Article published online: 2022-05-23

& Thieme

Risperidone Toxicity on Human Blood Lymphocytes in Nano molar

Concentrations

Authors

Bahareh Sadat Yousefsani'- 2, Ahmad Salimi3, Farnaz Imani?4, Maral Ramezani4, Kobra Shirani>, Enayatollah Seydi¢ 7,

Jalal Pourahmad*

Affiliations

1 Research Institute for Islamic and Complementary
Medicine, Iran University of Medical Sciences, Tehran,
Iran

2 School of Persian Medicine, Iran University of Medical
Sciences, Tehran, Iran

3 Department of Pharmacology and Toxicology, Faculty of
Pharmacy, Ardabil University of Medical Sciences,
Ardabil, Iran

4 Department of Pharmacology and Toxicology, Faculty of
Pharmacy, Shahid Beheshti University of Medical
Sciences, Tehran, Iran

5 Department of Toxicology, Faculty of Medical Sciences,
Tarbiat Modares University, Tehran, Iran

6 Department of Occupational Health and Safety Engineer-
ing, School of Health, Alborz University of Medical
Sciences, Karaj, Iran

7 Research Center for Health, Safety and Environment,
Alborz University of Medical Sciences, Karaj, Iran

Key words
Risperidone, Antipsychotic Agents, Immunotoxicity,
Oxidative Stress, Lysosomes, Mitochondria

received 23.02.2022
accepted 19.04.2022
published online 23.05.2022

Bibliography

Drug Res 2022; 72: 343-349

DOI 10.1055/a-1830-8701

ISSN  2194-9379

© 2022. Thieme. All rights reserved.
Georg Thieme Verlag, Riidigerstrae 14,
70469 Stuttgart, Germany

Correspondence

Enayatollah Seydi

Ph.D of Toxicology and Pharmacology
Department of Occupational Health Engineering
Alborz: University of Medical Sciences

Karaj

Iran

Tel.: +98(26)3464-3254, Fax: +98(26)3430-2090
enayat.seydi@yahoo.com

Jalal Pourahmad

Prof. of Toxicology and Pharmacology Faculty of Pharmacy
Shahid Beheshti University of Medical Sciences
14155-6153 Tehran

Iran

Tel.: +98(21)2255-8786, Fax:+98(21)8820-9620
j.pourahmadijaktaji@utoronto.ca

ABSTRACT

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.

Introduction

Theimmune 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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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°Cin a humidified
atmosphere with 5% CO,. The lymphocyte density used in the ex-
periments was 10% 108 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 x 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 pl) 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 pL) 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 nMfor 2, 4, and 6 hours. Then, the me-
dium was replaced by 10 umol DCFH-DA containing medium, after
15 minincubation, the medium was removed, then, the cells were
rinsed twice with PBS. The fluorescence intensity (DCFH-DA) was
measured by fluorescence 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 uM). 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 pmol), 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 x g for 2 min. For evaluation of GSH, the superna-
tant was diluted with phosphate-EDTA buffer and incubated with
100 pl 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 pl 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
420nm [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 ICso concentration was 48 nM. For subsequent experi-
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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
6hour (***p<0.001 vs control group).

ments, I1Csy 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 inimmunosuppression, 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. 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).

10000

8000

6000

4000

PPN L

an AEAR AER

2000

Fluorescence intensity unit

2h 4h
Time (h)

Control group

12 oM cocentration
24 nM cocentration
48 nM cocentration

6h

> 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).

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 IC5 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.

Itis 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 mostimportant 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
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> 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).
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> 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).

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 requlation 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 anincrease in GSSG lev-
elsin 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].
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> 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).

Conclusion

Finally, it could be concluded that risperidone causes mitochondri-
al and lysosomal damage and triggers oxidative stress in human
blood lymphocytes.
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