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1. Introduction

  Apoptosis is a characterized form of cell death and is mostly 

studied. Known commonly as programmed cell death, apoptosis is 

the packaging of dying cells into fragments that are easily consumed 

and eliminated by phagocytes without disturbing the normal function 

of surrounding tissues[1]. Equilibrium between cell death and cell 

proliferation is important to avoid disruption of the cellular balance. 

Excessive apoptosis or deficient apoptosis is the cause of many clinical 

diseases including cancer[2]. Apoptosis can be initiated through two 

separate pathways, the intrinsic or mitochondrial pathway and the 

extrinsic or death receptor pathway. In cancer management, apoptosis 

has become an important tool as a target by potent apoptosis-inducing 

agents, including both chemical and biological[3]. 

Objective: To determine the anti-proliferative activity of Abrus precatorius (A. precatorius) leaf 

extracts and their effect on cell death. 

Methods: A. precatorius leaves were extracted successively with hexane, ethyl acetate 

and methanol by Soxhlet extraction. Aqueous extract was prepared by decoction at 50 曟. 

Extracts of A. precatorius leaves were used to treat selected cancer and normal cell lines for 

72 h. Furthermore, 3-(4,5-dimethyl thiazol-2-yl) 2,5-diphenyl tetrazolium bromide assay 

was performed to determine cell viability. Analysis of cell cycle arrest, apoptosis assay and 

apoptosis protein expressions were determined by flow cytometry. 

Results: Methanolic extract of A. precatorius leaves showed the lowest IC50 on MDA-MB-231 

cells at (26.40依5.40) µg/mL. Flow cytometry analysis revealed that cell arrest occurred at G0/

G1 phase and the apoptosis assay showed the occurrence of early apoptosis at 48 h in MDA-

MB-231 cells treated with methanolic extract of A. precatorius leaves. Methanolic extract 

of A. precatorius leaves induced apoptosis by upregulation of Bax, p53 and caspase-3 and 

downregulation of Bcl-2.  

Conclusions: Methanolic extract of A. precatorius leaves promotes MDA-MB-231 cell death 

by inducing cell cycle arrest and apoptosis possibly via the mitochondrial-related pathway. 

Asian Pacific Journal of Tropical Biomedicine 2019; 9(6): 249-256

Asian Pacific Journal of Tropical Biomedicine

This is an open access journal, and articles are distributed under the terms of the 
Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which 
allows others to remix, tweak, and build upon the work non-commercially, as long 
as appropriate credit is given and the new creations are licensed under the identical 
terms.

For reprints contact: reprints@medknow.com

©2019 Asian Pacific Journal of Tropical Biomedicine Produced by Wolters Kluwer- 
Medknow. All rights reserved.

How to cite this article: Wan-Ibrahim WS, Ismail N, Mohd-Salleh SF, Yajid AI, 
Wong MPK, Md Hashim MN. Methanolic extract of Abrus precatorius promotes 
breast cancer MDA-MB-231 cell death by inducing cell cycle arrest at G0/G1 and 
upregulating Bax. Asian Pac J Trop Biomed 2019; 9(6): 249-256.

Original  Article



250 Wan Suriyani Wan-Ibrahim et al./ Asian Pacific Journal of Tropical Biomedicine 2019; 9(6): 249-256

  Cancer prevalence is increasing and has been one of the main 

causes of death. World Health Organization[4] reported that cancer 

is the second leading cause of death worldwide with an estimated 

9.6 million of deaths in 2018, in which 1 in 6 deaths is caused by 

cancer. The leading cancers causing deaths include lung, colorectal, 

stomach and breast cancer. About 627 000 death cases were reported 

due to breast cancer globally. In Malaysia, 43 837 new cases were 

reported in 2018 with breast cancer amounting to 7 593 cases[5]. 

Advances in the medical field have proven to be the preferable 

choice to combat cancer. However, these advances are used with 

concern due to their side effects and limitations. This scenario has 

generated increasing demand of traditional medicines with medicinal 

plants either as complementary to the allopathy treatments or as a 

complete alternative. Many issues were raised with this development 

especially concerning the toxicity and efficacy of the medicinal 

plants extract. Therefore, it is noted that more studies are needed in 

order to provide better understanding of the biological activities and 

underlying mechanism of the medicinal plants. 

