
Combination Therapy Against Breast Cancer Cells by 
Docetaxel With Rosmarinic and Thymoquinone: An 
Experimental Study 

Introduction
Breast cancer has been categorized as one of the most 
contributors to causes of cancer death among women in the 
world due to different reasons such as metastasis, invasion, 
resistance to conventional chemotherapeutic drugs, and 
high mortality (1). Taxane-based chemotherapy drugs 
are frequently used as chemotherapeutic treatments for 
malignant breast cancer (2). Docetaxel has demonstrated 
substantial activity as a front-line and second-line 
chemotherapy regiment in advanced breast cancer patients 
exposed under anthracyclines drug (3), displaying its 
toxicity by changing the dynamics of tubulin development 
in cancer cell lines (4). Even though docetaxel is a 
powerful and competent chemo drug that can suppress 
its molecular target. The optimum effectiveness of this 
drug is confined because this drug is unable to overwhelm 
the survival signals, which give rise to chemotherapeutic 
resistance as well as tumor recurrence (5). Chemo-
sensitization, the use of a second agent to increase the 
susceptibility of the chemotherapy agent, is one promising 
approach to overcome the drug resistance problem (6). 

This compound can competently downregulate the 
apoptosis signals and act as a chemosensitizer in order to 
augment chemotherapy agent’s efficiency. 

There are a number of safe and potent phytochemicals 
which could have strong anti-cancer properties so much 
so can act as strong modulator and chemosensitizers 
when co-administrate with first line anti-cancer agents 
(7). Rosmarinic acid has been described as one of the 
potent and powerful polyphenolic compounds extracted 
from rosemary (Rosmarinus officinalis). This compound 
has unique and exclusive biological features such as an 
antimicrobial, antifungal, antioxidant, anti-tumor, and 
chemoprotective agent (8-10). Thymoquinone is one 
of major phytochemical usually found in black seed 
(Nigella sativa) in which has used as medicinal herb (11). 
Thymoquinone applied as antimicrobial, antidiabetic, 
antihypertensive and anti-cancer for long time. In cancer 
investigation, thymoquinone demonstrates favorable 
activity in cell and animal models and it show anti-
propagation effect for lung, colon, larynx, ovary and 
breast cancer cells (12).
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The combination of chemotherapeutic drugs with 
phytochemicals has significantly developed in recent years. 
Some studies have revealed hopeful results and outcomes 

(13). This is done to diminish the chemotherapeutic 
resistance along with conventional chemotherapeutic 
drugs or to reduce cytotoxicity of chemotherapy toward 
normal tissues (14). Indeed, combinational chemotherapy 
may also give a strong sensitization effect on cancer cells, 
giving them predisposed to apoptosis triggered by various 
anti-cancer drugs (15,16). The most important molecular 
mechanism for the effectiveness of chemo-preventive 
agents is triggered program cell death (17). Thymoquinone 
and rosmarinic acid seemingly triggers programmed 
cell death in cancer cells by inhibiting NF-κB activation 
and prohibition of Nrf2 and tumour necrosis factor α 
associated with-induced NF-κB activation, respectively, 
and also decrease Bcl-2 anti-apoptotic protein (18). 
This study evaluated the effect of rosmarinic acid and 
thymoquinone in combination with docetaxel on cell 
viability and apoptosis induction. Also, we explored the 
mechanisms underlying the potential ability of rosmarinic 
acid and thymoquinone to decrease the cell-cytotoxicity 
effect of docetaxel. 

Materials and Methods
Anti-proliferation Assay
The cancer cells were cultured under the standard 
circumstance. MDA-MB231 cells were cultured in 
6000 per well and exposed under 1-16 nmol/L of 
docetaxel, 5-80 μmol/L of rosmarinic acid, and 10–160 
μmol/L of thymoquinone for 24 and 48 hours. After 
the aforementioned time, a 200 μL new solution of 
RPMI-1640 medium which contained 2 mg/mL of 
MTT, was substituted with the previous medium. Then, 
the plate was incubated for 3-4 hours at the standard 
situation. Subsequently, media including MTT solution 
was unloaded, and DMSO was harnessed to solubilize 
formazan crystals (19). 

