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Introduction
The immune system plays an important role in the protection of the 
body against harmful microorganisms and toxins [1]. Immunotoxi-
cants are environmental contaminants and drugs that disrupt the 
immune system’s balance and cause damage to living organisms [2]. 
Common environmental agents that contribute to immune deficien-

cy are stress, some bacterial and fungal toxins, pesticides, alcohol 
and tobacco abuse, or pharmaceuticals such as antibiotics, chemo-
therapeutic agents, birth control pills, and neuropsychiatric drugs 
[3–5].

The atypical antipsychotics risperidone is FDA-approved first-
line therapy for the treatment of schizophrenia, bipolar disorder, 
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ABStR Act

Risperidone is an atypical antipsychotic drug used for the phar-
macotherapy of psychiatric disorders. Some reports indicate 
that risperidone is toxic to various systems of the body, includ-
ing the immune system. This study evaluated the toxicity effect 
of risperidone on human blood lymphocytes. To achieve this 
aim, lymphocytes were isolated using Ficoll paque plus. The 
results showed that risperidone (12, 24 and 48 nM) causes toxi-
city in human blood lymphocytes by increasing the level of 
intracellular reactive oxygen species (ROS), damage to lysoso-
mal membrane, the collapse of the mitochondrial membrane 
potential (MMP), and increased extracellular oxidized glu-
tathione (GSSG). Also, exposure of human blood lymphocytes 
to risperidone is associated with a decrease in intracellular 
glutathione (GSH) levels. Finally, it could be concluded that 
oxidative stress is one of the mechanisms of risperidone-in-
duced toxicity in human blood lymphocytes.
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and irritability associated with autism [6]. This medication may pre-
sent a different set of adverse effects, including weight gain, car-
diotoxicity, tardive and withdrawal dyskinesia, iron deficiency ane-
mia, pituitary tumors, hyperprolactinemia, diabetes mellitus, and 
hyperlipidemia [7]. Clinical reports showed that risperidone treat-
ed patients are more susceptible to infections. Furthermore, labo-
ratory studies reported immunosuppression, myeloid dysplasia in 
the bone marrow, and thymus involution by the risperidone, how-
ever, the exact molecular mechanisms for risperidone-associated 
immune dysregulation are unknown [8, 9].

Previous studies have shown that risperidone can cause cyto-
toxicity. The cytotoxicity induced by risperidone can be caused by 
an increase in the level of reactive oxygen species (ROS) and also 
dysfunction of vital organs including mitochondria and lysosomes. 
In addition, risperidone has the ability to decrease the level of in-
tracellular antioxidant enzymes, including glutathione (GSH), and 
increase the level of lipid peroxidation (LPO). These events indicate 
oxidative stress [10–12]. Reports indicate that some antipsychotic 
drugs, such as risperidone, have the ability to inhibit and impair mi-
tochondrial electron transport chain (mETC) function. Also, risp-
eridone has higher toxicity effects on the mitochondrial than other 
atypical antipsychotics [11, 13, 14]. Mitochondria are known as one 
of the essential organelle that play a role in many physiological 
functions. In addition, its dysfunction is associated with many con-
sequences, including an increase in the level of ROS and the induc-
tion of apoptosis [15–17].

In previous research, the cellular and molecular mechanism(s) 
of risperidone-induced human blood lymphocytes toxicity has not 
been evaluated. Therefore, the aim of our in-vitro study was to eval-
uate the toxic effect of risperidone on human blood lymphocytes 
by evaluating cytotoxicity, intracellular ROS generation, collapse 
of mitochondrial membrane potential (MMP), lysosomal mem-
brane damage, intracellular reduced GSH and extracellular oxidized 
glutathione (GSSG).

Materials and Methods

Chemicals
3-(4, 5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
(MTT), 2 ′,7 ′-dichlorofuorescin diacetate (DCFH-DA), acridine or-
ange, Rhodamine 123 (Rh 123) and dimethyl sulfoxide (DMSO) 
were purchased from Sigma (St. Louis, MO USA) (Cambridge. UK). 
Furthermore, all materials used in this study were purchased with 
the analytical grade.

Blood samples and ethics statement
The study obtained ethical approval from the Shahid Beheshti Uni-
versity of Medical Science Ethics Committee (ID Number: IR.SBMU.
PHARMACY.REC.1397.062). Lymphocytes were obtained from 20 
healthy, non-smoking volunteers in the age range of 18 to 30 years 
old, who showed no signs of infection disease symptoms. After be-
coming aware of our investigation donors are asked to fill out the 
approval form.

