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Antipsychotic drugs (APDs) are prescribed for the treatment of psychiatric illness. However, these drugs can
also contribute to several developmental and behavioral disorders. Contemporary studies to evaluate the toxic
effects of numerous atypical antipsychotics are reported to cause behavioral alteration at variable doses in
mammals and nematodes. Risperidone, the second most prescribed drug in India, requires more exploration
of its adverse effects on humans. Here, we explore effects on feeding behavior and locomotion patterns due
to risperidone exposure in C. elegans model. The study targets to work out the toxic effects of risperidone expo-
sure on feeding and locomotion behavior in addition to the expected pharmacological effects.
N2 wild type strain was exposed in liquid culture assay for 2, 4, 6, 8, 10, and 12 hours with fixed 50 µM con-

centration. Feeding behavior was depleted due to inhibition in pharyngeal pumping varying from 11.05% ‐
45.67% in a time‐dependent manner. Results of locomotion assay also show time‐varying increase in reversals
(4.9%–34.03%) and omega bends (26.23%–62.17%) with reduction in turn counts (29.07%‐ 42.2%) and peri-
staltic speed (31.38%–42.22%) amongst exposed groups as to control. The present work shows behavioral
alterations due to risperidone exposure (50 µM) in C. elegans is in a time‐dependent manner. The study con-
cludes that risperidone exposure in C. elegans produces toxic effects with time, possibly caused by antagonizing
other receptors apart from serotonin (5‐H2T) and dopamine (D2) adding to its expected pharmacological
effects.
Introduction

Antipsychotic drugs (APDs) are increasingly being prescribed to
adolescents, children, and even pregnant women. These drug types
include tranquilizers and neuroleptics. They are mainly administered
to help tackle mental illness such as schizophrenia, bipolar disorder
and psychotic depression (Findling et al., 1998; Lanczik et al., 1998;
Yaeger et al., 2006; Zito et al., 2000). APDs bind to and block sero-
tonin & dopamine receptors, thereby producing neurodevelopmental
disorders (Donohoe et al., 2006). Also, studies show that they cause
several developmental defects such as convulsions (Stoner et al.,
1997), floppy infant syndrome (Lanczik et al., 1998) and lower devel-
opment scores (Yoshida et al., 1998). Visual distress has been reported
in monkeys due to the exposure of APDs (Ullberg et al., 1970) while
the exposure of APDs in rodents has been reported to cause behavioral
disruptions (Hironaka and Umemura, 1988; Robertson et al., 1980).
Previous studies on classes of APDs have identified novel molecular
targets and revealed adverse effects on development over a range of
concentrations (Donohoe et al., 2006). Altered neuronal development
by APDs on axonal outgrowth & neuronal migration have been criti-
cally evaluated in C. elegans (Donohoe et al., 2008). Action mecha-
nisms of APDs with clozapine for development and pharyngeal
pumping alterations is another investigative study carried out in
C. elegans (Hao and Buttner, 2014).
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A recent study with risperidone and aripiprazole revealed serotonin
and dopamine‐dependent behavioral alterations in pharyngeal pump-
ing mechanism and gentle touch response wherein C. elegans N2 strain
was exposed to 150 μM and 300 μM concentrations respectively
(Osuna‐Luque et al., 2018).

Risperidone, an atypical antipsychotic, is effective in treating aut-
ism, bipolar disorder, and schizophrenia. This research relied on
risperidone over other antipsychotics because of its extensive use as
a prescription drug, it is the second most prescribed drug in about
26.7 % of cases. (Grover et al., 2014). Risperidone is a serotonin dopa-
mine antagonist (SDA) found to present adverse effects like extrapyra-
midal syndrome, hyperprolactinemia, neuroleptic malignant
syndrome, and several other behavioral and metabolic disorders in
humans (Horacek et al., 2006). Previous studies related to the class
of antipsychotics in terms of their adverse effects have been examined
in this research. After the examination, it is evident that interventions
concerning risperidone are scanty, requiring it to be investigated as it
is a commonly prescribed drug for psychiatric illness. C. elegans being a
self‐fertilizing, hermaphrodite and due to its ease of culture, smaller
life cycle (3–5 days at 22° C) is an emerging animal model of choice
amongst toxicologists and geneticists.(Brenner, 1973; Byerly et al.,
1976; Weinhouse et al., 2018). It has 60–80% of homology to the
human genome (Kaletta and Hengartner, 2006); at least 38 %
protein‐coding genes and 40% genes associated with human diseases
facilitate extrapolating findings to humans (Apfeld and Alper, 2018).

