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Abstract

Schizophrenia, an important brain neurodevelopmental disorder, is observed in 1% of the
global population. New-generation antipsychotics have been developed as alternatives to typical
antipsychotics for more effective and safe therapy. Chronic administration of asenapine and
paliperidone compared to haloperidol on depression, anxiety and analgesy in the forced swimming
test (FST), elevated plus maze (EPM) and hot plate tests were examined in mice. Moreover effects
of drugs, on expression levels of brain neurotrophic factors [brain-derived neurotrophic factor
(BDNF), cAMP response element binding protein (CREB),nerve growth factor (NGF), synapsin and
fibroblast growth factor 2 (FGF2)] in the hippocampus of mice, neurogenesis and neurodegeneration,
and blood enzyme levels were also investigated. In FST, haloperidol (0.25 mg/kg) significantly
increased immobility time while both asenapine (0.075 mg/kg) and paliperidone (0.25 and 0.50 mg/kg)
significantly diminished this parameter. In EPM test, haloperidol significantly increased both % time
spent in open arms and % open arm entries. Asenapine (0.075 mg/kg) and paliperidone (0.50 mg/kg)
significantly increased % time spent in the open arms. They also increased % open arm entries, but
this parameter failed to reach a statistically significant value. In hot plate test, haloperidol (0.125
and 0.25 mg/kg) and paliperidone (0.25 and 0.50 mg/kg) significantly increased the latency to lick the
hind paws but asenapine had no effect. Asenapine and paliperidone upregulated more neurotrophic
factors in the brain and caused less neurodegeneration compared to haloperidol. Investigated
drugs had no effect on liver enzymes and plasma glucose levels. Asenapine and paliperidone may be
preferred over classical antipsychotics since they have antidepressant-like effect, upregulate more
neurotrophic factors and cause less neurodegeneration in naive mice without having diabetogenic and
liver damaging effects. Paliperidone seems to possess superior effects compared to asenapine since it
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also exerts analgesic-like effect.
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Introduction

Schizophrenia is an important brain neuro-de-
velopmental disorder that affects approximately 1%
of the World’s population. Antipsychotic drugs are
used in illnesses, such as schizophrenia, psychotic
disorders and psychotic depression. Classical an-
tipsychotic drugs cause extrapyramidal side effects
and are less effective on the negative symptoms of
schizophrenia. Therefore atypical antipsychotic
drugs have been developed as alternatives to typical
antipsychotics for more effective and safe therapy.

Haloperidol is a classical antipsychotic drug
and asenapine and paliperidone are new atypical
antipsychotics that are frequently used in clinics.
Asenapine has been developed for the treatment
of schizophrenia and acute mania associated with
bipolar disorder. It behaves as a partial agonist
at serotonin 1A (5-HT;,) receptors (21) and has
minimal anticholinergic and cardiovascular side effects
and causes minimal weight gain. Paliperidone
(9-hydroxyrisperidone) is the main metabolite of
risperidone and has the advantage of primarily renal
excretion, so processing in the liver is not required.
Therefore paliperidone may be safer for use in patients
with serious hepatic disease or in patients receiving
other medications (minimal drug-drug kinetic inter-
actions) (15).

The effects of drugs on mood are important in
the treatment of illnesses, such as comorbid depres-
sion and anxiety in schizophrenia and psychosis,
and also for enhancing the quality of life of the patient.
Therefore, determining the effects of antipsychotic
drugs on depression, anxiety and analgesy is an
important approach in the evaluation of the clinical
benefits of these drugs. In this research, we intended
to investigate the effects of asenapine and paliperidone
compared to haloperidol on depression, anxiety and
analgesy in the forced swimming (FS), elevated
plus maze (EPM) and hot plate tests.

In disorders such as depression and schizophrenia,
the levels of neurotrophic factors, such as brain-derived
neurotrophic factor (BDNF), cAMP response element
binding protein (CREB) are diminished. Also, the
structures of neurons are destroyed and cell death is
observed. Chronic antipsychotic and antidepressant
therapy increases the levels of neurotrophic factors,
decreases death among neurons and has positive
effects on synaptic plasticity and neurogenesis (I,
3, 22). It was proposed that schizophrenia begins

with excitotoxic damage in the hippocampus, pri-
marily in the CA1 subfield. High baseline cerebral
blood flow in the CA1 subfield of subjects at high
risk for schizophrenia predicted progression to psy-
chosis and the development of hippocampal atrophy
(11). So, the effects of the chronic administration
of these drugs on the expression levels of brain
neurotrophic factors [BDNF, CREB, nerve growth
factor (NGF), synapsin, and fibroblast growth factor
2 (FGF2)] in the hippocampus of mice, neurogenesis
and neurodegeneration, and blood enzyme and plasma
glucose levels were also investigated.

