
See	discussions,	stats,	and	author	profiles	for	this	publication	at:	https://www.researchgate.net/publication/321798363

P53	and	cyclin	B1	mediate	apoptotic	effects	of
apigenin	and	rutin	in	ERα+-breast	cancer	MCF-7
cells

Article	·	December	2017

DOI:	10.11113/jt.v80.10704

CITATIONS

0

READS

13

6	authors,	including:

Some	of	the	authors	of	this	publication	are	also	working	on	these	related	projects:

Saliva	studies	in	Periodontitis.	View	project

Optimizing	Synchrotron	Microbeam	Radiation	Therapy	for	cancer	treatment	View	project

Indah	Mohd	Amin

Universiti	Teknologi	MARA

15	PUBLICATIONS			18	CITATIONS			

SEE	PROFILE

Nik	Mohd	Mazuan	Nik	Mohd	Rosdy

Universiti	Teknologi	MARA

11	PUBLICATIONS			34	CITATIONS			

SEE	PROFILE

Mohammad	Johari	Ibahim

Universiti	Teknologi	MARA

16	PUBLICATIONS			122	CITATIONS			

SEE	PROFILE

All	content	following	this	page	was	uploaded	by	Mohammad	Johari	Ibahim	on	05	February	2018.

The	user	has	requested	enhancement	of	the	downloaded	file.

https://www.researchgate.net/publication/321798363_P53_and_cyclin_B1_mediate_apoptotic_effects_of_apigenin_and_rutin_in_ERa-breast_cancer_MCF-7_cells?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/321798363_P53_and_cyclin_B1_mediate_apoptotic_effects_of_apigenin_and_rutin_in_ERa-breast_cancer_MCF-7_cells?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Saliva-studies-in-Periodontitis?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Optimizing-Synchrotron-Microbeam-Radiation-Therapy-for-cancer-treatment?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Indah_Mohd_Amin?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Indah_Mohd_Amin?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universiti_Teknologi_MARA2?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Indah_Mohd_Amin?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nik_Mohd_Mazuan_Nik_Mohd_Rosdy?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nik_Mohd_Mazuan_Nik_Mohd_Rosdy?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universiti_Teknologi_MARA2?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nik_Mohd_Mazuan_Nik_Mohd_Rosdy?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad_Ibahim?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad_Ibahim?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Universiti_Teknologi_MARA2?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad_Ibahim?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mohammad_Ibahim?enrichId=rgreq-30f54353007c02e7015345cd367159a6-XXX&enrichSource=Y292ZXJQYWdlOzMyMTc5ODM2MztBUzo1OTA1NTI1MjU0NDMwNzdAMTUxNzgxMDEwMjQyNg%3D%3D&el=1_x_10&_esc=publicationCoverPdf


 

80:1 (2018) 133–140 | www.jurnalteknologi.utm.my | eISSN 2180–3722 | 

 

 

Jurnal 

Teknologi 

 
 

Full Paper 

  

 

  

 

P53 AND CYCLIN B1 MEDIATE APOPTOTIC EFFECTS OF 

APIGENIN AND RUTIN IN ER+-BREAST CANCER MCF-7 

CELLS 
 

Narimah Abdul Hamid Hasania, Indah Mohd Aminb,c, Roziana 

Kamaludinb, Nik Mohd Mazuan Nik Mohd Rosdyd, Mohammad 

Johari Ibahima,b, Siti Hamimah Sheikh Abdul Kadira,b* 

 
aDepartment of Biochemistry and Molecular Medicine, Faculty of 

Medicine, Universiti Teknologi MARA (UiTM), Jalan Hospital, 47000 

Sungai Buloh, Selangor, Malaysia 
bInstitute of Medical Molecular Biotechnology, Faculty of Medicine, 

Universiti Teknologi MARA (UiTM), Jalan Hospital, 47000 Sungai 

Buloh, Selangor, Malaysia 
cCentre of Preclinical Sciences Studies, Faculty of Dentistry, 

Universiti Teknologi MARA (UiTM), Jalan Hospital, 47000 Sungai 

Buloh, Selangor, Malaysia 
dCentre of Oral and Maxillofacial Diagnostic and Medicine Studies, 

Faculty of Dentistry, UiTM, Jalan Hospital, 47000 Sungai Buloh, 

Selangor, Malaysia 

 

Article history 

Received  

14 March 2017 

Received in revised form  

14 August 2017 

Accepted  

1 November 2017 

 

*Corresponding author 

mji@salam.uitm.edu.my 

 

Graphical abstract 
 

  
 

Apigenin  

 

 
 

Rutin  

 

Abstract 
 

Tamoxifen is an effective treatment for estrogen receptor alpha positive (ER+)-

breast cancer, however patients who received the treatment for five years have 

greater mortality risk compared to those who did not receive tamoxifen. 

Furthermore, patients treated with tamoxifen developed resistance to the drug 

which mediated through p53 and PTEN. Therefore, the study is undertaken to 

determine the potential adjuvant properties of flavonoids, apigenin and rutin to 

promote the anticancer activity induced by tamoxifen using ER+-breast cancer 

MCF-7 cell lines. MCF-7 and non-transformed breast MCF-10A cells were treated 

separately with apigenin, rutin, tamoxifen or the combination of each flavonoids with 

tamoxifen. Anti-proliferative activity and respective IC50 concentrations were 

determined using MTT assay. The respective IC50 concentrations obtained were used 

in the subsequent experiments. The anti-proliferative mechanism was determined 

using Annexin V-FITC morphological staining and DNA fragmentation assays. The 

effect on tumor suppressor (p53 and PTEN) and cell cycle related genes (p21, CDK1 

and Cyclin B1) were determined by QuantiGene Plex assay. Our results showed that 

MCF-7 cells were more sensitive to both apigenin and rutin compared to MCF-10A 

cells. Both cells were sensitive to tamoxifen. Apigenin and rutin synergistically 

enhanced tamoxifen anti-proliferative effect in MCF-7. Meanwhile rutin protects 

MCF-10A against the toxicity of tamoxifen. Our results indicate that the anti-

proliferative mechanism of apigenin and rutin is mediated by apoptosis signals. In 

MCF-7 cells, both tumor suppressor (p53 and PTEN) and cell cycle related genes (p21 

and CDK1) were up regulated by apigenin and rutin, contrary to tamoxifen. 

