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Abstract

Background Sleep deprivation (SD) impairs pre-stimulus inhibition, but the effect of quetiapine (QET) remains largely
unknown.

Objective This study aimed to investigate the behavioral and cognitive effects of QET in both naive and sleep-deprived rats.
Materials and methods Seven groups (n =49) of male Wistar Albino rats were used in this study. SD was performed using
the modified multiple platform technique in a water tank for 72 h. Our study consists of two experiments investigating the
effect of QET on pre-pulse inhibition (PPI) of the acoustic startle reflex. The first experiment tested the effect of short- and
long-term administration of QET on PPI response in non-sleeping (NSD) rats. The second experiment used 72 h REM sleep
deprivation as a model for SD-induced impairment of the PPI response. Here, we tested the effect of QET on the % PPI of
SD rats by short- and long-term intraperitoneal injection at the last 90 min of sleep SD and immediately subsequently tested
for PPI.

Results 72 h SD impaired PPI, reduced startle amplitude, and attenuated the PP1% at+4 dB,+ 8 dB, and + 16 dB prepulse
intensities. 10 mg/kg short and long-term QET administration completely improved sensorimotor gating deficit, increased
startle amplitude, and restored the impaired PP1% at+4 dB,+ 8 dB, and + 16 dB after 72 h SD in rats.

Conclusion Our results showed short- and long-term administration of QET improved sensorimotor gating deficit in 72 h
SD. Further research is required for the etiology of insomnia and the dose-related behavioral effects of QET.
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Introduction

Schizophrenia has common points in neurobehavioral,
pathophysiological, and neurochemical aspects associated
with sleep deprivation (SD). Schizophrenia was one of the
first disorders to be studied using polysomnography, based
on the marked similarities between sleep patterns and posi-
tive symptoms of schizophrenia (hallucinations, delusions)
[1, 2]. SD has the strength to learn more about the patho-
physiology of psychosis, given the complexity and hetero-
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geneity of schizophrenia [3].

Similar aspects of schizophrenia related to SD are neuro-
chemical connectivity abnormalities, especially in the brain.
The ascending activating reticular system (ARAS), which
extends to the thalamus, hypothalamus, basal forebrain, and
neocortex in the brain, are critical region in maintaining
wakefulness and is responsible for cortical activation and
include major brain neuromodulatory systems; all neuro-
transmitters such as acetylcholine (ACh), dopamine (DA),
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norepinephrine (NE) and 5-HT take an active role in various
parts of the brain during the wake and sleep cycle [4-6].
Dysfunction of DA D2, DA D1 [7], 5-hydroxytryptamine
(5-HT) 2A, and 5-HT1A receptors have all been associated
with schizophrenia [8]. SD also shows abnormal functional-
ity on serotonin receptors [9]. Receptor expression studies
have shown that REM SD reduces muscarinic M2 choliner-
gic receptors in the pons and hippocampus [10]. Increased
tissue concentration of 5-HT metabolite, 5-hydroxyin-
doleacetic acid, in the dorsal raphe nucleus (DRN) and thala-
mus of rats deprived of sleep for 24 h. SD also increases
5-HT turnover and decreases 5-HT transporter binding
in certain brain regions. 5-HT1A of SD causes a gradual
desensitization in experimental animals [11]. Wang et al.
reported higher GABA levels in the cortex, hypothalamus,
and brain stem after 72 h of sleep deprivation in mice [12].
Downregulation of D2/D3R in the ventral striatum in total
SD may influence schizophrenia-like behaviors as well as
induce decreased alertness. Specifically, DA stimulation of
the D2/D3R in the ventral striatum is associated with atten-
tion, and thus D2/D3R downregulation may contribute to
the inattention observed with SD [13]. Chronic widespread
stress-induced serotonergic overload in the cerebral cortex,
particularly the anterior cingulate cortex and the dorsolat-
eral frontal lobe in schizophrenia is the main cause of the
disease. Excessive serotonergic impulses from the DRN in
response to stress may impair the function of cortical neu-
rons in schizophrenia [14]. The abnormality in the DAergic
system also affects the serotonergic system. For example,
mutant mice that overexpress D2 receptors in the striatum,
an animal model of schizophrenia, exhibit both reduced
desires to work for reward and upregulation of 5-HT2C
receptors. Taken together, genetic predisposition to 5-HT
receptors may mediate the diversity of incentive motivation
that is impaired in patients receiving biological and/or psy-
chosocial treatments [15].