Materials and Methods

Animals

Male, inbred BALB/c ByJ mice (Uludag Uni-
versity, Bursa, Turkey) 7-8 weeks old upon their
arrival to the laboratory were kept in the laboratory
for two weeks before the initiation of the experiments.
Animals were maintained under standard laboratory
conditions (12-h light:12-h dark cycle, lights on
07:00 h, T =21 £+ 1°C). All animals received food
and water ad libitum. All procedures described in
this study were conducted in accordance with the
European Community Council’s Directive for the
ethical treatment of animals (86/609/EEC) and with
the approval of the Kocaeli University Medical
Faculty (1/6/2014).

Experimental Groups and Drug Administration

The effects of haloperidol, asenapine and pali-
peridone on depression, anxiety and analgesy were
investigated in the forced swimming test (FST),
EPM and hot plate test, which are common and
well-known tests for the evaluation of depression,
anxiety and analgesy. BALB/c mice were treated
intraperitoneally and subchronically with haloperidol
(0.125 and 0.25 mg/kg; n = 10-13/per group),
asenapine (0.05 and 0.075 mg/kg; n = 10-13/per
group), paliperidone (0.25 and 0.50 mg/kg; n = 10-
13/per group) or vehicle (saline with 1% DMSO;
n= 10) for 10 days and on the 1" day, the drugs were
given 60, 30 and 60 min before the FST, EPM and
hot plate tests respectively, in a volume of 0.1 ml/10
g body weight. Fluoxetine (15 mg/kg), diazepam
(2 mg/kg) and metamizol sodium (500 mg/kg) (n =
10/per drug group) were used as reference antide-



282 Gumsulu, Mutlu, Kokturk, Ulak, Eraldemir, Tatar, Yasar, Tanyeri, Akar and Erden

pressant, anxiolytic and analgesic drugs. Haloperi-
dol (0.125 and 0.25 mg/kg; n = 10-13), asenapine
(0.075 mg/kg; n = 13) and paliperidone (0.50 mg/kg;
n = 13) or vehicle (saline with 1% DMSO; n = 10)
were also given before the locomotor activity test
on the 11" day. The effective dose of each drug
was selected according to previous behavioral and
neurochemical studies (16).

In another group of mice, after chronic injections
of haloperidol (0.25 mg/kg) asenapine (0.075 mg/kg),
paliperidone (0.50 mg/kg) or vehicle (saline with
1% DMSO) for 14 days, the animals were divided
into two groups. In one group of mice (n = 7 per
group), blood samples were collected to measure
plasma alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and glucose levels and then
the mice were sacrificed without behavioral testing
to examine the effects of the drugs on the gene ex-
pression levels of hippocampal BDNF, CREB, NGF,
synapsin and FGF2. The mice in the other group (n
= 6 per group) were intraperitoneally injected with
BrdU (50 mg/kg) and were sacrificed 24 h later.
Hippocampal sections were collected and processed
for BrdU immunohistochemistry and hematoxylin-eosin
(H&E) staining. BrdU-labeled cells in the dentate
gyrus (DG) were then counted and compared to de-
termine the degree of neurogenesis.

FST

The FST used in this study was similar to a
previously described method (25). Briefly, the mice
were placed individually into plexiglas cylinders
(height 25 cm, diameter 10 cm) containing 10 cm
of water maintained at 23-25°C and were left there
for 6 min. Because this is a situation from which
they cannot escape, the animals rapidly become im-
mobile. They float in an upright position and make
only small movements to keep their heads above
water. The duration of immobility was recorded
during the last 4 min of the 6-min testing period.

EPM Test

Anxiety-related behavior was measured by the
EPM test. The experiments were conducted according
to a previously described method (17). Each mouse
was placed at the center of the maze, facing one
of the open arms, and was allowed to explore the
maze. The open-arm activity was evaluated as: 1)
the time spent in the open arms relative to the total
time spent in the plus maze (300 s), expressed as
a percentage; and 2) the number of entries into the
open arms relative to the total number of entries
into both the open and closed arms, expressed as a
percentage. These values were accepted as indexes

of anxiety in mice.

Hot Plate Test

The hot plate test was used to measure pain
reaction latencies (10). The animals were placed
into a glass square on a hot plate maintained at 55
+ 0.1°C. The latency to licking of the hind paws or
jumping was recorded as an index of the pain reaction.
A cutoff time of 60 s was used.

