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Abstract

Objective: Thymoquinone (TQ), as the main component of Nigella Sativa plant, shows anti-
cancer properties. This study was aimed to evaluate the combined effect of TQ and Tamoxifen
(TAM) on viability and apoptosis of human breast cancer cell lines.

Materials and Methods: In this experimental study, estrogen positive MCF-7 and estrogen
negative MDA-MB-231 human breast cancer cell lines were induced by TAM (2 uM) or dif-
ferent doses of TQ (50, 75, 100, 150 pM), individually or in combination. Cell viability and
apoptosis were investigated by MTT assay and TdT-mediated deoxy-uracil nick end labeling
(TUNEL) assay; Acridine orange (AO)/Ethidium bromide (EB) staining respectively. Data
were analyzed by one way ANOVA and P<0.05 was considered significant.

Results: In 24 hours treatment, TAM and all doses of TQ, solely or in combination, signifi-
cantly reduced cell viability of both cell lines, except in MCF-7 cells treated with 50 yM TQ,
and MDA-MB-231 cells treated with 50 or 75 uM TQ (P<0.01). After 48 hours treatment,
cell viability of both cell lines was reduced in all treated groups (P<0.05). Remarkable ap-
optotic index was observed in combination treatment of MCF-7 or MDA-MB-231 cell lines
with TAM and TQ (P<0.001).

Conclusion: The synergistic effect of TQ and TAM on human breast cancer cell lines
showed cell viability reduction as well as apoptosis induction, independent to estrogen.
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Introduction

As the first line of endocrine therapy, estrogen
receptor positive (ER+) breast cancers were treated
with Tamoxifen (TAM) (1, 2), although low effica-
cy of this drug for treatment of ER-negative (ER-)
is still a crucial challenge (3). In addition, resist-
ance to this therapeutic agent is the other problem
reducing the efficiency of TAM therapy. Curiously,
evidences showed that TAM acts as a chemical
structure -like estrogen- in chronic treatments, pro-
moting progression of the tumors (4).

Another limitation at treatment of breast cancer
cells with TAM is that the long-time administration
of this agent leads to transforming growth factor-f3

(TGF-B) over-expression. TGF-f contributes to in-
duction and maintenance of many cellular process-
es such as proliferation, apoptosis, migration and
angiogenesis. It has been shown that high level of
TGF-B, at the first stage of breast cancer forma-
tion, declined progression of the tumors. How-
ever, following on tumor progression, this growth
factor could contrarily induce metastasis, leading
to distribution of the cancer (5-7).

Combination therapy application with me-
dicinal plants, which cause little side-effects,
is one of the current strategies to improve the
efficiency of TAM treatment in breast cancer
patients (8). Thymoquinone (TQ) is a princi-
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ple compound of Nigella Sativa or Black Seed
(a medicinal plant), acting as an anti-allergic,
anti-oxidant, anti-diabetic and also anti-tumor
substance (9). Investigations revealed that this
compound mainly increased the rate of malig-
nant cell apoptosis in vitro, solely or in com-
bination with anti-cancer agents like Cisplatin,
while the side-effects on the normal tissues (e.g.
kidney and heart) were reduced in vivo (9-11).
Interestingly, it was proposed that TQ could po-
tentially be administrated as an anti-cancer drug
in future (12). It was later demonstrated that
TQ promoted apoptosis in breast cancer cells
through X-linked inhibitor of apoptosis protein
(XIAP) mediated protein kinase B (PKB), also
known as Akt pathway (13).

With regards to the poor outcome of current
chemotherapies on breast cancer treatment, im-
provement of this approach looks necessary.
Although TQ has solely been proposed as an
anti-cancer compound, some evidences showed
application of this drug in combination with
TAM, in the literatures (13). The aim of present
study was to evaluate the efficacy of TAM to
induce apoptosis and inhibit proliferation in bot
ER+ or ER- breast cancer cell lines, in combi-
nation with TQ.

Materials and Methods

This experimental in vitro study was conducted
in Fertility and Infertility Research Center at Ker-
manshah University of Medical Sciences (Ker-
manshah, Iran).

