
ABSTRACT
Objective: Schizophrenia, is an important brain neurodevelopmental disorder observed in 1% of the global population. Classical antipsychotics 
cause extrapyramidal side effects and are less effective on the negative symptoms of schizophrenia. New-generation atypical antipsychotics 
have been developed as alternatives to typical antipsychotics for more effective on negative symptoms of schizophrenia such as mood and 
memory disorders or safer therapy. Olanzapine and clozapine are new atypical antipsychotics that are frequently used in clinics.
Methods: Effects of olanzapine and clozapine on depression and anxiety in the forced swimming (FST) and elevated plus maze (EPM) test were 
examined in mice. Since there is a growing interest in the role of  neutrophins in the pathophysiology of schizophrenia, the effects drugs on 
the expression levels of brain neurotrophic factors (BDNF, CREB, NGF, synapsin and FGF2) in the hippocampus of mice were also investigated. 
Mice were treated chronically and intraperitoneally with olanzapine (1and 2 mg/kg,) or clozapine (1.25 and 2.5 mg/kg) for 10 days and 60 and 30 
minutes respectively before FST and EPM tests on the 11th day. 
Results: In the FST test, clozapine (2.5 mg/kg; p<0.05) significantly decreased immobility time while olanzapine  (1ve 2 mg/kg; p>0.05) had 
no significant effect on this parameter. In the EPM test, olanzapin (2 mg/kg; p<0.01) and clozapine (1.25 ve 2.5 mg/kg; p<0.01 and p<0.05 
respectively) significantly increased both % time spent in open arms (p<0.001) and % open arm entries (p<0.01). Clozapine up-regulated the 
expression of BDNF, CREB, NGF synapsin and FGF2 in the mice hippocampus. Olanzapine up-regulated the expression of NGF, synapsin and 
FGF2 but it down-regulated the expression of BDNF and CREB.
Conclusion: Clozapine  seems to possess superior effects compared to olanzapine  on negative semptoms of schizophrenia since it up-regulates  
more neurotrphic factors than olanzapine in the brain. 
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INTRODUCTION

Schizophrenia is a neurodevelopmental disorder of the brain, 
which affects 1% of the population. Antipsychotic drugs are 
used in conditions, such as schizophrenia, psychotic disorders, 
and psychotic depression. The classic antipsychotic drugs, such 
as haloperidol, cause extrapyramidal side effects and have low 
effectiveness on the negative symptoms of schizophrenia; there-
fore, atypical antipsychotic drugs have been developed as an 
alternative to the typical antipsychotics to ensure more effective 
and safe treatment (1).

Olanzapine is an atypical antipsychotic drug that is widely used 
in the treatment of schizophrenia and other psychoses (2). The 
atypical antipsychotics show less selective activity on various 
neurotransmitter receptors (i.e., they show moderate antagonist 

activity on 5HT2 receptors and less and equal antagonistic ac-
tivity on dopamine D1, D2, and α1 receptors) (3). In radioligand 
binding studies, olanzapine has shown a high affinity for many 
neuronal receptors, including dopamine D1, D2, D4, 5HT2A, 5HT2C, 
α1-adrenergic, histamine H1, and muscarinic receptors (4). Clo-
zapine is a reference drug for atypical antipsychotics and is used 
particularly in cases that are resistant to other antipsychotics. It 
acts on many receptors in the brain, including dopamine D4, se-
rotonin 5HT2A and 5HT2C, norepinephrine α1 and α2, acetylcho-
line, muscarinic, and histamine H1 receptors (5).