Analysis of Drug Interaction Using the Combination 
Index
The drug interaction between rosmarinic acid, 
thymoquinone, and docetaxel as a chemotherapeutic drug 
was analyzed using the Chou-Talalay method (20). MTT 
assay was accomplished in 96-well plates. Rosmarinic 
acid and thymoquinone were applied at a constant 
concentration (rosmarinic acid 10 μM and thymoquinone 

20 μM). While, docetaxel as a therapeutic agent was used 
at a different concentration (1, 2, 3, and 5 nM) to resolve 
whether the effects comply with the dose-dependent 
pattern. 

Monitoring Apoptotic Manner of Adjuvants
Annexin V/PI double staining was done to measure 
the amount of cell population that undergo apoptosis 
in response to the drug treatment with respect to the 
manufacturer’s instruction. Approximately 25×104 cell/
well were inoculated in seeding plates and exposed 
with 10 μM rosmarinic acid, 20 μM thymoquinone, 
and 2 nM docetaxel in single and combined condition. 
After 24 hours, the cell was harvested and washed with 
phosphate-buffered saline (PBS), resuspended in binding 
buffer, and kept in the dark for 15 minutes to stain with 
flowcytometric dye. 

The Investigation of Apoptotic Nuclei 
DAPI (4′,6-diamidino-2-phenylindole) staining was 
carried out following an established protocol beforehand 

(21). In continue, cells were incubated with rosmarinic 
acid 10 µM, thymoquinone 20 µM, docetaxel 2 nM, and 
a combination of two or three agents for 48 hours with 
the indicated drugs. To increase the penetration of cancer 
cells to DAPI dye, Triton X-100 was harnessed and allowed 
cancer cells to be fixed with paraformaldehyde for 18 min. 
The decomposition of cells was recognized applying a 
fluorescence microscope with a 40X objective lens.

Following Gene Expression Pattern
The MDA-MB231 cell lines 3×105/well were exposed with 
rosmarinic acid 10 µM, thymoquinone 20 µM, docetaxel 
2nM, and their combination. After 24 hours, Total RNA 
was extracted from MDA-MB231 cells applying phase 
separation method according to the manufacturer’s 
established protocol by the manufacturer (22). The total 
RNA quantity was measured using Nanodrop. The yield 
of cDNA synthesis by applying the First-Strand cDNA 
Synthesis kit according to the constructer’s guideline. Real 
time-PCR was accomplished by applying the SYBR Green 
Master Mix and run-on ABI 7000 real-time polymerase 
chain reaction (PCR) (USA). The primer sequences used 
for each gene are available in Table 1. 

Statistical Analysis
Graph Pad version 8.3 Software (San Diego, CA, USA) 
was to analyze the data submitted as mean ± SD. The IC50 
value was calculated using nonlinear regression analysis. 
The P value < 0.05 was considered statistically significant.

Results
Anti-proliferative Characteristic of Docetaxel, Rosmarinic 
Acid and Thymoquinone in MDA-MB231 Cell Line
Anti-cytotoxic properties of docetaxel, rosmarinic acid, 
and thymoquinone were assessed by cell cytotoxicity MTT 
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assay applying MDA-MB231 cells. The current cells were 
exposed with the desired concentration of docetaxel (1 to 
16nM) and rosmarinic acid (5-80 μM), and thymoquinone 
(10 to 160 μM) for 24 and 48 hours (Figure 1). Docetaxel, 
rosmarinic acid, and thymoquinone revealed the 
characteristic sigmoidal dose-dependent cytotoxicity 
on MDA-MB231 cells. Docetaxel, rosmarinic acid, and 
thymoquinone powerfully repressed the proliferation of 
MDA-MB231 cells with the IC50 of 2.6 ± 0.62 nM, 15.6 ± 
2.4 μM, and 35.5 ± 3.4 μM, respectively. Intensification in 
the amount of anti-cytotoxic manner was dependable on 
increasing the treatment time and dosage of the component 
(Table 2). The MDA-MB231 cells were exposed under 
rosmarinic acid (10 μM), thymoquinone (20 μM), and 
docetaxel (1, 2, 3, and 5 nM) for 24 hours. Rosmarinic 
acid and thymoquinone co-administration with docetaxel 
as main chemotherapy drug exhibited a noteworthy 
upsurge inefficiency of docetaxel in anti-proliferative 
properties, which increased the percent of inhibitory 
effect for rosmarinic acid + docetaxel, thymoquinone 
+ docetaxel, and thymoquinone + rosmarinic acid 
+docetaxel 70±2.4%, 65±1.9%, and 82±2.6%, respectively 
(P < 0.05) (Figure 2A). This approach relies on the median 
affect perception. Our findings from combination index 
plots and values demonstrate a strong synergism between 
two agents (Figure 2B, C, and D) (Table 3). For example, a 
mixture of 2 nM docetaxel with 10 μM of rosmarinic acid 
delineated a combination index of 0.26 for cancer cells, 
which epitomizes a potent synergism. 