Cell culture and treatment

TAM (Sigma, USA, ALX-550-095-G001) and
TQ (Sigma, USA, 274666-1G) agents were indi-
vidually dissolved in dimethyl sulfoxide (DMSO)
at final concentration of 0.1% (v/v). These compo-
nents were applied individually or in combination
for treatment of breast cancer cell lines. A single
dose of 2 uM TAM was individually used for treat-
ment. In addition, different doses of 50, 75, 100,
150 uM TQ were utilized individually or in com-
bination with TAM.

Cell viability assay to determine optimal dose
and time course for Thymoquinone

Estrogen positive (MCF-7) and estrogen nega-
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tive (MDA-MB-231) human breast cancer cell
lines were cultured at 37°C in a humidified incua
bator containing 5% CO,. The culture medium
was composed of Roswell Park Memorial Institute
1640 (RPMI1640, Gibco, Australia) with 10% fe-
tal calf serum (Sigma, USA) and penicillin/strep-
tomycin (Sigma, USA) antibiotics. Approximately
104 cells were grown in each well of 96-well cul-
ture plates and incubated for 24 hours, followed by
different dosages and patterns of drug treatment,
three times.

Briefly, the cells were induced by TAM (2 uM)
(14) and different doses of TQ (50, 75, 100, 150
uM) in the 96-well plates, followed by measuring
cell viability by MTT assay (Sigma, USA, M2003)
after 24 and 48 hours. In this experiment, 20 pl of
MTT solution [5 mg/ml in phosphate buffer saline
(PBS, Merck, Germany)] was added to each well
and incubated for 4 hours at 37°C. The medium
with MTT were then removed, and 100 ul DMSO
was added to dissolve Formazan-crystal, followed
by incubation at room temperature for 30 min-
utes. The optical density (OD) of each well was
ultimately measured by ELISA plate reader (stat
fax100, USA) at 570 nm.

Cell morphological analysis

Two MCF-7 and MDA-MB-231 cell lines
were treated with individual TAM (2 uM) or TQ
(150 uM) agent as well as combination of them
either during 24 or 48 hours in 96-well plates
in three biological experiments. The wells were
subsequently prepared for double fluorescent
staining with Acridine orange (AO)-Ethidium
bromide (EB). In fact, AO staining agent is ob-
served in the survived and dead cells. By bind-
ing with double strand DNA, it induces green
fluorescence in living cells, while due to binding
with single strand DNA, dominantly observed
in dead cells, AO induces red fluorescence. EB
was excluded from living cells. Although both
late apoptotic and necrotic cells have ruptured
membrane, permitting EB to enter into the cells
and interact with DNA, the former and later
cells show sharp and pale staining, respectively.
Thus, live cells will show a normal green nu-
cleus. Early apoptotic cells give bright green
nucleus with condensed or fragmented chroma-
tin. Late apoptotic cells display condensed and
fragmented orange chromatin and necrotic cells



have a structurally normal orange nucleus.

After incubation, the cells were detached with
0.25% trypsin—EDTA (Sigma, USA) and washed
once with PBS. Subsequently, 10 ul of the cells
were put on a glass slide and mixed with 10 ul AO
(50 mg/ml) and EB (50 mg/ml). The cells were
analyzed under a fluorescence microscope (Leica,
Germany) with x200 magnification. Percentage of
apoptotic and necrotic cells per total number of the
cells were counted under a fluorescence microscope
in five random fields, average numbers of which
were considered as apoptotic or necrotic index.

TdT-mediated deoxy-uracil nick end labeling
assay

TUNEL assay was carried out using in situ
Cell Death Detection Kit, AP (Roche Diagnos-
tics, Germany) according to the manufacturer’s
instructions. Briefly, after 48 hours treatment
with TAM (2 uM), TQ (150 uM) or combina-
tion of them, the cells were fixed by adding 4%
paraformaldehyde (Merck, Germany) and in-
cubating for 30 minutes. The fixed cells were
washed in PBS, permeabilized with 0.1% Triton
X-100 (Sigma, USA) for 5 minutes on ice, and
then incubated with 50 pl of terminal deoxynu-
cleotidyl transferase end-labeling solution for
60 minutes at 37°C in a humidified chamber in
dark. The cells were then counterstained in pro-
pidium iodide (PI, Sigma, USA) staining solu-
tion for 4 minutes at room temperature in dark.
The percentage of positively stained cells per
total number of the cells was ultimately counted
under a fluorescence microscope in five random
fields and the average numbers were considered
as apoptotic index.