The effect of drugs on mood is particularly important in the treat-
ment of symptoms, such as depression and anxiety, associated 
with schizophrenia and psychosis and in improvement of patients’ 
quality of life. Considering this situation, understanding the ef-
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fects of antipsychotic drugs on depression and anxiety would be 
an important approach with regard to evaluating the clinical util-
ity of drugs. In this study, we aimed to investigate the effect of the 
atypical antipsychotics olanzapine and clozapine on depression 
and anxiety in a forced swim test (FST) and elevated plus maze 
(EPM) test. In recent years, the role of neurotrophic factors in the 
pathophysiology of schizophrenia has been questioned. In dis-
eases, such as depression and schizophrenia, the mRNA levels of 
brain-derived neurotrophic factor (BDNF) and cyclic adenosine 
monophosphate response element binding protein (CREB) are 
reduced, and the structure of neurons is disrupted and cell death 
is observed. The fibroblast growth factor (FGF2), a trophic factor 
commonly found in the adult brain, activates CREB and regulates 
cell proliferation by phosphorylating CREB. FGF2 also plays a 
role in the synaptic plasticity and psychoactive drugs can alter its 
expression. Also, nerve growth factor (NGF) has been reported 
to play a role in several biological events. Since synapsin is cru-
cial in synaptic transmission and neuronal development, it plays 
an important role in hippocampal behavior (6-8). A chronic ther-
apy with antipsychotics and antidepressants increases the level 
of neurotrophic factors, reduces cell death in neurons, and has 
positive effects on the synaptic plasticity and neurogenesis (9-
11). Some atypical antipsychotics have been reported to increase 
neurogenesis. Therefore, we investigated the effect of chronically 
administered olanzapine and clozapine in rats on the brain neu-
rotrophic factors in the hippocampus using the quantitative real 
time-polymerase chain reaction (RT-PCR) method.

METHODS

Experimental Animals

In this study, 7–8-week-old male of the same lineage BALB/c ByJ 
rats were used. The rats were kept in the laboratory for 2 weeks 
before initiating the experiment (12 hours light and 12 hours dark 
cycle; lights turned on at 07:00 hours; temperature=21±1°C). 
Animals were provided with ad libitum food and water. Approval 
from the ethics committee for all the procedures mentioned was 
taken on 1/6/2014, and the European Community Council Direc-
tive (86/609/EEC) was carried out in line with animal ethics.

Experimental Groups and Drug Application

Olanzapine (Biofarma®, Istanbul, Turkey) and clozapine (Ade-
ka®, Samsun, Turkey) were dissolved in saline containing a small 
amount of 0.1 M hydrochloric acid (HCl). The drugs were freshly 
prepared daily and administered as 0.1 mL/10 g of body weight 
of rats. The same volume of solvent was administered to the 
control groups. Olanzapine (1 and 2 mg/kg; n=9 and 10, respec-
tively), clozapine (1.25 and 2.5 mg/kg; n=8 and 10, respectively) 
or solvent (a small amount of 0.1 M HCl in saline n=10) were ad-
ministered to BALB/c rats intraperitoneally and chronically for 
10 days and administered 60 and 30 min before FST and EPM 
test, respectively, on the eleventh day. Another group of rats that 
was administered chronic olanzapine (2 mg/kg; n=7) and clozap-
ine (2.5 mg/kg; n=7) for 14 days but not exposed to behavioral 
experiments was sacrificed, and the hippocampal BDNF, CREB, 
NGF, synapsin, and FGF2 gene expression levels were evaluated. 
The drug doses were selected according to previous behavioral 
and neurochemical studies (12, 13).

Forced Swim Test 

Rats were placed alone in Plexiglas® cylinders (height 25 cm 
and diameter 10 cm) containing water up to a height of 10 cm 
at 23°C-25°C and were held there for 6 minutes. Since this was 
an inescapable situation, the animals quickly became immobile, 
stood on top of the water in a vertical position, and made small 
movements that only allowed them to keep their heads above 
the water. The inactivity time in the last 4 minutes of the 6-minute 
test period was recorded (14).