Apigenin and rutin induced G2/M arrest and apoptosis in MCF-7 cells through p53-

dependent pathway. Both flavonoids are suggested as potential adjuvant agents to 

enhance tamoxifen efficacy in ER+-breast cancer treatment.   

 

Keywords: Apigenin, rutin, tamoxifen, apoptosis, MCF-7 
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Abstrak 
 
Tamoxifen adalah satu rawatan berkesan untuk estrogen reseptor alfa positif (ER+)-

kanser payudara, walaubagaimanapun pesakit yang menerima rawatan selama 

lima tahun mempunyai risiko mengidap kanser endometrium dengan kadar 

kematian lebih besar berbanding dengan mereka yang tidak menerima tamoxifen. 

Tambahan pula, pesakit yang dirawat dengan tamoxifen mengalami kerentanan 

terhadap rawatan kemoterapi tersebut. Kerentanan ini adalah diperantara melalui 

p53 dan PTEN. Oleh itu, kajian ini dijalankan untuk mengenalpasti potensi adjuvan 

terbitan flavonoids iaitu apigenin dan rutin untuk menggalakkan aktiviti anti-kanser 
oleh tamoxifen terhadap sel ER+-kanser payudara, MCF-7. Kedua-dua sel MCF-7 

dan sel payudara normal, MCF-10A telah dirawat secara berasingan dengan 

apigenin, rutin, tamoxifen atau gabungan setiap terbitan flavonoids dengan 

tamoxifen. Aktiviti anti-proliferatif dan dos IC50 setiap kompaun ditentukan 

menggunakan asai MTT. Dos-dos IC50 digunakan untuk kesemua asai berikutnya. 

Mekanisma anti-proliferatif ditentukan menggunakan asai morfologi pewarnaan 

Annexin V-FITC dan fragmentasi DNA. Kesan ke atas gen penindas tumor (p53 dan 

PTEN) dan gen yang berkaitan dengan kitaran sel (p21, CDK1 dan cyclin B1) 

ditentukan oleh asai QuantiGene 2.0 Plex. Sel-sel MCF-7 adalah lebih sensitif 

terhadap kedua-dua apigenin dan rutin berbanding dengan MCF-10A. Kedua-dua 

sel adalah sensitif terhadap tamoxifen. Apigenin dan rutin secara sinergi 

mempertingkatkan kesan anti-proliferatif tamoxifen arah sel-sel MCF-7, manakala 

rutin pula melindungi sel-sel MCF-10A daripada kesan tamoxifen. Keputusan kajian 

kami menunjukkan mekanisma anti-proliferatif apigenin dan rutin berlaku melalui 

apoptosis. Ekspresi gen penindas tumor (p53 dan PTEN) dan gen yang berkaitan 

dengan kitaran sel (p21 dan CDK1) pada sel-sel MCF-7 meningkat selepas dirawat 

dengan apigenin dan rutin. Keputusan sebaliknya berlaku selepas dirawat dengan 

tamixofen. Apigenin dan rutin menyebabkan kitaran sel-sel MCF-7 terhenti pada 

fasa G2/M dan mengaktifkan apoptosis. Kedua-duanya melibatkan pengisyaratan 

tranduksi p53. Kedua-dua flavonoids dicadangkan berpotensi sebagai agen-agen 

adjuvan yang membantu meningkatkan keberkesanan tamoxifen di dalam rawatan 

ER+-kanser payudara. 

 

Kata kunci: Apigenin, rutin, tamoxifen, apoptosis, MCF-7 

 

 

© 2018 Penerbit UTM Press. All rights reserved 

  

 

 

1.0  INTRODUCTION 
 

Breast cancer is the most prevalent types of cancer 

diagnosed among women with 14 million new 

cancer cases per year as estimated in 2012 and 

expected to rise to 22 million annually within the next 

two decades [1]. Moreover, cancer deaths are 

predicted to rise from an estimated 8.2 million 

annually to 13 million per year [1]. The exact etiology 

of breast cancer remains unknown. However, 75% of 

all breast cancer patients expressed estrogen 

receptor alpha positive (ER+) and therefore their 

development is highly dependent on estradiol. 

Tamoxifen competitively binds to ER+ in the cancer 

cell, thus blocking estrogen from attaching to the 

receptor [2]. It has remained as the endocrine 

treatment for ER+-breast cancer patients for the 

past 40 years [3] either in primary or metastatic 

stages; as well as in adjuvant therapy [4]. However, 

significant number of patients developed intrinsic 

and acquired resistances against the treatment [5]. 

Resistance to tamoxifen treatment in breast cancer 

patients is associated with suppression of tumor 

suppressor genes such as p53 [6] and PTEN [7]. 