Statistical analysis

Statistical analysis was conducted using one-
way analysis of the variance (ANOVA) and Tuk-
ey’s test. All statistical analyses were done using
SPSS software (version 19.0). In all cases, P<0.05
was considered significant.

Results

Cytotoxic effect of Tamoxifen and/or Thymoquinone
on breast cancer cells

Cytotoxic effect of TAM and TQ, alone or
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in combination, on cell viability was evalu-
ated by MTT assay in both MCF-7 and MDA-
MB-231 cell lines (Fig.1). Data obtained from
24 hours treatment of MCF-7 showed signifi-
cant reduction in cell viability in all experimen-
tal groups, except for those treated with 50 pM
TQ (Fig.1A). Compared to TAM, cell viability
was significantly reduced in combination treat-
ments with TAM+TQ (50 uM), TAM+TQ (75
uM), TAM+TQ (100 uM) and TAM+TQ (150
uM). In addition, MCF-7 cell viability was re-
duced in all individual as well as synergistic
groups compared to treatment with TAM, after
48 hours (Fig.1B).

Following on 24 hours treatment of MDA-
MB-231 cells, cell viability was significantly re-
duced in TAM, TQ (100 uM, 150 uM), and all
synergistic groups (Fig.1C). In comparison with
TAM, significantly decreased cell viability was
observed in TQ (150 uM) and all synergistic treat-
ment groups. After 48 hours treatment, cell sur-
vival of MDA-MB-231 was significantly reduced
in all experimental groups compared to the control
and TAM groups (Fig.1D). With regards to non-
toxicity and less cell viability with 48 hours of in-
duction, dosage of 150 uM TQ was selected for
further studies.

Detection of cell death in MCF-7 and MDA-
MB-231

In this experiment, apoptosis stages were detect-
ed in both MCF-7 and MDA-MB-231 cells treated
with individual TAM or TQ agent as well as in
combination, by AO-EB staining (Figs.2, 3). Mor-
phological characteristics of dead cells in MCF-7
showed both early and late apoptosis in TAM and
150 uM TQ treated groups, while only early ap-
optosis was determined in almost all synergistic
groups (Fig.2A-D).

In MDA-MB-231, both early and late apop-
totic cell morphologies were detected in TAM
and 150 uM TQ treated groups (Fig.3B, C). In
combination of TAM and TQ 150 puM, some
MDA-MB-231 cells were detected in early
and some others in late stages of apoptosis;
although the outbreak of the former stage was
lower (Fig.3D).

According to the data obtained from fluorescent
staining of MCF-7 cells with AO-EB, apoptotic
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index was significantly increased in TQ 150 uM
(P<0.05), TAM (P<0.01), TQ 150 pM+TAM
groups (P<0.001) in comparison with control
group (Fig.2E). Moreover, apoptotic index in
TQ150 pM+TAM was significantly increased,
in comparison with TAM (P<0.05) and TQ
(P<0.01), indicating synergistic effect of TQ
on apoptotic induction of TAM in the MCF-7
cells. This index was significantly increased in
MDA-MB-231 cells treated with TQ 150 uM
(P<0.05), TAM (P<0.01) or TQ 150 uM+TAM
groups (P<0.001) in comparison with control
(Fig.3E). In addition, apoptotic index was sig-
nificantly increased in TQ150 uM+TAM com-
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pared to TAM and TQ (P<0.001), suggesting
synergistic effect of TQ on apoptotic induction
of TAM in the MDA-MB-231 cells.

