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Abstract: One neurochemical system most consistently linkédith wggression is the GABAergic
system. The aim of the present investigation wasxgomine the effect of injection of baclofen (GABA
agonist) and CGP35348 (GARBAantagonist) in the Central Amygdaloid (CA) and li&dmygdaloid
(MA) nuclei of the amygdala on offensive aggresdiehavior in the animal model. Sixty six adult male
rats weighing 180-200g were used. Cannula was imtgadainto each ac and or am nuclei of amygdala
using stereotaxic method. Each animal received él@6trical shocks every session. After electrical
shock, another rat was placed in the electroshbelknber and the animals were observed for various
aggressive behaviors. Data were analyzed by Stademést and one way ANOVA and Tukey'’s test as
the post-hoc test. Significant level was considecede p<0.05. It was shown that injection of béerto
into the am nucleus of amygdala led to a signifiéacrease in offensive aggression behavior, wiserea
baclofen injection into the ac nucleus of amygdethto a significant decrease in offensive aggoessi
behavior. Injection of CGP35348 into the am nuclefismygdala caused a significant decrease in
aggressive behavior, but its injection into thenacleus of amygdala induced a significant incréase
offensive aggression behavior. Results indicated GABAg receptors in the ac and am nuclei of
amygdala are possibly involved in the modulatiooféénsive aggression behavior.

Key words: Aggression, amygdala, baclofen, CGP35348, Centrahygdaloid (CA), Medial
Amygdaloid (MA)

INTRODUCTION The amygdala plays a crucial role in the affective
evaluation of multimodal sensory input and the
Aggressiveness is an ancestral behavior common teeurobiological mediation of aggressive behavidst(&
all animal species. Its neurophysiological meclmasiare  al., 2000). In addition, Coccas al. (2007) reported that,
similar in all vertebrates (Giammanebal., 2005). The there is a link between a dysfunctional corticablien
putative neural circuit of aggressive motivatioeritified  network and aggression (Coccaret al., 2007).

with Functional Magnetic Resonance Imagi(®MRI)  stereotactic amygdalectomy can be considered a vali

includes neural substrates contributing to emolkionagygical treatment option for carefully selectediguis
expression (i.e., cortical and medial amygdala, Be

_ o ith medically refractory aggressive behaviorabdiers

gumcct?igi a?‘(;xthe Stria _termkl]rjahs, lateral Pyp(gg@ufm (Mpakopoulouet al., 2008). Emengt al. (2001) reported

: experience (ie., Ibpocampus, fore =X that amygdalectomy may increase aggression (Emtery
anterior cingulate, retrosplenial cortex) and tinedor al., 2001). Neuroanatomical studies show that stinauat
thalamic nuclei that bridge the motor and cognitive™ - .
components of aggressive response (Rital., 2009). _of the medial amygda]a and the ve.ntrom(.ed|al _nucleus
Drugs blocking vasopressin neurotransmission ofCr€ases aggression in rodents while lesions @seth
enhancing serotonin activity may suppress putatéal nucle_| cause an opposne effect (Spigedl., 2010). In the
circuit activity of aggressive motivation, partiady the lactating rat, oxytocin receptors (OXT-R) are ugeiated
anterior thalamic nuclei (Ferri al., 2008). Hoptmaret ~ in certain brain areas including the central amigda
al. (2010) reported that the less functional relafigm (CeA), a part of the limbic system relevant to the
between amygdala and the ventral prefrontal coitex regulation of aggression (Bosch and Neumann, 2010).
associated with higher levels of self related aggion There are several evidences with respect to the
(Hoptmanet al., 2010). involvement of GABA in aggression. For examplegiaft
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measurement of GABA concentrations in the brain ofdetermined by counting the number of instancesiohe
aggressive mice, Sustkova-Fiser@al. (2009) suggest behavior during the 20 min of camera recording.HEac
that the GABAergic system represents an importantat received only one time shock.

molecular and neuronal substrate for the selectiv
attenuation of anxiety and aggression (Sustkoverdis

et al., 2009). In addition, Bjorlet al. (2001) reported that
low GABA levels may correlate with some aspects o
aggressiveness which may be genetically regul&tenlk(

et al.,, 2001). The possible role of GABA in human
aggression has also been evaluated by administeriri{_%
baclofen to subjects, with or without a historycohduct
disorder, followed by comparing the effects on talary
measures of aggression (Chegedl., 2004).

