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Abstracts 
 
Objective(s) 
While the nucleus accumbens and the striatum have received much attention regarding their roles in 
stereotyped behaviors, the role of the medial prefrontal cortex (mPFC) has not been investigated to the same 
degree. Few studies have reported the role of the mPFC in dopaminergic induction of locomotor 
hyperactivity. The mPFC is a heterogeneous area (the anterior cingulated, prelimbic, and the infralimbic) 
with particular inputs and outputs to subcortical regions that may have different effects on stereotyped 
behaviors. In this work, apomorphine, a non-specific dopamine agonist, was microinjected into the three 
different subregions of the mPFC for induction of stereotyped behaviors to show the role of the three 
subareas of the mPFC on behaviors and its heterogeneity.  
Materials and Methods 
Cannulas implanted in the infralimbic, the prelimbic or the anterior cingulated areas of the mPFC. 
Apomorphine microinjected at five doses and then behaviors recorded.  
Results 
There were significant differences among three areas. The rats receiving apomorphine in the anterior 
cingulated showed less sniffing and climbing but more chewing behaviors. Yawning observed more 
significantly in the rats given apomorphine in the prelimbic area. The rats getting apomorphine in the 
infralimbic of the mPFC showed more climbing behavior.  
Conclusion 
It was indicated that manipulation of the dopaminergic system in mPFC alters behaviors and with regard to 
this, there may be heterogeneity among its three subregions.  
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Introduction 
Schizophrenia is one of the most important 
and prevalent cases of psychosis that affects 
about one percent of people (1, 2). The 
pathological changes in the prefrontal cortex 
are involved in schizophrenia and negative 
symptoms of the disease (3-7). Disturbances in 
the medial prefrontal cortex (mPFC) functions 
may also be involved in some other psychiatric 
diseases (6-9). 

There are some animal models for the study 
of neuronal mechanisms of schizophrenia and 
screening of antipsychotic drugs (5, 7, 8, 10-3). 
Each model studies some aspects of psychosis. 
One of the most important models is 
stereotyped behaviors induced by dopamine 
agonists such as apomorphine in rodents. 
Motor stereotypes are characterized as 
repetitive, continuous movements with little 
variability, topologically invariant and 
apparently purposeless behaviors (14-16). 
Stereotyped behaviors have been observed in 
several neuropsychiatric disorders (14, 15).  

The mPFC is one of the regions of the 
prefrontal cortex, a medially located cortical 
region, which constitutes the major portion of 
the medial wall of the hemisphere anterior and 
dorsal to the genu of the corpus callosum (9). 
The mPFC is involved in higher cognitive 
functions (7-9, 17).  

The mPFC is not a homogenous structure (7, 
9, 18, 19) and can be subdivided into at least 
three subareas: the infralimbic (IL), the 
prelimbic (PL) and the anterior cingulated 
(ACd), each of which has different intrinsic 
organization, functions and distinct afferent- 
efferent connections (7, 20).  

It has been reported that distinct areas of the 
brain have different effects on stereotyped 
behaviors and could have different responses 
to psychostimulants. In most studies, the roles 
of the striatum and the nucleus accumbens 
(NAC) in stereotyped behaviors have been 
defined, but the exact relation between the 
mPFC and stereotyped behaviors has not been 
explained. 

Because of the importance of the mPFC in 
the pathogenesis of schizophrenia, the 
pathophysiologic models have focused on the 
cortical regulation and its dysfunction on 

subcortical dopamine (DA) neurotransmission 
(21). To investigate the involvement of 
dopaminergic innervation of the mPFC on 
stereotyped behaviors, we studied the 
behavioral effects of microinjection of 
apomorphine as a nonselective DA agonist on 
three subareas of the mPFC. 

 
Materials and Methods 
Ethics 
The protocol used in this study approved by 
the Ethics Committee of Shiraz University of 
Medical Sciences, Shiraz, Iran. 

 
Animals 
Locally bred male Sprague Dawley rats 
provided by Razi Institute of Shiraz. The rats 
had free access to food and water and their 
weights were 275-400 g.  

 
Materials 
Apomorphine (Sigma, Germany) was prepared 
in 0.1% ascorbic acid (Merck, Germany), 
diethyl ether (Merck, Germany), formaldehyde 
(Merck, Germany), Ketamine (Rotexmedica, 
Germany) and Xylazine (Alfasan, 
Netherlands). 

