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Abstract
Background: Breast cancer (BC) is considered the most diagnosed cancer among women globally. This is because of its high possi-
bility of metastasis and high resistance to chemotherapy. Cisplatin is a platinum-based antitumor agent that is used to treat various 
types of cancer. However, the main obstacle to using this drug is drug resistance. Drug resistance is a cause of most relapses of cancer 
which eventually lead to death. Nowadays, combining natural products is a trend to overcome drug resistance. Thymoquinone (TQ) 
is a natural phytochemical that exists mainly in blackseed. It has been used in medicine for decades, especially as an anticancer agent. 
Silymarin is a milk thistle compound that exhibits anticancer, hepatoprotective, and neuroprotective activity. Hence, the combina-
tion of TQ and silymarin could be a probable solution to treat cancer and reduce chemoresistance.

Methods: This study tested this combination on cisplatin-sensitive (EMT6/P) and cisplatin-resistant (EMT6/CPR) mouse mamma-
ry cell lines. Apoptotic and antiproliferative activity was assessed for TQ and silymarin in vitro using caspase-3 and [3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide] (MTT) assays, respectively. An in vivo study was performed to evaluate the 
effect of TQ and silymarin combination in mice inoculated with EMT6/P and EMT6/CPR cells. The safety profile was also examined 
using creatinine and liver enzyme assays.

Results: In vitro, the TQ and silymarin combination synergized in both cell lines. Also, this combination caused apoptosis induction 
at a higher rate than the single treatment in both cell lines. In vivo, TQ and silymarin combination resulted in a remarkable reduction 
in tumor size and enhanced the cure rate in mice implanted with EMT6/P and EMT6/CPR cell lines. According to the safety profile 
results, TQ and silymarin combination was safe.

Conclusion: In conclusion, the combination of TQ and silymarin provides a promising solution in treating BC resistant to cisplatin 
by inducing apoptosis. Further studies are needed to define the exact anticancer mechanisms of this combination.
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Introduction
Cancer is the leading cause of mortality and a significant 
reason for the decrease in life expectancy in all countries 
around the world (Bray et al. 2021). According to World 
Health Organization (WHO) estimates, cancer is the first 
or second major cause of death before the age of 70 in 112 
of 183 countries in 2019 and ranks third or fourth in an-
other 23 nations (Sung et al. 2021). In the United States, 
1,958,310 new cancer cases and 609,820 cancer losses are 
expected to occur in 2023, which is equal to 5370 cases 
daily and 1670 deaths each day (Siegel et al. 2023). Among 
women, breast, thyroid, lung, colorectal, and cervical can-
cers are the most frequent types of cancer. In men, pros-
tate, colorectal, lung, stomach, and liver cancer are the 
most common types of cancer (Bukowski et al. 2020).

Breast cancer (BC) is considered the most diagnosed 
cancer among women globally. This is because of its high 
possibility of metastasis and high resistance to chemo-
therapy (Wang et al. 2021a). In metastatic breast cancer, 
the five-year survival rate is less than 30%, even with 
auxiliary chemotherapy (Riggio et al. 2021). Generally, 
70–80% of those with early-stage, non-metastatic illnesses 
can be cured. On the other hand, recent therapies are less 
effective in curing breast malignancy with distant organ 
metastases (Harbeck et al. 2019). Despite years of exper-
imental, clinical, and epidemiological research, breast 
cancer prevalence keeps increasing worldwide (Britt et al. 
2020). Recent statistics have shown that breast tumors sur-
passed lung tumors and became the most detected cancer 
worldwide in 2020 (Cao et al. 2021). According to Global 
Cancer Observatory (GLOBOCAN) 2020, breast cancer 
constitutes 24.5% of cancers in females of all ages world-
wide (Ferlay et al. 2021). Consequently, this will generate a 
serious public health problem, particularly in developing 
countries (Wang et al. 2021b).

Breast cancer is associated with numerous risk factors. 
Among these are reproductive factors, which are late mar-
riage, getting first childbirth at delayed age and the age 
of menopause which correlates strongly to the disease 
development (Beral et al. 2004; Gold 2011; Marphatia et 
al. 2017; Kashyap et al. 2022). Exogenic hormonal factors 
such as using oral contraceptive also lead to a high breast 
cancer risk (Hunter et al. 2010). In addition, lifestyle fac-
tors like unhealthy diet, obesity, lack of physical activity 
and consuming alcohol (Cancer 2002; Gilsing et al. 2011; 
Kim et al. 2013; Chang et al. 2017; Picon‐Ruiz et al. 2017). 
There are four major classes of breast tumor based on the 
expression of the following hormone receptors: human 
epidermal growth factor receptor 2 (HER2) positive, en-
docrine receptor (estrogen or progesterone receptor) pos-
itive, triple positive (estrogen, progesterone, and HER2 
receptor-positive), and triple-negative (absence of estro-
gen, progesterone, and HER2 receptors) (Schnitt 2010). 
Needless to say, triple negative breast cancer is the most 
aggressive type among them (Irvin Jr and Carey 2008; En-
senyat-Mendez et al. 2021). Depending on the stage and 
the menopausal state, the choice of treatment varies from 
a lumpectomy, radiation, mastectomy, chemotherapy, and 

endocrine therapy (Dong et al. 2021; Trayes and Coke-
nakes 2021). Despite the remarkable progress in cancer 
treatment during the last years, chemotherapy still has to 
be the chief method for cancer therapy (Bukowski et al. 
2020). Unfortunately, therapeutic resistance has been re-
ported against many antineoplastic agents, resulting in dis-
ease relapse and recurrence (Garcia-Martinez et al. 2021). 
Chemo-resistance is defined as an insufficient response 
to chemotherapeutic agents which restrict drug efficacy 
(Trédan et al. 2007). Statistical data displays that more 
than 90% of mortality in cancer patients is due to drug re-
sistance (Bukowski et al. 2020). This resistance originates 
from different mechanisms that include: improvement in 
the drug efflux, growth factors, genetic factors, senescence 
escape, augmented DNA repair ability, tumor heterogene-
ity and high xenobiotics metabolism (Luqmani 2005; Wu 
et al. 2014; Wang et al. 2017; Wang et al. 2019; Dallavalle 
et al. 2020). Due to the heterogenous nature of BC, drug 
resistance is a major challenge (Ji et al. 2019).

Cisplatin is a platinum-based antitumor agent that 
is used to treat various types of cancer (Giacomini et al. 
2020). It is a common treatment in breast cancer if com-
bined with paclitaxel drug (Wan et al. 2019). Up to now, it 
is appraised that about 50% of all cancer patients will re-
ceive cisplatin in their anticancer therapy regimen (Ghosh 
2019). However, the main obstacle to using this drug is 
drug resistance. This resistance is acquired through var-
ious independent mechanisms including alteration of 
cell cycle checkpoints, overexpression of breast cancer 
resistance protein, suppression of apoptosis, and stimu-
lation of multiple signalling pathways (Kartal-Yandim et 
al. 2016). Accordingly, new aspects of treating BC were 
developed such as drug carriers, novel agents or combina-
tion therapy. Additionally, new therapeutics such as im-
munotherapy and gene therapy could be promising agents 
to overcome this resistance (Ji et al. 2019).

In this research, we have focused on using combination 
therapy to deal with cisplatin resistance. The combination 
could be between one herbal constituent with another or 
with a chemotherapeutic agent (Mangla and Kohli 2018). 
Lee et al. have shown that combination therapy increases 
the rate of response and avoids drug-induced resistance 
(Lee and Djamgoz 2018). For decades, natural products 
and medicinal herbs have been used to cure many differ-
ent diseases including cancer (Kamble and Gacche 2019). 
This is due to their bioactive phytochemicals and their an-
tioxidant effect (Najjaa et al. 2020). Add to that their ap-
plicability, accessibility, low cost, and low toxicity (Dutta 
et al. 2019).

Thymoquinone (TQ) is a natural phytochemical, that 
exists mainly in black seed (Nigella sativa; family Ranun-
culaceae) or black cumin, and it has been widely used in 
the treatment/prevention of several types of cancer includ-
ing BC (Adinew et al. 2021). TQ exerts its anticancer effect 
using several pathways such as: the prevention of oxidative 
stress and inflammation, induction of apoptosis, suppres-
sion of metastasis and angiogenesis, up-regulation of spe-
cific tumor suppressor genes as well as down-regulation of 
tumor promoting genes (Alhmied et al. 2021). Silymarin 
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is a milk thistle compound (Silybum marianum) that ex-
hibits hepatoprotective, neuroprotective, cardioprotective, 
anti-viral, anti-diabetic, and antineoplastic effects against 
different types of cancer too (Fallah et al. 2021; Wadhwa 
et al. 2022). Silymarin anticancer effect is due to several 
mechanisms including cell cycle arrest at the G1/S-phase, 
stimulation of cyclin-dependent kinase (CDK) inhibitors, 
and lowering the synthesis of anti-apoptotic gene pro-
duction. Moreover, it can modify the expression of gene 
products related to the proliferation, invasion, metastasis 
and angiogenesis of different tumor cells (Ramasamy and 
Agarwal 2008; Hosseinabadi et al. 2019).

To date, no study investigated the effect of combination 
therapy between thymoquinone and silymarin to over-
come cisplatin resistance in BC.

Materials and methods
Chemicals, cell lines, and culture condi-
tions

Pure TQ and silymarin were supplied from Sigma Aldrech. 
Their CAS-No were 490-91-5 and 65666-07-1 respective-
ly. Sensitive mice mammary cell line (EMT-6/P) and cis-
platin resistant cell line (EMT-6/CPR) were attained from 
the European Collection of Cell Cultures (Salisbury, UK). 
In our examination, minimum essential medium (MEM) 
(Caisson, USA) was used to culture both cells. The me-
dia which was supplied as 500 ml bottle was supplement-
ed with 5 ml of L-glutamine (Eurobio, France), 0.5 ml of 
non-essential amino acids (Caisson, USA), 50 ml of 10% 
fetal bovine serum (Sigma, USA), 5 ml of penicillin-strep-
tomycin solution (Eurobio, France) and 0.5 ml of 0.1% 
Gentamycin (Sigma, USA). Cells were incubated at 37 °C, 
with 5% carbon dioxide, and 95% humidity.

In order to separate the adherent cells from the walls 
of the cell culture flask, the trypsinization method was ap-
plied. This is accomplished by adding trypsin ethylene di-
amine tetra acetic acid (trypsin EDTA) (Eurobio, France) 
with phosphate buffer saline (PBS) (Eurobio, France). For 
MTT assay, cell counting was performed by using trypan 
blue (0.4%) (Sigma, USA). Dimethyl sulfoxide (DMSO) 
(Alpha Chemika, India). To conserve tumors after vivisec-
tion, buffered formalin (10%) (S.D. Fine-Chem ltd, India) 
was employed.

Commercial kits

Besides, to measure the percentage of viable cells, MTT 
(3-(4, 5-Dimethylthiazol-2-yl)-2, 5- diphenyltetrazolium 
bromide) assay kit (Sigma, USA) was utilized. A Colori-
metric Caspase-3 Assay Kit (Invitrogen ThermoFisher, 
USA) with a catalog number: BMS2012INST was applied 
to detect apoptosis. For ALT serum level assessment, Al-
anine aminotransferase ALAT (GPT) FS kit (BioMajesty, 
Germany) was used. For AST serum level assessment, as-
partate aminotransferase ASAT(GOT) FS kit (BioMajes-
ty, Germany) was utilized. Furthermore, a Creatinine FS 

assay kit (BioMajesty, Germany) was performed to mea-
sure Creatinine serum levels.

Preparation of TQ, silymarin and cispla-
tin working solutions

Regarding the MTT assay procedures, TQ and silymarin 
were dissolved directly in the medium with DMSO (less 
than 1%) to produce a concentration of 2000 µM as a 
working solution. These concentrations were selected de-
pending on previous testing conducted in our laboratory 
(Talib 2017). After that, serial dilution was applied in or-
der to obtain 50% reduction in concentration. As a result, 
the highest concentration was 1000 µM, then it was dilut-
ed to 500, 250, 125, 62.5, 31.25, 15.62, 7.81 µM for single 
treatments in EMT-6/P and EMT-6/CPR cells.

The positive control, cisplatin (Ebewe Pharma, Austria), 
was given as a stock solution of 50 mg per 100 mL (0.5 mg/
mL) as it is already prepared as a drug in the market. In 
order to achieve the requisite concentrations of 100 µM 
down to 0.8 µM in single treatment experiments for both 
cell lines, further dilutions of the stock solution manipula-
tion MEM were prepared before use (Talib 2020).

In combination treatment, 66 µM stock solution of TQ 
was prepared to produce a serial dilution of 50% to 0.51 µM 
with fixed dose of silymarin (106.63 µM) in EMT-6/CPR 
cells. While in EMT-6/P cells, 29.58 µM of TQ stock solu-
tion was prepared to generate a serial dilution of 50% to 
reach 0.23 µM with fixed dose of silymarin (142.40 µM). 
For silymarin, a stock solution of 106.63 µM was prepared 
to produce a serial dilution down to 0.83 µM with fixed 
dose of TQ (66 µM) in EMT-6/CPR cells. While in EMT-
6/P cells, 142.40µM of silymarin stock solution was ready to 
dilute it down to 1.11 µM with fixed dose of TQ (29.58 µM).