Combinational Effect of Rosmarinic Acid, Thymoquinone, 
and Docetaxel on Percentage of Apoptotic Cell Population
The enhanced effect of rosmarinic acid and thymoquinone 
with docetaxel was evaluated by the flowcytometric dye 
in MDA-MB231 cells (Figure 3). Furthermore, flow 
cytometry recognized that treatment with rosmarinic acid, 
thymoquinone, and docetaxel give rise to an outstanding 
increase in the percent of apoptotic cell population 
compared with each drug alone. For example, docetaxel 
alone amplified total apoptotic cells up to 29.4%, while in 
co-administration percentage of early phase augmented 
from 29.4% to 34.6%. 

The Role of Successive Therapy of Docetaxel and 
Rosmarinic Acid and Thymoquinone on Apoptosis Rate
To more differentiate the amount of apoptosis by docetaxel, 
rosmarinic acid, and thymoquinone, we assessed the 
morphology of nuclei in the apoptotic cells, which was 
described with a compressed globular to contracted or 
the nuclei were segmented. Co-treatment with rosmarinic 
acid, thymoquinone, and docetaxel augmented the 
percent of under apoptotic cells from 17% ± 2.46 in a 

Table 1. Primer Sequences of Objective Genes

Objective Genes Primer Sequence

IκB-α
Forward: 5′-GCTGAAGAAGGAGCGGCTACT-3′

Reverse: 5′ -TCGTACTCCTCGTCTTTCATGGA-3′

Bad
Forward: 5’- GGAAGACGCTAGTGCTACAGA-3’

Reverse:5 ’- GAGCCTCCTTTGCCCAAGTTT-3’

Bcl-2
Forward: 5′ - GGCTGGGGATGACTTCTCTC-3′

Reverse: 5′ - ACAATCCTCCCCCAGTTCAC- 3′

Survivin
Forward: 5'- CAAGGACCACCGCATCTCTAC-3'

Reverse: 5'- AGTCTGGCTCGTTCTCAGTGG-3'

β-Actin
Forward: 5’- CACCATTGGCAATGAGCGGTTC-3’

Reverse: 5’- AGGTCTTTGCGGATGTCCACGT-3’

Figure 1. Anti-cytotoxic Manner of Docetaxel, Rosmarinic Acid and 
Thymoquinone in MDA-MB231 cells. (A) Cells were Exposed with Ascending 
Dosage of Docetaxel (1-16 nM), (B) Rosmarinic Acid (10-80 µM) and (C) 
Thymoquinone (10-160 µM) for 24 and 48 h.

Table 2. IC50 Values of Rosmarinic, Thymoquinone and Docetaxel in MDA-

MB231 Cells

Agents Incubation time(h) IC50 value

Rosmarinic (µM)
24 15.6 ± 2.4

48 7.09 ± 2.1

Thymoquinone (µM)
24 35.5 ± 3.4

48 25.5 ± 3.8

Docetaxel (nM)
24 2.6 ± 0.62

48 2.2 ± 0.28



Afkhami Saray et al

Crescent Journal of Medical and Biological Sciences, Vol. 9, No. 1, January 202266

single treatment with rosmarinic acid and thymoquinone 
to about 63% ± 3.62 in double and triple combinational 
therapy in MDA-MB231 cells (Figure 4). 