Locomotor Activity Test

In order to measure the locomotor activity, an
animal was placed in the center of the locomotor
activity cabinet system (MAYLAC-4500) and its
behaviors were recorded for a period of 5 min using
the Etovision-XT software video tracking system
(Noldus). The locomotor activity was evaluated by
measuring the total distance traveled (cm) in the
apparatus and the speed (cm/s) of the animals.

The Effects of Drugs on Plasma ALT, AST and Glucose
Levels

Plasma glucose levels were evaluated to de-
termine whether the drugs have diabetogenic effect.
Plasma AST and ALT levels were evaluated to de-
termine whether the drugs have any effect on liver
enzymes. The mice, chronically treated with halo-
peridol (0.25 mg/kg), asenapine (0.075 mg/kg) or
paliperidone (0.50 mg/kg) for 14 days (n = 7/group)
were sacrificed by cervical dislocation without be-
havioral testing. Blood samples were collected into
5-ml tubes containing free anticoagulant for bio-
chemical analysis. The samples were centrifuged
at 3,000 rpm for 10 min. The serum glucose (mg/
dl), AST (U/L) and ALT (U/L) levels were analyzed
immediately with Roche cobas kits on the Roche/
Hitachi cobas ¢ 702 otoanalyser. The method for
AST and ALT analyses does not involve pyridoxal
phosphate activation. The hexokinase method was
used to determine the glucose level in the serum.

Tissue Sampling, RNA Isolation, and Quantitative
Real-Time Polymerase Chain Reaction (qRT-PCR)

The effects of the investigated drugs on the
expression levels of BDNF, CREB, NGF, synapsin,
and FGF2 in the hippocampi of mice were determined
using the qRT-PCR method. The mice, chronically
treated with haloperidol (0.25 mg/kg), asenapine
(0.075 mg/kg) and paliperidone (0.50 mg/kg) for
14 days (n = 7/group) were sacrificed by cervical
dislocation without behavioral testing. The left
and right hippocampi were surgically removed and
stored in liquid nitrogen. Total RNA was isolated
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Table 1. Primary sequences of genetic studies.

Gene

Primary Sequence

Beta2 microglobulin-F
Beta2 microglobulin-R
BACT-F

BACT-R

CREB-F

CREB-R

BDNF-F

BDNF-R

NGF-F

NGF-R

FGF2-F

FGF2-R

FGF9-F

FGF9-R
SYNAPSIN1-F
SYNAPSIN1-R

5’TGACTT TGT CACAGC CCAAGATA3Z3
5" AAT CCAAAT GCG GCATCT TC 3

5" AGC CAT GTA CGT AGC CAT CCA 3’
5’TCT CCG GAG TCC ATC ACAATG 3’
5’AGC TGG CCT GTC CCACTG CT 3°
5’ACCATT CTG AAC ACA AAG CAG CCAY®
5" GCC CAA CGAAGAAAA CCATAAY

5" GGA GGC TCC AAAGGC ACT T3’
5’-AGT TTT GGC CTG TGG TC- 3’

5’- CTC ACT GCG GCC AGT ATA- 3’
5-TGTTTC TTC TTT GAA CGA CT-3°
5’-TCA GCT CTT AGC AGA CAT TGG A-3°
5’- ACATGT GGA CAC CGG AAG GA -3’

5’- GTT CAG GTA CTT TGT CAG GGT CCA -3’
5’- ATT GCAAGT GTT GTG GCAC -3’
5’-GCC TTG TAG TTC TGC CCA AT -3’

with the RNeasy Mini Kit extraction procedure
(Qiagen, Valencia, CA, USA). Briefly, tissues were
homogenized in RLT lysis buffer and sample homo-
genates were put into RNeasy Mini Spin columns
(Qiagen). RNA samples were eluted in RNase free
water. Subsequently, cDNA was synthesized using
a RevertAid First Strand cDNA synthesis kit (Fer-
mentas Inc., Maryland, USA). qRT-PCR was per-
formed according to the methods described in pre-
vious studies (29). Standard curves were obtained
via serial dilutions of the betaglobulin gene. Primers
specific to the genes under investigation (Table 1)
were obtained from Integrated DNA Technologies
(Coralville, TA, USA) and IONTEK, Inc. (Merter,
Istanbul, Turkey). The gene expression values ob-
tained were normalized using the BACT housekeeping
gene. Gene expression levels were calculated with
the Relative Expression Software Tool (REST,
QIAGEN Sample and Assay Technologies, Munich,
Germany) program. Changes in the BDNF, CREB,
NGF, synapsin, and FGF2 gene expression levels
were calculated in the control, haloperidol-, asenapine-
and paliperidone-treated groups.