Antiproliferative assay

MTT (the tetrazolium salt, 3, [4,5-dimethylthi-
azol-2-yl]-2,5-diphenyl-tetrazolium bromide) is a colori-
metric reduction test (Sigma, USA) (Kumar et al. 2018). 
It was used to identify the antiproliferative activity. The 
test recognizes the normal operation of mitochondria and 
cell viability by detecting the reduction of MTT by mi-
tochondrial dehydrogenase to blue formazan. The mouse 
mammary cell lines (EMT6/P and EMT6/CPR) were cul-
tured overnight. Next, cells were collected using the tryp-
sinization technique by applying 0.5 mL of trypsin-ED-
TA and 1 mL of 1X PBS for 2–3 min, washed using 5 mL 
media, centrifuged at 1000 rpm for 10 min at 4 °C, and 
resuspended in 5 mL of fresh tissue culture medium after 
removing the supernatant layer. The trypan blue exclu-
sion technique was then used to determine the viability 
of the exponentially developing cells. The cells were then 
counted and planted onto 96-well tissue culture flat-bot-
tom microplates with 10,000 cells per well. Then a 200 µL 
of growth media was added and incubated for a 24-hours. 
After seeding and monolayer formation, the medium was 
withdrawn, and cells were then treated with TQ and si-
lymarin. Eight concentrations of TQ and silymarin were 
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applied to both cell lines (1000, 500, 250, 125, 62.50, 31.25, 
15.62, 7.81 µM) for 48 h. Additionally, they subjected both 
cell lines to 48 hours of exposure to cisplatin at the fol-
lowing doses (0.80–100 µM). In combined treatment, TQ 
concentrations ranging from (29.58, 14.79, 7.39, 3.69, 
1.84, 0.92, 0.46, to 0.23 µM and a fixed dosage of sily-
marin (142.40 µM) were applied to EMT-6/P cells. Also, 
these cells were exposed to concentrations of silymarin 
ranged from (142.40, 71.20, 35.60, 17.80, 8.90, 4.45, 2.22 
to 1.11 μM) with fixed dose of TQ (29.58 µM). In resistant 
cell line, cells were treated with TQ solution with con-
centrations ranging from (66, 33, 16.50, 8.25, 4.12, 2.06, 
1.03 to 0.51 µM) with fixed concentration of silymarin 
(106.63 µM). Then, EMT6/CPR cells were treated with si-
lymarin in different concentrations (106.63, 53.25, 26.62, 
13.31, 6.65, 3.32, 1.66 to 0.830 µM) with fixed dose of TQ 
(66 µM). After incubation, the 200 μL was removed and 
100 μL of medium was then added with 10 μL of the MTT 
solution in every well. After that, the microplate was incu-
bated in CO2 incubator for another 3 h so the blue crystals 
could form. After adding 100 µL of DMSO (stop solution) 
and an additional hour of incubation, the reduced MTT 
was then measured at 550 nm using a microplate read-
er (Biotek, Winooski, VT, USA). Direct solvation of the 
chemical stock solutions in the medium was followed by 
sterilization using 0.22 µm syringe filters. The average of 
three replicates was used to derive the IC₅₀ values. Cell 
viability (% survival) for each treatment was determined 
and compared to the untreated (negative control) cells, 
which solely contain tissue culture medium.

Calculation of inhibitory concentration 
(IC₅₀)

The term “IC₅” refers to the drug concentration needed to 
kill or inhibit cells by 50% as compared to untreated cells, 
which suggests that at that concentration, the inhibitory 
substrate only exerts 50% of its maximum inhibitory ac-
tion. The statistical software for the social sciences (SPSS) 
version 26 (Chicago, IL, US) was used in our experiment 
to compute and evaluate IC₅₀ values. To determine the 
IC₅₀ values for both single and combination treatments, a 
nonlinear regression test was performed on the data.

Calculation of combination index (CI)

To calculate the combination index (CI) of the combi-
nations of TQ and silymarin against the two cell lines 
(EMT6/P and EMT6/CPR), we applied an equation pub-
lished previously (Ichite et al. 2009):

CI = (D) 1/(Dx) 1 + (D) 2/(Dx) 2 + a (D) 1 (D) 2/(Dx) 1 (Dx) 2

Where:
(Dx) 1 = IC₅₀ of TQ alone
(D) 1 = IC₅₀ of TQ in combination with silymarin
(Dx) 2 = IC₅₀ of silymarin alone
(D) 2 = IC₅₀ of silymarin in combination with TQ

a = 0 for mutually exclusive or 1 for mutually nonexclu-
sive interaction.

According to the literature study, silymarin and TQ each 
have a unique mode of action for fighting cancer. There-
fore, in CI calculations, we used the mutually nonexclusive 
model, where α = 1. CI results are explained as follows:

If CI > 1.3 that shows antagonism, CI = 1.1–1.3 rep-
resents moderate antagonism, CI = 0.9–1.1 indicates ad-
ditive effect, CI = 0.8–0.9 shows slight synergism, CI = 
0.6–0.8 reveals moderate synergism, CI = 0.4–0.6 means 
synergism, CI = 0.2–0.4 reveals strong synergism, and CI 
< 0.1 reveals a very strong synergism (Chou 2006).

Calculation of resistance fold

To compare the resistant cell line to the sensitive cell line, 
we used the term “resistance fold”. It described the times 
of change in the concentration required to achieve 50% 
death in the resistant cell line against the sensitive cell line. 
The resistance fold is determined in this study by compar-
ing the IC₅₀ values between the resistant EMT-6/CPR and 
the sensitive EMT-6/P cell lines using the formula:

Resistance fold = IC₅₀ of Resistant Cell Line ∕ 
IC₅₀ of Parental Cell Line.

By subjecting EMT-6/P and EMT-6/CPR cell lines to 
a range of cisplatin concentrations (208.33, 104.16, 52.08, 
26.04,13.02,6.51, 3.25, 1.62 µM) for 48 hours, the anti-pro-
liferative assay (MTT) was carried out to assess the cispla-
tin-mediated anti-proliferative effect on these cell lines.

Colorimetric assay of caspase-3 activ-
ity in EMT-6/P and EMT-6/CPR cells 
(Niles et al. 2008)

The tested cell line (EMT-6/CPR) was taken out of the liq-
uid nitrogen tank, thawed at 37 °C, and grown in flasks 
measuring 75 cm2 and containing 15 ml of MEM. The 
cultivated cells were then incubated overnight at 37 °C, 
5% CO2, and 95% humidity. Using 0.5 mL trypsin-EDTA 
and 1 mL 1X PBS, cells were separated from the flask walls 
and allowed to incubate for 2–3 minutes. Cells were then 
transferred to 15-mL sterile centrifuge tubes, rinsed with 
5 mL MEM, and centrifuged at 1000 rpm for 10 minutes 
at 4 °C. Cells (pellets) were resuspended in 5 mL MEM 
and counted.

The cells were seeded at a density of 100,000 cells/mL 
in a 75 cm2 area that was pre-labelled with the cell type, 
passage number, and date. Five flasks were made, and they 
underwent a 24-hour incubation period to ensure optimal 
adhesion and growth. At that point, the treatments were dis-
solved in fresh media, and the old media was discarded. The 
negative control flask contained only MEM. A single dose 
of TQ (10 µM) and a single dose of silymarin (10 µM) were 
added to flasks two and three.  A combined dose of (10 µM) 
TQ and (10 µM) silymarin was in flask four.  Eventually, a 
dose of cisplatin (0.50 mg/ml) was added to flask five.
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The flasks were then incubated for 48 hours. After in-
cubation, the old medium was taken out of each flask and 
discarded. The flasks were then cleaned with 2 ml of PBS 
before each was given 1 ml of trypsin to separate the cells. 
The entire 5 mL was then transferred to a centrifugation 
type (15 mL) and centrifuged at 1000 rpm at 4 °C for 10 
min. After adding 4 ml of the new medium, we added 
trypsin. Pellets of cells are now prepared for testing for 
caspase-3 activity.

According to the kit’s instructions, the lysis buffer was 
made, and then 1 ml of it was added to every 5*106 cells. 
The tubes were then gently shaken while being incubated 
for one hour at room temperature. The tubes were then 
centrifuged for 15 minutes at 1000×. Then, 100 µL, 100 µL, 
and 140 µL, of distilled water were added to the blank, 
standard, and sample wells respectively. Then, 10 ml of 
each sample in each well was added in two separate ad-
ditions. The plate was then covered and shaken for three 
hours at room temperature. Using the washing buffer pre-
viously produced per the kit instructions, the microwell 
strips were washed six times after three hours, each time 
adding 140 µL to each well containing the blank, standard, 
and samples. After the final wash, the microwell strip was 
tapped on a paper towel to remove the extra buffer. The 
substrate solution (tetramethylbenzidine) was then added 
to each well at a volume of 100 µL. The microplate was 
then kept at room temperature for almost ten minutes, or 
until the highest standard turned dark blue. The stopping 
solution (1M phosphoric acid) was then added to each 
well at a volume of 100 µL. After that, a spectrophotome-
ter employing a 450nm wavelength immediately scanned 
the plate.

Mice

This investigation utilized 35 female Balb/C strain mice, 
aged 4–6 weeks, weighing between 21 and 25 g each. The 
animal house of the Applied Science Private University in 
Amman, Jordan, provided mice. The Research and Eth-
ical Committee of Applied Science University approved 
all animal experimentation methods in accordance with 
accepted ethical standards. The approval No. was 2023-
PHA-11. Separate cages with bedding made of wood shav-
ings were used to house the animals. The animal housing 
was set up with a constant temperature of 25 C, a 50–60% 
humidity range, continuous air ventilation, and 12-hour 
cycles of light and dark.

Establishing regimens for the in vivo ex-
periment

On female Balb/C mice with EMT-6/P and EMT-6/CPR 
tumors, we carried out the in vivo part. Based on research 
that was published in the literature, the doses of TQ, sily-
marin, and cisplatin were selected. For TQ, an intraperi-
toneal dose of 25 mg/kg (0.625 mg/mouse) was chosen. It 
was given every day for 10 days based on the dosage used 
by Fatfat et al. (Fatfat et al. 2019). In contrast, Kim et al. 

study (Kim et al. 2021) stated that silymarin dosage was 
a daily intraperitoneal injection of 50 mg/kg (1.25 mg/
mouse) for 10 days. Cisplatin dose was based on the liter-
ature of Talib et al. (Talib and Jawarneh 2022) and it was 5 
mg/kg/week (0.125 mg/mouse).

Tumor inoculation and antitumor activ-
ity in vivo

EMT-6/CPR and EMT-6/P cells were defrosted, cultivat-
ed, separated, calculated and seeded using MEM. After 
that, they were kept in the incubator to grow for 24 h. Us-
ing trypsinization method, exponentially growing EMT-
6/P and EMT-6/CPR cells were collected, washed, and 
resuspended in MEM, at a density of 1.5 × 10⁶ cells / ml. 
Then, viable cells were assessed using trypan blue exclu-
sion technique. Each female BALB/C mouse received a 
subcutaneous injection of 1.5 × 105 tumor-inducing cells 
in a 0.1 mL medium. Following the injection of cancer 
cells, the tumor-bearing mice got the therapies on day 15, 
after the tumors had grown for 14 days. Tumor dimen-
sions were measured with a digital caliper and tumor vol-
umes were calculated using the method below:

Tumor volume = A × B2 × 0.5

Where:
A = length of the longest aspect of the tumor.
B = the length of the tumor aspect perpendicular to A.
It was decided to choose tumors of comparable sizes, 

and the average tumor volume for each group was approx-
imately matched. EMT-6/P, a parent BC cell line, was in-
jected into the right side of each mouse, and EMT-6/CPR, 
a cisplatin-resistant BC cell line, was injected into the left 
side of each mouse. After 14 days of the tumor injection, 
the treatment began. In this study, 35 tumor-bearing mice 
were employed, and they were split into five groups (n = 7 
for each group), Fig. 1. As a negative control, Group 1 re-
ceived 0.1 mL of vehicle (olive oil) intraperitoneally ev-
ery day. Group 2 was exposed to TQ (25 mg/kg/ day) by 
intraperitoneal injections. Group 3 was treated with daily 
dose of silymarin (50 mg/kg/day) administered intraper-
itoneally. Group 4 was treated with a combination of TQ 
and silymarin (25 and 50 mg/kg/ day respectively). Group 
5 was administered with cisplatin (5 mg/kg/ week). Blood 
samples were taken three times throughout the course of 
the 10-day therapy, on days 1, 5, and 10.

Three-time periods during the treatment period days 
(1, 5, and 10) were used to quantify the tumor volumes. 
The following calculation was used to compute the per-
cent change in tumor volumes when comparing begin-
ning and final volumes:

% Tumour change = ((F−I)/ I) * 100%

Where F is the final tumor volumes, and I represent the 
initial tumour volumes. After 10 days of treatment, mice 
were sacrificed by cervical dislocation, and blood samples 
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were taken retroorbitally for each group. To maintain the 
morphology of the tumors, they were excised, weighed, 
and kept in 10% formalin. For 10 minutes, blood samples 
were centrifuged at 5000 rpm. The produced serum was 
transferred to a fresh, pre-labelled Eppendorf tube for 
each sample. For the next studies, serum samples were 
kept at -20 C.

Evaluation of liver function in treated 
mice

The blood levels of the liver enzymes ALT and AST 
were measured for TQ, silymarin, cisplatin, and their 
combinations that were previously described. In addi-
tion, the negative control group was assessed to deter-
mine the levels of liver damage caused by the utilized 
therapies. Alanine aminotransferase ALAT (GPT) FS 
kits and aspartate aminotransferase ASAT (GOT) FS 
kits were used to evaluate ALT and AST after serum 
samples were collected. To create functioning reagents, 
reagents were combined according to the protocol’s in-
structions. In ALAT (GPT) FS kit, the first reagent was 
a combination of Tris (hydroxymethyl) aminomethane 
buffer, L-Alanine, and Lactate dehydrogenase (LDH). 
While the second reagent was a mixture of 2-Oxoglu-
tarate along with Nicotinamide adenine dinucleotide 
(NADH). In ASAT (GOT) FS kit, Tris (hydroxymethyl) 
aminomethane buffer, L-Aspartate, Malate dehydroge-
nase (MDH) and LDH were in the first reagent. The 
second reagent was a combination of 2-Oxoglutarate 
and NADH. Then, to achieve the reaction’s ideal tem-
perature, working reagents were incubated at 37 °C. 
Next, 100 µL of each sample were combined with 1 mL 
of the working reagent in a single-use cuvette. After 
one minute of incubation, the initial absorbance at time 
zero was noted. Readings of absorbance were taken af-
ter 0, 1, 2, and 3 minutes. The spectrophotometer was 
calibrated to zero absorbance using distilled water and 

synced to read absorbance at 340 nm. Working reagents 
were used as blanks as well.

