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Abstract: About 80% of breast cancers are estrogen-receptor positive. The research carried out herein focused on the effect of 
Thymoquinone which is an active compound of Nigella sativa seed on estrogen-receptor positive breast cancer MCF7 cell line.    
The percentage of apoptotic cells was found using Annexin V-FITC apoptosis detection kit. CycleTEST PLUS DNA Reagent 
was used to distinguish distribution of treated cells between different cell cycle phases. DNA microarray identified the regulated 
genes, level of expressed genes, gene ontology and pathway networks. Significant arrest of treated cells at G1 phase suggested 
cytostatic effect of Thymoquinone 100 µM after 24 hours at p-value < 0.05 which was similar to anti-estrogenic compounds such 
as Tamoxifen. Cytotoxic effect of Thymoquinone 100 µM was found through highly significant accumulation of cells at sub-G1 
phase after 72 hours at p-value < 0.0001. CYP1A1, CYP1B1, NQO1 and UGT1A8 genes were down regulated after 24 hours 
treatment with Thymoquinone 50 µM concentration which suggested reduction of catechol estrogens and rising in metoxy forms 
of estradiol and estrone. Reduction of ER would be predictable due to the down-regulation of CYP1B1 and UGT1A8 genes which 
reduced affinity of trans-tamoxifen-o-glucuronide to ER. The study proposed the benefits of using Thymoquinone to accelerate 
Tamoxifen effects in treating breast cancer and reducing its side effects.  
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1. Introduction 
Cancer has been known as the second leading cause of 

mortality in developing countries and the leading cause of 
death even in developed countries [1]. Proliferation of 
mammary epithelial cells is dependent to the level of 
estrogens. The lifetime exposure to estrogen is a main factor 
to promote cancer in hormone-dependent organs such as 
breast [2]. Based on previous studies, anti-estrogen 
compounds still remain the choice of treatment for hormone 
dependent breast cancers. It is revealed that the growth 
inhibition effects of anti-estrogen compounds are through the 
arrest at G0 / G1 phase of the cell cycle [3]. The mechanism 
of cell cycle arrest at G0 / G1 phase due to anti-estrogen 
agents is correlated with the reduction of cyclin D1 gene 
expression and inactivation of cyclin D1-Cdk4 complexes 
and reduction of pRb phosphorylation [4,5,6].  

One of the most important anti-estrogen compounds is 
Tamoxifen which is known as a first-line drug to treat 

estrogen-receptor positive (ER+) breast tumors [7]. 
Tamoxifen has ability to block the G1 phase of the cell cycle 
and as a result slows breast cancer cell proliferation [8]. 
Tamoxifen prevents cancerous cells from dividing but not 
causes death. Previous studies have described that Tamoxifen 
is an inhibitory growth agent which blocks breast cancer cells 
at G0 / G1 region of the cell cycle [9].  

The efficiency of many plants has been reported in the 
treatment of cancer from ancient until present [10]. About 
25% of prescribed drugs in the world are originated from 
plants [11]. More than 3000 species of plants are reported to 
have anti-cancer properties [12]. In this study, it was tried to 
understand the anti-estrogenic effect of Thymoquinone 
derived from Nigella sativa seed on the MCF7 breast cancer 
cell line. 
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2. Materials and Methods 
2.1. Apoptosis Assay  

The MCF7 cell line was purchased from American Type 
Culture Collection (ATCC, USA). The cells were cultured in 
RPMI 1640 (Invitrogen, Gibco, US) containing L-glutamine 
supplemented with 10% heat-inactivated fetal bovine serum 
(Invitrogen, Gibco, US) and 1unit penicillin/streptomycin 
(Hyclon). Annexin V-FITC apoptosis detection kit (BD 
Bioscience, USA) was used to stain apoptotic cells. Adherent 
MCF7 cells with concentration of 1.0 × 106 cells/ml were 
treated with various concentrations (0 µM, 25 µM, 50 µM, and 
100 µM) of Thymoquinone and incubated for 12 and 24 hours 
at 37°C in humidify atmosphere CO2 incubator. The staining 
procedure was performed according to the manufacturer’s 
protocol and analyzed by flow cytometry (BD FACSCanto II) 
using FACSDiva program.  

