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Abstract

Tamoxifen is an effective treatment for estrogen receptor alpha positive (ERat)-
breast cancer, however patients who received the treatment for five years have
greafter mortality risk compared to those who did not receive tamoxifen.
Furthermore, patients treated with tamoxifen developed resistance to the drug
which mediated through pP53 and PTEN. Therefore, the study is undertaken to
determine the potential adjuvant properties of flavonoids, apigenin and rutin to
promotfe the anticancer activity induced by famoxifen using ERa*-breast cancer
MCEF-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
tfamoxifen. Anti-proliferative activity and respective ICsp concentrations were
determined using MTT assay. The respective ICso 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
MCEF-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
MCEF-10A against the foxicity of tamoxifen. Our results indicate that the anfi-
proliferative mechanism of apigenin and rutin is mediated by apoptosis signals. In
MCEF-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 ERa*-breast cancer treatment.
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Abstrak

Tamoxifen adalah satu rawatan berkesan untuk estrogen reseptor alfa positif (ERat)-
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
ternadap rawatan kemoterapi tersebut. Kerentanan ini adalah diperantara melalui
p53 dan PTEN. Oleh itu, kajian ini dijalankan untuk mengenalpasti potensi adjuvan
terbitan flavonoids icitu apigenin dan rutin untuk menggalakkan akfiviti anti-kanser
oleh tamoxifen terhadap sel ERa*-kanser payudara, MCF-7. Kedua-dua sel MCF-7
dan sel payudara normal, MCF-10A telah dirawat secara berasingan dengan
apigenin, rutin, famoxifen atau gabungan sefiap tferbitan flavonoids dengan
tfamoxifen. Aktiviti anti-proliferafif dan dos ICs setiap kompaun ditentukan
menggunakan asai MTT. Dos-dos ICso 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 Bl)
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 famoxifen. 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 mengaktitkan apoptosis. Kedua-duanya melibatkan pengisyaratan
franduksi p53. Kedua-dua flavonoids dicadangkan berpotensi sebagai agen-agen
adjuvan yang membantu meningkatkan keberkesanan tamoxifen di dalam rawatan
ERa*-kanser payudara.

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

© 2018 Penerbit UTM Press. All rights reserved

1.0 INTRODUCTION

Tumor suppressor gene p53 prevents neoplastic
development by eliminating or inhibiting the

Breast cancer is the most prevalent types of cancer proliferation of abnormal cells through cell cycle

diagnosed among women with 14 mililon 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
receptfor alpha positive (ERa*) and therefore their
development is highly dependent on estradiol.
Tamoxifen competitively binds to ERa* in the cancer
cell, thus blocking estrogen from attaching to the
receptor [2]. It has remained as the endocrine
treatment for ERa*-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 freatment [5].
Resistance to tamoxifen freatment in breast cancer
patients is associated with suppression of tumor
suppressor genes such as p53 [6] and PTEN [7].

arrest or apoptosis [8]. Its mutation leading to the loss
of wild-type p53 activity is frequently detected in 50%
of all human cancers [?]. 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 tfamoxifen was observed in primary
breast cancer patients [6]. The absence of p53
mutatfion seems to predict the overall patient’s
survival following primary therapy [11].

Similar to p53, PTEN is also one of the most
common fargets of mutation in advanced stages of
breast cancer progression [12]. PTEN protects p53
from survival signals by sensitizihg tumor cells to p53-
dependent chemotherapy [13]. Over expression of
PTEN in cancer cells inhibits cell proliferation and
fumorigenicity through cell cycle arrest and
apoptosis [14]. In breast cancer patients, PTEN
expression was lower than that of normal breast
fissues 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 antfi-
proliferative effect of flavonoids is selective and more
sensitive to breast cancer cells compared to normal
[16]. Flavonoids such as apigenin  (4',5,7-
tfrihnydroxyflavone) 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 ERa* and inhibited of proliferative MAPK
signaling  pathways. In  addition, apigenin
demonstrated synergistic anti-proliferative effect
when combined with either tamoxifen or fulvestrant
on both anfiestrogen-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 (CDKI1 inhibitor),
CDK1 and Cyclin B1 genes in ERa*-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

ERa*-breast cancer cells, MCF-7 were cultured in
Roswell Park Memorial Institute 1640 media
supplemented with 10% of fetal bovine serum and 1%
anfibiotics (penicilin and streptomycin) while non-
fransformed breast cells, MCF-10A were cultured in
Dulbecco's Modified Eagle's Medium supplemented
with 5% horse serum, antibiotics (1% penicilin and
streptomycin), 0.05% hydrocortisone, 1% insulin and
0.2% recombinant human growth factor in 75 cm?2
flasks. Both cells were incubated at 37°C with 5% CO2
to 80% confluent. Cells, ftissue 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

tfamoxifen 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 104/mL
cells was freated separately with apigenin and rutin
at different final concenfrations ranging from 10uM to
100uM for 72 hours. The combined effect between
each phytochemicals with tamoxifen at respective
ICso values was determined. Tamoxifen was used as a
positive control. Cells cultured in complete media
with 0.1% of DMSO were used as negative confrols.