The Combinational Effect of Rosmarinic Acid, 
Thymoquinone, and Docetaxel on the mRNA Level of 
Apoptotic Signaling Pathway Genes
The key anti-apoptotic and pro-apoptotic genes intricate 

in the initiation of apoptosis procedure were inspected 
after combinational treatment of rosmarinic acid (10 
µM), thymoquinone (20 µM) and docetaxel (2 nM). 
Our findings displayed that the co-administration 
profoundly lessened the mRNA expression of IκB-α, Bcl-
2, and survivin (Figure 5). Indeed, following exposure 
with rosmarinic acid & thymoquinone and docetaxel 
individual and in concurrent treatment, Bad expression 
was raised. Our data verified that rosmarinic acid and 
thymoquinone could dysregulate the expression of the 
fundamental apoptosis-related genes.

Discussion
Docetaxel is the most regularly used as the anti-
microtubular agent effective in treating patients with 
breast cancer (23). Presently, in most clinical protocols, 
simultaneous consumption of two or three drugs with 
different functions is applied. Combining treatment with 
adjuvants can intensify the proficiency of main therapeutic 
drugs, diminish drug-associated toxicity in the host cells, 
and lessen or reverse drug resistance to chemotherapeutic 
agents (24). Occasionally combinational chemotherapy 
is applied not to treat but to decrease symptoms and 
lengthen life span. Combination drug therapy can be 
beneficial for patient with advanced cancers that are not 
appropriate for surgical treatment or radiation therapy 

(25). Recent studies established that rosmarinic acid 
and thymoquinone can surges the anti-tumor and anti-
proliferative behavior of docetaxel in human MDA-
MB231 breast cancer cell line that show constitutively 
dynamic NF-κB (8,11,15). To recognize synergism effect 
of rosmarinic acid and thymoquinone with docetaxel, 
anti-proliferative manner of aforementioned component 
was measured by utilizing the isobologram plot (Figure 2). 
For example, co-treatment of 2nM docetaxel with 10 µM 
rosmarinic acid exhibited a combination index of 0.27 in 
MDA-MB231 cells that show powerful synergistic effect.

The fundamental expression of NF-κB has been 
demonstrated in numerous malignant cancer (26). Findings 
also have verified that NF-κB signaling is a significant 
and central mechanism for chemotherapy resistance, and 

Figure 2. Co-treatment of Rosmarinic Acid, Thymoquinone and Docetaxel on 
the Blockage Percentage of MDA-MB231 Cell. (A) MDA-MB231 cells were 
incubated with increasing doses of docetaxel (1,2,3 &5 nM), Rosmarinic 
acid and thymoquinone (10, 20 & 40 µM) or a combination of the two 
reagents (RA10 µM-DTX1 nM, RA10 µM-DTX2 nM, RA10 µM-DTX3 nM and 
RA10 µM-DTX5 nM) for 24 h. (B, C, and D). Combination index values <1 
designate synergistic effect (**P<0.01, ***P<0.001).

Table 3. Combination Index and Growth Inhibitory Effects of Rosmarinic, Thymoquinone, and Docetaxel MDA-MB231 Cell