 
Experimental design 
The rats divided into three groups; the 
infralimbic (IL), prelimbic (PL) and the 
anterior cingulated (ACd). Each group divided 
further into seven subgroups: sham, control, 
and five doses of apomorphine (0.005, 0.01, 
0.05, 5 µg/0.5µl and 20 µg/1µl). There were 
seven rats in each subgroup. Sham groups used 
as the control of microinjection conditions, 
since they did not receive any drug. Control 
groups only received 0.1% ascorbic acid 
solution, 0.5µl/rat as vehicle of apomorphine. 
The selected doses used in a pilot study. 
 
Surgery  
The rats anesthetized by intraperitoneally 
injection of ketamine (60 mg/kg) + xylazine  
(8 mg/kg) and mounted in a stereotaxic frame 
(Stoetling, Wood Dale, IL, USA). Guide 
cannulas implanted in each of three subareas 
of the mPFC: the anterior cingulate (AP, +2.7; 
L, +0.4; V,-2) or the prelimbic (AP, +3.2; L, 
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+0.7; V, - 4.0) or the infralimbic (AP, +3.2; L, 
+0.7; V, - 5.4) (22). Sterile obturator with the 
same length as the guide cannula inserted into 
the guide. 

 
Microinjection and recording of Behaviors 
Behavior recording carried out one week after 
the surgery. On the experiment day, the rats 
habituated to an experimental cage. It 
(50×50×50 cm) made of transparent Plexiglas 
and its walls lined with 4 cm2 (2×2) wire mesh. 
The height of the wire mesh was 10 cm higher 
than that of the cage. The rats gently handled 
while the injection needle inserted inside the 
cannula one mm beyond the tip of the guide 
cannula. Using a syringe pump (Harvard 
Apparatus, USA), microinjection was performed 
for one minute at a constant speed, and 0.5 µl of 
the drug solution or vehicle (1.0 µl for dose 20 
µg) delivered into the brain. After the end of the 
injection, the needle was left in the guide 
cannula for three additional min.  

The rats put in the cage individually and 
during 30 min the time spent on each behavior 
recorded for 5 min episodes (23). Behaviors 
included chewing, sniffing, climbing, taffy 
pulling, grooming, rearing, gnawing and licking. 
Also, during 30 min the frequency of yawning 
recorded. The behaviors noted between 9 AM 
and 4 PM in a silent environment, under red 
light and the temperature set at 20-25 ◦C. In 
addition, to video record the behaviors 
experiments, two persons filmed the behaviors 
independently. The results did not reveal any 
significant differences. 

 
Statistical analysis 
The analysis of data accomplished by SPSS 
11.5. The total behavioral time analyzed by 
two and one way ANOVA followed by LSD 
(Least Significance Difference) test. Two- way 
repeated measure ANOVA using time as a 
repeated factor used for time-course data 
appropriately. Then one-way Kruskal Wallis 
ANOVA followed by Mann-Whitney U test 
used for multiple comparisons. The 
significance level set at P<0.05.  
 
Histological verification 
At the end of each test, the rats sacrificed with 
an overdose of diethyl ether. Their brains 
removed and stored in formalin for several 

days. Then, they embedded in paraffin and 
serial sections provided coronally by a 
microtome (Leitz, Germany). The photo of 
each slide took by a stereomicroscope (Blue 
Light, the USA). The position of cannula 
tracing compared with the rat brain atlas (22). 
The data related to the rats with cannula 
placements outside of the brain regions of 
interest were not used. The samples of cannula 
traces of the subregions are shown in Figure 1. 
 
 

 

 a 
 

 

 b 
 

 

 
c  

Figure 1. Stereomicroscopic photo of coronal section at the 
level of the anterior cingulated (a), the prelimbic (b) and 
the infralimbic(c). Arrowheads indicate cannula tracing in 
each subterritories of the medial prefrontal cortex.     
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Results 
Total behavioral time data 
Figure 2 shows the mean±SEM of the total 
time spent on climbing during 30 min for the 
three regions. Two-way ANOVA showed that 
the factors of region and dose were not 
significant. The mean±SEM of the total time 
spent on chewing behavior during 30 min is 
shown in Figure 3. 
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Figure 2. The effects of APO microinjection on total 
climbing time in three regions of the mPFC during 30 min. 
Each bar represents the mean of total climbing time + SEM 
(SEM<100%).  
Control group: Ascorbic acid 0.1% as apomorphine vehicle   
APO: Apomorphine (0.005-20 µg/0.5-1µl) immediately 
before recording 
n=7 in each group, Statistical test: Two-way ANOVA 
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Figure 3. The effects of APO microinjection on total 
chewing time in three regions of the mPFC during 30 min. 
Each bar represents the mean of total chewing time + SEM 
(SEM<85%). 
Control group: Ascorbic acid 0.1% as apomorphine vehicle   
APO: Apomorphine (0.005-20 µg/0.5-1µl) immediately 
before recording  
*: Significant to same dose in the infralimbic 
n=7 in each group P<0.05, Statistical test: Two and one-
way ANOVA followed by LSD test 

