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ABSTRACT 
 

Purpose: The aim of this study was to investigate the antiaggressive effects of buspirone (2.5 
mg /kg, s.c), dizocilpine (0.25 mg/kg, s.c) and aripiprazole (1 mg/kg, p.o.) in apomorphine-induced 
aggression model. Materials and methods: The repeated apomorphine injection to male Wistar rats in 
a dose of 1.0 mg/kg, s.c., once daily for 12 days gradually induced aggressive behavior which was 
blocked by the tested drugs. Buspirone and aripiprazole reduced apomorphine-induced locomotor 
hyperactivity but dizocilpine caused locomotor hyperactivity. Frontal cortex mRNA expressions of 
serotonergic 5-HT1A and dopaminergic D2 receptors raised by apomorphine were decreased when 
the animals were pretreated with buspirone and dizocilpine but unchanged following aripiprazole. 
Results: Apomorphine induced a significant decrease of aggression latency time. Co-administration of 
either buspirone, dizocilpine or aripiprazole with apomorphine significantly blocked apomorphine-
induced effect. Apomorphine induced a significant increase of aggression severity score. Co-
administration of either buspirone, dizocilpine or aripiprazole with apomorphine significantly blocked 
apomorphine-induced aggressive behavior. Apomorphine significantly increased locomotor activity. 
Use of buspirone before apomorphine significantly attenuate apomorphine-induced increase in 
activity. Dizocilpine caused a significant increase in locomotor activity as compared to apomorphine-
injected rats. Treatment with aripiprazole before apomorphine revealed significant effects. 
Aripiprazole significantly attenuate apomorphine-induced increase in activity at day 12.  
Apomorphine significantly increased the level of 5HT1A and D2 receptors mRNA expression. 
Pretreatment with buspirone significantly decreased the levels of 5HT1A and D2 receptors mRNA 
expression compared to apomorphine-treated group. Pretreatement of animals with dizocilpine 
significantly decreased the level of 5HT1A and D2 receptors mRNA expression compared to 
apomorphine-treated group. Pretreatment of animals with aripiprazole had a non-significant effect on 
the level of 5HT1A and D2 receptors mRNA expression compared to apomorphine-treated group. 
Conclusion: In conclusion, our present investigation shows that the potency of apomorphine-induced 
aggressive behaviour correlate directly with 5-HT1A and D2 receptors and indirectly with NMDA 
receptors. 
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Introduction 
 

Aggression is a complicated phenomenon, manifested both alone and as one of the symptoms in 
many psychological disease, including bipolar disorder, Attention deficit hyper active disorder 
(ADHD), autism, major depressive disorder and schizophrenia (Fava, 1997). Aggressive behavior has 
an underlying complex neurobiology involving cortical and subcortical circuity and regulated by 
multiple neuromodulators. Studies suggest that serotonin (5-HT) is the main inhibitor of aggression, 
and other molecules that may be involved, do so indirectly via serotonin signaling (Ramsay et al., 
2014).  Most   evidences implicate the 5-HT1, 5-HT2 and 5-HT3 families of receptors in aggressive 
behaviors (McKenzie-Quirk et al., 2005; Olivier, 2004; Miczek et al., 2002). Serotonergic 
neurotransmission has obvious effects on dopamine (DA)-mediated behaviors. Serotonin can 
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modulate effects of DA in human forebrain where increased and decreased DA release was associated 
with increased availability of 5-HT (Coccaro and Lee, 2010). 

Apomorphine has agonistic effect on both D1/D2 receptors with slightly higher affinity for D2 
dopamine psychotic behavior (Da Veiga et al., 2011). Some authors demonstrated the involvement of 
5HT1A receptors in the neurobiology of apomorphine-induced aggressive behavior in rodents (Pruus 
et al., 2000b). Moreover, there may be a correlation between 5HT1A receptor expression in the 
prefrontal cortical area and aggressive behavior (Witte et al., 2009). 

Therefore, the current study was designed to investigate the hypothesis that co-administration of  
buspirone, the partial 5-HT1 receptor agonist and D2 receptor antagonist (Michael et al., 2014), may 
attenuate apomorphine-induced aggression in rats. Since NMDA-gated channels regulate the activity 
of the dopaminergic system (Wang, 1991; Voikar et al., 1999) studying the effect of the non-
competitive NMDA antagonist, dizocilpine, on apomorphine-induced aggression is needed. 

