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Abstract. – OBJECTIVE: Aripiprazole, risper-
idone, atomoxetine, and methylphenidate are 
drugs commonly prescribed for many psychiatric 
conditions and can be used alone or in combina-
tion in children and adolescents. This study aimed 
to investigate comparatively the possible geno-
toxic effects or genoprotective potentials of these 
drugs on human lymphocytes and HepG2 cells. 

MATERIALS AND METHODS: Cytotoxicity 
analysis was performed with the cell viability test 
on human lymphocytes and HepG2 cells, and 
half-maximal inhibitory concentration (IC50) val-
ues of the drugs were determined, and three dif-
ferent doses (¼ IC50, ½ IC50, and IC50) were applied 
for genetic analysis. For the determined doses, 
cells with and without DNA damage were exam-
ined by comet analysis.

RESULTS: In lymphocytes, aripiprazole and 
risperidone increased DNA damage at moder-
ate and maximum doses, whereas atomoxe-
tine increased DNA damage only at the maxi-
mum dose. In HepG2 cells, risperidone reduced 
DNA damage at all doses, while atomoxetine in-
creased DNA damage at all doses. On the other 
hand, in the DNA-damaged cells induced by hy-
drogen peroxide (H2O2), DNA damage decreased 
at all concentrations of all drugs in both lympho-
cytes and HepG2 cells.

CONCLUSIONS: As a result, the genotoxicity 
of the drugs was found to be dose-dependent, 
and all drugs showed a genoprotective effect on 
DNA-damaged cells. 
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Introduction

The psychopharmacological approach is the 
primary treatment for many psychiatric symptoms 

and disorders in children and adolescents, such 
as psychotic disorders, mood disorders, atten-
tion deficit and hyperactivity disorder (ADHD), 
aggression, irritability, and disruptive behavior 
problems1. One of the main features of childhood 
and adolescence is continued brain maturation2. 
Therefore, the safety of psychopharmacological 
agents in clinical practice has always been an 
important issue in treatment selection.

Methylphenidate and atomoxetine are FDA-ap-
proved for the treatment of ADHD, while aripip-
razole and risperidone are drugs commonly used 
in the treatment of psychotic disorders with atyp-
ical antipsychotic properties. Methylphenidate is 
a stimulant that increases dopaminergic and nor-
adrenergic signals in the brain and is thought to 
have this effect through its cognition-enhancing 
properties. Methylphenidate exerts its effects on 
dopamine and norepinephrine transport3. Block-
ade of these neurotransmitter transporters reduc-
es neurotransmitter uptake from the presynaptic 
area, resulting in increased mean neurotransmit-
ter concentrations in the synaptic cleft3. Atom-
oxetine is the first and only non-stimulant drug 
in the treatment of ADHD. Atomoxetine is a 
selective norepinephrine transporter inhibitor4. 
Aripiprazole and risperidone are included in 
the new generation atypical antipsychotic drug 
group. Risperidone is a potent antagonist of the 
dopamine D2 receptor and serotonin 5-HT2A 
receptors and has a high affinity for noradren-
aline α1 and α2 receptors5. Aripiprazole differs 
from other antipsychotics with its partial agonist 
feature. The drug has an antagonist effect on 
5-HT2A receptors and a partial agonist effect on 
serotonin dopamine D2 receptors and serotonin 
5-HT1A receptors6,7.