 
Two-ways ANOVA showed that factor of 

region was not significant, but factor of dose was 
(dose: F (6,126) =2.135; P<0.05). Then, one-
way ANOVA followed by LSD test showed that 
apomorphine injection in the ACd, significantly 

increased chewing in dose of 5 µg/0.5 µl as 
compared to the control group, (P<0.05). Also, 
there was a significant increase of the total 
chewing time for the dose of  5 µg /0.5 µl in the 
ACd area in comparison with that of the same 
dose in the IL area (P<0.01).  

Figure 4 shows the mean±SEM of the total 
yawning frequency. Two-ways ANOVA 
showed that the factor of region was not 
important, but the factor of dose was (dose: F 
(6,126) =2.784; P<0.05). Then, one way-
ANOVA followed by LSD test showed that 
apomorphine injection in the PL area increased 
yawning in dose of 5 µg/0.5 µl compared to 
the control group (P<0.05). Also, considerable 
increase of the total yawning frequency for 
this dose was observed in the PL area as 
compared to that of the same dose in the IL 
area (P<0.05).  

There was not any remarkable difference in 
the other behaviors of taffy pulling, grooming, 
licking and rearing at the level of subregions 
of the mPFC and at the level of doses (data not 
shown). Behavior of gnawing was not 
observed in the rats. There was not any 
notable difference between the sham groups. 
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Figure 4. The effects of APO microinjection on total 
yawning frequency in three regions of the mPFC during  
30 min. Each bar represents the mean of total yawning 
frequency+SEM (SEM< 100%). 
Control group: Ascorbic acid 0.1% as apomorphine 
vehicle.  
APO: Apomorphine (0.005-20 µg/0.5-1µl) immediately 
before recording 
*: Significant to same dose in the infralimbic 
n=7 in each group P<0.05, Statistical test: Two and one-
way ANOVA followed by LSD test  
 
Time-course data 
Time-course graphs show the sum of times 
spent on each behavior in 5 min episodes, 
during 30 min. In Figure 5, time-course graph 
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of sniffing for the ACd area is shown. Two-
ways repeated measure ANOVA using time as 
a repeated measure factor showed that factors 
of dose and time were significant (time: F      
(5, 630)=167.469, P<0.01). Then, one-way 
Kruskal Wallis ANOVA followed by Mann-
Whitney U test showed that in the ACd area, at 
the first 5 min episode, the rats receiving 
apomorphine 5 µg/0.5 µl spent significantly 
less time on sniffing as compared to the 
control group, (χ2 (6)= 14.451; P<0.05).  
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Figure 5. The effects of APO microinjection on sum of 
sniffing time in the anterior cingulated in each 5 min 
episode. Each line represents time-course graphs of sum 
of sniffing time for each dose. 
Control group: Ascorbic acid 0.1% as apomorphine vehicle   
APO: Apomorphine (0.005-20 µg/0.5-1µl) immediately 
before recording 
*: Significant to the control group; n=7 in each group, P<0.05 
Statistical test: Two-way repeated measure ANOVA, 
then one-way Kruskal Wallis ANOVA followed by 
Mann-Whitney U test 
 

In Figure 6, time-course graph of climbing 
for the ACd area is shown. Two-ways repeated 
measure ANOVA showed that the factor time 
was important (time: F (5, 630)=22.988; 
P<0.05). Then, one-way Kruskal Wallis test 
followed by Mann-Whitney U test revealed 
that in the first 5 min rats receiving 
apomorphine 0.005, 0.01 and 5 µg/0.5 µl spent 
considerably less time on climbing, in 
comparison with the control group,                
(χ2 (6)=16.989; P<0.05).  

