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INTRODUCTION

The critical period of brain development is characterized 
by a number of rapid and fundamental changes. This period 
particularly comprises changes such as axonal growth, den-
dritic cell maturation, neuronal network construction, forma-
tion of novel synapses, glia-cell enlargement, and myelination. 
In this period, motor and emotional skills are acquired, spon-
taneous motor behavior reach a peak, and neurotransmitter 
system evolve through quantitative and qualitative changes. 
For instance, glutamatergic system changes, and number of 
NMDA receptors increases in this period. Due to the associ-
ation of a number of behavioral features and cognitive func-
tions with cholinergic and glutamatergic transmitter systems, 
the changes in these periods are of critical importance. Onset 
and duration of critical period of the brain development in 

mammals vary across the species. This critical period begins 
in the third trimester of pregnancy, and lasts for the first two 
years of life in humans. In rodents, such as mice and rats, 
lasts for the first 3 to 4 weeks of life and reaches a peak on 
day 10 postpartum [1, 2]. NMDA-mediated transmission 
of the excitatory neurotransmitter glutamate within the 
brain is of major importance in the process related to cog-
nitive functions and emotional responses [3]. Some studies 
on the NMDA receptor antagonist during the early brain 
development period reported that the chronic blockade of 
NMDA receptor affected the emotional behaviors and cog-
nitive functions in adults [3, 4]. It is also suggested that the 
disruptions of NMDA-mediated transmission of glutamate 
may underlie schizophrenia pathophysiology [5], and that 
the early postnatal stress may result in the dysfunction of the 
NMDA receptor [6].

Schizophrenia is a severe mental illness, quite difficult to 
treat by pharmacotherapy. Changes in neurochemical trans-
mission within the dopaminergic system, especially through 
dopamine D2 receptors are of critical importance for both 
emergence of schizophrenia and its current treatment with 
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ABSTRACT

Atypical antipsychotics have been used to treat fear and anxiety disturbance that are highly common in schizophrenic patients. It is suggested 
that disruptions of N-methyl-d-aspartate (NMDA)-mediated transmission of glutamate may underlie the pathophysiology of schizophrenia. 
The present study was conducted to analyze the effectiveness of clozapine on the anxiety-related behavior and locomotor function of the adult 
brain, which had previously undergone NMDA receptor blockade during a developmental period. In order to block the NMDA receptor, male 
mice were administered 0.25 mg/kg of MK-801 on days 7 to 10 postnatal. In adulthood, they were administered intraperitoneally 0.5 mg/kg 
of clozapine and tested with open-field and elevated plus maze test, to assess their emotional behavior and locomotor activity. In the group 
receiving MK-801 in the early developmental period the elevated plus maze test revealed a reduction in the anxiety-related behavior (p<0.05), 
while the open-field test indicated a decrease in locomotor activity (p<0.01). Despite these reductions, clozapine could not reverse the NMDA 
receptor blockade. Also, as an atypical antipsychotic agent, clozapine could not reverse impairment in the locomotor activity and anxiety-re-
lated behavior, induced by administration of the MK-801 in neonatal period.
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antipsychotic drugs [7, 8]. Fear and anxiety disorders have a 
high rate of incidence in schizophrenic patients [9].

Atypical anti-psychotic drugs such as clozapine, olan-
zapine and quetiapine have been increasingly used in the 
treatment of anxiety-related disturbances and also in the 
management of schizophrenia [9]. Clozapine is an atypical 
antipsychotic medication which displays affinity for a num-
ber of receptors in the brain including dopamine, serotonin 
5HT1A, 5HT2C, norepinephrine α1 and α2, muscarinic acetyl-
choline and histamine H1 receptors [8]. Clozapine was shown 
to play an effective role in treatment of psychotic symptoms 
in the majority of schizophrenic patients [10]. Previous stud-
ies have shown that clozapine possesses anxiolytic properties 
in certain experimental models in rodents and other species 
[11, 12]. In the present study, the effectivity of  clozapine was 
investigated on the exploratory and anxiety-related behaviors 
in the neonatal mice exposed to MK-801, by using open-field 
and elevated plus maze tests.