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 10¢/mL cells were treated
separately with apigenin and rutin at respective ICso
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 confrols, 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 (Pl) 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+/Pl+) 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 fo discriminate between late
apoptotic and primary necrofic cells. Cells were
freated 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 unfreated after normalization with ribosomal
protein L13A (RPL1I3A) and hypoxanthine-guanine
phosphoribosyltransferase  (HPRT) housekeeping
genes were determined using QuantiGene 2.0 Plex
assay (Affymetrix, USA). A total of 1 x 10¢/mL cells
were freated separately with apigenin and rutin at
respective |ICso 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 fimes,
independently and in friplicates. 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 ERa*-breast cancer and non-transformed breast
cells (MCF-7 and MCF-10A, respectively) at different
concenfrations (10uM to 100uM) for 72 hours were
investigated (Figure 1a) and respective [Cso
concenfrations were summarized in Table 1.
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Figure 1a The effect of apigenin, rutin and tamoxifen on
ERa*-breast cancer, MCF-7 (A) and non-transformed breast,
MCEF-10A (B) cell proliferation, respectively. Data were
mean * SD of three independent experiments and in
friplicates. *p<0.01 compared with respective untreated
confrol group

Table 1 Anti-proliferative activity (ICso concentrations) of
apigenin and rutin compared to tamoxifen in ERa*-breast
cancer, MCF-7 and non-transformed breast, MCF-10A cells

ICs0 concentrations (UM)

Treatment MCEF-7 MCEF-10A
Control 100 100
Apigenin 34.34+0.01% No ICso obtained
Rutin 46.09+0.01*+ 94.1420.01%++
Tamoxifen *30.66+0.01* 38.1720.01

ICs0 is the concentrafion that inhibits cellular
proliferation by 50%. Data were mean * SD of three
independent experiments and in friplicates. *p<0.01
compared with respective untreated control group;
9p<0.01 compared with rutin in MCF-7 cells, p<0.01;
*p<0.01 compared to famoxifen in MCF-7 cells;
**p<0.01 compared with tamoxifen in MCF-10A cells;
*p<0.01 compared between rutin tfreatment group in
MCF-7 and MCF-10A cells.

Apigenin and rutin  selectively inhibited the
proliferation of MCF-7 cells with ICso of 34.34+0.01uM
and 46.09+0.01uM, respectively at 72 hours. No ICso
was obtained for MCF-10A cells even after freated
with apigenin up to 100uM. Rutin ICso for MCF-7 cells
(46.09+0.01) is much lower compared to MCF-10A
(94.14+0.01uM). 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 1Cs0 of 30.66+0.01uM and 38.17uM,
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 ICso concentrations after 72
hours of freatments as summarized in Figure 1b.

EMCF-7  OMCF-10A

it
* x % .,
I ﬂ ﬂ H |
Control Apigenin Rutin Tamoxifen Apigeninand  Rutin and
tamoxifen tamoxifen

Proliferation (%)

Treatment group (pM)

Figure 1b Effects of tamoxifen combination with apigenin
and rutin (ICso concentrations) on ERa*-breast cancer, MCF-
7 and non-transformed breast, MCF-10A cells proliferation.
Data were mean + SD of three independent experiments
and in ftriplicates. *p<0.01 compared with respective
unfreated control group; *p<0.01 compared between the
combined treatment of apigenin and famoxifen group with
famoxifen alone in MCF-7 cells; *p<0.01 compared
between the combined freatment of rutin and famoxifen
group with tamoxifen alone in MCF-10A cells
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Tamoxifen anfi-proliferative effect against MCF-7 cells
was more pronounced in the respective combined
freatment 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 anfi-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 cels was not determined as no ICso
concenfration 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 fto their structural similarity with 17 8-
oestradiol estrogen receptor subtypes a« and B [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 ICso concentratfions, ERat-breast
cancer, MCF-7 cells were more sensitive fo both
apigenin and rufin compared fo non-fransformed
breast, MCF-10A cells. On the confrary, both cells
were sensitive fo tamoxifen (Table 1). These
flavonoids appeared to have the ability fo 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-trinydroxyisoflavone)  were  cytotoxic  to
neuroblastoma LAN-5 and ovarian SiHa cancer cells
[19]1[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 apopftosis;
untreated, flavonoids-treated (apigenin or rutin) and
tamoxifen-tfreated breast cancer MCF-7 and non-
fransformed breast MCF-10A cells were stained with
Annexin  V-FITC and Pl aft respected ICso
concentrations.

