon tube and then analyzed with FACS Canto Il flow
cytometer (BD Bioscience, USA).
Superoxide Anion Assay: The method was employed following Chan (2012) with some modification. The cell was
plated in 6 well-plates. Each well contained 3 mL of cells and media. As for positive control, menadione at
concentration 50 uM was used and exposed to the cells for 2 hrs while the untreated cell served as negative control.
The extract-treated cells at its 1Cso at different time intervals of 30 min, 1 hr and 2 hrs were harvested and resuspended
with 1 mL serum-free media and 1 uL of 10 mM dihydroethidine (HE) (Gibco, Invitrogen) was mixed into the
suspended cells. The cells were left for incubation in the dark for staining purposes (15 min, 37°C), followed by
centrifugation (2,500 rpm 5 min, 4°C). The stained cells were washed with 1 mL chilled PBS once prior to centrifuge.
The supernatant was removed and 500uL of chilled PBS was added to the pellet. Finally the samples were transferred
into falcon tube and then analyzed with FACS Canto Il flow cytometer (BD Bioscience, USA).
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Statistical Analysis: All data were presented as mean + standard error mean (SEM). Statistical analysis was
performed using Statistical Package for Social Science (SPSS) version 22 by employing one-way ANOVA.

3. RESULTS

Assessment of Cytotoxic Activity: The result for cytotoxic effect of C. odontophyllum stem bark acetone extract
against HCT 116 cell lines was displayed in Figure 1. There was a significant decrease of viable HCT 116 cell lines
in comparison to the negative control after 48 hrs of treatment at ICso 0of 24.00 + 3.059 pg/ml. At 100 pg/mL
concentration of acetone extract, the cell viability of HCT 116 cell lines showed the minimum cell viability with 20
+ 1.00 %. Meanwhile at 200 ug/mL concentration, there is a slight increase of population of HCT 116 cell lines at 5
%. Based on Figure.2, menadione showed a prominent cytotoxic effect towards HCT 116 at ICso of 4.0 = 1.0 uM.
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Figure. 1. Cell viability of HCT 116 cells after exposure to acetone extract from stem bark of
C. odontophyllum at concentration ranging from 0 — 200 pg/ml for 48 hrs of treatment.
The data was expressed in mean * standard error mean for 3 experiments p < 0.05. Data were compared
between the untreated negative control and the treatment groups by using one-way ANOVA.
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Figure. 2. Cell viability of HCT 116 cells after exposure to menadione for 48 hrs.

The data was expressed in the mean + standard error mean for 3 experiments, p < 0.05. Data were compared
between the untreated negative control and the treatment groups by using one-way ANOVA.
Assessment of Mitochondria Membrane Potential: Figure.3, showed the result of percentage loss of mitochondrial
membrane potential against the duration of treatment. Generally there was an increase of HCT 116 cells population
with loss of mitochondrial membrane potential from 1 hr to 2 hrs of treatment time at 19 £ 5.3 % and 43 + 2.0 %
respectively. Based on one-way ANOVA result, there was no significant loss of mitochondrial membrane potential
within 30 min and 1 hr of treatment. However, at 2 hrs of treatment, a significant loss of MMP was observed when
compared to negative control.
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Figure.3. The loss of mitochondria membrane potential in HCT 116 cells after treatment with 1C50 for
% hr, 1 hr and 2 hrs.
The data was expressed in the mean + standard error mean for 3 experiments p < 0.05. Data were compared
between the untreated negative control and the treatment groups by using one-way ANOVA.
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Assessment of superoxide anion level: Figure.4, showed the result of percentage of ethidium positive cells against

duration of treatment. The ethidium positive cell indicated the superoxide anion level in HCT 116 cells after treatment

with C. odontophyllum stem bark acetone extract. In general, there was no significant increase of superoxide anion
in HCT 116 in all duration of treatment.
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Figure.4. The level of superoxide anion in HCT 116 after treatment with 1C50 for %2 hr, 1 hr and 2 hrs.

The data was expressed in the mean + standard error mean for 3 experiments, p < 0.05. Data were compared
between the untreated negative control and the treatment groups by using one-way ANOVA.

