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Objective. Buspirone is a partial agonist of SHT1A receptors, 8-OHDPAT (8-Hydroxy-2-(dipro-
pylamino) tetralin) is an agonist of SHT, , receptors, and fluoxetine is a serotonin uptake inhibitor.
Among 5-HT receptor subtypes, 5-HT 5, receptor plays a crucial role in modulating extrapyramidal
motor disorders, including antipsychotic-induced extrapyramidal symptoms.

Aim. This study aimed to investigate the effect of chronic administration of buspirone, 8-OHDPAT
and different doses of fluoxetine on haloperidol-induced extrapyramidal disorders and general lo-
comotor activity in male rats.

Methods. Extrapyramidal disorders were induced by haloperidol injection 1mg/kg intraperitoneal-
ly (i.p.). To investigate the effect of serotonergic drugs on haloperidol-induced extrapyramidal dis-
orders, we used 8-OHDPAT (1 mg/Kg), buspirone (10 mg/Kg), and fluoxetine (0.5 mg/Kg and
1 mg/Kg) as a chronic injection. Following this, the different groups of rats were placed in a ro-
tarod, bar test and open field test apparatus, where their behavior and locomotor activity during
these tasks were recorded respectively.

Findings. Data analysis showed that i.p. injection of fluoxetine (0.5 mg/Kg and 1 mg/Kg), buspi-
rone (10 mg/kg) and 8-OHDPAT (1 mg/Kg) decreased catalepsy compared with the control group
(p <0.001). The attenuation of haloperidol-induced motor imbalance was observed with fluoxetine
(0.5 mg/Kg) just in 15th day of treatment (p < 0.001), fluoxetine (1 mg/Kg) in all days (p < 0.001),
8-OHDPAT (1mg/Kg) in all days (p < 0.05) and buspirone (10 mg/kg) just in 10th and 15th day of
treatment (p < 0.001).

Conclusion. It may be concluded that fluoxetine, buspirone, and 8-OHDPAT improve extrapyra-
midal disorders and locomotor impairment in haloperidol-induced Parkinsonism model through
activation of nigral SHT1A receptors.
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INTRODUCTION

Psychosis disorders are situations where the
mind loses its relevance to reality and experiences
in appropriate perceptions of its surroundings.
The most common symptoms in these patients
are hallucinations and delusions [van Os et al.,
2001; Perala et al., 2007]. Neuroleptic drugs are
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used to treat people with psychotic disorders, and
one of the most commonly used neuroleptic
drugs is haloperidol [Wade et al., 2017]. Continu-
ous and long-term consumption of neuroleptic
drugs is essential for controlling symptoms and
preventing recurrence of the disease. However,
use of these drugs has several side effects, includ-
ing extrapyramidal disorders [Association, 2006;
UCOKk, Gaebel, 2008]. All of the neuroleptic
drugs inhibit the normal signaling of dopamine
D2 receptors in the brain and thus exert their ef-
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fects by blocking dopaminergic receptors on the
Nigro striatal pathway, these drugs can lead to ex-
trapyramidal motor disorders [Farde et al., 1992;
Shireen, 2016; Moore, Furberg, 2017].

Central serotonergic and dopaminergic sys-
tems play a critical role in the regulation of nor-
mal and abnormal behaviors. Moreover, recent
evidence suggests that the dysfunction of dopa-
mine (DA) and serotonin (5-hydroxytriptamine,
5-HT) neurotransmission might underlie the
pathophysiology of neuropsychiatric disorders,
including depression, schizophrenia, drug abuse
and Parkinson’s disease. 5-HT pathways from the
raphe nuclei have been shown to make contact
with dopaminergic neurons in the nigrostriatal
system and modulate, in a complex manner, do-
paminergic activity. Numerous studies have sug-
gested that the functions of 5-HT and dopamine
are closely related and that they may act in a co-
operative manner on striatal functions [Sandyk,
Fisher, 1988; Esposito et al., 2008].

Dorsal raphe nucleus (DRN) is known as a se-
rotonin-secreting source to the basal ganglia,
which is the action site of the neuroleptic drugs
[Pires et al., 1990]. Serotonin has a role of ho-
meostatic control in the regulation of neurologi-
cal complications caused by neuroleptic drugs in
the cerebrospinal axis (neuroaxis) and it can reg-
ulate motor activity by affecting the globus pallidus
neurons [Rao et al., 1989]. Bilateral serotonin in-
jection effectively weakens the haloperidol-in-
duced catalepsy [Wei, Chen, 2009]. Among the
various types of serotonergic receptors, SHT1 re-
ceptors play a vital role in modulating the effects
of extrapyramidal symptoms, especially the side
effects of neuroleptic drugs [Meltzer et al., 2003;
Ohno et al., 2011; Shimizu et al., 2013]. On the
other hand, SHT1A receptors are widely distrib-
uted throughout the basal ganglia, which results
in their inhibitory effect on releasing of dopamine
and play an important role in the neuroleptic
drugs induced catalepsy [Hicks, 1990; Zubkov et
al., 2009]. The agonists of these receptors reduce
serotonergic activity, which can inhibit the dopa-
minergic pathway of nigro striatal neurons, which
results in an increase in the amount of dopamine
in the dorsal striatal region, which can be incom-
pletely overcome blocking of D2 receptors [Ban-
tick et al., 2005].

It should be noted that dorsal striatal is consid-
ered as the most important brain structure re-
sponsible for extrapyramidal disorders caused by
neuroleptic drugs [Dunstan et al., 1981; Ossowska
etal., 1990].
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In this study, we sought to find a way to reduce
extrapyramidal disorders in male Wistar rats
caused by long-term use of neuroleptic drugs and
for this purpose, we employed serotonergic drugs
such as 8-OHDPAT and Buspirone as an agonist
and partial agonist of SHT, , receptors respective-
ly, and fluoxetine as a serotonin reuptake inhibi-
tor.

METHODS
2.1. Animals

In this investigation, we used naive experimen-
tal male Wistar rats were obtained from Hamadan
University of medical sciences institutional ani-
mal facilities. Each group consisted of 6 rats, all in
the weight range of 200—230 grams. To maintain
each group, a standard plastic container was used.
All rats had enough access to water and food, and
12 h: 12 h light—dark cycle was observed. Animals
were kept in a quiet ambiance with proper ventila-
tion and temperature range of 22 £ 2°C. Compli-
ance with laboratory conditions was made one
hour before each test [Haddadi et al., 2018]. Ex-
tensive efforts were made to minimize animal ha-
rassment and to select at least enough rats to con-
duct the test. All procedures used in the present
study were done in accordance with the National
Institutes of Health ethical guidelines for the Care
and Use of Laboratory Animals and approved by
the University of Medical Sciences of Hamadan
(UMSHA) Ethical Commttee, Hamadan, Iran
(ID: IR.UMSHA.REC. 1395.417).