QET is FDA-approved for the treatment of schizophrenia,
bipolar disorder, and major depression [16, 17]. QET is a
second-generation atypical antipsychotic drug, that is widely
used in the treatment of schizophrenia and there is evidence
that it is effective in cognitive impairment as well as positive
and negative symptoms in patients with schizophrenia [18,
19]. QET has the ability to bind to many receptors, includ-
ing DA receptors (D1, D2, D3, D4, D5), 5-HT receptors
(5-HT1A, 5-HT2A, 5-HT2C), alphal-adrenergic receptor,
H1-histaminergic receptor, M1-muscarinic receptor, and
NMDA receptor [20]. QET also inhibits the NE transporter,
mainly due to norquetiapine action. Blockade of D2 in the
mesocortical and mesolimbic pathways has been proposed
as the interaction responsible for the treatment of schizo-
phrenia, in which increased DA levels are responsible for
negative and positive symptoms, respectively. 5-HT2 and
o2 receptor antagonism is associated with the antidepressant
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activity of QET as well as noradrenaline transporter block-
ade by norquetiapine [21]. On the other hand, norquetiapine
has a moderate to high affinity for several muscarinic recep-
tors, which may explain its anticholinergic effects [22].

Dysfunctions between the prefrontal cortex and the medi-
odorsal thalamus draw attention to one of the patterns of
schizophrenia [23]. SD impairs neuronal connectivity func-
tions at the thalamocortical level [24]. In schizophrenia,
information processing in the thalamocortical pathway is
known as the "filtering hypothesis" and the "gate function"
of the thalamus is impaired due to dysfunction of some tha-
lamic nuclei [25]. The Prepulse inhibition (PPI) provides a
simple operational measure of thalamo-cortical-controlled
sensory-motor gating that serves to avoid disruption of
ongoing perceptual and early sensory analysis and the cor-
ticostriato-pallido-thalamic circuit modulates PPI in the rat
[26]. Numerous studies have been reported on the reduction
of PPI in patients with schizophrenia. PPI is also important
as a translational marker in the development and research
of antipsychotic drugs [27]. PPI is used to measure the
effect of atypical antipsychotics, and pharmacological (e.g.
dopamine-serotonin agonists or antagonists such as NMDA)
agents [28]. For example, QET can increase basal PPI levels
in rats and mice [Gayer et al., 2001] and SD reduces PPI in
rats and this reduction can be selectively treated by antip-
sychotic drugs [29]. Therefore, the use of SD as an animal
model for schizophrenia can be recommended [30] and QET
may ameliorate these adverse effects.

To the best of our knowledge, there are no studies on
the effects of QET on PPI in SD rat model. Therefore, the
main aim of this study is to investigate the effect of QET on
sensorimotor gating in both naive and sleep-deprived rats.
Here, 72 h SD was used to mimic the sleep pattern in schizo-
phrenia by disrupting PPI, and the effects of QET, an adjunct
therapy in psychotic disorders, on this model were examined
using the PPI test.

Materials and methods

A total of 53 adult (14-18 weeks old) male Wistar albino
rats were used for this study. Four animals were excluded
from the experiment because their response was below 20
after baseline PPI measurements.

For the first experiment, 28 adult male Wistar albino
rats were assigned into three non-sleep-deprived (NSD)
groups, short-term control group (n=7) received a single
intraperitoneal (ip) injection of 1 ml saline (4 days), long-
term control group (n=7) received single intraperitoneal
(ip) injection of 1 ml saline (30 days) whereas experimental
groups; Control AQET 10 mg/kg group received short term
ip injection of either (n="7) and Control CQET 10 mg/kg



Sleep and Biological Rhythms (2024) 22:269-278

271

group received long term ip injection of either (n=7) QET
(Cayman Chemical, USA) dissolved in saline.

In the second experiment, 21 rats were exposed to SD
and assigned to three SD groups; one positive control group
(n="T) received a single intraperitoneal (ip) injection of 1 ml
saline. SD groups consisted of short and long-term QET
administered groups at a dose of 10 mg/kg/day dissolved
in saline. Short-term injections were made intraperitoneally
once a day to the SD/AQET 10 mg/kg group, in the morning
for 4 days, and the experiments were started in the morn-
ing for 90 min after the last injection. Long-term injections
were administered intraperitoneally once a day to SD/CQET
10 mg/kg group, in the morning for 30 days, and the experi-
ments were started in the morning for 90 min after the last
injection. PPI measurement was taken from the NSD and
SD groups after 4 days of saline injection to prevent further
rat loss. Then, saline injection was continued until the 30th
day, and PPI measurement was taken again. Since there was
no difference when the results were compared, they were
left as a single group and the results were compared with
other groups.

