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Abstract

Antidepressant drugs have been reported to affect the viability of cancer cells; however, the
effects of the antidepressant sertraline on breast cancer cells is still unclear. The present study
investigated the cytotoxic effects of sertraline on breast cancer cell viability in vitro. In this
experimental-laboratory study, MDAMB-231 breast cancer cells were divided into control
(untreated) and groups treated with 1.56, 3.12, 6.25, 12.5, 25, 50 and 100 pg / ml of sertraline.
Cell viability was measured 24 hours after treatment using MTT assay method. Data were
analyzed using one-way analysis of variance. The results showed that treatment with 1.56 ug /
ml of sertraline had no significant effect on the viability of MDAMB-231 cells, however,
sertraline with concentrations > 3.12 pg / ml significantly reduced the MDAMB-231 cell viability
after 24 and 48 hours. In conclusion, the findings of this study indicated that sertraline has
cytotoxic effects on breast cancer cells in a dose dependent manner.
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1 Introduction

Breast cancer is the most common cancer among women in the world, which is
characterized by the abnormal growth of abnormal cells in the milk-producing ducts in the
breast (Sun et al., 2017). According to available forecasts and statistics, the prevalence and
mortality of breast cancer is increasing. As a result, 1.7 million people are diagnosed with this
cancer annually and it covers 25% of all types of cancers (Azubuike et al., 2018). Studies show
that by 2030, the global incidence of this cancer in women will reach 3.2 million new cases per
year (Momenimovahed and Salehiniya, 2019; Lince-Deroche et al., 2017). The importance of
this disease with high prevalence and mortality rates in developing countries is very
important (Azubuike et al., 2018). Breast cancer can be influenced by genetic, physiological
and lifestyle factors in individuals (Caldon, 2014; Duffy et al., 2018; Ikhuoria and Bach, 2018).
One of the first obvious signs of breast cancer is a new mass in the breast tissue that is usually
painless, stiff, and has rough edges. Other symptoms can include swelling in the breast, pain
in the nipple, indentation of the nipple, redness and thickening of the breast skin, and
abnormal discharge from the nipple (Ikhuoria and Bach, 2018). Studies show that some
antidepressants, such as sertraline, can affect the proliferation of cancer cells (Geeraerts et al.,
2021). Sertraline, under the brand name Zoloft, is an antidepressant of the selective serotonin
reuptake inhibitor (Li et al., 2020). Sertraline with the chemical formula C17H17CI2N has a
half-life of 13 to 45 hours (Pinheiro et al., 2015). It acts on chemicals in the brain and is used to
treat depressive, panic, anxiety, or symptoms of obsessive-compulsive disorder (Sanchez et al.,
2014). Sertraline also has anti-cancer effects (Chinnapaka et al., 2020). Because people with
breast cancer experience stress, insomnia, and depression during chemotherapy, specialists
help them with sedatives (Moore et al., 2011). Research has shown that sedatives can have
inhibitory or stimulatory effects on the development of some cancers (Jiao et al., 2017). In this
regard, research findings indicate the effects of sedatives on cancers of the reproductive
system (Li et al, 2021). Recently, significant effects of sedatives on the growth and
proliferation of breast cancer cells have been reported (Guo et al., 2021). Antidepressants are
one of the most important sedatives that can significantly affect the growth and proliferation
of cancer cells (Ahmadian et al., 2017). The results of studies show that there is a significant
relationship between antidepressants and the development of reproductive cancers (Lee et al.,
2020). In this regard, studies indicate that antidepressants can reduce the proliferation of
breast cancer cells (Cho et al., 2019). Sertraline is one of the most important antidepressants
that can have significant inhibitory effects on cancer cell proliferation (Kuwahara et al., 2015).
Laboratory studies have shown that sertraline can reduce the proliferation of cancer cells in
the reproductive system (Fayyaz et al., 2021; Meorch et al., 2017). Although research findings
confirm the cytotoxic effects of sertraline on breast cancer cell proliferation, some research has
shown that antidepressants not only do not have anti-cancer effects but can also play a
stimulating role in cancer progression. In this regard, research on selective serotonin reuptake
inhibitors and breast cancer mortality in women has shown that the use of antidepressants is
associated with an increased risk of death from breast cancer (Kelly et al., 2010). On the other
hand, in studies on the effects of sertraline on ovarian cancer tumors, the results showed that
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the injection of this drug doubled the average tumor weight in mice with cancer (Christensen
et al., 2016). Another study also found that sertraline in particular was associated with an
increased risk of breast cancer (Steingart et al., 2003). Due to the widespread prevalence of
breast cancer in the world (Azubuike et al.,, 2018) and Iran (Rafiemanesh et al., 2016) and
mortality due to this cancer (Azubuike et al., 2018) as well as the increasing use of sertraline in
many communities (Cipriani et al., 2010) and also due to the widespread clinical complications
, Socio-economic status of breast cancer (Dean et al., 2019) and also that most previous studies
on the effects of sertraline on cancers have focused on the effects of this drug on clinical trials
and limited research at the cellular level, especially on cells. Breast cancer has been performed
and also considering that the results of previous studies have been significantly contradictory
(Kuwahara et al., 2015; Kelly et al., 2010), the present study investigates the cytotoxic effects of
sertraline on the proliferation of breast cancer cells in vitro and The results of this study are of
particular importance in the study of the effects of sertraline on breast cancer and can be used
to manage the use of this drug in cases of breast cancer.