2.2. Chemicals

Haloperidol (4-[4-(4-chlorophenyl)-4-hydroxy-
piperidinol]-4-fluorobutyrophenone), 8-OHDPAT
(8-Hydroxy-2-(dipropylamino)tetralin), buspi-
rone and fluoxetine were obtained from Sigma—
Aldrich (St. Louis, MO, USA).

Haloperidol, 8-OHDPAT, and fluoxetine dis-
solved in normal saline 0.9% and buspirone were
solved in polyethylene glycol.

All drugs solutions were prepared freshly on
the days of experimentation and were injected in-
tra peritoneally (i.p.).

2.3. Experimental design

The rats were randomly divided into 7 groups
(n = 6) (See Fig. 1. for more details):

1. Normal group (healthy intact animals).
2. Sham group (receiving a solvent for 21 days).
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3. Haloperidol receiving group (receiving hal-
operidol intraperitoneally at a dose of 1 mg/kg
[Ahmadi et al., 2018] for 21 days).

4. Fluoxetine receiving group (receiving fluox-
etine intraperitoneally at a dose of 1 mg/kg in
healthy animals for 15 days after 21 days injection
of haloperidol).

5. Fluoxetine receiving group (receiving fluox-
etine intraperitoneally at a dose of 0.5 mg/kg in
healthy animals for 15 days after 21 days injection
of haloperidol).

6. Buspirone receiving group (receiving buspi-
rone intraperitoneally at a dose of 1 mg/kg in
healthy animals for 15 days after 21 days injection
of haloperidol).

7. 8-OHDPAT receiving group (receiving
8-OHDPAT intraperitoneally at a dose of
1 mg/kg in healthy animals for 15 days after
21 days injection of haloperidol).

Schematic representation of the experimental
procedure shown in Fig. 1.

2.4. Induction of Extrapyramidal Disorders

Extrapyramidal disorders were induced by ad-
ministering the neuroleptic haloperidol drug
(1 mg/kg intraperitoneally) [Sabahi et al., 2018]

(Fig. 1).

2.5. Behavioral study

2.5.1. Assessment of catalepsy. Catalepsy was
measured by bar test. Bar test is a device made up
of a wooden rod 9 cm in diameter, located 9 cm
above the ground. In this test, both forelimbs are
placed on the rod so that the foot of the animal is
completely on the ground and the animal is in a
state of rest. The time that the animal stays in
stagnation is calculated as the catalepsy time. The
end of the test is when the animal pulls one or
both of its forelimbs off the rod or shakes its head
in search mode. The cut-off time was considered
720 seconds [Haddadi et al., 2018]. Before the ex-
periment, the animals were trained to be placed in
the bar test. Catalepsy was evaluated in animals
after 21 days of administration of haloperidol and
ondays 5, 10 and 15 after starting treatment (Fig. 1).

2.5.2. Assessment of motor balance. Standard
rotarod test was conducted to measure motor co-
ordination and motor imbalance. The apparatus
has a horizontal metal rod (6 cm in diameter) at-
tached to a modifiable speed motor. In this study,
the device was set to speed of 18 rpm. The rod is
divided into 4 equal parts by separating plates of
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Bar test, Rotarod test and Open field test

Haloperidol

0 21 26 31 36

fluoxetine (0.5 and 1 mg/kg)

buspirone

8-OHDPAT
Solvent (haloperidol group)

sham group (solvent)

Fig. 1. Schematic representation of the experimental
procedure.

Puc. 1. CxemaTtnmyeckoe M300paxkeHUE DKCIIEPHU-
MEHTaJbHOI MpOoLEeayphHlI.

10.5 cm in diameter. To avoid jumping animals,
the rod is located at the height of 50 cm from the
ground, which is low enough not to injure the an-
imal. Before the initiation of the test, the animals
were trained to be placed on the rotarod. At the
end of the training, they could maintain their bal-
ance at constant speed of 18 rpm for 300 seconds
without falling off the device [Haddadi et al.,
2015]. Training procedure was done 24 h before
the experiments. Motor coordination and motor
imbalance of animals was evaluated similarly to
catalepsy after 21 days of administration of halo-
peridol and also on days 5, 10 and 15 after initia-
tion of treatment (Fig. 1).

2.5.3. Assessment of anxiety and general loco-
motor activity levels. The open-field test was used
to assay the general locomotor activity levels.
Open-Field is a square-shaped area of 70 cm X 70 cm.
To prevent animal escape, this space is surround-
ed by walls at the height of 35 cm. The area inside
this square is divided into 16 sub squares. Differ-
ent colors have been used to differentiate the cen-
tral square from others. The test is started by plac-
ing the rat in the central square and the animal’s
behavior was recorded for 5 minutes. After 5 min-
utes, remove the rat from the area and carefully
clean the machine to test the next rat. In review-
ing the animal’s behavior, which is made by a
blind observer to the potential effects of injec-
tions, crossing and rearing were recorded. This
test was performed after 21 days of administration
of haloperidol and also on the 15th day of treat-
ment (Fig. 1).
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The entire process was accomplished between
9:00 AM and 3:00 PM in a silent circumstance by
an observer who was blind to treatments process.

2.5.4. Statistical analysis. Descriptive analysis
and comparison of differences between each data
set were calculated by use of SPSS-18 software.
The data were expressed as mean = SEM and
were analyzed by one-way repeated measures
ANOVA in each experiment. In the case of signif-
icant variation (p < 0.05), the values were com-
pared by post-hoc Tukey test. Statistical signifi-
cance was accepted at the level of p < 0.05.

RESULTS
3.1. The Effect of Haloperidol on catalepsy
The results indicated that haloperidol

(Img/kg, i.p.) as a neuroleptic drug was able to in-
duce catalepsy significantly (p < 0.001, df: 11.71)
in comparison with sham and normal groups. So
that, the duration of standing on the bar was in-
creased in a significant manner (Fig. 2 (a)). De-
tails of the data are listed in Table 1.

3.2. The Effect of fluoxetine 0.5 mg/kg on catalepsy

To investigate the effects of fluoxetine on
chronic Haloperidol-induced catalepsy, fluoxe-
tine 0.5 mg/kg was administrated for 15 days after
receiving haloperidol for 21 days and examining
catalepsy. The effects of treatment were evaluated
on the 5th, 10th and 15th day after the initiation of
treatment by bar test. Comparison of the results of
the fluoxetine receiving group (0.5 mg/kg)
(32.61 = 8.124: p < 0.001, 13.08 £ 0.9868: p < 0.001,
17.81 £ 1.599: p < 0.001 on the 5th, 10th and
15th day, respectively) with the results obtained
after 21 days of administration of haloperidol
(83.61 & 3.277) suggests a strong positive effect of
fluoxetine in the treatment of haloperidol in-
duced catalepsy, which significantly reduce cata-
lepsy in all days (Fig. 2 (b)). Details of the data are
listed in Table 1.