Flow cytomeitry analysis of Pl 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
rufin  compared fo tamoxifen at 72 hours are
represented in Figure 2a and summarized in Figure
2b. Apigenin, rufin 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
freatment only resulted in 13.07+0.76% (p<0.01, n=3)
of total apoptotic population in MCF-10A cells
compared fo tamoxifen, 45.73+2.94% (p<0.01, n=3)
even though rutin ICso concentration was thrice
higher than famoxifen. 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 ICso concentration
was obtained.

Figure 3 shows the results of apoptotic DNA
fragmentation in ERa*-breast cancer, MCF-7 cells (A)
and non-transformed breast, MCF-10A cells (B)
induced by flavonoids and tamoxifen at respective
ICs0 concentrations. DNA  fragmentation  was
detected in MCF-7 cells after treated with apigenin,
rutin and tamoxifen for 72 hours at respective ICso
concentrations. In MCF-10A, DNA fragmentation was
not detected at 72 hours in rutin and tamoxifen
freatments. It was detected later, at 84 hours and 96
hours, respectively. Consistent with  the anfi-
proliferative effect, higher apoptosis was observed in
rutin-freated MCF-7 cells compared to MCF-10A.
Apoptosis was equally high in both cells aofter
tamoxifen freatment (Figure 3). Apigenin reduced
the proliferation of prostate cancer PC-3, and DU145
cells through apoptosis, but was less sensitive to
normal prostate PWR-T1E cells [30]. It caused Gl
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 cyfotoxicity 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 freatments
on ERa*breast cancer, MCF-7 cells (A) and non-
tfransformed breast, MCF-10A cells (B) at respective ICso
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)
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Figure 2b Bar chart analysis representing total apoptotic
population in MCF-7 and MCF-10A cells obtained from flow
cytometry analysis. All freatment 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 ftriplicates. *p<0.01 compared with
respective untreated control group; *p<0.01 compared
between rutin freatment group in MCF-7 with MCF-10A cells
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Figure 3 DNA fragmentation analysis of flavonoids and
tamoxifen freatments on ERa*-breast cancer, MCF-7 (A)
and non-fransformed breast, MCF-10A cells (B). Data were
presented as mean + SD of three independent experiments
and in ftriplicates. *p<0.01 compared with respective
unfreated control group; *p<0.01 compared between
apigenin freated 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 tfreated
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 CDKI1, but Cyclin Bl was evidently
decreased (p<0.01, n=3). Confrary 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 Cell cycle related gene
suppressor
gene
Treatment p53 PTEN p21 CDK1 Cyclin
B1
Confrol 1 1 1 1 1
Apigenin 1.75 10.29 1.78 1.12 0.55
$0.94°  +1.29" | *0.89" +0.77 +0.028"
Rutin 1.52 13.47 1.28 1.15 0.45
+0.13" +0.59" | #0.03" +0.82 +0.029"
Tamoxifen 0.99 0.63 0.86 0.84 1.29
+0.06  +0.09" +0.22 +0.19 +0.44

The mRNA expression p53, PTEN, P21, CDK1, Cyclin
B1 in MCF-7 ftreated with apigenin, rutin and
tamoxifen at respective ICso 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 unfreated 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
rufin induction of apoptosis in MCF-7 cells may be
associated with increased expression of p53, PTEN
and p21; and decreased cyclin Bl genes. Tamoxifen
decreased the expression of PTEN, p21 and Cyclin Bl
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 G
phase arrest and induction of apoptosis in HelLa cells
was p53 dependent and associated with increased
expression of a CDK inhibitor, p21; and apoptotfic

mediated Fas/APO-1 and caspase-3 proteins.
Apigenin also decreased the expression of Bcl-2
protein, an anti-apopfotic factor [33]. Apigenin
arrested the growth of HT-29 and SWé20 colon
cancer cells at G2/M phase which were suggested
mediate by inhibition of CDKI1 profein [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 ratfio [20]. Decreased of p53
expression in rat CCl4-induced hepatotoxicity was
restored by rutin [35].

4.0 CONCLUSION

In conclusion, apigenin and rutin anfi-proliferative
effect on ERa*-breast cancer MCF-7 cells could be
mediated through p53-dependent-G2/M  phase
arrest and apoptosis. It appears that apigenin and
rufin are able to synergistically enhanced tamoxifen
efficacy on MCF-7 cells and are potential candidates
as adjuvant agenfs in reducing tamoxifen adverse
effects.
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