BrdU Immunohistochemistry

The mice, chronically treated with haloperidol
(0.25 mg/kg), asenapine (0.075 mg/kg) and paliper-
idone (0.50 mg/kg) for 14 days (n = 6/group) were
intraperitoneally injected with BrdU (50 mg/kg)
and were killed 24 h later. Coronal sections were

cut at 5 pm on a microtome. The sections from
each brain, approximately 50 um apart throughout
the hippocampus, were processed to reveal BrdU-
labeled cells using the Invitrogen BrdU staining kit
(Invitrogen Life Technologies, Waltham, MA, USA,
Cat. No. 93-3943). The BrdU-stained sections were
mounted for quantitative analysis. BrdU-labelled
cells in the right and left hippocampi were counted
in five randomly chosen square areas (50 X 50 pum).
The negative controls consisted of tissue sections
that were incubated without the primary antibody.
For analyses of morphological alterations, histo-
logical sections of the DG of the hippocampus were
stained with standard H&E staining. Finally, images
of the stained sections were captured with a Leica
DFC295 HD color digital camera mounted on a Leica
DM2500 microscope using a x40 objective and were
stored as Tagged Image File Format images.

Statistical Evaluation

The results of the FS, EPM, hot plate, and lo-
comotor activity tests were evaluated by a one-way
analysis of variance (ANOVA) followed by Tukey’s
post-hoc test when significant differences were
detected. Statistical evaluations of CREB, BDNF,
NGF, synapsin, and FGF2 gene expression levels
were performed with the REST program. The data
are expressed as fold changes over control values.
A one-way ANOVA was used to compare the BrdU-
positive cells of the CAl region of the hippocam-
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Fig. 1. Effects of fluoxetine (15 mg/kg) (n = 10), haloperidol (0.125 and 0.25 mg/kg) (n = 10-13), asenapine (0.05 and 0.075 mg/kg) (n
= 10-13) and paliperidone (0.25 and 0.50 mg/kg) (n = 10-13) given intraperitoneally for 10 days on immobility time in the
FST in mice. Data are means + SEM. *P < 0.05, ***P < 0.001 vs. control group.

pus among the groups, followed by HSD Tukey’s
post hoc analysis. A one-way ANOVA was also
used to analyze the biochemical data. The data are
expressed as the mean values + standard error of
the mean (SEM). The differences were considered
statistically significant when P was less than 0.05.
In our study, since we did not use a drug induced or
genetically induced schizophrenia model, we com-
pared effects of asenapine and paliperidone-treated
groups only with control group.

Results

The Effects of Haloperidol, Asenapine and Paliperidone
on Depression-Like Behavior in the FST

A significant difference was observed between
the groups in evaluating the effects of fluoxetine
(15 mg/kg) and haloperidol (0.125 and 0.25 mg/kg)
on immobility time in the FST [F(3,36) = 37.24; P
< 0.0001; Fig. 1A]. Fluoxetine (P < 0.001) signifi-
cantly decreased immobility time while haloperidol
(0.25 mg/kg; P < 0.05) significantly increased im-
mobility time compared to control group in the
FST.

A significant difference was observed between
the groups when the effects of asenapine and pali-
peridone on immobility time were evaluated in the
FST [F(4,44) = 5.25; P = 0.0015; Fig. 1B]. Both
asenapine (0.075 mg/kg; P < 0.05) and paliperidone
(0.25 and 0.50 mg/kg; P < 0.05, P <0.001, respectively)
significantly diminished immobility time compared

to the control group.

The Effects of Haloperidol, Asenapine and Paliperidone
on Anxiety in the EPM Test

A significant difference was observed between
the groups when effects of diazepam (2 mg/kg) and
haloperidol (0.125 and 0.25 mg/kg) on the % time
spent in the open arms were evaluated in the EPM
test [F(3,36) = 18.44; P < 0.0001; Fig. 2A]. Both
diazepam (P < 0.001) and haloperidol (0.25 mg/kg;
P <0.001) significantly increased the % time spent
in the open arms compared to the control group.
There was also a significant difference between the
groups when the effects of diazepam and haloperidol
on the % open arm entries were evaluated [F(3,36) =
16.67; P <0.0001; Fig. 2B]. Both diazepam (P < 0.001)
and haloperidol (0.25 mg/kg; P < 0.01) significantly
increased the % open arm entries compared to the
control.