All experiments were performed at Uskiidar Univer-
sity Neuropsychopharmacology Application and Research
Center (NPARC). Animals were produced and raised in the
same place in accordance with international ethical and
accreditation rules. Animals were housed under controlled
conditions (temperature, 22 +2 °C; humidity, 50 +5%; and
12 h light/dark cycle, lights on from 07:00 to 19:00). Ani-
mals had free access to tap water and standard pellet food
throughout the procedures. All experiments were performed
at the same time of day and light period (09:00-12:00).

Drug (quetiapine)

Pure Quetiapine (hemifumarate) was used in this study (Cay-
man Chemical, USA; CAS Number:111974-72-2). The pure
powder quetiapine was injected via intraperitoneal in 10 mg/
kg/day dose dissolved in 1 ml saline.”

Modified multi-platform tank for sleep deprivation

Rats were tested in socially stable groups of seven in a water
aquarium (125 x43x445 cm) containing 14 round platforms
(small platforms) approximately 6.5-7 cm in diameter. The
tanks were filled with water to 1 cm below the surface of the
platforms or grates that is, at a height of 15 cm. After 72 h of
total SD, the mice were returned to their home cage for PPI
measurements. Seven deprivation studies were performed
with different animals to obtain a final N of 7 registered
animals per group. The tank was covered with grates that
allowed access to water and food, as was the case with the
cages. The animals of a whole group were put into the tank
at the same time. The technique was modified from [31].

Prepulse inhibition measurement protocol

The SR-LAB Startle Response System (San Diego Instru-
ments, San Diego, California, USA) was used for the
measurement of PPI describing the acoustic startle reflex.
From day 51 onwards, rats are accustomed to the injection
grip and the worker by touching (handling) for three days.
On the fourth day, practice is done by holding the device
for 15 min. The familiarization phase is accomplished by
introducing a few minutes of background noise (70 dB)
without a stimulus. On the fifth day, basal prepulse meas-
urements are taken from the rats without giving any drug
and without injection, in the same way as the experimental
procedure in which the actual measurements were made.
Rats with a startle response of less than 20 units to these
stimuli are excluded. The actual measurements are made
24 h after this measurement. The procedure to be applied
begins with 5 min of practice. No warning is given at
this time. Audible warnings begin with five 120 dB star-
tle warnings. Then the stimulus blocks are repeated ten
times in a row. In each of these blocks, five different audi-
ble stimuli, the sequence of which will change randomly
with each trial, are applied at random intervals (ranging
between 10 and 30 s). These:

I. An audible warning with a duration of 40 ms (ms) with
an intensity of 120 dB,

II. 100 ms after a basal +4 dB pre-stimulus of 20 ms
duration, a 40 ms duration of 120 dB audible warning,

III. 100 ms after a basal+ 8 dB initial stimulus of 20 ms
duration, a 40 ms duration of 120 dB audible warning,

IV. 100 ms after a baseline + 16 dB pre-stimulus of 20 ms
duration, a 120 dB sound for 40 ms duration.

V. Background-field sound only (this stimulus is to con-
trol the response of the rat's movements in the cage).

Finally, five startle warnings given at the beginning of
the measurement are applied at random intervals (10-30 s)
and the startle response is evaluated. This protocol takes
approximately 25 min. At the end of the trials, the percent
reduction in startle intensity for each of the three different
pre-stimulus intensities is called “pre-stimulus-mediated
inhibition due to pre-stimulus intensity” and is calculated for
each prestimulus intensity (basal +4,+ 8 and + 16 dB) with
the following formula: %PPI = (startle response for pulse
alone—startle response for pulse with pre-pulse)/(startle
response for pulse alone) X 100. Prior to testing, it was held
by the experimenters for three days and acclimated in startle
chambers for 15 min without background noise or pulses on
the fourth day.

On the fifth day, the PPI protocol was applied, and the
percentage reduction (PP1%) in the startle response to each
frontal impact severity was estimated in detail in [32, 33].
After each measurement, the chambers were cleaned with
ethanol. Measurement intervals were arranged to be at least

@ Springer



272

Sleep and Biological Rhythms (2024) 22:269-278

10 days to prevent the animal from getting used to the sound
[34].