3.3. The Effect of fluoxetine 1 mg/kg on catalepsy

To investigate the effects of fluoxetine on
chronic Haloperidol-induced catalepsy, fluoxe-
tine 1 mg/kg was administrated for 15 days after
receiving haloperidol for 21 days and examining
catalepsy. The effects of treatment were evaluated
on the 5th, 10th and 15th day after the initiation of
treatment by bar test. Comparison of the results of
the fluoxetine receiving group (1 mg/kg)
(20.83 £ 1.865: p<0.001, 26.97 £ 4.127: p < 0.001,
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18.3 + 1.494: p < 0.001 on the 5th, 10th and 15th
day, respectively) with the results obtained after
21 days of administration of haloperidol
(82.78 £ 3.189) suggests a powerful restoring ef-
fect of haloperidol induced catalepsy by fluoxetine
treatment in all days of test (p < 0.001) (Fig. 2 (¢)).
Details of the data are listed in Table 1.

3.4. The effect of buspirone on catalepsy

In order to reveal the effects of buspirone on
chronic haloperidol-induced catalepsy, after
21 days of administration of haloperidol, the rats
were treated with buspirone (1 mg/kg) for 15 days.
The muscle rigidity of the rats was measured 5, 10
and 15 days after starting treatment by bar test.
Our results indicated that injections of buspirone)
(28.39 £2.567: p<0.001, 21.78 = 2.062: p < 0.001,
21.05 + 3.069: p < 0.001 on the 5th, 10th and
15th day, respectively) can diminish the induced
catalepsy(85.94 *+ 4.459) significantly (p < 0.001)
in all days of tests (Fig. 2 (d)). Details of the data
are listed in Table 1.

3.5. The effect of S-OHDPAT on catalepsy

To demonstrate the effects of 8-OHDPAT on
catalepsy caused by prolonged use of neuroleptic
drugs, a 15-day course of 8-OHDPAT treatment
was initiated in rats infused with haloperidol for
21 days. Catalepsy was measured by bar test. This
assessment was performed after 5, 10 and 15 days
from the start of treatment. The results indicate
the significant healing effects of 8-OHDPAT)
(16.58 +£2.22: p<0.001, 12.55 £ 0.9814: p < 0.001,
10.03 £ 0.7155: p <0.001 on the 5th, 10th and 15th
day, respectively) on haloperidol induced catalep-
sy (84.28 = 3.59) in all days of measurement
(Fig. 2 (e)). Details of the data are listed in Table 1.

3.6. The Effect of Haloperidol on motor imbalance

Comparison of the results of these groups
demonstrated that haloperidol (1mg/kg, i.p.) as a
neuroleptic drug was able to induce significantly
(» <0.001, dF: 11, 71) motor imbalance in receiv-
ing haloperidol group than the other two groups.
So that, the duration of walking on the rotating rod
was decreased in a significant manner (Fig. 3 (a)).
Details of the data are listed in Table 1.

3.7. The Effect of fluoxetine 0.5 mg/kg
on the motor imbalance

To evaluate the effects of fluoxetine on chronic
Haloperidol-induced motor impairment, fluoxe-
Ne 4
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Fig. 2. (a) Effect of haloperidol administration (1mg/kg) on catalepsy. Each bar represents the Mean = SEM of elapsed
time (s) in bar test. Tests have been repeated 4 times with 1 hour interval for approving of repeatability of each behavior.
n = 6 rats for each group. Significance refers to Tukey post-hoc multiple comparison tests following one-way ANOVA
with repeated measure. T: p < 0.001. (b) Effect of chronic fluoxetine administration (0.5 mg/kg) on catalepsy, which
was treated by 5, 10, 15 days injection of fluoxetine i.p. (0.5 mg/kg) after 21 days injection of haloperidol. Each bar rep-
resents the mean = SEM of elapsed time (s) in bar test. Tests have been repeated 3 times with 1 hour interval for ap-
proving of repeatability of each behavior. # = 6 rats for each group. Significance refers to Tukey post-hoc multiple com-
parison tests following one-way ANOVA with repeated measure. ***: p < 0.001 vs Haloperidol group. (c) Effect of
chronic fluoxetine administration (1 mg/kg) on catalepsy, which was treated by 5, 10, 15 days injection of fluoxetine
i.p. (1 mg/kg) after 21 days injection of haloperidol. Each bar represents the mean = SEM of elapsed time (s) in rotarod.
Tests have been repeated 3 times with 1 hour interval for approving of repeatability of each behavior. n = 6 rats for each
group. Significance refers to Tukey post-hoc multiple comparison tests following one-way ANOVA with repeated mea-
sure. ***: p <(.001 vs Haloperidol group. (d) Effect of chronic buspirone administration (1 mg/kg) on catalepsy, which
was treated by 5, 10, 15 days injection of buspirone i.p. (1 mg/kg) after 21 days injection of haloperidol. Each bar rep-
resents the mean = SEM of elapsed time (s) in bar test. Tests have been repeated 3 times with 1 hour interval for ap-
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proving of repeatability of each behavior. n = 6 rats for each group. Significance refers to Tukey post-hoc multiple
comparison tests following one-way ANOVA with repeated measure. ***: p < 0.001 vs Haloperidol group. (e) Effect
of chronic 8-OHDPAT administration (1 mg/kg) on catalepsy, which was treated by 5, 10, 15 days injection of
8-OHDPAT i.p. (1 mg/kg) after 21 days injection of haloperidol. Each bar represents the mean = SEM of elapsed
time (s) in bar test. Tests have been repeated 3 times with 1 hour interval for approving of repeatability of each be-
havior. n = 6 rats for each group. Significance refers to Tukey post-hoc multiple comparison tests following one-way
ANOVA with repeated measure. ***: p < 0.001 vs Haloperidol group.