Tumor suppressor gene p53 prevents neoplastic 

development by eliminating or inhibiting the 

proliferation of abnormal cells through cell cycle 

arrest or apoptosis [8]. Its mutation leading to the loss 

of wild-type p53 activity is frequently detected in 50% 

of all human cancers [9]. Evidence suggested that 

reactivation of p53 function would have significant 

therapeutic benefit [8]. p53 mutation are present in 

about 25% of primary breast carcinomas [10]. A 

correlation between the presence of p53 mutation 

and resistance to tamoxifen was observed in primary 

breast cancer patients [6]. The absence of p53 

mutation seems to predict the overall patient’s 

survival following primary therapy [11].   

Similar to p53, PTEN is also one of the most 

common targets of mutation in advanced stages of 

breast cancer progression [12]. PTEN protects p53 

from survival signals by sensitizing tumor cells to p53-

dependent chemotherapy [13]. Over expression of 

PTEN in cancer cells inhibits cell proliferation and 

tumorigenicity through cell cycle arrest and 

apoptosis [14]. In breast cancer patients, PTEN 

expression was lower than that of normal breast 

tissues adjacent to the tumors. Furthermore, its 
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expression correlates with the tumor size or stage. This 

indicates that the reduced expression of PTEN is 

associated with advanced stages [15]. 

Studies have demonstrated that the anti-

proliferative effect of flavonoids is selective and more 

sensitive to breast cancer cells compared to normal 

[16]. Flavonoids such as apigenin (4’,5,7-

trihydroxyflavone) and rutin (3,3’,4’,5,7-

pentahydroxylflavone-3-rutinoside) are the most 

abundantly occurring dietary polyphenols i.e., 60% in 

fruits, vegetables and seeds [17]. Apigenin inhibited 

the proliferation of estrogen responsive, MCF7 cells 

and the tamoxifen-resistant sub-lines through down 

regulated ER+ and inhibited of proliferative MAPK 

signaling pathways. In addition, apigenin 

demonstrated synergistic anti-proliferative effect 

when combined with either tamoxifen or fulvestrant 

on both antiestrogen-sensitive and -resistant breast 

cancer cells [18]. Rutin induced G2/M phase arrest 

and promote apoptosis in neuroblastoma LAN-5, cells 

[19]. 

Cancer develops when the balance between 

cell proliferation and apoptosis is disrupted. p53 is 

recognized as the linkage between cyclin 

dependent kinases (CDKs)/Cyclins and cell cycle 

regulations with pro-apoptotic both Bcl-2 and 

Caspase families [20]. Thus, preliminary 

understanding on the effect of apigenin and rutin on 

the expression of p53, PTEN, p21 (CDK1 inhibitor), 

CDK1 and Cyclin B1 genes in ER+-breast cancer 

cells may provide an early insight on their therapeutic 

potentials as anti-cancer agents; and will give a 

good base line to widen the possibility to extend this 

study into animal setting. 
 

 

2.0  METHODOLOGY 
 

Cell line 

 

ER+-breast cancer cells, MCF-7 were cultured in 

Roswell Park Memorial Institute 1640 media 

supplemented with 10% of fetal bovine serum and 1% 

antibiotics (penicillin and streptomycin) while non-

transformed breast cells, MCF-10A were cultured in 

Dulbecco's Modified Eagle's Medium supplemented 

with 5% horse serum, antibiotics (1% penicillin and 

streptomycin), 0.05% hydrocortisone, 1% insulin and 

0.2% recombinant human growth factor in 75 cm2 

flasks. Both cells were incubated at 37°C with 5% CO2 

to 80% confluent. Cells, tissue culture grade 

chemicals and disposable equipment were purchase 

from American Type Culture Collection (USA), GIBCO 

Invitrogen (USA) and Orange Scientific (Belgium), 

respectively. 

 

Cell Treatment 

 

Apigenin, rutin and tamoxifen were dissolved in 

dimethyl sulfoxide (DMSO), filtered and stored at -

20°C. The final working solutions of apigenin, rutin and 

tamoxifen were diluted with culture media so that 

the final concentration of DMSO in cell culture was 

<0.1%. All the above chemicals were purchased from 

Sigma Chemical Company, USA. 

 

Cell Proliferation 

 

Cell proliferation was determined using MTT (3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) 

assay (Roche Diagnostics, Germany) according to 

the manufacturer’s instructions. A total of 1 x l04/mL 

cells was treated separately with apigenin and rutin 

at different final concentrations ranging from 10µM to 

100µM for 72 hours. The combined effect between 

each phytochemicals with tamoxifen at respective 

IC50 values was determined. Tamoxifen was used as a 

positive control. Cells cultured in complete media 

with 0.1% of DMSO were used as negative controls. 

 

Cell Apoptosis 

 

Anti-proliferative mechanism was determined using 

Annexin V-FITC apoptosis detection assay (Sigma-

Aldrich, USA) according to the manufacturer’s 

instructions. A total of 1 x 106/mL cells were treated 

separately with apigenin and rutin at respective IC50 

concentration obtained from proliferation assay for 

72 hours. Again, tamoxifen and cells cultured in 

complete media with 0.1% of DMSO were used as 

positive and negative controls, respectively. Cells 

were washed twice with phosphate buffer saline 

(PBS), detached by accutase, collected by 

centrifugation and re-suspended in ice-cold binding 

buffer. After staining with propidium iodide (PI) and 

fluorescein isothiocyanate (FITC)-conjugated Annexin 

V (Annexin V-FITC), cells were analyzed using flow 

cytometry (BD Bioscience Pharmingen, USA) to 

distinguish between viable (Annexin V-FITC−/PI−), 

early apoptotic (Annexin V-FITC+/PI−), late apoptotic 

(Annexin V-FITC+/PI+) and necrotic cells (Annexin V-

FITC−/PI+). PBS and accutase were purchased from 

Sigma Chemical Company (USA). 