European Review for Medical and Pharmacological Sciences 2024; 28: 1356-1365

S.K. SEZER1, S. YUKSEL1, I. UCUZ2

1Department of Medical Biology and Genetics, Faculty of Medicine, Inonu University, Malatya, Turkey
2Department of Child and Adolescent Psychiatry, Faculty of Medicine, Inonu University, Malatya,
 Turkey

Corresponding Author: Selcen Sezer, MD; e-mail: selcen.korkmaz@inonu.edu.tr

Genotoxic and genoprotective effects of 
some antipsychotic drugs, methylphenidate 
and atomoxetine on human lymphocytes 
and HepG2 cells



The genoprotective effects of antipsychotic and psychostimulant drugs

1357

Antipsychotics and ADHD drugs are long-
term drugs administered to countless patients. 
When evaluating the benefit and harm ratio of 
chronically used drugs, it should be taken into 
account that genotoxic and carcinogenic effects 
may also be among the side effects8,9. Existing 
and candidate drugs in preclinical studies in 
the drug development process must be tested 
for cytotoxicity and genotoxicity. The high 
prevalence of many childhood psychiatric dis-
orders, such as ADHD and psychotic disorders, 
and the increasing therapeutic use of methyl-
phenidate, atomoxetine, risperidone, and arip-
iprazole raise some concerns about their side 
effects and potential genotoxic effects due to 
long-term use10-16. On the other hand, import-
ant data are also available in the literature 
regarding the cytotoxic and potential genotoxic 
effects of antipsychotics on cancer cells. Exog-
enous serotonin has been reported17-21 to induce 
the proliferation of tumor cells when admin-
istered in vitro. In addition, cisplatin-based 
therapy is widely used in cancer treatment, 
but it has many side effects22-24. Therefore, 
researchers25,26 have focused on antipsychotic 
dopamine antagonists to treat cancers. The de-
tected anti-carcinogenic effects of antipsychot-
ics are promising in this respect. Despite the 
long-term use of these drugs, which are both 
worried about being damaging and reported 
to have protective properties, data10,11,13,26 on 
their genotoxic potential on human tissues is 
very limited. In addition, early detection of 
biomarkers such as DNA damage for the effects 
of chemicals and detection of selected signs of 
precancerous damage in the body can provide 
preventive measures and save lives25,26. So far, 
very few studies11,15,26 have been reported on 
the in vitro cyto/genotoxicity of these drugs in 
human cells. Investigating these drugs, espe-
cially in cancerous and healthy human cells, 
may help in the clinical use of drugs and even 
in adjusting the doses available for treatment 
in cancerous cells. This study was planned 
considering the lack of data on the cytotoxic/
genotoxic state induced by such psychophar-
macological agents. In the study, we examined 
the possible cytotoxic and genotoxic effects 
of methylphenidate, atomoxetine, risperidone, 
and aripiprazole on human lymphocytes and 
HepG2 cells. We also investigated whether 
various concentrations of these drugs have 
genoprotective potential against H2O2-induced 
genotoxicity in these cells. For this purpose, 

human peripheral lymphocytes were selected 
for healthy cells, and HepG2 cells were select-
ed to see their effects on cancerous cells. 

Lymphocytes are the general target cells of 
chemicals and drugs from a therapeutic point of 
view. The HepG2 cell line has been identified27,28 

as an early model for xenobiotic metabolism due 
to its ability to produce the majority of plasma 
proteins, CYP450 activity, biosynthetic properties 
similar to normal hepatocytes, and the ability 
to process used proteins (e.g., cytokine-IL6). 
Within the scope of the study, the appropriate 
doses of the drugs were determined, and the 
cytotoxic effects of the drugs on both healthy 
and cancerous cells were examined with the 
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetra-
zolium Bromide (MTT) test. The comet assay 
was performed to determine possible genetic 
damage, such as DNA single and double-strand 
breaks. In addition, the genoprotective aspects 
of the drugs on cells damaged by H2O2 and their 
comparisons were made.