2 Materials and Methods

During this experimental-laboratory study, sertraline was prepared from Iran Drug
Pharmaceutical Company in pure powder and stored at normal laboratory temperature (25 ° C)
until the test. Also, MDAMB-231 breast cancer cells were prepared from the cell bank of Pasteur
Institute of Iran and transferred to the laboratory in a nitrogen tank and stored according to
standard conditions. First, by initial examination and determination of lethal and non-lethal
doses, the range of drug doses was determined and finally the doses were selected by serial and
logarithmic methods. To prepare these concentrations, 1 gram of sertraline powder was first
measured with a digital scale and then 100 pl of sodium hydroxide solution was added to it. To
increase the solubility by 1000 ul of phosphate buffer solution (PBS) was added to the solution.
The resulting solution was then sterilized and filtered by syringe filter. Following the process, 9
ml of DMEM culture medium containing fetal bovine serum was added to the prepared
solution to reach a volume of 10 ml. Subsequently, the desired concentrations were prepared
from the resulting solution during the study.

MDAMB-231 cells were divided into control and sertraline groups with concentrations of
1.56, 3.12, 6.25, 12.5, 25, 50 and 100 pg / ml sertraline. 10 mg of sertraline, which was prepared
as a pure powder, was dissolved in 200 ul of DMSO solvent and then sterilized using a 0.2 pm
syringe filter. The concentration of sertraline in this solution was one mg / ml, which after
filtering the solution, the desired concentrations were obtained.

MDAMB-231 cell line was first defreezed and then the contents were transferred to cell
culture flasks with DMEM culture medium and bovine embryo serum (FBS) (Sigma) for cell
culture. After cell counting by Invert light microscope (Euromex), 10° cells from the cultured
cells were poured into each well of the microplates and the culture medium was added to them.
The microplate was then incubated overnight at 37 °© C, suitable humidity and 5% carbon
dioxide. In order to evaluate the cytotoxic effects of sertraline on the target cells, MTT assay was
used. In this regard, different doses of sertraline were added to a row of wells containing
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cultured cells and repeated 3 times for each concentration. Also, a row of wells was considered
as a control group (without drug exposure). The plates were then kept in an incubator for 24
hours (at 37 © C and 5% CO2). After this time, the fluid was drained from the plates (which
contained the culture medium and sertraline). In the next step, MTT dye was prepared.
According to Sigma protocol, stock 10% MTT was prepared and 5mg/ml of MTT was added to
each well. After 4-6 hours, the MTT solution was drained and DMSO (Sigma Company) was
added to each well and after its complete dissolution, the insoluble purple crystals of formazan
were removed. Finally, absorbance measured at 570 nm wavelength with the use of an ELISA
plate reader (Bio-Rad, Hercules, CA, USA). The concentration of semi-maximal inhibitor (IC50)
of sertraline was also calculated by plotting the curve.

The data were analyzed using SPSS21 software (IBM company, USA) and one-way analysis
of variance followed by Tukey’s post hoc test. The difference between the groups at the level of
P <0.01 was considered as a significant difference.