Figure 7 shows time-course graph of 
chewing for the ACd area. Two-ways repeated 
measure ANOVA showed that the effect of 
time was significant (time: F (5, 630) =2.356; 
P<0.05). One-way Kruskal Wallis test 
followed by Mann-Whitney U test showed that 
in the third 5 min episode the rats receiving 
apomorphine 5 µg/0.5 µl spent remarkably 
more time on chewing, as compared to the 
control group, (χ2 (6)=18.734; P<0.05). There 

was not any obvious difference between the 5 
min episodes and doses in each subregion of 
the mPFC, for other behaviors (data not 
shown).  
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Figure 6. The effects of APO microinjection on sum of 
climbing time in the anterior cingulated in each five min 
episode. Each line represents time-course graphs of sum 
of climbing time for each dose. 
Control group: Ascorbic acid 0.1% as apomorphine vehicle   
APO: Apomorphine (0.005-20 µg/0.5-1 µl) immediately 
before recording 
*: Significant to the control group; n=7 in each group, P<0.05 
Statistical test: Two-way repeated measure ANOVA, 
then one-way Kruskal Wallis ANOVA followed by 
Mann-Whitney U test 
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Figure 7. The effects of APO microinjection on sum of 
chewing time in the anterior cingulated in each five min 
episode. Each line represents time-course graphs of sum 
of chewing time for each dose. 
Control group: Ascorbic acid 0.1% as apomorphine vehicle   
APO: Apomorphine (0.005-20 µg/0.5-1µl) immediately 
before recording 
*: Significant to the sham group; **: Significant to the 
control group; n=7 in each group, P<0.05 
Statistical test: Two-way repeated measure ANOVA, 
then one-way Kruskal Wallis ANOVA followed by 
Mann-Whitney U test 
 
Discussion 
In this study, the effects of microinjection of 
apomorphine on three areas of the mPFC were 
investigated. Results showed that manipulation 
of dopaminergic system in the mPFC alters 
behaviors and there may be heterogeneity 
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among the three subareas of the mPFC 
regarding the apomorphine effects on 
behaviors of climbing, chewing, sniffing and 
yawning.  

DA acts as a neuromodulator through action 
on different processes depending on its 
concentration, DAergic innervation density, its 
depth and location in the pyramidal cells of 
mesocortical system. Also, the effect of DA 
may depend on the level of activity in the local 
PFC network and DA might have opposite 
effects at high and low activity levels (19, 24- 
26). Low concentrations of DA enhance and 
high DA levels decrease the neuronal 
excitability of the mPFC. There is a critical 
and optimal concentration of DA required for 
modulating normal cortex-dependent 
behavioral processes (7, 24-27). Therefore, the 
effects of DA agonists in the mPFC are 
complex and not predictable easily. 

In several studies sniffing has been related 
to the nigrostriatal DAergic system (11, 28) or 
mesolimbic system (29, 30) and also, 
clozapine which has the most effect on the 
mPFC and the least effect on the striatum, 
does not have significant effect on decreasing 
of the systemic apomorphine-induced 
stereotyped behavior of sniffing (31, 32). 
Then, mesocortical system may not have a 
direct effect on this behavior. However, the 
mPFC has the ability to modulate stereotyped 
behaviors and motor response to 
psychostimulants through its control over the 
functions of the subcortical areas (33). The 
present study showed that microinjection of 
apomorphine into the ACd area had overall 
more effect on sniffing than that of other 
subareas of mPFC (data not shown). Efferent 
pathways from the ACd compared to other 
subregions of the mPFC, have more projection 
to the dorsal striatum, nigrostriatal system and 
dorsal aspects of the NAC than to the core or 
shell of the NAC and mesolimbic system (7, 9, 
20). Therefore, these reports are consistent 
with the present results that apomorphine 
microinjection into the ACd had more effect 
on sniffing, as a behavior related to the 
nigrostriatal DAergic system. 

There are reports that attribute climbing to 
DAergic system of the mesolimbic or NAC 