Materials and Methods

Reagents
Methylphenidate [Ritalin, 10 mg; (Novartis 

Pharmaceuticals Corporation, East Hanover, 
NJ, USA) N06BA04, chemical formula: C14H-
19NO2 and Cas No. 113-45-1] and atomoxetine 
[Strattera, 10 mg; (Eli Lilly and Company, In-
dianapolis, Indiana, USA) N06BA09, chemical 
formula: C17H21NO and Cas No. 83015-26-3] 
were dissolved in the treatment medium. The 
aripiprazole [Abilify, 5 mg; (Otsuka Pharmaceu-
tical Corporation, London, England) N05AX12, 
chemical formula: C23H27Cl2N3O2 and Cas No. 
129722-12-9] and risperidone [Risperdal, 2 mg; 
(Johnson & Johnson Pharmaceutical, Beerse, 
Belgium) N05AX08, chemical formula: C23H-
27FN4O2 and Cas No. 106266-06-2] dissolved 
in dimethyl sulfoxide (DMSO) and the DMSO 
concentration of the final solution was lower 
than 1%. H2O2 was prepared in ddH2O. The 
chemical structures of aripiprazole, risperidone, 
atomoxetine, and methylphenidate are shown 
in Figure 129. Peripheral Blood Medium was 
purchased from Biological Industries (Haemek, 
Israel), while Superfrost 1.0- to 1.2-mm thick 
microscope slides were obtained from Menzel 
(Braunschweig, Germany). Methanol, acetic ac-
id, Phosphate-buffered saline (PBS), Ethidium 
Bromide (EtBr), High Melting Agarose (HMA), 
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Low Melting Agarose (LMA), Dulbecco’s Mod-
ified Eagle Medium (DMEM) and Trypsin Eth-
ylene Diamine Tetra Acetic Acid (EDTA) were 
purchased from Sigma-Aldrich (St. Louis, Mis-
souri, USA). Dimethyl sulfoxide (DMSO), peni-
cillin/streptomycin, and agarose were purchased 
from Thermo Fisher Scientific (Waltham, MA, 
USA). Giemsa and Entellan were purchased 
from Merck KGaA (Darmstadt, Germany). Fetal 
Bovine Serum (FBS) and L-glutamine were pur-
chased from Gibco-Invitrogen (Grand Island, 
NY and Scotland, UK). All other chemicals 
used were of analytical grade. All aqueous solu-
tions were prepared with distilled water.

Isolation and Culture of 
Human Lymphocytes

Lymphocyte cultures were prepared by isolat-
ing peripheral blood from four healthy volunteer 
donors (two men aged 24 and 27 years and two 
women aged 26 and 30 years). All subjects were 
nonsmokers and had no known recent exposure to 
genotoxic chemicals or radiation. Blood samples 
were collected in sterile heparinized tubes and 
isolated by lymphocyte density gradient centrif-
ugation (Histopaque 1077 - Sigma, Darmstadt, 
Germany). Five milliliters of the peripheral blood 
were diluted 1:1 with PBS and layered Histo-
paque 1077 plus, centrifuged for 30 min at 2,500 
RPM, and the lymphocyte layer was collected. 
The separated lymphocytes were diluted 1:1 with 
PBS and centrifuged a second time at 2,500 RPM 
for 30 minutes. The supernatant was eliminated, 
and the cells were washed twice with RPMI 1,640 
(10% FBS, 2 mM L-glutamine, 100 IU/mL pen-
icillin, and streptomycin). The cell viability was 

investigated by the trypan blue (Biological Indus-
tries, Kibbutz Beit Haemek, Israel) dye exclusion 
method. The number of cells capable of excluding 
dye was always above 90%.

HepG2 Cell Line Culture
HepG2 cell line (ATCC HB-8065), was grown 

in 25 cm2 flasks, 10% FBS, 1-2% penicillin, and 
streptomycin in a DMEM environment and 37°C 
- 5% CO2 incubator. All experiments with HepG2 
were performed with the second passages.