Aripiprazole is an antipsychotic drug with a partial agonistic activity on D2 receptors (Michael 
et al., 2014) and also as an agonist for serotonin 5-HT1A, 5-HT2A, 5-HT2B, 5-HT2C, 5-HT6 and 5-
HT7 receptors. The current study investigated the effects of aripiprazole on apomorphine-induced 
aggression model. 

The exact mechanism of any demonstrated antiaggressive effect, whether due to partial 
agonistic effect on 5-HT1A receptors or an antagonistic effect on dopamine D2 receptors was studied 
through investigating the expression of genes coding for 5-HT1A receptors and D2 receptors. To 
study the possible antiaggressive effect of buspirone, dizocilpine and aripiprazole in apomrphine-
induced aggression in male albino rats which may help in understanding the underlying neurobiology 
of aggression and may help in developing new drugs with potential antiaggressive activity.                                                                                          
 
Materials and Methods 
 
Animals 
 

Adult male Wistar rats weighing 250-300 gm were purchased from the National Institute for 
Research, Cairo, Egypt. They were housed individually (to avoid injury) in cages made of plastic in a 
room with constant temperature (21±2°C) with alternating 12 h light/dark cycle. Water and food were 
available ad libitum. On the days of the experiment, animals were transferred to the experimental 
room and permitted to habituate to the environmental conditions for approximately 1 hour before the 
start of the experiment. Experiments were performed between 8:00 am and 3:00 pm. All animal 
treatments followed strictly to institutional and international ethical guidelines concerning the care 
and the use of laboratory animals and the experimental protocol was approved by Cairo University 
Faculty of medicine Review Committee for the use of animal. 

 
Experimental Design:   
 

40 male albino rats were used - divided into 5 groups (n=8 each) and were treated for 12 days 
according to the following protocol:                 
Group 1: (control group) 8 rats received daily saline injection s.c. 12 days. 
Group 2: 8 rats received apomorphine (1 mg /kg s.c.) by for 12 days.                                             
Group 3: 8 rats received buspirone (2.5 mg /kg s.c.)  30 minutes before apomorphine                                                                               
Group 4: 8 rats received dizocilpine (0.25 mg/kg s.c.) 30 minutes before apomorphine 
Group 5: 8 rats received aripeprazole (1 mg/kg orally) 30 minutes before apomorphine (Mirjana et al., 
2011). 

   a) Animals were tested for aggression at days 1, 4, 8, 12 of the experiment. 
   b) Locomotor activity was measured at days 1, 4, 8, 12 of the experiment. 
   c) At the last day of the experiment, animals were sacrificed by decapitation. Brains were excised out 

and frontal cortex was dissected and kept frozen in liquid nitrogen for receptor expression detection. 
 

Drugs and Chemicals 
Apomorphine, aripiprazole, buspirone and dizocilpine were all purchased from Sigma–Aldrich, 

Chemie Gmbh, Germany. Apomorphine was dissolved in saline and administered subcutaneously 
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(s.c.) in a dose of 1 mg/kg for 12 days (Borkar et al., 2017). Aripirazole was dissolved in distilled 
water and administered orally in a dose of 1 mg/kg (Carli et al., 2011). Buspirone/dizocilpine were 
dissolved in saline and administered s.c. in doses of 2.5 and 0.25 mg/kg, respectively (Purus et al., 
200a). The tested drugs were administered daily half an hour before apomorphine. Control animals 
received saline as a vehicle and were run concurrently with drug-treated groups. 

 
Experimental groups 
 

Rats were divided into five groups (n = 8). Group-1 (control group) receiving respective saline. 
Group-2 received apomorphine (1 mg /kg s.c.) for 12 days.  Groups 3, 4 and 5 received buspirone (2.5 
mg /kg s.c.), dizocilpine (0.25 mg/kg s.c.) and aripiprazole (1 mg/kg orally) daily 30 minutes before 
apomorphine. Aggressive behavior and locomotor activity were assessed for all groups at days 1, 4, 8, 
12 of the experiment. Twenty-four hours after last injection, the animals were decapitated. Brains 
were excised out and frontal cortices were dissected and frozen at -80°C for receptor expression 
detection. 