Pharyngeal pumping is the rhythmic feeding mechanism in
C. elegans, which is autonomous. Pharyngeal pumping is controlled
by a neuronal network composed of several neurons (approximately
19–20). The neurons have fourteen sub‐types. Pharyngeal pumping
rate in C elegans depends on feeding history and the type of food.
(Hobson et al., 2006; Shtonda and Avery, 2006; Song et al., 2013).

Nonetheless, environmental factors such as exposure to drugs or
xenobiotics may alter the pharyngeal pumping rate. The pharynx in
C. elegans is a muscular organ, which autonomously and constantly
pumps the food inside the body. It comprises neurons, accessory cells,
and muscle cells: each is 20 in number wrapped by a basement mem-
brane (Avery and You, 2018). Locomotion is a neuromuscular activity
regulated by AVA, AVB, AVD, and PVC, which are the four bilaterally
symmetric interneuron pairs. AVD and AVA are responsible for pairing
A‐type motor neurons. Their combination forms a neural circuit respon-
sible for backward movement. In contrast, AVB and PVC are responsible
for pairing the B‐type motor neurons, forming a neural circuit responsi-
ble for the forward movement in C. elegans (Chalfie et al., 1985; White
et al., 1976). Since pharyngeal pumping rate and locomotion behavior
are primary observations encountered in the onset of adverse effects
(due to any drug or xenobiotic), this research aims at exploring effects
on behavioral characteristics of C. elegans after risperidone exposure.
This work targets to study the time dependent pattern of alteration
observed by risperidone drug exposure in C. elegans. The main limitation
of this study is the impossibility of using human subjects for testing any
possible alteration due to the pharmacology of the risperidone drug.
Also, extrapolating research data from other subjects for human applica-
tion does not always yield perfect results.
Materials and methods

Chemicals and glassware

Risperidone powder (purity ≥ 98%) and Sodium Hypochlorite
bleach solution were procured from Sigma‐Aldrich (USA). Sodium
chloride, Peptone, Agar, Cholesterol, Calcium Chloride, Magnesium
Sulphate, Dihydrogen Potassium Phosphate were of analytical grade
(∼99% purity) and were purchased from SRL (Mumbai, India). Milli‐
Q water was obtained from the LABINDIA Water Purification System.
All calibrated glasswares used were of research‐grade from Borosil.
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Culture, maintenance and exposure

Wild type N2 strain of Caenorhabditis elegans was used for the
experiments by exposing them to a liquid culture assay. The strain
was obtained as a gift from Dr. Amir Nazir (CSIR‐CDRI Lucknow). Ani-
mal culture was carried out using nematode growth medium plates.
The plates were seeded with E. coli (OP50 strain) and were maintained
at 22 °C in Biochemical Oxygen Demand (BOD) incubator (Thermo
Fisher Scientific, Model‐Precision) (Brenner, 1973). An age synchro-
nized population was obtained for exposure by bleaching gravid ani-
mals using the modified method to help avoid variation due to age
differences among the worms (Mishra, Gaur, and Agarwal, 2020).
After age synchronization, animals were allowed to incubate at
22 °C, for 36–40 h to obtain L4 worms. For the liquid culture assay,
1 mL M9 buffer was used to obtain worm wash. Afterward, centrifuga-
tion was done at 200 rpm for 1 min to allow the worms to be free from
adhered E. coli (Willhite and Mirkes, 2014) and were pipetted out in
an Eppendorf tube using a cut tip for well exposure.