  Medicinal plants are widely sought as an alternative in various 

treatments including cancer. These plants are extensively studied 

to screen for potential phytochemical as anticancer agents. Abrus 
precatorius (A. precatorius) is a flowering plant that belongs to the 

legume family, Fabaceae. This plant is native to India, however, it 

is also found in other parts of tropical areas, like Malaysia[6]. This 

plant is phenotypically recognized by its slender, perennial, climbing 

twigs with pinnate leaves arranged in pairs. A. precatorius seeds 

are red with black dot. In Malaysia, the leaves of A. precatorius are 

traditionally used to treat simple illness such as mouth ulcer and 

fever. Moreover, A. precatorius is also reported to be used as an 

anticancer agent[7-13]. 

  Gul et al[7,12] reported anti-proliferative activities of A. precatorius 
against human acute monocytic leukemia cell line (THP-1), while 

Sofi et al[8,13] reported its anti-proliferative activities against MDA-

MB-231 by using aqueous extract and fractions from gradient 

elution of ethyl acetate extract. Our previous study[6] firstly reported 

the phytochemical analysis of this plant in Malaysia. Therefore, 

this study aimed to further elucidate the anticancer properties of A. 
precatorius leaves extracts on cancer cell lines and investigate their 

effect on cancer cell death.

2. Materials and methods

2.1. Plants collection and extract preparation

  A. precatorius leaves were collected from Kampung Sabak, 

Pengkalan Chepa Kelantan and given a specimen voucher USM 

11730 by the Herbarium Unit, School of Biological Sciences, 

Universiti Sains Malaysia for future references. About 22 g of 

ground A. precatorius were subjected to successive Soxhlet extraction 

with hexane, ethyl acetate and methanol. Aqueous extract was 

prepared by decoction of the ground leaves at 50 曟 in 500 mL of 

distilled water until the water was reduced to a third of the initial 

volume. All extracts were kept at -20 曟 until use. 

2.2. Cell culture

  Human breast cancer cell lines, MDA-MB-231 and MCF-7; human 

liver cancer cell lines, HepG2; human colon cancer cell lines, 

SW480; human cervical cancer cell line, SiHa and HeLa; human 

normal breast cell, MCF-10a and mouse normal fibroblast cell, 

NIH were obtained from American Type Cell Culture Collection, 

Maryland, USA. Cells were seeded in 25 cm2 tissue culture and 

grown at 37 曟 under humidified 5% CO2 in Dulbecco’s Modified 

Eagle’s medium supplemented with 5% fetal bovine serum and 

1% penicillin-streptomycin. Confluent cells were harvested by 

trypsinization (0.25%). 

2.3. Anti-proliferative activity by 3-(4,5-dimethyl thiazol-
2-yl) 2,5-diphenyl tetrazolium bromide (MTT) assay 

  To determine the anti-proliferative activity of A. precatorius, human 

breast cancer cell lines, MDA-MB-231 and MCF-7; human liver 

cancer cell lines, HepG2; human colon cancer cell lines, SW480; 

human cervical cancer cell line, SiHa and HeLa; human normal 

breast cell, MCF-10a and mouse normal fibroblast cell, NIH were 

treated with all extracts. The anti-proliferative activities were 

investigated by MTT assay. IC50 values were determined, with lower 

IC50 values indicating higher anti-proliferative activity. Cytotoxicity 

of plant extracts against cancer cell line was categorized based on 

US National Cancer Institute and Geran Protocol as follows: highly 

cytotoxic (IC50 ≤ 20 μg/mL), moderately cytotoxic (21 μg/mL≤ IC50 

≤ 200 μg/mL), weakly cytotoxic (201 μg/mL ≤ IC50 ≤ 500 μg/mL), 

and, no cytotoxicity (IC50 ≥ 501 μg/mL)[14]. 

