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Abstract: Many studies have shown that antidepressants, including amitriptyline, can cause
side effects on normal human cells, although the exact effects of amitriptyline on normal human
cells are unclear. Accordingly, the present study investigated the cytotoxic effects of
amitriptyline on human embryonic kidney cell line. In this experimental-laboratory study, cells
were divided into control group (no drug treated) and amitriptyline treatment groups (treated
with 39.06, 12.78, 156.25, 312.5, 625, 1250 and 2500 pg/ml of amitriptyline). MTT method was
used to assay the cytotoxic effects of amitriptyline at 24 and 48 hours. The data were analyzed
by one-way analysis of variance. Treatment with 39.06 and 78.12 pg/ml of amitriptyline for 24
hours had no significant effect on the viability of Hek-293 cells, but treatment with 156.25 pg/ml
and higher concentrations of amitriptyline significantly reduced the viability of Hek-293 cells.
Treatment of cells for 48 hours showed a significant reduction in cell viability at all
concentrations. Amitriptyline has cytotoxic effects on normal human embryonic kidney cells
and these effects depend on the dose and duration of treatment. Findings of this study can be of
significant importance in terms of side effects of amitriptyline consumption on normal cells of
the human body.
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1 Introduction

Amitriptyline, sold in pharmacies under the brand name Elavil, is a chemical and
antidepressant drug that is often used to treat major depressive disorders as well as a variety of
pain syndromes, including neuropathic pain, fibromyalgia, migraine and tension headaches
(McClure and Daniels, 2021). The drug, which has a tricyclic chemical structure and is
formulated as C20 H23 N, was discovered by scientists in the late 1950s. Amitriptyline has
antidepressant effects by inhibiting the reabsorption of serotonin and norepinephrine in the
brain, as well as by blocking the function of serotonin and norepinephrine transporters (Kruk et
al., 2018).

Studies have shown that some antidepressants can have more cytotoxicity due to increased
damage to mitochondria and oxidative stress (Han and Lee, 2009). Experiments show that
antidepressants cause cytotoxic effects on normal human cells (Eisen et al, 1989).
Antidepressants can cause metabolic changes in cells, even in low doses (Slamon and Pentreath,
1998). Antidepressants such as amitriptyline, fluoxetine, carbamazepine cause cellular
respiration disorders by inhibiting complexes I and II in the mitochondria (Cikdnkova et al.,
2020). Amitriptyline can also increase neuronal death by increasing cAMP concentrations
(Bartholoma et al., 2002). Studies have shown that amitriptyline can affect the metabolic
processes of human cells (Nau et al., 2000). By contrast, it has been reported that amitriptyline
has no significant influence on some types on normal human cells (Sim and North, 2010; Lu et
al., 2018). On the other hand, HEK293 cells are normal human cells that were first cultured in
1973 by Frank Graham (Abaandou et al., 2021) and were widely used in biological studies in
particular to assess the cytotoxic effects of drugs on human body cells (Eisen et al., 1989; Lu et
al., 2018).

Considering the increasing use of amitriptyline antidepressant in the world (Bendtsen,
2003) and also the possibility of clinical complications due to excessive use of amitriptyline
(Kruk et al., 2018), especially the side effects on various tissues of the human body and also
considering that previous studies on the effects of amitriptyline have focused on the effects of
the drug on cancer cells, and few research has been carried out investigating the effects of
amitriptyline on non-cancerous cell (Bartholoma et al., 2002; Lu et al., 2018), the present study
investigates the cytotoxic effects of amitriptyline on human renal embryonic (HEK293) cells.

