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Abstract: Many studies have shown that antidepressants can have anticancer effects;
however, the anti-cancer effects of the antidepressant amitriptyline on ovarian cancer cells are
unclear. Accordingly, the present study investigated the cytotoxic effects of amitriptyline on
ovarian cancer cells in vitro. In this experimental-laboratory study, ovarian cancer (A2780) cells
were divided into control (untreated) group and groups treated with 78.125, 156.25, 312.5, 625,
1250 and 2500 pg/ml of amitriptyline. Cell viability was measured using MTT assay method 24
and 48 hours after treatment. Data was analyzed using one-way analysis of variance. Ovarian
cancer cell viability significantly reduced after treatment with 78.125, 156.25, 312.5, 625, 1250,
and 2500 ug/ml after 24 and 48 hours (p < 0.001). IC50 the drug was 1144 and 1071 for 24 and 48
hours, respectively. The findings of this study indicate that amitriptyline has cytotoxic effects
on ovarian cancer cells.
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1 Introduction

Ovarian cancer, which is caused by the abnormal growth of ovarian cells, is the fifth most
common and deadly cancer in women, starting in the ovary. Overall, 4% of all cancers and 23%
of female genital cancers are ovarian cancers. The prevalence of this type of cancer also
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increases with age. According to the Annual Cancer Registry Center in Iran, ovarian cancer is
the eighth most common cancer in Iranian women and the age of onset is 40-60 years. It is also
more common in North America and Europe than in Africa and Asia. The risk of ovarian cancer
is higher in people who have never had children. People who start ovulating at a younger age
or menopause at an older age are also at risk. Other factors that can cause this cancer include
postmenopausal hormone therapy, fertility drugs, a family history (especially mutations in the
BRCA1 and BRCA2 genes), and obesity. Early pregnancy at an early age, premature
menopause, and the use of hormonal contraceptives, fallopian tubes, and breastfeeding are
some of the factors that reduce the risk of developing the disease. Women with endometriosis
have a 30% higher risk of ovarian cancer than other women. In the early stages of cancer, there
may be no symptoms, but as the disease progresses, its symptoms include pain in the pelvis,
lower abdomen, indigestion and heartburn, frequent urination, pain during intercourse,
digestive problems, nausea, extreme tiredness and loss of appetite. The diagnosis is usually
confirmed by a biopsy, which is removed during surgery (Stewart et al., 2019).

Studies show that some antidepressants, such as amitriptyline, can affect reproductive
cancers (Steingart and Cotterchio, 1995). Amitriptyline is a brand name of Elavil that is used to
treat a number of psychiatric disorders. The mechanism of action of tricyclic antidepressants in
the brain is inhibition of serotonin and norepinephrine reuptake by blocking the function of
serotonin and norepinephrine transporters. Therefore, they increase brain levels of serotonin
and norepinephrine. The main use of this drug is to treat depression and anxiety, but it is also
used to treat neuropathic and neurogenic pain, nocturia, and migraine prophylaxis, and in rare
cases to treat Attention Deficit Hyperactivity Disorder (ADHD), bipolar disorder, and sleep
disorders. It has a variety of side effects including dizziness, headache, weight gain, mood
disorders such as anxiety and restlessness, hypotension, loss of libido and impotence, delirium,
and confusion. These complications occur in more than 1% of people (Huo et al., 2018).