 
Measurement of aggressive behavior 
 

The apomorphine-induced aggressiveness study was performed as reported previously by Matto 
et al. (2000) and Skrebuhhova-Malmros et al. (2000). Aggressive behavior was measured in special 
cages (transparent plastic side walls 35 x 35 x 55 cm, length x width x height) and stainless steel floor. 
Immediately after apomorphine injection, the animals were put to the test cage and observed for the 
following parameter:  

(a) the latency time (the time before the first attack or the first aggressive posture) with cut-off 
time 15 minutes; and (b) the intensity of aggression observed during 15 min and scored on the 0-3 
point scale: 0, no aggressive manifestations; 1, intermittent mild aggressive posture or attack with 
other rat, no vocalizations; 2, intermittent intensive upright aggressive posture or attack or boxing 
with other rat, vocalizations, but no biting or continuous fighting; 3, continuous fighting or attempts to 
bite the opponent rat, loud vocalizations. In the case of the development of the highest score of 
aggressive manifestations, the test was immediately terminated to avoid injuries (Pruus et al., 2000a). 
 
Locomotor activity detection 
 

Activity monitor (Opto-Varimex-Mini Model B, Columbus Instruments, OH, USA) was used to 
measure the locomotor activity of animals. Such activity was measured based on the traditional 
infrared photocell principle where interruption of 15 infrared beams (wavelength = 875 nm, scan rate 
= 160 Hz, diameter = 0.32 cm, spacing = 2.65 cm) reflected total activity of the animal. On the days 
of testing, animals were left in the device for 60 minutes for habituation then assessments were 
performed. The total locomotor activity of animals was expressed as counts/5 min (Michael et al., 
2004). 

 
Reverse transcriptase-polymerase chain reaction (RT-PCR) analysis of 5HT1A and D2 
receptors mRNA gene expression. 
  

RNA was extracted from frontal cortices of rats using MagNA Pure Compact Nucleic Acid 
Isolation Kit (Roche, Germany) in the automated MagNA Pure nucleic acid isolation instrument 
according to the supplier protocol. Amplifiation by reverse transcription polymerase chain reaction 
(RT-PCR) was done by one-step Light Cycler-RNA Amplification Kit SYBR Green I system (Roche, 
Germany).  

The following primers were used (Gulf–Tech., Saudi Arabia): rat 5-HT1A receptor  
5′-CCCCCCAAGAAGCCTGAA-3′, and for D2 5′-TACAGACATTCAC AGCCACC-3′. β-actin 
primer 1 GGGTCAGAAGGATTCCTATG and β-actin primer 2 GGTCTCAAACATGATCTGGG 
were used as reference housekeeping gene (Expected product size 237 bp). PCR was performed under 
the following conditions: denature at 95 °C for 30 s, annealing at 59 °C for 10 s, extension at 72 °C 
for 10 sec.  in a total of 45 cycles (Rosangela Poletto et al., 2010). 

http://academic.research.microsoft.com/Author/23172900/mirjana-carli
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Statistical analysis 
 

Aggressive behavior data were analyzed by Kruskal-Wallis test. If the overall H-value was 
found statistically significant, comparisons among groups were made according to Mann-Whitney U-
test. Locomotor activity data were analyzed by two-way ANOVA followed by Tukey test.  Relative 
Quantification Software (7300 Real-Time PCR System Relative Quantification software v1.4, 
Applied Biosystems, (USA) was used for analyzing RT- PCR results. Probability values of p < 0.05 
were considered significant. All statistical analyses were performed using SPSS (version 18). 

 
Results 
 
Rat Aggressive Behavior 
 
Latency Time: 
 

Animals were tested on the 1st, 4th, 8th and 12th days of the experiment. Kruskal-Wallis test 
showed that, on the first day of the experiment, there was no significant difference in aggression 
latency time between all groups (X2 (4) = 4, p = 0.699). Kruskal -Wallis test showed a significant 
effect of treatments on aggression latency time [X2 (4) = 29.8, p< 0.05; X2 (4) = 38.41, p< 0.05 and X2 
(4) = 38.76, p< 0.05] for days 4, 8 and 12, respectively. Further statistical analysis by Mann-Whitney 
U-test revealed that apomorphine treatment gradually induced a significant decrease of aggression 
latency time in comparison to control group [U= 12.00, p<0.05; U= 0.00, p<0.05; U= 0.00, p<0.05 for 
days 4, 8 and 12 respectively]. Co-administration of either buspirone (2.5 mg/kg s.c.), dizocilpine 
(0.25 mg/kg s.c.) or aripiprazole (1 mg/kg p.o) with apomorphine for 12 days significantly blocked 
apomorphine-induced effect [U= 12.00, p<0.05; U= 0.00, p<0.05; U= 0.00, p<0.05 for days 4, 8 and 
12, respectively] (Table 1). 