MATERIALS AND METHODS

This study was performed following the approval obtained 
from Inonu University School of Medicine Ethical Board for 
Laboratory Animals, and the animal rights were protected as 
instructed by “Guidelines for the Care and Use of Experimental 
Animals”.

Animals

In laboratory experiments, 8-  to 10-week-old and weigh-
ing approximately 31±0.2  g male Balb/c mice (n=10) and 
31±0.2 g (n=30) female Balb/c mice were obtained from Inonu 
University Laboratory Animals Production and Research 
Centre. The animals were allowed free access to food and 
water. The animals were kept under 12-hour light/dark cycle 
at 21±2°C. Mice were coupled. Pregnant females were individ-
ually housed in solid plastic cages with sawdust shavings in the 
cage. Approximately 5-6  male mice pups were delivered by 
each pregnant mouse. The day of birth was accepted as post-
natal day 0. The animals were not handled until the time of 
weaning, and the cages were cleaned once a week to minimize 
disruption of the mother-pups relationship. Mice pups were 
left with their mothers for 21 days after the birth.

Test protocol

In this study, male mice pups were randomly divided into 
two groups. Control group received saline, and MK-801 group 
received MK-801. Male mice pups were given (+)-MK-801 
hydrogen maleate, whereas the control groups were given 
saline, from day 7 to day 10 postpartum (four days). MK-801, 
which is an NMDA receptor antagonist, was administered 

intraperitoneally twice a day (at 9:00h and 16:00h) at a dose 
of 0.25 mg/kg (0.1 ml/10 g body weight) for 4 days. The con-
trol groups were given intraperitoneal saline injection with the 
same volume as MK-801 twice a day. The mice pups were sep-
arated from their mothers 21 days after the birth, and placed 
into standard cages so that each cage contained 5 or 6 mice. 
Behavioral tests were carried out in adult (8- to 10-week-old) 
animals. Mice were randomly divided into four groups as fol-
lows: Saline-saline group, saline-  clozapine group, MK-801-
clozapine, MK-801-saline group. Thirty minutes prior to 
behavioral test, intraperitoneal clozapine 0.5  mg/kg was 
administered to some of the animals which had been exposed 
to MK-801 and saline in early childhood [8]. Hand and room 
adaptations were ensured in mice before testing the behavior. 
Before behavioral tests, the mice were gently handled (each 
mouse 1min/day, during three successive days) with both 
hands covered by fine latex gloves, and then they were placed 
into cages and transported to the testing room. Animals from 
each experimental group were performed open field (OF) test 
and elevated plus maze (EPM) test (Figure 1).

Drugs

Stock solution was prepared by adjusting the volume 
of MK-801 (Dizocilpine hydrogen maleate, (5R, 10S)-(+)-
5-Methyl-10,11-dihydro-5Hdibenzo [a,d] cyclohepten-5, 
10-imine hydrogen maleate) (SIGMA-ALDRICH M107, USA) 
with saline up to 0.25 mg/ml, and the resulting stock solution 
was stored at −30°C in 1 ml Eppendorf tube. On injection days, 
the stock solution was reconstituted with saline prior to injec-
tion and stored at +4°C. Clozapine 8-Chloro-11-(4-methyl-1-
piperazinyl)-5H-dibenzo[b,e][1,4]-diazepine was supplied by 
SIGMA-ALDRICH C6305, USA on demand. 0.1 M HCl was 
added to clozapine and was dissolved in saline. Concentrated 
stock solution was prepared daily, and then stored at −80°C. 
Intraperitoneal (i.p.) clozapine (0.5 mg/kg) was administered 
30 minutes before the behavioral tests.