Isolation of Human Lymphocytes
Human Blood lymphocytes were isolated using the Ficoll standard 
method with some modification from fasting blood collected from 
volunteer donors. Five milliliters of the whole blood was diluted 1:1 
with PBS and layered on Ficoll paque plus, centrifuged for 20 min 
at 2500 rpm, and lymphocytes layer were collected, suspended in 
erythrocyte lysis, and incubated for 5 min at 37°C. The gradient-
separated lymphocytes were diluted 1:1 with PBS and centrifuged 
a second time at 1500 rpm for 10 minutes. The supernatant was 
eliminated, and the cells were washed twice with RPMI1640 with 
L-Glutamine and 10 % fetal bovine serum (FBS) at 2000 × g for 7 min. 
The cells were re-suspended in RPMI1640 medium with L-glu-
tamine and 10 % FBS. Cell viability was determined using the tryp-
an blue dye exclusion method, and only cell suspensions with via-
bilities of more than 96 % were maintained at 37°C in a humidified 
atmosphere with 5 % CO2. The lymphocyte density used in the ex-
periments was 10 × 106 cells/ml [18].

Cell Viability Assay
The cell viability of isolated human lymphocyte was assessed by 
MTT staining. Lymphocytes were plated onto 96 well plate (1 × 104 
cells/ml) and incubated with risperidone at concentrations of 12.5, 
25, 50, 100, and 200 nM for 6 hours for assessing probable cytotoxi-
city. In the following, MTT (20 µl) was added to each well and incu-
bated for an additional 4 hours at 37°C. The purple-blue MTT 
formazan precipitate was dissolved in DMSO (100 µL) and the ab-
sorbance was measured at 570 nm on ELISA reader [19].

ROS level assay
The intracellular ROS level was measured using DCFH-DA probe. 
Human blood lymphocytes were treated with risperidone at con-
centrations of 12, 24 and 48 nM for 2, 4, and 6 hours. Then, the me-
dium was replaced by 10 µmol DCFH-DA containing medium, after 
15 min incubation, the medium was removed, then, the cells were 
rinsed twice with PBS. The fluorescence intensity (DCFH-DA) was 
measured by f luorescence spectrophotometer (Shimadzu 
RF5000U) at the excitation wavelength of 495 nm and the emission 
wavelength of 530 nm [20].

Lysosomal membrane damage assay
Human blood lymphocyte lysosomal membrane integrity was as-
sessed by redistribution of the lipophilic dye acridine orange. 
Human blood lymphocytes were treated with risperidone (12, 24 
and 48 nM) for 2, 4, and 6 hours. Then, the medium was replaced 
by an acridine orange (5 µM). After 10 min incubation, the fluores-
cence intensity (acridine orange) was measured by fluorescence 
spectrophotometer (Shimadzu RF5000U) at the excitation wave-
length of 470 nm and the emission wavelength of 540 nm [21].

MMP collapse assay
The alteration in the MMP collapse in human blood lymphocytes 
was measured by using the cationic fluorescent dye Rh123. Human 
lymphocytes were treated with risperidone (12, 24 and 48 nM) for 
2, 4, and 6 hours. In the following, the medium was replaced by 
Rh123 (1 µmol), and after 15 min incubation the medium was re-
movedand the cells were rinsed twice with PBS. The fluorescence 
intensity (Rh 123) was measured by fluorescence spectrophotom-
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eter (Shimadzu RF5000U) at the excitation wavelength of 470 nm 
and the emission wavelength of 540 nm [22, 23].

GSH and GSSG levels assay
After treatment of human blood lymphocytes with risperidone (12, 
24 and 48 nM), cells were lysed with 0.5 ml of TCA 10 % and centri-
fuged at 11,000 × g for 2 min. For evaluation of GSH, the superna-
tant was diluted with phosphate-EDTA buffer and incubated with 
100 µl of the o-phthalaldehyde (OPT) solution for 15 min at room 
temperature. For determination of GSSG, the supernatant of the 
cells was diluted with NaOH 0.1 N solution and before incubation 
with OPT, 200 µl of Nethylmaleimide [24] solution was incubated 
with supernatant for 30 min. The fluorescence intensity was meas-
ured by UV spectrophotometer (Shimadzu RF5000U) at the exci-
tation wavelength of 350 nm and the emission wavelength of 
420 nm [25, 26].