 
Table 1: Effects of pretreatment with buspirone, dizocilpine and aripiprazole on aggression latency time in rats 

receiving apomorphine. 

 Control Apomorphine Apo + Buspirone 
Apo + 

dizocilpine 
Apo + aripiprazole 

Day 1 

Day 4 

Day 8 

Day 12 

15(0.0) 

15(0.0) 

15(0.0) 

15(0.0) 

15(0.0) 

12.5*(5) 

7.5*(1) 

4.5*(1) 

15(0.0) 

15 ** (0.0) 

15 ** (0.0) 

15 ** (0.0) 

15(0.0) 

15 ** (0.0) 

15 ** (0.0) 

15 ** (0.0) 

15(0.0) 

15 ** (0.0) 

15 ** (0.0) 

15 ** (0.0) 

Data are presented as median (interquartile range) (n=8) and were analyzed by Kruskal-Wallis test followed by Mann-
Whitney U test. Apomorphine was injected s.c. in a dose of 1mg/kg for 12 days.  Buspirone (1mg/kg s.c), dizocilpine 
(0.25mg/kg s.c.), aripiprazole (1mg/kg  p.o.) were administered daily 30 min before apomorphine. 
(*) significantly different from control group at p < 0.05. 
 (**) significantly different from apomorphine-treated rats at p < 0.05. 

 
Aggression severity score: 
 

Kruskal-Wallis test revealed significant effect of treatments starting from day 4 of the 
experiment [X2 (4) = 17.30, p< 0.05; X2 (4) = 38.53, p< 0.05 and X2 (4) = 38.64, p< 0.05 for days 4, 8 
and 12 respectively] in comparison to day 1. Further statistical analysis by Mann-Whitney U-test 
revealed that apomorphine treatment induced a significant increase of aggression severity score in 
comparison to control group [U= 16.00, p<0.05; U= 0.00, p<0.05; U= 0.00, p<0.05 for days 4, 8 and 
12 respectively]. Co-administration of either buspirone (2.5 mg/kg s.c.), dizocilpine (0.25 mg/kg s.c.) 
or aripiprazole (1 mg/kg p.o) with apomorphine (1 mg/kg s.c.) for 12 days significantly blocked 
apomorphine-induced aggressive behavior [U= 16.00, p<0.05; U= 0.00, p<0.05; U= 0.00, p<0.05 for 
days 4, 8 and 12, respectively] (Table 2).  
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Table 2: Effects of pretreatment with buspirone, dizocilpine and aripiprazole on aggression severity score in rats 
receiving apomorphine. 

 
Control Apomorphine Apo + Buspirone 

Apo + 

dizocilpine 
Apo + aripiprazole 

Day 1 

Day 4 

Day 8 

Day 12 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

0.0 (0.0) 

1.0* (1.0) 

2.0* (2.0) 

3.0*  ( 3.0) 

0.0 (0.0) 

0.0 ** (0.0)  

       0.0 ** (0.0) 

        0.0 ** (0.0) 

0.0 (0.0) 

0.0 ** (0.0) 

0.0 ** (0.0) 

0.0 ** (0.0) 

0.0 (0.0) 

0.0 ϯ (0.0) 

0.0 ϯ (0.0) 

0.0 ϯ (0.0) 

Data are presented as median (interquartile range) (n=8) and were analyzed by Kruskal-Wallis test followed by Mann-
Whitney U test. Apomorphine was injected s.c. in a dose of 1mg/kg for 12 days.  Buspirone (1mg/kg s.c), dizocilpine 
(0.25mg/kg s.c.),  aripiprazole (1mg/kg  p.o.) were administered daily 30 min before apomorphine. 
(*) significantly different from control group at p < 0.05 . 
 (**) significantly different from apomorphine-treated rats at p < 0.05. 
 