Data analysis

Study variables were sleeping status (SD and NSD) and
QET (including 10 mg/kg/day short- and long-term admin-
istration). Baseline PPI measurements were analyzed by
one-way ANOVA for each prepulse intensity (+4,+ 8,
and + 16 dB) and mean percentage of prepulse, showing that
lower and higher baseline PPI values were evenly distributed
among each group. For the PPI measurements after the QET
administration, the differences between the pulse intensi-
ties and groups were primarily assessed by repeated meas-
ures ANOVA using Greenhouse—Geisser correction. This
step was required to identify any factor-group correlation if
existed. The results were then compared amongst groups for
each prepulse intensity (+4,+ 8, and+ 16 dB) using one-way
ANOVA (p=0.05 in all cases). Analyses were followed by
multiple comparison tests using Tukey’s method or simple
effect calculations as needed. The statistical measures are
given as p and F or T scores from one-way ANOVA. The
error bars in the plots represent standard errors. The level of
statistical significance was set at p <0.05 for all tests.

Results

The distribution among the experimental groups, which
naturally exhibited low, medium, and high mean PPI %,
was analyzed by one-way ANOVA. None of the groups dif-
fered significantly from the baseline mean PPI % at baseline
(p>0.05, F (5.36)=0.6836). This result shows that the PPI
differences within the group are valid and evenly distributed.

Long-term QET administration enhances PPI
and startle responses of non-sleep-deprived rats

We first tested the effect of QET on the PPI response of NSD
rats (Figs. 1A and B). One-way ANOVA for group average %
PPI (p=0.0437, F (2, 18)=3.742) and group startle revealed
significance (p =0.0422, F (2.18)=3.793). Group averages
and standard deviations for PPI% at+4 dB,+ 8 dB,+ 16 dB
prepulse intensities, average PP1% and startle are given for
the non-sleep-deprivated rats in Table 1. LT-QET group
significantly altered the average mean % PPI response com-
pared to the CLT-Vehicle group (p =0.0135, T=4.728)
but the ST-QET group not significantly altered the aver-
age mean % PPI response compared to the CST-Vehicle
group (p>0.05, T=0.4627) (Fig. 1A). LT-QET group sig-
nificantly altered the startle compared to the CLT-Vehicle
group (p=0.0296, T=4.242) but ST-QET not significantly
altered the startle response compared to the ST-Vehicle
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Fig.1 Average PPI% and startle values for non-sleep-deprived
groups. The average PP1% (A) and startle (B) are presented in the fig-
ure. Startle responses are in arbitrary units (AU). Statistical analysis
was performed by one-way ANOVA, followed by Tukey’s post-hoc
test. ¥p <0.05. Abbreviations: Short term 10 mg/kg quetiapine (ST-
QET), Long term 10 mg/kg quetiapine (LT-QET), Control Short term
vehicle group (CST-Vehicle), Control long term vehicle group (CLT-
Vehicle)

group (p>0.05, T=0.1004). Similarly, there is no signifi-
cant difference between the ST-QET group and the LT-QET
group (p>0.05, T=2.861) for startle (Fig. 1B).

For the average PPI %, there was only significant
improvement in the LT-QET group compared to the LT-
Vehicle group (p=0.0021, T=5.436) for+4 dB (Fig. 2).

Short- and long-term administration of 10 mg/
kg QET ameliorates the impaired PPl response
after sleep deprivation

We secondly tested the effect of QET on the PPI response of
sleep-deprived rats. One-way ANOVA for group average %
PPI (p <0.0001, F (4,30)=10.08) and group startle revealed
significance (p =0.0002, F (4, 30)=7.672). Group averages
and standard deviations for PPI% at+4 dB,+ 8 dB,+ 16 dB
prepulse intensities, average PP1% and startle are given for
the sleep-deprivated rats in Table 2.

The average mean % PPI response in the SD group was
significantly impaired compared to the CST-Vehicle group
(p=0.0082, T=5.159) group and CLT-Vehicle group
(p=0.0381, T=4.271). Also, the average mean % PPI
response significantly improved in the SD/ST-QET group
(p=0.0454, T=4.163) and SD/LT-QET group (p <0.0001,
T=28.911) compared to the SD group (Fig. 3A). The aver-
age mean % PPI response significantly improved in the SD/
LT-QET group compared to the CLT-Vehicle group (0.0170,
T=4.748) (Fig. 3A).

