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Abstract 

Although many studies suggest that antidepressants can affect cancer cell growth and 

proliferation, the results are still challenging. The aim of this study was to evaluate the cytotoxic 

effect of amitriptyline on MCF7 viability in vitro. Breast cancer (MCF7) cells were divided into 

control group and groups treated with 1250, 625, 312.5, 156.25, 78.125, 39.0625 μg/ml of 

amitriptyline. 24 and 48 hours after treatment, cell viability was assessed by MTT method. Data 

were analyzed using one-way analysis of variance.  Cell viability significantly decreased in 

MCF7 cells treated with amitriptyline (39.06, 78.12, 156.25, 312.50, 625 and 1250 µg/ml) 

compared to control group 24 and 48 hours after treatment; however, treatment of MCF7 cells 

with 39.06 µg/ml of amitriptyline did not significantly change the cell viability compared with 

control group. Calculated IC50 for 48 hours was more than IC50 calculated for amitriptyline 

during 24 hours of treatment. Our findings indicated that amitriptyline has significant cytotoxic 

effects on breast cancer (MCF7) cells in vitro. Increased treatment duration leads to increased 

cytotoxic capability of amitriptyline on MCF7 cells. 
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1 Introduction 
 

In 2015, about 90.5 million people were diagnosed with cancer (Lipton et al., 2016). From 

2019, about 18 million new cases occur annually (Shu et al., 2020). It causes about 8.8 million 

deaths (15.7% of deaths) annually (Wang et al., 2016). A significant number of cancer patients 

become clinically depressed (Chochinov, 2001). Non-pathological grief may be a natural 

response to a cancer diagnosis, however, stress beyond patients' coping mechanisms may lead 

to major depressive disorder. There will be urgent need to identify and treat depression in 

cancer patients in order to increase quality of life and reduce mortality. The interventions used 

vary from patient to patient, but may include psychosocial therapy or medication (Smith, 2015). 

In the context of cancer, such as breast cancer, depression is associated with increased 

complications, longer hospital stays, and more general disability. Therefore, prompt diagnosis 

and effective treatment are essential. Several studies have demonstrated the efficacy of tricyclic 

antidepressants (TCAs) such as amitriptyline in these conditions (Pezzella et al., 2001). 

Amitriptyline is the most common analgesic drug used in cancer patients with neuropathic pain 

(Mercadante et al., 2002). In addition to its antidepressant effect, amitriptyline has been 

reported to cause the highest cell damage in certain cancer cells. As a result, amitriptyline is 

emerging as a new drug for testing anticancer therapy (Cordero et al., 2010). Amitriptyline may 

also play a supportive role in the efficacy of anticancer drugs (Kulaksiz-Erkmen et al., 2013). 

Most of the previous studies have examined the effect of amitriptyline on cancer exacerbation in 

cancer patients or the relief of neuropathic pain after cancer treatment with amitriptyline and 

few studies have focused on anticancer effects of amitriptyline in vitro. Accordingly, due to the 

fact that most of the patients with breast cancer use antidepressants such as amitriptyline to 

treat depression (Fisch, 2004) and the use of amitriptyline may have anticancer effects on cancer 

cells (Möslinger-Gehmayr et al., 2000), we investigated the tricyclic antidepressant amitriptyline 

cytotoxic effects on human breast cancer (MCF7) cells in vitro. 

 

2 Materials and Methods 
 

2. 1. Drugs and cells 

MCF7 cancer cells were purchased from Pasteur Institute of Iran. Amitriptyline was 

purchased from Abureyhan pharmaceutical company (Iran, Tehran) and stored at room 

temperature away from moisture, heat and light. 

 

2. 2. Cell culture  

Eagle’s MEM (EMEM), supplemented with 10% FBS and 1% penicillin/streptomycin, non-

essential amino acids (0.1 mM), insulin (10 ug/mL) and sodium pyruvate (1 mM) was used for 

culturing MCF7 cells. The culture medium was maintained at incubator with temperature at 

37°C in humidified, concentrated CO2 (5%) atmosphere. As MCF-7 cells reached approximately 

85-90% confluency, medium was remove and the cells were rinsed twice with PBS. 2-3 mL of 

warm (37°C) 0.25% Trypsin was added to detach the cell layer. Cells were observed under an 
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inverted microscope to examine the cell dispersion. After cell layer detachment, Trypsin was 

neutralized by adding 10mL of complete growth medium to the flask. Cells were suspended by 

gently pipetting and were centrifuged for 5 minutes at 125 x g to pellet cells. Trypsin/growth 

medium suspension was aspirated from tube. MCF-7 cell pellet were resuspended in 10 mL 

fresh growth medium.  MCF-7 cells were plated into a new flask containing complete growth 

medium and incubated at 37°C in humidified 5% CO2 atmosphere. 

  

2. 3.  Treatment 

Cells were divided into 7 groups: control (untreated) group, and groups treated with 1250, 

625, 312.5, 156.25, 78.125, and 39.0625 μg / ml amitriptyline for 24h and 48h. 