2.2. Cell Cycle Analysis 

CycleTEST PLUS DNA Reagent Kit (BD Bioscience, USA) 
was used to discriminate distribution of cells between 
different cell cycle phases. MCF7 cells at a density of 1.0 × 
106 cells/ml were treated with Thymoquinone at concentration 
25 µM, 50 µM, and 100 µM for 12 hours, 24 hours and 72 
hours. The number of cells was calculated with flow 
cytometry (BD FACSCanto II) using ModFit software. 

2.3. Gene Expression Analysis 

Total RNA was extracted from MCF7 cells using 
RNeasyPlus Mini kit protocol (QIAGEN, USA). RNA 
quantity and quality were done using Agilent Technologies’ 
protocol. Gene expression analysis was performed using 
Agilent two-color microarray. Reference design was applied 
using the Universal Human Reference RNA (Agilent 
Technologies, USA) which acted as an internal control. Four 
biological replicates of Thymoquinone-treated MCF7 cells 
were compared with four biological replicates of un-treated 
MCF7 cells on the same array slide platform. The results were 
scanned with a fluorescent scanner and qualified with Feature 
Extraction software. Gene expression level, identification of 
genes, gene ontology and pathway networks were evaluated 
using GeneSpring software. 

3. Results  

 

(1) 

 

(2) 

 

(3) 

 

(4) 

  

(5) 
(a)                           (b) 

Figure 1. Flow cytometric evaluations of MCF-7 cells after 12 hours (a) and 
24 hours (b) exposure to various concentrations of Thymoquinone (1) 0µM, 
(2) 25µM, (3) 50µM, (4) 100µM and (5) Tamoxifen 5µM. Annexin V 
apoptosis assay revealed the decrease in the population of viable cells while 
a growing shift was appeared in the percentage of apoptotic and necrotic 
cells.The results obtained from biological triplicate experiments. 

The results revealed that the number of viable cells after 12 
hours treatment with Thymoquinone decreased when the 
concentrations of treatment was increased from 25 µM to 100 
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µM, however it was not statistically significant. The ANOVA 
test results showed a significant decrease in the percentage of 
viable cells (p-value < 0.0002) and a significant increase in the 
late apoptosis (p-value < 0.0001) after treatment with 100 µM 
concentrations for 24 hours which indicated the highly toxic 
effect of Thymoquinone 100 µM concentration “ Fig 1”.  
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Figure 2. Comparison between Thymoquinone-treated and 
Tamoxifen-treated MCF7 cells in different cell cycle phases at (a) 12 hours, 
(b) 24 hours and (c) 72 hours. The mean ± SD of cell distribution was 
calculated using three independent experiments. 

Repeated-measure two-way ANOVA showed that there 
were significant differences between time, concentration and 
various cell cycle phases at p-value < 0.001. The cell cycle 
analysis revealed that Thymoquinone 100 µM concentration is 
a highly toxic dosage for breast cancer MCF7 cell after 24 
hours because of the significant increase (31.61%) of the cell 
arrest at G1 phase and significant decrease (28.87%) of the cell 
synthesis at S phase. The presence of the 60% of apoptotic 
cells in the sub-G1 phase after 72 hours of treatment with 
Thymoquinone 100 µM concentration indicated time and dose 
dependent mode of Thymoquinone. On the other hand, 
Tamoxifen 5 µM concentration showed the inhibition of cell 
cycle at S phase significantly which was 21% and the arrest of 

cells at G1 phase was 24% after 24 hours. A large number of 
cells after 72 hours treatment with Tamoxifen 5 µM 
concentration moved to necrosis stage.  