DISCUSSION

Cancer gives a negative impact to the society (Bandopadhyaya, 2015). The search for an alternative treatment
for colorectal cancer gives challenges to the scientists with the presence of side effects caused by conventional
chemotherapy (Koppikar, 2010). Anticancer agent derived from plant source is more effective for cancer treatment
(Ahmad, 2013). In this study, the mechanism of cytotoxic effect of Canarium odontophyllum stem bark acetone
extract against HCT 116 cell lines was evaluated.

From MTT assay result, C. odontophyllum acetone extract demosntrated high cytotoxic effect towards HCT
116 cell lines after 48 hrs treatment. The ICso produced from this study showed a very small difference with the
previous study (Basri, 2016) by 1 pg/ml difference in concentration. According to Konarikova (2015), the arrest of
cancer cell growth is dependent on the concentration of the treatment used. The higher the concentration used, the
lower the cancer cell viability. Furthermore, the lower ICso and high cytotoxic effect also depend on the longer time
exposure to the treatment (Ren, 2003). The phytochemical constituents can give cytotoxic effect to cancer cells
(Kashani, 2012). C. odontophyllum stem bark acetone extract contains flavonoid, terpenoid, tannin, saponin and also
phenolic compounds that function as anticancer agents. The potent cytotoxic effect of C. odontophyllum acetone
extract may be due to flavonoid content in the extract. The flavonoid compound can interfere with function of
cytoplasm membrane, form a complex with cell wall and also inhibit the nucleic acid synthesis as the mechanism of
action of anti-proliferation agent (Chushnie & Lamb, 2005). For example, the flavonoid compound from citrus
inhibits the growth of HL-60 (Manthey, 2001).

Mitochondrion is undoubtedly an important organelle involved in the intrinsic pathway of the apoptotic event
(Suen, 2008). Mitochondria have been proposed as a novel molecular target for chemotherapeutic agents to cause
cell death by apoptosis (Fulda & Kroemer, 2011). Mitochondria regulate the secretion of apoptotic bodies from
intermembrane space to the cytosol by opening the transition pores in the membrane (Gublins, 2003). In the current
study, there is a significant loss of mitochondria membrane potential in the HCT 116 cell lines at 2 hrs of treatment
suggesting the involvement of mitochondria in C. odontophyllum stem bark acetone extract-induced apoptosis. The
current result supports the previous study (Basri, 2016) that mitochondria was involved in causing apoptosis HCT
116 treated with C. odontophyllum stem bark. The loss of MMP was associated with the change of inner membrane
permeability.

Death of cell through apoptosis can occur due to various factors including DNA damage, chemotherapy
agent, ROS and UV radiation (Harris & Thompson, 2000). Canarium odontophyllum causes DNA damage to HCT
116 (Basri, 2016). DNA damage causes activation of pro-apoptotic, BH3 that inhibits the anti-apoptotic protein Bcl-
2 in mitochondria (Wang & Youle, 2009). The activation of BH3-protein triggers the oligomerization of Bax and
Bak, which are speculated to form pores in the outer mitochondrial membrane causing the release of cytochrome ¢
and Smac that induces caspase-dependent apoptosis or releases apoptosis-inducing factor and endonucleases G which
eventually triggers caspase-independent apoptosis (Ly, 2003; Wang & Youle, 2009; Wen, 2013). Then, binding of
cytochrome ¢ to the adaptor protein Apaf-1 initiates the formation of the apoptosome which activates initiator
caspase-9 (Newsheen & Yang, 2012) and triggers the activation of caspase executioner (3, 6, 7) that eventually
cleavages variety of substrates and causes morphology and biochemical changes that gave rise to apoptotic cell
(Mukhtar, 2012). This event can happen to HCT 116 cell lines treated with C. odontophyllum as a result of the
phytochemical constituent present in this plant. The polyphenol compound such flavonoid can induce apoptotic
intrinsic pathway by modulating Bcl-2 protein and also regulating the opening of mitochondria membrane transition
pore (Sandoval-Acuna, 2014). For example, epigallocatechin-3-gallate (EGCG) causes apoptosis on gastric cancer
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cell, MKN 45 and also hepatocellular carcinoma cancer cell BEL-7402 and SMMC 7721 by oligomerization of pro-
apoptotic Bax protein, depolarization of mitochondrial membrane and down regulation of IAP (Qanuoga, 2005).
Mitochondria also play crucial role in production of intracellular ROS. The production of ROS by
mitochondria occurs during the electron transport chain. The reduction of electron transport chain from oxygen
molecule causes production of free radicals such as superoxide anion and hydrogen peroxide which eventually
change to other ROS molecules (Circu & Aw, 2010). However, the exogenous oxidant such as chemotherapy agent,
cigarette, endotoxin, and exposure to environmental also cause ROS production. Generally, ROS causes cell death
(Cadenas & Davies, 2000). Natural plants cause generation of ROS on cancer cells for example, Zingiber officinate
Roscoe causes ROS production by cancerous pancreatic cell (Akimoto, 2015). In this study, C. odontophyllum stem
bark acetone extract causes low production of superoxide ion on HCT 116 cells as the superoxide anion did not
increase in Canarium odontophyllum-induced apoptosis. However, it is possible that the superoxide anion was
converted to hydrogen peroxide by endogenous superoxide dismutase (SOD) rapidly (Chan, 2010). SOD enzyme is
an endogenous antioxidant defense mechanism that acts on ROS (Nijveldt, 2001). The MnSOD enzyme is higher in
the malignant cancer such as colorectal cancer, central nervous system lymphoma and mesothelioma (Kuninaka,
2000). However, the mechanism of oxidative stress induce apoptosis by Canarium odontophyllum towards HCT 116
cells needs further investigation.