Puc. 2. (a) BnusgHue BBeneHus rajonepuaona (1 Mr/kr) Ha Kataierncuo. Kaxabiit ctonberr npeacrasiseT cpeaHee
3”HayeHue = SEM Bpemenu. TecThbl ObLIM ITOBTOPEHHI 4 paza ¢ MHTEPBAJIOM B 1 4. # = 6 KPbIC B KaX10i1 IpyIIIie.
3HaYMMOCTh pa3anuuii onileHuBaau tectoM Tukey. T: p <0.001. (b) BnussHue XxpoHudyeckoro BBeaeHUs (hIyoKCeTH -
Ha BTeueHue 5, 10, 15 mreii (0.5 MT / KT) Ha KaTaJlIeIICUIO, BEI3BAaHHYIO BBEeICHIEM rajjonepuaoia B TeueHue 21 1Hs.
Kaxnplit cronidel npencraisieT cpenHee 3HadeHue = SEM BpeMeHU B TecTe ¢ IepekIaanuHoi. TecTsl ObLIM MO~
BTOPEHBI 3 pa3a ¢ 1-4acOBBIM MHTEPBAJIOM. 7 = 6 KPBIC U1 KAXKIOM rPYMIbl. SHAYMMOCTD Pa3IudKil OLeHUBAIA
tectoM Tukey. ***: p < 0.001 B cpaBHEHUM C TPyIIIOM Tanorepunoi. (¢) Bnusaue xponudeckoro BBeaeHus Giry-
OKCETMHa Ha KaTaJIeTICUI0, BbI3BAHHYIO BBeeHUEM rajonepuaona. Kaxmaslii ctonbell npeacTapisieT cpeaHee 3Ha-
yenue = SEM BpeMenu (¢) B porapoje. TecTsl ObUTH OBTOPEHKI 3 pa3a ¢ MUHTEPBAJIOM B 1 4. n = 6 KpBbIC 11 KaX-
oM TPyNIibl. 3HAYUMOCTD pa3inyunil oueHuBaM TectoM Tukey. ***: p < 0.001 TpoTUB rpyINbl TaJIONEPUIOA.
(d) BausiHue XxpoHU4eCKOro BBeAecHuUs OycrupoHa (1 Mr/Kr) Ha KaTaJelC1iO, BbI3BAHHYIO BBEICHUEM TaJIONepr-
noja. Kaxnblii cronbel npeacrapisieT cpeaHee 3HaueHue = SEM BpeMeHHU B TecTe ¢ IepeKyiaanHoi. TecTbl Obuin
ITOBTOPEHBI 3 pa3a ¢ UHTEPBAJIOM B 1 4. # = 6 KPBIC [T KaXXIO# TPYIIbl. 3HAYMMOCTD Pa3Inunil OLICHUBAJIU Te-
croMm Tukey. ***: p < 0.001 B cpaBHeHHUU C TPyNHoOii rajonepunoi. (¢) BausHue XxpoHMUYEeCKOro BBeOeHU ST
8-OHDPAT (1 mr/kr) Ha KaTaJelcuio, BEI3BAaHHYIO BBeAeHUEM Trajionepunoia. Kaxabiii cronbel mpeacTapisier
cpentee 3HaueHe + SEM BpeMeHHU B TeCTe ¢ nepeKiIaanHoli. TecThl ObUIM ITOBTOPEHE! 3 pa3a ¢ 1-4acOBBIM MH-
TEepBaJIOM. # = 6 KPBbIC [JI KaXIO0i I'pyNIibl. 3HAUMMOCTh pa3induii oueHuBaiu tectoM Tukey. ¥¥*: p < 0.001 mpo-

THUB I'PYIIIbI rajoncpuagosia.

tine 0.5 mg/kg was administrated for 15 days after
receiving haloperidol for 21 days and examining
motor imbalance. The effects of treatment were
evaluated on the 5th, 10th and 15th day after the
initiation of treatment by rotarod test. Compari-
son of the results of the fluoxetine receiving group
(0.5 mg/kg) (8.542 + 1.939, 20.05 =+ 2.124,
174.5 £ 8.02: p < 0.001, on the 5th, 10th and 15th
day, respectively) with the results obtained after
21 days of administration of haloperidol
(14.92 £ 1.352) suggests a positive effect of fluox-
etine in the treatment of haloperidol induced mo-
tor imbalance on 15th day after the initiation of
treatment which is statistically significant (Fig. 3 (b)).
Details of the data are listed in Table 1.

3.8. The effect of fluoxetine 1 mg/kg
on the motor imbalance

To evaluate the effects of fluoxetine on chronic
Haloperidol-induced motor impairment, fluoxe-
tine 1 mg/kg was administrated for 15 days after
receiving haloperidol for 21 days and examining
motor imbalance. The effects of treatment were
evaluated on the 5th, 10th and 15th day after the
initiation of treatment by rotarod test. Compari-
son of the results of the fluoxetine receiving group
(1 mg/kg) (386.8 +25.66: p < 0.001, 413 + 23.57 :
p <0.001, 435.2 £ 24.02 : p < 0.001lon the 5th,
10th and 15th day, respectively) with the results
obtained after 21 days of administration of halo-
peridol (14.92 £ 1.352) suggests a returning motor
imbalance by fluoxetine treatment which induce
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by haloperidol. (Fig. 3 (c)). Details of the data are
listed in Table 1.

3.9. The effect of buspirone on the motor imbalance

In order to reveal the effects of buspirone on
chronic haloperidol-induced motor imbalance,
after 21 days of administration of haloperidol, the
rats were treated with buspirone (1 mg/kg) for
15 days. The motor impairment of the rats was
measured by rotarod test 5, 10 and 15 days after
injection of buspirone. Our results indicated that
injections of buspironecan diminish the induced
motor imbalance. Statistical analysis revealed that
in buspirone treated group (103.7 = 3.878: p <
<0.01, 636.7 = 11.45: p < 0.001, 582.5 £ 23.34:
p <0.001 on the 5th, 10th and 15th day, respec-
tively) significant (p < 0.001) improvements in
motor balance was seen in comparison with halo-
peridol group (15.92 + 1.061). (Fig. 3 (d)). Details
of the data are listed in Table 1.

3.10. The effect of §-OHDPAT on the motor imbalance

To demonstrate the effects of 8-OHDPAT on
motor imbalance caused by prolonged use of neu-
roleptic drugs, a 15-day course of 8-OHDPAT
treatment was initiated in rats infused with halo-
peridol for 21 days. Motor imbalance was mea-
sured by rotarod test. This assessment was per-
formed after 5, 10 and 15 days from the start of
treatment. The results indicate the healing effects
of 8-OHDPAT) (48.97 + 1.603: p < 0.001,
Ne 4
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33.25+ 1.334: p < 0.01, 41.33 £+ 1.385: p < 0.001
on the 5th, 10th and 15th day, respectively) on halo-
peridol induced motor impairment (15.76 £ 0.9387)
which is statistically significant (Fig. 3 (e)). De-
tails of the data are listed in Table 1.

3.11. The Effect of fluoxetine
on general locomotor activity

To evaluate the effects of fluoxetine on chronic
Haloperidol-induced locomotor impairment,
fluoxetine 1mg/kg was administrated for 15 days
after receiving haloperidol for 21 days and exam-
ining locomotor activity. The effects of treatment
were evaluated on the 5th, 10th and 15th day after
the initiation of treatment by open field test.
Comparison of the results of the fluoxetine re-
ceiving group (1 mg/kg) (10.6 = 1.2, 12.1 + 1.1:
p <0.05, 8.16 £ 0.8 on the 5th, 10th and 15th day,
respectively) with the results obtained after
21 days of administration of haloperidol (8.5 £ 1.1:
p<0.058+08:p<0.0575+0.5:p<0.050n
the 5th, 10th and 15th day, respectively) (that de-
crease statistically significant compare with nor-
mal group) in rearing and Comparison of the re-
sults of the fluoxetine receiving group (1 mg/kg)
(27 £ 1.1, 26.3 =+ 0.8, 21.6 £ 1.4 on the 5th, 10th
and 15th day, respectively) with the results ob-
tained after 21 days of administration of haloper-
idol (21.53 + 1.5, 22.66 + 2.2, 21.23 + 1.8 on the
5th, 10th and 15th day, respectively) in crossing,
suggests a statistically significant (p < 0.05) re-
turning of locomotor activity just in rearing
(Fig. 4 (a)). Details of the data are listed in
Table 1.