Studies have shown that antidepressants have anticancer effects on lung and bowel cancers
(Toh et al., 2007). Findings show that regular use of selective serotonin reuptake inhibitors is
associated with a reduced risk of colorectal cancer through its anti-promoter or direct cytotoxic
effect (Coogan et al., 2009). Antidepressants are not only able to induce apoptosis in tumor cells,
but can also prevent apoptosis. Thus, there is strong evidence that antidepressants have a direct
inhibitory effect on tumor cells (Frick and Rapanelli, 2013). Oxidative therapy is an anti-cancer
strategy based on the induction of high levels of oxidative stress, which is achieved by
increasing intracellular reactive oxygen species (ROS). Research on the antitumor potential of
amitriptyline in three human tumor cell lines shows that in lung cancer, cervical cancer, and
hepatoma, compared to the cytotoxic effect of amitriptyline with conventional chemotherapy,
amitriptyline has the highest cellular damage and induces high levels of ROS, followed by
serious irreversible mitochondrial damage. As a result, based on ROS production capacity and
inhibition of antioxidants in tumor cells, amitriptyline is being introduced as a promising new
drug to be tested for anticancer therapy (Cordero et al., 2010). Antidepressants such as
amitriptyline can not only induce apoptosis in tumor cells but can also stop the cell cycle. The
results also show that amitriptyline increases dose-dependent apoptosis in human cancer cells
more effectively than other conventional chemotherapy drugs (Bartholoma et al., 2002; Cordero
et al.,, 2009). Contrary to research findings that indicate the anticancer effects of antidepressants,
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some research has shown that antidepressants have no effect on cancer prevention or causing
cancer, in this regard, research on the relationship between antidepressants and cancer has
shown that the use of antidepressants may be associated with the risk of breast cancer. The
results suggest that the use of tricyclics for more than 2 years may be associated with a doubling
of breast cancer (Cotterchio et al., 2000; Kelly et al., 1998). There is evidence that taking
antidepressants is associated with an increased risk of genital and gastrointestinal cancers (Wu
et al., 2015). It is hypothesized that antidepressants may have growth-promoting effects on
cancer, including melanoma, fibrosarcoma, breast tumors (Kelly et al., 1998), and colon cancer
(Iishi et al., 1993). It has also been suggested that some antidepressants suppress immune
function and increase the risk of cancer (Steingart and Cotterchio, 1995). In vitro and in vivo
experiments have shown that antidepressants may cause genetic and carcinogenic toxicity in
animal models. Antidepressants can affect dopamine or norepinephrine levels, which can
increase gonadotropin levels and increase the risk of ovarian cancer (Harlow et al., 1998).
Harlow and Kramer were the first to report the association between the use of antidepressants
and the risk of ovarian cancer, especially in people under 50 years of age (Harlow and Cramer,
1995). A meta-analysis study reported that the risk of breast and ovarian cancer may be
increased by taking antidepressants, especially selective serotonin reuptake inhibitors including
amitriptyline (Cosgrove et al., 2011). Human studies have shown a positive and statistically
significant association between amitriptyline and liver cancer and a negative association with
pancreatic cancer. These studies also showed that amitriptyline enhances tumor growth
(Steingart and Cotterchio, 1995).

Given the widespread prevalence of ovarian cancer in the world, and since ovarian cancer
is the second most prevalent female reproductive cancer and causes more deaths in women
than any other cancer, the present study investigated the cytotoxic effect of amitriptyline on
ovarian cancer cells and the results of this study are of particular importance regarding the
relationship between amitriptyline and ovarian cancer.

2 Materials and Methods

In this experimental-laboratory study, ovarian cancer (A2780) cells were purchased from
the Pasteur Institute of Iran cell bank and stored in a nitrogen tank at -196 ° C. A2780 cell lines
were divided into control groups (non-treated) and cells treated with 78.125, 156.25, 312.5, 625,
1250 and 2500 pg/mL of amitriptyline. Amitriptyline was provided as a pure powder from Abu
Reihan Pharmaceutical Company and subsequently dissolved in PBS solvent. Then, the
obtained solution was sterilized using a syringe filter and the desired concentrations were
prepared serially. MTT assay was used to evaluate the cytotoxic effect of the drug on the target
cells. In this regard, considering the sufficient culture medium for the cells, as well as
considering at least 6 repetitions, different doses of drug were added to the wells containing the
cells and the plates were kept in the incubator for 24 hours. During the desired time, the liquid
from the drain plate and MTT dye were added. 4 hours after adding the dye, the MTT solution
was drained and DMSO was added. After complete dissolution, the optical absorption of the
solutions was read at 570 nm. Subsequently, based on the light absorption of the samples, the
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percentage of cell viability in each group was calculated (Stockert et al., 2012; Gholamhosseyni
et al., 2018).

SPSS18 statistical software was used to analyze the data. Data were analyzed using one-
way analysis of variance (ANOVA). Differences between groups were considered significant at
the level of (p <0.05).