Statistical analysis
Results are presented as mean ± SD (n = 3). Statistical significance 
was determined using the one-way and two-way ANOVA tests, fol-
lowed by the post hoc Tukey and Bonferroni tests, respectively. Sta-
tistical significance was set at P < 0.05. One-way ANOVA test was 
used for the assessment of cell viability. Furthermore, two-way 
ANOVA test was used for the assessment of ROS generation, MMP 
collapse, lysosomal membrane integrity, and GSH and GSSG con-
tent.

Results

Risperidone decreased cell viability
After 6 hours of exposure, risperidone at concentrations of 12.5, 
25, 50, 100 and 200 nM was able to reduce cell viability in human 
blood lymphocytes. The reduction in cell viability occurred in a con-
centration-dependent pattern (▶Fig. 1). According to the MTT 
test, the IC50 concentration was 48 nM. For subsequent experi-

ments, IC50 concentration (48 nM) and lower concentrations (12 
and 24 nM) of it were used.

Risperidone increased ROS level
Initially, ROS levels were assessed in human blood lymphocytes at 
2, 4, and 6 hours after risperidone exposure (12, 24 and 48 nM). As 
shown in ▶Fig. 2, risperidone was able to increase the level of ROS 
in human lymphocytes at all concentrations (12, 24 and 48 nM) and 
exposure times (2, 4 and 6 hours). The results showed a positive 
correlation between exposure of human lymphocytes to risperi-
done and an increase in the level of ROS (▶Fig. 2).

Risperidone induced lysosomal membrane damage
In ▶Fig. 3, the results showed that risperidone in a concentration 
(12, 24 and 48 nM) and time (2, 4 and 6 hours) dependent pattern 
caused damage to the lysosomal membrane in human blood lym-
phocytes. An increase in fluorescence intensity indicates damage 
to the lysosome membrane (▶Fig. 3).

Risperidone induced MMP collapse
In the following, MMP collapse were assessed in human blood lym-
phocytes at 2, 4, and 6 hours after risperidone exposure (12, 24 
and 48 nM). As shown in ▶Fig. 4, risperidone was able to increase 
the MMP collapse in human lymphocytes at all concentrations (12, 
24 and 48 nM) and exposure times (2, 4 and 6 hours) (▶Fig. 4).

Risperidone increased GSH level and decreased GSSG 
level
In ▶Fig. 5, the results showed that risperidone in a concentration 
(12, 24 and 48 nM) and time (2, 4 and 6 hours) dependent pattern 
decreased the GSH level in human blood lymphocytes. On the other 
hand, risperidone in all concentrations and times used has been 
able to increase the level of extracellular GSSG (▶Fig. 6).

Discussion
Atypical antipsychotic medications such as risperidone are widely 
prescribed for diverse psychiatric indications including schizophre-
nia, bipolar disorder, and depression. These medications have com-
plex pharmacology and are associated with significant side effects 
[27]. The adverse effects, involving immune alterations, caused by 
risperidone have been widely studied. Clinical reports indicate that 
patients treated with the risperidone are more susceptible to in-
fections. It seems the bone marrow compartment may be a key 
target of risperidone and its active metabolite, paliperidone, re-
sulting in immunosuppression, myeloid dysplasia, leukopenia, neu-
tropenia, lymphopenia, and thrombocytopenia.

Since the aim of this in vitro study was to investigate the effects 
of risperidone-induced toxicity on human blood lymphocytes, pa-
rameters such as cytotoxicity, level of ROS, collapse in the MMP, 
damage to lysosomal membrane, GSH and GSSG level were evalu-
ated. Evidence showing the relationship between risperidone and 
decrease in platelet-associated antibodies titers, inhibition of 
phagocytosis and development of acute eosinophilic pneumonia. 
Furthermore, immune function pathways related to T cell matura-
tion/differentiation were among the most heavily impacted by ris-
peridone treatment, strongly suggesting that reduced plasma con-
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▶Fig. 1 Risperidone and of human blood lymphocytes viability. Cell 
viability determined by MTT assay after exposure of human blood 
lymphocytes with risperidone (12.5, 25, 50, 100 and 200 nM) for 
6 hour ( ***p < 0.001 vs control group).
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centrations of multiple cytokines and immune modulators is a 
mechanism for the risperidone induced immunosuppression 
[28, 29]. Previous experimental evidences have established risperi-
done can damage to the different cells by inducing oxidative stress 
[10, 11, 24].