The startle responses were significantly impaired in the
SD group compared to the CST-Vehicle group (p =0.0003,
T=6.831) and the CLT-Vehicle group (p=0.0201,
T=4.650). Startles were significantly increased in the SD/
LT-QET group (p=0.0024, T=5.827) compared to the
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Table 1 Group averages

Group n %PPI for prepulse intensities Average Startle
for PP1% at+4 dB, +8 dB, PPl %
and + 16 dB prepulse intensities, +4dB +8dB +16dB
average PP1% and startle is
given for non-sleep-deprived CST-Vehicle 7 42.29+12.66  65.71+12.35 81.25+6.574 59.17+13.52 80.97+6.574
rats CLT-Vehicle 29.62+29.97  65.71+12.35 81.25+6.574 40.20+28.93 49.62+29.97
ST-QET 7 52.33+21.74  66.03+19.40 108.6+61.89 33.87+23.58 82.61+51.70
LT-QET 7 75.31+8.259*%  81.45+12.66 112.0+52.79 70.57+28.56* 127.8+57.22*
The values are given as average + standard deviation
“Indicates significantly different results compared to the CLT-Vehicle group. Details of statistical analysis
are given in the text. Startle responses are in arbitrary units
150 4dB T=5.305) and CLT-Vehicle (p=0.063, T=5.305) group
B - for+ 8 dB prepulse intensities (in Fig. 4). The PPI responses
_E = +8dB were significantly impaired in SD group compared to the
3 1001 B +16dB  CST-Vehicle group (p <0.0001, T=8.037) and CLT-Vehicle
E (p<0.0001, T=8.037) group for+ 16 dB prepulse intensi-
@ 50- ties (in Fig. 4). 10 mg LT-QET administration in SD group
?.’. significantly increased PPI response compared to SD group
a for+4 dB (p=0.0169, T=4.750). The PPI responses were
0- I significantly increased in the SD/ST-QET group (p =0.05,
@(}‘i,\\ c}e'oé‘é‘} (\\(}‘; c}%{}é‘} @‘f’\‘ c}e'oé‘oé\ T=4.096) and the SD/LT-QET group (p=0.0064, T=5.291)
& ‘f&\e’é\'(}' VS A R f‘e\e'é\'(}' at+ 8 dB. The PPI responses were significantly increased
P P P after 10 mg LT-QET administration (p =0.0005, T=6.639)

Prepulse Intensity

Fig.2 PPI% of non-sleep-deprived groups at+4 dB,+8 dB,+ 16 dB
prepulse intensities. Statistical analysis was performed by one-way
ANOVA, followed by followed by Tukey’s post-hoc test. **p <0.005.
Abbreviations: Short term 10 mg/kg quetiapine (ST-QET), Long term
10 mg/kg quetiapine (LT-QET), Control Short term vehicle group
(CST-Vehicle), Control Long term vehicle group (CLT-Vehicle)

control SD group (Fig. 3B). Startles were decreased in SD/
ST-QET (p=0.0240, T=4.546) compared to the CST-Vehi-
cle group. However, no significant change in the SD/ST-
QET group compared to the control SD group (p=0.4994,
T=2.285) (Fig. 3B).

The PPI responses were significantly impaired in the
SD group compared to the CST-Vehicle group (p =0.0063,

and 10 mg ST-QET SD/ST-QET group (p =0.0008,
T=6.363) administration compared to the SD group
for+16 dB. (Fig. 4).

Discussion

Sleep is a circadian process that lasts 7.5-8.5 h on average
in adults and consists of 90-min cycles of “non-rapid eye
movement (NREM)” and “rapid eye movement (REM)”.
The NREM phase consists of sub-stages 1 to 4, and a normal
sleep process occurs by experiencing the cycle 4-5 times
in a row, in which the person completes the NREM phases
1-4 and the REM phase, respectively. While the propor-
tion of REM in total sleep in newborns is around 50%, it
gradually decreases with age and drops to 25% in an adult

Table 2 Group averages for PP1% at+4 dB, +8 dB, and + 16 dB prepulse intensities, average PP1% and startle is given for sleep-deprivated rats