Instruments
Open-field test

The apparatus used for the open-field test is a 
60×60×24  cm open-top maze made from black plexiglass 

FIGURE 1. Timeline of the experimental procedures.
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and surrounded by 1  cm thick wall. Areas of the apparatus 
adjacent to the walls are called peripheral squares (periphery) 
while the rest is called the central square. In the open-field 
test apparatus, peripheral squares are enclosed and these are 
safe locations for the animals. On the other hand, the cen-
tral square is an open area where anxiety-related behavior is 
stimulated. Acting in their natural behavioral patterns, mice 
prefer the safe peripheral squares and avoid the central square 
where anxiety-related behavior is stimulated. Measures of 
anxiety-related behaviors and locomotor activity included 
the length of time spent in the central and periphery square, 
the distance traveled, and the frequency of center crossing, 
rearing and fecal boli [13, 14]. The behaviors of the mice were 
video recorded for 5  minutes followed by analysis software 
(Ethovision XT, Noldus, Version 4.1). Luminous intensity 
in the apparatus was set to 150 lx. The maze apparatus was 
cleaned (70% alcohol) after each trial. The scoring procedure 
was performed in a blinded fashion.

Elevated plus maze

The maze used in the study was made from black plexi-
glass in the shape of a cross and was 40 cm high above the 
ground. The maze had four 30-cm arms (two open and two 
enclosed), and the enclosed arms were surrounded by 15-cm 
high walls. Both the open and closed arms were combined 
on a platform located in the center (5×5 cm). The open arms 
were illuminated by 165 lx. On an elevated plus maze, the 
open arms are the insecure locations where anxiety-related 
behavior is stimulated. Acting in their natural behavioral pat-
terns, the mice preferred the enclosed arms and avoided the 
open arms. Open arm activity was considered to be the indi-
cator of anxiety-related behavior. Anxiety-related behavior 
was measured using the following criteria: number of entries 
into the open arms, number of entries into the closed arm, 
number of total entries to arms, time spent in open arms, 
time spent in closed arms, time spent in central platform, 
head-dipping and fecal boli [15-17]. Elevated plus maze test 
assesses the anxiety-related behavior in mice which is trig-
gered by hereditary fear of heights and newly-induced. The 
behavior was recorded using a video camera for 5  minutes. 
The maze apparatus was cleaned (70% alcohol) after each 
trial. The parameters were measured using Ethovision Xt, 
Noldus, Version 4.1 software. The scoring procedure was per-
formed in a blinded fashion.

Statistical analysis

All the data were presented as mean ± SE. Statistical analy-
ses were performed using SPSS 11.5 software. The groups were 
compared using two-way analysis of variance (ANOVA), 
followed by Tukey’s HSD test. Non-normal distribution and 

homogeneous variances were tested using Kruskal-Wallis fol-
lowed by post-hoc comparisons using Mann-Whitney-U test. 
A p value of <0.05 was considered significant.

RESULTS

Open-field test

In the terms of the distance travelled in the open-field 
test, ANOVA showed a significant difference in neonatal 
drug administration [F(1,32)=13.3 p<0.05)] and in adult drug 
administration [F(1,32)=19.4 p<0.05)], whereas it showed 
no interaction between neonatal and adult administrations. 
In the distance travelled, there was a significant decrease in 
Saline-Clozapine and MK-801-Saline groups as opposed to 
the Saline-Saline group (p<0.05) (Figure 2).

The groups showed no significant difference in terms of 
the length of time spent in the central and periphery square 
[Kruskal Wallis test, H(3, N=32)=1.8 p>0.05]. In the frequency 
of crossings from the periphery to the center in the open-field 
test, there was a significant difference in neonatal drug admin-
istration [ANOVA F(1,32)=6.6 p<0.05)] and in adult drug 
administration [F(1,32)=7.1 p<0.05)]; however, it no interac-
tion was revealed between neonatal and adult drug admin-
istrations. In terms of the frequency of crossing the center, 
there was a significant decrease in the MK-801-Saline group 
as opposed to the Saline-Saline group (p<0.05) and in the 
Saline-Clozapine group compared to the Saline-Saline group 
(p<0.05). In terms of rearing frequency, the groups presented 
a significant difference [Kruskal Wallis test H(3, N=32)=23 
p<0.05]. Also, in the frequency of rearing, significant differ-
ences were detected in the MK-801-Saline group compared to 
the Saline-Saline group (p<0.05) and in the MK-801-Clozapine 
group as opposed to the Saline-Clozapine group (p<0.05). 
The groups had no significant difference in fecal boli [Kruskal 
Wallis test H(3, N=32)=4.0 p>0.05] (Table 1).