3.12. The Effect of buspirone
on general locomotor activity

To demonstrate the effects of buspirone on lo-
comotor activity caused by prolonged use of neu-
roleptic drugs, a 15-day course of buspirone treat-
ment was initiated in rats infused with haloperidol
for 21 days. Locomotor activity was measured by
open field test. This assessment was performed af-
ter 5, 10 and 15 days from the start of treatment.
Comparison of the results of the buspirone re-
ceiving group (12 + 1.8, 10.33 £ 1.5, 12.66 * 2.65:
p <0.05 on the 5th, 10th and 15th day, respective-
ly) with the results obtained after 21 days of ad-
ministration of haloperidol (8.5 = 1.1: p < 0.05,
8+ 0.8:p<0.05,7.5+0.5:p<0.05on the 5th,
10th and 15th day, respectively) (that decrease
statistically significant compare with normal
group) in rearing and Comparison of the results of
the buspirone receiving group (28.33 = 2.7: p <
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<0.05,23 +4.6,25.33 £ 3.6 on the 5th, 10th and
15th day, respectively) with the results obtained
after 21 days of administration of haloperidol
(21.53 £ 1.5, 22.66 + 2.2, 21.23 + 1.8 on the 5th,
10th and 15th day, respectively) in crossing, re-
vealed that in day of 5 and 15 significant (p < 0.05)
improvements in crossing and rearing was seen
respectively (Fig. 4 (b)). Details of the data are
listed in Table 1.

3.13. The Effect of 8-OHDPAT
on general locomotor activity

To demonstrate the effects of 8-OHDPAT on
locomotor activity caused by prolonged use of
neuroleptic drugs, a 15-day course of 8-OHDPAT
treatment was initiated in rats infused with halo-
peridol for 21 days. Locomotor activity was mea-
sured by open field test. This assessment was per-
formed after 5, 10 and 15 days from the start
of treatment. Comparison of the results of the
8-OHDPAT receiving group (11.3 = 0.8, 10.6 £
+ 1.2, 12.7 = 1.9: p < 0.05 on the 5th, 10th and
15th day, respectively) with the results obtained
after 21 days of administration of haloperidol
8.5+ 1.1: p<0.05,8+0.8: p<0.05 75x0.5:
p <0.05 on the 5th, 10th and 15th day, respective-
ly) (that decrease statistically significant compare
with normal group) in rearing and Comparison of
the results of the 8-OHDPAT receiving group
(26.3+7.1,25.3+£6.28,27.2 £ 8.1: p<0.05on the
5th, 10th and 15th day, respectively) with the re-
sults obtained after 21 days of administration of
haloperidol (21.53 *+ 1.5, 22.66 + 2.2, 21.23 + 1.8
on the 5th, 10th and 15th day, respectively) in
crossing, indicate that 15 days after injection of 8-
OHDPAT, haloperidol induced locomotor im-
pairment showed statistically significant (p < 0.05)
improvement (Fig. 4 (c)). Details of the data are
listed in Table 1.

DISCUSSION

The results demonstrated that haloperidol in-
jection induced obvious extrapyramidal disorder
in rats. In order to actualize this efficacy, we in-
vestigated the effects of serotoninergic drugs Buspi-
rone, different doses of Fluoxetine and 8-OHDPAT
in rats receiving haloperidol for 21 days. Measure-
ment of extrapyramidal disorder such as catalepsy
and motor imbalance were conducted by bar test
and rotarod test, respectively. According to our
result, all the drugs above could significantly re-
store the catalepsy and motor imbalance induced
by chronic administration of haloperidol.
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Fig. 3. (a) Effect of haloperidol administration (1 mg/kg) on motor imbalance. Each bar represents the mean = SEM
of elapsed time (s) in rotarod. Tests have been repeated 4 times with 1 hour interval for approving of repeatability of
each behavior. n = 6 rats for each group. Significance refers to Tukey post-hoc multiple comparison tests following
one-way ANOVA with repeated measure. 1: p < 0.001. (b) Effect of chronic fluoxetine administration (0.5 mg/kg)
on motor imbalance, which was treated by 5, 10, 15 days injection of fluoxetine i.p. (0.5 mg/kg) after 21 days injec-
tion of haloperidol. Each bar represents the mean + SEM of elapsed time (s) in rotarod. Tests have been repeated
3 times with 1 hour interval for approving of repeatability of each behavior. n = 6 rats for each group. Significance
refers to Tukey post-hoc multiple comparison tests following one-way ANOVA with repeated measure. ***: p < 0.001 vs
Haloperidol group. (¢) Effect of chronic fluoxetine administration (1 mg/kg) on motor imbalance, which was treat-
ed by 5, 10, 15 days injection of fluoxetine i.p. (1 mg/kg) after 21 days injection of haloperidol. Each bar represents
the mean + SEM of elapsed time (s) in rotarod. Tests have been repeated 3 times with 1hour interval for approving
of repeatability of each behavior. n = 6 rats for each group. Significance refers to Tukey post-hoc multiple compar-
ison tests following one-way ANOVA with repeated measure. ***: p < 0.001 vs Haloperidol group. (d) Effect of
chronic buspirone administration (1 mg/kg) on motor imbalance, which was treated by 5, 10, 15 days injection of
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buspirone i.p. (1 mg/kg) after 21 days injection of haloperidol. Each bar represents the mean + SEM of elapsed time
(s) in rotarod. Tests have been repeated 3 times with 1 hour interval for approving of repeatability of each behavior.
n = 6 rats for each group. Significance refers to Tukey post-hoc multiple comparison tests following one-way
ANOVA with repeated measure. **: p < 0.01, ***: p < 0.001 vs Haloperidol group. (e¢) Effect of chronic 8-OHDPAT
administration (1 mg/kg) on motor imbalance, which was treated by 5, 10, 15 days injection of 8-OHDPAT i.p.
(1 mg/kg) after 21 days injection of haloperidol. Each bar represents the mean = SEM of elapsed time (s) in rotarod.
Tests have been repeated 3 times with 1 hour interval for approving of repeatability of each behavior. n = 6 rats for
each group. Significance refers to Tukey post-hoc multiple comparison tests following one-way ANOVA with re-
peated measure. **: p < 0.01, **: p < 0.01 vs Haloperidol group.