DNA fragmentation analysis (Cellular DNA 

fragmentation ELISA; Roche Diagnostics, Germany) 

was conducted to discriminate between late 

apoptotic and primary necrotic cells. Cells were 

treated with the same dose and duration as the 

morphological staining assay above. 

 

Gene Expression Analysis 

 

The expression of target genes in both flavonoids- 

(apigenin or rutin) and tamoxifen-treated cells 

against untreated after normalization with ribosomal 

protein L13A (RPL13A) and hypoxanthine-guanine 

phosphoribosyltransferase (HPRT) housekeeping 

genes were determined using QuantiGene 2.0 Plex 

assay (Affymetrix, USA). A total of 1 x 106/mL cells 

were treated separately with apigenin and rutin at 

respective IC50 concentration for 72 hours. Similar with 

the previous assays, tamoxifen and cells cultured in 

complete media with 0.1% of DMSO were used as 
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positive and negative controls, respectively. The 

assay was conducted following the protocol 

described in QuantiGene 2.0 Plex User Manual. 

  

Statistical Analysis 

 

Data were expressed as mean ± standard deviation. 

Each experiment was repeated three times, 

independently and in triplicates. One-way ANOVA 

test was used to compare the mean of each group. 

Statistical significant was set up at p<0.01. 

 

 

3.0  RESULTS AND DISCUSSION 
 

MCF-7 Cells were More Sensitive to Apigenin and 

Rutin Compared to MCF-10A 

 

The effect of apigenin and rutin on cells proliferation 

of ER+-breast cancer and non-transformed breast 

cells (MCF-7 and MCF-10A, respectively) at different 

concentrations (10µM to 100µM) for 72 hours were 

investigated (Figure 1a) and respective IC50 

concentrations were summarized in Table 1.  

 

 
 

 
 
Figure 1a The effect of apigenin, rutin and tamoxifen on 

ER+-breast cancer, MCF-7 (A) and non-transformed breast, 

MCF-10A (B) cell proliferation, respectively. Data were 

mean ± SD of three independent experiments and in 

triplicates. *p<0.01 compared with respective untreated 

control group 

 

Table 1 Anti-proliferative activity (IC50 concentrations) of 

apigenin and rutin compared to tamoxifen in ER+-breast 

cancer, MCF-7 and non-transformed breast, MCF-10A cells 

 

 IC50 concentrations (µM) 

Treatment MCF-7 MCF-10A 

Control  100 100 

Apigenin 34.34±0.01*◊ No IC50 obtained  

Rutin 46.09±0.01*+ 94.14±0.01*++♦ 

Tamoxifen *30.66±0.01* 38.17±0.01 

 

 

IC50 is the concentration that inhibits cellular 

proliferation by 50%. Data were mean ± SD of three 

independent experiments and in triplicates. *p<0.01 

compared with respective untreated control group; 
◊p<0.01 compared with rutin in MCF-7 cells, p<0.01; 

+p<0.01 compared to tamoxifen in MCF-7 cells; 
++p<0.01 compared with tamoxifen in MCF-10A cells; 
♦p<0.01 compared between rutin treatment group in 

MCF-7 and MCF-10A cells. 

Apigenin and rutin selectively inhibited the 

proliferation of MCF-7 cells with IC50 of 34.34±0.01µM 

and 46.09±0.01µM, respectively at 72 hours. No IC50 

was obtained for MCF-10A cells even after treated 

with apigenin up to 100µM. Rutin IC50 for MCF-7 cells 

(46.09±0.01) is much lower compared to MCF-10A 

(94.14±0.01µM). It seems that MCF-7 cells are more 

sensitive to apigenin and rutin compared to MCF-10A 

cells. In contrast, tamoxifen was non-selective to both 

cells with IC50 of 30.66±0.01µM and 38.17µM, 

respectively.  

 

Tamoxifen Anti-proliferative Effect on MCF-7 Cells 

were Enhanced by Apigenin and Rutin 

 

The combined effects of tamoxifen with apigenin 

and rutin at respective IC50 concentrations after 72 

hours of treatments as summarized in Figure 1b. 

 

 
 
Figure 1b Effects of tamoxifen combination with apigenin 

and rutin (IC50 concentrations) on ER+-breast cancer, MCF-

7 and non-transformed breast, MCF-10A cells proliferation. 

Data were mean ± SD of three independent experiments 

and in triplicates. *p<0.01 compared with respective 

untreated control group; +p<0.01 compared between the 

combined treatment of apigenin and tamoxifen group with 

tamoxifen alone in MCF-7 cells; ++p<0.01 compared 

between the combined treatment of rutin and tamoxifen 

group with tamoxifen alone in MCF-10A cells 
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Tamoxifen anti-proliferative effect against MCF-7 cells 

was more pronounced in the respective combined 

treatment with apigenin (67.66±2.22% inhibition at 

p<0.01, n=3) and rutin (70.21±2.95% inhibition at 

p<0.01, n=3) compared to tamoxifen alone 

(51.55±2.31% inhibition at p<0.01, n=3). Interestingly, 

tamoxifen anti-proliferative effect on MCF-10A cells 

was reduced in the combined treatment with rutin 

(21.81±1.70 at p<0.01, n=3) compared to tamoxifen 

alone (54.35±4.87 at p<0.01, n=3) (Figure 1b). The 

combined effect of tamoxifen with apigenin on MCF-

10A cells was not determined as no IC50 

concentration for apigenin was obtained. 