3 Results and Discussions

A2780 cells viability did not significantly change in groups treated with 39.0625 and78.125
ug/mL of amitriptyline compared with control group 24 hours after treatment. However, cell
viability significantly decreased in A2780 cells treated with 156.25, 312.5, 625, 1250 and 2500
ug/mL compared to control group 24 hours after treatment (Figure 1).
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Figure 1: Viability of A2780 cells treated with different concentrations of amitriptyline 24 hours after treatment.
* indicates a significant difference compared to the control group (***: p <0.001).

The results showed that the IC50 value was 1071 pg/ml for amitriptyline against ovarian
cancer cells for 24 hours (Figure 2).

IC50= 1071 pg/ml
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Figure 2: IC50 curve of amitriptyline 1071 pug/mL against A2780 cells after 24 hours.

The results of ovarian cancer cells viability determined by MTT showed that cell viability in

Vol. 5 (3): 594-603, 2022 Journal of Biological Studies 597



Effects of amitriptyline on ovarian cancer cells Dehghani et al.,

A2780 cells treated with 39.0625 pug/mL of amitriptyline did not significantly change compared
with control group 48 hours after treatment. However, cell viability significantly decreased in
A2780 cells treated with 78.125, 156.25, 312.5, 625, 1250, and 2500 pug/mL compared to control
group 48 hours after treatment (Figure 3).
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Figure 3: Viability of A2780 cells treated with different concentrations of amitriptyline 48 hours after treatment.
* indicates a significant difference compared to the control group (***: p <0.001).

The half-maximal inhibitory concentration (IC50) of amitriptyline was calculated by linear
approximation regression of the percentage viability versus the amitriptyline concentration. The
results showed that the IC50 value was 1144 ug/mL for amitriptyline against ovarian cancer
cells for 24 hours (Figure 4).

IC50= 1144 pg/ml
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Figure 4: IC50 of amitriptyline calculated from curve constructed by plotting A2780 cell viability (%) versus
amitriptyline 24 hours after treatment.

Some studies have shown that antidepressants are particularly important in inhibiting the
proliferation of cancer cells (Toh et al., 2007; Coogan et al., 2009; Frick and Rapanelli, 2013). In
this regard, the results of the present study show that the antidepressant drug, amitriptyline,
has cytotoxic effects on ovarian cancer cells. Consistent with this finding, other studies have
shown that antidepressants have inhibitory effects on cancer cells. The results of a study on
acute oxidative damage to cancer cells by amitriptyline in comparison with some conventional
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chemotherapy drugs revealed that amitriptyline has a potential for the treatment of cancer,
however, it is commonly prescribed for depression and the treatment of several neurological
and inflammatory diseases, such as fibromyalgia, chronic fatigue syndrome, migraine, irritable
bowel syndrome, and unusual pain (Watson, 1994; Gruber et al., 1996). The addition of
amitriptyline to cell cultures has been shown to cause several symptoms of toxicity. In addition,
several reports have shown that the toxicity of this drug is due to increased oxidative stress
with the production of high amounts of ROS (Slamon and Pentreath, 2000). Amitriptyline
disrupts mitochondrial function and oxidative stress in human fibroblasts and produces a dose-
dependent inhibition of growth (Moreno-Fernandez et al., 2008). Thus, amitriptyline increases
ROS levels and decreases antioxidant defense, the lack of adequate antioxidant defense makes
tumor cells very vulnerable to oxidative stress. As a result, manipulation of ROS levels with
redox modulation is a way to selectively kill cancer cells without causing significant toxicity to
normal cells (Schumacker, 2006; Trachootham et al., 2009). It has also been reported that
amitriptyline taking is not associated with an increased risk of ovarian cancer (Moorman et al.,
2005; Dublin et al., 2002; Coogan et al., 2000; Stapel et al., 2021).

In contrast, some research findings have shown that antidepressants do not have a
significant effect on cancer cells. In this regard, the results of a study on the effect of
antidepressants on breast cancer indicates that amitriptyline has not a significant effect on the
prevention and control of cancer, even in some cases, it plays a role in cancer development
(Sharpe et al,, 2002; Steingart et al.,, 2003; Hilakivi-Clarke et al., 1993; Harlow et al., 1998;
Cotterchio et al., 2000; Harlow and Cramer, 1995). Amitriptyline has been shown that can bind
to the membrane of cancer cells (Cordero et al., 2010) and cause apoptosis in cancer cells (Mao
et al., 2011), by which induces its cytotoxic effects on cancer cells (Lee et al., 2010). However,
further studies are needed to determine the exact mechanism of action of amitriptyline on
ovarian cancer cells.