  Cells were seeded into 60 wells at the centre of a 96-wells plate 

with the concentration of 5 伊 104 cells/mL per well. Extracts of A. 
precatorius leaves were added following a serial dilution starting from 

99 μg/mL until 0.39 μg/mL in each well. Anti-proliferative activity of 

A. precatorius extracts was measured by the MTT assay, which was 

performed after a 72-h incubation post treatment with the extracts, 

tamoxifen (positive control) and dimethyl sulfoxide (negative 

control). Absorbance was read at OD of 570 nm. The absorption 

value at this wavelength directly represents the relative cell numbers 

in comparison with the control group[15]. The percentage of cell 

viability was determined according to the following equation: 

Percentage of cell viability (%) = Absorbance of treated cells 

(extracts or tamoxifen)/Absorbance of treated cells (dimethyl 

sulfoxide) 伊100

  Anti-proliferative activity of A. precatorius leaves extract was 

screened on selected cancer and normal cells. Extract that exhibited 

the lowest IC50 value with its corresponding cell was used for 

subsequent analysis in this study. 
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2.4. Cell cycle assays

  MDA-MB-231 cells were treated with IC50 of the methanolic extract 

of A. precatorius leaves (APME) and incubated for 24, 48 and 72 h. 

Cells were harvested by trypsinization and the cell cycle assay was 

performed according to the manufacturer protocol, BD CycletestTM. 

All samples readings were acquired with FACSCANTO栻 (BD 

Bioscience). Data obtained was analysed with ModFit LT 5.0 software. 

2.5. Apoptosis assays

2.5.1. Annexin-桋 and propidium iodide (PI) staining
  MDA-MB-231 cells were treated with IC50 of the APME and 

incubated for 24, 48 and 72 h. Cells were harvested by trypsinization 

and the apoptosis assay was performed according to the manufacturer 

protocol, Annexin桋-FITC detection kit 栺 (BD Bioscience). 

All samples readings were acquired with FACSCANTO栻 (BD 

Bioscience). Data was analysed with FlowJo software.

2.5.2. Bax, Bcl-2, caspase-3 and p53 activity
  MDA-MB-231 cells were treated with IC50 of the APME and 

incubated for 24, 48 and 72 h. Cells were harvested by trypsinisation 

following each incubation time and washed twice with phosphate 

buffer saline (PBS). Ethanol (70%) was used to fix the cells at 4 曟 

for 1 h. Cells were washed twice with PBS and then blocked with 

2% bovine serum albumin for 10 min at room temperature. Another 

cell wash was performed, and cells were resuspended in PBS.  

  About 100 μL of the cell suspension (1 伊 106 cells) were mixed 

independently in different tubes, with antibodies (SantaCruz); Bax-

PE (sc-7480), Bcl-2 – Alexa Fluor 647 (sc-7382), p53 – Alexa 

Fluor 488 (sc-126) and Caspase-3 – Alexa Fluor 488 (sc-7272). 

These cells-antibodies mixtures were incubated for 20 min at room 

temperature, then washed once and resuspended in 500 μL PBS. 

All samples readings were acquired with FACSCANTO栻 (BD 

Bioscience). Data was analysed with FlowJo software.  

2.6. Statistical analysis

  The data were expressed as mean 依 SD of three repeated 

experiments. The level of statistical significance was tested using 

repeated measure one-way ANOVA, followed by Dunnett’s multiple 

comparison test. The difference was considered significant if P<0.05. 

Analyses were all done using GraphPad Prism7. 

3. Results

3.1. Screening of A. precatorius extracts on various cancer 
and normal cells

  The IC50 values are summarized in Table 1. Methanol extract had 

the lowest IC50 value on MDA-MB-231 cells at (26.40依5.40) µg/mL, 

which could be categorized to moderate toxicity. IC50 values of all 

extracts were determined by plotting the graph of concentration of 

the extract or tamoxifen versus percentage of cell viability as depicted 

by Figure 1 which represents the data for MDA-MB-231 cells.  

3.2. Effects of APME on cell cycle progression in MDA-MB-
231 cells

  The ability of the APME to reduce cell viability could be due to 

cell death mediated by cell cycle arrest. Therefore, cell cycle arrest 

was investigated using flow cytometric analysis of PI stained DNA. 

Representative profiles of the cell cycle progression are presented in 

Figure 2(a) and percentage of each phase of cell cycle is presented in 

Figure 2(b). Significant increment of the arrest was found at G0/G1 phase 

of the cell cycle, suggestive of cell death consistent with the reduction 

of cell growth as the percentage of cell population decreased in both 

S-phase and G2/M phase. 
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Figure 1. Antiproliferative effects of all extracts on MDA-MB-231 cells. 

Data were expressed as mean依SD of three repeated experiments with three 

replicates.