Evaluation of kidney function in treated 
mice

We also assessed the levels of kidney injury via the sev-
eral treatments; creatinine level was measured for TQ, 
silymarin, cisplatin and their combinations beside the 
negative control group. The level of creatinine in the ob-
tained serum samples was then determined using a creat-
inine kit. The standard (S) was ready to use. In accordance 
with the guidelines, reagents were combined to create 
functioning reagents. In order to accurately determine 
the reaction temperature, the working reagent was then 
incubated at 37 °C. After mixing 100 µL of each sample 
with 1 mL of the working solution in a disposable cuvette, 
absorbance measurements were taken after 30 and 90 sec-
onds. Utilizing distilled water, the spectrophotometer was 
adjusted to zero absorbance and calibrated to read ab-
sorbance at 505 nm. Additionally, working reagents were 
used as blank samples.

Data analysis

SEM (Standard Error of Mean) was used to represent 
the results as a mean ±SEM. The IC₅₀ values for TQ, si-
lymarin, cisplatin, and their combinations against EMT-
6/P and EMT-6/CPR cell lines were really obtained. Ad-
ditionally, ANOVA nonlinear regression was used in SPSS 
(Statistical Package for the Social Sciences, Chicago, IL, 
USA) version 26 to statistically examine the IC₅₀ results. 
To determine the statistical significance between groups, 
GraphPad prism 8 software was used. It was considered a 
significant difference between the groups when the prob-
ability level (P-value) was less than 0.05 (P-value < 0.05). 
At least two separate animal experimentation studies were 
carried out, with a minimum of six animals per group.

Figure 1. Shows the treatment groups for the in vivo study with the subjected doses.
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In vitro results
Anti-proliferative activity of TQ and si-
lymarin as single treatments on both 
EMT-6/P and EMT-6/CPR cell lines

The MTT test was carried out on EMT-6 cisplatin-sensi-
tive parent BC cells (EMT-6/P) and EMT-6 cisplatin-re-
sistant BC cell lines (EMT-6/CPR) to assess TQ’s efficacy 
as a single treatment. As shown in Fig. 2, TQ reduced cell 
proliferation in a concentration-dependent manner when 
compared to the vehicle control. Our findings also showed 
that, when exposed to the same TQ doses, EMT-6/CPR 
had greater survival rates than EMT-6/P. For EMT-6/P 
and EMT-6/CPR, the IC₅₀ values for TQ were 59.16 ± 
1.8 µM and 132 ± 4 µM, respectively.

To evaluate the effectiveness of silymarin as a single 
treatment, the MTT test was performed on EMT-6 cispla-
tin-sensitive parent BC cells (EMT-6/P) and EMT-6 cis-
platin-resistant BC cell lines (EMT-6/CPR) compared to 
the vehicle control, Fig. 3. The test demonstrated that si-
lymarin reduced cell proliferation in a concentration-de-
pendent way. Additionally, our research revealed that both 
cell lines exhibited lower survival rates when exposed to 
a high dose of silymarin. The IC₅₀ values for silymarin 
in EMT-6/P and EMT-6/CPR were 284.8 ± 38 µM and 
213.27 ± 6 µM, respectively.

Anti-proliferative effect of cisplatin treat-
ment on EMT-6/P, EMT-6/CPR cell lines

The anti-proliferative assay (MTT) was applied to eval-
uate the cisplatin-mediated anti-proliferative effect on 
both EMT-6/P and EMT-6/CPR cell lines. That was 
achieved by exposing EMT-6/P and EMT-6/CPR cell 
lines to a range of cisplatin concentrations (208.33, 
104.16, 52.08, 26.04,13.02,6.51, 3.25, 1.62 µM) for 48 
hours. Then, it was determined that the cisplatin con-
centration needed to inhibit cell growth by 50% (IC₅₀) 
was 26.50 ± 0.01 µM for the EMT-6/P cell line and 70 ± 
0.006 µM for the EMT-6/CPR cell line. According to the 
aforementioned equation, IC₅₀ values of cisplatin in both 
cell lines were used to determine the resistance fold. The 
findings revealed that EMT-6/CPR cells were 2.64 times 
more resistant to cisplatin than EMT-6/P cells, as shown 
in Fig. 4 and Table 1.

Anti-proliferative effect of TQ and sily-
marin combination treatment on EMT-
6/P, EMT-6/CPR cell lines

To assess the inhibitory impact of TQ and silymarin com-
bination treatment, EMT-6/P, and EMT-6/CPR cell lines 
were treated with different doses of TQ and a constant 
concentration of silymarin. Also, these cells were treated 
with different doses of silymarin and a fixed dose of TQ; 
both treatments lasted for 48 hours.

According to the MTT assay findings, Figs 5–8 demon-
strate that the combination of TQ and silymarin greatly 
decreased cell viability in a concentration-dependent 
manner. Furthermore, combined therapy required much 
lower dosages to achieve 50% killing. When EMT-6/P 
cells were placed next to EMT-6/CPR cells, EMT-6/CPR 
cells were more susceptible to combination at lower doses, 
but EMT-6/CPR cells were more vulnerable when sily-
marin dosages were raised.

The 50% inhibitory concentrations (IC₅₀) of the combi-
nation treatment were 25.23 ± 16.5 µM of silymarin and 
29.95 ± 3.5 µM of TQ in EMT-6/P and 0.939 ± 0.308 µM 
of silymarin and 1.83 ± 1.01 µM of TQ in EMT-6/CPR.
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Figure 2. Anti-proliferation effect of TQ in single treatment 
against EMT-6/P and EMT-6/CPR cell lines.
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Figure 3. Anti-proliferation effect of silymarin in single treat-
ment against EMT-6/P and EMT-6/CPR cell lines.
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Combination index (CI) calculations

Several doses of TQ are administered to both cell lines 
with a fixed dosage of silymarin using the MTT test to ac-
quire the IC₅₀ values, which allow the CI to be calculated 

using the previously described equation and further ex-
planation. The same method was applied in the combina-
tion of several doses of silymarin with a fixed dose of TQ 
in both cell lines.

The combination test analysis revealed that the combi-
nation therapy had a synergistic impact on EMT-6/P cells 
and a strong synergism on EMT-6/CPR cells, with CIs of 
(0.632) and (0.018), respectively (Table 1).

Resistance fold

The MTT test was used to compare the IC₅₀ values of 
TQ, silymarin, and cisplatin combination therapy for 
both cell lines in order to assess EMT-6/CPR resistance 
to these therapies. Table 1 shows the mean IC₅₀ values, 
which are defined as the concentration of medication re-
quired for 50% suppression of viable cell number in vi-
tro. The concentration of TQ that was required to achieve 
50% of inhibition was 59.16 and 132 µM for EMT-6/P 
and EMT-6/CPR, respectively, with resistance fold of 
2.23, which indicates that EMT-6/CPR cells were 2.23 
times more resistant to the treatment than EMT-6/P. For 
silymarin, the IC₅₀ values were 284.80 µM in EMT-6/P 
and 213.27 µM in EMT-6/CPR with a resistance fold of 
0.75. On the other hand, the IC₅₀ values of cisplatin were 
26.50 µM and 70 µM for, EMT-6/P and EMT-6/CPR, re-
spectively. This means that EMT-6/CPR cells were 2.64 
times more resistant to cisplatin compared to EMT6/P. 
For the combination treatment, the resistance fold for 
TQ reduced to 0.061 and for silymarin was decreased to 
0.037. The resistance fold was obtained by dividing the 
IC₅₀ value for each treatment in the resistant EMT-6/
CPR cell line by the treatment’s IC₅₀ value for the sensi-
tive EMT-6/P cell line.

Table 1. IC₅₀ values of TQ, Silymarin and Cisplatin on EMT-6/P, EMT-6/CPR cell lines, along with the combination index (CI), 
interpretation and resistance folds.

Cell line IC₅₀ of Single 
TQ (µM)

IC₅₀ of Single 
Silymarin 

(µM)

IC₅₀ of 
Cisplatin 

(µM)

TQ IC₅₀ in 
combination with 

silymarin (µM)

Silymarin IC₅₀ in 
combination with TQ 

(µM)

CI Interpretation

EMT6/P 59.16  284.8 26.5 29.95 25.23 0.632 Synergism
EMT6/CPR 132  213.27 70 1.83 0.939 0.018 Very strong 

synergism
Resistant folds 2.23 0.75 2.64 0.061 0.037
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Effect of TQ, silymarin, cisplatin and 
their combination on caspase-3 levels in 
EMT-6/P and EMT-6/CPR cells

A colorimetric caspase-3 test kit was used to assess the 
apoptotic effect of TQ, silymarin, cisplatin, and their com-
binations on caspase-3 levels in EMT-6/CPR cell line. As 
clarified in Fig. 9, the combination treatment showed the 
highest concentration of Caspase-3 in ng/ml. Also, Fig. 10 
demonstrated that the combination treatment exhibited 
the highest Caspase-3 activity.

In vivo Results
Antitumor effects of TQ, silymarin, their 
combination and, cisplatin on EMT-6/P 
cells implanted in mice

In contrast to the negative control group, which had an 
increase in tumor size of 47.62%, all the treated groups 
displayed a significant reduction (P-value < 0.05) in tu-
mor size Fig. 11. Notably, as shown in Table 2, the TQ 

and silymarin combination had the highest percentages 
of size reduction (92.60%) and curability (100%). On the 
other hand, TQ single treatment showed 86.86% reduc-
tion in tumor size with also a highest curable rate (100%). 
Silymarin revealed 68.65% decreasing in tumor size and 
a curable rate of 57.14%. Cisplatin group displayed the 
lowest reduction in tumor size (43.12%) among the other 
groups with the lowest curable rate of (16.66%). To have a 
better understanding, Fig. 12 demonstrates how the com-
bination therapies offered higher tumor size reduction at 
the end of the therapy when graded according to initial 
tumor size.

Figure 9. Demonstrates concentration of Caspase-3 in ng/ml in 
each treatment group along with the control group.
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Figure 11. Shows that the percentage of change in tumor volume 
in EMT-6/P cell line was significant (P-value < 0.05) in all treat-
ment groups. This graph was obtained using GraphPad prism
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Antitumor effects of TQ, silymarin, their 
combination and, cisplatin on EMT-6/
CPR cells implanted in mice

As a result, the same treatment procedures were used on 
EMT-6/CPR. Table 3 demonstrates the reduction in tumor 
size in different treatment groups along with the negative 
control group which registered an increase in the tumor size 
of 59.78%. This reduction was significant (P-value < 0.05) in 
all groups except the silymarin group, Fig. 13. Again, TQ and 
silymarin combination showed the highest percentage in tu-
mor size reduction of 56.40% with a curable rate of 42.85%. 
Remarkably, TQ in EMT-6/CPR was less active than EMT-
6/P cell lines. TQ results showed a reduction in tumor size of 
45.07% along with 42.85% curable rate. Also, silymarin was 
less active and insignificant in EMT-6/CPR cell lines with 
20% reduction in tumor size and 14.28% curable rate. For 
cisplatin, the dropping in the tumor size was 28.55% and its 
curable rate was equal to 16.66%. Fig. 14 shows the change in 
average tumor size during the therapy at three points. Fig. 15 
illustrates the sizes of tumor after dissection at day 10 in all 
groups compared to each other in EMT-6/CPR.

Liver toxicity evaluation in mice

Since ALT and AST assays are regarded as indicators for liv-
er damage, blood levels of liver enzymes were evaluated for 
all treated groups with TQ, silymarin, their combinations, 

and cisplatin, in addition to the negative (untreated) control, 
Table 4. Then, as a reference for liver function, we compared 
their results to a healthy group that didn’t bear any tumors. 
Our investigation discovered that serum ALT and AST levels 
for all treatment groups were within the normal range com-
pared to those observed for the control and healthy groups 
with insignificant difference (P-value > 0.05) (Figs 16–19).

Kidney toxicity evaluation in mice

In the case of creatinine, normal levels of serum creatinine 
were observed between the healthy mice and the other 
mouse groups that received the previously mentioned ther-
apies, except the cisplatin group which showed a significant 
increase in creatinine level to 0.27 mg/dl (Figs 20, 21).

Table 3. Results of TQ, Silymarin, their combinations and, cisplatin regarding tumor size changes, percentages of change in tumor 
size and average tumor weight in EMT-6/CPR cell line (n = 7).

Treatment group 
for EMT-6/CPR

Av. Initial tumor size 
(mm3)

Av. Final tumor size 
(mm3)

change in tumor size 
(%)

Mice with no 
detectable tumor (%)

Av. tumor weight 
(g)

Control 327.25 522.91 59.78 0 0.757
TQ 259.73 142.64 -45.07 42.85 0.193
Silymarin 436.27 348.21 -20.18 14.28 0.373
Cisplatin 285.31 203.83 -28.55 16.66 0.296
TQ + Silymarin 361.05 157.39  -56.40 42.85 0.250

Abbreviations: Av. = Average, mm³ = cubic millimetre.

Table 4. Serum ALT, AST and Cr levels for groups with differ-
ent treatments, negative control treated with only vehicle.