4 Conclusion

Overall, the findings of this study showed that amitriptyline has cytotoxic effects on ovarian
cancer cells in vitro.

Acknowledgments

We would like to thank the International College of Avicenna (AIC, Budapest) and the Global
Network for Research, Education, and Events (GREEN) for their support.

References

Bartholom4, P., Erlandsson, N., Kaufmann, K., Rossler, O. G., Baumann, B., Wirth, T., Giehl, K.
M., & Thiel, G. (2002). Neuronal cell death induced by antidepressants: lack of correlation

Vol. 5 (3): 594-603, 2022 Journal of Biological Studies 599



Effects of amitriptyline on ovarian cancer cells Dehghani et al.,

with Egr-1, NF-xB and extracellular signal-regulated protein kinase activation. Biochemical
Pharmacology, 63(8), 1507-1516. https://doi.org/10.1016/S0006-2952(02)00882-1

Coogan, P. F., Rosenberg, L., Palmer, J. R, Strom, B. L., Stolley, P. D., Zauber, A. G., & Shapiro,
S. (2000). Risk of ovarian cancer according to use of antidepressants, phenothiazines, and
benzodiazepines (United States). Cancer Causes & Control, 11(9), 839-845. https://doi.org/10.
1023/A:1008982417022

Coogan, P. F., Strom, B. L., & Rosenberg, L. (2009). Antidepressant use and colorectal cancer
risk. Pharmacoepidemiology and Drug Safety, 18(11), 1111-1114. https://doi.org/10.1002/
pds.1808

Cordero MD, Moreno-Fernandez AM, Gomez-Skarmeta JL, De Miguel M, Garrido-Maraver J,
Oropesa-Avila M, Rodriguez-Hernandez A, Navas P, & Sanchez-Alcazar JA. (2009).
Coenzyme Q10 and alpha-tocopherol protect against amitriptyline toxicity. Toxicology and
Applied Pharmacology, 235(3), 329-337. https://doi.org/10.1016/j.taap.2008.12.026

Cordero MD, Sanchez-Alcadzar JA, Bautista-Ferrufino MR, Carmona-Lopez MI, Illanes M, Rios
M]J, Garrido-Maraver J, Alcudia A, Navas P, & de Miguel (2010). Acute oxidant damage
promoted on cancer cells by amitriptyline in comparison with some common
chemotherapeutic  drugs. Anti-Cancer  Drugs, 21(10), 932-944. doi: 10.1097/CAD.
0b013e32833ed5f7

Cosgrove, L., Shi, L., Creasey, D. E., Anaya-McKivergan, M., Myers, J. A., & Huybrechts, K. F.
(2011). Antidepressants and breast and ovarian cancer risk: a review of the literature and
researchers' financial associations with industry. PLoS One, 6(4), €18210. https://doi.org/
10.1371/journal.pone.0018210

Cotterchio, M., Kreiger, N., Darlington, G., & Steingart, A. (2000). Antidepressant medication
use and breast cancer risk. American Journal of Epidemiology, 151(10), 951-957. https://doi.org/
10.1093/oxfordjournals.aje.a010138

Dublin, S., Rossing, M. A., Heckbert, S. R., Goff, B. A., & Weiss, N. S. (2002). Risk of epithelial
ovarian cancer in relation to use of antidepressants, benzodiazepines, and other centrally
acting medications. Cancer Causes & Control, 13(1), 35-45. https://doi.org/10.1023/A:
1013969611593

Frick, L. R., & Rapanelli, M. (2013). Antidepressants: influence on cancer and immunity? Life
Sciences, 92(10), 525-532. https://doi.org/10.1016/j.1£s.2013.01.020

Gholamhosseyni, Z., Ahmadi, R., & Hamidi, Y. (2018). The Cytotoxic Effect of Metformin on
Cervical Cancer (Hela) Cells in Comparison with Non-Cancerous Kidney Cells. Qom