Drug preparation and exposure

The risperidone drug stock solution of 3 mM concentration was
prepared as per the described method (Donohoe et al., 2006). The
exposure was carried out with 50 µM final concentration as with lower
concentrations than this showed unnoticeable effects on the exposed
group. A volume of 20 µL (∼15–25 worms) of synchronized L4 worm
wash was transferred into each well. L4 stage worms were exposed fol-
lowing age synchronization, in a sterile 96 well plate with a total vol-
ume of 200 µL in triplicate. The groups were classified in terms of
exposure duration, i.e., 2, 4, 6, 8, 10 & 12 h. The time interval of
two hours was selected considering short life span of C. elegans in order
to observe pattern of alteration due to variable exposure durations.

Feeding behavior
C. elegans has a pharynx with similar pumping action to the mam-

malian heart (Hao and Buttner, 2014). It is autonomous and is respon-
sible for pumping food inside the body. Pharyngeal pumping is a
measure of feeding behavior and the amount of food taken by a worm.
Age synchronized worms were used for pharyngeal pumping assay,
Four drops each of 20 µL worm solution (∼10–15 worms) from control
and exposed wells were pipetted out using cut tip. They were trans-
ferred into quadrants prepared by markings on a freshly seeded plate.
Ten animals from each well with a total of 30 animals were used for
counting. Pharyngeal pumping was counted for 1 min, and observa-
tions were recorded.

Locomotion
A Compound microscope with Phase Contrast (Micros Austria

MCX51) was used to make video clips for locomotion assay. The
WormLab (Version 3.0.0) helped perform the analysis.

Omega bends. It involves a worm curling back so that its head touches
the tail & produces an omega shape during motion (Pierce‐Shimomura
et al., 1999). Four drops each of 20 µL containing approximately
10–15 worms were placed in a freshly non‐seeded NGM plate to pro-
vide room for drying. The worms were allowed to move on the bed
for 30sec‐1 min. 3 min video was recorded after the worms started
moving freely.

Peristaltic speed. It is defined as the speed with which a worm cov-
ers the peristaltic track length during its forward motion (Chao,
2016). 20 µL of the solution containing worms from each well were
taken onto a fresh non‐seeded NGM plate. A total of thirty animals
were recorded from each set of control and exposed wells for
3 min.
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Reversals. It is defined as the body waveforms in the anterior direction
when a worm moves for several seconds and changes its movement
backward (Tsalik and Hobert, 2003). 20 µL volume of solution was
taken from the well and spotted in a fresh non‐seeded NGM plate
and kept for air drying. The worms were then unrestricted to move
on the bed for 30 sec‐1 min. In total, 30 animals were recorded for
3 min duration from each set of control and exposed wells.

Turn counts. It is defined as a count of perpendicular bending with
respect to the pharynx during movement (Pierce‐Shimomura et al.,
1999). 20 µL of solution was pipetted and transferred into a fresh
non‐seeded NGM plate. Afterward, 30 animals were recorded from
each set of control and exposed wells for 3 min.

The Control groups were C‐0 h, C‐2 h, C‐4 h, C‐6 h, C‐8 h, C‐10 h,
and C‐12 h for 2, 4, 6, 8, 10, and 12 h respectively. The exposed groups
were E‐2 h, E‐4 h, E‐6 h, E‐8 h, E‐10 h, and E‐12 h, for 2, 4, 6, 8, 10,
and 12 h. The time was within two hours as toxicity trends are
expected to be affected by exposure time and keeping C. elegans life
span into consideration.

Statistical analysis
The information from each duration is shown as Mean ± Standard

Deviation (n = 30). The Graph Pad Prism software version 8.4.3
helped plot graphs. Two‐way Analysis of Variance (ANOVA) with mul-
tiple comparison test was performed for data analysis between
exposed and control to a sub‐lethal dose of risperidone for various
intervals. 'ns' denotes non‐significant differences, P < 0.05 repre-
sented as *, P < 0.01 as ** and P < 0.001, represented as ***, means
a high level of significance.