Cytotoxicity Assay
Cytotoxicity values of the drugs were de-

termined by the MTT assay, which shows cell 
viability. The IC50 value of the selected H2O2 for 
the positive control compared in practice was 
observed at 100 μM. In order to examine the cell 
viability of diluted drugs, 10 different dosages 
(10, 50, 100, 150, 200, 250, 300, 350, 400 and 
450 µg/mL) were applied to cell cultures. First, 
cells were removed from the surface by using 
0.25% trypsin-EDTA solution and counted with 
a Thoma counting chamber. The cells were 
seeded in 96-well plates (1 × 104 cells/well) in 
100 μl of the complete medium. Next, plates 
were incubated for 24 h at 37°C in an incubator 
with 5% CO2 before treatment. After the incuba-
tion period, the medium was removed, and the 
fresh control medium (0.1% DMSO in complete 
RPMI medium for lymphocytes and DMEM 
medium for HepG2 cells) or the drugs were 
added to a total culture volume of 0.1 mL/well. 
After incubating the plates for 24 h for the MTT 
assay, 0.01 mL of MTT reagent (1 μg/mL) was 
added to each well and incubated for 4 h at the 
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Figure 1. Chemical structure of aripiprazole (A), risperidone (B), atomoxetine (C), and methylphenidate (D).



The genoprotective effects of antipsychotic and psychostimulant drugs

1359

same conditions. At the end of the period, the 
MTT solution was removed, and 0.1 mL DMSO 
was added. The absorbance values were mea-
sured using a microplate reader (Thermo Scien-
tific Multiskan Go, Waltham, MA) at 550 nm. 
Control wells were considered 100% viable, and 
the IC50 value of each complex was calculated 
using the linear curve of concentration versus 
percent inhibition graph. Each drug was tested 
in triplicate experiments. Specific IC50 values 
(concentrations of the agent that inhibited 50% 
of viability) were determined by dose-response 
curves.

Groups and Drug Treatment Conditions
To examine the genotoxicity of diluted arip-

iprazole, risperidone, atomoxetine, and meth-
ylphenidate, they were added to cell cultures at 
three different concentrations (minimum dose: 
¼ × IC50, moderate dose: ½ × IC50 and maximum 
dose: IC50) for 24 hours before incubation. The 
administered drug doses were determined by 
a preliminary study on cell viability, and a re-
duction of approximately 50% (IC50) was found 
according to the MTT test. An untreated control 
was also created for each experiment. H2O2 (100 
μM) was used as a positive control for comet 
assays.

Genotoxicity Assay
Genotoxic effects and genoprotective effects of 

drugs were determined by alkaline comet assay 
in lymphocytes and HepG2 cells (1 × 104 cells). 
Comet analysis was performed by adapting the 
protocols of Singh and MIRCA30,31. Additionally, 
DNA damage was induced using 100 μM H2O2 in 
a serum-free medium. This concentration of per-
oxide was chosen because it produced significant 
amounts of DNA damage without destroying the 
cells. After treatment, the medium was removed, 
and the HepG2 cells were harvested using 0.25% 
trypsin-EDTA solution. Cells were then centri-
fuged at 1,000 RPM for 5 minutes, and the super-
natant was discarded. Single-cell suspended cells 
were obtained in a culture medium. 

Experiment Stages 
Preparation of slides

1% HMA gel was prepared in PBS buffer. 
When the HMA was in liquid form, it was dipped 
into the slides and removed, and a thin film layer 
was formed on the slide. Similarly, 0.5% LMA 
gel was prepared in PBS buffer at 70°C. Depend-
ing on the density of the cell pellet obtained, a 

certain amount was taken, brought to 37°C, and 
mixed with liquid LMA. The mixture was spread 
on previously prepared HMA slides with the help 
of a coverslip and allowed to freeze. After the 
preparation was completely frozen, the coverslip 
was carefully removed.

 
Lysis stage

Slides were placed horizontally in a cold lysis 
solution containing 2.5 M NaCl, 100 mM Na2ED-
TA, and 10 mM Tris (pH 10), and kept at +4°C for 
1 hour by covering the slides. 

Electrophoresis stage
After the lysis stage, the slides were placed in 

the electrophoresis tank, and fresh electrophore-
sis buffer (0.3 M NaOH and 1 mM EDTA (pH 
13) was added. It was left in the alkaline buffer 
for 20 minutes to separate the DNA chain. After 
the period, the cells in the buffer solution were 
run in an electrical field of 300 mA - 25 volts for 
25 minutes. All mentioned steps were carried out 
in the dark and at 4°C to prevent additional DNA 
damage. 