Treatment groups ALT (IU/L) AST (IU/L) Cr (mg/dl)
Control 47.9 ± 2.1 212.4 ± 15.3 0.25 ± 0.01
TQ 41.1 ± 6.4 245.4 ± 7.0 0.24 ± 0.02
Silymarin 43.8 ± 1.7 222.8 ± 3.5 0.25 ± 0.01
Cisplatin 38.1 ± 1.2 187 ± 18 0.26 ± 0.01
TQ + silymarin  40.8 ± 5.5 230.8 ± 11.7 0.23 ± 0.01

Table 2. Results of TQ, silymarin, their combinations, and cisplatin regarding tumor size changes, percentages of change in tumor 
size and average tumor weight in EMT-6/P cell line (n = 7).

Treatment group 
EMT-6/P

Av. initial tumor size 
(mm3)

Av. final tumor size 
(mm3)

%Change in tumor size 
(%)

Mice with no 
detectable tumor (%)

Av. tumor weight 
(g)

Control 292.66 432.06 47.62 0 0.261
TQ 210.46 27.65 -86.86 100 0.00
Silymarin 228.90 71.75 -68.65 57.14 0.156
Cisplatin 443.85 252.41 -43.12 16.66 0.239
TQ + Silymarin 249.33 18.42 -92.60 100 0.029

Abbreviations: Av. = Average, mm³ = cubic millimeter.

Figure 13. Shows that the percentage of change in tumor vol-
ume in EMT-6/CPR cell line was significant (P-value < 0.05) in 
all treatment groups except the silymarin group. This graph was 
obtained using GraphPad prism.
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Discussion
BC incidence continues to rise despite decades of epide-
miological, laboratory, and clinical studies. BC is still the 
major cancer-related cause of disease burden for wom-
en, impacting one in every 20 people worldwide and up 
to one in every eight in high-income nations (Britt et al. 
2020). Although it is commonly accepted that chemother-
apy is the major therapeutic choice for BC traditional che-
motherapy still has numerous substantial obstacles. First 
of all, a lack of selectivity which leads to inevitable side 
effects (Omidi et al. 2022) such as nausea, vomiting, alo-
pecia, and tiredness (Łukasiewicz et al. 2021). Add to that, 
the specific side effects of the chemotherapy like ototoxic-
ity and nephrotoxicity of cisplatin (Dilruba and Kalayda 
2016). Additionally, poor chemical stability, short half-life 
and limitations in crossing blood brain barrier (Mills et 
al. 2020; Malik et al. 2022). Another obstacle is drug re-
sistance which resulted in reducing the effectiveness of 
the chemotherapeutic agents toward cancer cells. The last 
obstacle is the main one because it is accountable for most 
relapses of cancer, which eventually lead to death (Wang 
et al. 2019). Over the last decades, scientist developed var-
ious solutions to overcome drug resistance such as com-
bination therapy (Housman et al. 2014). Combination 
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therapy is now frequently utilized to reduce pharmaco-
logical adverse effects, prevent the development of drug 
resistance, and improve positive benefits with lower dos-
ages. Additionally, it can provide targeted synergy against 
a certain illness, like cancer (García-Fuente et al. 2018). 
Natural products have always been seen as attractive an-
ticancer agents (Varghese and Dalvi 2021). This is due to 
their variety in chemical structure and relatively low tox-
icity (Talib et al. 2022).

Thus, in our study, TQ and silymarin natural prod-
ucts were compared to cisplatin as single treatments or in 
combination. In particular, they were examined in vitro 
on EMT-6/P and EMT-6/CPR BC cell lines and in vivo 
on female Balb/C mice injected with both EMT-6/P and 
EMT-6/CPR BC cell lines. According to our findings, 
TQ inhibited the viability of EMT-6/P and EMT-6/CPR 
cell lines in a concentration-dependent manner. These 
findings are consistent with Talib et al. study, where they 
examined TQ on EMT-6/P BC cell line and the inves-
tigated results displayed a dose-dependent anti-cancer 
activity (Odeh et al. 2018). Another study demonstrated 
that TQ acted as antiproliferative agent in three differ-
ent types of BC cell lines (EMT-6/P, MCF-7, and T47D) 
in a concentration dependent manner (Alobaedi et al. 
2017). Also, in MCF-7/DOX cells, which are doxorubi-
cin-resistant human breast adenocarcinoma MCF-7 cell 
line, TQ exerted an antiproliferative activity (Arafa et al. 
2011). In colorectal cancer, TQ had stimulate apoptosis 
and DNA damage in 5-fluorouracil-resistant HCT116 
colorectal cancer cells, resulting in reduction in cell vi-
ability (Ballout et al. 2020). In order to understand the 
mechanism of action of TQ as an anticancer agent, it is 
important to examine its various properties. Initially, 
experimental investigations revealed that TQ’s antiox-
idant activity was responsible for its chemo preventive 
actions; however, other research reported that TQ induc-
es death in cancer cells by oxidative damage (Richards et 
al. 2006), (Dergarabetian et al. 2013). TQ’s antioxidant, 
antiproliferative, and proapoptotic properties were fur-
ther clarified by Cecarini et al. (Cecarini et al. 2010), 
who showed that it causes selective proteasome inhibi-
tion, which may be related to the induction of apopto-
sis in cancer cells. More research by Torres et al. found 
that TQ causes apoptosis in pancreatic cancer cells via 
activating the c-Jun NH (2)-terminal kinase (JNK) and 
p38 mitogen-activated protein kinase (MAPK) pathways 
and down-regulating glycoprotein mucin 4 (MUC4) ex-
pression through the proteasomal pathway (Torres et al. 
2010). TQ also affects DNA structure by interfering with 
it. It attacks cellular copper, which is found in chromatin 
and is tightly linked to the DNA base guanine. This re-
sults in oxidative DNA damage, which kills cancer cells 
(Zubair et al. 2013). Silymarin also showed antiprolif-
erative activity in EMT-6/P and EMT-6/CPR cell lines. 
In fact, its activity against EMT-6/CPR was more potent 
than its activity against EMT-6/P cell line. This can be 
explained by silymarin’s ability to interact with P- gly-
coprotein and inhibiting P-glycoprotein ATPase activity 

(Zhang and Morris 2003). It is well known that elevated 
P- glycoprotein expression is closely associated with cis-
platin resistance (He et al. 2019). Silymarin’s antiprolif-
erative activity is due to its various properties. Actually, 
silymarin can regulate the imbalance between cell sur-
vival and apoptosis, by interfering with the expression of 
cell cycle regulators and proteins involved in apoptosis. 
Silymarin efficiently modifies G0-G1 and G2-M cell cy-
cle regulators and checkpoints to limit proliferation and 
cause growth arrest (Singh and Agarwal 2002). Addition-
ally, silymarin possess both anti-inflammatory and an-
ti-metastatic properties (Ramasamy and Agarwal 2008). 
In fact, our findings are similar to Kalla et al. study. In 
the previous study, silymarin acted as a strong antican-
cer agent against NCI-H23 (Lung cancer) and MCF-7 
(BC) cells by encouraging the apoptotic gene expression 
(Kalla et al. 2014). Another study on human prostate 
cancer LNCaP and 22Rv1 cells revealed that silymarin 
diastereoisomers cause the cleavage of poly (ADP- ri-
bose) polymerase PARP, caspase 9, and caspase 3, which 
lowers the levels of survivin (Deep et al. 2007). More-
over, silymarin inhibits various angiogenic responses of 
vascular endothelial cells, including growth and survival, 
matrix metalloproteinase-2 (MMP-2) production, and in 
vitro angiogenesis. As well, silymarin prevents the re-
lease of a main angiogenic cytokine, vascular endothelial 
growth factor (VEGF), by cancer epithelial cells (Jiang et 
al. 2000). Also, in multidrug-resistant colon cancer, si-
lymarin and doxorubicin combination was found to be 
effective at high but therapeutically acceptable dosages 
(Colombo et al. 2011). Interestingly, TQ and silymarin 
combination exerted a synergistic activity in EMT-6/P 
cell line and a very strong synergistic activity in EMT-6/
CPR cell line with a CI = 0.632 and 0.018 respectively. 
The suggested mechanism of their synergism activity is 
due to their various mechanisms of action and multi-tar-
get effects as anticancer agents (Ma et al. 2009; Yang et al. 
2014). In a previous study, TQ with melatonin revealed 
a synergistic effect against EMT-6/P BC cell line. This 
combination’s anticancer impact is achieved via angio-
genesis suppression, and apoptosis induction (Odeh et 
al. 2018). Also, TQ and emodin combination synergisti-
cally induce apoptosis, slow cell migration, and diminish 
stemness in MCF-7 BC cells (Bhattacharjee et al. 2020). 
Again, TQ combination with gefitinib showed a syner-
gistic activity toward gefitinib-resistant A549 cells in 
non-small cell lung carcinoma (Upadhyay et al. 2021). 
For silymarin, a previous study tested a combination of 
silymarin and curcumin demonstrated a synergistic ac-
tivity on different colon cancer cell lines (DLD-1, LoVo, 
HCT116) (Montgomery et al. 2016). Both curcumin 
and silymarin have been shown to reduce protein phos-
phorylation, hence inhibiting NF-kB activation (Gao et 
al. 2015) (Miroliaee et al. 2011). Chen et al. showed that 
baicalein and silymarin combination exerted synergistic 
anti-cancer activity on HepG2 human hepatoma cells. It 
appears that this combination significantly changed the 
expression of the genes, particularly those related to the 
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G1/S transition. (Chen et al. 2009). Silymarin and quer-
cetin together showed synergistic antiproliferative activi-
ty in HepG2 liver cancer cell lines (Raut et al. 2023).

Apoptosis has been extensively documented as a key 
process of controlled death that takes place not just in re-
sponse to external stress or cell damage but also during 
normal development and morphogenesis (Nikoletopou-
lou et al. 2013). Extrinsic and intrinsic pathways are the 
two primary processes that contribute to the induction 
of apoptosis. The intrinsic route is a mitochondrial-me-
diated pathway, whereas the extrinsic pathway is a death 
receptors proteins (DR) mediated one (Elmore 2007). To 
understand how apoptosis happens, let’s explain its mech-
anism. When extracellular ligands like TNF (tumor ne-
crosis factor), Fas-L (Fas ligand), and TRAIL (TNF-related 
apoptosis-inducing ligand) are bound to the extracellular 
domain of the DR (transmembrane receptors), apoptotic 
signalling through the extrinsic pathway is activated. The 
FasL/FasR ( Fas receptor) and TNF-α/TNFR1 models ac-
curately describe the sequence of events involved in the 
extrinsic phase of apoptosis (Jin and El-Deiry 2005; El-
more 2007; Guicciardi and Gores 2009). When DRs are 
activated by certain death ligands (DLs), a death-inducing 
signalling complex (DISC) forms (Bredesen et al. 2006). 
Caspases are key apoptosis initiators and executioners, 
and their function is intimately tied to their structure, 
which has diverse substrate preferences. Some caspases 
feature lengthy pro-domains with specific motifs, such 
as the death effector domain (DED) and caspase recruit-
ment domains (CARD), that allow them to interact with 
other proteins and link to signalling networks. Caspase-8 
and Caspase-10 are involved in DED, whereas Caspase-1, 
Caspase-2, Caspase-4, Caspase-5, Caspase-9, Caspase-11, 
and Caspase-12 are involved in CARD (Ghavami et al. 
2009). As mentioned before, the “intrinsic pathway” most-
ly refers to the apoptotic process mediated by mitochon-
dria. The intrinsic route, which is activated by a variety of 
extracellular and intracellular stressors, includes oxidative 
damage, radiation, and cytotoxic drug therapy (Ghavami 
et al. 2004), (Hashemi et al. 2004). The intrinsic route is 
mediated by the insertion of Bax/Bak into the mitochon-
drial membrane, followed by the release of cytochrome 
c from the mitochondrial intermembranous region into 
the cytosol (Kim 2005). Anti-apoptotic proteins Bcl-2 and 
Bcl-xL (a member of the Bcl-2 family) prevent the release 
of cytochrome c (Ghobrial et al. 2005). Apoptosomes are 
formed when cytochrome c interacts with Apaf-1 and pro-
caspase-9. Apoptosome is a multi-protein complex com-
posed of a seven-spoke ring-shaped complex that activates 
caspase 9, followed by activation of caspase-3 signalling 
cascade, resulting in cell deconstruction and apoptosis 
(Los et al. 1995; Jin and El-Deiry 2005; Yuan and Akey 
2013). Together, extrinsic and intrinsic paths meet at the 
same point (execution phase). The term “execution phase” 
describes the last stage of apoptosis (Sankari et al. 2012). 
While caspase-3, caspase-6, caspase-7, caspase-10, PARP 
(Poly (ADP-ribose) polymerase), and CAD (Caspase-ac-
tivated DNAse) are categorized as effector or executioner 

caspases, caspase-8 and caspase-9 are initiator caspases 
(Hengartner 2000), (Hu et al. 2013)

It is generally known that caspase-3 is regarded as a 
crucial enzyme in the execution of apoptosis, and is there-
fore often targeted to detect apoptosis (Lossi et al. 2018). 
In light of this, we evaluated the role of TQ and silymarin 
in single and combination treatment in the activation 
of the caspase-3. Our outcomes displayed that both TQ 
and silymarin increased the level of caspase-3 activity. 
But their combination showed the strongest elevation 
in the level of caspase-3 in EMT-6/CPR cell lines (Figs 
9, 10). These results were consistent with other research 
published previously where TQ and silymarin usage on 
various malignant tissues increased caspase-3 activation 
and concurrently increased apoptosis. For instance, TQ 
inhibited JAK2/STAT3 in human renal carcinoma Caki-
1 cells via pro-oxidant effect. This then resulted in apop-
tosis induction (Chae et al. 2020). Besides, TQ in single 
or in combination with temozolomide (TMZ) enhanced 
the apoptosis of TMZ-resistant glioblastoma cells. That 
was achieved through the activation of p38 mitogen-acti-
vated protein kinase signalling pathway (Mai et al. 2023). 
In addition, silymarin induced apoptosis in human acute 
promyelocytic NB4 cells when combined with all-trans 
retinoic acid (ATRA) (Parsa et al. 2023). Similarly, sily-
marin significantly augmented the apoptosis process and 
cell death through caspases pathways on K562 leukemia 
cells (Zhong et al. 2006). In another study, silymarin sup-
presses the Nuclear Factor-Kappa B Pathway and induces 
apoptosis in Epstein-Barr Virus-Positive Lymphoma Cells 
(Lu et al. 2020).