Results

Risperidone prescribed in the treatment of psychiatric disorders is
found to show various toxic effects in terms of feeding and locomotion
behavior of C. elegans.

Effects of risperidone on feeding behavior

Feeding behavior is evaluated by pharyngeal pumping count. Fig. 1
the pharyngeal pumping rate expressed as pumps per minute in each
group. Results show inhibitory effects of risperidone on pharyngeal
pumping, thereby causing suppression in feeding behavior amongst
Fig. 1. Effect of risperidone exposure of 50 µM concentration at 2, 4, 6, 8, 10
and 12 hours of duration at 22 °C on pharyngeal pumping in C. elegans.
Results are presented as mean ± SD. Asterisk (***) represented significant
difference between control and exposed group (Two-way ANOVA, P < 0.001).
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the exposed group in contrast to respective control groups. The sup-
pression in feeding behavior is in a time‐dependent manner, i.e.,
11.05% in 2 h, 22.07% in 4 h, 20.8% in 6 h, 33.07% in 8 h, 42.5%
in 10 h, and 45.67% in 12 h in pharyngeal pumping when compared
to its respective control.

Effects of risperidone on locomotion

This is carried out in terms of vital markers of locomotion behavior,
i.e., omega bends, peristaltic speed, reversals, and turn counts.

Omega bends
Fig. 2A depicts variation in omega bends among exposed and the

control group of worms. There is a 56.25% increase after 2 h of expo-
sure, 43.4% increase in 4 h, 32.78% in 6 h, 26.23% in 8 h, 42.05% in
10 h, and 62.17% in 12 h, which was found to be significant.

Peristaltic speed
In Fig. 3A, the peristaltic speed of exposed worms shows a 31.38%

drop in the speed after 2 h of exposure, 32.4% in 4 h, 34.32% in 6 h,
30.98% in 8 h, 40.7% in 10 h, and 42.22% in 12 h, which was signif-
icant in comparison to respective control groups.

Reversals
Fig. 4A shows significant variation in reversals with the enhance-

ment of 4.9% in 2 h, 6.61% in 4 h, 8.71% in 6 h, 12.84% in 8 h,
22.7% in 10 h, and 34.03% in 12 h in the exposed group compared
to their respective control group.

Turn counts
In Fig. 5A, turn counts are significantly reduced with 34.85% in 2 h

of exposure, 37.06% in 4 h, 29.07% in 6 h, and 42.2% in 8 h in
exposed groups compared to control groups. As the exposure duration
exceeds 8 h, no significant difference was obtained.

Discussion

Risperidone is prescribed due to its therapeutic properties. How-
ever, several pieces of researches have shown that they have several
developmental, behavioral, and physiological aftereffects (Horacek
et al., 2006). Thus, this is a potential drug to investigate its toxic
effects in detail. According to the research findings made by (Cope
et al., 2009) on the intake of risperidone in rats, feeding and locomo-
tion are the two useful concepts that can be used to evaluate onset of
adverse effects of APDs. Also, (Donohoe et al., 2006), in their research,
discovered that the egg‐laying and growth were moderately affected
due to risperidone in C. elegans. Moreover (Donohoe et al., 2009), dis-
covered behavioral alterations due to clozapine, fluphenazine, olanza-
pine, and trifluoperazine in a class of APDs involving the plate assay
method in their research.

We have adopted Liquid culture assay for this study as it allows
variety of experimental procedures which require high throughput to
be carried out conveniently (Scanlan et al., 2018), moreover nema-
todes encounter less mechanical stress in liquid culture assay than
those in plate assay (Win et al., 2013).