Neutralization stage
After the end of the electrophoresis process, 

the preparations were removed and neutralized 
with 0.4 M Tris buffer (pH 7.5) at +4°C for 15 
minutes. Then, the preparations were washed 
with 70% ethyl alcohol for 3 minutes. 

Staining stage
Prepared 2% EtBr solution was diluted ten 

times, and 0.03 mL was dropped on each slide 
and covered with a coverslip. Since the image 
would fade quickly, it was examined with a 
fluorescent microscope in a short time. Analysis 
stage

The stained slides were examined in a fluores-
cent microscope (BAB-TAM-F, Ankara, Turkey) 
in a dark environment, and the cells were ana-
lyzed by taking photographs with a 40× objec-
tive. To determine DNA damage in cells, two 
replicate slides were prepared for each treatment, 
and comet analysis of 50 random cells from each 
slide was evaluated in comet image analysis 
software (BAB Bs200Pro Image Processing and 
Analysis System, BAB Eng., Ankara, Turkey). In 
the comet assay, the total DNA (DNAC) resulting 
from the damage consisted of two parts: head and 
tail. The comet assay was evaluated by examin-
ing parameters such as DNA percentage in the 
head (% DNAH), DNA percentage in the tail (% 
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DNAT), tail length (TL), and tail moment (TM). 
Total damaged DNA was found by summing the 
percentage in the head and the percentage in the 
tail (DNAC = DNAH + DNAT). The percentage 
of DNA in the tail was found from the damaged 
DNA in the tail and the total DNA (% DNAT 
= 100 × DNAT/DNAC). These findings are ex-
pressed as the mean percentage of tail DNA (% 
DNAT) with a standard deviation32. The entire 
experiment was repeated three times.

Statistical Analysis
In the statistical analysis of the data, the Win-

dows for SPSS Version 21 (IBM Corp., Armonk, 
NY, USA) software program and interactive web 
software of the Inonu University Biostatistics 
Department were used. The normality of the da-
ta was evaluated with the Kolmogorov-Smirnov 
test. Data were summarized as mean ± standard 
deviation and standard error. One Way ANOVA 
and Kruskal-Wallis tests were used for compar-
isons between groups, and Conover and Tukey 
tests were used for paired comparisons. p < 0.05 
values were considered significant.

Results

Cytotoxicity of Drugs
To examine the cytotoxic effects of diluted 

drugs, 10 different dosages (10, 50, 100, 150, 
200, 250, 300, 350, 400, and 450 µg/mL) were 
applied to cell cultures. IC50 values of aripipra-
zole, risperidone, atomoxetine, and methylphe-
nidate were calculated in each cell group. The 
average IC50 value of the drugs for lymphocytes 
was calculated as 23.58 µg/mL, 24.45 µg/mL, 
and 20.56 µg/mL, respectively. The IC50 values 
of the drugs on the HepG2 cell line were calcu-
lated as 24.53µg/mL, 25.46 µg/mL, 21.28 µg/
mL, and 23.63 µg/mL, respectively. The IC50 
values of all treatment drugs were very close. 
The average value in lymphocytes was calcu-
lated as 22.3 µg/mL and in HepG2 cells as 23.7 
µg/mL. Cell viability results according to the 
average ¼ IC50 (5.6 µg/mL for lymphocytes and 
5.9 µg/mL for HepG2 cells), ½ IC50 (11.2 µg/
mL for lymphocytes and 11.8 µg/mL for HepG2 
cells), IC50 values (22.3 µg/mL for lymphocytes 
and 23.7 µg/mL for HepG2 cells) of the drugs 
are shown in Table I and II.

Table I. Cell viability assay (MTT) of minimum (min), moderate (mod), and maximum (max) concentrations on human 
lymphocytes. 