Table 1. IC50 values of A. precatorius leaf extracts against selected normal and cancer cell lines  (µg/mL).

Types of cancer cell lines Hexane extract Ethyl acetate extract Methanol extract Aqueous extract Tamoxifen
HeLa (cervix) >99 >99 73.60依6.17 >99 4.32依0.40
SiHa (cervix) >99 >99 >99 >99 3.27依0.93
MCF7 (breast) 52.65依7.14   99.00依11.86 59.03依9.40 >99 1.81依1.78
MDA-MB-231 (breast)   45.60依11.60 54.50依9.05 26.40依5.40 >99 2.27依0.38
SW 480 (colon) >99 >99 77.23依6.39 >99 2.31依0.59
HepG2 (liver) >99   99.00依10.32 67.72依6.21 >99 4.10依0.88
MCF-10a (normal breast) >99 >99 >99 >99 3.78依7.79
NIH (normal fibroblast) >99 >99 >99 >99 3.78依1.78
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3.3. Effects of APME on apoptosis in MDA-MB-231 cells

  To determine the ability of the APME to induce apoptosis, an 

apoptosis assay was performed using the Annexin 桋-FITC detection 

kit 栺 (BD Bioscience). Representative profiles of the apoptosis 

assays are presented in Figure 3(a) and percentage of each phase 

of cell death progression is presented in Figure 3(b). Live cells did 

not uptake any stain and represented at Q4 (Figure 3a). Annexin 桋
bound to the phosphatidylserine of the plasma membrane which 

was exposed in early apoptosis (Q3; annexin 桋 positive, PI 

negative). Late apoptotic cells lost their cell integrity thus allowing 

the penetration of PI (Q2; annexin 桋 positive, PI positive), while 

necrotic cells were stained with PI only (Q1 PI positive). APME 

induced early apoptosis in MDA-MB-231 cells at 48 h and late 

apoptosis at 72 h after treatment. 
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Figure 2. Effects of methanolic extract of A. precatorius leaves on cell cycle 

progression in MDA-MB-231 cells. (a) Cell cycle arrest analysis of MDA-

MB-231 cells; (b) percentage of each phase of cell cycle. Data are expressed 

as mean依SD of three repeated experiments. *P<0.05 is considered significant 

when comparing treated cells vs untreated cells. 

3.4. Bax, Bcl-2, caspase-3 and p53 protein expression in 
MDA-MB-231 cells treated with APME

  To determine whether Bax, Bcl-2, caspase-3 and p53 proteins are 

involved in APME-induced apoptosis in MDA-MB-231 cells, the 

proteins expressions were measured by flow cytometry at 24, 48, and 

72 h (Figure 4a). The MDA-MB-231 cells treated with the APME 

increased pro-apoptotic protein, Bax and reduced anti-apoptotic 

protein, Bcl-2 expressions in a time dependent manner (Figure 4b). 

Significant increase was shown in the p53 protein expressions in 

the treated cells compared with untreated ones. Caspase-3 protein 

expressions were also increased. These findings indicated that 

APME induced apoptosis in MDA-MB-231 cells by upregulating 

Bax, p53 and caspase-3 protein and downregulating Bcl-2 protein. 

These findings suggest that the apoptosis in MDA-MB-231 cells was 

possibly triggered in the intrinsic pathway. 

4. Discussion

  Medicinal plants have been actively studied over the years in 

research labs and used traditionally worldwide. A. precatorius is one 

of the medicinal plants that belongs to the legume family Fabaceae. 

The legume family has many plants that exhibit excellent anticancer 

properties[16-19]. 

  Anti-proliferative study gives an insight on the possibility of an 

occurrence of cell death of selected cancer cells induced by the 

extract. Our study demonstrated that the methanol leaves extract had 

the best anti-proliferative activity at 26.4 μg/mL against the human 

breast cancer cells, MDA-MB-231, an androgen-independent human 

breast cancer cells that express wild-type p53. However, these values 

are not comparable to the control, tamoxifen, which demonstrated 

the IC50 values of 2.27 μg/mL in MDA-MB-231. Based on the 

National Cancer Institute criteria, these results indicated that APME 

has a moderate cytotoxicity on MDA-MB-231 cell lines. Sofi et al[13] 

demonstrated that the IC50 of the aqueous extract on MDA-MB-231 

cells was 98 μg/mL. Our results showed better inhibitory activity 

on MDA-MB-231 cells by treatment with the APME. The aqueous 

leaves extract of our experiment did not show any significant activity 

at maximum concentration of 99 μg/mL. Another study by Gul et 
al[12] claimed the hexanoic and ethanolic extracts of A. precatorius 
leaves had stronger anti-proliferative activity both in human colon 

adenocarcinoma cells (Colo-205) and human retinoblastoma cancer 

cells (Y79), while milder anti-proliferative activities were observed 

in human hepatocellular carcinoma cells (HepG2) and leukemia cells 

(SupT1).