FIGURE  2. Distance travelled in the open-field test (cm). Data 
are expressed as mean ± SE. **p<0.01,***p<0.001 compared to 
saline-saline group.
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Elevated plus maze

The groups showed significant differences both in open 
arm duration [Kruskal Wallis test H(3, N=30)=8.4 p<0.05] 
and enclosed arm duration [H(3, N=30)=7.8 p<0.05]. In 
open arm duration, the Saline-Clozapine and MK-801-Saline 
group showed a significant increase compared to the Saline-
Saline group (p<0.05). In enclosed arm duration, the Saline-
Clozapine group had a significant decrease compared to the 
Saline-Saline group (p<0.05) (Figures 3 and 4). The groups had 
no significant difference in central platform duration [Kruskal 
Wallis test H(3, N=30)=0.6 p>0.05].

In terms of the number of entries in open arm [H(3, 
N=30)=0.7 p>0.05], head-dipping [H(3, N=30)=3.5 p>0.05], 
fecal boli [H(3, N=30)=6.4 p>0.05] and number of total entries 
to arms [H(3, N=30)=1.1 p>0.05], the groups were not statis-
tically different. Regarding the number of entries in closed 
arm the Saline-Clozapine group showed a significant decrease 
compared to the Saline-Saline group (p<0.05) (Table 2).

DISCUSSION

MK-801 is an NMDA receptor antagonist leading to a 
number of cognitive disorders associated with schizophrenia. 
In the present study, we analyzed the effectiveness of the atyp-
ical antipsychotic  clozapine on exploratory and anxiety-re-
lated behaviors in the neonatal mice administered MK-801 by 
using the open-field and elevated plus maze tests.

In the open-field test, a decrease was induced by the 
NMDA receptor blockade both in horizontal and vertical 
locomotor activity. It is reported that treatment with NMDA 
receptor antagonists during early developmental stages leads 
to an increase both in locomotor activity and exploratory 
behaviors [18-20]; however, in our study there was a decrease 
in the locomotor activity and exploratory behaviors. Our pre-
vious study also showed decreases in adult locomotor activity 
and exploratory behavior [21, 22]. Studies report that there are 
continuous interactions between the dopaminergic and the 
NMDA pathways. The increase in locomotor activity could be 
caused by the effects on the dopaminergic system of NMDA 
receptors. However, NMDA antagonists lead to alterations in 
other neurotransmitters including dopamine, acetylcholine 
and norepinephrine [23, 24]. Reduced locomotor activity may 
be associated with the changes in the monoaminergic (par-
ticularly in dopaminergic and serotonergic) activity following 
the administration of NMDA receptor antagonists during an 
early developmental stage. On the other hand, a recent study 
showed that MK-801 exposure on postnatal day 7 to 10 has no 
impact on locomotor activity in the open filed test in rats [25].

FIGURE 3. Time spent in the open arms (s) in the elevated plus 
maze. Data are expressed as mean ± SE. *p<0.05 compared to 
saline-saline group.

FIGURE 4. Time spent in the closed arms (s) in the elevated plus 
maze. Data are expressed as mean ± SE. *p<0.05 compared to 
saline-saline group.