4. CONCLUSION

In conclusion, C. odontophyllum stem bark acetone extract showed a potent cytotoxic effect towards HCT
116 cell lines. This plant also causes loss of mitochondrial membrane potential and low production of superoxide
ion in human colorectal cancer cell line HCT 116. This plant needs further research to ensure its potential as a new
anticancer agent.

5. ACKNOWLEDGEMENT
This research was funded by Universiti Kebangsaan Malaysia under the research code grant Research
University Grant GUP-2014-059.

REFERENCES
Ahmed M, Khan MI, Khan MR, Muhammad N, Khan AU, Khan AR, Role of medicinal plants in oxidative stress
and cancer, Open Access Scientific Reports, 2 (2), 2013, 641-643.

Akimoto M, Lizuka M. Kanematsu R, Yoshida M, Takenaga K, Anticancer effect ginger extract against pancreatic
cancer cells mainly through reactive oxygen species-mediated autotic cell death, Plos ONE, 10 (5), 2015, 1-22.

Bandopadhyaya S, Ramakrishnan M, Thylur RP, Shivanna Y, In-vitro evaluation of plant extracts against colorectal
cancer using HCT 116 cell line, International Journal of Plant Research, 1 (3), 2015, 107-112.

Basri DF, Alamin ZAZ, Chan KM, Assessment of cytotoxicity and genotoxicity of stem bark extracts from Canarium
odontophyllum Mig.(dabai) against HCT 116 human colorectal cancer cell line, BMC Complementary and
Alternative Medicine, 16 (1), 2016, 36-48.

Basri DF, Mohd MAAR, Meng CK, Latif ES, Huyop FZ, Cytotoxic Activity of Stem Bark Extracts from Canarium
odontophyllum Mig. (Dabai) against Human Colorectal Carcinoma HCT 116 Cell Line, American Journal of Plant
Sciences, 5 (26), 2014, 3925-3933.

Basri DF, Shabry ASM, Meng CK, Leaves Extract from Canarium odontophyllum Mig.(Dabai) Exhibits Cytotoxic
Activity against Human Colorectal Cancer Cell HCT 116, Natural Products Chemistry & Research, 3 (2), 2015,
1-4.

Cadenas E, Davies KJ, Mitochondrial free radical generation, oxidative stress, and aging, Free Radical Biology and
Medicine, 29 (3), 2000, 222-230.

Chan KM, Hamzah R, Rahaman AA, Jong VY M, Khong HY, Rajab NF, Inayat-Hussain SH, The pyranoxanthone
inophyllin a induces oxidative stress mediated-apoptosis in Jurkat T lymphoblastic leukemia cells, Food And
Chemical Toxicology, 50 (8), 2012, 2916-2922.