In evaluating the effects of asenapine and
paliperidone on the % time spent in the open arms
in the EPM test, there was a significant difference
between the groups [F(4,44) = 5.30; P = 0.0014;
Fig. 2C]. Both asenapine (0.075 mg/kg, P < 0.01)
and paliperidone (0.50 mg/kg; P < 0.05) signifi-
cantly increased the % time spent in the open arms.
A dose effect of asenapine in the EPM test on %
time spent in open arms was observed since there
was a significant difference between 0.05 mg/kg
asenapine group and 0.075 mg/kg asenapine group (P
< 0.05). There was also a significant difference be-
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Fig. 2. Effects of diazepam (2 mg/kg) (n = 10) and haloperidol (0.125 and 0.25 mg/kg) (n = 10-13), asenapine (0.05 and 0.075 mg/kg) (n
= 10-13) and paliperidone (0.25 and 0.50 mg/kg) (n = 10-13) given intraperitoneally for 10 days on (A, C) % time spent in
the open arms and on (B, D) % open arm entries in the EPM test in mice. Data are means + SEM. *P < 0.05, **P < 0.01,
%54 P < ().001 vs. control group; “P < 0.05 compared to asenapine 0.05 mg/kg group.

tween the groups when the effects of asenapine and
paliperidone on the % open arm entries were evalu-
ated [F(4,44) =3.75; P=10.01; Fig. 2D]. Asenapine
(0.075 mg/kg) and paliperidone also increased the
% open arm entries, but this parameter failed to
reach a statistically significant value compared to
control group.

The Effects of Haloperidol, Asenapine and Paliperidone
on Analgesy in the Hot Plate Test

A significant difference was observed between
the groups when the effects of metamizol sodium
(500 mg/kg) and haloperidol (0.125 and 0.25 mg/kg)

on the first time passed to lick the hind paws or
jumping (latency) were evaluated in the hot plate
test [F(3,43) = 15.60; P < 0.0001; Fig. 3A]. Both
metamizol sodium (P < 0.001) and haloperidol (0.125
and 0.25 mg/kg; P < 0.05 and P < 0.001; respec-
tively) significantly increased the latency compared
to control.

A significant difference was observed between
the groups when the effects of paliperidone on
the latency to lick the hind paws or jumping were
evaluated in the hot plate test [F(4,45) = 13.63; P <
0.0001; Fig. 3B]. Paliperidone (0.25 and 0.50 mg/
kg) (P < 0.001) increased the latency compared to
control and asenapine had no effect on latency.
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Table 2. Effects of haloperidol (0.125 and 0.25 mg/kg) (n = 10-13), asenapine (0.075 mg/kg) (n = 10-13) and
paliperidone (0.50 mg/kg) (n = 10-13) given intraperitoneally for 11 days on total distance moved and
speed of the animals in the locomotor activity test. Data are means + SEM.

Drugs (mg/kg) Total distance moved (cm) Speed (cm/s)
Control 1456 + 107.29 5.12 + 0.57
Haloperidol 0.125 1075 + 149.01 3.58 £ 0.49
Haloperidol 0.25 898.9 + 148.49* 3 + 0.49*
Asenapine 0.075 1429.9 + 190.85 4.77 + 0.63
Paliperidone 0.50 1601.3 + 107.94 5.35 £ 0.35
*P < 0.05 compared to control group.
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Fig. 3. Effects of metamizol sodium (500 mg/kg) (n = 10), haloperidol (0.125 and 0.25 mg/kg) (n = 10-13), asenapine (0.05 and 0.075

mg/kg) (n = 10-13) and paliperidone (0.25 and 0.50 mg/kg) (n = 10-13) given intraperitoneally for 10 days on latency to lick
the hindpaws in the hot plate test in mice. Data are means + SEM. *P < 0.05, ***P < (0.001 vs. control group.

The Effects of Haloperidol, Asenapine and Paliperidone
on Locomotion

A significant difference was observed between
the groups when the effects of haloperidol (0.125
and 0.25 mg/kg) on the total distance traveled and the
speed of the animals were evaluated in the locomotor
activity test [F(2,27) =4.36; P=0.02 and F(2,27) = 4.37,
P =0.02; Table 2]. Haloperidol (0.25 mg/kg; P < 0.05)
significantly decreased the total distance traveled
and the speed of the animals.

In the locomotor activity test, neither asenapine
(0.075 mg/kg) nor paliperidone (0.50 mg/kg) altered
the total distance traveled [F(2,27) = 0.39, P=0.67] or
speed of the animals [F(2,27) = 0.33, P=0.71; Table 2].