Elevated Plus Maze Test

The anxiety-related behavior is measured using the EPM test. 
The experiments were performed in a light, semi-sound-perme-
able, desk-lit (80 lux) room. The labyrinth was made of wood and 
was at a height of 40 cm from the ground, and its two open (29 
cm long×5 cm wide) and two closed arms (with walls at 29×5×15 
cm high) crossed each other to form a 5 cm2 center. Each rat was 
placed in the center of the labyrinth facing one of the open arms 
and then allowed to examine the labyrinth. The open arm activ-
ity is evaluated as follows: (1) the time spent in the open field is 
expressed as the percentage of the total time spent in the maze 
(300 s) and (2) the total number of entries in open arms is ex-
pressed as the percentage of the total number of entries in both 
open and closed arms.

RNA Isolation and Quantitative Real Time-Polymerase Chain 
Reaction

The total RNA was isolated from the brain tissue of each rat using 
RNeasy Mini Kit® (QIAGEN, Valencia, CA, USA) and treated with 
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GENE PRİMER SEQUENCE

Beta-2 5’ TGA CTT  TGT  CAC AGC  CCA AGA TA 3’ 
microglobulin-F

Beta-2  5’ AAT CCA AAT  GCG GCA TCT  TC 3’ 
microglobulin-R

BACT-F 5’ AGC CAT GTA CGT AGC CAT  CCA 3’

BACT-R 5’ TCT CCG GAG TCC ATC  ACA ATG 3’

CREB-F 5’ AGC TGG CCT GTC CCA CTG CT 3’

CREB-R 5’ ACC ATT CTG AAC ACA AAG CAG CCA3’

BDNF-F 5’ GCC CAA CGA AGA AAA CCA TAA3’

BDNF-R 5’ GGA GGC  TCC AAAGGC  ACT  T 3’

NGF-F 5’- AGT TTT GGC CTG TGG TC- 3’

NGF-R  5’- CTC ACT GCG GCC AGT ATA- 3’

FGF2-F 5’- TGT TTC TTC TTT GAA CGA CT-3’

FGF2-R 5’- TCA GCT CTT AGC AGA CAT TGG A-3’

Synapsin 1-F 5’- ATT GCA AGT GTT GTG GCA C -3’

Synapsin  1-R 5’- GCC TTG TAG TTC TGC CCA AT -3’

F: forward primer; R: reverse primer; CREB: cyclic adenosine monophosphate 
response element binding protein; BDNF: brain-derived neurotrophic factor; NGF: 
nerve growth factor; FGF2: fibroblast growth factor 2

Table 1. Primer sequences of the genes



DNase I. The cDNA synthesis was performed using the Rever-
tAid First Strand® cDNA synthesis kit (Fermentas Inc., MD, USA). 
Quantitative RT-PCR was performed as previously mentioned 
(15,16). Standard curves were obtained using serial dilutions 
of the beta-globulin gene. The specific primers for the studied 
genes (Table 1) were obtained from Integrated DNA Technolo-
gies (IA, USA) and IONTEK Inc. (Merter, Istanbul, Turkey). The 
BACT housekeeping gene was used to normalize the obtained 
gene expression values. The gene expression levels were cal-
culated using the Relative Expression Software Tool (REST) pro-
gram. The change in CREB, BDNF, NGF, synapsin, and FGF2 
gene expression levels was determined by comparing with the 
control group.

Statistical Analysis

FST and EPM test results were evaluated using the one-way ANO-
VA test, and when significant differences were found, post-hoc 
Tukey’s test was used. The statistical evaluation of CREB, BDNF, 
NGF, synapsin, and FGF2 gene expressions was performed using 
the REST program. Data were expressed as fold changes accord-
ing to the control values. Data were expressed as mean±standard 
deviation. A p value <0.05 was considered statistically significant.