Puc. 3. (a) Biusinue BBeneHust rajgornepuaoia (1 Mr/kr) Ha MOTOpHBIi nucbanaHc. Kaxabiii cronbelr mpencras-
Js1eT cpenHee 3HadeHue = SEM BpemeHu (¢) B potapome. TecThl OBIM MOBTOPEHBI 4 pa3a ¢ MHTEpPBaJoM B 1 4.
1 = 6 KpbIC [Tt KaXIOM IPYIIIbl. 3HAYMMOCTD pa3indnii otueHuBanu tectom Tukey. T: p < 0.001. (b) BiusiHue xpo-
Hu4ecKoro BBeneHUst ¢ayokcetuHa (0.5 Mr/ Kr) Ha IBUraTeIbHBINA AucOaaHC MOC/Ie BBEICHMS rajolepuIoia.
Kaxxnprit cronbenr mpencrasiseT cpenHee 3HaueHne = SEM Bpemenn (c) B porapone. TecTbl ObUIM ITOBTOPEHEI
3 pa3za ¢ MHTEPBAJIOM B 1 4. n = 6 KpbIC AT KaXIOM TPYIIIbI. 3HAYMMOCTD Pa3IMduii olieHuBaau TectoM Tukey.
*¥*%. p < 0.001 B cpaBHEHUM C Tpynroi rajonepunoi. (¢c) BausiHue XpoHMYECKOTro BBeIeHUST (DIIyOKCEeTHHA
(1 MT/KT) Ha IBUTATEJIbHBIN AUcOaaHC TTOCiIe BBeIeHUs rajiorepumoia. Kaxmerit cronber mpeacTasisieT cpeaHee
s3HaueHre = SEM BpemeHnu (c) B porapoje. TecTsl ObIIN IOBTOPEHBI 3 pa3a ¢ MHTEPBAJIOM B 1 4. n = 6 KpPbIC IS
KaXXJI0i rpyrmnbl. 3HAYMMOCTh pa3inuuii olleHUBaau Tectom Tukey. ***: p < 0.001 B cpaBHEeHMU C IPYINOI rajio-
nepuno. (d) BiussHue xpoHnyeckoro BBeneHus1 OycrpoHa (1 Mr/ Kr) Ha IBUTATEIbHBIN 1UCcOaIaHC IMOC/Ie UHDb-
exuuu rajorepunoa. Kaxmeriii cronber mpeacrasisieT cpeqHee 3HadeHue + SEM Bpemenu (c) B porapone. Te-
CThI OBLIM ITOBTOPEHBI 3 pa3a ¢ 1-4acoBbIM. # = 6 KPBIC IS KaXKIOM rPyMIibl. 3HAYMMOCTD Pa3 MUKl OLEHUBAIU
tectoM Tukey. **: p < 0.01, ***: p < 0.001 B cpaBHEHMH C TPYIIIIOii Taonepunoi. (¢) BiusHue BBeneHUSI XpoHUYE-
ckoro 8-OHDPAT (1 mr/kr) Ha aBUTaTeIbHBIN nucbalaHC MOcie MHbeKIIUKU rajgonepunona. Kaxmbiii ctondern
MpencrasisieT cpeaHee 3HauyeHue = SEM BpeMeHuU (c) B porapoje. TecTbl ObUIH MMOBTOPEHHI 3 pa3a ¢ 1-4acoBbIM
WHTEPBAJIOM. # = 6 KpbIC IS KaXA0il TpyHIibl. 3HAYUMOCTh pas3induii oleHuBaau tecroM Tukey. **: p < 0.01,
*x%: p <0.001 B cpaBHeHUU C rpyIIIoi rajonepunoi. (e) Bausaue BBenenus xpoundeckoro 8-OHDPAT (1 mr/kr)
Ha IBUTaTeJIbHbIN TUcOaaHC Mocie MHbEKIUU Tajornepunona. Kaxnpiii cronbel npeacTapisieT cpeaHee 3Have-
Hue = SEM Bpemenu (c) B porapoze. TecTbl GbUIH ITIOBTOPEHBI 3 pa3a ¢ 1-4acoBBIM UHTEPBAJIOM. # = 6 KPBIC JJIsI
KaXXIOM IpyIIIbl. 3HAYMMOCTD pasnanuuii oueHuBanu trectoM Tukey. **: p < 0.01, **: p < 0.01 B cpaBHEHUHU C TPy~

MOH rajgornepuao.

All of these mechanisms and neuronal con-
nections suggest that serotonergic drugs poten-
tially can relieve neuroleptic drugs induced extra-
pyramidal disorders.

According to our results, chronic injection of
buspirone (10 mg/Kg) as one of the SHT 1A sero-
tonin receptor agonists has been able to reduce ex-
trapyramidal disorders caused by prolonged use
of haloperidol. This confirms the probable effects
of buspirone on the extrapyramidal neural net-
work which found in previous findings [McMil-
len, 1985; Sharifi et al., 2015; Ahmadi et al.,
2019]. However, the precise mechanism of opera-
tion and effect of the buspirone is still not fully
known and can be investigated in the future.

8-OHDPAT is another SHT 1A receptor ago-
nist that was studied. 8-OHDPAT as well as bus-
pirone have a diminished catalepsy effect and re-
store motor imbalance in the rotarod test. In pre-
vious studies, 8-OHDPAT’s ability to reduce the
6-hydroxy dopamine-induced catalepsy was ob-
tained [Sharifi et al., 2015]. It has also been ob-
served that this drug can reduce the haloperidol-
induced catalepsy in monkeys through the effect
on the serotonin receptors and not on dopamine
receptors [Christoffersen, Meltzer, 1998]. Hence,

KYPHAJI BEICHIEVM HEPBHOW OEATEJIBHOCTU

our results emphasize the effect of 8-OHDPAT
on the extrapyramidal neuronal network and its
modulating effects on the dopaminergic system of
the brain and its beneficial effects against chronic
complications of haloperidol.