(34-36). In a study it has been reported that 
apomorphine (0.001-10 µg) failed to cause 
any inhibition of spontaneous climbing when 
injected into the cortex areas such as the 
anteromedial, supragenual or suprarhinal 
cortex, although facilitation was recorded at 
the highest doses injected, 10 µg/1µl (134-
166% of control values) (36). Also, it has 
been reported that atypical antipsychotic drugs 
did not antagonize apomorphine-induced 
sniffing, but could antagonize apomorphine-
induced climbing in rodents (37). Because, the 
preferential effect of atypical antipsychotic 
drugs on DA release is in the mPFC, therefore, 
it was proposed that the medial prefrontal 
cortex may have an effect on apomorphine-
induced or spontaneous climbing directly or 
through its relation with the subcortical 
systems such as the NAC. When apomorphine 
was injected through subcutaneous or intra 
NAC, its effect on dose-response curve of 
spontaneous climbing behavior was U-shaped 
(34-36). The result of these studies showed 
that apomorphine had inhibitory effects on 
spontaneous climbing when was injected into 
the NAC of mice at low doses,                   
0.25-0.5 µg/1 µl. But at a higher dose                  
4 µg/1 µl, apomorphine had a restoration 
effect on spontaneous climbing behavior. In 
the present study, we also, observed a           
U-shaped pattern of climbing after 
microinjection of apomorphine in to the IL 
area (Figure 2). Apomorphine decreased 66% 
and 96% spontaneous climbing at doses 0.01 
and 0.05 µg/0.5 µl, respectively and then it 
restored climbing at dose of 5 µg/0.5 µl 
compared to the control value. These effects 
did not reach to a significant value. At a 
higher dose of apomorphine (20 µg/1 µl), it 
may have nonspecific effects. Because, 
maximal stimulation of the dopamine 
receptors is required to elicit the climbing 
behavior (38). This observation may imply 
that the most effect of apomorphine on 
modulation of climbing was in the IL with 
more innervation of DA system than other 
subregions of the mPFC (7, 9, 19, 20, 24, 26, 
39). Also, at the present study, the effect of 
apomorphine injected into the mPFC of rats 
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on climbing was started at a lower dose  
(0.005 µg/0.5 µl) than that has been reported 
for the NAC of mice (0.25 µg/1 µl) (35). 
Therefore, the IL area of the mPFC may have 
a more sensitivity to apomorphine, regarding 
climbing than that of the NAC. It should be 
mentioned that the dose-response curve of 
apomorphine in mice and rats are the same 
(15, 16, 19, 30, 34, 36). However, further 
study should be done by microinjection of 
apomorphine into the both areas of the mPFC 
and NAC of rats in one experiment. The effect 
of the IL on climbing may be an indirect 
effect. Thus, the IL has more projections to 
the mesolimbic system than superficial parts 
of the mPFC like the ACd (7, 9, 20, 40, 41). 
However, the main limitation of this study 
might be the climbing behavior. So, the rats 
usually show this behavior less than mice. 
Therefore, more rats might be studied. The 
doses used in this work were chosen by the 
previous pilot study.  

Another finding in this work was an increase 
in chewing in dose of 5 µg/0.5 µl of 
apomorphine injected into the ACd area 
(Figures 3 and 7). When a relatively small 
fraction of the total DA receptor pool is 
activated by lower doses of DA agonists, 
mainly hyperlocomotion and sniffing might be 
elicited, whereas higher doses result in 
reduced locomotor activity and sniffing with 
concomitant increase in oral stereotypes 
(including licking, chewing and/or biting) (30). 
The present study is consistent with this work, 
which an increase in chewing was observed 
with a decrease in sniffing in dose of               
5 µg/0.5 µl in the ACd area (Figures 3, 5 and 
7). This works also showed that apomorphine 
at dose of 5 µg/0.5 µl injected only in the ACd 
increased stereotyped chewing (that lasted 
more than 5 min and continued for 30 min) as 
compared to the control group, significantly. 
Moreover, significant increase of total 
chewing time was observed for the dose of 5 
µg/0.5µl in the ACd area compared to that of 
the same dose in the IL area (Figures 3 and 7). 
These results can be explained considering 
reports that show chewing behavior like other 
oral stereotyped behaviors relates to the 

striatum (28, 29). So, the ACd compared to 
other subregions of the mPFC has more 
relation to the dorsal striatum system (7, 9, 20).  