Group n %PP1I for prepulse intensities Average Startle
PPI %
+4dB +8dB +16 dB
SD 7 —43.62£105.7%* —11.22+81.07** —11.32+£51.07** -15.49+68.78** 10.20 £28.93**
SD/ST-QET 7 16.62+58.83 48.18+17.18* 61.93 £29.74* 4791+14.17* 33.87+23.58
SD/LT-QET 7 58.65+20.31* 79.80+33.41%* 65.10+18.66* 120.2+52.73%* 70.57 +£28.56*

The values are given as average + standard deviation. * Indicates significantly different results compared to the SD group

SD: Sleep deprivation group, SD/ST-QET: Sleep deprivation and short-term 10 mg/kg quetiapine, SD/LT-QET: Sleep deprivation and long-term

10 mg/kg quetiapine

““Indicates significantly different results compared to Vehicle groups. Details of statistical analysis are given in the text
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A . B * and staggered rhythms [53]. This suggests that NREM sleep

— - in rodents can be classified into distinct substages that likely

** *okkk have distinct neural correlates and are potentially involved in

* % % ’ * | *k various functions of sleep. The second stage has the highest

150 1007 rate of sleep spindles in rats compared to all three stages. It

80 corresponds to the third stage in humans and is called slow-

S o 60 wave sleep and is the deepest NREM sleep stage. The 72 h

';,", 50 f—'g SD in rats by using the modified multiple platform technique

g ® 407 is the REM sleep deprivation model and is standard for each
é 0 20+ rat [3 1 ] .

This study investigated the effects of short- and long-term

80 . . oA o ©® S & QET administration on PP1% and startle amplitude in groups

& ® é\'é/ & Aéé\o Qé"‘e ° &8 &F with and without SD for the first time in rats. Here, we used

S & & S S a modified multi-platform technique of the sleep depriva-

Fig.3 Average PP1% and startle values of Control (-/-), Control (SD/-
), and (SD/QET) groups. The average PPI% (A) and startle (B) values
are shown in the figure. Startle responses are in arbitrary units (AU).
Statistical analysis was performed by one-way ANOVA, followed by
Tukey’s post-hoc test. Error bars represent standard errors. *p <0.05,
**p<0.01, ***p<0.005, ****p<0.0001. Abbreviations: Control
Short term vehicle group (CST-Vehicle), Control long term vehicle
group (CLT-Vehicle), sleep deprivation group (SD), Sleep deprivation
and short-term 10 mg/kg quetiapine (SD/ST-QET), Sleep deprivation
and long-term 10 mg/kg quetiapine (SD/LT-QET)
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Prepulse Intensity

Fig.4 PPI1% of sleep-deprived groups at+4 dB,+8 dB,+16 dB
prepulse intensities. Statistical analysis was performed by one-way
ANOVA, followed by Tukey’s post-hoc test. Error bars represent
standard errors. *p <0.05, **p <0.005, ***p <0.0005. Abbreviations:
Control Short term vehicle group (CST-Vehicle), Control long term
vehicle group (CLT-Vehicle), sleep deprivation group (SD), Sleep
deprivation and short-term 10 mg/kg quetiapine (SD/ST-QET), Sleep
deprivation and long-term 10 mg/kg quetiapine (SD/LT-QET)

[52]. Claverie et al. allowed a more direct comparison with
human sleep stages to subclassify NREM sleep in rats into
three stages. Although NREM sleep is typically viewed as
a homogeneous state in rodents, it encompasses many elec-
trophysiological features, including delta and theta waves,
sleep spindles, hippocampal oscillations, slow oscillations,
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tion model to establish, in part, the behavioral aspects of
psychosis. Our results showed that in comparison to NSD,
72 h SD induced via the modified multiple platform tech-
nique significantly disrupted sensorimotor gating, SD group
rats had significantly reduced PP1% compared to NSD group
rats. This shows that the 72 h SD itself was responsible for
disruption of sensorimotor gating in rats.

Clinical doses of QET for adults in the treatment of schiz-
ophrenia are 150-750 mg/day for the immediate-release for-
mulation. According to Nair and Jacob, the formula used
to determine the human equivalents of drug doses used in
preclinical studies is: human dose (mg/kg) = Animal dose
(mg/kg) x [Animal Km / Human Km] [49]. The Km value
for a 250 g rat is 7, and the Km value for a 60 kg human
being is considered 37. Thus, 10 mg/kg of QET selected in
the study is the corresponding dose in a 60 kg human. For
this reason, rational drug dosage was preferred in this study.