 Concentration Mean cell viability ± SD

Control 100.00 ± 0.00
100 µM H2O2    54.82 ± 5.09*

  Aripiprazole Risperidone Atomoxetine Methylphenidate

5.6 µg/mL (min) 96.91 ± 3.74 96.04 ± 4.32 93.60 ± 5.20 94.16 ± 3.53
11.2 µg/mL (mod) 89.84 ± 4.82 90.07 ± 4.64 86.44 ± 3.72 86.71 ± 3.45
22.3 µg/mL (max) 51.23 ± 6.37* 61.62 ± 5.46* 49.12 ± 4.63* 60.11 ± 5.11*

*Statistically significant difference from the control group (p < 0.05). SD: standard deviation.

Table II. Cell viability assay (MTT) of minimum (min), moderate (mod), and maximum (max) concentrations on HepG2 cells.

 Concentration Mean cell viability ± SD

Control 100.00 ± 0.00
100 µM H2O2    54.82 ± 5.09*

  Aripiprazole Risperidone Atomoxetine Methylphenidate

5.9 µg/mL (min) 96.82 ± 4.63 94.99 ± 4.55 94.36 ± 4.71 95.92 ± 3.52
11.8 µg/mL (mod) 91.00 ± 5.12 88.20 ± 5.47 81.94 ± 3.28 90.75 ± 3.68
23.7 µg/mL (max) 54.81 ± 6.17 60.74 ± 6.78 59.02 ± 4.91* 61.22 ± 4.1*

*Statistically significant difference from the control group (p < 0.05). SD: standard deviation.
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Genotoxic and Genoprotective 
Effects of Drugs

Genotoxic effects of aripiprazole, risperidone, 
atomoxetine, and methylphenidate were evaluat-
ed by comet assay. Drug doses of 5.6, 11.2, and 
22.3 µg/mL (minimum, moderate, and maximum 
doses) were applied for lymphocytes. In lym-
phocytes, aripiprazole and risperidone increased 
DNA damage at moderate and maximum dosages 
(p < 0.05). Methylphenidate was not effective for 
all doses, while atomoxetine was shown genotox-
ic effect only at maximum dosage. In addition, 
we examined the changes in the combined treat-
ment of H2O2 and drugs and compared it with the 
H2O2-only group to evaluate its genoprotective 
potential. H2O2 treatment resulted in a significant 
% DNAT increase in all cells. While the median 
value of % DNAT in lymphocytes was 30.35, it 
increased to 76.98 with a statistical increase with 
H2O2 treatment (p < 0.05). 

Genotoxic effects of drugs in the doses of 5.9, 
11.8, and 23.7 µg/mL (minimum, moderate, and 
maximum doses) were evaluated using the comet 
assay in HepG2 cells. According to the test re-

sults, DNA damage decreased in all risperidone 
treatment groups and increased in all atomoxe-
tine groups compared to the negative control (p < 
0.05). The genoprotective potential of drugs was 
evaluated by H2O2 treatment. While the median 
% DNAT value in untreated HepG2 cells was 
found to be 28.01, it was determined to be 78.03, 
with a significant increase as a result of H2O2 
treatment. As a result of combined application 
with H2O2, DNA damage decreased at all drug 
doses except for moderate and maximum doses 
of aripiprazole (p < 0.05) (Figure 2).

Discussion

This study was planned to demonstrate the 
possible cytotoxic/genotoxic effects of some 
drugs in the treatment of many childhood psy-
chiatric diseases and genoprotective effects on 
DNA-damaged cells. Antipsychotic, psychostim-
ulant, and stimulant drugs are used together or 
individually for long periods in many patients, 
especially in childhood. When evaluating the 