Apomorphine at dose of 5 µg/0.5 µl 
increased yawning (Figure 4). The increase of 
DA transmission in the mPFC especially in 
the ventral or deeper part of the mPFC 
including the PL and IL areas has an 
inhibitory effect on the mesolimbic DA 
system (5, 7, 9, 12, 19, 42, 43). Increase of 
dopaminergic activity in the mPFC has an 
inhibitory control on hyperfunction or 
hyperresponsiveness of the mesolimbic DA 
system (3, 7, 10, 21, 24-26, 39, 42-44). Also, 
locomotor activity and hyperactivity of 
animals were correlated directly with the time 
course of changes in the amount of released 
DA in the NAC (28, 29, 36) and the 
mesocortical system (31, 32). Therefore, 
because of coincidence of motor inhibition 
and yawning (45-47), increase of DA 
transmission in the PL for example at higher 
dose of apomorphine leads to the appearance 
of yawning and has a depressant effect on 
locomotor activity or hyperactivity of animals. 
In the present study, the observed yawning for 
the PL at dose of 5 µg /0.5 µl was more than 
that of the same dose for the IL area. The PL 
and IL areas do not have the same targets in 
subcortical systems, efferents of the PL 
project to the NAC core and for the IL project 
to the NAC shell (7, 9, 20, 41, 48) as the PL 
area projects heavily to autonomic centers in 
the pons and medulla (9). Moreover, the NAC 
core preferentially interacts with motor output 
structures of the basal ganglia and control the 
expression of dopaminergic receptor-mediated 
unconditioned motor behaviors such as 
yawning (46). However, yawning has been 
related to the activity of the oxytocinergic 
neurons of paraventricular nucleus in the 
hypothalamus projecting into the brain stem 
areas such as pons and medulla oblongata (49). 
Therefore, more effect of the PL compared to 
the IL on yawning could be explained by its 
more connection with locomotor activity 
centers and brain stem areas than that of the 
IL area.   
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Conclusion 
Manipulations of dopaminergic system in the 
mPFC altered behaviors and there may be 
heterogeneity among its three subregions in 
this regard. Behaviors with nigrostriatal origin 
such as chewing observed more after 
microinjection of apomorphine in the 
superficial parts of the mPFC such as the ACd 
that has more connection with dopaminergic 
transmission of nigrostriatal system. 
Apomorphine had more effect on climbing and 
yawning when injected into the IL and PL 
areas, respectively. Probably, yawning and 
climbing have a mesocortical origin, or the 
mPFC could have effects on their control 
through its connection with the subcortical 
area. It seems that behaviors such as yawning 
and climbing can be used as stereotyped 
models for better screening of atypical 
antipsychotic drugs.  

To understand more about the role of mPFC 
on rat behaviors, to serve as better animal 

models of mPFC related disorders such as 
schizophrenia, the effects of DA antagonists 
and other agonists on the mPFC are required to 
be investigated as well. 

It is proposed to do a more narrow range of 
apomorphine in the next study. Moreover, at 
present, it is not clear which DA receptor 
subtype is involved in the effects of 
microinjected apomorphine on the mPFC. This 
subject has been studied as extension of the 
present work by using the clozapine as a DA 
D4 antagonist (data in preparation).  

 
Acknowledgment 
The authors would like to thank the office of 
vice-chancellor for research at Shiraz 
University of Medical Sciences for the 
financial support of this project. Also, they are 
grateful to Dr Nasrin Shokrpour for her helpful 
comments on the scientific writing of this 
manuscript. The authors declare that they have 
no conflict of interests. 
   
 

References 
1. Fink-Jensen A. Novel pharmacological approaches to the treatment of schizophrenia. Dan Med Bull 2000; 47: 

151-167. 
2. Freedman R. Schizophrenia. N Eng J Med 2003; 349:1738-1749. 
3. Goldstein M, Deutch AY. Dopaminergic mechanisms in the pathogenesis of schizophrenia. FASEB J 1992; 

6:2413-2421.  
4. O’Donnell P, Grace AA. Synaptic interactions among excitatory afferents to nucleus accumbens neurons: 

hippocampal gating of prefrontal cortical input. J Neurosci 1995; 15:3622-3639.  
5. Broersen LM, Heinsbroek RPW, de Bruin JPC, Olivier B. Effects of local application of dopaminergic drugs into 

the medical prefrontal cortex of rats on latent inhibition. Biol Psychiat 1996; 40:1083-1090. 
6. Murphy BL, Arnsten AFT, Goldman-Rakic PS, Roth RH. Increased dopamine turnover in the prefrontal cortex 

impairs spatial working memory performance in rats and monkeys. Proc Natl Acad Sci USA 1996; 93:1325-1329. 
7. Tzschentke TM.Pharmacology and behavioral pharmacology of the mesocortical dopamine system. Prog  

Neurobiol  2001; 63:241-320. 
8. Marcotte ER, Pearson DM, Srivastava LK. Animal model of schizophrenia: a critical review. J Psychiat Neurosci 

2001; 26:395-410. 
9. Heidbreder CA, Groenewegen HJ. The medial prefrontal cortex in the rat: evidence for a dorso-Ventral 

distinction based upon functional and anatomical characteristics. Neurosci Biobehav Rev 2003; 27:555-579.  
10. Zavitsanou K, Cranney J, Richardson R. Dopamine antagonists in the orbital prefrontal cortex reduce prepulse 

inhibition of the acoustic startle reflex in the rat. Pharmacol Biochem  Behav 1999; 63 : 55-61. 
11. Bristow LJ, Collinson N, Cook GP, Curtis N, Freedman SB, Kulagowski JJ, et al. L-745,870, a subtype 

selective dopamine D4 receptor antagonist, does not exhibit a neuroleptic-like profile in rodent behavioral tests. J 
Pharmacol Exp Ther 1997; 283:1256-1263. 