Chan KM, Rajab NF, Siegel D, Din L, Ross D, Inayat-Hussain, SH, Goniothalamin induce coronary artery smooth
muscle cell apoptosis: The p53 dependent caspase-2 activation pathway, Toxicology Science, 116 (2), 2010,
533-548.

Circu ML, Aw TY, Reactive oxygen species, cellular redox systems, and apoptosis, Free Radical Biology and
Medicine, 48 (6), 2010, 749-762.

January - March 2017 113 JCPS Volume 10 Issue 1



ISSN: 0974-2115

www.jchps.com Journal of Chemical and Pharmaceutical Sciences

Cushnie TP, Lamb AJ, Antimicrobial activity of flavonoids, International Journal of antimicrobial agents, 26 (5),
2005, 343-56.

Ding P. Physico-chemical changes in dabai (Canarium odontophyllum Miq.) fruit during modified atmosphere
storage, International Food Research Journal, 20 (6), 2013, 3033-3040.

Elmore S, Apoptosis: a review of programmed cell death, Toxicologic Pathology, 35 (4), 2005, 495-516.

Fulda S, Kroemer G, Mitochondria as therapeutic targets for the treatment of malignant disease, Antioxidants &
redox signaling, 15 (12), 2011, 2937-2949.

Gulbins E, Dreschers S, Bock J, Role of mitochondria in apoptosis, Experimental Physiology, 88 (1), 2013, 85-90.

Harris MH, Thompson C, The role of the Bcl-2 family in the regulation of outer mitochondrial membrane
permeability, Cell Death & Differentiation, 7 (12), 2000, 1182-1192.

Henry-Mowatt J, Dive C, Martinou JC, James D, Role of mitochondrial membrane permeabilization in apoptosis
and cancer, Oncogene, 23, 2004, 2850-2860.

Kashani LMT, Majdzadeh M, Khanavi M, Taghizadeh M, Sadati N, Kahkeshani N, Vatankhah M, Ostad SN,
Cytotoxic Activity of Selected Iranian Traditional Medicinal Plants on Colon, Colorectal and Breast Cancer Cell
Lines, Archives of Breast Cancer, 1 (3), 2014, 95-98.

Konarikova K, Jezovicova M, Kerestes J, Gbelova H, Durackova Z, Zitnanova |, Anticancer effect of black tea
extract in human cancer cell lines, Springer Plus, 4, 2015, 127-132.

Koppikar SJ, Choudhari AS, Suryavanshi SA, Kumari S, Chattopadhyay S, Kaul-Ghanekar R, Aqueous cinnamon
extract (ACE-c) from the bark of Cinnamomum cassia causes apoptosis in human cervical cancer cell line (SiHa)
through loss of mitochondrial membrane potential, BMC cancer, 10 (1), 2010, 1-12.

Kueh HS, Indigenous fruits of Sarawak, Forest Department of Sarawak and ITTO, Kuching, Malaysia and
Yokohama, Japan, 2003, 174.

Kuninaka S, Ichinose Y, Koja K, Toh Y, Suppression of manganese superoxide dismutase augments sensitivity to
radiation, hyperthermia and doxorubicin in colon cancer cell lines by inducing apoptosis, British Journal of Cancer,
83 (7), 2000, 928.

Labianca R, Beretta GD, Kildani B, Milesi L, Merlin F, Mosconi S, Pessi MA, Prochilo T, Quadri A, Gatta G, Colon
cancer, Critical Reviews in Oncology/Hematology, 74 (2), 2010, 106-133.

Lim G, Yahaya H, Lim T, The first report of the national cancer registry cancer incidence in Malaysia, Kuala Lumpur:
Ministry of Health, 2003, 57-58.

Lim GCC, Overview of cancer in Malaysia, Japanese Journal of Clinical Oncology, 32 (suppl 1), 2002, S37-542.

Ly JD, Grubb DR, Lawen A, The mitochondrial membrane potential (Aym) in apoptosis; an update: Apoptosis 8,
2003, 115-128.