Pharyngeal Pumping involves intake of bacteria through peristaltic
movement is controlled by serotonin, octapine and tyramine (Horvitz
et al., 1982; Rex et al., 2004). Serotonin (5‐HT) produced by NSM,
ADF and HSN neurons modulates feeding behavior by activating
NSM. It stimulates pharyngeal pumping responding to food availabil-
ity.(Avery and Horvitz, 1990; Avery and Thomas, 1997; Sawin et al.,
2000)

The data show pharyngeal pumping inhibition amongst exposed
groups in comparison to control, thereby reflecting altered feeding
behavior. The pattern of alterations observed shows a significant



Fig. 2A. Effect of risperidone exposure of 50 µM concentration at 2, 4, 6, 8, 10, and 12 hours of duration on omega bend in C. elegans. Outcomes demonstrated as
mean ± SD. Asterisk (***) stood for a large difference between the exposed and control group in Fig. 2B omega bend in C. elegans at 10X magnification. An
increase in omega turns (serotonergic effect) due to risperidone’s exposure effect.

Fig. 3A. Effect of risperidone exposure of 50 µM concentration at 2, 4, 6, 8, 10, and 12 hours of duration on peristaltic speed in C. elegans. Outcomes demonstrated
as mean ± SD. Asterisk (***) stood for a large difference between the exposed and control group Fig. 3B Peristaltic movement shown by C. elegans at 10X
magnification. An indication of slower movement (dopaminergic and serotonergic effects) due to the effects of risperidone exposure.
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reduction with exposure durations perhaps by antagonizing octapine,
tyramine receptors along with serotonin (5‐HT2) and dopamine (D2)
receptors. This denotes possible alteration due to the pharmacology
in addition to the off target effects due to risperidone drug in exposed
animals compared to control in time dependent manner. As the expo-
sure duration goes beyond 8 h, exposed groups show similar patterns
potentially due to biological half‐life of risperidone regulating further
increase in toxicity due to its breakdown by xenobiotic‐metabolizing
enzyme.

Feeding behavior was reported to be inhibited in C. elegans support-
ing current study due to the effects of a class of APDs however risperi-
done was not evaluated for pharyngeal pumping assay in this study
370
(Donohoe et al., 2006). Our results show significant inhibitory effects
in pharyngeal pumping mechanism compared to modest effects due to
Risperidone (150 μM) and aripiprazole (300 μM) treatment observed
in C. elegans (Osuna‐Luque et al., 2018). This could be explained due
to variation in exposure duration and use of liquid culture assay for
drug exposure which requires lesser concentration by increasing
bioavailability (Zheng et al., 2013). Behavioral alterations have also
been reported by (Donohoe et al., 2009) for class of APDs involving
plate assay method where higher drug concentrations were used.
Developmental delay and pharyngeal pumping reduction have already
been studied extensively for variable concentrations of Clozapine in C.
elegansmodel (Hao and Buttner, 2014). Our study suggests risperidone
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exposure tends to antagonize the above mentioned receptors thereby
inhibiting pharyngeal pumping mechanism in time varying manner.

The findings of the study reveal that locomotion patterns (omega
bends, peristaltic speed, reversal, and turn count) which are essential
markers of toxicological assessment, show alteration amongst exposed
groups in a time‐sensitive manner compared to the respective control
groups. Locomotion, which is a critical marker for the assessment of
onset of toxic effects (Hahm et al., 2015; Peliti et al., 2013; Shtonda
and Avery, 2006) being a neuromuscular activity, is affected due to
several factors (Lüersen et al., 2016). Locomotion in C. elegans,
whether forward or backward, comprises various patterns. AVA,
AVB, AVD, and PVC are four bilaterally symmetric interneuron pairs
responsible for locomotion in C. elegans. A‐type motor neurons formed
by the combination of AVA and AVD bring about backward movement
while AVB and PVC provide input to the B‐type motor neurons respon-
sible for the forward movement in C. elegans (Chalfie et al., 1985;
White et al., 1976). Reversals, omega bends, turn counts and peristaltic
speed are significant markers of locomotion behavior in C. elegans (Li
et al., 2013).