In accordance with the in vitro findings, this study dis-
covered that TQ reduced tumor size in both cell lines in 
vivo to 86.86% and 45.07% in EMT-6/P and EMT-6/CPR, 
respectively. The treatment was intraperitoneal (i.p.) in-
jection of 25 mg/kg of TQ for 10 days in a daily basis treat-
ment, Tables 2, 3. Our findings are consistent with a previ-
ous study showing that treatment with TQ (10 mg/kg/i.p.) 
for 18 days, decreased the tumor growth of LNM35 lung 
cells by 39% significantly in athymic mice (Attoub et al. 
2013). Others observed that in gastric cancer, TQ resulted 
in tumor growth inhibition in a gastric mouse xenograft 
model (Zhu et al. 2016).

Silymarin exhibited a reduction in the tumor size in 
EMT-6/P significantly to 68.65% after daily i.p. injection 
of 50 mg/kg for 10 days, Table 2. It has been reported that 
silymarin reduced tumor volume and growth in oral can-
cer by Won et.al. (Won et al. 2018). Also, oral adminis-
tration of 500 mg/kg/week of silymarin significantly de-
creased tumor volume in melanoma cancer to 60% (Vaid 
et al. 2015). On the other hand, its activity against EMT-6/
CPR cell line showed a 20% reduction in tumor size but 
this reduction was insignificant, Fig. 13. This result is sim-
ilar to a previous study which presented that silymarin ex-
hibited a non-significant reduction in tumor size by 20% 
in a mouse skin model (Katiyar et al. 1997). This was pos-
sibly due to low tumor incidence and tumor multiplicity 
in the control group.
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In this study, several combination strategies were ex-
amined. Firstly, our TQ and silymarin combination which 
reduced tumor size in the studied cell lines in vivo sig-
nificantly with the highest percentage of reduction. The 
shrinking in tumor sizes were 92.6% and 56.4% in EMT-
6/P and EMT-6/CPR, respectively. This was attained after 
i.p. daily injection of 25 mg/kg TQ and 50 mg/kg of sily-
marin for 10 days Tables 2, 3. However, this combination 
has never been tested before. Talib et al. demonstrated 
that TQ and piperine combination resulted in significant 
dropping in tumor size in breast carcinoma syngraft (Talib 
2017). Again, TQ and resveratrol together inhibited the 
growth of tumor in mice implanted with BC (Alobaedi et 
al. 2017). In addition, silymarin, curcumin and boswell-
ic acid combination avoid congenital intestinal cancer in 
mice (Girardi et al. 2020).

Cisplatin is one of the most effective and popular 
medications for the treatment of different solid malig-
nancies. Cisplatin’s antineoplastic properties are pri-
marily a result of its capacity to cross-link with DNA, 
preventing transcription and replication (Qi et al. 2019). 
However, it has two intrinsic problems that restrict its 
use and efficacy: side effects and drug resistance (Ghosh 
2019). Generally, it has about 40 distinct toxicities, the 
most frequent of which is nephrotoxicity. Ototoxicity, 
gastrointestinal toxicity, neurotoxicity, hematological 
toxicity, hepatotoxicity, and cardiotoxicity are other fre-
quent side effects (Qi et al. 2019). Major factors contrib-
uting to cisplatin resistance inside the tumor cell include 
reduced drug import, enhanced drug inactivation by de-
toxification enzymes, increased drug export, improved 
DNA damage repair, and inhibited cell death signalling 
(Chen and Chang 2019). In order to reduce the adverse 
effects and resistance of cisplatin, combination therapy 
have been applied and shown to be more successful in 
treating malignancies (Ghosh 2019). In our investiga-
tion, cisplatin attended as a positive control both in vi-
tro and in vivo. Our results showed an increase in IC50 
of cisplatin in EMT-6/CPR cell line in comparison with 
EMT-6/P cell line. These findings are similar to Jawarneh 
et.al study, where the IC50 of cisplatin in EMT-6/CPR 
was more than the IC50 in EMT-6/P cell line (Jawarneh 
and Talib 2022).

In terms of safety, anticancer drugs’ safety profiles 
are frequently evaluated to determine their toxicity 
(Levêque and Becker 2019). This is because it is well 
known that many anticancer medications have negative 
effects on the kidney, liver, and spleen. Hepatotoxicity is 
ruled out by the biochemical criteria like ALT and AST 
values and nephrotoxicity is ruled out by the serum cre-
atinine levels (Pal et al. 2008). As a result, we employed 
the liver enzymes ALT and AST in our investigation to 
determine liver functions, whereas creatinine indicates 
renal function. In our experiment, the outcomes of the 
treated groups were contrasted with those of the nor-
mal, untreated group, which had any tumor implants. 
The ALT and AST results showed that all treated groups 
had normal levels of ALT and AST with no significant 
change when compared to the normal-untreated group, 

Figs 17, 19. In fact, many literatures proved that TQ ex-
hibited hepatoprotective activity. This is due to its ability 
to prevent the accumulation of fatty acids in the hepato-
cytes (Noorbakhsh et al. 2018). Also, silymarin is a well-
known hepatoprotective agent by inhibiting the apopto-
sis and fibrogenesis in the liver (Mukhtar et al. 2021). 
That is, the combination of TQ and silymarin reduced 
cisplatin’s hepatotoxicity. On the other hand, all treat-
ment groups showed normal levels of creatine except 
the cisplatin group, Fig. 21. The reason for this is cispla-
tin-induced nephrotoxicity, one of the most significant 
barriers to cisplatin usage and it results from the accu-
mulation of cisplatin in kidney cells (Miller et al. 2010).
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This graph was obtained by GraphPad Prism.
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Conclusion
Based on the information provided, we draw the conclu-
sion that the combination of TQ and silymarin demonstrat-
ed a synergistic anticancer effect against both the parent 
(EMT-6/P) and resistant (EMT-6/CPR) cell lines in vitro 

and in vivo through apoptosis induction and caspas-3 acti-
vation better than each treatment alone. But when TQ and 
silymarin were combined in novel ways, the tumor size re-
duction was superior to that of a single therapy in both cell 
lines. These combinations are less harmful to the liver and 
kidneys than traditional cisplatin treatment. Such unusual 
combinations make it worthwhile broadening the scope of 
study to ascertain additional information in order to ben-
efit from it further in breast cancer therapy.

Recommendations

Research and development are a never-ending process, 
with constant scrutiny for useful, futuristic, and signifi-
cant results that add to a greater understanding of cancer 
prevention and therapy. As a result, the following recom-
mendations for further work on this subject are provided:

•	 To investigate the triple therapy of thymoquinone, 
silymarin and cisplatin to overcome cisplatin resis-
tance in breast cancer implanted in mice.

•	 To further explore the mechanisms of the combina-
tion’s synergistic activity by testing VEGF assay.

•	 To examine this combination along with different 
chemotherapies on various cancer types.

Author contributions

RAH contributed to design the study, the writing and ed-
iting of the report, and the analysis and interpretation of 
the data. WT contributed to conceptualize, plan, and re-
vise the experiments.

Ethical approval

The Research and Ethical Committee of Applied Science 
University approved all animal experimentation tech-
niques in accordance with standard ethical principles. The 
Institutional Review Board (IRB) panels at the IRB autho-
rized the methods used to collect tumor tissue samples 
(Approval number: 2023-PHA-11). This was all conduct-
ed in conformity with the moral guidelines established by 
the 1964 Helsinki Declaration and its ensuing revisions.

Acknowledgments

The authors express their sincere gratitude to Drs. Asmaa’ 
Mahmod and Sara Abuarab for their essential advice during 
the laboratory work. Additionally, we would like to thank 
Mr. Salem Al Shawabkeh for helping to handle the animals 
throughout the in vivo research. We would also want to ac-
knowledge Mr. Fawzi Alarian for his ongoing assistance in 
supplying the required resources and his efforts to sterilize 
all equipment. This work was supported by The Deanship 
of Scientific Research at Applied Science Private University.

 

0.25 0.24
0.26

0.23

0.27

0.20

0

0.05

0.1

0.15

0.2

0.25

0.3

Control TQ Silymarin TQ +

silymarin

Cisplatin Healthy

ld/g
m ni sleve

L eninitaer
C 

mureS
Creatinine Difference Between Groups

Figure 20. Effect of TQ (25 mg/kg), silymarin (50 mg/kg), their 
combinations, cisplatin (0.7 mg/kg), and control group on se-
rum creatinine level measured by (mg/dl).

Figure 21. Showed that there is no significant difference in 
serum creatinine between the healthy group and other treat-
ment groups except cisplatin group. This graph was obtained by 
GraphPad Prism.



Hamed RA & Talib WH: Combination anticancer therapy16

References
Adinew GM, Taka E, Mochona B, Badisa RB, Mazzio EA, Elhag R, 

Soliman KF (2021) Therapeutic potential of thymoquinone in tri-
ple-negative breast cancer prevention and progression through 
the modulation of the tumor microenvironment. Nutrients 14: 79. 
https://doi.org/10.3390/nu14010079

Alhmied F, Alammar A, Alsultan B, Alshehri M, Pottoo FH (2021) Mo-
lecular mechanisms of thymoquinone as anticancer agent. Combi-
natorial Chemistry & High Throughput Screening 24: 1644–1653. 
https://doi.org/10.2174/18755402MTEwiOTgd0

Alobaedi OH, Talib WH, Basheti IA (2017) Antitumor effect of thymo-
quinone combined with resveratrol on mice transplanted with breast 
cancer. Asian Pacific Journal of Tropical Medicine 10: 400–408. 
https://doi.org/10.1016/j.apjtm.2017.03.026

Arafa E-SA, Zhu Q, Shah ZI, Wani G, Barakat BM, Racoma I, El-Mahdy MA, 
Wani AA (2011) Thymoquinone up-regulates PTEN expression and in-
duces apoptosis in doxorubicin-resistant human breast cancer cells. Mu-
tation Research/Fundamental and Molecular Mechanisms of Mutagene-
sis 706: 28–35. https://doi.org/10.1016/j.mrfmmm.2010.10.007

Attoub S, Sperandio O, Raza H, Arafat K, Al‐Salam S, Al Sultan MA, Al 
Safi M, Takahashi T, Adem A (2013) Thymoquinone as an anticancer 
agent: evidence from inhibition of cancer cells viability and invasion 
in vitro and tumor growth in vivo. Fundamental & Clinical Pharma-
cology 27: 557–569. https://doi.org/10.1111/j.1472-8206.2012.01056.x

Ballout F, Monzer A, Fatfat M, El Ouweini H, Jaffa MA, Abdel-Samad 
R, Darwiche N, Abou-Kheir W, Gali-Muhtasib H (2020) Thymoqui-
none induces apoptosis and DNA damage in 5-Fluorouracil-resistant 
colorectal cancer stem/progenitor cells. Oncotarget 11: 2959. https://
doi.org/10.18632/oncotarget.27426

Beral V, Bull D, Doll R, Peto R, Reeves G, van den Brandt P, Goldbohm R (2004) 
Collaborative group on hormonal factors in breast cancer: breast cancer 
and abortion: collaborative reanalysis of data from 53 epidemiological 
studies, including 83000 women with breast cancer from 16 countries. 
Lancet 363: 1007–1016. https://doi.org/10.1016/S0140-6736(04)15835-2

Bhattacharjee M, Upadhyay P, Sarker S, Basu A, Das S, Ghosh A, Ghosh 
S, Adhikary A (2020) Combinatorial therapy of Thymoquinone and 
Emodin synergistically enhances apoptosis, attenuates cell migra-
tion and reduces stemness efficiently in breast cancer. Biochimica et 
Biophysica Acta (BBA)-General Subjects 1864: 129695. https://doi.
org/10.1016/j.bbagen.2020.129695

Bray F, Laversanne M, Weiderpass E, Soerjomataram I (2021) The ever‐in-
creasing importance of cancer as a leading cause of premature death 
worldwide. Cancer 127: 3029–3030. https://doi.org/10.1002/cncr.33587

Bredesen DE, Rao RV, Mehlen P (2006) Cell death in the nervous system. 
Nature 443: 796–802. https://doi.org/10.1038/nature05293

Britt KL, Cuzick J, Phillips K-A (2020) Key steps for effective breast 
cancer prevention. Nature Reviews Cancer 20: 417–436. https://doi.
org/10.1038/s41568-020-0266-x

Bukowski K, Kciuk M, Kontek R (2020) Mechanisms of Multidrug Resis-
tance in Cancer Chemotherapy. International Journal of Molecular 
Sciences 21: 3233. https://doi.org/10.3390/ijms21093233

Cancer CGoHFiB (2002) Alcohol, tobacco and breast cancer–collab-
orative reanalysis of individual data from 53 epidemiological stud-
ies, including 58 515 women with breast cancer and 95 067 women 
without the disease. British Journal of Cancer 87: 1234. https://doi.
org/10.1038/sj.bjc.6600596

Cao W, Chen H-D, Yu Y-W, Li N, Chen W-Q (2021) Changing profiles of 
cancer burden worldwide and in China: a secondary analysis of the 

global cancer statistics 2020. Chinese Medical Journal 134: 783–791. 
https://doi.org/10.1097/CM9.0000000000001474

Cecarini V, Quassinti L, Di Blasio A, Bonfili L, Bramucci M, Lupidi G, Cuc-
cioloni M, Mozzicafreddo M, Angeletti M, Eleuteri AM (2010) Effects 
of thymoquinone on isolated and cellular proteasomes. The FEBS jour-
nal 277: 2128–2141. https://doi.org/10.1111/j.1742-4658.2010.07629.x