Locomotor activity test 
 

Treatment of animals with saline for 12 days had no effect on locomotor activity trend. Two-
way ANOVA revealed significant effects [apomorphine (F=7.35; p < 0.05), days (F=2.12.; p<0.05), 
interactions (F=4.72.; p<0.05)]. Further analysis by Tukey test showed that apomorphine significantly 
increased locomotor activity by 59%, 100%, 140%, 184% at days 1, 4, 8, 12 respectively, as 
compared to control rats (p<0.05). The gradual day-to-day increased locomotor activity was 
significant from the activity following the first apomorphine injection (p<0.05). Treatment of animals 
with buspirone (1mg/kg s.c.) before apomorphine administration revealed significant effects 
[treatments (F=6.52; p<0.05), days (F=1.97; p<0.05), interactions (F=2.37; p<0.05)]. Further analysis 
by Tukey test showed that buspirone did not attenuate apomorphine-induced increase in activity at 
days 1 and 4 but could significantly attenuate apomorphine-induced increase in activity at days 8 and 
12 (p<0.05).                                                                                                    

Treatment of animals with dizocilpine (0.25mg/kg s.c.) before apomorphine administration 
revealed significant effects [treatments (F=16.3; p<0.05), days (F=7.91; p<0.05), interactions (F=9.31; 
p<0.05)]. Further analysis by Tukey test showed that dizocilpine did not attenuate apomorphine-
induced increase in activity but it caused a significant increase in locomotor activity as compared to 
apomorphine-injected rats starting at day 4 and were more pronounced at days 8 and 12 (p<0.05). 
Treatment of animals with aripiprazole (1mg/kg p.o.) before apomorphine administration revealed 
significant effects [treatments (F=8.73; p<0.05), days (F=5.11; p<0.05), interactions (F=6.43; p<0.05). 
Further analysis by Tukey test showed that aripiprazole did not attenuate apomorphine-induced 
increase in activity at days 1 and 4 but could significantly attenuate apomorphine-induced increase in 
activity at days 8 and 12 (p<0.05). These effects were more pronounced at day 12 (Fig. 1). 

 
5HT1A and D2 receptors mRNA gene expression  
 

 As shown in figures 2 and 3, administration of apomorphine (1mg/kg s.c. for 12 days) 
significantly increased the level of 5HT1A and D2 receptors mRNA expression by 1500% and 288%, 
respectively, compared to control group. Pretreatment of animals with buspirone (2.5mg/kg s.c.) 
significantly decreased the levels of 5HT1A and D2 receptors mRNA expression by 95% and 86%, 
respectively, compared to apomorphine-treated group. These levels were significantly lower than 
control group by 26% and 47% respectively. Pretreatement of animals with dizocilpine (0.25mg/kg 
s.c.) significantly decreased the level of 5HT1A and D2 receptors mRNA expression by 41% and 
64%, respectively, compared to apomorphine-treated group. These levels were significantly higher 
than control group by 833% and 38%, respectively. Pretreatment of animals with aripiprazole 
(1mg/kg orally) had a non-significant effect on the level of 5HT1A and D2 receptors mRNA 
expression compared to apomorphine-treated group. However, these levels were significantly higher 
than control group by 1166% and 194%, respectively. 
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Fig. 1: Effects of pretreatment with buspirone, dizocilpine and aripiprazole on locomotor activity in rats 
receiving apomorphine. Data are presented as means± S.E.M. and were analyzed by two-way ANOVA followed 
by Tukey test. Apomorphine was injected s.c. in a dose of 1mg/kg for 12 days.  Buspirone (1mg/kg s.c), 
dizocilpine (0.25mg/kg s.c.),  aripiprazole (1mg/kg  p.o.) were administered daily 30 min before apomorphine 
(*) significantly different from control group at p < 0.05 
(#) significantly different from apomorphine-treated rats at p < 0.05. 