The primary aim of the present study was to
investigate the effects of baclofen (GABAgonist) and
CGP35348 (GABA antagonist) injection into the central
amygdaloidal (ac) and medial amygdaloidal (am)eilaf
amygdala on offensive aggression behavior in nadse r

%urgical procedure: Animals were anesthetized with
an IP injection of a combination of ketamine (50 mg
1kg'1) and xylazine (20 mg kg. A guide cannula was
implanted unilaterally in each rat with a 23-gauge
needle aimed at the am or ac nuclei of amygdala Tw
rews were placed in the skull and each cannuta wa
chored into place using dental cement around the
guide cannula and screws. A stainless steel probe
extending just beyond the tip of the cannula was
inserted during surgery and was left in place uid
injection time. Each animal was allowed to recofeer
at least 7 days after surgery (Soigretial., 2000). For
drug infusion a 30 gauge dentistry needle and 1 pL
Hamilton syringe were connected to each other by
optimum size of polyethylene tube and the free sifle
MATERIALSAND METHODS dentistry needle was inserted in guide cannula and
injection was performed during 10 min.
e e i4dy: Th s vere expose 1 a el conertator
o : : of ether after the accomplishment of testing. e
gt]:flt;tﬁe];’ ;.If:r?.(;ra?] dlgomtl;g“gg?gnggrh;tsu?; (gtlgﬁgg)d microinjection site was marked by injecting cregyllet

Th imal qf ion in_th 0.2 pL) into the ac and am nuclei of amygdala.
e animals were tested for aggression In tNreg ,sequently, the brains were removed and plac@Pin

groups: 1- control group; animals without receivary formaldehyde solution. Coronal sections were pegpéw
drug (n = 6); 2-sham group; animals were injected. 2 cneck if surgery was performed correctly.
of Artificial Cerebrospinal Fluid (ACSF) in the ar

am nuclei of amygdala (n = 12); 3-experimental grou Statistical analysis. Data were analyzed separately for

animals were injected|® baclofen (4.27 and 8.54 ng each group with Student's T test for comparison of

rat’!, n = 24) and CGP35348 (1.5 and 3 ng'rat = 24)  behavior score in ac and am nuclei And One way ysigl

in the ac or am nuclei of amygdala, respectively. of Variance (ANOVA) for comparison of groups; Post-
hoc analysis was performed with Tukey's test. Cata

Behavioral testing: Rats were placed in a plastic box presented as Mean+SEM. The level of significance wa

(48x32x40 cm) with an electrifiable grid floor. considered to be p<0.05.

Offensive aggression was induced by 0.2 mA for one

sec electrical current stimulation applied evee8 for RESULTS

5 min, i.e., each animal received 100 electricalckk

every session (Baggio and Ferrari, 1980). AfterEffect of baclofen injection in ac and am nuclei of

electrical shock, another rat was placed in theamygdala on aggressive behavior: Figure 1A shows

electroshock chamber and the animals were monitoreghat after the injection of baclofen (8.54 ng tain the

for the signs of various _offensive aggression b&tav  5: nucleus of amygdala, some offensive aggression

and these were appropriately recorded by cameradfor hepavior such as threat- head movement towards the

min. The behaviors observed in the experiments were ..o -+ F(3,13) = 11.1, p = 0.002 (10.5+2.3; 0.3

(a) approaching movements toward other rats; (b .612.2; 2.0’10.4) (The’ numbers are mear’1 tSé for

threat- head movement toward the other rat; (c) _
offensive upright- aggressive rat stands on hirgs le control, sham, baclofen 4.27 ngTaand baclofen 8.54

head oriented toward the other rat; (d) offensive"Y raf’, respectively), offensive sideway-aggressive
sideway-aggressive rat approaches the other rdgt approaches the other rat broadside F(3,13).2,10
broadside; (e) thrust movement of the whole forfro P = 0.008 (10.8+4.3; 9.5+4.4; 8.2+1.8; 3.8+1.7) and
of the aggressive rat's body toward the other (fat; aggressive groom-nibbling on the grooming fur of
aggressive groom- nibbling on the grooming furtw t the other rat F(3,13) = 9.5, p = 0.009 (1.2%0.1;
other rat; (g) rapid-attack-movement towards theeot 1.5+0.8; 2.5+0.2; 0.5+0.01) were significantly
rat; (h) bite-biting the other rat. Frequency scaiere  decreased compared to the control and sham groups.
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Fig.1:Effect of baclofen injection in ac nucleusasfiygdala (A) and baclofen injection in am nucletiamygdala (B)
on aggressive behavior. Score of aggressive bahiavéacording to the number of each behavior du?d min
of camera recording. The behaviors observed iretleaperiments were: (a) Approaching movements ribwa
other rats (b) Threat- head movement toward theratat (c) Offensive upright- aggressive rat dsaon hind
legs, head oriented towards the other rat (d)r@ffe sideway- aggressive rat approaches the @hbroadside
(e) Thrust movement of the whole forefront of tlggressive rat's body toward the other rat (f) Aggive
groom- nibbling on grooming fur of the other raj) Rapid- attack- movement towards the other 3t Bfte-
biting the other rat * Significantly (p<0.05) diffnt compared to those in control and sham graupsg)