Apigenin and rutin are naturally occurring 

polyphenolic compounds of flavonoids. Polyphenols 

interfere with breast and ovarian carcinogenicity 

through modulation of estrogen receptor activities 

[21] due to their structural similarity with 17β-

oestradiol estrogen receptor subtypes α and β [22]. 

Furthermore, polyphenols reduced the progression of 

these cancers through enhancement of p53-mutant 

[19], cell cycle arrest [23] and activation of apoptosis 

[23]. 

Using respective IC50 concentrations, ER+-breast 

cancer, MCF-7 cells were more sensitive to both 

apigenin and rutin compared to non-transformed 

breast, MCF-10A cells. On the contrary, both cells 

were sensitive to tamoxifen (Table 1). These 

flavonoids appeared to have the ability to enhance 

tamoxifen anti-proliferative effect towards MCF-7 

while protecting MCF-10A against tamoxifen (Figure 

1b). Flavonoids such as apigenin, rutin and genistein 

(4',5,7-trihydroxyisoflavone) were cytotoxic to 

neuroblastoma LAN-5 and ovarian SiHa cancer cells 

[19][24]. However, normal cells were less sensitive to 

flavonoids [25]. Furthermore, apigenin and genistein 

were able to sensitize estrogen receptor negative 

(ER-)-breast MDA-MB-453; and ovarian A2780 and 

C200 cancer cells compared to 5-fluorouracil and 

cisplatin, respectively [26][27][28]. Contrary to both 

flavonoids, 4-hydroxytamoxifen was cytotoxic to both 

MCF-7 and MCF-10A cells [29]. 

 

Apigenin and Rutin Treatments Lead to Apoptosis 

 

To examine whether cells undergo apoptosis; 

untreated, flavonoids-treated (apigenin or rutin) and 

tamoxifen-treated breast cancer MCF-7 and non-

transformed breast MCF-10A cells were stained with 

Annexin V-FITC and PI at respected IC50 

concentrations.  

Flow cytometry analysis of PI and Annexin V-FITC 

stained cells are a standard procedure to distinguish 

early apoptotic cells (Annexin V-FITC+/PI−) and late 

apoptotic cells (Annexin V-FITC+/PI+). However, this 

method could not discriminate between the late 

apoptotic cells with primary necrotic cells, since 

both of these groups of cells are Annexin V-

FITC+/PI+. These two groups are able to be 

distinguished by DNA fragmentation method [29]. 

The results of cell apoptosis induced by apigenin and 

rutin compared to tamoxifen at 72 hours are 

represented in Figure 2a and summarized in Figure 

2b. Apigenin, rutin and tamoxifen treatments in MCF-

7 cells resulted in total apoptotic population of 

48.40±2.41% (p<0.01, n=3), 47.60±1.67% (p<0.01, n=3) 

and 51.05±0.62% (p<0.01, n=3) respectively, 

compared to untreated control cells (1.45±0.03 at 

p<0.01, n=3) as shown in Figures 2a and 2b. Rutin 

treatment only resulted in 13.07±0.76% (p<0.01, n=3) 

of total apoptotic population in MCF-10A cells 

compared to tamoxifen, 45.73±2.94% (p<0.01, n=3) 

even though rutin IC50 concentration was thrice 

higher than tamoxifen. Apoptosis was further 

confirmed by using DNA fragmentation assay (Figure 

3). The effect of apigenin on MCF-10A apoptosis 

could not be determined as no IC50 concentration 

was obtained. 

Figure 3 shows the results of apoptotic DNA 

fragmentation in ER+-breast cancer, MCF-7 cells (A) 

and non-transformed breast, MCF-10A cells (B) 

induced by flavonoids and tamoxifen at respective 

IC50 concentrations. DNA fragmentation was 

detected in MCF-7 cells after treated with apigenin, 

rutin and tamoxifen for 72 hours at respective IC50 

concentrations. In MCF-10A, DNA fragmentation was 

not detected at 72 hours in rutin and tamoxifen 

treatments. It was detected later, at 84 hours and 96 

hours, respectively. Consistent with the anti-

proliferative effect, higher apoptosis was observed in 

rutin-treated MCF-7 cells compared to MCF-10A. 

Apoptosis was equally high in both cells after 

tamoxifen treatment (Figure 3). Apigenin reduced 

the proliferation of prostate cancer PC-3, and DU145 

cells through apoptosis, but was less sensitive to 

normal prostate PWR-1E cells [30]. It caused G1 

phase arrest and apoptosis to cervical cancer HeLa 

cells [31]. Anti-neuroblastoma effect of rutin on LAN-5 

was induced via G2/M phase arrest and apoptosis 

[20]. Consistent with its cytotoxicity effects, 4-

hydroxytamoxifen enhanced DNA damage in both 

MCF-7 and MCF-10A cells [32]. 
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Figure 2a A representative flow cytometry analysis of 

flavonoids (apigenin and rutin) and tamoxifen treatments 
on ER+-breast cancer, MCF-7 cells (A) and non-

transformed breast, MCF-10A cells (B) at respective IC50 

concentrations. The percentage of total apoptotic 

population from the above scatter plot graphs obtained 

from 3 set of experiments was presented in bar graph 

(Figure 2b) 

 

 
 
Figure 2b Bar chart analysis representing total apoptotic 

population in MCF-7 and MCF-10A cells obtained from flow 

cytometry analysis. All treatment increased the proportion 

of total apoptotic population in MCF-7 cells. Rutin induced 

3.5 times less apoptosis than tamoxifen in MCF-10A cells. 