2 Materials and Methods

This experimental laboratory study was approved by the International Committee of
Scientists (IAS)'s research ethics committee. HEK293 cells were purchased from the Pasteur
Institute. The cells were stored frozen in a nitrogen tank at -196 °C. Amitriptyline was prepared
as a pure powder from Iran Daroo Pharmaceutical Company. First, by initial investigation and
determination of lethal and non-lethal doses, the drug dose range was determined and finally
the desired concentrations were selected for treatment by serial and logarithmic methods. To
prepare different concentrations of the drug, 10 mg of the drug was dissolved in 200 ul of
DMSO. Then it was slowly increased to 10 ml using cell culture medium. The concentration of
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the drug in this solution was 1 mg/ml. After filtering this solution using the 0.2 um syringe
filter, the required concentrations were prepared. HEK293 cells were divided into control group
(no treated) and groups treated with 06.39, 12.78, 256/156, 525, 625, 1250 and 2500 pg/ml of
amitriptyline. The cells were cultured in plate wells and kept in an incubator for 24 hours (or 48
hours). MTT assay was then used to evaluate the cytotoxicity of the drug (Ahmadi et al., 2017;
Norouzi et al.,, 2020). In brief, after incubation, 10 ul MTT solution was added to each well to
achieve a final concentration of 0.45 mg/ml and the cells were incubated 1 to 4 hours at 37 °C.
100 ul solubilization solution was added to each well to dissolve formazan crystals. Finally, the
absorbance was read at 570 nm. To calculate the Half-maximal inhibitory concentration (IC50
value), the inhibitor concentration against the percent activity was plotted using the parabolic
(y = ax2 + bx + c) equation. Data were analyzed using one-way analysis of variance (ANOVA).
Differences between groups at the level of p <0.05 were considered significant.

3 Results and Discussions

The results of MTT showed that treatment with 39.06 and 78.12 ug/ml amitriptyline for 24
hours had no significant effect on the viability of HEK293 cells, but concentrations of 156.25
ug/ml and above caused a significant decrease in viability of HEK293 cells (Figure 1).
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Figure 1: Viability of HEK293 cells treated with amitriptyline for 24 hours. * indicates a significant difference
compared to the control group (***: p <0.001).

IC50 of amitriptyline for 24 hours of treatment was calculated 2043 pg/ ml (Figure 2).
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1C50= 2043 pug/ml
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Figure 2: IC50 of amitriptyline calculated from curve constructed by plotting HEK293 cell viability (%) versus
amitriptyline 24 hours after treatment.

Treatment of HEK293 cells for 48 hours showed that all concentrations significantly
reduced the viability of HEK293 cells (Figure 3).
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Figure 3: Viability of HEK293 cells treated with different concentrations of amitriptyline for 48 hours. * Shows a
significant difference compared to the control group (**: p <0.01, ***: p <0.001).

IC50 of amitriptyline for 24 hours of treatment was calculated was 959 ug/ml (Figure 4).
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IC50= 959 ug/ml
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Figure 4: IC50 of amitriptyline calculated from curve constructed by plotting HEK293 cell viability (%) versus
amitriptyline 24 hours after treatment.