Vol. 5 (3): 594-603, 2022 Journal of Biological Studies 600



Effects of amitriptyline on ovarian cancer cells Dehghani et al.,

University of Medical Sciences Journal, 12(10), 9-15. URL: http://journal.mugq.ac.ir/article-1-
2186-en.html

Gruber, A. ], Hudson, J. I, & Pope Jr, H. G. (1996). The management of treatment-resistant
depression in disorders on the interface of psychiatry and medicine: fibromyalgia, chronic
fatigue syndrome, migraine, irritable bowel syndrome, atypical facial pain, and
premenstrual dysphoric disorder. Psychiatric Clinics of North America, 19(2), 351-369.
https://doi.org/10.1016/S0193-953X(05)70292-6

Harlow, B. L., & Cramer, D. W. (1995). Self-reported use of antidepressants or benzodiazepine
tranquilizers and risk of epithelial ovarian cancer: evidence from two combined case-
control studies (Massachusetts, United States). Cancer Causes & Control, 6(2), 130-134.
https://doi.org/10.1007/BF00052773

Harlow, B. L., Cramer, D. W., Baron, J. A., Titus-Ernstoff, L., & Greenberg, E. R. (1998).
Psychotropic medication use and risk of epithelial ovarian cancer. Cancer Epidemiology and
Prevention Biomarkers, 7(8), 697-702.

Hilakivi-Clarke, L., Wright, A., & Lippman, M. E. (1993). DMBA-induced mammary tumor
growth in rats exhibiting increased or decreased ability to cope with stress due to early
postnatal handling or antidepressant treatment. Physiology & Behavior, 54(2), 229-236.
https://doi.org/10.1016/0031-9384(93)90104-N

Huo, Y. L., Qiao, J]. M., & Gao, S. (2018). Association between antidepressant medication use and
epithelial ovarian cancer risk: a systematic review and meta-analysis of observational
studies. British Journal of Clinical Pharmacology, 84(4), 649-658. https://doi.org/10.1111/bcp.
13498

Kelly, J. P., Rosenberg, L., Rao, R. S., Palmer, ]J. R., & Shapiro, S. (1998). Is use of antidepressants
associated with the occurrence of breast cancer? In American Journal of Epidemiology (Vol.
147, No. 11, pp. S69-569). 111 MARKET PLACE, STE 840, BALTIMORE, MD 21202-6709
USA: JOHNS HOPKINS UNIV SCHOOL HYGIENE PUB HEALTH.

lishi, H., Tatsuta, M., Baba, M., & Taniguchi, H. (1993). Enhancement by the tricyclic
antidepressant, desipramine, of experimental carcinogenesis in rat colon induced by
azoxymethane. Carcinogenesis, 14(9), 1837-1840. https://doi.org/10.1093/carcin/14.9.1837

Lee, C. S, Kim, Y. ], Jang, E. R, Kim, W., & Myung, S. C. (2010). Fluoxetine Induces Apoptosis
in Ovarian Carcinoma Cell Line OVCAR-3 Through Reactive Oxygen Species-Dependent
Activation of Nuclear Factor-«B. Basic & Clinical Pharmacology & Toxicology, 106(6), 446-
453. https://doi.org/10.1111/j.1742-7843.2009.00509.x

Vol. 5 (3): 594-603, 2022 Journal of Biological Studies 601



Effects of amitriptyline on ovarian cancer cells Dehghani et al.,

Mao, X., Hou, T., Cao, B.,, Wang, W, Li, Z., Chen, S., Fei, M., Hurren, R., Gronda, M., Wu, D. &
Trudel, S. (2011). The tricyclic antidepressant amitriptyline inhibits D-cyclin transactivation
and induces myeloma cell apoptosis by inhibiting histone deacetylases: in vitro and in
silico evidence. Molecular Pharmacology, 79(4), 672-680. https://doi.org/10.1124/mol.110.
068122

Moorman, P. G., Berchuck, A. Calingaert, B.,, Halabi, S., & Schildkraut, J. M. (2005).
Antidepressant medication use for and risk of ovarian cancer. Obstetrics &
Gynecology, 105(4), 725-730. doi: 10.1097/01.AOG.0000157113. 98061.eb