Comparison between Thymoquinone and Tamoxifen 
revealed that after 12 hours treatment with Thymoquinone 100 
µM concentration, it caused the highest percentage of cell 
arrest at G1 phase compared to Tamoxifen and the other its 
concentrations. The less number of cells were in S phase for 
Thymoquinone 100 µM concentration. While the arrest of 
cells at sub-G1 and G2 / M phases with Thymoquinone 
treatment were almost similar to Tamoxifen, the results are 
provided in Table 1.  

Increasing the treatment duration to 24 hours caused a 
greater accumulation of cells at G1 phase for Thymoquinone 
100 µM concentration. Besides, the lowest number of cells 
was in S phase for Thymoquinone 100 µM concentration as 
presented in Table 2.  

After 72 hours, the effect of inhibition was found with 
Thymoquinone 100 µM concentration which was through 
accumulation of cells at sub-G1 phase and reduction of cells to 
zero at the other phases of cell cycle. Prolonged exposure of 
cells to the treatments till 72 hours revealed the less number of 
cells at all cell cycle phases following treatment with 
Tamoxifen. The findings confirmed the strong effect of 
Tamoxifen on MCF-7 cells after 72 hours treatment as shown 
in Table 3. 

Presence of a prominent sub-G1 peak which is a distinct 
region below G1 phase represents apoptotic bodies [13]. In the 
current study, there was a distinguished increase in the 
percentage of cells at sub-G1 region with Thymoquinone 100 
µM concentration after 24 hours and highly significant 
changes after 72 hours which indicated on the cytotoxic effect 
of Thymoquinone.  

It is worth to mention that the effect of Thymoquinone on 
estrogen receptor-positive MCF7 breast cancer cell line was 
cytostatic similar to the Tamoxifen function which was found 
through accumulation of cells at G1 phase especially after 24 
hours with 100µM concentration. Existence of other evidence 
also confirmed this finding which emphasized that exposure to 
Tamoxifen (5µM to 12.5µM) resulted in a dose-dependent 
reduction in the number of breast cancer MCF7 cells 
progressing through G1 and entering S phase [14].  

 

Figure 3. Gene expression regulation in Tamoxifen pathway following 
Thymoquinone (50 µM/24 hours) treatment. The down-regulation of 
CYP1B1 and UGT1A8 decrease the conversion of 
trans-4-hydroxy-Tamoxifen to trans-tamoxifen-4-o-glucuronide, thereby; the 
formation of trans-Tamoxifen-4-o-glucuronide would increase and produce 
less number of ER. 
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Microarray results revealed the down-regulation of some of 
genes involved in estrogen pathway including UGT1A8 
(-16.26 –fold change), CYP1A1 (-2.22 –fold change), CYP1B1 
(-2.23 –fold change) and NQO1 (-2.07 –fold change).  
Down-regulation of UGT1A8 (-16.26 –fold change), CYP1B1 
(-2.23 –fold change) was found in Tamoxifen pathway after 
treatment of cells with Thymoquinone “Fig 3”.  

4. Discussion 
Thymoquinone (2-methyl-5-isopropyl-1,4-benzoquinone, 

TQ) is known as a bioactive component of volatile oil of 
Nigela sativa seed [15]. Previous studies showed that 
Thymoquinone can be an effective agent in treating hormone 
sensitive prostate cancers [16]. Furthermore, it is known as 
anti-cancer in breast and ovarian adenocarcinoma [17], 
colorectal cancer [18], human pancreatic adenocarcinoma [19, 
20], lung carcinoma [21], uterine sarcoma [19], neoplastic 
keratinocytes [22], human osteosarcoma [23], fibrosarcoma 
[21], anti-oxidant and anti-inflammatory [24]. In this study, 
anti-estrogenic effect of Thymoquionone on MCF-7 breast 
cancer cell was proposed. 

Three major estrogens in humans produced in ovaries of 
pre-menopausal women are 17β-Estradiol (E2), Estrone (E1), 
Estriol (E3) [25]. Estradiol is known as the main and most 
active endogenous estrogen in pre-menopausal women. It is 
present in the form of estrone in post-menopausal women [26] 
and estriol in pregnant women [29]. The elevation of 
circulating estrogen level is reported to cause an increased risk 
of breast cancer [30]. 