Lymphocytes are the important cells of the immune system as 
they recognize the foreign antigens and mount an immune re-
sponse; an increase or decrease in the number of these cells can 
lead to impaired immune system homeostasis [30]. At first and ac-
cording to the MTT test results, risperidone (25, 50, 100, and 
200 nM) leads to a decrease in human blood lymphocytes viability. 
The IC50 of risperidone was 48 nM. A decrease in the lymphocytes 
viability might be associated with the direct toxicity of risperidone. 
These results are consistent with previous studies that have shown 
that risperidone has cytotoxicity on isolated hepatocytes [11]. Pre-

vious studies have shown that exposure of isolated hepatocytes to 
risperidone is associated with an increase in ROS generation, and 
this drug has been suggested as a ROS generator [11]. The results 
showed that risperidone increased the level of ROS in mitochondria 
at all concentrations and times used.

It is possible that the ROS generated by risperidone could inhib-
it the function of immune cells as a result of the peroxidation of li-
pids in membranes, which could then result in decrease of mem-
brane integrity and impairment reactions of lymphocytes. In a most 
cell types, mitochondrial ROS are generated by the respiratory 
chain. Also, mitochondria are known as the most important source 
of ROS generation in cells. The balance of ROS is maintained by cel-
lular processes that are involved in regulating its generation and 
antioxidant defense. The increase in the level of ROS is associated 
with the process of oxidative stress. This process is associated with 

▶Fig. 2 Risperidone and human blood lymphocytes ROS level. ROS level determined by DCFH-DA probe after exposure of human blood lympho-
cytes with risperidone (12, 24 and 48 nM) for 2, 4 and 6 hours ( ****p < 0.0001 vs control group).

▶Fig. 3 Risperidone and lysosomal damage in human blood lymphocytes. Lysosomal damage determined by acridine orange probe after exposure 
of human blood lymphocytes with risperidone (12, 24 and 48 nM) for 2, 4 and 6 hours ( **p < 0.01 and  ****p < 0.0001 vs control group).
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irreversible consequences in different cells [31–33].The GSH is a 
tri-peptide that plays critical roles in important biological functions, 
including antioxidant defense and regulation of intracellular redox 
homeostasis. So, cellular decrease of GSH levels and increase of ox-
idized GSSG were evaluated as the indicator of oxidative stress. Our 
study showed a decrease in GSH levels and an increase in GSSG lev-
els in risperidone-exposed lymphocytes., which is in line with pre-
vious studies [10, 11].

Mitochondrial dysfunction is defined as decreased mitochon-
drial biogenesis, altered membrane potential, and the fall in mito-
chondrial number and changed activities of oxidative proteins due 
to the accumulation of ROS in cells and tissue [34]. This study indi-
cated that treatment of lymphocytes with risperidone lead to MMP 
collapse. These results are in agreement with previous studies that 

reported antipsychotic medications such as risperidone are potent 
mitochondrial toxicants by inhibition mETC function and collapse 
in mitochondria [35–37]. Furthermore, the results showed that ris-
peridone caused damage to the lysosome membrane in treated 
lymphocytes. Lysosomal damages are associated with ROS espe-
cially superoxide radicals and hydrogen peroxide. Available a high 
iron (ferruginous) pool in the lysosomes, allows reactions yielding 
powerful oxidative species such as highly reactive hydroxyl radical’s 
generation via Fenton-type reaction leads to LPO of membrane and 
lysosomes leakiness with subsequent release of the its digestive 
proteases. This destructive pathway leads to augmentation of oxi-
dative stress from mitochondria and redox-active iron-rich lys-
osomes [38].

▶Fig. 4 Risperidone and MMP collapse in human blood lymphocytes. MMP collapse determined by Rh 123 probe after exposure of human blood 
lymphocytes with risperidone (12, 24 and 48 nM) for 2, 4 and 6 hours ( ****p < 0.0001 vs control group).

▶Fig. 5 Risperidone and GSH level in human blood lymphocytes. GSH level determined after exposure of human blood lymphocytes with risperi-
done (12, 24 and 48 nM) for 2, 4 and 6 hours ( ****p < 0.0001 vs control group).
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Conclusion
Finally, it could be concluded that risperidone causes mitochondri-
al and lysosomal damage and triggers oxidative stress in human 
blood lymphocytes.

Acknowledgements
This research was supported by Shahid Beheshti University of Med-
ical Sciences, Tehran, Iran.

Conflict of Interest

The authors declare that there is no conflicts of interest.