This study firstly showed that 10 mg/day QET had a sta-
tistically significant effect on the average PP1% in the rats at
the long-term administration while short-term administra-
tion did not, this result shows that QET has a time-dependent
impact on PPI response which also differs for non-sleep-
deprived and sleep-deprived rats. Secondly, 72 h SD sig-
nificantly impaired average PPI% and reduced startle in rats.
Subsequent short and long-term administration of 10 mg/
kg QET has a statistically significant effect on SD-impaired
PPI. On the other hand, only long-term QET administration
significantly increases the startle amplitude in SD rats. How-
ever, it should be emphasized that these results are associ-
ated with different administration times of 10 mg/kg dose
QET. Our results also suggest that a more detailed investiga-
tion of the different dose-response relations between QET
and PPI response is definitely required, where other models
of PPI impairment together with the SD model are prefer-
ably utilized.

Our results revealed that 72 h SD disrupted sensorimo-
tor gating in higher PPI intensities (especially in+8 dB
and+ 16 dB). The long-term QET administration impact
on PPI response differs for non-sleep deprived. When this
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intensity was only 4 dB higher than 70 dB background noise,
it was detected by control subjects receiving long-term QET
treatment, but no significant difference was observed at+8
and+ 16 dB. More intense noises such as+ 8 dB and+ 16 dB
may still caught by the subjects with short- and long-term
drug administration. For non-sleep-deprived rats, the short
and long-term QET administration did not significantly
impair PP1% at 78 dB and 86 dB prepulse intensities with a
pulse intensity of 120 dB (in Fig. 2). In this setting, the result
suggests that short and long-term QET administration does
not have a disruptive effect on non-sleep-deprived animals,
and probably this result can be carried on to humans, con-
sidering the evolutionarily preserved nature of PPI response.
Further research with different doses of QET injection could
enlighten whether this biphasic effect was coincidental or
not. The 72 h SD distorted the PPI response at+4 dB,+8 dB
and + 16 dB more intense noises than 70 dB. However, short-
and long-term QET application has been shown to increase
the startle response in more intense noises such as+ 8 dB
and+ 16 dB. Also, only long-term QET administration can
restore PPI response +4 dB significantly (in Fig. 4).

In addition, long-term administration of QET may
increase the mean PPI percentage in healthy subjects but
would be an indication that some doses could impair or
benefit sensorimotor gating and thus trigger psychotic
symptoms. Similar future studies should use higher or
slightly different doses of QET in NSD rats. Previous stud-
ies have shown that 72 h of sleep deprivation (REM sleep
deprivation) also significantly reduced PPI response in rats
compared to control groups; this suggests the critical role
of appropriate REM sleep in the modulation of the PPI
response [29, 30, 33, 35, 36]. The results of our study were
similar to previous studies, and it was found that 72 h SD
significantly decreased PPI and even startle response com-
pared to control vehicle groups. SD was proposed as a schiz-
ophrenia-like animal model because it has similar features
including the partial and symptom-oriented endophenotype
of schizophrenia and the PPI disorder schizophrenia. This
deterioration caused by the 72 h SD effect was reversed with
the use of antipsychotics such as haloperidol, clozapine, and
risperidone [30]. Similarly, in our study, rational doses of
short-term and long-term QET 72 h reversed this deteriora-
tion by increasing the decrease in PPI response caused by
72 h SD. This, together with the clinical studies pointing out
a similar direction, guided our attention to the possible role
of QET in the mediation/modulation of PPI response in rats.
Griinder et al. reported that second-generation antipsychotics
(SGAs) have begun to be used more widely instead of first-
generation antipsychotics (FGAs) in the clinical treatment of
schizophrenia [37]. Unlike typical antipsychotics that prefer-
entially block DA D2 receptors, SGAs not only reduce DA
neurotransmission but also act on multiple receptors, includ-
ing 5-HT2A receptors. QET is previously shown to have