3 Results and Discussion

The results of MTT showed that 1.56 pg / ml sertraline had no significant effect on the
viability of MDAMB-231 cells, however, sertraline with concentrations > 3.12 pg / ml
significantly reduced the MDAMB-231 cell viability after 24 and 48 hours (Figure 1 and 2).
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Figure 1. Viability of MDAMB-231 cells treated with different concentrations of sertraline 24 hours after treatment.
* indicates a significant difference compared to the control group (**:p<0.01, **:p <0.001).
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Figure 2. Viability of MDAMB-231 cells treated with different concentrations of sertraline 24 hours after treatment.
* indicates a significant difference compared to the control group (***: p<0.001).

The results of MTT test showed that there was not significant difference between viability
of MDAMB-231 between groups treated with 1.5625 ug/ml of sertraline for 24 and 48 hours,
however, MDAMB-231 cells viability significantly decreased in groups treated with 3.125, 6.25,
12.5, 25, 50 and 100 pg/ml of sertraline for 48 hours compared with MDAMB-231 cells treated
with the same concentrations for 48 hours (p<0.05, p<0.001, p<0.01p<0.001, p<0.01, and p<0.05,
respectively) (Figure 3).
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Figure 3. Viability of MDAMB-231 cells treated with different concentrations of sertraline for 24 hours and 48
hours. (**:p<0.001). * indicates significant difference compared with 24 hours (*:p<0.05, **:p<0.01, ***:p<0.001).

The half-maximal inhibitory concentration (IC50) of sertraline was calculated by linear
approximation regression of the percentage survival versus the sertraline concentration. The
results showed that the IC50 value was 12.6 pg/ml for sertraline 24 hours after treatment
(Figure 4).
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Figure 4. IC50 of sertraline calculated from curve constructed by plotting MDAMB-231 cell viability (%) versus
sertraline 24 hours after treatment.

The IC50 value was 5.2 pg/ml for sertraline 48 hours after treatment showing a significant
decrease in IC50 value compared to sertraline IC50 during 24 hours. The significant decrease in
IC50 of sertraline indicated that the drug cytotoxic effect on MDAMB-231 cell viability
significantly increases in response to duration of treatment (Figure 5).
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Figure 5. Calculated IC50 value of sertraline from curve constructed by plotting MDAMB-231 cell viability (%)
versus sertraline 24 hours after treatment.

The results of this study showed that sertraline can reduce the viability of breast cancer cells
in culture medium. Consistent with this finding, the findings have shown that sertraline have
cytotoxic effects on breast cancer cells (Geeraerts et al., 2021). The results of a study on serotonin
transporter antagonists in mice with breast cancer showed that the onset and progression of
breast tumors is stimulated by tumor-initiating cells called BTICs, which are resistant to
radiation and chemotherapy. This study suggests that sertraline irreversibly prevents the
formation of breast tumor cells in mice by targeting BTIC (Hallett et al., 2016). Research findings
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on the potential use of sertraline as an antitumor drug suggest that this antidepressant drug is
able to inhibit tumor-specific proteins (Bau-Carneiro et al., 2022). The results of another study
show that sertraline hydrochloride can cause cell death in AU565 breast cancer cells (Fayyaz et
al., 2021). On the other hand, treatment of cancer cells with sertraline during the first 72 hours
reduces the survival of some cancer cells of the reproductive system (Stapel et al., 2021). In
contrast, some research findings have shown that antidepressants do not have a significant
effect on breast cancer cells, and in this regard, the results of a study on the use of
antidepressants and the risk of breast cancer indicate that continued use of antidepressants such
as sertraline can increase the risk of cancer progress in people with breast cancer (Steingart et
al., 2003). The findings on the relationship between antidepressants and mortality rate in the
people with breast cancer have shown that the risk of death from breast cancer increases in the
patients with breast cancer taking antidepressant drugs (Kelly et al., 2010). Possible mechanism
of action of sertraline on MDAMB-231 cancer cells is mediated by stopping the cell cycle
(Geeraerts et al., 2021). Sertraline is also able to inhibit tumor-specific proteins (TCIP) and
therefore possibly exerts its anti-cancer effects by inhibiting the expression of TCTPs (Bau-
Carneiro et al., 2022). Further research are required to reveal the molecular mechanism of action
behind the anticancer effects of sertraline on breast cancer cells.

4 Conclusion

Overall, the results of this study showed that sertraline can inhibit the proliferation of breast
cancer cells, however, in vivo research are required to demonstrate anticancer effects of
sertraline on breast tumors.
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