The necrotic index was also evaluated in
MCEF-7 (Fig.2F) and MDA-MB-231 cells
(Fig.3F). In comparison with control group,
the necrotic index was significantly increased
in TAM group (P<0.01) while no significant
change was observed by treatment of both cell
lines with TQ and TAM+TQ groups. Moreover,
the necrotic index was significantly reduced in
TQ and TQ+TAM groups compared to TAM
(P<0.05) in both treated cell lines.
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Fig.1: The effects of individual TAM (2 uM) and TQ, or in combination, on viability in MCF-7 and MDA-MB-231 cells. Cells were treated
with TAM, TQ and combination of both for A., B. 24 hours, C. and D. 48 hours. Control wells were treated with equivalent amount of
agents. Treatment with combined TAM and TQ significantly decreased cell viability compared to individual agents. The results are shown
as the mean + SEM from triplicate experiments. TAM; Tamoxifen, TQ; Thymoquinone, ***; P<0.001, **; P<0.01, *; P<0.05 compared to
control, a; P<0.05 compared to TAM and ; P<0.001 in comparison with TAM.
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Fig.2: The effects of TAM and TQ alone, or in combination, on morphology of MCF-7. The cells were stained by AO-EB and observed under
fluorescence microscope. Images show A. Control group, B. In the presence of 2 uM TAM, C. In the presence of 150 uM TQ, D. In combi-
nation of both agents, E. Apoptotic index and F. Necrotic index based on AO-EB stained cells. Arrows show different cell morphologies:
Blue; Live, Green; Early apoptotic, Yellow; Late apoptotic and Red; Necrotic cells. Microscopic images were captured with x200 magnifica-
tion. TAM; Tamoxifen, TQ; Thymoquinone, AO-EB; Acridine orange—Ethidium bromide, ***; P<0.001, **; P<0.01, *; P<0.05 compared to
control, a; P<0.05 compared to TAM, and B; P<0.01 compared to TQ group. The data are presented as mean + SEM.
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Fig.3: The effects of TAM and TQ alone, or in combination, on morphology of MDA-MB-231. The cells were stained by AO-EB and ob-
served under fluorescence microscope. Images show A. Control group, B. In the presence of 2 uM TAM, C. In the presence of 150 uM
TQ, D. In combination of both agents, E. Apoptotic index and F. Necrotic index based on AO-EB stained cells. Arrows show different cell
morphologies; Blue; Live, Green; Early apoptotic, Yellow; Late apoptotic and Red; Necrotic cells. Microscopic images were captured with
%200 magnification. TAM; Tamoxifen, TQ; Thymoquinone, AO-EB; Acridine orange—Ethidium bromide, ***; P<0.001, **; P<0.01, *; P<0.05
compared to control, a; P<0.05 compared to TAM group and B; P<0.001 compared to TAM and TQ groups. The data are presented as
mean + SEM.
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TdT-mediated deoxy-uracil nick end labeling
assay

TUNEL assay (15) was performed to establish
the data of AO-EB staining. This method is simple
and sensitive for the detection of apoptotic cells.
TUNEL staining clearly displayed apoptotic cells
in MCF-7 and MDA-MB-231 cells treated with
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individual TAM or TQ and combination of them
compared to untreated control cells (Figs.4A, B,
5A, B). The numbers of apoptotic cells were quan-
tified and presented as percentages (Figs.4C, D,
5C, D). Following on combined treatment of TAM
and TQ for 48 hours, apoptotic index was signifi-
cantly increased in both MCF-7 and MDA-MB
231 cell lines (P<0.001, Figs.4E, SE).
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Fig.4: Terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL) staining assay for apoptosis in MCF-7 cells follow-
ing treatment with TAM and TQ alone, or in combination. A. Control group, B. In the presence of 2 uM TAM, C. In the presence of 150 uM
TQ, D. In combination of both agents and E. Apoptotic index, columns show mean percentage of apoptotic cells from three independent
experiments performed in triplicate at images. Microscopic images were captured with x200 magnitudes. TAM; Tamoxifen, TQ; Thymo-
quinone, ***; P<0.001 compared to control group, a; P<0.01 compared to TAM and TQ groups. The data are presented as mean + SEM.
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Fig.5: Terminal deoxynucleotidyltransferase-mediated dUTP nick end labeling (TUNEL) staining assay for apoptosis in MDA-MB-231 cells
following treatment with TAM and TQ alone, or in combination. A. Control group, B. In the presence of 2 uM TAM, C. In the presence
of 150 puM TQ, D. In combination of both agents and E. Apoptotic index, columns show mean percentage of apoptotic cells from three
independent experiments performed in triplicate at images. Microscopic images were captured with x200 magnitudes. TAM; Tamoxifen,
TQ; Thymoquinone, ***; P<0.001 compared to control group, a; P<0.01 compared to TAM and TQ groups. The data are presented as
mean * SEM.
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Discussion