  Cell growth and proliferation of mammalian cells occurs through 

cell cycle; thus, the inhibition of the cell cycle progression is the 

ideal target for anticancer agents[20,21]. APME exhibited growth 

inhibitory effects on the MDA-MB-231 cells, inducing cell cycle 
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arrest at G0/G1 phase. Increased percentage of cell population in G0/

G1 phase and reduction of the population in S-phase proved this 

claim. In S-phase, genetic information is transferred from one cell 

generation to another. Genome replication in S-phase is important to 

segregate two daughter cells during mitosis or the M-phase. Mitosis 

only occurs when S-phase is completed. Two gaps separate between 

M- and S-phase. Between M- and S-phase, there is the G1, and 

between S- and M-phase, there is G2. DNA damage activates these 

checkpoints. When growth arrest occurs at any checkpoints, cells 

will repair the damage. If the damage is repaired, cell progression 

will successfully resume, otherwise the cell will be eliminated 

through apoptosis[21]. DNA arrest occurred during G0/G1 phase in 

this current study, which indicated that the cell proliferation was 

inhibited, thus showing reduction of the cell percentage in S-phase 

and G2/M phase. At this point, it is clear that cell proliferation was 

halted by DNA arrest at G0/G1 phase. Furthermore, it is important to 

find out if the cell inhibition was caused by apoptosis. 

  Apoptosis induction is regarded as the best strategy in cancer 

treatment. It is an important programmed cell death to eliminate 

unnecessary cells and thus became the common mode of action for 

most chemotherapeutic agents[2]. Induction of apoptosis signifies 

the success of plant products as anticancer agents and it is the 
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optimal way in cancer treatment. In order to confirm whether the 

inhibition of cell proliferation induced by APME is due to apoptosis, 

rather than necrosis, apoptosis assay using Annexin 桋-FITC and 

PI staining was performed following the treatment with the extract. 

Annexin 桋 stains the phosphatidylserine of the inner cell membrane 

which is exposed during the early stage of apoptosis. Our results 

demonstrated that the APME promotes cell death via apoptosis. 

Early apoptosis occurred after 48 h and eventually led to late 

apoptosis following 72 h of treatment. 

  Decrease of mitochondrial outer membrane permeability (MOMP) 

indicated the irreversible events of early apoptosis. MOMP is highly 

regulated by anti-apoptotic and pro-apoptotic proteins[22]. Bax is 

a pro-apoptotic protein and Bcl-2 is an anti-apoptotic protein[23]. 

Upon stimuli in the intrinsic pathway, Bax is activated which 

induces MOMP. In this pathway, Bcl-2 prevented MOMP by 

inhibiting the activity of the BH3-only proteins that are responsible 

to activate Bax. MOMP allows the release of intermembrane space 

proteins, such as cytochrome c and SMAC. Cytochrome c forms 

an apoptosome complex after binding to the APAF-1 protein. This 

complex is responsible to activate caspase-3 and caspase-7 which 

eventually lead to apoptosis. Our results indicated that the expression 

of Bax proteins increased while Bcl-2 proteins decreased. Chien et 
al[24] demonstrated that quercetin induced apoptosis in MDA-MB-

231 cells also by reducing Bcl-2 and increasing Bax protein levels. 

Overexpression of Bcl-2 like proteins such as Bcl-2, Bcl-xL and 

MCL-1 was detected in various cancers including lymphoma[25], 

lung cancer[26], neuroblastoma[27] and breast cancer[28]. MOMP is 

an important event of apoptosis because once it is activated, cell will 

face death sentence regardless of caspase activation[29]. 

