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Abstract

Background: Breast cancer is one of the most common types of malignancies in females worldwide. Targeting
the estrogen receptors alone with tamoxifen, reduces the incidence of estrogen receptor positive tumors but the
possibility of development of tamoxifen resistance remains the most important adverse effect. Thymoquinone is an
important constituent of the Nigella sativa plant (Black seed). It was found to be cytotoxic in several types of multi-
drug resistant human tumor cell lines.

Objective: To detect the effects of the combination between tamoxifen and thymoquinone in patients with breast
cancer.

Methods: Eighty female patients with breast cancer were divided into four equal groups: control untreated group,
tamoxifen treated group, thymoquinone treated group and tamoxifen + thymoquinone treated group. Tissue
malondialdehyde (MDA), catalase (CAT), superoxide dismutase (SOD), tumor necrosis factor-alpha (TNF-α),
interleukin 6 (IL-6) and transforming growth factor beta1 (TGF-β1) were determined in the tumor tissues. Parts of the
tumor were subjected to immunohistochemical examination. The survival rate and the relapse rate were measured
every year for five years.

Results: Tamoxifen or thymoquinone alone or in combination induced significant increase in the 5-years survival
rate, tumor CAT and SOD with significant decrease in the relapse rate, tumor tissue MDA, TNF-α, IL-6 and TGF-β1
and alleviated the immunohistochemical changes with significant increase in tissue caspase-3 expression and
significant decrease in tissue bcl2 compared to the control untreated group.

Conclusion: Tamoxifen/ thymoquinone combination had a better effect than each of these drugs alone on
patients with breast cancer. So, the addition of thymoquinone to tamoxifen may represent a new therapeutic
modality for management of breast cancer.

Keywords: Cisplatin; Anticancer; Breast cancer; SAR; DBA; Binding
constant; Antioxidant

Introduction
Breast cancer includes various types of cancers that originate from

the breast tissue. It is the most common invasive cancer in women
worldwide [1]. Signs of breast cancer include a lump in the breast, a
change in breast shape, nipple discharge or a red scaly patch of skin.
Risk factors for developing breast cancer include female sex, obesity,
lack of physical exercise, drinking alcohol, hormone replacement
therapy during menopause, ionizing radiation, early age at first
menstruation, older age and genetic factors [2,3]. Diagnosis of breast
cancer is confirmed by taking a biopsy of the concerning lump. Once

the diagnosis is made, further tests are done to determine the stage of
breast cancer and which treatments it may respond to [3].

There are various lines of treatment of breast cancer depending on
the stage of the tumor. They include hormone blocking therapy,
chemotherapy, monoclonal antibodies and radiotherapy [4].
Antiestrogens such as tamoxifen (TAM) are commonly used as a first-
line endocrine therapy for premenopausal women with breast cancer.
However, TAM use was associated with some side effects such as
increased risk for endometrial cancer, deep vein thrombosis and
pulmonary embolism and development of resistance [5,6].
Mechanisms of resistance may include pharmacologic mechanisms,
loss or modification in estrogen receptor expression, alterations in the
regulatory proteins that participate in different cellular processes,
inhibition of apoptosis regulated by the Bcl-2 famil and altered mRNA
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expression [7]. These adverse effects resulted in the use of alternative
treatments such as complementary and alternative medicine [8].

Nigella sativa appears as one of the important herbs among various
medicinal plants. The majority of the biological activities of Nigella
sativa are associated with the presence of thymoquinone (TQ), the
major bioactive compound found in the seeds of the plant [9]. A
number of pharmacological actions of TQ have been investigated
including anti-oxidant, anti-inflammatory, immunomodulatory, anti-
histaminic, anti-microbial and anti-tumor effects. It has also
gastroprotective, hepatoprotective, cardioprotective, nephroprotective
and neuroprotective activities. In addition, a large body of data show
that TQ has very low adverse effects and no serious toxicity [10]. TQ
exhibited strong cytotoxic activities against several cancer cell lines
including human cervical adenocarcinoma, human squamous
carcinoma, human oestrogen receptor negative breast
adenocarcinoma, and human oestrogen receptor positive breast
adenocarcinoma [11,12]. So, studying the effect of TQ on breast cancer
alone and in combination with antiestrogens is of particular interest.