The present study indicated that TAM effect
was enhanced in combination with TQ, suggest-
ing combination of these two agents produce a
significant additive cytotoxic effect in both cell
lines. These findings also demonstrated that TAM
and TQ inhibited MCF-7 and MDA-MB-231 cells
proliferation by inducing apoptosis due to the syn-
ergistic effect of the combination treatment.

Resistance to TAM treatment for both ER+ and
ER- metastatic breast cancer tumors is a limitation
of this anti-cancer drug. Thus, 50% of the patients
do not respond to the drug in long-term treatment.
Hence, it is essential to achieve the best dose and
period of TAM treatment to reduce the size of the
tumor (4). Thus far, the molecular mechanism(s)
involved in TAM treatment is not completely un-
derstood. Several metabolic and pharmacokinetic
mechanisms are regulated in TAM treated cancer
cells, leading to accumulation of the drug in the
cell micro-organelles as well as changes in several
gene expressions and protein syntheses, including
B-tubulins, topoisomerase II, DNA repairs, and
changes in apoptotic pathways (16, 17).

Disabling apoptosis is a central event in tumori-
genesis. In contrast, most chemotherapeutic drugs
require apoptotic pathway functions to induce cell
death (18). Through both classical and non-classi-
cal mechanisms, estrogen results in a general up-
regulation of genes involved in cell proliferation
and survival, as well as down-regulation of genes
contributing to anti-proliferative or pro-apoptotic
activity, leading ultimately to growth stimulation
and apoptosis suppression (19). Therefore, through
direct interaction with the ER, anti-estrogens are
able to decrease cancer cell proliferation by indi-
rectly regulating the cell cycle and cell death sign-
aling pathways (20). It has been demonstrated that
after long-term treatment of breast cancer cells
with anti-estrogens, mitochondria-mediated apop-
tosis could be increased (21). Consequently, it was
reported that low concentration TAM treatment
induced cell-cycle arrest (22) leading to blocking
cancer cells in GO/G1 phase (21). Investigations
also indicated that administrating pharmacological
concentrations of this drug induced apoptosis in
breast cancer cells (23).

In present study, synergistic effect of TQ and
TAM agents on both ER+ and ER- cells showed
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that TQ function trough non-estrogenic depend-
ent pathway. Investigations revealed that TAM
induced apoptosis in ER+ cells via nitric oxide
(NO)—dependent pathways (24). TAM blocked tel-
omerase activity could also result in apoptosis of
tumor cells (25).

Recently, it is been shown that TQ induces syn-
ergistic effect on TAM via XIAP mediated Akt
regulation in both ER+ and ER- breast cancer cells
(13). Herein, we demonstrated that higher doses of
TQ, in combination with low dose of TAM (2 uM),
could induce similar results to the function of 5
uM TAM induction (13). The present study, for the
first time, indicated that treatment of breast cancer
cells with high doses of TQ (alone or in combina-
tion with TAM) increased apoptosis and necrosis.
We also reported that combination therapy could
lead to early apoptosis. This data indicate that high
doses of TQ never trigger necrosis process in the
breast cancer cells. In this context, Shoieb et al.
(26) and Das et al. (27) studies previously showed
that administration of this natural component had
no side-effects. However, further investigations
are required to validate this effect on mammary
normal cells. Moreover, we demonstrated that TQ
anti-tumor action is apart from estrogen pathway,
confirming previous Farah and Begum (28), Effen-
berger et al. (8) and El-Aziz et al. (29) reports.