The Effects of the Drugs on Hippocampal Neurotrophic
Factor Gene Expression Levels

In the evaluation of plasticity-related genes,
decreased BDNF and CREB expression levels may
indicate both stress and cognitive impairment. Our
results revealed that asenapine and paliperidone
treatment significantly upregulated the expression
levels of the neurotrophin family members BDNF,
CREB, NGF, synapsin and FGF2 in the hippocampus
compared to the controls. Haloperidol upregulated
the expression levels of NGF, synapsin and FGF2
but significantly decreased the expression levels of
BDNF and CREB compared to the control group.
The gene expression levels observed in each group
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Table 3. Effects of haloperidol, asenapine and paliperidone on gene expression levels of neurotrophic factors in
mice. Drugs were administered intraperitoneally for 14 days (n = 7/each group).

Groups [target gene 1]  [target gene 2]  [target gene 3]  [target gene 4] [target gene 5]

BDNF CREB NGF SYNAPSIN FGF2
Cont. + Haloperidol 0.25 2393 1.1574 12.8977 7.5217 42817
Cont. + Asenapine 0.075 1.8567 1.4497 3.8131 53371 80.8967
Cont. + Paliperidone 0.50 1.2211 1.2517 3.5237 6.936T 62.1217

{, decrease in expression; T, increase in expression. CREB, cyclic adenosine monophosphate (¢cAMP) response ele-
ment binding protein; BDNF, brain-derived neurotrophic factor; NGF, neuronal growth factor; FGF2, fibroblast growth
factor 2.
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Fig. 4. Morphology of in the hippocampus CA1 in the control (A), haloperidol (B), asenapine (C) and paliperidone (D) groups (H&E
staining) (n = 6/each group). We detected pyknotic cells (Arrowheads mean shrunken and dark stained soma) in hippocam-
pus CA1. Vacuoles were derived from degenerating neurons.

are shown in Table 3. In the control group, CAl areas had normal
cell morphology with H&E staining. Neuronal
The Effects of the Drugs on Neurogenesis and damage was higher in the haloperidol group than in

Neurodegeneration the asenapine and paliperidone groups. Neurode-
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Table 4. Effects of haloperidol, asenapine and paliperidone given intraperitoneally for 14 days on number of
BrdU-labelled cells in the CAl.
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Fig. 5. Representative images showing BrdU-labeled cells in the hippocampus CA1 in the control (A), haloperidol (B), asenapine (C)
and paliperidone (D) groups (n = 6/each group). Arrowheads mean BrdU-labeled cells.
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Table 5. Effects of haloperidol, asenapine and paliperidone on plasma alanine aminotransferase (ALT), aspartate
aminotransferase (AST) and glucose levels after 14 days intraperitoneally injections (n = 7/each group)

Drugs ALT (U/L) AST (U/L) Glucose (mg/dl)
Control 40.1 +4.81 2243 + 27.92 155 + 8.42
Haloperidol 0.25 40.9+3.43 290.4 + 32.09 151.2 + 4.63
Asenapine 0.075 44.3 +4.42 289.3 + 25.82 125.5 + 7.61
Paliperidone 0.50 443+25 294 + 29.25 164.3 + 7.70

generation was lower in the paliperidone group than
in the asenapine and haloperidol groups (Fig. 4).

The control group showed positive BrdU-
labeled cells in the CAl. The BrdU-labelled cells
decreased in the CAl in the asenapine and paliperidone
groups compared to the control group. In the haloperidol
group, more BrdU-labelled cells were evident in the
CAL1 compared to the asenapine and the paliperidone
groups (Fig. 5 and Table 4).

The Effects of the Drugs on Plasma ALT, AST and
Glucose Levels

No significant differences between plasma
ALT, AST and glucose levels were observed in the
haloperidol, asenapine and paliperidone groups.
AST levels slightly increased in the drug-treated
groups and the plasma glucose levels slightly de-
creased in the haloperidol and asenapine groups
compared to the control, but the values failed to
reach a statistically insignificant level (Table 5).

Discussion

The results of our study revealed that halo-
peridol significantly increased immobility time and
that both asenapine (0.075 mg/kg) and paliperidone
(0.25 and 0.50 mg/kg) significantly diminished this
parameter in the FST. Haloperidol, asenapine (0.075
mg/kg) and paliperidone (0.50 mg/kg) increased
the % time spent in the open arms in EPM test.
Haloperidol and paliperidone (0.25 and 0.50 mg/kg)
increased the latency to lick the hind paws, but this
value failed to reach a significance in asenapine
group. In the locomotor activity test, neither
asenapine nor paliperidone altered the total distance
traveled or the speed of the animals, but haloperidol
decreased these parameters. Asenapine and pali-
peridone upregulated the expression levels of more
neurotrophic factors in the brain and caused less
neurodegeneration compared to haloperidol. The
investigated drugs did not alter plasma ALT, AST
and glucose levels.