Materials and Methods

Chemicals and drugs
Tamoxifen citrate (TAM, Nolvadex) was purchased from

AstraZeneca UK Limited (Macclesfield, Cheshire, UK).
Thymoquinone (TQ) was obtained from Frinton laboratories, USA, as
a yellow crystalline powder. The drug was then prepared as 100 mg,
200 mg and 400 mg capsules at Taif University laboratory, Taif. All
other chemicals and reagents used were purchased from Sigma
Chemical company (St. Louis MO, USA).

Eligibility criteria
Patients ≥ 18 years of age, with histologically confirmed advanced

malignant disease for which there were no standard curative or
palliative measures were included in this study. Eligible patients were
required to have an Eastern oncology cooperative group (ECOG)
performance status score of ≤ 2. The patients were required to have an
adequate liver function tests and renal function tests (Bilirubin ≤ 1.5 ×
upper limit of normal [ULN], ALT and AST ≤ 3 × ULN, Creatinine 1.5
× ULN, and BUN 2 × ULN). The complete blood count requirement
included an absolute granulocyte count of ≥ 1500/μl, platelet count≥
100,000/μl and hemoglobin ≥ 9 gm/dl. Patients were excluded if they
had brain metastasis, had suffered from myocardial infarction in the
last 4 months, had a congestive heart failure functional status ≥ II, or
had coagulopathy disorder. The study protocol was approved by the
local ethics committee of Taif university. After explaining the possible
side effects and outcomes of TAM and TQ, a written consent was
obtained from each patient who participated in the study. In this study,
eighty female patients were randomly divided into four equal groups as
follows:

Group (1): is the control untreated group.

Group (2): TAM was given in a dose of 10 mg twice daily orally for 6
months [13].

Group (3): TQ was given orally in a dose of 10 mg/kg daily for 6
months [14].

Group (4): TAM was given concomitantly with TQ orally in the
above doses for 6 months.

At the end of the study, a biopsy was taken from the tumor and
divided into two portions; one for homogenization and the other for
immunohistochemical examination. Parts of the tumor biopsy were
homogenized for determination of tissue catalase (CAT) according to
the method described by Higgins et al. [15], tissue malondialdehyde
(MDA) according to Uchiyama and Mihara [16], tissue superoxide
dismutase (SOD) according to the method described by Marklund and
Marklund [17], tissue interleukin-6 (IL-6) using ELISA kits purchased
from Sigma Chemical Co. according to the instructions of the
manufacturer, tissue tumor necrosis factor alpha (TNF-α) using TNF-α
ELISA kits supplied by RayBiotech, Inc. according to the instructions
of the manufacturer and tissue TGF-β1 using ELISA kits purchased
from Uscn Life Science Inc. Wuhan, according to the instructions of
the manufacturer. The survival rate of the patients and the relapse rate
were measured every year after the end of the study for five years.

Immunohistochemical examination
Assessment of tumor tissue bcl-2 was carried out in formalin- fixed,

paraffin embedded tumor sections using monoclonal antibodies
against bcl-2 that were purchased from Zymed Laboratories Inc., USA.
Bcl-2 was considered positive if the tumor cells showed cytoplasmic or
perinuclear localization of immunoreactivity. This was expressed as
follows: (++++): the largest number of cells showing positive staining
for bcl2; (+++): intermediate number of bcl2-positive cells; (++):
indicates lower number of cells showing positive staining for bcl2 [18].

Immunohistochemistry for caspase-3 was performed in sections
prepared from formalin-fixed, paraffin-embedded tissue using the
avidin–biotin immunodetection complex method according to
manufacturer’s instruction (Labvision, USA). Interpretation of results
was done semiquantitatively by evaluating both intensity and
distribution of positive cells. Cytoplasmic staining for caspase-3 was
carried in tumor cells. The intensity of caspase-3 immunostaining was
assessed as follows: none = 0, mild = 1, moderate = 2 and strong = 3.
The immunohistochemical histological score (H-score) was then
calculated by multiplying the intensity by the percentage of tumor cells
showing positive staining for caspase-3, creating a range of possible
scores of 0–300 [19]. All the immunohistochemical investigations were
performed by two independent pathologists to minimize the observer
bias.