Conclusion

This study indicates that using high doses of TQ
could reduce treatment of both ER+ and ER- breast
cancer cells with high TAM concentration and ad-
ministration time-course. Since the number of ne-
crotic cells is not increased in TQ treated groups,
this study may present a safe and non-hazardous
approach for the treatment of resistant metastatic
breast cancer patients.

Acknowledgments

This study was derived from a thesis for M.Sc.
degree in Anatomical Sciences, supported by Ker-
manshah University of Medical Sciences (Grant-
code: 91399). There is no conflict of interest.

References

1. Osborne CK. Tamoxifen in the treatment of breast cancer.
N Engl J Med. 1998; 339: 1609-1618.

2. Jordan VC. Tamoxifen: a most unlikely pioneering medi-
cine. Nat Rev Drug Discov. 2003; 2(3): 205-213.

CELL JOURNALvaknten), Vol 18, No 2, Jul-Sep (Summer) 2016 253



TQ and TAM Effects on Breast Cancer Cells

10.

1.

12.

13.

14.

15.

16.

CELL JOURNALaknten), VoI 18, No 2, Jul-Sep (Summer) 2016

Clarke MJ. WITHDRAWN: tamoxifen for early breast can-
cer. Cochrane Database Syst Rev. 2008; 8(4): CD000486.
Osborne CK, Bardou V, Hopp TA, Chamness GC, Hilsen-
beck SG, Fuqua SA, et al. Role of the estrogen receptor
coactivator AIB1 (SRC-3) and HER2/neu in tamoxifen re-
sistance in breast cancer. J Natl Cancer Inst. 2003; 95(5):
353-361.

Jeng MH, Jordan VC. Growth stimulation and differential
regulation of transforming growth factor-beta 1 (TGF beta
1), TGF beta 2, and TGF beta 3 messenger RNA levels by
norethindrone in MCF-7 human breast cancer cells. Mol
Endocrinol. 1991; 5(8): 1120-1128.

Jeng MH, Dijke P, lwata KK, Jordan VC. Regulation of the
levels of three transforming growth factor beta mRNAs by
estrogen and their effects on the proliferation of human
breast cancer cells. Mol Cell Endocrinol. 1993; 97(1-2):
115-123.

Kopp A, Jonat W, Schmahl M, Knabbe C. Transforming
growth factor beta 2 (TGF-beta 2) levels in plasma of pa-
tients with metastatic breast cancer treated with tamox-
ifen. Cancer Res. 1995; 55(20): 4512-4515.

Effenberger K, Breyer S, Schobert R. Terpene conjugates
of the Nigella sativa seed-oil constituent thymoquinone
with enhanced efficacy in cancer cells. Chem Biodivers.
2010; 7(1): 129-139.

Gali-Muhtasib H, Roessner A, Schneider-Stock R. Thy-
moquinone: a promising anti-cancer drug from natural
sources. Int J Biochem Cell Biol. 2006; 38(8): 1249-1253.
Badary OA, Nagi MN, al-Shabanah OA, al-Sawaf HA, al-
Sohaibani MO, al-Bekairi AM. Thymoquinone ameliorates
the nephrotoxicity induced by cisplatin in rodents and po-
tentiates its antitumor activity. Can J Physiol Pharmacol.
1997; 75(12): 1356-1361.

Al-Shabanah OA, Badary OA, Nagi MN, Al-Gharably
NM, Al-Rikabi AC, Al-Bekairi AM. Thymoquinone protects
against doxorubicin-induced cardiotoxicity without com-
promising its antitumor activity. J Exp Clin Cancer Res.
1998; 17(2): 193-198.

Yi T, Cho SG, Yi Z, Pang X, Rodriguez M, Wang Y, et al.
Thymoquinone inhibits tumor angiogenesis and tumor
growth through suppressing AKT and extracellular signal-
regulated kinase signaling pathways. Mol Cancer Ther.
2008; 7(7): 1789-1796.

Rajput S, Kumar BN, Sarkar S, Das S, Azab B, Santheka-
dur PK, et al. Targeted apoptotic effects of thymoquinone
and tamoxifen on XIAP mediated Akt regulation in breast
cancer. PLoS One. 2013; 8(4): e61342.