There were no significant changes in animals réogiv  F(3,12) = 16.52, p = 0.000 (1.4£0.2; 1.5+0.2; 11.@%
both doses with respect to other offensive aggpassi 3.80.8), offensive sideway-aggressive rat appresthe
behaviors that were considered in this study. other rat broadside F(3,12) = 32.9, p = 0.000 (24£+
Figure 1B also shows that after injection of bastof tﬁ]gigc)rc?or‘?ugglfjr c?f.?ﬁglgzh;g?z;telsiigizgrgoéné:ng%?_g
4.27 ng rat in the am nucleus of amygdala, some =" ToE o 0 6 0,00 anid-  attack-
offensive aggression behavior such as approachin ovement towards the other rat F(3,12) = 6.5, p0iD
movements toward other rats F(3,12) = 5.91, p 2@.0 (g 340 01: 0.5+0.03; 1.3+0.3; 0.7+0-Bnd bite- biting the
(2.010.4; 1.3+0.8; 9.3+3.4; 2.3i0.6) (The numbers a other rat F(3,12) = 34.32, p = 0.000 (0.610.02; 240
mean +SE for control, sham, baclofen 4.27 ng' mtd  33+0.4; 0.8+0.1)were significantly increased compared
baclofen 8.54 ng rat respectively). to the control and sham groups. There were nofisigni
Threat-head movement towards the other rat F(3,12hanges in the animals receiving both doses withet

=129, p = 0.001 (1.2+0.3; 1.3+0.4; 8.0¢+1.9; 2830 to other offensive aggression behaviors that were
offensive upright-aggressive rat stands on hinds legconsidered in this study.
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Fig. 2:Effect of CGP35348 injection in ac nucleus of anslgd(A) and CGP35348 injection in am nucleus of
amygdala (B) on aggressive behavior. Score of aggre behavior is according to the number of each
behavior during 20 min of camera recording. Theav@rs observed in these experiments were: (a)
Approaching movements toward other rats (b) Threahd movement towards the other rat (c) Offensiv
upright- aggressive rat stands on hind legs, he&hted towards the other rat (d) Offensive sidewa
aggressive rat approaches the other rat broadgiele Thrust movement of the whole forefront of the
aggressive rat's body toward the other rat (f) rAggive groom- nibbling on grooming fur of the othat
(g) Rapid- attack- movement towards the other ¢a} Bite- biting the other rat * Significantly (p<@b)
different compared to those in control and shanugsdn = 6)

Effect of CGP35348 injection in ac and am nuclei of  the other rat F(1,12) = 6.5, p = 0.012 (0.3+0.0%+0.3;
amygdala on aggressive behavior: Figure 2A shows 0.3+0.02, 3.3+1.f)and bite- biting the other rat F(1,12)
that after injection of CGP35348, 5 ngfain the ac = 34.3, p = 0.000 (0.6+0.02; 1.0+0.5; 0.5+0.1; 2.8¥
nucleus of amygdala, several offensive aggressiowere significantly increased compared to the cdmtnd
behaviors such as thrust movement of the wholesham groups. There were no significant changefen t
forefront of the aggressive rat's body towardsdtieer  animals receiving both doses with respect to thmeerot
rat F(1,12) =12.32, p = 0.001 (1.840.3; 1.5+0.0+R.7;  offensive aggression behaviors.
13.0£2.8), aggressive groom- nibbling on the growgmi Figure 2B also shows that after injection of
fur of the other rat F(1,12) = 6.8, p = 0.011 (D2 CGP35348 (3 and 5 ng T3t in the am nucleus of
1.5+0.6; 0.8+0.3; 3.3+1.1) (The numbers are meah +Samygdala, threat- head movement towards the ottter r
for control, sham, CGP35348 3ng faind CGP35348 5 behavior F (1, 12) = 8.37, p = 0.005 (10.5+2.2;
ng rat’, respectively), rapid- attack- movement towards10.3+2.2; 2.5+1.4; 2.3+0.8was significantly (p<0.05)
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decreased. There were no significant changes idifferent after the injection of baclofen into thesvo
animals receiving both doses with respect to tierot nuclei. It seems that baclofen might act on difiere
offensive aggression behaviors; but CGP35348 (3 ngubtypes of GABA receptors in the different nuclei.