  Increased expression of caspase-3 protein signified the apoptosis 

events in the MDA-MB-231 cells treated with the APME. Caspase-3 

activation can occur both in the extrinsic or intrinsic pathway. Upon 

activated, caspase-3 will cleave hundreds of other proteins, which 

subsequently leads to the biochemical and morphological signals 

of apoptosis. These hallmark events include DNA fragmentation, 

plasma membrane blebbing and phosphatidylserine exposure[30]. As 

shown in the apoptosis assay, exposure of phosphatidylserine was 

detected by Annexin 桋-FITC and this indicates the early apoptosis 

event. 

  The results of this current study exhibited that APME inhibited 

MDA-MB-231 cell proliferation by DNA arrest at G0/G1 and induced 

apoptosis through Bax/Bcl-2 and caspase-3 proteins regulation. 

These findings suggest that APME successfully promotes cell death 

in breast cancer cell, MDA-MB-231 via apoptosis. 

Conflict of interest statement

  The authors declare that there is no conflict of interest.

Funding

  This study was funded by the Universiti Sains Malaysia Short Term 

Grant (304/ PPSP/61313046). 

References

[1] �Green DR. Means to an end: Apoptosis and other cell death mechanisms. 

America: Cold Spring Harbor laboratory press; 2011, p. 5-14.

[2] �Cao K, Tait SW. Apoptosis and cancer: Force awakens, phantom menace, 

or both?. In: Galluzzi L (ed.) International review of cell and molecular 

biology. Elsevier; 2018, p. 135-152.

[3] �Sreelatha SA, Jeyachitra, Padma PR. Antiproliferation and induction of 

apoptosis by Moringa oleifera leaf extract on human cancer cells. Food 

Chem Toxicol 2011; 49(6): 1270-1275.

[4] �World Health Organization. Cancer. [Online] Available from: https://www.

who.int/news-room/fact-sheets/detail/cancer. [Accessed on 5th February 

2019].

[5] �World Health Organization. Cancer today: Data visualization tools for 

exploring the global cancer burden in 2018. [Online] Available from: 

https://gco.iarc.fr/today/home. [Accessed on 5th February 2019].

[6] �Wan-Ibrahim WS, Ismail TNT, Mohd-Salleh SF, Ismail N. GC-MS 

analysis of phytochemical compounds in aqueous leaf extract of Abrus 

precatorius. Pertanika J Trop Agric Sci 2018; 41(1): 241-250.

[7] �Gul MZ, Manjulatha K, Bhat MY, Maurya R, Qureshi IA, Ghazi IA. 

Antiproliferative and apoptosis-inducing effects of Abrus precatorius 

against human monocytic leukaemia (THP-1) cell line. Indian J Pharm 

Sci 2018; 80(2): 307-317.

[8] �Sofi MS, Sateesh MK, Bashir M, Ganie MA, Nabi S. Chemopreventive 

and anti-breast cancer activity of compounds isolated from leaves of Abrus 

precatorius L. 3 Biotech 2018; 8(8): 371.

[9] �Lebri M, Tilaoui M, Bahi C, Achibat H, Akhramez S, Fofie YBN, et al. 

Phytochemical analysis and in vitro anticancer effect of aqueous extract of 

Abrus precatorius Linn. Der Pharma Chemica 2015; 7(8): 112-117.

[10]�Ghosh T, Mitra P, Jha DK, Mitra PK. Abrus precatorius linnaeus and its 

biological activities-a review. World J Pharm Pharm Sci 2017; 6(8): 352-

368.

[11]�Oladimeji AO, Babatunde O, Musa RT, M’civer FA, Lawal AT, 

Oguwande IA. GC-MS analysis and cytotoxic activity of essential oils 

from the leaves of Abrus precatorius L. Gaertn. Asian Pac J Trop Dis 2016; 

6(5): 372-375.

[12]�Gul MZ, Ahmad F, Kondapi AK, Qureshi IA, Ghazi IA. Antioxidant and 

antiproliferative activities of Abrus precatorius leaf extracts-An in vitro 

study. BMC Complement Altern Med 2013; 13(53): 1-12.

[13]�Sofi MS, Sateesh MK, Bashir M, Harish G, Lakshmeesha TR, Vedashree 

S, et al, Cytotoxic and pro-apoptotic effects of Abrus precatorius L. on 

human metastatic breast cancer cell line, MDA-MB-231. Cytotechnology 

2013; 65(3): 407-417.