Dose RA (µM) Dose TQ (μM) Dose DTX (nM) Inhibitory Effect% Combination Index

10 - 1 62 0.3

10 - 2 70 0.26

10 - 3 76 0.19

10 - 5 80 0.19

- 20 1 58 0.53

- 20 2 64 0.55

- 20 3 73 0.32

- 20 5 78 0.28

10 20 1 78 0.09

10 20 2 82 0.08

10 20 3 86 0.06

10 20 5 90 0.04
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suppression of this pathway may increase the efficiency 
of cancer chemotherapy. Extensive involvement of the 
NF-κB pathway in tumors development has recognized 
them as targets for therapeutic adjuvants (27). Unusual 
regulation and cross-link of cell-signaling pathways play 
a significant role in cancer, and blockade of or anomalies 
in signaling pathways may result in excessive cell 
propagation, apoptotic resistance, angiogenesis, invasion, 
and metastasis, leading to expansion and development 
of cancer (28). NF-κB is a pivotal signaling pathway 
implicated in cancer development and progression (29). By 
managing target genes’ expression, such as BCLXL, BCL2, 
BCLXS, XIAP, and VEGF, NF-κB facilitates cancer-cell 
proliferation, survival, and angiogenesis (30). The current 
study verified that rosmarinic acid and thymoquinone, as 
an inhibitor of NF-κB, meaningfully augment the cytotoxic 
effects of docetaxel in MDA-MB231 cell line holding active 

NF-κB. Current data are consistent with previous studies 
illustrating that the combined chemotherapy rosmarinic 
acid enhances the anti-neoplastic properties of cisplatin in 
the human lung cancer cell (31).

To inspect the supposed mechanisms by which 
rosmarinic acid and thymoquinone enhance docetaxel’s 
cell cytotoxic and apoptotic effect, we carried out in vitro 
analysis on cell proliferation assay (Figure 1) and apoptosis 
(Figure 3). Though the exposure of cells with rosmarinic 
acid, thymoquinone, docetaxel, and a combination of the 
two or three agents caused enhanced anti-proliferative 
effect, the number of apoptotic cells was intensely raised 
following combinatorial treatment versus individual 
exposure (Figure 2). Current findings were in line with 
the alterations in the morphology of nuclei attained by the 
DAPI stain and were related to a perceptible rise in the 
number of apoptotic nuclei.

Figure 3. Combinational Effect of Docetaxel, Rosmarinic Acid, and Thymoquinone on the Apoptosis Rate of MDA-MB-231 Cells. Aforementioned cells were 
exposed under 5 nm docetaxel only (B), 10 µm rosmarinic acid, and thymoquinone alone (C) or a combination 10 µm rosmarinic acid and thymoquinone along 
with 5 nm docetaxel (D) for 24 h. The apoptotic percentage of MDA-MB-231 cells exposed with docetaxel alone, rosmarinic acid and thymoquinone alone or a 
combination of docetaxel, rosmarinic acid, and thymoquinone (E).

Figure 4. Nuclei Architecture Alteration Following Exposure With Treated With Docetaxel, Rosmarinic Acid and Thymoquinone or a Co-Treatment Condition (A). 
Amount of apoptotic MDA-MB-231 cells following changed treatment condition of rosmarinic acid, thymoquinone and docetaxel. Cells were treated with distinct 
concentration of rosmarinic acid (10 µm), thymoquinone (20 µm) and docetaxel (2 nm) or combination of rosmarinic acid and thymoquinone with docetaxel for 
24 h. 
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In the current study, we perceived that the expression 
levels of downstream NF-kB (Bcl-2 family) protein were 
augmented in the MDA-MB231. IκB-α can translocate to 
the nucleus to eliminate NF-κB from DNA and transport 
it back to the cytosol to halt  transcription (32). In line 
with these data, the findings of this research designated 
that the expression of the NF-kB downstream target 
genes IκB-α, Bcl-2, and survivin were noticeably declined 
after incubation with rosmarinic acid, thymoquinone, 
docetaxel alone, and or their double or triple combination 
(Figure 5). It has been revealed that high levels of NF-kB 
activity upregulate many anti-apoptotic factors, including 
Bcl2 and Survivin (33). 

Conclusions
In conclusion, the current investigation results established 
that rosmarinic acid and thymoquinone, as an NF-kB 
inhibitor, boosted docetaxel-induced cytotoxicity in 
MDA-MB 231 breast cancer cells. The synergistic anti-
proliferative effects of rosmarinic acid, thymoquinone, 
and docetaxel were accompanied by the downregulation of 
Bcl-2, IκB-α, and survivin expression levels. Our finding 
proposes that applying an NF-kB inhibitor and docetaxel 
may be a hopeful technique to increase the effectiveness 
of chemotherapy protocols in patients with breast cancer.
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