Omega Bend and Reversal patterns show an increased number in
the exposed group, while turn counts show an increased number in
the control group. Peristaltic speed shows a decrease amongst the
exposed groups in comparison to respective controls. However, the
pattern shows impregnation of toxicity around 8 h of exposure dura-
tions. Increased number of omega bends and reversals show the alter-
ation set due to the pharmacology, a motor response developed in C.
elegans. Omega bends and reversals are behavior shown by the worm
to prevent itself from the toxicant (Huang et al., 2006). It is a measure
of the neurological state of an animal with respect to its environment
(Zhao et al., 2003). The findings show similarity with haloperidol (an
atypical APD) induced reduction of locomotor activity in mice (Marx
et al., 2006).

In our observations notable reduction in peristaltic speed and turn
counts shows relatable patterns where less activity count in mice due
to increased duration of risperidone treatment was reported by (Cope
et al., 2009). Another study by (Lee Stubbeman et al., 2017) showing
similar results wherein early‐life exposure of risperidone reduced loco-
motor activity and amphetamine was used to induce hyperactivity in
rats. Locomotion in Caenorhabditis elegans is regulated by serotonin
as neurotransmitter (Chase and Koelle, 2007; Horvitz et al., 1982).
SER‐1 mediates a 5‐HT induced decrease in motility along with
MOD‐1 to control locomotive function in C. elegans (Hobson et al.,
2006). The alteration observed here is probably due to risperidone
antagonizing other receptors along with D2 and 5‐HT2A.

C. elegans have GPRs viz. SER‐4 (5‐HT1ce), SER‐1 (5‐HT2ce) and
SER‐7 (5‐HT7ce) sharing similar characteristics to 5‐HT1, 5‐HT2,
and 5‐HT7 receptors as in mammals (Hamdan et al., 1999; Hobson
et al., 2003; Olde and McCombie, 1997). Detailed study of mechanism
of action has its scope and can be utilized in its extrapolation to
humans.

The alteration observed amongst control groups with respect to
duration may be due to factors responsible for the changes that may
occur in the natural environment and lab culture conditions in C. ele-
gans (Lant and Storey, 2010). Overcrowding, limited food, and less
oxygen availability can also be responsible for it to occur
(Sobkowiak et al., 2011). (Fujiwara et al., 2017) report of variation
amongst control groups with variable exposure duration in rats also
supports our observations.
Conclusion

Risperidone, an atypical antipsychotic prescribed for treatment of
psychiatric disorder is found to produce altered locomotion and feed-
ing behavior in C. elegans in a time‐dependent manner. This study
demonstrates a critical observation of inhibitory feeding and locomo-



Fig. 5A. Effect of risperidone exposure of 50 µM concentration at 2, 4, 6, 8, 10, and 12 hours of duration on turn counts in C. elegans. Outcomes are demonstrated
as mean ± SD. Asterisk (***) stood for a large difference between the exposed and control group in Figure 5B Turn counts shown by C. elegans at 10X
magnification. An indication of a slower turn (dopaminergic and serotonergic effects) due to the effects of risperidone exposure.

Fig. 4A. Effect of risperidone exposure of 50 µM concentration at 2, 4, 6, 8, 10, and 12 hours of duration on reversals in C. elegans. Outcomes are demonstrated as
mean ± SD. Asterisk (***) stood for a large difference between the exposed and control group in Figure 4B. The reversal was shown by C. elegans at 10X
magnification. An indication of slower movement (dopaminergic and serotonergic effects) due to the effects of risperidone exposure.
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tion behavior using a liquid culture assay, which showed its effects on
behavioral parameters at lower concentration and posing lesser
mechanical stress in worms than that of plate assay. Risperidone
antagonizes serotonin (5‐HT) and dopamine (D2) receptors along with
additional receptors thereby producing inhibitory effects on feeding
372
and locomotion. The study sets the stage for exploring damage to other
vital parameters due to the pharmacology of risperidone drug with
detailed study of mechanism of its action. This also provides scope
of probing the role of antioxidants/antidotes/herbal products in min-
imizing these effects when provided in combination with the drug.
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