12. Gray JA. Integrating schizophrenia. Schizophr Bull 1998; 24:249-266. 
13. Ananth J,Burgoyne KS, Gadasalli R, Aquino S. How do the atypical antipsychotics work? J Psychiat Neurosci 

2001; 26:385-394. 
14. Ridley RM. The psychology of preservative and stereotyped behaviour. Prog Neurobiol 1994; 44:221-231. 
15. Fetsko LA, Xu R, Wang Y.Alterations in D1/D2 synergism may account for enhanced stereotypy and reduced 

climbing in mice lacking dopamine D2L receptor. Brain Res 2003; 967:191–200. 
16. Presti MF, Gibney BC, Lewis MH. Effects of intrastriatal administration of selective dopaminergic ligands on 

spontaneous stereotypy in mice. Physiol Behav 2004; 80:433- 439.  



 
The Role of the mPFC in Stereotyped Behaviors 

Iran J Basic Med Sci, Vol. 11, No. 4, Winter 2009   213

17. Van Eden ACD, Uylings HBM. Cytoarchitectonic development of the prefrontal cortex in the rat. J Comp 
Neurol 1985; 241:253-267.  

18. Seamans JK, Floresco SB, Phillips AG. Functional differences between the prelimbic and anterior cingulated 
regions of the rat prefrontal cortex. Behav Neurosci 1995; 109:063-1073. 

19. Hedou G, Homberg J, Feldon J, Heidbreder CA. Expression of sensitization to amphetamine and dynamics of 
dopamine neurotransmission in different laminae of the rat medial prefrontal Cortex. Neuropharmacology 2001; 
40: 366-382. 

20. Tzschentke TM, Schmidt WJ. Functional heterogeneity of the rat medial prefrontal cortex: effects of discrete 
subarea-specific lesions on drug induced conditioned Place preference and behavioural sensitization. Eur J 
Neurosci 1999; 11:4099-4109. 

21. Karreman M, Moghaddam B.The prefrontal cortex regulates the basal release of dopamine in the limbic the 
striatum: an effect mediated by ventral tegmental area. J Neurochem 1996; 66:589-598. 

22. Paxinos G, Watson C. The rat brain in stereotaxic coordinates. 3rd edition, New York: Academic Press; 1997.  
23. Broderick PA, Blaha CD, Lane RF. In vivo electrochemical evidence for an enkephalinergic modulation 
underlying stereotyped behavior: reversibility by naloxane. Brain Res 1983; 269:378-381.  
24.Yang CR, Seamans JK, Gorelova N. Developing a neuronal model for the pathophysiology of schizophrenia 

based on the nature of electrophysiological actions of dopamine in the prefrontal cortex. 
Neuropsychopharmacology 1999; 21:161-194. 

25. Sorg BA, Li NA, Wu W-R. Dopamine D1 receptor activation in the medial prefrontal cortex prevents the 
expression of cocaine sensitization. J Pharmacol Exp Ther 2001; 297: 501-508. 

26. Seamans JK, Yang CR. The principal features and mechanisms of dopamine modulation in the prefrontal cortex. 
Prog Neurobiol 2004; 74:1-57.  

27. Zahrt J, Taylor JR, Mathew RG, Arnsten AFT. Supranormal stimulation of D1 dopamine receptors in the rodent 
prefrontal cortex impairs spatial working memory performance. J Neurosci 1997; 17:8528–8535. 

28. Broderick PA, Gardner EL, Van Praag HM. In vivo electrochemical and behavioral evidence for specific neural 
substrates modulated differentially by enkephalin in rat stimulant stereotypy and locomotion. Biol Psychiat 1984; 
19:45-53. 

29. Sharp T, Zetterstrom T, Ljungberg T, Ungerstedt U. A direct comparasion of amphetamine-induced behaviours 
and regional brain dopamine release in the rat using intracerebral dialysis. Brain Res 1987; 401:322-330. 

30. Bordi F, Carr KD, Meller E. Stereotypies elicited by injection of N-propylnorapomorphine into striatal 
subregions and nucleus accumbens. Brain Res 1989; 489:205-215. 