Data were presented as mean ± SD of three independent 

experiments and in triplicates. *p<0.01 compared with 

respective untreated control group; +p<0.01 compared 

between rutin treatment group in MCF-7 with MCF-10A cells 

 

 
 
Figure 3 DNA fragmentation analysis of flavonoids and 

tamoxifen treatments on ER+-breast cancer, MCF-7 (A) 

and non-transformed breast, MCF-10A cells (B). Data were 

presented as mean ± SD of three independent experiments 

and in triplicates. *p<0.01 compared with respective 

untreated control group; +p<0.01 compared between 

apigenin treated group with rutin in MCF-7 cells; x p<0.01 

compared between apigenin treated group with tamoxifen 

in MCF-7 cells; p<0.01 compared between rutin treated 

group with tamoxifen in MCF-10A cells 
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Apigenin and Rutin Up Regulate p53 and Down 

Regulates Cyclin B1 in MCF-7 Cells 

 

In order to investigate the pathway by which 

apigenin and rutin induced apoptosis, gene 

expression analysis for tumor suppressors and cell 

cycle related genes was performed. Target genes 

were normalized with RPL13A housekeeping gene 

and summarized in Table 2. 

Results show increased expression of p53, PTEN 

and p21 in response to apigenin and rutin treatments 

compared with control group (p<0.01, n=3). No 

changes in CDK1, but Cyclin B1 was evidently 

decreased (p<0.01, n=3). Contrary to tamoxifen, 

PTEN, p21 and Cyclin B1 were decreased (p<0.01, 

n=3), but no changes to p53 and CDK1 (Table 2). 

Similar pattern for all target genes were obtained 

after normalization with HPRT housekeeping gene. 

 
Table 2 Effect of apigenin and rutin on the expression of 

tumor suppressors and cell cycle related genes 

 

 Relative gene expression (fold) 

 Tumor 

suppressor 

gene 

Cell cycle related gene 

Treatment p53 PTEN p21 CDK1 Cyclin 

B1 

Control  1 1 1 1 1 

Apigenin 1.75 

±0.94* 

10.29 

±1.29* 

1.78 

±0.89* 

1.12 

±0.77 

0.55 

±0.028* 

Rutin 1.52 

±0.13* 

13.47 

±0.59* 

1.28 

±0.03* 

1.15 

±0.82 

0.45 

±0.029* 

Tamoxifen 0.99 

±0.06 

0.63 

±0.09* 

0.86 

±0.22 

0.84 

±0.19 

1.29 

±0.44* 

 

 

The mRNA expression p53, PTEN, P21, CDK1, Cyclin 

B1 in MCF-7 treated with apigenin, rutin and 

tamoxifen at respective IC50 concentrations for 72 

hours. The levels of each gene mRNA was normalized 

to the value of the RPL13A housekeeping gene. 

Results obtained from three independent 

experiments are expressed as mean ± SD. Value of 

1.00 is indicated as no changes, above 1.00 as up 

regulated and below 1.00 as down regulated. 

*p<0.01 compared with untreated control group. 

Apigenin and rutin are suggested to affect 

multiple cell signaling processes in cancers cells 

which arrest their cell cycle progression and 

induction of apoptosis [32][33][34]. Apigenin and 

rutin induction of apoptosis in MCF-7 cells may be 

associated with increased expression of p53, PTEN 

and p21; and decreased cyclin B1 genes. Tamoxifen 

decreased the expression of PTEN, p21 and Cyclin B1 

genes, while no changes in p53 was observed (Table 

2). These results suggest that both flavonoids arrested 

MCF-7 cells at G2/M and both the arrest and 

apoptosis actions on MCF-7 cells are p53-dependent, 

contrary to tamoxifen. Accordingly, apigenin G1 

phase arrest and induction of apoptosis in HeLa cells 

was p53 dependent and associated with increased 

expression of a CDK inhibitor, p21; and apoptotic 

mediated Fas/APO-1 and caspase-3 proteins. 

Apigenin also decreased the expression of Bcl-2 

protein, an anti-apoptotic factor [33]. Apigenin 

arrested the growth of HT-29 and SW620 colon 

cancer cells at G2/M phase which were suggested 

mediate by inhibition of CDK1 protein [34]. 

Interestingly, apigenin is able to increase the stability 

of p53 gene in normal cells [36]. In addition, rutin 

G2/M arrest and increased in apoptotic rate in 

neuroblastoma LAN-5 cells was associated with 

reduced Bcl-2/Bax ratio [20]. Decreased of p53 

expression in rat CCl4-induced hepatotoxicity was 

restored by rutin [35]. 

 

 

4.0  CONCLUSION 
 

In conclusion, apigenin and rutin anti-proliferative 

effect on ER+-breast cancer MCF-7 cells could be 

mediated through p53-dependent-G2/M phase 

arrest and apoptosis. It appears that apigenin and 

rutin are able to synergistically enhanced tamoxifen 

efficacy on MCF-7 cells and are potential candidates 

as adjuvant agents in reducing tamoxifen adverse 

effects. 
 

 

Acknowledgement 
 

This research was funded by grants [(600-RMI/ST/FRGS 

5/3Fst (139/2010)] and ERGS 600-RMI/ERGS 

5/3(27/2011)] from the Ministry of Higher Education 

(MOHE), Malaysia. The authors have no conflict of 

interest to declare. 
 

 

References 
 
[1] Stewart, B. W., Wild, C. P. 2014. World Cancer Report 2014. 

Lyon, France: International Agency for Research on 

Cancer. Publisher International Agency for Research in 

Cancer. IARC Nonserial Publication, WHO Press.  

[2] Lin, A. H. Y., Li, R. W. S., Ho, E. Y. W., Leung, G. P. H., Leung, 

S. W. S., Vanhoutte, P. M., et al. 2013. Differential Ligand 
Binding Affinities of Human Estrogen Receptor- Isoforms. 

PLoS ONE. 8(4): e63199. 