The metabolism of estrogen is catalyzed by phase I 
xenobiotic enzymes involving cytochrome P450 pathway 
which included CYP1A1 and CYP1B1 genes [29,30,31]. 
CYP1A1 and CYP1B1 genes are known as phase I enzymes 
involved in the oxidative metabolism of endogenous estrogens, 
17-beta estradiol and estrone to catechol estrogens [30,32]. 
Furthermore, CYP1B1 gene is one of the anti-cancer 
therapeutic targets for a variety of cancers [33]. The CYP1A1 
is a protein of cytochrome P450, family 1, subfamily A, 
polypeptide 1 [34]. It is expressed in extra hepatic tissues such 
as mammary gland, prostate, ovary, uterus, colon, testis, 
adrenal, thymus and lung [35]. On the other hand, CYP1B1 
belongs to the cytochrome P450, family 1, subfamily B, 
polypeptide 1 and is expressed in many normal human tissues 
such as mammary gland [32] and prostate [36]. Estradiol is 
hydroxylated to produce 2-hydroxyestradiol (2-OHE2) and 
4-hydroxyestradiol (4-OHE2) [32] and this conversion is 
regulated by CYP1A1 and CYP1B1 genes, respectively 
[37,38]. The over-expression of CYP1B1 is reported in up to 
73% of human breast cancer and other hormone-dependent 
tumors [32,39,40,41]. The presence of CYP1B1 protein is 
more detectable in mammary tumors than normal breast 
tissues [32]. In fact, the elevated level of hydroxylated 
estradiol in estrogen-responsive tissues might play an 
essential role in tumor genesis [39]. The carcinogenic effect of 
estrogen was associated with 4-OHE2 [42,43]. The 4-OHE2 is 
known as a tumor promoter [37,38]. There are many reports 

which showed the relationship of conversion of E2 to 4-OHE2 
in mammary carcinogenesis with CYP1B1 [42]. The two 
hydroxylated metabolites of E2 are oxidized and converted to 
E2-2, 3-Q and E2-3, 4-Q, respectively [32]. Quinine 
metabolites of estrogen can form DNA adducts and act in 
response to DNA to become carcinogenic metabolites of 
breast cancer [30,43,44]. 

The findings of microarray analysis in this study indicated 
the down-regulation of CYP1B1 following the treatment of 
MCF-7 cells with Thymoquinone. The low expression of 
CYP1B1 gene could suppress the conversion of E2 to 4-OHE2 
in estrogen pathway. It could potentially lead to a reduction in 
carcinogenic metabolites of E2. Thus, it suggested that the 
formation of carcinogenic metabolites of estrogen (E2-2, 3-Q 
and E2-3, 4-Q) could be controlled by Thymoquinone. 

Naturally, the methylation process causes 2, 4-OHE2 to be 
metabolized and forms 2-, 4-MeOE2 [25]. The process of 
methylation can be regulated under effect of UGT1A8 gene 
[45]. The 4-MeOE2 is non-cancerous metabolite of estrogen 
and also 2-MeOE2 which has an apoptotic activity. The 
2-MeOE2 is the major form of methylated catechol estrogens 
that has anti-cancerous and anti-angiogenic effect [37,46]. 
Nowadays, Panzem which is the trade name of 2-MeOE2 is 
using to suppress tumor development and block the formation 
of new blood vessels that supply tumors [47]. In the current 
study, the down-regulation of UGT1A8 gene suggested the 
accumulation of 2-MeOE2 in Thymoquinone-treated cells and 
might inhibit the conversion of 2-MeOE2 to glucuronide form. 
This might ultimately direct the cells towards apoptosis and 
prevent cell proliferation and angiogenesis. 