 

 

Fig. 2: Effects of pretreatment with buspirone, dizocilpine and aripiprazole on 5-HT1A mRNA receptor 
expression in rats receiving apomorphine. Data are presented as means± S.E.M. and were analyzed by one-way 
ANOVA followed by Tukey test.  Apomorphine was injected s.c. in a dose of 1mg/kg for 12 days. Buspirone 
(1mg/kg s.c), dizocilpine (0.25mg/kg s.c.),  aripiprazole (1mg/kg  p.o.) were administered daily 30 min before 
apomorphine 
(*) significantly different from control group at p < 0.05 
(#) significantly different from apomorphine-treated rats at p < 0.05 
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Figure 3 Effects of pretreatment with buspirone, dizocilpine and aripiprazole on D2 mRNA receptor expression 
in rats receiving apomorphine. Data are presented as means± S.E.M. and were analyzed by one-way ANOVA 
followed by Tukey test.  Apomorphine was injected s.c. in a dose of 1mg/kg for 12 days. Buspirone (1mg/kg 
s.c), dizocilpine (0.25mg/kg s.c.), aripiprazole (1mg/kg  p.o.) were administered daily 30 min before 
apomorphine 
(*) significantly different from control group at p < 0.05 
(#) significantly different from apomorphine-treated rats at p < 0.05. 
 

Discussion 
 

Aggressive behavior is a serious medical and social problem. Several studies have stressed the 
role of aggressive behaviors as mediators of the relationship between mental disorders and suicide 
(Catia et al., 2018). Aggressive behaviors represent a clinical challenge for health professionals, since 
they limit the time for preventative interventions (Conner et al., 2007).  

Some animal models have been developed to mimic human aggressive behavior: isolation-
induced offensive behavior (Jorim et al., 2016), resident-intruder offensive behavior (Olivier, 2004), 
offensive behavior after   electric shock (Van der Poel et al., 1982), defensive intruder behavior and 
pain induced defensive behavior (Siegfried et al., 1990). In the current study, the apomorphine-
induced aggressiveness model was selected. This test has been proposed to be equivalent to human 
pathology of aggressive behavior.  

This study aimed to investigate the anti-aggressive effect of buspirone, dizocilpine and 
aripiprazole in an experimental model of aggression and the role of 5HT1A and dopamine D2 
receptors. The association between the serotoninergic system and aggressive behavior has been 
consistently demonstrated (Benjamin et al., 2015). Considerable research in the field of identification 
of antiaggressive drugs is required with emphasis on the discovery of better drugs. This study aimed 
to investigate the antiaggressive effects of serotonergic/dopaminergic-acting drugs, buspirone, 
dizocilpine and aripiprazole, in apomorphine-induced aggression model and to correlate those effects 
with serotonergic 5HT1A and dopaminergic D2 receptors expression. 
    Apomorphine injection (1mg/kg.s.c) for 12 days induced gradual development of aggressive 
behavior as evidenced by a highly significant increase of aggression severity and shortened latency 
before the first attack. These results agree with previous studies (Rudissaar et al., 2008; Kask and 
Harro, 2000; Matto et al., 2000; Skrebuhhova-Malmros et al., 2000).   

In addition, apomorphine induced a significant increase in locomotor activity through the 12 
days of the experiment. These findings are in accordance with those reported by many studies (Ikram 
and Haleem, 2011; Kask and Harro, 2000; Matto et al., 2000). Apomorphine is a mixed D1 and D2 
agonist with higher affinity for D2 receptors. Striatal area neurons can be divided into two groups 
based upon their projection targets: striatonigral neurons group (direct pathway) is which project 
towards the substantia nigra and/or the entopeduncular nucleus and also gives off minor axon 
collaterals to the globus pallidus. Striopallidal neurons group (indirect pathway) project only to the 
globus pallidus (Silkis, 2002). D1 dopamine receptors are mainly expressed in the direct pathway, and 
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D2 dopamine receptors are expressed in the indirect pathway. Activation of D2 dopamine receptors 
causes a decrease of GABA transmission in the globus pallidus which causes disinhibitory activity on 
subthalamic excitatory neurons in the indirect pathway (Carvalho et al., 2016). Studies showed that 
apomorphine-induced locomotor hyperactivity result from the stimulation of D2 dopamine receptors 
in the indirect pathway. This activation reduces the GABAergic inhibition on excitatory subthalamic 
neurons to cause an increase of locomotor activity (Tien et al., 2003)  

In the current study, results showed that administration of buspirone before apomorphine 
prevented the development of apomorphine-induced aggression. This finding agrees with Pruus et al. 
(2000b) who found that buspirone treatment totally blocked the apomorphine-induced aggressiveness. 
Buspirone also prevented the hyperlocomotor effects of apomorphine. This result agrees with Ikram 
and Haleem (2011) who demonstrated that development of locomotor hyperactivity with apomorphine 
in Parkinson’s disease patients can be reversed by coadministration of buspirone at a dose of 1mg/kg. 