[3] Karn, A., Jha, A. K., Shresta, S., Acharya, B., Poudel, S., 

Bhandari, R. B. 2010. Tamoxifen for Breast Cancer. J Nepal 

Med Asoc. 49(177): 62-67.  

[4] Housman, G., Byler, S., Heerboth, S., Lapinska, K., 

Longacre, M., Snyder, N., Sarkar, S. 2014. Drug Resistance 

in Cancer: An Overview. Cancers (Basel). 6(3): 1769-1792. 

[5] Dixon, J. M. 2014. Endocrine Resistance in Breast Cancer. 

New Journal of Science. 2014: 1-27.  

[6] Fernandez-Cuesta, L., Anaganti, S., Hainaut, P., Olivier, M. 

2011. p53 Status Influences Response to Tamoxifen But Not 

to Fulvestrant in Breast Cancer Cell Lines. Int J Cancer. 

128(8): 1813-21. 

[7] Tanic, N., Milovanovic, Z., Dzodic, R., Juranic, Z., Susnjar, S., 

Plesinac-Karapandzic, V., Titas, S., Dramicanin, T., 

Davidovic, R., Dimitrijevic, B. 2012. The Impact of PTEN 

Tumor Suppressor Gene on Acquiring Resistance to 

Tamoxifen Treatment in Breast Cancer Patients. Cancer 

Biol Ther. 13(12): 1165-1174. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Housman%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25198391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byler%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25198391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heerboth%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25198391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lapinska%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25198391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Longacre%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25198391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Snyder%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25198391
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sarkar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25198391
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4190567/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fernandez-Cuesta%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20549698
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anaganti%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20549698
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hainaut%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20549698
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olivier%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20549698
https://www.ncbi.nlm.nih.gov/pubmed/20549698


140                                    S. Hamimah et al. / Jurnal Teknologi (Sciences & Engineering) 80:1 (2018) 133–140  

 

 

[8] Muller, P. A. J., Vousden, K. H. 2014. Mutant p53 in Cancer: 

New Functions and Therapeutic Opportunities. Cancer 

Cell March. 25(3): 304-317.  

[9] Kandoth, C., McLellan, M. D., Vandin, F., Ye, K., Niu, B., Lu, 

C., Xie, M., Zhang, Q., McMichael, J. F., Wyczalkowski, M. 

A., Leiserson, M. D., Miller, C. A., Welch, J. S., Walter, M. J., 

Wendl, M. C., Ley, T. J., Wilson, R. K., Raphael, B. J., Ding, L. 

2013. Mutational Landscape and Significance Across 12 

Major Cancer Types. Nature Oct. 502(7471): 333-339.  

[10] Lo Nigro, C., Vivenza, D., Monteverde, M., Lattanzio, L., 

Gojis, O., Garrone, O., Comino, A., Merlano, M., Quinlan, 

P. R., Syed, N., Purdie, C. A., Thompson, A., Palmieri, C., 

Crook, T. 2012. High Frequency of Complex TP53 Mutations 

in CNS Metastases from Breast Cancer. British Journal of 

Cancer. 106: 397-404. 

[11] Yang, P., Du, C. W., Kwan, M., Liang, S. X., Zhang, G. J. 

2013. The Impact of p53 in Predicting Clinical Outcome of 

Breast Cancer Patients with Visceral Metastasis. Scientific 

Reports. 3: 2246-2251. 

[12] Arafa, E. A., Zhu, Q., Shah, Z. I., Wani, G., Barakat, B. M., 

Racoma, I., El-Mahdy, M. A., Wani, A. A. 2011. 

Thymoquinone Up-regulates PTEN Expression and Induces 

Apoptosis in Doxorubicin-resistant Human Breast Cancer 

Cells. Mutat Res. 706(1-2): 28-35. 

[13] Nakanishi, A., Kitagishi, Y., Ogura, Y., Matsuda, S. 2014. The 

Tumor Suppressor PTEN Interacts with p53 in Hereditary 

Cancer (Review). International Journal of Oncology. 44(6): 

1813-1819. 

[14] Lu, X. X., Cao, L. Y., Chen, X.,  Xiao, J.,  Zou, Y., Q. Chen. 

2016. PTEN Inhibits Cell Proliferation, Promotes Cell 

Apoptosis, and Induces Cell Cycle Arrest via 

Downregulating the PI3K/AKT/hTERT Pathway in Lung 

Adenocarcinoma A549 Cells. Biomed Res Int. 2016: 1-8. 

[15] Zhang, H. Y., Liang, F., Jia, Z. L., Song, S. T, Jiang, Z. F. 2013. 

PTEN Mutation, Methylation and Expression in Breast 

Cancer Patients. Oncol Lett. 6(1): 161-168.  

[16] Bai, H., Jin, H., Yang, F., Zhu, H., Cai, J. 2014. Apigenin 

Induced MCF-7 Cell Apoptosis-associated Reactive 

Oxygen Species. Scanning Nov-Dec. 36(6): 622-631.  

[17] Batra, P., Sharma, A. K. 2013. Anti-cancer Potential of 

Flavonoids: Recent Trends and Future Perspectives. 

Biotech. 3(6): 439-459. 

[18] Long, X., Fan, M., Bigsby, R. M., Nephew, K. P. 2008. 

Apigenin Inhibits Antiestrogen-resistant Breast Cancer Cell 

Growth through Estrogen Receptor-alpha-dependent and 

Estrogen Receptor-aalpha-independent Mechanisms. Mol 

Cancer Ther. 7: 2096-2108. 