TABLE 1. Behaviors in the open-field test

Parameters
Saline MK-801

Saline Clozapine Saline Clozapine
Centre time (s) 50.2±10.2 79.9±24.2 86.5±36.5 159.2±45.1
Periphery time (s) 249.7±10.2 220.0±24.2 140.7±45.1 213.4±36.5
Centre crossing 36.5±6.2 16.8±3.8* 17.2±3.5* 12.5±3.9
Rearing 6.7±2 1.3±0.7** 0±0** 0±0
Fecal boli 0.2±0.1 1.0±0.3 0.8±0.3 1.1±0.3
N 8 7 9 8

Data were expressed as mean±SE. *p<0.05, **p<0.01 compared to 
saline-saline group

TABLE 2. Behaviors in elevated plus maze test

Measured
Saline MK-801

Saline Clozapine Saline Clozapine
Number of entries 
in the open arm 3.8±0.5 5.3±1.2 5.4±1.2 4.8±0.9

Number of entries 
in the closed arm 5.0±1.0 1.5±0.8* 4.2±1.0 4±1.9

Number of total 
entries to arms 8.8±1.3 9.8±3.4 11.0±2.1 11.7±4.2

Head-dipping 4.5±0.9 5.1±2 13.2±4.4 10.5±4.1
Time spent in 
central platform 105.4±30.6 110.3±24.4 114.1±29.8 95.0±21.6

Fecal boli 0.4±0.2 0.1±0.1 1.0±0.3 0.1±0.1
N 7 7 9 7

Data were expressed as mean±SE. *p<0.05 compared to saline-saline group
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In the elevated plus maze test, a decrease was observed 
in anxiety-related behaviors caused by the NMDA receptor 
blockade in the early developmental period. Whether the 
NMDA receptor blockade during early development has an 
influence on anxiety-related behaviors remain a controversial 
issue in the literature; while some studies argue that MK-801 
can increase [26] these behaviors, some others hold that 
MK-801 decreases [27] or even has no effect on exploratory 
and anxiety-related behaviors [28]. From this controversy, it 
can be assumed that the effectiveness of the NMDA receptor 
blockade during early development may be dependent on the 
length and timing of the NMDA receptor blockade and also 
on the gender and the characteristics the animals used in the 
experiment.

Clozapine resulted in a reduction both in vertical and 
horizontal locomotor activity in the open-field, and also a 
reduction in anxiety-related behaviors in the elevated plus 
maze test. The mice administered with clozapine spent 
more time in the open arm in the EPM. This situation 
may be an indicator of reduced anxiety-related behaviors. 
These results comply with the studies arguing that anxi-
ety-related behaviors are reduced by the administration of 
clozapine [12, 29]. Consistent with some previous studies, 
we also found that the administration of clozapine leads to 
reduced locomotor activity and exploratory behaviors in 
the open field [7, 29].

Our findings demonstrate that neonatal NMDA receptor 
blockade leads to reduced exploratory and anxiety-related 
behaviors and these behaviors are not restored by the atypi-
cal antipsychotic clozapine. According to Scorza et al. (2010), 
clozapine can reverse the hyperlocomotion following the 
NMDA receptor blockade; however in this study only adult 
rodents were used for the experiment [7]. In our study, the 
use of MK-801 in mice led to the hypofunction of NMDA 
receptor 7-10  days after birth. In this period, synaptogenesis 
and rapid brain growth also take place, and neurotransmit-
ter systems evolve and go through quantitative and qualita-
tive changes. The NMDA receptor system is concerned with 
other neurotransmitter systems including serotonergic, dopa-
minergic and GABAergic [30, 31]. Dopamine is a neurotrans-
mitter of the catecholamine and phenethylamine families 
that plays a number of important roles in mammalian brain, 
particularly in locomotor activity, cognition and emotion. In 
the brain, when the D2 autoreceptors are activated, the dopa-
mine release is reduced and this leads to decreased locomo-
tor activity; however, when the postsynaptic D2 receptors are 
activated, the locomotion is slightly increased [32]. The effects 
of clozapine on exploratory and anxiety-related behaviors in 
the neonatal mice administered with MK-801 may explain the 
potential underlying mechanisms in which dopaminergic sys-
tems probably change.

We conclude that the NMDA receptor blockade during 
the critical developmental period (neonatal period) leads to 
impairment in emotional and cognitive functions; yet, the use 
of clozapine could not reverse this impairment.
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