Statistical analysis
The data obtained were subjected to one way ANOVA and Tukey’s

multiple comparison test. Data were presented as mean ± S.E.M.
Differences between the means of different groups were considered
significant at a level of p-value less than 0.05.

Results

Effect of different treatments on tissue antioxidant status
Administration of TAM and/or TQ resulted in significant increase

in tissue CAT and SOD with significant decrease in tissue MDA
compared to the control untreated group. The increase in tissue CAT
and SOD with the decrease in tissue MDA were significant in the
group that received TAM/TQ combination compared to the groups
that received either TAM or TQ alone (Table 1).
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 Control Tamoxifen Thymoquinone Tamoxifen + Thymoquinone

Tissue CAT U/mg tissue 13.5 ± 0.41 24.1 ± 0.69a 18.71 ± 0.6a 29.82 ± 0.6abc

Tissue SOD U/g/min 117.4 ± 6.3 243.4 ± 6.3a 178.2 ± 5.1 a 282.5 ± 8.2abc

Tissue MDA µmol/g tissue 255.5 ± 5.34 167.4 ± 3.06a 190.5 ± 4.05a 142.5 ± 3.7abc

Tissue TNF-α pg/g tissue 884.2 ± 10.24 546.8 ± 7.2a 626.12 ± 7.8a 418.6 ± 6.47abc

Tissue IL-6 pg/g tissue 1221.5 ± 16.5 831.6 ± 9.4a 972.6 ± 12.1a 541.7 ± 8.8abc

Tissue TGF-β1 pg/μg protein 12.8 ± 0.15 7.68 ± 0.09a 9.11 ± 0.1a 5.61 ± 0.07abc

aSignificant compared to the control untreated group  

bSignificant compared to tamoxifen group  

cSignificant compared to thymoquinone group  

Table 1: Effect of different treatments on tumor tissue CAT, SOD, MDA, TNF-α, IL-6 and TGF-β1 in the studied groups.

Effect of different treatments on tissue TNF-α and IL-6
Administration of TAM and/or TQ resulted in significant decrease

in tissue TNF-α and IL-6 compared to the control untreated group. The
decrease in both tissue TNF-α and IL-6 was significant in the group
that received TAM/TQ combination compared to the groups that
received either TAM or TQ alone (Table 1).

Effect of different treatments on tissue TGF-β1
Administration of TAM and/or TQ resulted in significant decrease

in tissue TGF-β1 compared to the control untreated group. The
decrease in tissue TGF-β1 was significant in the group that received
TAM/TQ combination compared to the groups that received either
TAM or TQ alone (Table 1).

Immunohistochemical findings
Examination of the tumor tissues showed negative staining for

caspase-3 (Figure 1a) and strongly positive staining for bcl-2 (Figure
2a). This was significantly improved in patients given TAM and/or TQ
as evidenced by increased expression of caspase-3 (Figure 1b-d) and
decreased bcl-2 expression (Figure 2b-d).

Figure 1: A photomicrograph of immunohistochemical staining of
caspase-3 in a) Control untreated group showing faint
immunostaining for caspase-3 in 5% of tumor tissue (H-score = 5),
b) Tamoxifen-treated group showing mild positive staining for
caspase-3 in 30% of tumor tissue (H-score=30), c) Thymoquinone-
treated group showing mild positive staining for caspase-3 in 20%
of tumor tissue (H-score=20), d) Tamoxifen+Thymoquinone
treated group showing moderate positive staining for caspase-3 in
55% of tumor tissue (H-score=110).
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Figure 2: A photomicrograph of immunohistochemical staining of
bcl-2 in a) Control untreated group showing strong positive
staining (++++) for bcl2, b) Tamoxifen-treated group showing
positive staining (++) for bcl-2, c) Thymoquinone-treated group
showing positive staining (+++) for bcl-2, Tamoxifen +
Thymoquinone treated group showing mild positive staining (+) for
bcl2 (anti-bcl2 ×200).