The cytotoxic effects of antidepressants on various cell lines have been evaluated showing
that antidepressant drugs have significant effects on cell viability (Han and Lee, 2009; Sim and
North, 2010). The results of the present study showed that amitriptyline can cause cytotoxic
effects on normal human renal cells (HEK293) and this effect is dependent on concentration and
time. In fact, higher concentrations and longer duration of treatment with amitriptyline have
more cytotoxic effects on the cells. Consistent with this study, the findings suggest that
antidepressants, including amitriptyline, may have cytotoxic effects on human cells. In this
regard, the results of a study on the effects of amitriptyline on human cells showed that this
drug has cytotoxic effects by activating the PI3K/ Akt/ mTOR pathway and acetylation of
Becline 1 (Kwon et al., 2020). It has also been shown that homomeric Kv7.1 and Kv7.1/KCNE1
channels were inhibited by amitriptyline in HEK293 cells in a concentration-dependent manner
with IC50 values of 8.8 £ 2.1 uM and 2.5 + 0.8 uM, respectively (Villatoro-Gomez et al., 2018). In
addition, studies on HEK293 cells have shown that amitriptyline cause non-selective inhibition
in Glucuronosyl is human UDP transferases (UGTs) and has cytotoxic effects on some types of
cells (Uchaipichat et al., 2006). It has also been reported that some antidepressants, including
amitriptyline, have cytotoxic effects on the mitochondrial membrane of cells, one of which is the
cessation of cellular respiration resulting in the death of normal human cells by inhibiting the
activity of complexes I and m in the mitochondrial membrane electron transport chain
(Cikankova et al., 2020). Experiments performed with Fura-2AM microfluorometry show that
amitriptyline in normal human cells significantly inhibits the entry of Ca?+ into macrophages
(Krutetskaya et al., 2019). In contrast, some research findings have shown that amitriptyline
does not have a significant effect on normal cells (Lu et al., 2018). A study showed that the use
of amitriptyline at therapeutic concentrations had no effect on ATP flow in HEK293 P2X4
receptors and did not reduce P2X7 receptor efflux in human renal embryonic P2X4 receptors
(Sim and North, 2010). Regarding the mechanism of cytototoxic effects of amitriptyline on
HEK293 cells, it should be noted that this drug often affects the expression of proteins and
intracellular mechanisms as well as blockage of various cellular channels (Han and Lee, 2009;
Nau et al., 2000; Krutetskaya et al., 2019; Kwon et al., 2020) resulting in cell death.
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4 Conclusion

Overall, the results of this study showed that the antidepressant drug amitriptyline has
cytotoxic effects on cells (HEK293) and these effects depend on the dose and duration of
treatment.

Acknowledgments

This research has been carried out in the framework of the plans approved by the International
Association of Scientists (IAS) and has been approved by the High Ethics Committee in the
research of this association.

Conflict of interests

The authors state that there are no conflicts of interest regarding the publication of this

paper.

References

Abaandou, L., Quan, D., & Shiloach, J. (2021). Affecting HEK293 cell growth and production
performance by modifying the expression of specific genes. Cells, 10(7), 1667.
https://doi.org/10.3390/cells10071667

Ahmadi, R., Sagharjoghi Farahani, M., & Azadkhah, R. (2017). The Effects of Diclofenac and
Ibuprofen on HEK Cells in Cell Culture. Yafte, 19(4). http://eprints.lums.ac.ir/id/eprint/1069

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
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

Bendtsen, L. (2003). Amitriptyline in the treatment of primary headaches. Expert Review of
Neurotherapeutics, 3(2), 165-173. https://doi.org/10.1586/14737175.3.2.165

Cikankova, T., Fisar, Z., & Hroudova, ]. (2020). In vitro effects of antidepressants and mood-
stabilizing drugs on cell energy metabolism. Naunyn-Schmiedeberg’'s Archives of
Pharmacology, 393(5), 797-811. https://doi.org/10.1007/s00210-019-01791-3

Vol. 5 (3): 405-412, 2022 Journal of Biological Studies 410



The effects of amitriptyline on HEK293 cells and proliferation in vitro Dehghani et al.,

Eisen, J. N., Irwin, J., Quay, J., & Livnat, S. (1989). The effect of antidepressants on immune
function in mice. Biological ~Psychiatry, 26(8), 805-817. https://doi.org/10.1016/0006-
3223(89)90121-2

Han, Y. S., & Lee, C. S. (2009). Antidepressants reveal differential effect against 1-methyl-4-
phenylpyridinium  toxicity in differentiated PC12 cells. European  Journal  of
Pharmacology, 604(1-3), 36-44. https://doi.org/10.1016/j.ejphar.2008.12.025

Kruk, J. S., Bermeo, S., Skarratt, K. K, Fuller, S. J., & Duque, G. (2018). The effect of
antidepressants on mesenchymal stem cell differentiation. Journal of Bone Metabolism, 25(1),
43-51. https://doi.org/10.11005/jbm.2018.25.1.43