RESULTS

Effects of Olanzapine and Clozapine on Depression-Like Be-
havior in the Forced Swim Test

There was a significant difference between the groups when the 
effects of olanzapine and clozapine on the time of inactivity in the 

FST (F [4.42]=3.88; p=0.0090; Figure 1) were evaluated. Clozapine 
(2.5 mg/kg; p<0.01) had significantly shortened the inactivity time 
compared to the control group, whereas olanzapine showed no 
significant effect (Figure 1).

Effects of Olanzapine and Clozapine on Anxiety in Elevated 
Plus Maze Test

There was a significant difference between the groups when the 
effect of olanzapine and clozapine on the percentage of time 
spent in open arms was evaluated in the EPM text (F [4.42]=12.55; 
p<0.0001; Figure 2a). Both olanzapine (2 mg/kg, p<0.001) and 
clozapine (1.25 and 2.5 mg/kg; p<0.001, p<0.01, respectively) 
significantly increased the percentage of time spent in the open 
arms (Figure 2a). When the effect of olanzapine and clozapine 
on the percentage of open arm access was evaluated, there 
was a significant difference between the groups (F [4.42]=8.25; 
p<0.0001; Figure 2b). Both olanzapine (2 mg/kg, p<0.001) and 
clozapine (1.25 and 2.5 mg/kg; p<0.001, p<0.01, respectively) 
significantly increased the percentage of open arm access in the 
EPM test (Figure 2b).

Effect of Olanzapine and Clozapine on Hippocampal 
Neurotrophic Factor Gene Expression Levels

Clozapine significantly increased the gene expression levels of 
rat hippocampal BDNF, CREB, NGF, synapsin, and FGF2, which 
are members of the neurotrophin family compared to the control 
group. While olanzapine significantly increased NGF, synapsin, 
and FGF2 gene expression levels, BDNF and CREB gene expres-
sion levels were decreased significantly compared to the control 
group. The primer sequences of the genes studied are shown 
in  Table  1, and the level of gene expression in each group is 
shown in Table 2.

DISCUSSION

According to our findings, clozapine (2.5 mg/kg) reduced the 
time of inactivity in FST, whereas olanzapine (1 and 2 mg/kg) did 
not show a significant effect. In EPM, both olanzapine (2 mg/kg) 
and clozapine (1.25 and 2.5 mg/kg) significantly increased the 
percentage of time spent in the open arms and the percentage 
of open arm access. According to the genetic analysis, clozapine 
significantly increased the levels of BDNF, CREB, NGF, synapsin, 
and FGF2 gene expression in the rat hippocampus, while olan-
zapine increased NGF, synapsin, and FGF2 expression levels and 
decreased BDNF and CREB levels.

Schizophrenia is a brain disease that has positive and negative 
symptoms and causes changes in the neurotransmitters of the 
brain, changes in the structure and function of neuronal den-
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GROUPS BDNF CREB NGF Synapsin FGF2

Cont.+Clo. 1.981↑ 3.553↑ 1.762↑ 6.242↑ 20.793↑

Cont.+Ola. 1.424↓ 2.018↓ 2.013↑ 6.552↑ 28.880↑

↓ decrease in expression; ↑ increase in expression; CREB: cyclic adenosine monophosphate response element binding protein; BDNF: brain-derived neurotrophic 

factor; NGF: nerve growth factor; FGF2: fibroblast growth factor 2; Clo.: clozapine; Ola.: olanzapine; Cont.: control 

Table 2. Effects of olanzapine and clozapine on the gene expression levels of neurotrophic factors in rats. The drugs were 
administered intraperitoneally for 14 days (n = 7/group)

Figure 1. Effects of olanzapine (1 and 2 mg/kg; n=9, 10 respectively) 
and clozapine (1.25 and 2.5 mg/kg; n=8, 10, respectively) administered 
intraperitoneally for 10 days on the time of inactivity in the FST. Data 
are expressed as mean±standard deviation
*p<0.01, compared to the control group
(FST: force swim test; Clo.: clozapine; Ola.: olanzapine)
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drites, and histopathophysiological changes in the volume and 
structure of important brain areas, such as the hippocampus, 
amygdala, prefrontal cortex, and striatum (17). All these changes 
lead to suicidal ideation, depression, anxiety, and learning–mem-
ory disorders. Olanzapine and clozapine are atypical antipsy-
chotic drugs that are commonly used in the clinic, and atypical 
antipsychotics are known to be better at restoring the aforemen-
tioned symptoms compared to the classic antipsychotics.