rat’) significantly (p<0.05) decreased offensive  Cherek et al. (2002) reported that aggressive
sideway- aggressive rat approaches the other rdgsponses in subjects with a history of childhood
broadside behavior F (1, 12) = 7.42, p = 0.01 @98,  Conduct Disorder (CD+) will be suppressed by

9.5+4.4; 2.5+0.2; 6.3+2.3) compared to the coramd baclofen, while the opposite effect is induced e t
T igontrol subjects. This suggests the possibility aof

Zﬂ?mmalsgrrzlégis\}in-;hggfh \évggeésno significant changes Iunique role for GABA receptors in the regulation of
' aggression in the CD+ population (Cheetll., 2002).
DISCUSSION Gabapentin produces similar bitonic effects upon
_ _ ~aggressive and escape responses in subjects with an
Psychopharmacologic = studies of —aggressiv&yithout a history of childhood conduct disorderisTis
behavior in animals under controlled laboratoryin contrast to the previously reported differengfects
conditions have been instrumental in developing angf baclofen on aggressive responses between CD and
evaluating specific and effective novel drug théeap non-CD control subjects (Cherekal., 2004).
reducing aggressive behavior (Miczekal., 2004). Accidental exposure to trimethyltin (TMT) has
Bjork et al. (2001) suggest that low GABA levels been reported to induce aggressiveness in humans. |
may correlate with some aspects of aggressivenessgldition, TMT has been shown to induce changelen t
and may be genetically regulated. mRNA levels of major components in the GABAergic
According to, Rudissaaet al. (2000) it can be system. For example, Glutamate Decarboxylase
proposed that both GABAand GABA; receptor subtypes (GAD)-65 and GAD-67, the rate-limiting enzymes
are involved in the neurobiology of apomorphinedicetl  involved in GABA synthesis, the GABAreceptor in
aggressive behavior, as this phenomenon is ewdentthe hippocampus, medial and lateral amygdaloideiucl
subject to the general inhibitory effect of GABAierg and piriform cortex are affected at different intls
neurotransmission (Rudissaa al., 2000). So, both after oral administration of TMT in rats (Nishimuea
GABA, and GABA; receptor subtypes are involved in & 2001). Moreover, Mombereawet al. (2004)
aggressive behavior, but with different mechanismsdeémonstrated that depletion of the GABAeceptor
Modulation of aggression mediated by the GABA ;ubunlt may rgsult In an !ncreased resistanceresst
receptor is possibly due to neurosteroides aativatif ~nduced behavioral despair (Momberesal., 2004).
these receptors. GABAreceptor activation in the dorsal
raphe nucleus, however, led to an increase in th

extracelll;]l_ar serotor;:n Ihevel ml.f.the_ mefofhal prefesn of amygdala increased offensive aggression, but its
cortex. This means that the amplification effedG@BAs  jniection in the am nucleus of amygdala illustratee

agonist baclofen on aggression is dependent on they,osjte effect. It seems that CGP35348 in these tw

activation of serotonin neurons. It should be noew®l nyclej may act on different subtypes of GABA

that both GABA, and GABA; receptors are expressed in receptors (it means that one of them act presyceyti

the dorsal raphe nucleus of mice and play a rolthén and the other act postsynaptically), as behavioral

aggression behavior (Takahashal., 2010a; 2010b). On patterns were different after the injection of CGB&3

the other hand, according to the report of Chetedd.  into the nuclei. No report has been found with eesp

(2002), amygdala is one of the brain structureslireel in  to the effect of CGP35348 or other GABAeceptor

aggression, possibly due to several neurotransmiitech ~ antagonists on aggression behavior. Mombegtzal.

as GABA and serotonin (Cherekal., 2002). (2004) reported that CGP56433, as a GABAceptor
The effect of the injection of muscimol and antagonist, induces an antidepressant effect in the

picrotoxin in the ac and am nuclei of amygdala wasanimal model of depression (Mombereaial., 2004).

previously investigated. It was found that the GABA 1S& and Stan (2006) reported that ICV injection of
inGABAg receptor antagonist (CGP35348) abolished the

receptor in amygdala has an important role i difference in interpulse intervals between seizangl
aggression behavior (Taherianfatdl., 2010). control animals (Tsai and Stan, 2006).