Tamoxifen (TAM, 1-[4-(2-dimethylaminoethoxy) phenyl] 
-1, 2-diphenylbut-1 (Z) -ene) is a non-steroidal and 
anti-estrogen which serves as an option in breast cancer 
treatment [47]. Tamoxifen is reported to increase the level of 
4-OHE2 [37]. Elevation in the expression level of CYP1B1 
was also reported due to Tamoxifen treatment however, the 
expression level of CYP1A1 gene decreases due to Tamoxifen 
effect [37,38]. Previous study reported up-regulation of 
CYP1B1 due to the Tamoxifen metabolites which induce 
uterine cancer [32]. 

In the current study, the conversion of trans-4-hydroxy- 
tamoxifen to trans-Tamoxifen-4-o-glucuronide would 
decrease due to the down-regulation of CYP1B1 and UGT1A8 
genes. Trans-Tamoxifen-4-o-glucuronide is an active 
metabolite of Tamoxifen due to its high affinity to estrogen 
receptors [47]. Thereby, less formation of trans-Tamoxifen-4- 
o-glucuronide would cause less accumulation of ER. 
Moreover, the EGF-EGFR is an important pathway which 
leads to the phosphorylation of ER. The over-expression of 
both ER and EGFR promote breast cancer growth [48]. In the 
current study, the microarray findings showed 
down-regulation of GPCR, EGF and EGFR signalling 
pathways following treatment with Thymoquinone which 
suggested the down-regulation of ER. Previously, it was 
postulated that Thymoquinone potentially stimulate ER to 
transmit signal via GPCR and EGFR [49]. Hence, 
down-regulation of GPCR and EGF-EGFR signalling 



 American Journal of Life Sciences 2015; 3(2-2): 7-14  11 
 

pathways in the current study would cause reduction of ER 
which is highly expressed in luminal A sub-type MCF-7 breast 
cancer cell line. There are many studies introduced Tamoxifen 
as an alternative for the treatment of a wide-range of tumors, 
particularly in breast cancer. Regardless of Tamoxifen benefits, 
it also presents unwanted side effects [50]. The Tamoxifen 
metabolites up regulate the level of CYP1B1 gene which 
promotes uterine cancers [32] while Thymoquinone caused 
down-regulation of CYP1B1. 

Co-administration of Thymoquinone and Tamoxifen on 
breast cancer cells (MCF-7 and MDA-MB-231) reported a 
significant reduction of the level of XIAP phosphorylation 
which could cause inhibition of Akt pathway. Besides, the 
inhibition of MAPK/ERK pathway after combination therapy 
is reported which lead to the suppression of tumor genesis [50].  
A previous in vivo study showed that the co-administration of 
Thymoquinone 20 mg/kg orally and Tamoxifen 5 mg/kg 
orally in nude mouse xenograft model promote an increase in 
the expression level of Bax, p27, AIF, cytochrome c and a 
decrease in Bcl2 and Bcl-xL expression level [50]. 

The presence of another form of estrogen which is estrone 
(E1) is reported in postmenopausal women [26]. It is 
metabolized to 2-, 4-OHE1. The 4-OHE1 is known as one of 
the most potent carcinogenic estrogen metabolites [37]. 

Whereby, 2-, 4-MeOE1 is produced after methylation. The 
methoxy forms of estrone are known as good estrogens to 
human and show anti-cancer and anti-angiogenic potency at 
increased level [37]. 

The down-regulation of UGT1A8 would lead to the 
accumulation of metoxy form of estrone. The current study 
also showed the down-regulation of another gene which is 
involved in the production of the methylated form of E2 and 
E1. The NAD(P)H: quinine oxido-reductase 1 is an enzyme 
that is encoded by the NQO1 gene and known as a 
detoxification enzyme [51]. It acts in phase II of detoxification 
to catalyze quinines to non-toxic hydro quinines [52]. It is 
implicated in the protection against carcinogenesis reactions 
[53]. This study showed down-regulation of this gene by 2.07 
fold after a treatment with Thymoquinone 50 µM 
concentration. Its expression has influence on the conversion 
of 2-OHE1 to E1-2, 3-Q, thus leading to DNA damage. The 
down-regulation of NQO1 gene would maintain the 
conversion of 2-OHE1 to 2-MeOE1. The 2-MeOE1 is 
reported to act as an anti-proliferative metabolite and 
anti-angiogenic agent [37,54]. Similarly, a previous study 
showed that Tamoxifen causes an increase in the expression 
level of NQO1 gene [37]. 

