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Abstract

Int roduct ion: Ionot ropic and metabot ropic (mGlu) receptors of glutamate have been 
suggested to be involved in the modulat ion of aggression. Thus, recent  studies found 
reduced aggression in AMPA-type glutamate receptor GluR-A subunit-dei cient mice. 
Likewise, mGlu1 and 5 receptors have also been implicated in aggression regulat ion. 
(RS)-3,4-DCPG is a mixed antagonist  of AMPA receptors and an agonist  of mGluR8. The 
AMPA antagonist  act ivity of this compound is determined by its R isomer while the S isomer 
is responsible for it s mGluR8 agonist ic propert ies.
Met hods: We analyzed the effects of (RS)-3,4-DCPG (5, 10 and 20 mg/ kg, ip) on agonist ic 
encounters between male mice. Individually housed mice were exposed to anosmic 
opponents 30 min after drug administ rat ion. Ten min of dyadic interact ions were staged 
between a singly housed and an anosmic mouse in a neut ral area. The encounters were 
videotaped and the accumulated t ime allocated by subj ects to 10 broad behavioral 
categories was est imated using an ethologically based analysis.
Result s and conclusions: The results indicated that (RS)-3,4-DCPG produced no signii 
cant  behavioral changes, suggest ing that  antagonism of AMPA receptors by the R isomer 
and st imulat ion of mGluR8 by the S isomer do not  act  synergist ically on aggression in the 
racemic form of 3,4-DCPG.
© 2009 Sociedad Española de Psiquiat ría and Sociedad Española de Psiquiat ría Biológica. 
Published by Elsevier España, S.L. All rights reserved.
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Introduction

Glutamate is the main excitatory neurot ransmit ter in the 
cent ral nervous system (CNS). Once it  is released from the 
presynapt ic vesicles, it  bonds with postsynapt ic ionot ropic 
receptors (NMDA, AMPA and kainate). Furthermore, it  
act ivates metabot ropic receptors (mGluR), which modulate 
their release, the postsynapt ic response and the act ivity 
of other synapses. To date, eight  subtypes of metabot ropic 
glutamate receptors (mGluR1-8) have been described. 
These are divided into three dif ferent  groups based on their 
amino acid sequence homology, the mechanisms of signal 
t ransduct ion, the secondary messenger system to which 
they are coupled and their pharmacology. Thus, we have 
metabot ropic receptors in group I,  which includes mGluR1 
and mGluR5, those of group 11, comprised by the mGluR2 
and mGluR3 receptors and, inally, those of group III, which 
includes the mGluR4, 6, 7 and 8 receptors. 1-3 

Numerous studies have shown that  glutamate is involved 
in regulat ing aggression. Thus, init ial studies examining the 
administ rat ion of NMDA glutamate receptor antagonists, 
such as phencyclidine (PCP) or dizocilpine (MK-801), 
observed changes in the aggressive behaviour of animals, 
although with cont radictory results, and a pro-aggressive 
and ant i-aggressive effect  was observed depending on 
the ligands used, the doses administered and the animal 

species selected as experimental subj ects.4-6 More recent ly, 
Belozertseva et  al. ,7 via an aggression model induced 
by isolat ion, analysed the effect  of agents that  acted 
on the NMDA receptor with dif ferent  pharmacodynamic 
characterist ics: non-compet it ive antagonists (PCP, MK-
801), antagonists with little afinity to the NMDA receptor 
(memant ine and MRZ 2/ 579) and compet it ive antagonists 
(D-CPPene). The results showed that , at  low doses, 
although there were no signiicant differences, there was 
a pro-aggressive t rend following the administ rat ion of non-
compet it ive NMDA receptor antagonists. All agents that  
showed an ant i-aggressive effect  did so at  doses which also 
caused deteriorat ion of motor act ivity and the maj ority of 
them did not  increase non-aggressive social behaviour, with 
the except ion of D-CPPene, the only compet it ive antagonist  
assessed. 