Effect of CGP35348 on offensive aggression: In the
Sresent study, CGP35348 injection into the ac nuscle

Role of baclofen in offensive aggression: In the present

study, baclofen injected into the ac nucleus of gaaja It is generally concluded that: GABAg receptors are

decreased offensive aggression, but when it wasteg ~metabotropic receptors that can act presynapticaily

into the am nucleus of amygdala offensive aggrassioPostsynaptically. According to the data in amygdala

increased. On the other hand, behavioral patteere w GABAg receptors act as autoreceptors that can
29
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modulate the release of GABA, glutamate and semoton Bosch, O.J. and I.D. Neumann, 2010. Vasopressin
(Silbermanet al., 2009). The responses induced by released within the central amygdala promotes
CGP35348 and baclofen in the present study seem to maternal aggression. Eur. J. Neurosci., 31: 883-

arise from a single mechanism; i.e. similar subtype 891. DOI: 10.1111/j.1460-9568.2010.07115.x
receptors are possibly involved. Cherek, D.R., O.V. Tcheremissine, S.D. Lane and C.J
Fujimura et al. (2005) reported that the GABA  pietras, 2004. Acute effects of gabapentin on
receptor expression in the ac nucleus of amygdala i laboratory measures of aggressive and escape
stronger than that of the am nucleus (Fujimetral., responses of adult parolees with and without a

2005). No reference was found in the literature history of conduct disorder. Psychopharmacology,

illustrating the rate of GABA receptor expression in 171: 405-412. DOI: 10.1007/s00213-003-1590-7
amygdala; however, it seems that the rate of GABA Cherek .D R SD’ Lan.e C 3 Pietras. J. Shardrldn

receptor expression, as well as GABAeceptor ! i
expression in these two nuclei is different. Theref Stelmbgrgt], .2002' _(?%Jte effe(_:tf of baclloLen,yta
although similar receptors are involved in the ad am amino uyncf acia-b. agoncljs, on —laboratory ¢
nuclei, they may respond differently with respecttte measures ol aggressiveé and escapé responses o
adult male parolees with and without a history of

offensive aggression behaviors. .
conduct disorder. Psychopharmacology, 164: 160-

CONCLUSION 167. DOI: 10.1007/s00213-002-1167-2
_ Coccaro, E.F., M.S. Mccloskey, D.A. Fitzgerald and
Itis generally concluded that: K.L. Phan, 2007. Amygdala and orbitofrontal

. GABA; receptors are metabotropic receptors that reactivity to social threat in individuals with

can act presynaptically or postsynaptically. impulsive aggression. Biol. Psychiatry, 62: 168-
According to the data in amygdala, GABA 178. DOI:10.1016/].blopsych.2006.08.Q24

receptors act as autoreceptors that can modulate tfF!st. L.T.V., F.G. Woermann, L. Lemieux, P.J.
release of GABA, glutamate and serotonin ~ Thompson and M.R. Trimble, 2000. Affective
(Silbermanet al., 2009). The responses induced by ~ aggression in patients with temporal lobe epilepsy:

CGP35348 and baclofen in the present study seem A quantitative MRI study of the amygdala. Brain,
to arise from a single mechanism; i.e. similar 123: 234-243 DOI: 10.1093/brain/123.2.234

subtypes of receptors are possibly involved Emery, N.J., J.P. Capitanio, W.A. Mason, C.J.
e Fujimura et al. (2005) reported that the GABA Machado and S.P. Mendoz al., 2001. The

receptor expression in the ac nucleus of amygdalai  effects of bilateral lesions of the amygdala on

stronger than that of the am nucleus (Fujimetral. dyadic social interactions in rhesus monkeys

2005). No reference was found in the literature (Macaca mulatta). Behav Neurosdil5: 515-544
illustrating the rate of GABA receptor expression DOI: 10 1037//07'35_7044 115.3.515 '

in amygdala; however, it seems that the rate o‘: . ;
: erris, C.F., T. Stolberg, P. Kulkarni, M. Murugave
GABAg receplor. expression, as well as GABA and R Blanchar@tgl 2008. Imaging the negural

receptor expression in these two nuclei is differen e \ §
Therefore, although similar receptors are involved circuitry and chemical control of aggressive
the ac and am nuc|ei, they may respond diﬁerenﬂy motivation. BMC NeUrOSCl.,g: 111-111. DOI:
with respect to the offensive aggression behaviors 10.1186/1471-2202-9-111
Fujimura, J., M. Nagano and H. Suzuki, 2005.
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