Chae IG, Song N-Y, Kim D-H, Lee M-Y, Park J-M, Chun K-S (2020) Thy-
moquinone induces apoptosis of human renal carcinoma Caki-1 cells by 
inhibiting JAK2/STAT3 through pro-oxidant effect. Food and Chemical 
Toxicology 139: 111253. https://doi.org/10.1016/j.fct.2020.111253

Chang Y-J, Hou Y-C, Chen L-J, Wu J-H, Wu C-C, Chang Y-J, Chung 
K-P (2017) Is vegetarian diet associated with a lower risk of breast 
cancer in Taiwanese women? BMC Public Health 17: 1–9. https://doi.
org/10.1186/s12889-017-4819-1

Chen C-H, Huang T-S, Wong C-H, Hong C-L, Tsai Y-H, Liang C-C, Lu 
F-J, Chang W-H (2009) Synergistic anti-cancer effect of baicalein 
and silymarin on human hepatoma HepG2 Cells. Food and Chemi-
cal Toxicology 47: 638–644. https://doi.org/10.1016/j.fct.2008.12.024

Chen S-H, Chang J-Y (2019) New insights into mechanisms of cisplatin re-
sistance: from tumor cell to microenvironment. International Journal 
of Molecular Sciences 20: 4136. https://doi.org/10.3390/ijms20174136

Chou T-C (2006) Theoretical basis, experimental design, and comput-
erized simulation of synergism and antagonism in drug combina-
tion studies. Pharmacological Reviews 58: 621–681. https://doi.
org/10.1124/pr.58.3.10

Colombo V, Lupi M, Falcetta F, Forestieri D, D’Incalci M, Ubezio P 
(2011) Chemotherapeutic activity of silymarin combined with 
doxorubicin or paclitaxel in sensitive and multidrug-resistant colon 
cancer cells. Cancer Chemotherapy and Pharmacology 67: 369–379. 
https://doi.org/10.1007/s00280-010-1335-8

Dallavalle S, Dobričić V, Lazzarato L, Gazzano E, Machuqueiro M, 
Pajeva I, Tsakovska I, Zidar N, Fruttero R (2020) Improvement of 
conventional anti-cancer drugs as new tools against multidrug re-
sistant tumors. Drug Resistance Updates 50: 100682. https://doi.
org/10.1016/j.drup.2020.100682

Deep G, Oberlies NH, Kroll DJ, Agarwal R (2007) Isosilybin B and 
isosilybin A inhibit growth, induce G1 arrest and cause apoptosis in 
human prostate cancer LNCaP and 22Rv1 cells. Carcinogenesis 28: 
1533–1542. https://doi.org/10.1093/carcin/bgm069

Dergarabetian EM, Ghattass KI, El-Sitt SB, Al Mismar RM, El-Baba 
CO, Itani WS, Melhem NM, El-Hajj HA, Bazarbachi AAH, Schnei-
der-Stock R (2013) Thymoquinone induces apoptosis in malignant 
T-cells via generation of ROS. Frontiers in Bioscience-Elite 5: 706–
719. https://doi.org/10.2741/E651

Dilruba S, Kalayda GV (2016) Platinum-based drugs: past, present and 
future. Cancer Chemotherapy and Pharmacology 77: 1103–1124. 
https://doi.org/10.1007/s00280-016-2976-z

Dong C, Wu J, Chen Y, Nie J, Chen C (2021) Activation of PI3K/AKT/
mTOR pathway causes drug resistance in breast cancer. Frontiers in 
Pharmacology 12: 143. https://doi.org/10.3389/fphar.2021.628690

Dutta S, Mahalanobish S, Saha S, Ghosh S, Sil PC (2019) Natural products: 
An upcoming therapeutic approach to cancer. Food and Chemical 
Toxicology 128: 240–255. https://doi.org/10.1016/j.fct.2019.04.012

Elmore S (2007) Apoptosis: a review of programmed cell death. Toxicologic 
Pathology 35: 495–516. https://doi.org/10.1080/01926230701320337

Ensenyat-Mendez M, Llinàs-Arias P, Orozco JI, Íñiguez-Muñoz S, 
Salomon MP, Sesé B, DiNome ML, Marzese DM (2021) Current 

https://doi.org/10.3390/nu14010079
https://doi.org/10.2174/18755402MTEwiOTgd0
https://doi.org/10.1016/j.apjtm.2017.03.026
https://doi.org/10.1016/j.mrfmmm.2010.10.007
https://doi.org/10.1111/j.1472-8206.2012.01056.x
https://doi.org/10.18632/oncotarget.27426
https://doi.org/10.18632/oncotarget.27426
https://doi.org/10.1016/S0140-6736(04)15835-2
https://doi.org/10.1016/j.bbagen.2020.129695
https://doi.org/10.1016/j.bbagen.2020.129695
https://doi.org/10.1002/cncr.33587
https://doi.org/10.1038/nature05293
https://doi.org/10.1038/s41568-020-0266-x
https://doi.org/10.1038/s41568-020-0266-x
https://doi.org/10.3390/ijms21093233
https://doi.org/10.1038/sj.bjc.6600596
https://doi.org/10.1038/sj.bjc.6600596
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1111/j.1742-4658.2010.07629.x
https://doi.org/10.1016/j.fct.2020.111253
https://doi.org/10.1186/s12889-017-4819-1
https://doi.org/10.1186/s12889-017-4819-1
https://doi.org/10.1016/j.fct.2008.12.024
https://doi.org/10.3390/ijms20174136
https://doi.org/10.1124/pr.58.3.10
https://doi.org/10.1124/pr.58.3.10
https://doi.org/10.1007/s00280-010-1335-8
https://doi.org/10.1016/j.drup.2020.100682
https://doi.org/10.1016/j.drup.2020.100682
https://doi.org/10.1093/carcin/bgm069
https://doi.org/10.2741/E651
https://doi.org/10.1007/s00280-016-2976-z
https://doi.org/10.3389/fphar.2021.628690
https://doi.org/10.1016/j.fct.2019.04.012
https://doi.org/10.1080/01926230701320337


Pharmacia 71: 1–19 17

Triple-Negative Breast Cancer Subtypes: Dissecting the Most Ag-
gressive Form of Breast Cancer. Frontiers in Oncology 11: 681476. 
https://doi.org/10.3389/fonc.2021.681476

Fallah M, Davoodvandi A, Nikmanzar S, Aghili S, Mirazimi SMA, 
Aschner M, Rashidian A, Hamblin MR, Chamanara M, Naghsh N 
(2021) Silymarin (milk thistle extract) as a therapeutic agent in gas-
trointestinal cancer. Biomedicine & Pharmacotherapy 142: 112024. 
https://doi.org/10.1016/j.biopha.2021.112024

Ferlay J, Colombet M, Soerjomataram I, Parkin DM, Piñeros M, Znaor A, 
Bray F (2021) Cancer statistics for the year 2020: An overview. Interna-
tional Journal of Cancer 149: 778–789. https://doi.org/10.1002/ijc.33588

Gao X, Wang B, Wu Q, Wei X, Zheng F, Men K, Shi H, Huang N, Wei Y, 
Gong C (2015) Combined delivery and anti-cancer activity of pacli-
taxel and curcumin using polymeric micelles. Journal of Biomedical 
Nanotechnology 11: 578–589. https://doi.org/10.1166/jbn.2015.1964

García-Fuente A, Vázquez F, Viéitez JM, Garcia Alonso FJ, Martín JI, 
Ferrer J (2018) CISNE: An accurate description of dose-effect and 
synergism in combination therapies. Scientific Reports 8: 4964. 
https://doi.org/10.1038/s41598-018-23321-6

Garcia-Martinez L, Zhang Y, Nakata Y, Chan HL, Morey L (2021) Epigen-
etic mechanisms in breast cancer therapy and resistance. Nature com-
munications 12: 1–14. https://doi.org/10.1038/s41467-021-22024-3

Ghavami S, Hashemi M, Ande SR, Yeganeh B, Xiao W, Eshraghi M, Bus 
CJ, Kadkhoda K, Wiechec E, Halayko AJ (2009) Apoptosis and can-
cer: mutations within caspase genes. Journal of Medical Genetics 46: 
497–510. https://doi.org/10.1136/jmg.2009.066944

Ghavami S, Kerkhoff C, Los M, Hashemi M, Sorg C, Karami-Tehrani F 
(2004) Mechanism of apoptosis induced by S100A8/A9 in colon can-
cer cell lines: the role of ROS and the effect of metal ions. Journal of 
Leukocyte Biology 76: 169–175. https://doi.org/10.1189/jlb.0903435

Ghobrial IM, Witzig TE, Adjei AA (2005) Targeting apoptosis pathways 
in cancer therapy. CA: a cancer journal for clinicians 55: 178–194. 
https://doi.org/10.3322/canjclin.55.3.178

Ghosh S (2019) Cisplatin: The first metal based anticancer drug. Bioorgan-
ic Chemistry 88: 102925. https://doi.org/10.1016/j.bioorg.2019.102925

Giacomini I, Ragazzi E, Pasut G, Montopoli M (2020) The pentose phos-
phate pathway and its involvement in cisplatin resistance. Interna-
tional Journal of Molecular Sciences 21: 937. https://doi.org/10.3390/
ijms21030937

Gilsing AM, Weijenberg MP, Goldbohm RA, van den Brandt PA, Schouten 
LJ (2011) Consumption of dietary fat and meat and risk of ovarian can-
cer in the Netherlands Cohort Study. The American Journal of Clinical 
Nutrition 93: 118–126. https://doi.org/10.3945/ajcn.2010.29888

Girardi B, Pricci M, Giorgio F, Piazzolla M, Iannone A, Losurdo G, Prin-
cipi M, Barone M, Ierardi E, Di Leo A (2020) Silymarin, boswellic 
acid and curcumin enriched dietetic formulation reduces the growth 
of inherited intestinal polyps in an animal model. World Journal of 
Gastroenterology 26: 1601. https://doi.org/10.3748/wjg.v26.i14.1601

Gold EB (2011) The timing of the age at which natural menopause oc-
curs. Obstetrics and Gynecology Clinics 38: 425–440. https://doi.
org/10.1016/j.ogc.2011.05.002

Guicciardi ME, Gores GJ (2009) Life and death by death receptors. The 
FASEB Journal 23: 1625. https://doi.org/10.1096/fj.08-111005

Harbeck N, Penault-Llorca F, Cortes J, Gnant M, Houssami N, Poortmans 
P, Ruddy K, Tsang J, Cardoso F (2019) Breast cancer. Nature Reviews 
Disease Primers 5: 1–31. https://doi.org/10.1038/s41572-019-0111-2

Hashemi M, Karami-Tehrani F, Ghavami S (2004) Cytotoxicity effect of 
Cladribine on the MCF-7 human breast cancer cell line. Iranian Bio-
medical Journal 8: 7–12.

He C, Sun Z, Hoffman RM, Yang Z, Jiang Y, Wang L, Hao Y (2019) P-gly-
coprotein overexpression is associated with cisplatin resistance in 
human osteosarcoma. Anticancer Research 39: 1711–1718. https://
doi.org/10.21873/anticanres.13277

Hengartner MO (2000) The biochemistry of apoptosis. Nature 407: 
770–776.

Hosseinabadi T, Lorigooini Z, Tabarzad M, Salehi B, Rodrigues CF, Martins 
N, Sharifi‐Rad J (2019) Silymarin antiproliferative and apoptotic effects: 
insights into its clinical impact in various types of cancer. Phytotherapy 
Research 33: 2849–2861. https://doi.org/10.1002/ptr.6470

Housman G, Byler S, Heerboth S, Lapinska K, Longacre M, Snyder N, 
Sarkar S (2014) Drug resistance in cancer: an overview. Cancers 6: 
1769–1792. https://doi.org/10.3390/cancers6031769

Hu Q, Wu D, Chen W, Yan Z, Shi Y (2013) Proteolytic processing of 
the caspase-9 zymogen is required for apoptosome-mediated activa-
tion of caspase-9. Journal of Biological Chemistry 288: 15142–15147. 
https://doi.org/10.1074/jbc.M112.441568

Hunter DJ, Colditz GA, Hankinson SE, Malspeis S, Spiegelman D, Chen 
W, Stampfer MJ, Willett WC (2010) Oral contraceptive use and 
breast cancer: a prospective study of young women. Cancer Epi-
demiology and Prevention Biomarkers 19: 2496–2502. https://doi.
org/10.1158/1055-9965.EPI-10-0747

Irvin Jr WJ, Carey LA (2008) What is triple-negative breast cancer? Eu-
ropean Journal of Cancer 44: 2799–2805. https://doi.org/10.1016/j.
ejca.2008.09.034

Jawarneh S, Talib WH (2022) Combination of ashwagandha water ex-
tract and intermittent fasting as a therapy to overcome cisplatin re-
sistance in breast cancer: an in vitro and in vivo study. Frontiers in 
Nutrition 9: 863619. https://doi.org/10.3389/fnut.2022.863619

Ji X, Lu Y, Tian H, Meng X, Wei M, Cho WC (2019) Chemoresistance 
mechanisms of breast cancer and their countermeasures. Biomedi-
cine & Pharmacotherapy 114: 108800. https://doi.org/10.1016/j.bio-
pha.2019.108800

Jiang C, Agarwal R, Lü J (2000) Anti-angiogenic potential of a cancer che-
mopreventive flavonoid antioxidant, silymarin: inhibition of key attri-
butes of vascular endothelial cells and angiogenic cytokine secretion by 
cancer epithelial cells. Biochemical and Biophysical Research Commu-
nications 276: 371–378. https://doi.org/10.1006/bbrc.2000.3474

Jin Z, El-Deiry WS (2005) Overview of cell death signaling pathways. Can-
cer Biology & Therapy 4: 147–171. https://doi.org/10.4161/cbt.4.2.1508

Kalla PK, Chitti S, Aghamirzaei ST, Senthilkumar R, Arjunan S (2014) 
Anti-cancer activity of silymarin on MCF-7 and NCIH-23 cell lines. 
Advances in Biological Research 8: 57–61.