Moreno-Fernandez, A. M., Cordero, M. D., De Miguel, M., Delgado-Rufino, M. D., Sanchez-
Alcazar, J. A, & Navas, P. (2008). Cytotoxic effects of amitriptyline in human
fibroblasts. Toxicology, 243(1-2), 51-58. https://doi.org/10.1016/j.tox.2007.09.021

Schumacker, P. T. (2006). Reactive oxygen species in cancer cells: live by the sword, die by the
sword. Cancer Cell, 10(3), 175-176. https://doi.org/10.1016/j.ccr.2006.08.015

Sharpe, C. R., Collet, J. P., Belzile, E., Hanley, ]J. A., & Boivin, J. F. (2002). The effects of tricyclic
antidepressants on breast cancer risk. British Journal of Cancer, 86(1), 92-97. https://doi.org/
10.1038/sj.bjc.6600013

Slamon, N. D., & Pentreath, V. W. (2000). Antioxidant defense against antidepressants in C6
and 1321N1 cells. Chemico-Biological Interactions, 127(3), 181-199. https://doi.org/10.1016/
S0009-2797(00)00172-1

Spina, E., Santoro, V. & D'Arrigo, C. (2008). Clinically relevant pharmacokinetic drug
interactions with second-generation antidepressants: an update. Clinical Therapeutics, 30(7),
1206-1227. https://doi.org/10.1016/S0149-2918(08)80047-1

Stapel, B., Melzer, C., von der Ohe, J., Hillemanns, P., Bleich, S., Kahl, K. G., & Hass, R. (2021).
Effect of SSRI exposure on the proliferation rate and glucose uptake in breast and ovary
cancer cell lines. Scientific Reports, 11(1), 1-14. https://doi.org/10.1038/s41598-020-80850-9

Steingart, A. B., & Cotterchio, M. (1995). Do antidepressants cause, promote, or inhibit
cancers? Journal of Clinical Epidemiology, 48(11), 1407-1412. https://doi.org/10.1016/0895-
4356(95)00545-5

Steingart, A., Cotterchio, M., Kreiger, N., & Sloan, M. (2003). Antidepressant medication use
and breast cancer risk: a case-control study. International Journal of Epidemiology, 32(6), 961-
966. https://doi.org/10.1093/ije/dyg155

Vol. 5 (3): 594-603, 2022 Journal of Biological Studies 602


https://doi.org/10.1124/mol.110

Effects of amitriptyline on ovarian cancer cells Dehghani et al.,

Stewart, C., Ralyea, C.,, & Lockwood, S. (2019). Ovarian cancer: an integrated review.
In Seminars in Oncology Nursing (Vol. 35, No. 2, pp. 151-156). WB Saunders. https://doi.org/
10.1016/j.soncn.2019.02.001

Stockert, J. C., Blazquez-Castro, A., Cafiete, M., Horobin, R. W., & Villanueva, A. (2012). MTT
assay for cell viability: Intracellular localization of the formazan product is in lipid
droplets. Acta Histochemica, 114(8), 785-796. https://doi.org/10.1016/j.acthis.2012.01.006

Toh, S., Garcia Rodriguez, L. A., & Herndndez-Diaz, S. (2007). Use of antidepressants and risk
of lung cancer. Cancer Causes & Control, 18(10), 1055-1064. https://doi.org/10.1007/s10552-
007-9045-1

Trachootham, D., Alexandre, J., & Huang, P. (2009). Targeting cancer cells by ROS-mediated
mechanisms: a radical therapeutic approach? Nature Reviews Drug Discovery, 8(7), 579-591.
https://doi.org/10.1038/nrd2803

Watson, C. P. N. (1994). Antidepressant drugs as adjuvant analgesics. Journal of Pain and
Symptom Management, 9(6), 392-405. https://doi.org/10.1016/0885-3924(94)90177-5

Wuy, C. S, Lu, M. L, Liao, Y. T., Lee, C. T. C., & Chen, V. C. H. (2015). Ovarian cancer and
antidepressants. Psycho-Oncology, 24(5), 579-584. https://doi.org/10.1002/pon.3700

Vol. 5 (3): 594-603, 2022 Journal of Biological Studies 603