To further elucidate the exact mechanism of buspirone in the mediation of apomorphine- 
induced aggressive behavior, expression of genes coding for 5-HT1A receptors and D2 receptors was 
investigated. It was found that buspirone decreased mRNA expression of 5-HT1A receptors in the 
frontal cortex. It is well established that 5-HT1A receptors are expressed and condensed in the raphe 
nuclei, and in cortical and limbic areas, especially in the hippocampus and cortical area (Ofelia 
Limón-Morales et al., 2014). Studies have shown that 5-HT1A agonists inhibit serotonin release 
through acting on the 5-HT1A autoreceptors (Sprouse and Aghajanian, 1988; Barnes and Sharp, 
1999). These findings may help in understanding the antiaggressive effect of buspirone.  By 
decreasing the level of 5-HT1A autoreceptors (which acts as a brake in the serotonin system), it 
increases the available serotonin. 

Also, our results demonstrated that buspirone administration decreased the expression of 
mRNA of dopamine D2 receptors in the frontal cortex. The antiaggressive effect of buspirone may be 
further attributed to the reduced level of D2 receptors available for apomorphine to act on.  In the 
current study results showed that prior administration of dizocilpine had prevented the development of 
apomorphine-induced aggression. Dizocilpine is a non competitive NMDA antagonist, so its antiaggressive 
effect means that NMDA-gated channels are involved in the apomorphine-induced emotional changes. The 
exact mechanism of this involvement is still unclear. Some studies demonstrate that NMDA-gated channels 
are involved in the regulation of dopamine release (Wang, 1991). Also some authors stated that dizocilpine 
inhibits dopaminergic activation mediated via NMDA receptors (Masayuki, 2013). 

Moreover, dizocilpine significantly increased the locomotor activity of apomorphine-injected 
rats.  These results agree with the previous findings by Mele et al. (1998) who demonstrated that 
intra-accumbens injections of dizocilpine maleate induced a dose-dependent increase in rat’s 
locomotor activity. Another study also showed that the administration of dizocilpine increased 
locomotor activity in apomorphine-treated rats (Voikar et al., 1999). Previous studies discussed that 
the motor stimulation induced by dizocilpine is not mediated via the mesolimbic dopaminergic system 
(Mele et al., 1998) and may be caused by disruption of corticolimbic glutametergic 
neurotransmission, an event that cascades to involve several neurotransmitter systems including 
serotonin and dopamine (Large, 2007; Greene, 2001; Moghaddam et al., 1997).  
     Our results may further add ideas about the relation of NMDA- gated channels and development of 
apomorphine-induced aggression. This was demonstrated where dizocilpine administration decreased 
the level of 5HT1A and D2 receptors mRNA expression in the frontal cortex.  
In the current study, aripiprazole blocked apomorphine-induced aggression and locomotor 
hyperactivity. Moreover, aripiprazole had no effect on mRNA expression of 5HT1A and D2 
receptors. Our results agree with Han et al. (2009) who found that 5HT1A mRNA expression was not 
altered by aripiprazole treatment in any brain region. The unique property of aripiprazole is its 
receptor activity, where it has partial agonist activity at dopamine D2 and D3 receptors and serotonin 
5-HT1A receptors, and antagonistic activity at 5-HT2A receptors (Zhang et al., 2006). Indeed, our 
study is one of the few studies that tried to study the antiaggressive effect of aripiprazole in 
apomorphine-induced aggression model and the effect of its action on these different receptor sites 
needs further investigations in order to clarify exactly the mechanism of its antiaggressive effect.    
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 Study limitation: 
It was difficult to train animals to be familiar with the experiment equipment (activity 

motoring). Aggressive behavior scoring was mainly observational.  In conclusion, this study showed 
that there was no statistical difference between the antiaggressive effects of the tested drugs, although 
they act on different receptor sites. This means that there is relation and interaction between these 
receptors and aggression which needs further investigations. 
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