Kamble SS, Gacche RN (2019) Evaluation of anti-breast cancer, anti-an-
giogenic and antioxidant properties of selected medicinal plants. 
European Journal of Integrative Medicine 25: 13–19. https://doi.
org/10.1016/j.eujim.2018.11.006

Kartal-Yandim M, Adan-Gokbulut A, Baran Y (2016) Molecular mech-
anisms of drug resistance and its reversal in cancer. Critical Reviews 
in Biotechnology 36: 716–726. https://doi.org/10.3109/07388551.20
15.1015957

Kashyap D, Pal D, Sharma R, Garg VK, Goel N, Koundal D, Zaguia A, 
Koundal S, Belay A (2022) Global increase in breast cancer incidence: 
risk factors and preventive measures. BioMed Research International 
2022: 9605439 https://doi.org/10.1155/2022/9605439

Katiyar SK, Korman NJ, Mukhtar H, Agarwal R (1997) Protective ef-
fects of silymarin against photocarcinogenesis in a mouse skin mod-
el. Journal of the National Cancer Institute 89: 556–565. https://doi.
org/10.1093/jnci/89.8.556

https://doi.org/10.3389/fonc.2021.681476
https://doi.org/10.1016/j.biopha.2021.112024
https://doi.org/10.1002/ijc.33588
https://doi.org/10.1166/jbn.2015.1964
https://doi.org/10.1038/s41598-018-23321-6
https://doi.org/10.1038/s41467-021-22024-3
https://doi.org/10.1136/jmg.2009.066944
https://doi.org/10.1189/jlb.0903435
https://doi.org/10.3322/canjclin.55.3.178
https://doi.org/10.1016/j.bioorg.2019.102925
https://doi.org/10.3390/ijms21030937
https://doi.org/10.3390/ijms21030937
https://doi.org/10.3945/ajcn.2010.29888
https://doi.org/10.3748/wjg.v26.i14.1601
https://doi.org/10.1016/j.ogc.2011.05.002
https://doi.org/10.1016/j.ogc.2011.05.002
https://doi.org/10.1096/fj.08-111005
https://doi.org/10.1038/s41572-019-0111-2
https://doi.org/10.21873/anticanres.13277
https://doi.org/10.21873/anticanres.13277
https://doi.org/10.1002/ptr.6470
https://doi.org/10.3390/cancers6031769
https://doi.org/10.1074/jbc.M112.441568
https://doi.org/10.1158/1055-9965.EPI-10-0747
https://doi.org/10.1158/1055-9965.EPI-10-0747
https://doi.org/10.1016/j.ejca.2008.09.034
https://doi.org/10.1016/j.ejca.2008.09.034
https://doi.org/10.3389/fnut.2022.863619
https://doi.org/10.1016/j.biopha.2019.108800
https://doi.org/10.1016/j.biopha.2019.108800
https://doi.org/10.1006/bbrc.2000.3474
https://doi.org/10.4161/cbt.4.2.1508
https://doi.org/10.1016/j.eujim.2018.11.006
https://doi.org/10.1016/j.eujim.2018.11.006
https://doi.org/10.3109/07388551.2015.1015957
https://doi.org/10.3109/07388551.2015.1015957
https://doi.org/10.1155/2022/9605439
https://doi.org/10.1093/jnci/89.8.556
https://doi.org/10.1093/jnci/89.8.556


Hamed RA & Talib WH: Combination anticancer therapy18

Kim J, Choi WJ, Jeong SH (2013) The effects of physical activity on breast 
cancer survivors after diagnosis. Journal of Cancer Prevention 18: 
193. https://doi.org/10.15430/JCP.2013.18.3.193

Kim R (2005) Recent advances in understanding the cell death path-
ways activated by anticancer therapy. Cancer: Interdisciplinary In-
ternational Journal of the American Cancer Society 103: 1551–1560. 
https://doi.org/10.1002/cncr.20947

Kumar P, Nagarajan A, Uchil PD (2018) Analysis of cell viability by 
the MTT assay. Cold Spring Harbor Protocols 2018. https://doi.
org/10.1101/pdb.prot095505

Lee A, Djamgoz MB (2018) Triple negative breast cancer: emerging thera-
peutic modalities and novel combination therapies. Cancer Treatment 
Reviews 62: 110–122. https://doi.org/10.1016/j.ctrv.2017.11.003

Levêque D, Becker G (2019) The role of therapeutic drug monitoring in 
the management of safety of anticancer agents: a focus on 3 cytotox-
ics. Expert Opinion on Drug Safety 18: 1009–1015. https://doi.org/1
0.1080/14740338.2019.1662395

Los M, Craen MVd, Penning LC, Schenk H, Westendorp M, Baeuerle 
PA, Dröge W, Krammer PH, Fiers W, Schulze-Osthoff K (1995) 
Requirement of an ICE/CED-3 protease for Fas/APO-1-mediated 
apoptosis. Nature 375: 81–83. https://doi.org/10.1038/375081a0

Lossi L, Castagna C, Merighi A (2018) Caspase-3 mediated cell death in the 
normal development of the mammalian cerebellum. International Jour-
nal of Molecular Sciences 19: 3999. https://doi.org/10.3390/ijms19123999

Lu S, Zhang J, Wang Y (2020) Silymarin Inhibits Proliferation and In-
duces Apoptosis in Epstein-Barr Virus-Positive Lymphoma Cells 
by Suppressing Nuclear Factor-Kappa B Pathway. Current Topics in 
Nutraceutical Research 18(4): 348–353. https://doi.org/10.37290/ct-
nr2641-452X.18:348-353

Łukasiewicz S, Czeczelewski M, Forma A, Baj J, Sitarz R, Stanisławek A 
(2021) Breast cancer–epidemiology, risk factors, classification, prog-
nostic markers, and current treatment strategies–an updated review. 
Cancers 13: 4287. https://doi.org/10.3390/cancers13174287

Luqmani Y (2005) Mechanisms of drug resistance in cancer chemo-
therapy. Medical Principles and Practice 14: 35–48. https://doi.
org/10.1159/000086183

Ma X, Zheng C, Han L, Xie B, Jia J, Cao Z, Li Y, Chen Y (2009) Synergis-
tic therapeutic actions of herbal ingredients and their mechanisms 
from molecular interaction and network perspectives. Drug Discov-
ery Today 14: 579–588. https://doi.org/10.1016/j.drudis.2009.03.012

Mai A, Ye SW, Tu JY, Gao J, Kang ZF, Yao QM, Ting WJ (2023) Thymo-
quinone induces apoptosis in temozolomide‐resistant glioblastoma 
cells via the p38 mitogen‐activated protein kinase signaling pathway. 
Environmental Toxicology 38(1): 90–100. https://doi.org/10.1002/
tox.23664

Malik JA, Ahmed S, Jan B, Bender O, Al Hagbani T, Alqarni A, Anwar S 
(2022) Drugs repurposed: An advanced step towards the treatment 
of breast cancer and associated challenges. Biomedicine & Pharma-
cotherapy 145: 112375. https://doi.org/10.1016/j.biopha.2021.112375

Mangla B, Kohli K (2018) Combination of natural agent with synthetic 
drug for the breast cancer therapy. International Journal of Drug De-
velopment and Research 10(1): 22–26.

Marphatia AA, Ambale GS, Reid AM (2017) Women’s marriage age 
matters for public health: a review of the broader health and social 
implications in South Asia. Frontiers in Public Health 5: 269. https://
doi.org/10.3389/fpubh.2017.00269

Miller RP, Tadagavadi RK, Ramesh G, Reeves WB (2010) Mecha-
nisms of cisplatin nephrotoxicity. Toxins 2: 2490–2518. https://doi.
org/10.3390/toxins2112490

Mills MN, Figura NB, Arrington JA, Yu H-HM, Etame AB, Vogelbaum 
MA, Soliman H, Czerniecki BJ, Forsyth PA, Han HS (2020) Manage-
ment of brain metastases in breast cancer: a review of current prac-
tices and emerging treatments. Breast Cancer Research and Treat-
ment 180: 279–300. https://doi.org/10.1007/s10549-020-05552-2

Miroliaee AE, Esmaily H, Vaziri-Bami A, Baeeri M, Shahverdi AR, Abdol-
lahi M (2011) Amelioration of experimental colitis by a novel nanose-
lenium–silymarin mixture. Toxicology Mechanisms and Methods 21: 
200–208. https://doi.org/10.3109/15376516.2010.547887

Montgomery A, Adeyeni T, San K, Heuertz RM, Ezekiel UR (2016) Curcum-
in sensitizes silymarin to exert synergistic anticancer activity in colon 
cancer cells. Journal of Cancer 7: 1250. https://doi.org/10.7150/jca.15690

Mukhtar S, Xiaoxiong Z, Qamer S, Saad M, Mubarik MS, Mahmoud AH, 
Mohammed OB (2021) Hepatoprotective activity of silymarin encap-
sulation against hepatic damage in albino rats. Saudi Journal of Biolog-
ical Sciences 28: 717–723. https://doi.org/10.1016/j.sjbs.2020.10.063

Najjaa H, Abdelkarim BA, Doria E, Boubakri A, Trabelsi N, Falleh H, 
Tlili H, Neffati M (2020) Phenolic composition of some Tunisian 
medicinal plants associated with anti-proliferative effect on human 
breast cancer MCF-7 cells. The EuroBiotech Journal 4: 104–112. 
https://doi.org/10.2478/ebtj-2020-0012

Nikoletopoulou V, Markaki M, Palikaras K, Tavernarakis N (2013) 
Crosstalk between apoptosis, necrosis and autophagy. Biochimica et 
Biophysica Acta (BBA)-Molecular Cell Research 1833: 3448–3459. 
https://doi.org/10.1016/j.bbamcr.2013.06.001

Niles AL, Moravec RA, Riss TL (2008) Caspase activity assays. Apop-
tosis and Cancer: Methods and Protocols: 137–150. https://doi.
org/10.1007/978-1-59745-339-4_11

Noorbakhsh M-F, Hayati F, Samarghandian S, Shaterzadeh-Yazdi H, 
Farkhondeh T (2018) An overview of hepatoprotective effects of 
thymoquinone. Recent Patents on Food, Nutrition & Agriculture 9: 
14–22. https://doi.org/10.2174/2212798410666180221105503

Odeh LH, Talib WH, Basheti IA (2018) Synergistic effect of thymo-
quinone and melatonin against breast cancer implanted in mice. 
Journal of Cancer Research and Therapeutics 14: 324. https://doi.
org/10.4103/0973-1482.235349

Omidi Y, Mobasher M, Castejon AM, Mahmoudi M (2022) Recent ad-
vances in nanoscale targeted therapy of HER2-positive breast cancer. 
Journal of Drug Targeting 30: 687–708. https://doi.org/10.1080/1061
186X.2022.2055045

Pal S, Sadhu AS, Patra S, Mukherjea KK (2008) Histological vis–a–vis 
biochemical assessment on the toxic level and antineoplastic efficacy 
of a synthetic drug Pt–ATP on experimental animal models. Jour-
nal of Experimental & Clinical Cancer Research 27: 1–8. https://doi.
org/10.1186/1756-9966-27-68

Parsa L, Motafakkerazad R, Soheyli ST, Haratian A, Kosari-Nasab M, 
Mahdavi M (2023) Silymarin in combination with ATRA enhances 
apoptosis induction in human acute promyelocytic NB4 cells. Toxi-
con 228: 107127. https://doi.org/10.1016/j.toxicon.2023.107127

Picon‐Ruiz M, Morata‐Tarifa C, Valle‐Goffin JJ, Friedman ER, Slingerland 
JM (2017) Obesity and adverse breast cancer risk and outcome: Mech-
anistic insights and strategies for intervention. CA: a cancer journal for 
clinicians 67: 378–397. https://doi.org/10.3322/caac.21405

Qi L, Luo Q, Zhang Y, Jia F, Zhao Y, Wang F (2019) Advances in toxicological 
research of the anticancer drug cisplatin. Chemical Research in Toxicol-
ogy 32: 1469–1486. https://doi.org/10.1021/acs.chemrestox.9b00204

Ramasamy K, Agarwal R (2008) Multitargeted therapy of cancer by si-
lymarin. Cancer Letters 269: 352–362. https://doi.org/10.1016/j.can-
let.2008.03.053

https://doi.org/10.15430/JCP.2013.18.3.193
https://doi.org/10.1002/cncr.20947
https://doi.org/10.1101/pdb.prot095505
https://doi.org/10.1101/pdb.prot095505
https://doi.org/10.1016/j.ctrv.2017.11.003
https://doi.org/10.1080/14740338.2019.1662395
https://doi.org/10.1080/14740338.2019.1662395
https://doi.org/10.1038/375081a0
https://doi.org/10.3390/ijms19123999
https://doi.org/10.37290/ctnr2641-452X.18:348-353
https://doi.org/10.37290/ctnr2641-452X.18:348-353
https://doi.org/10.3390/cancers13174287
https://doi.org/10.1159/000086183
https://doi.org/10.1159/000086183
https://doi.org/10.1016/j.drudis.2009.03.012
https://doi.org/10.1002/tox.23664
https://doi.org/10.1002/tox.23664
https://doi.org/10.1016/j.biopha.2021.112375
https://doi.org/10.3389/fpubh.2017.00269
https://doi.org/10.3389/fpubh.2017.00269
https://doi.org/10.3390/toxins2112490
https://doi.org/10.3390/toxins2112490
https://doi.org/10.1007/s10549-020-05552-2
https://doi.org/10.3109/15376516.2010.547887
https://doi.org/10.7150/jca.15690
https://doi.org/10.1016/j.sjbs.2020.10.063
https://doi.org/10.2478/ebtj-2020-0012
https://doi.org/10.1016/j.bbamcr.2013.06.001
https://doi.org/10.1007/978-1-59745-339-4_11
https://doi.org/10.1007/978-1-59745-339-4_11
https://doi.org/10.2174/2212798410666180221105503
https://doi.org/10.4103/0973-1482.235349
https://doi.org/10.4103/0973-1482.235349
https://doi.org/10.1080/1061186X.2022.2055045
https://doi.org/10.1080/1061186X.2022.2055045
https://doi.org/10.1186/1756-9966-27-68
https://doi.org/10.1186/1756-9966-27-68
https://doi.org/10.1016/j.toxicon.2023.107127
https://doi.org/10.3322/caac.21405
https://doi.org/10.1021/acs.chemrestox.9b00204
https://doi.org/10.1016/j.canlet.2008.03.053
https://doi.org/10.1016/j.canlet.2008.03.053


Pharmacia 71: 1–19 19

Raut DJ, Shirode DS, Deokar SS, Saoji VV, Rajput GD, Deore MR, Powar 
PV (2023) Quercetin and Silymarin loaded Niosomal Formulation 
with Synergistic Effect on Hep G2 Cell Lines. Latin American Journal 
of Pharmacy 42: 347–354.