Figure 2. % DNAT values of aripiprazole (ARI), risperidone (RIS), atomoxetine (ATX) and methylphenidate (MPH) applied 
to human lymphocytes and HepG2 cells. A, Minimum dose (5.6 µg/mL for lymphocytes, 5.9 µg/mL for HepG2 cells. B, 
Moderate dose (11.2 µg/mL for lymphocytes, 11.8 µg/mL for HepG2 cells). C, Maximum dose (22.3 µg/mL for lymphocytes, 
23.7 µg/mL for HepG2 cells). *Statistically significant difference compared to the control group (p < 0.05). 
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benefit and risk ratio of drugs, it should be con-
sidered that they may also have cytotoxic and/
or genotoxic aspects among their side effects. 
It has been reported33,34 that this group of drugs 
has many systemic side effects when reached at 
high doses. Studies examining11,14,26 the in vitro 
genotoxic effects of such psychopharmacological 
drugs are quite limited.

The cytotoxic effects of the drugs were de-
termined by MTT cell viability analysis, and 
the genotoxic or genoprotective potentials were 
evaluated with the comet assay. As a result of 
MTT analysis, it was determined that the tested 
drugs decreased cell viability rates depending 
on the applied dose. Cell viability analyses25,35,36 
reported in the literature with both psychotic, 
psychostimulant, and non-stimulant drugs are 
reported to be compatible with our study. The 
drugs applied in the study showed an increase 
in cytotoxicity as the dose increased in both cell 
types. However, the most significant toxicity level 
was above 22 µg/mL for all drugs. These results 
suggest that low doses are relatively safe.

Comet assays of the drugs examined in our 
study were evaluated at three different con-
centrations according to their IC50 values. Ar-
ipiprazole and risperidone, second-generation 
psychotic drugs, increased DNA damage in 
lymphocytes at moderate and maximum dos-
es. Among psychostimulant and non-stimulant 
drugs, only the maximum dose of atomoxetine 
showed genotoxic effects. Additionally, to eval-
uate the genoprotective potential of aripiprazole, 
risperidone, atomoxetine, and methylphenidate, 
cells with DNA damage caused by H2O2 were 
then treated with drugs, and a comet assay was 
performed.

The question of the genotoxicity and/or geno-
protectivity of these drugs remains controver-
sial; some reports10,15,26,34 suggest that they are 
mutagenic, while others11,43,36,39 suggest that they 
are anti-mutagenic. Although the neuroprotec-
tive and genoprotective properties of the tested 
drugs have been reported in many studies43, 
there are also studies10,11,37 in the literature sug-
gesting that the drugs may be genotoxic and car-
cinogenic by reversing these properties depend-
ing on the increasing dose10,11,37. In our study, it 
was found that methylphenidate was not geno-
toxic; on the contrary, it showed genoprotective 
activity against DNA damage caused by H2O2 in 
human lymphocytes, and it was found to coin-
cide with the results of a previous genotoxicity 
study on methylphenidate10,14. However, other 

studies38 argue the opposite of this situation. For 
atomoxetine, cytotoxicity and genotoxicity stud-
ies in literature are very limited, and most of the 
studies39 emphasize the neuroprotective aspect 
of the drug. It is known that this group of drugs 
increases the amount of dopamine by blocking 
the dopamine transporter. Dopamine can be me-
tabolized by monoamine oxidase by producing 
highly reactive OH-radicals, and it is known that 
OH-radicals can initiate DNA damage40. This 
can be explained by the fact that drugs are in the 
structure of purines so that they can be added 
to the newly synthesized DNA chain during the 
replication. Due to the lack of -OH group in the 
structure of drugs, DNA synthesis may termi-
nate, or mutations, chromosomal aberrations, 
and formations such as comets may occur40,41. 
With these aspects, DNA damage can be ex-
pected from methylphenidate and atomoxetine. 
However, at the doses we applied in our study, 
significant DNA damage was observed only 
at the maximum dose of atomoxetine. Similar 
studies12,26 have been conducted for antipsychot-
ics. Some studies evaluated that aripiprazole had 
genotoxic and carcinogenic effects in both in 
vivo12 and in vitro12 studies in a dose-dependent 
manner12. On the other hand, there are also stud-
ies26 suggesting that aripiprazole and risperidone 
are not genotoxic. 