References

[1] Chaplin DD. Overview of the immune response. Journal of Allergy and 
Clinical Immunology 2010; 125: S3–S23

[2] Raju S, Kavimani S, Rao UMV et al. Immunotoxicants, Immunotoxicity 
and Immunotoxicity testing: An outline of in-vitro alternatives. Journal 
of Current Pharma Research 2011; 1: 341

[3] Shirani K, Zanjani BR, Mahmoudi M et al. Immunotoxicity of aflatoxin 
M1: as a potent suppressor of innate and acquired immune systems in 
a subacute study. Journal of the Science of Food and Agriculture 2018; 
98: 5884–92.

[4] Ray S, Mukherjee S, Bhunia NS et al. Immunotoxicological threats of 
pollutants in aquatic invertebrates. Emerging Pollutants in the 
Environment-Current and Further Implications InTech, Croatia 2015; 
149–165

[5] Thompson PA, Khatami M, Baglole CJ et al. Environmental immune 
disruptors, inflammation and cancer risk. Carcinogenesis 2015; 36: 
S232–S253

[6] Chopko TC, Lindsley CW. Classics in chemical neuroscience: 
risperidone. ACS chemical neuroscience 2018; 9: 1520–1529

[7] Oshikoya KA, Carroll R, Aka I et al. Adverse Events Associated with 
Risperidone Use in Pediatric Patients: A Retrospective Biobank Study. 
Drugs-real world outcomes 2019; 6: 59–71

[8] May M, Beauchemin M, Vary C et al. The antipsychotic medication, 
risperidone, causes global immunosuppression in healthy mice. PloS 
one 2019; 14: e0218937–e0218937

[9] Motyl KJ, Beauchemin M, Barlow D et al. A novel role for dopamine 
signaling in the pathogenesis of bone loss from the atypical 
antipsychotic drug risperidone in female mice. Bone 2017; 103: 
168–176

[10] Bilgiç S, Korkmaz DT, Azirak S et al. Risperidone-induced renal damage 
and metabolic side effects: the protective effect of resveratrol. 
Oxidative medicine and cellular longevity 2017; 2017: 8709521 

[11] Eftekhari A, Ahmadian E, Azarmi Y et al. In vitro/vivo studies towards 
mechanisms of risperidone-induced oxidative stress and the protective 
role of coenzyme Q10 and N-acetylcysteine. Toxicology mechanisms 
and methods 2016; 26: 520–528

[12] Görmüş G, Ilgın S, Baysal M et al. Risperidone induced reproductive 
toxicity in male rats targeting leydig cells and hypothalamic-pituitary-
gonadal axis by inducing oxidative stress. Andrologia 2021; 53: 
e13813

[13] Chan K, Truong D, Shangari N et al. Drug-induced mitochondrial 
toxicity. Expert Opin Drug Metab Toxicol 2005; 1: 655–669

[14] Modica-Napolitano JS, Lagace CJ, Brennan WA et al. Differential effects 
of typical and atypical neuroleptics on mitochondrial functionin vitro. 
Archives of pharmacal research 2003; 26: 951–959

[15] Bock FJ, Tait SW. Mitochondria as multifaceted regulators of cell death. 
Nature reviews Molecular cell biology 2020; 21: 85–100

[16] Hasnat M, Yuan Z, Ullah A et al. Mitochondria-dependent apoptosis in 
triptolide-induced hepatotoxicity is associated with the Drp1 
activation. Toxicology mechanisms and methods 2020; 30: 124–33.

[17] Hernansanz-Agustín P, Enríquez JA. Generation of reactive oxygen 
species by mitochondria. Antioxidants 2021; 10: 415

[18] Bøyum A. Isolation of lymphocytes, granulocytes and macrophages. 
Scandinavian journal of immunology 1976; 5: 9–15

[19] Mosmann T. Rapid colorimetric assay for cellular growth and survival: 
application to proliferation and cytotoxicity assays. J Immunol 
Methods 1983; 65: 55–63

▶Fig. 6 Risperidone and GSSG level in human blood lymphocytes. GSSG level determined after exposure of human blood lymphocytes with risperi-
done (12, 24 and 48 nM) for 2, 4 and 6 hours ( **p < 0.01 and  ****p < 0.0001 vs control group).