Effects of fluoxetine as a selective serotonin re-
uptake inhibitor were evaluated in two different
doses. Our results demonstrated that fluoxetine
(1 mg/Kg) could significantly treat catalepsy and
motor imbalance induced by haloperidol. Fluox-
etine (0.5 mg/Kg) also had a significant therapeu-
tic efficacy on catalepsy; whereas motor imbal-
ance significantly restores just after 15 day of in-
jection. However, in previous human and animal
studies, fluoxetine has been identified as the
cause of extrapyramidal disorders, not a thera-
peutic factor [Halman, Goldbloom, 1990]. Some
other studies also acknowledged that acute and
chronic injection of fluoxetine has led to a cata-
leptic effect [Tatara et al., 2012; Aristieta et al.,
2014]. That is completely in contradiction with
our results. In another study, chronic administra-
tion of fluoxetine in low doses has not only failed
to induce catalepsy but has been able to treat
6-hydroxy dopamine-induced catalepsy [Sharifi
et al., 2013]. This is in line with the results of our
Ne 4
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Fig. 4. (a) Effect of chronic Fluoxetine administra-
tion (1 mg/kg) on locomotor activity, which was
treated by 5, 10, 15 days injection of Fluoxetine i.p.
(1 mg/kg) after 21 days injection of haloperidol.
Each bar represents the mean = SEM of behavior
number’s (n/5min) in open field. n = 6 rats for each
group. Significance refers to Tukey post-hoc multi-
ple comparison tests following two-way ANOVA
with repeated measure. *: p < 0.05 vs Haloperidol
group. (b) Effect of chronic Buspirone administra-
tion (1 mg/kg) on locomotor activity, which was
treated by 5, 10, 15 days injection of Buspirone i.p.
(1 mg/kg) after 21 days injection of haloperidol.
Each bar represents the mean = SEM of behavior

XYPHAJI BBICIIIEM HEPBHOWM JEATEIBHOCTU

@ H-+Flu 5D (1 mg/kg)
H+Flu 10D (1 mg/kg)
@ H+Flu 15D (1 mg/kg)

H+8-OHDPAT 10D (1 mg/kg)
== H+8-OHDPAT 15D (1 mg/kg)

study. The observed differences in fluoxetine
function can be attributed to drug-dose depen-
dence, which, at low doses, has anti-cataleptic ef-
fects and induce catalepsy at high doses.

All of the neuroleptic drugs inhibit the normal
signaling of dopamine D2 receptors in the brain
and thus exert their effects by blocking dopami-
nergic receptors on the Nigro striatal pathway,
these drugs can lead to extrapyramidal motor dis-
orders [Farde et al., 1992; Shireen, 2016; Moore,
Furberg, 2017]. Our results demonstrated that
haloperidol injection as a neuroleptic drug in-
duced obvious extrapyramidal disorder in rats.
Both serotonin (5-HT) and dopamine (DA) neu-
rotransmitters play a key role in modulating syn-
aptic transmission in the central nervous system.
Among the various types of serotonergic recep-
tors, SHT1 receptors play a vital role in modulat-
ing the effects of extrapyramidal symptoms
[Meltzer et al., 2003; Ohno et al., 2011; Shimizu
et al., 2013]. As it shown in our results, 8-OHDPAT
as well as buspirone have a diminished catalepsy
effect and restore motor imbalance in the rotarod
test. 8-OHDPAT and buspirone are both SHT1A
receptor agonist and create their effects by acting
on these receptors. Therefore, stimulation of
SHT1A receptors is associated with improved ex-
trapyramidal effects of neuroleptic drugs. Addi-
tionally, in a study conducted by Nayebi, the ef-
fect of buspirone and 8-OHDPAT on 6hydroxy-
dopamine-induced catalepsy were investigated.
They demonstrated that buspirone and 8-OHDPAT
can improve the 6hydroxydopamine-induced
catalepsy as well as our study showed. They al-
so proved that the effects of buspirone and
8-OHDPAT were abolished by 1(2methoxyphe-
nyl) 4[4(2phthalimido) butyl] piperazine hydro-
bromide, a SHT1A receptor antagonist [ Nayebi et
al., 2010]. These results confirm our study find-
ings. Also in this study we used several drugs, all
of them were SHT1A agonists. Similar results
were obtained in Bartest and Rotarod test, all of
the results confirm the effects of SHT 1A receptors
on dopaminergic receptor block reduction.
Therefore, it can be concluded that stimulation of
SHT1A receptors, in this study done by buspirone
and 8-OHDPAT could reduce the effects of do-
paminergic receptor blockade.

According to our results, buspirone, fluoxe-
tine, and 8-OHDPAT consumption could im-
prove extrapyramidal disturbances caused by
neuroleptic drugs. Therefore, in order to prevent
the aspectual extrapyramidal disorders, it is rec-
ommended to use these drugs after neuroleptic
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number’s (n/5min) in open field. n = 6 rats for each group. Significance refers to Tukey post-hoc multiple compar-
ison tests following two-way ANOVA with repeated measure. *: p < 0.05 vs Haloperidol group. (c) Effect of chronic
8-OHDPAT administration (1 mg/kg) on locomotor activity, which was treated by 5, 10, 15 days injection of
8-OHDPATiI.p. (1 mg/kg) after 21 days injection of haloperidol. Each bar represents the mean = SEM of behavior
number’s (n/5min) in open field. n = 6 rats for each group. Significance refers to Tukey post-hoc multiple compar-
ison tests following two-way ANOVA with repeated measure. *: p < 0.05 vs Haloperidol group.

Puc. 4. (a) BausiHue xpoHudeckoro BBeaeHUs dayokceTuHa (1 Mr/Kr) Ha IBUTaTeIbHYIO aKTUBHOCTb ITOCJIE MHb-
exiuu rajonepunona. Kaxaelii ctonben rnpencrasiseT cpeaHee 3HadeHue + SEM uucna nmoBeneHYecKnx akToB
3a 5 MUH B OTKPBITOM TT0JIE. 71 = 6 KPBIC TSI KaXKI0M rPyMITbl. 3HAYMMOCTD pa3IMduii olleHuBaau TectoM Tukey.
*: p <0.05 B cpaBHeHUMU ¢ TpynIoii rajonepunon. (b) BausiHue xpoHudeckoro BBeaeHus OycrrpoHa (1 Mr/kr) Ha
NIBUTATEIbHYIO aKTUBHOCTbD MOCJIE UHBEKIIMU Tajnonepuaoiaa. Kaxaplii cTonbel mpeacTaBisieT CpeqHee 3Ha-
yeHue + SEM B OTKPBITOM I10Jie. # = 6 KPBIC ISl KaXIOM IrpyInbl. 3HAUMMOCTb Pa3IMurii OLICHUBAIU TECTOM
Tukey. *: p < 0.05 B cpaBHeHMU ¢ Trpynnoii rajgonepunou. (¢) Bausaue xponunyeckoro BBeaeHust S-OHDPAT
(1 M1/ KT) Ha IBUTATEIbHYIO aKTUBHOCTb IOCJIE UHbEKIIUU Tajornepuaona. Kaxaplii cTonber npeacTapisieT Cpe-
Hee 3HaueHne + SEM uuciia moBeIeHYeCKMX aKTOB 3a 5 MUH B OTKPBITOM ITOJIE. 7 = 6 KPBIC 15T KAXKIOU IPYIIIIHL.

3HAYMMOCTh pa3JInuuii olleHuBaau Tectom Tukey. *: p < 0.05 B cpaBHEHUHU C TPYIION rajonepuao).

consume. Although evidence of this requires clin-
ical studies.