[19] Chen, H., Miao, Q., Geng, M., Liu, J., Hu, Y., Tian, L., Pan, J., 

Yang, Y. 2013. Anti-tumor Effect of Rutin on Human 

Neuroblastoma Cell Lines Through Inducing G2/M Cell 

Cycle Arrest and Promoting Apoptosis. The Scientific World 

Journal. 2013: 1-8. 

[20] Parrish, A. B., Freel, C. D., Kornbluth, S. 2013. Cellular 

Mechanisms Controlling Caspase Activation and 

Function. Cold Spring Harb Perspect Biol. 5(6): 1-24.  

[21] Zhao E, Mu Q. 2011. Phytoestrogen Biological Actions on 

Mammalian Reproductive System and Cancer Growth. 

Sci Pharm. 79(1): 1-20.  

[22] Lecomte, S., Demay, F., Ferrière, F., Pakdel, F. 2017. Review 

Phytochemicals Targeting Estrogen Receptors: Beneficial 

Rather than Adverse Effects? Int J Mol Sci.18: 1381-1399. 

[23] Vidya Priyadarsini, R., Senthil Murugan, R., Maitreyi, S., 

Ramalingam, K., Karunagaran, D., Nagini, S. 2010. The 

Flavonoid Quercetin Induces Cell Cycle Arrest and 

Mitochondria-mediated Apoptosis in Human Cervical 
Cancer (HeLa) Cells through p53 Induction and NF-B 

Inhibition. Eu J Pharmacol. 649(1): 84-91. 

[24] Batra, P., Sharma, A. K. 2013. Anti-cancer Potential of 

Flavonoids: Recent Trends and Future Perspectives. 

Biotech. 3(6): 439-459. 

[25] Sak, K. 2014. Cytotoxicity of Dietary Flavonoids on Different 

Human Cancer Types. Pharmacogn Rev. 8(16): 122-146.  

[26] Sahin, K., Tuzcu, M., Basak, N., Caglayan, B., Kilic, U., Sahin, 

F., Kucuk, O. 2012. Sensitization of Cervical Cancer Cells to 

Cisplatin by Genistein: The Role of NFκB and Akt/mTOR 

Signaling Pathways. Journal of Oncology. 2012: 1-6. 

[27] Choi, E. J., Kim, G. H. 20095. Fluorouracil Combined with 

Apigenin Enhances Anticancer Activity through Induction 

of Apoptosis in Human Breast Cancer MDA-MB-453 Cells. 

Oncol Rep. 22(6): 1533-1537. 

[28] Yellepeddi, V. K., Vangara, K. K., Kumar, A., Palakurthi, S. 

2012. Comparative Evaluation of Small-molecule 

Chemosensitizers in Reversal of Cisplatin Resistance in 

Ovarian Cancer Cells. Anticancer Res Sep. 32(9): 3651-

3658. 

[29] Wlodkowic, D., Telford, W., Skommer, J., Darzynkiewicz, Z. 

2011. Apoptosis and Beyond: Cytometry in Studies of 

Programmed Cell Death. Methods Cell Biol. 103: 55-98. 

[30] Morrissey, C., O'Neill, A., Spengler, B., Christoffel, V., 

Fitzpatrick, J. M., Watson, R. W. 2005. Apigenin Drives the 

Production of Reactive Oxygen Species and Initiates a 

Mitochondrial Mediated Cell Death Pathway in Prostate 

Epithelial Cells. Prostate. 63: 131-142.  

[31] Zheng, P. W., Chiang, L. C., Lin, C. C. 2005. Apigenin 

Induced Apoptosis through p53-dependent Pathway in 

Human Cervical Carcinoma Cells. Life Sci. 76: 1367-1379. 

[32] Yaacob, N. S. and Ismail N. F. 2014. Comparison of 

Cytotoxicity and Genotoxicity of 4-hydroxytamoxifen in 

Combination with Tualang Honey in MCF-7 and MCF-10A 

Cells. BMC Complementary and Alternative Medicine. 14: 

106-113.  

[33] Wang, Y., Xu, S. L., Wu, Y. Z., Zhao, M. S., Xu, W. J., Yang, H. 

Y., Li, Y. X. 2013. Simvastatin Induces Caspase-Dependent 

Apoptosis and Activates P53 in OCM-1 Cells. Exp Eye Res. 

113: 128-134. 

[34] Iizumi, Y., Oishi, M., Taniguchi, T., Goi, W., Sowa, Y., Sakai, T. 

2013. The Flavonoid Apigenin Downregulates CDK1 by 

Directly Targeting Ribosomal Protein S9. PLoS ONE. 8(8): 

e73219. 

[35] Khan RA, Khan MR and Sahreen S. CCl4-induced 

hepatotoxicity: protective effect of rutin on p53, CYP2E1 

and the antioxidative status in rat. BMC Complementary 

and Alternative Medicine 2012; 12:178-183. 

 

 

 

View publication statsView publication stats

https://www.ncbi.nlm.nih.gov/pubmed/?term=Arafa%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20ZI%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wani%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barakat%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Racoma%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Mahdy%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wani%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=21040738
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20XX%5BAuthor%5D&cauthor=true&cauthor_uid=27822469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cao%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=27822469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20X%5BAuthor%5D&cauthor=true&cauthor_uid=27822469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27822469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zou%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=27822469
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=27822469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5086351/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21617769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mu%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=21617769
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3097497/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Batra%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28324424
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3824783/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sak%20K%5BAuthor%5D&cauthor=true&cauthor_uid=25125885
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4127821/
https://www.researchgate.net/publication/321798363