In our study, haloperidol 0.25 mg/kg signifi-
cantly decreased total distance moved and speed of

the animals in the locomotor activity test which re-
flects a motor dysfunction by haloperidol that may
be due to D2 dopamine blockade. This may have
some confounding effects on depression and anal-
gesia since two doses of haloperidol tested reduced
the motor activity although both asenapine and
paliperidone had no effect on locomotion.

Schizophrenia is an important brain disease
with positive and negative symptoms that causes
neurotransmitter changes in the brain, changes in
the structure and functions of neuronal dendrites,
and histopathophysiological changes in the volume
and structure of important brain areas, such as the
hippocampus, amygdala, prefrontal cortex and stri-
atum. All these changes cause suicidal symptoms,
depression, anxiety and learning-memory deterio-
ration. Atypical antipsychotic drugs are better for
improving these symptoms compared to classical
antipsychotics. Asenapine and paliperidone are
new-generation antipsychotics that are frequently
used in clinics.

The literature revealed that some antipsychotics
exert antidepressant, anxiolytic and analgesic effects,
leading us to investigate the chronic effects of the
new antipsychotics, asenapine and paliperidone,
on these behaviors and the molecular mechanisms
that contribute to these effects on brain functions.
Previous studies revealed that haloperidol increased
immobility time in the FST (36) increased diaze-
pam-elicited anxiolytic effects in the plus-maze test
(34) and potentiated the ability of morphine and
DADL to inhibit nociceptive responses at the cerebral
level in the hot plate test (8). Our results are consistent
with these studies as we demonstrated that haloperidol
caused depression-like behavior while exerting
anxiolytic and analgesic effects.

Clozapine and olanzapine decreased immobility
time in the FST (36). Clozapine failed to alter major
anxiety indices (percent open entries and open
time) (7). Treatment with olanzapine induced an
anxiolytic-like effect in EPM test (28). Risperidone
in low doses did not change the immobility time
of mice in the FST but enhanced the activity of
antidepressants (27). Treatment with risperidone
or fluoxetine induced an anxiolytic-like effect in
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the EPM test (28). Risperidone exerted a potent
antinociceptive effect in the tail-flick assay. Que-
tiapine may be used as an augmentation agent
in the treatment of resistant depression (35) and
produced greater open arm time and entries in the
EPM test (20). It also showed some analgesic effects
in migraine prophylaxis (12). Cyamemazine dem-
onstrated anxiolytic-like activity in the EPM test
(4). The PCP-induced enhancement of immobility
induced by the FST, a model of the negative symptoms
of schizophrenia, was attenuated by blonanserin but
not by haloperidol (23). Interaction studies revealed
that mCPP-induced depressant-like effects were
reversed by ketanserin, escitalopram, amitriptyline,
ziprasidone, and venlafaxine pretreatments (26).
Ziprasidone may possess anxiolytic effects in ad-
dition to its antipsychotic properties (37). Clozap-
ine and olanzapine exerted analgesic effects (30).
Risperidone exerted a potent antinociceptive effect
in the tail-flick assay (31). In previous studies
paliperidone and asenapine have been found to be
able to reduce depressive or anxious symptoms in
patients (2, 24) and paliperidone has also showed
some analgesic effect in animals (18). All these
results support the improvement effects of atypical
antipsychotics on the negative symptoms of schizo-
phrenia. Our results contribute to the literature as
the new-generation antipsychotic asenapine and
paliperidone exerted antidepressant- and anxiolytic-like
effects while paliperidone additionally had analgesic
effect.

Trophic factors such as FGF2 and BDNF are
widely distributed in the adult brain and their ex-
pression can be modulated by psychoactive drugs.
Schizophrenia and psychotic disorders are known to
cause changes in the expression levels of neurotrophic
factors, such as BDNF, in hippocampal neurons.
Olanzapine caused high levels of BDNF expression
in hippocampal neurons. Atypical antipsychotic
quetiapine resulted in a marked elevation of FGF2
and BDNF mRNA levels in the rat hippocampus while
these effects were not observed with the conventional
antipsychotic haloperidol (13). Specifically atypical
antipsychotic treatment can elevate NGF values
and growth factors might be good candidates as
prognostically and diagnostically useful markers in
schizophrenia (19). In this study, we investigated
the expression levels of hippocampal neurotrophic
factors, such as BDNF, CREB, NGF, synapsin and
FGF2, in mice that were chronically treated with
haloperidol, asenapine and paliperidone and observed
that asenapine and paliperidone increased the levels
of these neurotrophic factors, which may suggest
that asenapine and paliperidone may promote neu-
roplasticity via the up-regulation of neutrophic
factors and explain their positive effects on depres-