In addit ion, the involvement  of the AMPA receptor in 
aggressive behaviour was also observed. Thus, in a irst 
study, Vekovischeva et  al.8 found a reduct ion of agonist ic 
behaviour in genetically modiied male mice lacking the 
GluR-A subunit  of this receptor. In a later study, the effects 
of dif ferent  AMPA receptor antagonists were compared (two 
compet it ive and less select ive [CNQX and NBQX] and one 
non-compet it ive and very select ive [GYKI 52466] in terms 
of the aggressive behaviour of mice with dif fering degrees 
of innate aggression. The results obtained showed that  
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Resumen

Int roducción:  Los receptores ionot rópicos y metabot rópicos (mGlu) de glutamato han 
sido implicados en la modulación de la agresión. Así, estudios recientes han encont rado 
una reducción de la agresión en ratones que carecen de la subunidad GluR-A de los re-
ceptores AMPA. Asimismo, los receptores mGlu1 y mGlu5 también se han involucrado en 
la regulación de la agresión. (RS)-3,4-DCPG es un antagonista mixto de receptores AMPA 
y agonista de receptores mGlu8. Su act ividad antagonista AMPA está determinada por su 
isómero R, mient ras que el isómero S es causal de sus propiedades agonistas mGlu8.
Mét odos: En este estudio, se analiza el efecto de la administ ración de (RS)-3,4-DCPG  
(5, 10 y 20 mg/ kg, int raperitoneal) en los encuent ros agonistas ent re ratones machos;  
30 min después de la administ ración del fármaco se llevaron a cabo interacciones agonis-
tas de 10 min de duración ent re un animal aislado y un oponente anósmico en un área 
neut ral.  Dichos encuent ros se grabaron en vídeo para su análisis etológico mediante un 
programa de ordenador y se est imó el t iempo pasado por los ratones en cada una de diez 
categorías conductuales.
Result ados y conclusiones:  Los resultados indicaron que el (RS)-3,4-DCPG no produj o 
cambios conductuales signiicativos, esto apunta a que el antagonismo de los receptores 
AMPA por el isómero R y la est imulación de los receptores mGlu8 por el isómero S no 
parecen actuar sinérgicamente sobre la agresión en la forma racémica del 3,4-DCPG.
© 2009 Sociedad Española de Psiquiat ría y Sociedad Española de Psiquiat ría Biológica. 
Publicado por Elsevier España, S.L. Todos los derechos reservados.
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the administ rat ion of compet it ive antagonists reduced the 
“ bite”  component  of at tack behaviour in the two groups 
of mice, while the administ rat ion of the non-compet it ive 
antagonist  reduced all components of the at tack behaviour 
in both groups. Although all of them showed a reduct ion 
in some category of aggressive behaviour, levels of anxiety 
also increased during the agonist ic encounter.9 Furthermore, 
other drugs that  modulate (at  least  part ially) the act ivity of 
the AMPA receptors, such as topiramate, also showed ant i-
aggressive effects in animal models.10 

A recent  line of research is focusing on the use of 
N-acetylated-#a-linked-acidic dipept idase (NAALADase), 
which is involved in the format ion of glutamate in the 
CNS. This enzyme is responsible for the hydrolysis of the 
neurot ransmit ter N-acetylaspartylglutamate (NAAG) into 
glutamate and N-acetylaspartate and therefore its inhibit ion 
would prevent  the t ransformat ion of NAAG into glutamate, 
thus reducing the amount  of cerebral glutamate. Thus, 
Lumley et  al.11 observed that  the administ rat ion of GPI-2232, 
a pharmacological agent  inhibit ing the NAALADase enzyme, 
produced an ant i-aggressive effect  in an aggression model 
induced by isolat ion. The inhibit ion of this enzyme reduces 
cerebral glutamate through dif ferent  means. On the one 
hand, the fact  that  NAAG is not  t ransformed into glutamate 
causes a drop in glutamate levels in the CNS and, on the 
other, this inhibit ion causes an accumulat ion of NAAG in 
the brain, which acts as a total agonist  for the presynapt ic 
mGluR3 glutamate receptors, which is also a part ial agonist  
for NMDA receptors. 

In cont rast  with the ionot ropic glutamate receptors, there 
has been lit t le research into the possible involvement  of the 
mGlu receptors in the modulat ion of aggressive behaviour.12-16 
Navarro et  al.12 have found that  the administ rat ion of a non-
compet it ive mGluR5 receptor antagonist  (MPEP) causes a 
signiicant reduction in offensive behaviour (threat and 
at tack) in male mice. More recent ly, it  has been observed 
that  blocking of the mGluR1 receptors (with the select ive 
antagonist JNJ16259685) is associated with a signiicant 
reduct ion in aggression.14 Furthermore, although the results 
are less clear, the mGluR2/ 3 and mGluR7 receptors (but  
not  mGluR8) may also be involved in regulat ing aggressive 
behaviour in rodents.15,16 