31. Robertson A, MacDonald C. Atypical neuroleptics clozapine and thioridazine enhance amphetamine-induced 
stereotypy. Pharmacol Biochem Behav1984; 21:97-101. 

32. Robertson A, MacDonald C. Opposite effects of sulpiride and metoclopramide on amphetamine-induced 
stereotypy. Eur J Pharmacol 1985; 109:81-89. 

33. Beyer CE, Steketee JD. Intra-medial prefrontal cortex injection of quinpirole, but not SKF 38393, blocks the 
acute motor-stimulant response to cocaine in the rat. Psychopharmacology 2000; 151:211-218. 

34. Costall B, Eniojukan JF, Naylor RJ. Spontaneous climbing behavior of mice, its measurement and 
dopaminergic involvement. Eur J Pharmacol 1982; 85:125-132. 

35. Costall B, Eniojukan JF, Naylor RJ.The mesolimbic nucleus accumbens is critically involved with the 
mediation of the motor inhibitory and facilitatory effects of dopamine agonists on mouse spontaneous climbing 
behavior. Eur J Pharmacol 1983; 96:201-210. 

36. Costall B, Eniojukan JF, Naylor RJ. Dopamine agonist action in mesolimbic, cortical and extrapyramidal areas 
to modify spontaneous climbing behavior of the mouse. Psychopharmacology 1985; 86:452-457. 

37. Ellenbroek BA, Liegeois JF. JL an atypical antipsychotic: a preclinical review. CNS Drug Rev 2003; 9: 41-56. 
38. Protais P, Costentin J, Schwartz JC. Climbing behavior induced by apomorphine in mice: a simple test for the 

study of dopamine receptors in the striatum. Psychopharmacology 1976; 50:1-6. 
39. Grobin AC, Deutch AY. Dopaminergic regulation of extracellular γ-aminobutyric acid levels in the prefrontal 

cortex of the rat. J Pharmacol Exp Ther 1998; 285:350-357. 
40. Berendse HW,Graaf YG-de, Groenewegen HJ.Topographical organization and relationship with ventral striatal 

compartments of prefrontal corticostriatal projections in the rat. J Comp Neurol 1992; 316: 314-347.  
41. Porrino LJ, Lyons D. Orbital and medial prefrontal cortex and psychostimulant abuse: studies in animal models. 

Cereb Cortex 2000; 10:326-333.  
42. Chen NNH, Pan WHT. Regulatory effects of D2 receptors in the ventral tegmental area on the 

mesocorticolimbic dopaminergic pathway. J Neurochem 2000; 74:2576–2582. 
43. Jackson ME, Frost AS, Moghaddam B. Stimulation of prefrontal cortex at physiologically relevant frequencies 

inhibits dopamine release in the nucleus accumbens. J Neurochem 2001; 78:920-923. 
44. del Arco A, Mora F. Glutamate-dopamine in vivo interaction in the prefrontal cortex modulates the release of 

dopamine and acetylcholine in the nucleus accumbens of the awake rat. J Neural Transm 2005; 112:97–109. 



 
Abbas Alimoradian et al  

  Iran J Basic Med Sci, Vol. 11, No. 4, Winter 2009   214 

45. Smith HP, Nicholas DE, Mailman RB, Lawler CP. Locomotor inhibition, yawning and vacuous chewing 
induced by a novel dopamine D2 post-synaptic receptor agonist. Eur J Pharmacol 1997; 323:27-36. 

46. Canales JJ, Iversen SD. Dynamic dopamine receptor interactions in the core and shell of nucleus accumbens 
differentially coordinate the expression of unconditioned motor behaviors. Synapse 2000; 36:297-306.  

47. Collins GT, Calinski DM, Newman AH, Grundt P, Woods JH. Food restriction alters N '-propyl-4, 5, 6, 7 
tetrahydrobenzothiazole-2, 6-diamine dihydrochloride (pramipexole)-induced yawning, hypothermia, and 
locomotor activity in rats: evidence for sensitization of dopamine D2 receptor-mediated effects. J Pharmacol Exp 
Ther 2008; 325:691-697.  

48. Ongur D, Price JL. The organization of networks within the orbital and medial prefrontal cortex of Rats, 
monkeys and humans. Cereb Cortex 2000; 10:206-219.   

49. Argioas A, Melis MR. The neuropharmacology of yawning. Eur J Pharmacol 1998; 343:1-16. 
 
 

 
 
 
 
 
 
  
 
 

 
 