  

2. 4. MTT assay 

In order to evaluate the cytotoxic effects of amitriptyline on MCF7 cells, MTT assay was 

used. In this regard, media was discarded from cell cultures. For adherent cells, carefully 

aspirate the media. For suspension cells, spin the 96 well plate at 1,000 xg, 4°C for 5 minutes in a 

microplate-compatible centrifuge and carefully aspirate the media.  50 µL of serum-free media 

and 50 µL of MTT solution were added into each well. The plate was incubated at 37°C for 3 

hours. After incubation, 150 µL of MTT solvent was added into each well. Plate was wraped in 

foil and shaked on an orbital shaker for 15 minutes. Occasionally, the liquid was pipetted to 

fully dissolve the MTT formazan. Absorbance was read at OD=590 nm. Percentage cytotoxicity 

was calculated with the following equation: 

 

% cytoxicity = (100 x (control - sample)) 

 

IC50 of amitriptyline calculated from curve constructed by plotting MCF7 cell viability (%) 

versus amitriptyline 24 and 48 hours after treatment (Li et al., 2012). 
 

2. 5. Statistical analysis 

Data were analyzed using SPSS21 software (IBM, USA) and one-way analysis of variance 

followed by Tukey’s post hoc test. Differences between groups were considered significant at 

the level of p<0.05. 

 

3 Results and Discussions 
 

Cell viability significantly decreased in MCF7 cells treated with amitriptyline (39.06, 78.12, 

156.25, 312.50, 625 and 1250 µg/ml) compared to control group 24 and 48 hours after treatment 

(Figure 1 and 2); however, treatment of MCF7 cells with 39.06 µg/ml of amitriptyline did not 

significantly change the cell viability compared with control group. 
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Figure 1. Viability of MCF7 cells treated with different concentrations of amitriptyline 24 hours after treatment. * 

Shows a significant difference compared to the control group. (*:p<0.05), (***:p<0.001) 

 

 
 

Figure 2. Viability of MCF7 cells treated with different concentrations of amitriptyline 48 hours after treatment. * 

Shows a significant difference compared to the control group. (**:p<0.01), (***:p<0.001) 

 

The half-maximal inhibitory concentration (IC50) of amitriptyline was calculated by linear 

approximation regression of the percentage survival versus the amitriptyline concentration. The 

results showed that the IC50 value was 1321 µg/ml for amitriptyline 24 hours after treatment 

(Figure 3). 
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Figure 3. IC50 of amitriptyline calculated from curve constructed by plotting MCF7 cell viability (%) versus 

amitriptyline 24 hours after treatment. 

 

The IC50 value 881 µg/ml for amitriptyline 48 hours after treatment showing a significant 

decrease in IC50 value compared to amitriptyline IC50 during 24 hours of treatment indicating 

that the cytotoxic effect of the drug significantly increases with increasing of treatment duration 

(Figure 4).  
 

 
 

Figure 4. Calculated IC50 value of amitriptyline 48 hours after treatment. 

 

The results of this study show that amitriptyline in low doses can significantly reduce the 

viability of MCF7 cancer cells. Consistent with our finding it has been shown that the 

antidepressant fluoxetine suppresses glioblastoma cells proliferation by inducing calcium-

dependent apoptosis (Liu et al., 2015). In another study that examined the effect of different 

antidepressants on cell viability and proliferation of human colorectal cancer cell lines, 

paroxetine and sertraline have been reported to inhibit the colorectal cancer cell viability and 

proliferation in a dose-dependent manner (Gil-Ad et al., 2008). Anticancer effects of tricyclic 

antidepressant amitriptyline also have been reported in recent studies. Amitriptyline has been 
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shown to induce cell death on myeloma cells (Mao et al., 2011). The antidepressant paroxetine 

has been reported to induce apoptosis in MCF-7 cells (Cho et al., 2019). The clinical research 

indicates that evaluation of anti-depressants as adjunct therapeutics with chemotherapy may 

have a translational effect for lung cancer patient (Zingone et al., 2017). By contrast, there are 

findings showing that antidepressant drugs may increase cancer cells growth and proliferation.  
The antidepressant desipramine has been shown that promotes breast tumor progression in 

association with altered collagen structure (Szpunar et al., 2013).  
The antiproliferative activity of amitriptyline may be mediated by mitochondrial inhibitors 

and by disrupting the cell cycle (Geeraerts et al., 2021). Amitriptyline is also able to inhibit 

tumor-specific proteins (TCTP) and therefore possibly exerts its anti-cancer effects by inhibiting 

the expression of TCTPs (Baú-Carneiro et al., 2022). 
  

4 Conclusion 
 

The results of this study revealed that amitriptyline has significant cytotoxic effects on breast 

cancer (MCF7) cells in vitro and the treatment duration plays a role to increase the cytotoxic 

effect of the drug on breast cancer cells. 
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