Effect of different treatments on the 5-years survival rate and
the relapse rate

Administration of TAM and/or TQ resulted in significant increase
in the 5-years survival rate and significant decrease in the relapse rate
compared to the control untreated group. This was more significant in
the group that received TAM/TQ combination compared to the groups
that received either TAM or TQ alone (Figures 3 and 4).

Figure 3: Effect of different treatments on the 5-years survival rate
(%) [ aSignificant compared to the control untreated group,
bSignificant compared to TAM group, cSignificant compared to TQ
group].

Figure 4: Effect of different treatments on the relapse rate (%)
[aSignificant compared to TAM group, bSignificant compared to TQ
group].

Discussion
Tamoxifen (TAM) is an anti-estrogen that is considered as the first

line endocrine therapy for prevention and treatment of breast cancer
[20]. Its use is limited by its side effects and the development of
resistance. So, recent studies have focused on finding complementary
substances that can synergize the effect and decrease the side effects of
TAM [21,22].

Oxidative stress is reported to play a major role in the pathogenesis
of breast cancer. Oxidative stress leads to induction of nuclear DNA
damage with mutations of tumor suppressor genes such as p53 that are
considered as the most potent factors in carcinogenesis [23]. The
mitochondrial genome also may be susceptible to oxidative damage
leading to mitochondrial dysfunction which may contribute to the
etiology of breast cancer [24]. These studies were in the same line with
the present study where the oxidative stress that was found in the
tissues of breast cancer patients was significantly improved with
administration of TAM. This was in accordance with Perumal et al.
[25] who attributed this improvement to that TAM has an antioxidant
effect through increasing the activities of the antioxidant enzymes and
decreasing lipid peroxidation products.

In the present study, administration of TQ resulted in significant
improvement in the antioxidant status compared to the control
untreated group. This was in agreement with Abdel-Wahab [26]. This
effect was attributed to that TQ induces reduction in free oxygen
radicals generated in chemical systems. Oral administration of TQ is
capable of protecting several organs against oxidative damage induced
by free radical-generating agents including doxorubicin-induced
cardiotoxicity and carbon tetrachloride-evoked hepatotoxicity. TQ acts
as scavenger of superoxide, hydroxyl radical and singlet molecular
oxygen [27].

Pro-inflammatory cytokines such as TNF-α and IL-6 were thought
to play a major role in the development of breast cancer. Tripsianis et
al. [28] reported that IL-6 may act as an autocrine or paracrine cancer
cell growth factor which contribute to recurrence and metastasis of
breast cancer. TNF-α is another cytokine that is produced by tumor
cells and can act as an endogenous tumor promoter [29]. Tripsianis et
al. [30] suggested that the coexpression pattern of HER-2, IL-6, TNF-α
and TGF-β1 may be a useful marker for tumor extension and outcome
of breast cancer. These studies were in the same line with the present
study where the significant increase in tissue TNF-α and IL-6 seen in
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the control untreated group was ameliorated with administration of
TAM which was in accordance with Premkumar et al. [31] who
reported that TAM can decrease levels of IL-1beta, IL-6, IL-8, TNF-α
and vascular endothelial growth factor in breast cancer which may
offer good prognosis and high efficacy of treatment.

TQ was reported to suppress the production of IFN gamma, IL-1
beta, IL-6, TNF-α and nuclear factor kappa-B activity in a dose-
dependent manner [32,33]. These studies were in agreement with the
present study where TQ induced significant decrease in tissue TNF-α
and IL-6 compared with the control untreated group which supports
the anti-inflammatory mechanism of TQ in prevention and treatment
of breast cancer.

TGF-β1 is a cytokine which plays an important role in modulation
of cellular growth, differentiation, extracellular matrix formation,
regulation of the immune response, apoptosis, angiogenesis and cancer
progression [34]. Barcellos-Hoff and Akhurst [35] suggested that
overexpression of TGF-β1 leads to DNA damage which predisposes to
breast cancer. Woods et al. [36] reported that TGF-β1 induces IL-6
production which may have an impact on the pathogenesis of breast
cancer. These studies were in agreement with the present study where
the control untreated group showed significant increase in tissue TGF-
β1 which supports the important role that is played by TGF-β1 in the
progression of breast cancer.