Darakhshan S, Bidmeshkipour A, Khazaei M, Rabzia A,
Ghanbari A. Synergistic effects of tamoxifen and tranilast
on VEGF and mmp-9 regulation in cultured human breast
cancer cells. Asian Pac J Cancer Prev. 2013; 14(11):
6869-6874.

Darakhshan S, Ghanbari A. Tranilast enhances the anti-
tumor effects of tamoxifen on human breast cancer cells
in vitro. J Biomed Sci. 2013; 20: 76-89.

Leonessa F, Clarke R. ATP binding cassette transporters

254

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

and drug resistance in breast cancer. Endocr Relat Can-
cer. 2003; 10(1): 43-73.

Rivera E, Gomez H. Chemotherapy resistance in meta-
static breast cancer: the evolving role of ixabepilone.
Breast Cancer Res. 2010; 12 Suppl 2: S2.

Johnstone RW, Ruefli AA, Lowe SW. Apoptosis: a link
between cancer genetics and chemotherapy. Cell. 2002;
108(2): 153-164.

Frasor J, Danes JM, Komm B, Chang KC, Lyttle CR,
Katzenellenbogen BS. Profiling of estrogen up- and down-
regulated gene expression in human breast cancer cells:
insights into gene networks and pathways underlying es-
trogenic control of proliferation and cell phenotype. Endo-
crinology. 2003; 144(10): 4562-4574.

Renoir JM, Bouclier C, Seguin A, Marsaud V, Sola B.
Antioestrogen-mediated cell cycle arrest and apoptosis
induction in breast cancer and multiple myeloma cells. J
Mol Endocrinol. 2008; 40(3): 101-112.

Thiantanawat A, Long BJ, Brodie AM. Signaling pathways
of apoptosis activated by aromatase inhibitors and anties-
trogens. Cancer Res. 2003; 63(22): 8037-8050.

Otto A, Paddenberg R, Schubert S, Mannhertz H. Cell-
cycle arrest, micronucleus formation, and cell death
in growth inhibition of MCF-7 breast cancer cells by ta-
moxifen and cisplatin. J Cancer Res Clin Oncol. 1996;
122(10): 603-612.

Perry RR, Kang Y, Greaves B. Effects of tamoxifen on
growth and apoptosis of estrogen-dependent and -in-
dependent human breast cancer cells. Ann Surg Oncol.
1995; 2(3): 238-245.

Duan L, Danzer B, Levenson VV, Maki CG. Critical roles
for nitric oxide and ERK in the completion of prosurvival
autophagy in 4OHTAM-treated estrogen receptor-positive
breast cancer cells. Cancer Lett. 2014; 353(2): 290-300.
Lu L, Zhang C, Zhu G, Irwin M, Risch H, Menato G, et
al. Telomerase expression and telomere length in breast
cancer and their associations with adjuvant treatment and
disease outcome. Breast Cancer Res. 2011; 13(3): R56.
Shoieb AM, Elgayyar M, Dudrick PS, Bell JL, Tithof PK. In
vitro inhibition of growth and induction of apoptosis in can-
cer cell lines by thymoquinone. Int J Oncol. 2003; 22(1):
107-113.

Das S, Dey KK, Dey G, Pal I, Majumder A, MaitiChoud-
hury S, et al. Antineoplastic and apoptotic potential of tra-
ditional medicines thymoquinone and diosgenin in squa-
mous cell carcinoma. PLoS One. 2012; 7(10): e46641.
Farah 10, Begum RA. Effect of Nigella sativa (N. sativa L.)
and oxidative stress on the survival pattern of MCF-7 breast
cancer cells. Biomed Sci Instrum. 2003; 39: 359-364.
El-Aziz MA, Hassan HA, Mohamed MH, Meki AR,
Abdel-Ghaffar SK, Hussein MR. The biochemical and
morphological alterations following administration of
melatonin,retinoic acid and Nigella sativa in mammary
carcinoma: an animal model. Int J Exp Pathol. 2005;
86(6): 383-396.