In addition to the effects of serotonergic drugs
on the extrapyramidal system, it appears that
these medications also contribute to anxiety ad-
justment [Gardner, 1988]. Therefore, we exam-
ined the efficacy of these drugs on locomotor ac-
tivity. Our results demonstrated that fluoxetine,
buspirone, and 8-OHDPAT could restore the lo-
comotor impairment and reversed the haloperi-
dol effect. Buspirone and 8-OHDPAT improve
both rearing and crossing which was statistically
significant but fluoxetine just heals rearing behav-
ior in animals. These positive effects were detect-
ed in different days of treatment and showed no
relation between the period of treatment and im-
provement effects. Therefore, the prolonged
treatment showed no preferences. Also, in a study
conducted by Carey R. and colleagues, 8-OHDPAT
wasn’t able to restore the progressive decline in
locomotion caused by haloperidol. That is in con-
tradiction to our results. However, in the same
study, it was proved that 8-OHDPAT can restore
the locomotor stimulant effects of cocaine
blocked by haloperidol and reverse the blocking
effect of haloperidol on cocaine [Carey et al.,
2000; De la Casa et al., 2018]. In another study,
injection of SHT 1A receptor agonists such as bus-
pirone and 8-OHDPAT increased the locomotor
activity in the animal models of reduced dopa-
mine transmission [Mignon, Wolf, 2002]. This is
in line with the results of our study. Some other
studies indicated that fluoxetine produced nega-
tive side effects in the open field test, which is not
in line with our study [Kulikova et al., 2015].

KYPHAJI BEICHIEVM HEPBHOW OEATEJIBHOCTU

CONCLUSION

According to our findings, chronic adminis-
tration of fluoxetine, buspirone, and 8-OHDPAT
improve extrapyramidal disorders and locomotor
impairment in haloperidol-induced Parkinson-
ism model through activation of nigral SHT 1A re-
ceptors. As a conclusion, lower doses of fluoxe-
tine were not effective in decrease of extrapyrami-
dal symptoms while higher doses are effective.
Also, both lower and higher doses of buspirone
and 8-OHDPAT could be efficient for extrapyra-
midal symptoms therapy then in order to reduce
the side effects we could administrate lower dos-
es. However, more clinical and pre-clinical stud-
ies are needed to address this issue.
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BJINAHUE XPOHNYECKOI'O BBEAEHUA BYCIIMPOHA, 8-OHDPAT
N PA3JIMYHBIX 103 ®JIYOKCETUHA HA DKCTPAIITMPAMUJHBIE
HAPYIIEHUA, THAYIIMPOBAHHBIE I'AJIOITEPU/10OJIOM,

N OBIIYIO TOKOMOTOPHYIO AKTUBHOCTD Y CAMIIOB KPbIC
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Hens. bycriupoH sBiasieTcss YaCTUUHBIM aroHuctoM peuentopoB SHTI1A, 8-OHDPAT (8-run-
pOKcu-2- (DUIIPOIMJIAMMHO) TETpaIuH) SIBJIsIETCs aroHucToM petentopoB SHT1A, a diyokce-
THH SIBJISICTCSI MTHTIOMTOPOM 3axBara cepoTtoHruHa. Cpenu rmoatumioB S-HT-peuenropa 5-HT1A-
pELenTop UrpaeT KJIIOYEBYIO POJb B MOAYJIMPOBAHUN IKCTpANUPAMUIHBIX IBUTATEIbHBIX pac-
CTPOICTB, BKJIIOUAS SKCTPAIMPAMUIHbBIE CUMIITOMBI, BbI3BAHHbBIE aHTUTICUXOTUKAMMU.

Iens. UccnengoBaHue ObLJIO HANlpaBJIeHO HA U3yUYEHUE BIIMSTHUSI XPOHUYECKOTO BBEACHMS OyCIIU -
poHa, 8-OHDPAT u paznnuHbIX 703 (hJIyOKCETHUHA Ha BhI3BaHHbBIE TAJIONIEPUI0JIOM SKCTpaImpa-
MUJIHBIE PACCTPOMCTBA U OOIILYIO IBUTATEIbHYIO aKTUBHOCTD Y KPbIC-CaMIIOB.

MeToapl. DKCTpanupaMuIHbIe PACCTPOMCTBA BbI3bIBAIM UHBEKIIMEH rajionepuaoaa 1 Mr/Kr BHy-
TpUOpPIOIMHHO (B/0). 1151 MccienoBaHusl BAUSTHUS CEPOTOHUHEPIMUYECKUX TTperapaToB Ha Bbl-
3BaHHBIC TaJIONIEPUAOJIOM DBKCTpanupaMUAHBIe paccTpoiicTBa wucnonab3oBamu 8-OHDPAT
(1 mr/kr), 6ycriupoH (10 Mr/kr) u payokcetuH (0.5 Mr/Kr 1 1 Mr/kr) B Buae XpOHMYECKUX UHb-
ekuuii. [Toce 3Toro vcciaenoBaiu NoBeAeHYE U IBUTATEIbHYIO aKTUBHOCTb KPBIC B TECTaX poTa-
PO, TECT ¢ MepeKaAnHON 1 OTKPHITOE MOJIE.

Pe3ynbraThl. AHaNIM3 JaHHBIX IT0Ka3aJl, YTO B.0. mHbeKuMU diayokcetuna (0.5 Mr/ kr u 1 Mr/Kr),
oycrmpona (10 mr/kr) u 8-OHDPAT (1 Mr/kr) cHMXajaIu KaTaJIeIICUIO II0 CPaBHEHUIO C KOH-
tpoabHo rpynnoit (p < 0.001). CHI:XeHrne MOTOPHOIO AucOanaHca, BRI3BAHHOTO TaIONEepUI0-
JioM, Habmwoganu non aeiictBueM ¢iayokcetruHa (0.5 Mr/Kr) TojabKo Ha 15-i1 meHb JedeHust
(p <0.001), a payokceruna (1 mr/kr) Bo Bce 1HU (p < 0.001), 8-OHDPAT (1 Mr/Kr) Bo Bce 1HU
(p <0.05) u 6ycniupona (10 mMr/kr) Toabko Ha 10-i1 u 15-ii neHb aeyenus (p < 0.001).
3akmovyenne. MOXHO MNpeanoIoXuTh, 4YTo (iyokceTuH, oOycrimpoH u 8-OHDPAT ynmyumiaior
9KCTpanvMpaMUuIHbIe pACCTPOMCTBA U IBUTATEJIbHbIE HAPYILIEHUS] B MOIEIM MAPKUHCOHU3MA, BbI-
3BAHHOTIO TaJIoTIepUa0JIoM, ITocpeacTBoM aktTuBanuu SHT 1 A-penenTopoB yepHO# CyOCTaHIIMMN.

Karuesvie cioea: 6yctiupoH, GIyoKCETUH, 00Iasi IBUraTejbHasi aKTUBHOCTh, raJIoNepuaol,
8-OHDPAT
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