Richards L, Jones P, Hughes J, Benghuzzi H, Tucci M (2006) The physio-
logical effect of conventional treatment with epigallocatechin-3-gal-
late, thymoquinone, and tannic acid on the LNCaP cell line. Biomed-
ical Sciences Instrumentation 42: 357–362.

Riggio AI, Varley KE, Welm AL (2021) The lingering mysteries of met-
astatic recurrence in breast cancer. British Journal of Cancer 124: 
13–26. https://doi.org/10.1038/s41416-020-01161-4

Sankari SL, Masthan K, Babu NA, Bhattacharjee T, Elumalai M (2012) 
Apoptosis in cancer-an update. Asian Pacific Journal of Cancer Preven-
tion 13: 4873–4878. https://doi.org/10.7314/APJCP.2012.13.10.4873

Schnitt SJ (2010) Classification and prognosis of invasive breast cancer: 
from morphology to molecular taxonomy. Modern Pathology 23: 
S60-S64. https://doi.org/10.1038/modpathol.2010.33

Siegel RL, Miller KD, Wagle NS, Jemal A (2023) Cancer statistics, 2023. 
CA: a cancer journal for clinicians 73: 17–48. https://doi.org/10.3322/
caac.21763

Singh RP, Agarwal R (2002) Flavonoid antioxidant silymarin and skin 
cancer. Antioxidants and Redox Signaling 4: 655–663. https://doi.
org/10.1089/15230860260220166

Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F 
(2021) Global cancer statistics 2020: GLOBOCAN estimates of incidence 
and mortality worldwide for 36 cancers in 185 countries. CA: A Cancer 
Journal for Clinicians 71: 209–249. https://doi.org/10.3322/caac.21660

Talib WH (2017) Regressions of breast carcinoma syngraft following 
treatment with piperine in combination with thymoquinone. Scien-
tia Pharmaceutica 85: 27. https://doi.org/10.3390/scipharm85030027

Talib WH (2020) A ketogenic diet combined with melatonin overcomes 
cisplatin and vincristine drug resistance in breast carcinoma syngraft. 
Nutrition 72: 110659. https://doi.org/10.1016/j.nut.2019.110659

Talib WH, Daoud S, Mahmod AI, Hamed RA, Awajan D, Abuarab SF, 
Odeh LH, Khater S, Al Kury LT (2022) Plants as a source of antican-
cer agents: From bench to bedside. Molecules 27: 4818. https://doi.
org/10.3390/molecules27154818

Talib WH, Jawarneh S (2022) Combination of Ashwagandha water ex-
tract and intermittent fasting as a therapy to overcome cisplatin re-
sistance in breast cancer: An in vitro and in vivo study. Frontiers in 
Nutrition 9: 863619. https://doi.org/10.3389/fnut.2022.863619

Torres MP, Ponnusamy MP, Chakraborty S, Smith LM, Das S, Arafat HA, 
Batra SK (2010) Effects of thymoquinone in the expression of mucin 
4 in pancreatic cancer cells: implications for the development of nov-
el cancer therapies. Molecular Cancer Therapeutics 9: 1419–1431. 
https://doi.org/10.1158/1535-7163.MCT-10-0075

Trayes KP, Cokenakes SE (2021) Breast cancer treatment. American 
Family Physician 104: 171–178.

Trédan O, Galmarini CM, Patel K, Tannock IF (2007) Drug resistance 
and the solid tumor microenvironment. Journal of the National Can-
cer Institute 99: 1441–1454. https://doi.org/10.1093/jnci/djm135

Upadhyay P, Ghosh A, Basu A, Pranati P, Gupta P, Das S, Sarker S, 
Bhattacharjee M, Bhattacharya S, Ghosh S (2021) Delivery of gefi-
tinib in synergism with thymoquinone via transferrin-conjugated 
nanoparticle sensitizes gefitinib-resistant non-small cell lung car-
cinoma to control metastasis and stemness. Biomaterials Science 9: 
8285–8312. https://doi.org/10.1039/D1BM01148K

Vaid M, Singh T, Prasad R, Katiyar SK (2015) Silymarin inhibits mel-
anoma cell growth both in vitro and in vivo by targeting cell cycle 

regulators, angiogenic biomarkers and induction of apoptosis. Molec-
ular Carcinogenesis 54: 1328–1339. https://doi.org/10.1002/mc.22208

Varghese R, Dalvi YB (2021) Natural products as anticancer agents. Cur-
rent Drug Targets 22: 1272–1287. https://doi.org/10.2174/138945012
1999201230204526

Wadhwa K, Pahwa R, Kumar M, Kumar S, Sharma PC, Singh G, Ver-
ma R, Mittal V, Singh I, Kaushik D (2022) Mechanistic insights into 
the pharmacological significance of silymarin. Molecules 27: 5327. 
https://doi.org/10.3390/molecules27165327

Wan X, Beaudoin JJ, Vinod N, Min Y, Makita N, Bludau H, Jordan R, 
Wang A, Sokolsky M, Kabanov AV (2019) Co-delivery of paclitaxel 
and cisplatin in poly (2-oxazoline) polymeric micelles: Implications 
for drug loading, release, pharmacokinetics and outcome of ovari-
an and breast cancer treatments. Biomaterials 192: 1–14. https://doi.
org/10.1016/j.biomaterials.2018.10.032

Wang G, Li R, Parseh B, Du G (2021a) Prospects and challenges of an-
ticancer agents’ delivery via chitosan-based drug carriers to combat 
breast cancer: A review. Carbohydrate Polymers 268: 118192. https://
doi.org/10.1016/j.carbpol.2021.118192

Wang J, Seebacher N, Shi H, Kan Q, Duan Z (2017) Novel strategies to 
prevent the development of multidrug resistance (MDR) in cancer. 
Oncotarget 8: 84559. https://doi.org/10.18632/oncotarget.19187

Wang X, Zhang H, Chen X (2019) Drug resistance and combating drug 
resistance in cancer. Cancer drug resistance (Alhambra, Calif) 2: 141. 
https://doi.org/10.20517/cdr.2019.10

Wang Y-J, Wang F, Yu L-X, Xiang Y-J, Zhou F, Huang S-Y, Zheng C, Fu 
Q-Y, Li L, Gao D-Z (2021b) Worldwide review with meta-analysis of 
women’s awareness about breast cancer. Patient Education and Coun-
seling 105(7): 1818–1827. https://doi.org/10.1016/j.pec.2021.12.012

Won D-H, Kim L-H, Jang B, Yang I-H, Kwon H-J, Jin B, Oh SH, Kang J-H, 
Hong S-D, Shin J-A (2018) In vitro and in vivo anti-cancer activity 
of silymarin on oral cancer. Tumor Biology 40: 1010428318776170. 
https://doi.org/10.1177/1010428318776170

Wu Q, Yang Z, Nie Y, Shi Y, Fan D (2014) Multi-drug resistance in cancer 
chemotherapeutics: mechanisms and lab approaches. Cancer Letters 
347: 159–166. https://doi.org/10.1016/j.canlet.2014.03.013

Yang Y, Zhang Z, Li S, Ye X, Li X, He K (2014) Synergy effects of herb 
extracts: pharmacokinetics and pharmacodynamic basis. Fitoterapia 
92: 133–147. https://doi.org/10.1016/j.fitote.2013.10.010

Yuan S, Akey CW (2013) Apoptosome structure, assembly, and pro-
caspase activation. Structure 21: 501–515. https://doi.org/10.1016/j.
str.2013.02.024

Zhang S, Morris ME (2003) Effects of the flavonoids biochanin A, mo-
rin, phloretin, and silymarin on P-glycoprotein-mediated transport. 
Journal of Pharmacology and Experimental Therapeutics 304: 1258–
1267. https://doi.org/10.1124/jpet.102.044412

Zhong X, Zhu Y, Lu Q, Zhang J, Ge Z, Zheng S (2006) Silymarin caus-
es caspases activation and apoptosis in K562 leukemia cells through 
inactivation of Akt pathway. Toxicology 227: 211–216. https://doi.
org/10.1016/j.tox.2006.07.021

Zhu W-Q, Wang J, Guo X-F, Liu Z, Dong W-G (2016) Thymoquinone 
inhibits proliferation in gastric cancer via the STAT3 pathway in vivo 
and in vitro. World Journal of Gastroenterology 22: 4149. https://doi.
org/10.3748/wjg.v22.i16.4149

Zubair H, Khan H, Sohail A, Azim S, Ullah M, Ahmad A, Sarkar F, Hadi 
S (2013) Redox cycling of endogenous copper by thymoquinone 
leads to ROS-mediated DNA breakage and consequent cell death: 
putative anticancer mechanism of antioxidants. Cell Death & Disease 
4: e660-e660. https://doi.org/10.1038/cddis.2013.172

https://doi.org/10.1038/s41416-020-01161-4
https://doi.org/10.7314/APJCP.2012.13.10.4873
https://doi.org/10.1038/modpathol.2010.33
https://doi.org/10.3322/caac.21763
https://doi.org/10.3322/caac.21763
https://doi.org/10.1089/15230860260220166
https://doi.org/10.1089/15230860260220166
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/scipharm85030027
https://doi.org/10.1016/j.nut.2019.110659
https://doi.org/10.3390/molecules27154818
https://doi.org/10.3390/molecules27154818
https://doi.org/10.3389/fnut.2022.863619
https://doi.org/10.1158/1535-7163.MCT-10-0075
https://doi.org/10.1093/jnci/djm135
https://doi.org/10.1039/D1BM01148K
https://doi.org/10.1002/mc.22208
https://doi.org/10.2174/1389450121999201230204526
https://doi.org/10.2174/1389450121999201230204526
https://doi.org/10.3390/molecules27165327
https://doi.org/10.1016/j.biomaterials.2018.10.032
https://doi.org/10.1016/j.biomaterials.2018.10.032
https://doi.org/10.1016/j.carbpol.2021.118192
https://doi.org/10.1016/j.carbpol.2021.118192
https://doi.org/10.18632/oncotarget.19187
https://doi.org/10.20517/cdr.2019.10
https://doi.org/10.1016/j.pec.2021.12.012
https://doi.org/10.1177/1010428318776170
https://doi.org/10.1016/j.canlet.2014.03.013
https://doi.org/10.1016/j.fitote.2013.10.010
https://doi.org/10.1016/j.str.2013.02.024
https://doi.org/10.1016/j.str.2013.02.024
https://doi.org/10.1124/jpet.102.044412
https://doi.org/10.1016/j.tox.2006.07.021
https://doi.org/10.1016/j.tox.2006.07.021
https://doi.org/10.3748/wjg.v22.i16.4149
https://doi.org/10.3748/wjg.v22.i16.4149
https://doi.org/10.1038/cddis.2013.172

	Targeting cisplatin resistance in breast cancer using a combination of Thymoquinone and Silymarin: an in vitro and in vivo study
	Abstract
	Introduction
	Materials and methods
	Chemicals, cell lines, and culture conditions
	Commercial kits
	Preparation of TQ, silymarin and cisplatin working solutions
	Antiproliferative assay
	Calculation of inhibitory concentration (IC₅₀)
	Calculation of combination index (CI)
	Calculation of resistance fold
	Colorimetric assay of caspase-3 activity in EMT-6/P and EMT-6/CPR cells (Niles et al. 2008)
	Mice
	Establishing regimens for the in vivo experiment
	Tumor inoculation and antitumor activity in vivo
	Evaluation of liver function in treated mice
	Evaluation of kidney function in treated mice
	Data analysis

	In vitro results
	Anti-proliferative activity of TQ and silymarin as single treatments on both EMT-6/P and EMT-6/CPR cell lines
	Anti-proliferative effect of cisplatin treatment on EMT-6/P, EMT-6/CPR cell lines
	Anti-proliferative effect of TQ and silymarin combination treatment on EMT-6/P, EMT-6/CPR cell lines
	Combination index (CI) calculations
	Resistance fold
	Effect of TQ, silymarin, cisplatin and their combination on caspase-3 levels in EMT-6/P and EMT-6/CPR cells

	In vivo Results
	Antitumor effects of TQ, silymarin, their combination and, cisplatin on EMT-6/P cells implanted in mice
	Antitumor effects of TQ, silymarin, their combination and, cisplatin on EMT-6/CPR cells implanted in mice
	Liver toxicity evaluation in mice
	Kidney toxicity evaluation in mice

	Discussion
	Conclusion
	Recommendations
	Author contributions
	Ethical approval
	Acknowledgments
	References