sion, anxiety and analgesy. On the other hand,
haloperidol increased only the expressions of NGF,
synapsin and FGF2 and it decreased the expressions
of BDNF and CREB. Basic and clinical studies
provide evidence for the neurotrophic hypothesis
of depression and antidepressant activity (6). The
neurotrophin family member BDNF plays a crucial
role in the development, regeneration, survival, and
maintenance of neuronal function in the central nervous
system (5). Neutrophins promote the growth and
the differentiation of developing neurons in the
central and peripheral nervous systems as well as
the survival of neural cells in response to stress (19).
The cAMP signaling pathway (in particular, the
downstream effector CREB) has also been shown
to play an important role in neuronal and synaptic
plasticity (32). Therefore, alterations in hippocampal
BDNF expression are correlated with antidepressant
responses in the hippocampus (33). So, the upregulation
of BDNF and CREB could contribute to the antide-
pressant actions of asenapine and paliperidone. The
decreased expression levels of BDNF and CREB
can explain the depression-like effect of haloperidol
since depression is known to cause downregulation
of hippocampal BDNF and CREB levels and this
reduction can be upregulated through antidepressant
therapy.

In our study, we also determined the live and
apoptotic neuron numbers in the dentate gyrus area
of the hippocampus by immunohistochemistry. In
psychotic disorders, the neuroprotective and sup-
pressive or the proliferative effects on neurogenesis
should be considered in addition to the effectiveness
of antipsychotic drugs. Our findings revealed that
the second-generation antipsychotic drugs affect
neurogenesis and neurodegeneration in the DG
of the hippocampus. Paliperidone decreased the
number of BrdU-labeled cells in the DG. However,
neuronal damage was higher in the haloperidol
group than in the asenapine and paliperidone
groups. So, it appears that chronic paliperidone and
asenapine administration caused less neurodegeneration
in naive mice compared to haloperidol. Neuro-
degeneration in the hippocampus of animals also
triggers neurogenesis as a long term effect. Neuron
damage increases neurogenesis causing formation
of new cells. In the haloperidol group, cell damage
is highest and neurogenesis increases following this
effect. On the other side, asenapine and paliperidone
had less cell damage and less neurogenesis com-
pensating this effect. For this reason asenapine and
paliperidone had better effects on cell structure in
the brain compared to haloperidol in our study.

We observed that haloperidol produced a
neurotoxic effect since HE cell counts in CA1 region
were significantly reduced after haloperidol treatment.
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It is known that haloperidol exerts measurable neu-
rotoxic effects via many molecular mechanisms that
lead to neuronal death. In previous studies halo-
peridol significantly decreased cell viability and
increased caspase-3 activity and cell death (14). It
has been also reported that haloperidol induces neu-
ronal cell death by interaction with the N-methyl-
D-aspartate (NMDA) receptor (39). A stronger
binding to serotonin SHT-2A receptors than to
dopamine D receptors may be one reason for the
neuroprotective effect of asenapine and paliperidone
compared to haloperidol. It was also shown that
paliperidone did not affect cell viability or cell death
in a previous study (14). Paliperidone decreased
caspase-3 activity and reduced dopamine-induced
increase in caspase-3 activity. It is also proposed
that haloperidol induces apoptosis while paliperidone
may afford protection against it (14).

Some antipsychotics are known to have diabe-
togenic effects (9) and some are known to increase
liver enzymes and cause weight gain (38). Our
results support the findings that chronic administration
of haloperidol, asenapine and paliperidone had no
diabetogenic effect and they also did not alter liver
enzyme levels.

In conclusion, asenapine and paliperidone
possess superior effects compared to haloperidol
since they exert antidepressant-like effects, do not
disturb locomotion, upregulate more neurotrophic
factors and cause less neurodegeneration in naive
mice without having diabetogenic and liver damaging
effects after chronic administration. Moreover,
paliperidone seems to possess superior effects com-
pared to asenapine since it also exerts analgesic-like
effects. Haloperidol exerts depression-like behavior,
impairs locomotion, downregulates BDNF and
CREB expression levels and causes neurodegeneration.
These results support the clinically superior effects
of asenapine and paliperidone compared to classi-
cal antipsychotics in depressive and stressed pa-
tients. Therefore, asenapine and paliperidone may
be preferred over classical antipsychotics and could
be used as drugs of choice in the treatment of the
negative symptoms of schizophrenia and psychosis.
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