Manthey JA, Grohmann K, Guthne N, Biological properties of citrus flavonoids pertaining to cancer and
chemotherapy, Current Medicine Chemistry, 8, 2001, 135-153.

Mukhtar E, Adhami VM, Khan N, Mukhtar H, Apoptosis and autophagy induction as mechanism of cancer
prevention by naturally occurring dietary agents, Current Drug Targets, 13 (14), 2012, 1831.

Newman DJ, Cragg GM, Natural Products as Sources of New Drugs over the 30 Years from 1981 to 2010, Journal
of Natural Products, 75 (3), 2012, 311-335.

Nijveldt RJ, Nood EV, Hoorn DECV, Boelens PG, Norren KV, Leeuwen PAMV, Flavonoids: a review of probable
mechanisms of action and potential applicationsl, 2, 3, American Society for Clinical Nutrition, 74 (4), 2001,
418-425.

Nowsheen S, Yang E, The intersection between DNA damage response and cell death pathways, Experimental
Oncology, 34 (3), 2012, 243.

Perse M, Oxidative stress in the pathogenesis of colorectal cancer: cause or consequence?, BioMed Research
International, 2013, 9.

Prasad KN, Chew LY, Khoo H, Yang B, Azrina, A, Ismail A, Carotenoids and antioxidant capacities from Canarium
odontophyllum Mig. Fruit, Food Chemistry, 124 (4), 2011, 1549-1555.

January - March 2017 114 JCPS Volume 10 Issue 1


http://ajcn.nutrition.org/search?author1=Robert+J+Nijveldt&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Els+van+Nood&sortspec=date&submit=Submit
http://ajcn.nutrition.org/search?author1=Klaske+van+Norren&sortspec=date&submit=Submit
http://ajcn.nutrition.org/content/74/4/418.full#aff-1
http://ajcn.nutrition.org/content/74/4/418.full#fn-1
http://ajcn.nutrition.org/content/74/4/418.full#fn-2

ISSN: 0974-2115

www.jchps.com Journal of Chemical and Pharmaceutical Sciences

Qanungo S, Das M, Haldar S, Basu A, Epigallocatechin-3-gallate induces mitochondrial membrane depolarization
and caspase-dependent apoptosis in pancreatic cancer cells, Carcinogenesis, 26 (5), 2005, 958-967.

Ren W, Qiao Z, Wang H, Zhu L, Zhang L, Flavonoids: promising anticancer agents, Medicinal Research Reviews,
23 (4), 2003, 519-534.

Sandoval-Acuna C, Ferreira J, Speisky HA, Review: polyphenols and mitochondria: an update on their increasingly
emerging ROS-scavenging independent actions, Archives of Biochemistry and Biophysics, 559, 2014, 75-90.

Sankaranarayanan R, Ramadas K, Qiao Y, Managing the changing burden of cancer in Asia, BMC Medicine, 12,
2014, 4-20.

Shakirin FH, Prasad KN, Ismail A, Yuon LC, Azlan A, Antioxidant capacity of underutilized Malaysian Canarium
odontophyllum (dabai) Mig. Fruit, Journal of Food Composition and Analysis, 23 (8), 2010, 777-781.

Underwood JCE, Cross J, General and Systemic Pathology, Churchill Livingstone, Elsevier, 5, 2011, 395.
Wang C, Youle RJ, The role of mitochondria in apoptosis, Annual Review of Genetics, 43, 2009, 95-118.

Wang H, Khor TO, Shu L, Su Z, Fuentes F, Lee JH, Kong ANT, Plants Against Cancer: A Review on Natural
Phytochemicals in Preventing and Treating Cancers and Their Druggability, Anti-Cancer Agents in Medicinal
Chemistry, 12 (10), 2012, 1281-1305.

Wen S, Zhu D, Huang P, Targeting cancer cell mitochondria as a therapeutic approach, Future Medicinal Chemistry,
5(1), 2013, 53-67.

Wu M, Ding HF, Fisher DE, Apoptosis: molecular mechanisms, Encyclopedia of Life Science, 2001, 1-8.

January - March 2017 115 JCPS Volume 10 Issue 1