varying impacts on the receptor activity in the brain. QET
can bind to many receptors such as DA receptors D1, D2,
D3, D4, D5, 5-HT receptors 5-HT1A, 5-HT2A, 5-HT2C,
al adrenergic, HI histaminergic, M1 muscarinic, NMDA
[20, 37]. PPI could be impaired in different animal models
associated with many different receptor dysfunctions, which
can be the results of the 72 h SD, but QET could reverse
these adverse effects. In our study, we utilized a 72 d SD
model on rats to understand the impact of intraperitoneal
application of short and long-term QET administration on
the prepulse inhibition response. The startle responses of
control and experimental groups both in first and second
experimental settings remained statistically different, imply-
ing that the effect of long-term QET administration is more
likely on the regulatory network of PPI and it can relate with
acoustic startle reflex itself. While previous studies evalu-
ated data from a single application time, It should also be
noted that our results not only indicate the effect of acute
applications of QET but also the impact on PPI response in
chronic applications. For instance, Powel et al. reported that
QET (2.5 mg/kg), both selective D2 receptor and 5-HT2A
receptor antagonists, attenuated PPI deficits in male DAT
knockout mice [38]. He et al. reported that (10 mg/kg/day,
intraperitoneally) QET attenuated for 28 days attenuated
sensorimotor gating deficit in the MK-801 mice [39]. Results
of Chamera et al.'s research revealed the beneficial effect of
14-day administration of QET on deficits in sensorimotor
gating observed in prenatally lipopolysaccharide-exposed
offspring [40]. Tanibuchi et al.'s findings suggest that QET
ameliorates dizocilpine-induced PPI deficits in mice viaal-
adrenoceptor antagonism, and hence, al-adrenoceptor
antagonism may play a prominent role in QET’s psychop-
harmacological effects [41]. Duncan et al. demonstrated that
20 mg/kg QET reduced startle magnitude and increased PPI
in a mouse model of chronic NMDA receptor hypofunction
[42]. Conversely, 10 mg/kg short-term QET administra-
tion failed to ameliorate PPI disruption in animal models
of phencyclidine compared with most antipsychotics, but
short-term clozapine administration did [43]. Shoemaker
et al. also showed basolateral amygdala (BLA) lesions sig-
nificantly disrupted PPI 1-week post-surgery and QET (0
vs 7.5 mg/kg) in a within-subject design 2—-3 weeks post-
surgery revealed a normalization of PPI in rats [44]. There
are many animal models that can be used for the schizo-
phrenia pattern. In our results, 72 h SD disrupts sensorimo-
tor gating, which is the endophenotype of schizophrenia.
Short- and long-term administration of 10 mg/kg of QET
reverses this effect on ppi and startle responses Short and
long-term administration of 10 mg/kg of QET reverses this
effect on ppi and startle responses. In conclusion, although
the effects of Short- and long-term administration of QET
on sensorimotor gating and startle response have been dem-
onstrated in many different psychotic animal models, further
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investigation is required at different doses and durations of
administration. Results from animal research are generally
not directly applicable to humans. However, if the results of
this study are interpreted for humans, it can be stated that
the use of QET in clinical practice may have time-depend-
ent effects on sensorimotor gating, which is a physiological
parameter accepted as an endophenotype in schizophrenia
and may have an effect against insomnia in the schizophre-
nia pattern. In rats, and to a lesser extent, in humans, PPI
can be diminished by DA D2/D3 and 5-HT(1A) receptor
agonists [45, 48]. However, longitudinal clinical trials are
few and their results are inconsistent: some results show a
reduction in PPI deficits with treatment with atypical antip-
sychotics, while others do not. 21 days QET treatment may
not modify PPI measures in schizophrenia patients [46].
Interestingly, Aggernaes et al. showed treatment with QET
for 6 months increased male schizophrenia patients of PPI to
a level where it was no longer statistically different from the
controls [47]. Although the clinical results of the short and
long-term effects of QET appear to be negative, the studies
are significantly limited and insufficient.

There are some limitations with the animal model used
in this study. In the multiple modified water tank used in the
study, the animals were kept on small platforms for 72 h. As
they enter REM sleep, they wake up with their tails touching
the water. The platform, which causes a high level of stress,
triggers acute stress due to environmental conditions, rather
than just the effect of SD. This may limit the measurement
of effects due to the SD pattern alone. Also, while inves-
tigating the effects of SD, EEG and EMG results [50, 51]
especially, the rat-psychomotor vigilance task (rPVT) is also
recommended in future studies to answer in more detail to
what extent the rats are sleep deprived and whether this is
constant for all rats. In this sense, it is clear that EEG and
EMG can be included in SD studies as a supportive method
to reveal changes in brain activities in this process. It is also
recommended to investigate whether these data are effective
in the same way that long- and short-term QET effects are
effective on sensorimotor loss at 72 h SD.

Conclusion

Our results show that QET reversibly modulates the PPI
response in rats with short- and long-term effects, for SD
rats. A more detailed investigation should be done for the
etiology and dose-related behavior of this effect.
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