Table 1. The mean ± SD of cell distribution after 12 hours treatment with Thymoquinone (25 µM, 50 µM, 100 µM) and Tamoxifen 5 µM concentration 

 Sub-G1 G1 S G2/M 
Untreated (0 µM) [Negative control] 2.16 ± 2.05 76.72 ± 16.4 17.48 ± 11.4 5.80 ± 4.90 
Thymoquinone (25 µM) 2.39 ± 2.24 74.39 ± 11.4 21.87 ± 9.57 3.74 ± 2.60 
Thymoquinone (50 µM) 2.19 ± 0.80 71.35 ± 14.7 19.42 ± 9.70 9.23 ± 5.10 
Thymoquinone (100 µM) 2.28 ± 0.87 82.16 ± 2.30 14.39 ± 2.20 3.45 ± 1.90 
p-value between     
different concentration of Thymoquinone 0.998 0.726 0.753 0.393 
Tamoxifen (5 µM) [Positive control] 2.65 ± 0.08 74.42 ± 4.70 23.77 ± 2.00 1.80 ± 2.70 

Table 2. The mean ± SD of cell distribution after 24 hours treatment with Thymoquinone (25 µM, 50 µM, 100 µM) and Tamoxifen 5 µM concentration 

 Sub-G1 G1 S G2/M 
Untreated (0 µM) [Negative control] 03.10 ± 2.50 56.66 ± 1.70 38.33 ± 5.30 04.99 ± 1.05 
Thymoquinone (25 µM) 01.88 ± 0.94 65.31 ± 10.3 31.65 ± 9.60 04.55 ± 1.06 
Thymoquinone (50 µM) 02.86 ± 1.10 70.98 ± 9.90 23.04 ± 3.10 05.98 ± 6.80 
Thymoquinone (100 µM) 22.76 ± 33.5 88.27 ± 5.30* 09.46 ± 7.08** 03.40 ± 2.50 
p-value between     

different concentration of Thymoquinone 0.479 
0.016 
* 

0.0077 
** 

0.668 

Tamoxifen (5 µM) [Positive control] 02.22 ± 0.60 80.55 ± 0.59* 16.96 ± 0.80 02.48 ± 1.30 

* Significant at p-value < 0.05 
** Significant at p-value < 0.01 

Table 3. The mean ± SD of cell distribution after 72 hours treatment with Thymoquinone (25 µM, 50 µM, 100 µM) and Tamoxifen 5 µM concentration 

 Sub-G1 G1 S G2/M 
Untreated (0 µM) [Negative control] 02.69 ± 0.90 80.57 ± 1.70 17.74 ± 4.35 01.68 ± 2.80 
Thymoquinone (25 µM) 05.20 ± 2.70 63.45 ± 1.20 23.27 ± 18.3 03.28 ± 2.20 
Thymoquinone (50 µM) 11.94 ± 7.60 74.86 ± 9.80 20.81 ± 7.30 04.32 ± 2.60 
Thymoquinone (100 µM) 62.57 ± 54.2*** 0*** 0** 0 
p-value between     

different concentration of Thymoquinone 
< 0.0001 
**** 

< 0.0001 
**** 

< 0.0001 
**** 

0.277 

Tamoxifen (5 µM) [Positive control] 0 0 0 0 

* Significant at p-value < 0.05; *** Significant at p-value < 0.001 
** Significant at p-value < 0.01; **** Significant at p-value < 0.0001 
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In conclusion, the findings of current study suggested 

reverse effect of Thymoquinone on ERs; hence its 
administration along with Tamoxifen might be a new suggests 
reducing the side effect of Tamoxifen which causes uterine 
cancer. 
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