Due to the reported antidepressant and anxiolytic effects of 
some antipsychotics, we investigated the effect of olanzapine 
and clozapine on depression and anxiety and the neurotrophic 
factors involved in this effect. In previous studies, it has been 
reported that haloperidol, a classical antipsychotic, increased 
the time of inactivity in FST (18) and increased the diazepam-
induced anxiolytic effect in the EPM test (19). In other studies, 
clozapine and olanzapine have been reported to shorten the 
immobility time in FST (18); clozapine had no effect on anxiety 
(20); and olanzapine showed anxiolytic-like effect in the EPM 
test (21). Risperidone did not alter the time of inactivity in FST 
in low doses but increased the activity of antidepressants (22). 
Risperidone or fluoxetine showed anxiolytic-like effect in the 
EPM test (21). Quetiapine may be added to the antidepressant 
treatment in treatment-resistant depression (23); it was reported 
to increase the time spent in the open arms and the open arm 
access in the EPM test (24). Cyamemazine has an anxiolytic ef-
fect in EPM (25). Ziprasidone showed antidepressant and anxio-
lytic effects (26,27). All these results support the healing effects 
of atypical antipsychotics on the negative symptoms of schizo-
phrenia. In our study, clozapine showed both antidepressant 
and anxiolytic effects, whereas olanzapine showed only anxio-
lytic effects.

Schizophrenia and psychotic disorders are known to cause 
changes in the expression of neurotrophic factors, such as BDNF, 
in the hippocampal neurons (6-8, 11). In our study, clozapine in-
creased the expression of all neurotrophic factors in a way that 
explains the antidepressant and anxiolytic effect in behavioral 
tests. In contrast, olanzapine increased the expression of NGF, 
synapsin, and FGF2 and decreased BDNF and CREB expression. 
BDNF, a neurotrophin family member, plays an important role in 

the development, regeneration, and sustainability of neuronal 
functions in the central nervous system (7). A change in the hip-
pocampal BDNF expression is associated with an antidepressant 
response in the hippocampus. The increase in the expression 
levels of this neurotrophic factor may explain the antidepressant 
and anxiolytic effects of clozapine. The decrease in hippocam-
pal BDNF and CREB levels after the administration of chronic 
olanzapine may justify the absence of antidepressant effects of 
olanzapine in our study. The increase in NGF, synapsin, and FGF2 
expression levels due to olanzapine may explain the anxiolytic 
effects of olanzapine.

CONCLUSION

Clozapine showed both antidepressant and anxiolytic effects 
compared to olanzapine. However, olanzapine showed an anx-
iolytic effect at the doses administered in our study and had no 
antidepressant effect. In addition, clozapine increased all neuro-
trophic factors in the rat hippocampus, whereas olanzapine de-
creased BDNF and CREB expression. These results suggest that 
clozapine is a more effective treatment option for the correction 
of negative symptoms of schizophrenia and psychosis compared 
to olanzapine.
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Figure 2. a, b. Effects of olanzapine (1 and 2 mg/kg; n=9 and 10, respectively) and clozapine (1.25 and 2.5 mg/kg; n=8 and 10, respectively) 
administered intraperitoneally 10 days in the EPM test on (a) the percentage of time spent in open arms and (b) percentage of access to the open 
arms. Data are expressed as mean±standard deviation (*p<0.01, **p<0.001 compared to the control group)
(EPM: elevated plus maze; Clo.: clozapine; Ola.: olanzapine)
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