[14]�Geran R, Greenberg N, MacDonald M, Schumacher A, Abbott 



256 Wan Suriyani Wan-Ibrahim et al./ Asian Pacific Journal of Tropical Biomedicine 2019; 9(6): 249-256

B. National Cancer Institute protocols for screening of anticancer 

compounds. Cancer Chemother Rep 1972; 3: 1-103.

[15]�Igarashi M, Miyazawa T. The growth inhibitory effect of conjugated 

linoleic acid on a human hepatoma cell line, HepG2, is induced by 

a change in fatty acid metabolism, but not the facilitation of lipid 

peroxidation in the cells. Biochim Biophys Acta 2001; 1530(2-3): 162-

171.

[16]�Sharma A, Kaur R, Katnoria JK, Kaur R, Nagpal AK. Family Fabaceae: 

A boon for cancer therapy. In: Malik S (ed.) Biotechnology and production 

of anti-cancer compounds. Springer; 2017, p. 157-175.

[17]�Rungruangmaitree R, Jiraungkoorskul W. Pea, Pisum sativum, and its 

anticancer activity. Phcog Rev 2017; 11(21): 39-42.

[18]�Lee JH, Kim KS, Lee YC, Cho CW, Kim KM, Chung YS. Anticancer 

composition containing herbal extract. US 2011/0293754 A1 (Patent) 

2017. 

[19]�Ahmad F, Anwar F, Hira S. Review on medicinal importance of fabaceae 

family. PhOL 2016; 3: 151-156. 

[20]�Kim SJ, Min HY, Chung HJ, Park EJ, Hong JY, Kang YJ, et al. Inhibition 

of cell proliferation through cell cycle arrest and apoptosis by thio-Cl-

IB-MECA, a novel A3 adenosine receptor agonist, in human lung cancer 

cells. Cancer Lett 2008; 264(2): 309-315.

[21]�Li A, Blow JJ. The origin of CDK regulation. Nat Cell Biol 2001; 3(8): 

E182-184.

[22]�Czabotar PE, Lessene G, Strasser A, Adams JM. Control of apoptosis by 

the BCL-2 protein family: Implications for physiology and therapy. Nat 

Rev Mol Cell Biol 2014; 15(1): 49-63.

[23]�Bai L, Wang S. Targeting apoptosis pathways for new cancer 

therapeutics. Annu Rev Med 2014; 65: 139-155.

[24]�Chien SY, Wu YC, Chung JG, Yang JS, Lu HF, Tsao MF, et al. Quercetin-

induced apoptosis acts through mitochondrial-and caspase-3-dependent 

pathways in human breast cancer MDA-MB-231 cells. Hum Exp Toxicol 

2009; 28(8): 493-503.

[25]�Pepper C, Hoy T, Bentley P. Elevated Bcl-2/Bax are a consistent feature 

of apoptosis resistance in B-cell chronic lymphocytic leukaemia and are 

correlated with in vivo chemoresistance. Leuk Lymphoma 1998; 28(3-4): 

355-361.

[26]�Beroukhim R, Mermei CH, Porter D, Wei G, Raychaudhuri S, Donovan 

J, et al. The landscape of somatic copy-number alteration across human 

cancers. Nature 2010; 463(7283): 899-905.

[27]�Castle VP, Heidelberger KP, Bromberg J, Ou X, Dole M, Nuñez G. 

Expression of the apoptosis-suppressing protein bcl-2, in neuroblastoma 

is associated with unfavorable histology and N-myc amplification. Am J 

Pathol 1993; 143(6): 1543-1550.

[28]�Olopade OI, Adeyanju MO, Safa AR, Hagos F, Mick R, Thompson 

CB, et al. Overexpression of BCL-x protein in primary breast cancer is 

associated with high tumor grade and nodal metastases. Cancer J Sci Am 

1997; 3(4): 230-237.

[29]�Tait SW, Green DR. Mitochondria and cell death: Outer membrane 

permeabilization and beyond. Nature Rev Mol Cell Biol 2010; 11(9): 621-

632.

[30]�McIlwain DR, Berger T, Mak TW. Caspase functions in cell death 

and disease. Cold Spring Harb Perspect Biol 2013; 5(4): a008656. Doi: 

10.1101/cshperspect.a008656.



fJ 