In our study, aripiprazole and risperidone 
increased the DNA damage in lymphocytes 
for moderate and maximum dosages. There 
are studies15,37 in the literature suggesting that 
chronic exposure to antipsychotic drugs (espe-
cially aripiprazole and risperidone) may cause 
different expressions of genes involved in tran-
scriptional regulation and chromatin remodeling 
through epigenetic regulations and may even 
affect the expression of genes with important 
roles, such as oxidative stress, apoptosis, and 
signal transduction37. However, some in vitro 
studies18,42 have reported that risperidone ad-
ministration is not hepatotoxic in liver cells and 
human lymphocyte cells. We also found that 
all applied doses of aripiprazole and risperi-
done significantly reduced DNA damage caused 
by H2O2 treatment in lymphocytes and HepG2 
cells. In the literature, it has been demonstrat-
ed43 that not only aripiprazole and risperidone, 
but also other second-generation antipsychotics 
have demonstrated measurable neuroprotective 
effects through multiple molecular mechanisms 
and often in a dose-dependent manner. There is 
a great deal of evidence44 that the cellular pro-
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tective properties of antipsychotic drugs exert 
cell protective properties by activating free rad-
ical scavenging enzymes in cells. We think that 
the drugs we examined have healing effects on 
DNA-damaged cells by activating DNA repair 
mechanisms or enzymes and antioxidants that 
clear free radicals in damaged cells.

Comet assay was performed on the HepG2 
cell line to determine the genotoxic effects 
of aripiprazole, risperidone, atomoxetine, and 
methylphenidate on cancer cells. We found that 
risperidone treatment reduced existing DNA 
damage, but atomoxetine treatment increased 
DNA damage. In addition, it was determined 
that all doses of application drugs except arip-
iprazole moderate and maximum doses signifi-
cantly reduced the DNA damage caused by H2O2 
in cancerous HepG2 cells. Recently, important 
data have been published19-21 about the potential 
genotoxic effects of antipsychotics as well as 
their cytotoxic properties on cancer cells. For ex-
ample, Hassani et al21 reported that aripiprazole 
increased the frequency of MN in gastric cancer 
cells and caused genetic damage, thus showing 
an anti-carcinogenic effect. There is a wide va-
riety of views on the molecular mechanisms of 
the anti-carcinogenic properties of drugs in the 
studied groups. Kim et al20 similarly suggest that 
aripiprazole induces apoptosis and suppresses 
migration in glioma cells through inhibition of 
src-kinase. Similarly, Suzuki et al19 reported 
that aripiprazole not only has growth inhibition 
and cytotoxicity activity in cancer cells but also 
inhibits sphere formation by stimulating differ-
entiation in non-cancerous stem cells and acts 
as a chemotropic agent by inactivating the ex-
pression of survival genes19. Anticancer activity 
through an antagonistic effect on the dopamine 
DRD2 receptor with antipsychotic drugs has 
been demonstrated in some studies39,45. It has 
been reported45 that the DRD2 antagonist ex-
erts its antitumor activity by partial activation 
of the cAMP/PKA pathway. The idea that the 
potential genotoxic effects of antipsychotics can 
be beneficial with their anticarcinogenic aspect 
gives hope.

Limitations
However, this is a preliminary study, and there 

are some limitations in evaluating the research 
results. The materials used here are not homo-
geneous drugs, and thawed commercial forms of 
the drugs are preferred to reflect clinical use.

Conclusions

It was determined that the drugs tested in 
our study, methylphenidate, atomoxetine, aripip-
razole, and risperidone, were genotoxic in cells 
only at maximum doses and also had genoprotec-
tive effects on genetically damaged cells. In ad-
dition to the experimental design of the study, it 
is thought that the findings may help in adjusting 
the clinical doses of these drugs and determining 
the duration of treatment in chronic use. 
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