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



Yousefsani BS et al. Risperidone Toxicity on Human … Drug Res 2022; 72: 343–349 | © 2022. Thieme. All rights reserved. 349

[20] Halliwell B, Whiteman M. Measuring reactive species and oxidative 
damage in vivo and in cell culture: how should you do it and what do 
the results mean?  British journal of pharmacology 2004; 142: 
231–255

[21] Salimi A, Vaghar-Moussavi M, Seydi E et al. Toxicity of methyl 
tertiary-butyl ether on human blood lymphocytes. Environmental 
Science and Pollution Research 2016; 23: 8556–8564

[22] Baracca A, Sgarbi G, Solaini G et al. Rhodamine 123 as a probe of 
mitochondrial membrane potential: evaluation of proton flux through 
F0 during ATP synthesis. Biochimica et Biophysica Acta (BBA) – 
Bioenergetics 2003; 1606: 137–146

[23] Salimi A, Pirhadi R, Jamali Z et al. Mitochondrial and lysosomal 
protective agents ameliorate cytotoxicity and oxidative stress induced 
by cyclophosphamide and methotrexate in human blood lymphocytes. 
Human & experimental toxicology 2019; 38: 1266–1274

[24] Görmüş G, Ilgın S, Baysal M et al. Risperidone induced reproductive 
toxicity in male rats targeting leydig cells and hypothalamic-pituitary-
gonadal axis by inducing oxidative stress. Andrologia 2021; 53: 
e13813

[25] Hissin PJ, Hilf R. A fluorometric method for determination of oxidized 
and reduced glutathione in tissues. Anal Biochem 1976; 74: 214–226

[26] Kiani A, Yousefsani BS, Doroudian P et al. The mechanism of 
hepatotoxic effects of sodium nitrite on isolated rat hepatocytes. 
Toxicology and Environmental Health Sciences 2017; 9: 244–250

[27] Ananth J, Parameswaran S, Gunatilake S. Side effects of atypical 
antipsychotic drugs. Current pharmaceutical design 2004; 10: 
2219–2229

[28] May M, Beauchemin M, Vary C et al. The antipsychotic medication, 
risperidone, causes global immunosuppression in healthy mice. PLoS 
One 2019; 14: e0218937

[29] Alvarez-Herrera S, Escamilla R, Medina-Contreras O et al. 
Immunoendocrine Peripheral Effects Induced by Atypical 
Antipsychotics. Frontiers in endocrinology 2020; 11: 195

[30] Pourahmad J, Salimi A. Isolated Human Peripheral Blood Mononuclear 
Cell (PBMC), a Cost Effective Tool for Predicting Immunosuppressive 
Effects of Drugs and Xenobiotics. Iran J Pharm Res 2015; 14: 979–980

[31] Scialò F, Fernández-Ayala DJ, Sanz A. Role of Mitochondrial Reverse 
Electron Transport in ROS Signaling: Potential Roles in Health and 
Disease. Front Physiol 2017; 8: 428

[32] Simpson DSA, Oliver PL. ROS Generation in Microglia: Understanding 
Oxidative Stress and Inflammation in Neurodegenerative Disease. 
Antioxidants (Basel) 2020; 9: 743

[33] Umeno A, Biju V, Yoshida Y. In vivo ROS production and use of 
oxidative stress-derived biomarkers to detect the onset of diseases 
such as Alzheimer’s disease, Parkinson’s disease, and diabetes. Free 
Radic Res 2017; 51: 413–427

[34] Bhatti JS, Bhatti GK, Reddy PH. Mitochondrial dysfunction and 
oxidative stress in metabolic disorders – A step towards mitochondria 
based therapeutic strategies. Biochimica et Biophysica Acta (BBA) 
- Molecular Basis of Disease 2017; 1863: 1066–1077

[35] Casademont J, Garrabou G, Miró O et al. Neuroleptic treatment effect 
on mitochondrial electron transport chain: peripheral blood 
mononuclear cells analysis in psychotic patients. J Clin 
Psychopharmacol 2007; 27: 284–288

[36] Martins MR, Petronilho FC, Gomes KM et al. Antipsychotic-induced 
oxidative stress in Rat Brain. Neurotoxicity Research 2008; 13: 63–69

[37] Cikánková T, Fišar Z, Bakhouche Y et al. In vitro effects of 
antipsychotics on mitochondrial respiration. Naunyn Schmiedebergs 
Arch Pharmacol 2019; 392: 1209–1223

[38] Zdolsek JM, Svensson I. Effect of reactive oxygen species on lysosomal 
membrane integrity. Virchows Archiv B 1993; 64: 401

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.