On the other hand, Zarzynska [34] reported that TGF-β1 has two
diverse effects on breast cancer. In the early stages of breast cancer,
TGF-β1inhibits cell cycle progression and promotes apoptosis leading
to inhibition of tumor growth. Later in the disease, TGF-β1 expression
increases tumor progression and causes distant metastasis. Moreover,
Lv et al. [37] found that TGF-β1 affects Smad2 signaling which leads to
epithelial-to-mesenchymal transition, increases cell invasiveness and
promotes distant metastasis.

In the present study, administration of TAM resulted in significant
decrease in tissue TGF-β1 compared to the control untreated group
which was in the same line with Dellê et al. [38] and Karaca et al. [39].
They reported that TAM inhibited the expression of extracellular
matrix components and decreased the production of TGF-β1 which
may prevent epithelial-to-mesenchymal transition, decrease cell
invasiveness and slow the progression of breast cancer.

Although multiple genes are involved in apoptosis, the key
mediators of this process are the caspases. Caspase-3 plays a key role in
both the death receptor pathway, initiated by caspase-8, and the
mitochondrial pathway mediated by caspase-9. In addition, caspase-3
is required for apoptosis induction in response to chemotherapeutic
agents [40]. Blázquez et al. [41] and Hammoud et al. [42] reported that
there is decreased expression of caspase-3 in ductal breast carcinoma
and that caspase-3 expression can be used as a predictive factor of
response of locally advanced and metastatic breast carcinoma. This was
in agreement with the present study where caspase-3 expression was
markedly reduced in the control untreated group and was significantly
improved after administration of either TAM or TQ.

Dias et al. [17] reported significant increase in caspase-3 expression
following administration of TAM in breast cancer. This was attributed
to that TAM displayed anti-proliferative properties associated with
induction of apoptosis. It was reported that TQ increases caspase-3
activity in cancer cells through activation of nuclear factor-kappa B
[43]. Enhanced expression of bcl-2 was identified in breast cancer
where its functions are not yet well understood. Although bcl-2 has
prognostic significance, its role as a predictive marker or therapeutic

target is not well defined in breast cancer. Bcl-2 has undoubtful role in
restricting apoptosis and its widespread expression in breast cancer has
attracted interest as a therapeutic target for many years [44]. In the
present study, administration of either TAM or TQ significantly
reduced the expression of bcl-2 compared to the control untreated
group, hence slowed the progression and decreased invasiveness of
breast cancer. Zhang et al. [45] reported that tamoxifen -induced
apoptosis in breast cancer cells is related to down-regulation of bcl-2.
Arafa et al. [46] found that TQ induced an increase in mitochondrial
Bax protein, decrease in cytosolic bcl-2 levels and up-regulation of p53
which supports the hypothesis that TQ is a potent inducer of apoptosis
in cancer cells.

In the present study, TAM/TQ combination induced significant
improvement in the 5-years survival rate and the tumor antioxidant
status with significant decrease in the relapse rate, tumor TNF-α, IL-6
and TGF-β1 and alleviated the histopathological changes with
significant increase in tissue caspase-3 expression and significant
decrease in tissue bcl-2 compared to the control untreated group. This
synergistic effect might be due to the combined antioxidant and anti-
inflammatory properties of TAM and TQ together with their ability to
slow the growth of tumor cells with induction of apoptosis. Wang et al.
[47] reported that IL-6 production may be responsible for cancer cell
resistance to TAM. In the present study, TAM/TQ combination
resulted in significant decrease in tissue IL-6 compared with the use of
TAM alone. So, this combination may give a hope to decrease the
incidence of TAM resistance.

Conclusion
TAM/TQ combination had a better effect than each of these drugs

alone in patients with breast cancer. So, this combination may
represent a new therapeutic modality for management of breast cancer.
Further studies are needed to explore the exact molecular mechanisms
by which this combination mediates its effects.
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