Krutetskaya, Z. I, Milenina, L. S., Antonov, V. G., & Nozdrachev, A. D. (2019, September).
Sigma-1 receptor agonist amitriptyline inhibits store-dependent Ca2+ entry in
macrophages. In Doklady Biochemistry and Biophysics (Vol. 488, No. 1, pp. 307-310). Pleiades
Publishing. https://doi.org/10.1134/S1607672919050041

Kwon, Y., Bang, Y., Moon, S. H., Kim, A., & Choi, H. J. (2020). Amitriptyline interferes with
autophagy-mediated clearance of protein aggregates via inhibiting autophagosome
maturation in neuronal cells. Cell Death & Disease, 11(10), 1-17. https://doi.org/10.
1038/s41419-020-03085-6

Lu, D., Dong, D., Xie, Q., Li, Z., & Wu, B. (2018). Disposition of mianserin and cyclizine in
UGT2B10-overexpressing human embryonic kidney 293 cells: identification of UGT2B10 as
a novel N-glucosidation enzyme and breast cancer resistance protein as an N-glucoside
transporter. Drug Metabolism and Disposition, 46(7), 970-979. https://doi.org/10.1124/dmd.
118.080804

McClure, E. W., & Daniels, R. N. (2021). Classics in Chemical Neuroscience: Amitriptyline. ACS
Chemical Neuroscience, 12(3), 354-362. https://doi.org/10.1021/acschemneuro.0c00467

Nau, C., Seaver, M., Wang, S. Y., & Wang, G. K. (2000). Block of human heart hH1 sodium
channels by amitriptyline. Journal of Pharmacology and Experimental Therapeutics, 292(3),
1015-1023.

Norouzi, S., Ahmadi, R., & Pashapour, S. (2020). The cytotoxic effects of Tolmetin on evaluation
of Bax and Bcl2 genes expression level in cervical cancer cells (Hela). KAUMS Journal
(FEYZ), 24(1), 31-37. http://feyz.kaums.ac.ir/article-1-3950-en.html

Sim, J. A., & North, R. A. (2010). Amitriptyline does not block the action of ATP at human P2X4
receptor. British  Journal of Pharmacology, 160(1), 88-92. https://doi.org/10.1111/j.1476-
5381.2010.00683.x

Vol. 5 (3): 405-412, 2022 Journal of Biological Studies 411



The effects of amitriptyline on HEK293 cells and proliferation in vitro Dehghani et al.,

Slamon, N. D., & Pentreath, V. W. (1998). A comparison of the acute and chronic effects of
antidepressants in cultured C6 and 1321N1 cells. Alternatives to Laboratory Animals, 26(3),
303-319. https://doi.org/10.1177/026119299802600306

Uchaipichat, V., Mackenzie, P. I, Elliot, D. J., & Miners, ]J. O. (2006). Selectivity of substrate
(trifluoperazine) and inhibitor (amitriptyline, androsterone, canrenoic acid, hecogenin,
phenylbutazone, quinidine, quinine, and sulfinpyrazone)“probes” for human UDP-
glucuronosyltransferases. Drug Metabolism and Disposition, 34(3), 449-456. https://doi.org/10.
1124/dmd.105.007369

Villatoro-Gomez, K., Pacheco-Rojas, D. O., Moreno-Galindo, E. G., Navarro-Polanco, R. A,
Tristani-Firouzi, M., Gazgalis, D., Cui, M., Sanchez-Chapula, J. A., & Ferrer, T. (2018).
Molecular determinants of Kv7. 1/KCNE1 channel inhibition by amitriptyline. Biochemical
Pharmacology, 152, 264-271. https://doi.org/10.1016/j.bcp.2018.03.016

Vol. 5 (3): 405-412, 2022 Journal of Biological Studies 412