To analyse in more detail the role of AMPA and mGluR8 
glutamate receptors in the modulat ion of aggressive 
behaviour, we conducted an experiment  to analyse the effect  
of the administ rat ion of (RS)-3,4-DCPG (5, 10 and 20 mg/ kg, 
int raperitoneal [ i.p.]),  a mixed AMPA receptor antagonist /
mGluR8 receptor agonist , on agonist ic interact ions between 
male mice, via an aggression model induced by isolat ion. Its 
AMPA antagonist  act ivity is determined by its R-isomer, while 
the S-isomer explains its mGluR8 agonist  propert ies.17 

Methodology 

Animals

A total of 94 adult  albino mice of the OF.1 st rain were used. 
On arrival to the laboratory, all animals were housed in 
groups of ive for one week to allow them to adapt to our 
installat ions and the cycle of light / darkness imposed (light  

from 20.00 to 08.00), before beginning the isolat ion period. 
At  the end of the adaptat ion period, half  of the animals 
(n=47) were divided into experimental and cont rol groups 
and were housed individually (during a 30 days period) 
in t ransparent  plast ic cages (Tecniplast -Let ica, Madrid) 
measuring 24 x 13.5 x 13cm. At  the end of the isolat ion 
period, these animals were randomly dist ributed to the 
dif ferent  experimental condit ions (cont rol and doses of 5, 
10 and 20mg/ kg of (RS)-3,4-DCPG). The other mice were 
used as anosmic opponents and were housed in groups of 
ive in cages of the same characteristics as the others up to 
the moment  when the behaviour test  was performed. For 
all animals, food and drink were administered ad l ibit um.  
The atmospheric condit ions in the laboratory where the 
animals were located were carefully cont rolled, maintaining 
constant  temperature (20 °C) and humidity. 

This experiment  was performed pursuant  to the principles 
of the guide for the care and use of laboratory animals 
approved by European Direct ive 86/ 609/ EEC. 

Aggression model induced by isolation  
and description of anosmia 

For this research, an aggression model induced by isolat ion 
was used; this is one of the models of choice for provoking 
offensive behaviour between male mice. The procedure 
consisted of housing male animals in individual cages for 
a period of 30 days, during which they were provided with 
food and drink ad l ibit um.  At  the end of this period, the 
aggression behaviour encounters were held, last ing 10 min. 
The dominant  animal displays threatening and at tack 
behaviour aimed at  the opponent , while the subordinate 
does not  at tack and adopts defensive postures. 

There is much evidence of the involvement  of the olfactory 
system in t riggering aggressive behaviour in rodents. Thus, 
it  has been shown that  once the olfactory bulb has been 
removed, animals no longer display offensive behaviour, not  
even when bit ten by members of the same species.18 The 
most  common procedure for producing peripheral anosmia 
(and t ransitory) is the administ rat ion of zinc sulphate (at  4%) 
through the nasal oriices, which causes reversible necrosis 
of the nasal epithelium. The reason why the male mice do 
not ight against their opponents is most likely due to the 
fact  that  they are unable to smell the pheromones in the 
urine of the mice, which is a t rigger for offensive behaviour 
in mice with normal olfactory sense.19 In our case, anosmia 
was produced by inst illing a 0.025 ml volume of zinc sulphate 
at 4% in each nasal oriice of the rodents. This procedure was 
performed on day 1 and 3 prior to each behaviour test . 

Drug administration 

(RS)-3,4-DCPG was acquired from Tocris laboratories (United 
Kingdom), and was dissolved in saline serum to prepare the 
corresponding doses. The doses selected for t reatment  were 
5, 10 and 20mg/ kg (n = 11 per group), while the animals in 
the cont rol group received saline serum (n = 14 per group). 
In both cases, administ rat ion was i.p. and in proport ion to 
the animal’s weight  (constant  volume of 10 ml/ kg). Both 
the drug and the vehicle were administered 30min before 
the behaviour test . 
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Behavioural assessment 

The agonist ic encounters between the isolated animals 
(experimental and cont rol) and their anosmic opponents 
took place in a neut ral area. The neut ral zone consisted 
of a t ransparent  glass vessel measuring 50 × 26 × 30cm. 
Following each encounter, the sawdust  in the vessel was 
refreshed to avoid any possible interference of smells. 

Before beginning the behaviour test , the two animals 
were kept  at  opposite sides of the neut ral area for an 
adaptat ion period of 1min, after which the separator was 
removed and the behaviour test , which lasted 10min, 
began. All agonist ic encounters were videoed for subsequent  
ethological analysis using a computer program designed for 
this purpose.20 All behaviour tests were performed 30min 
after the administ rat ion of the drug and the aggressive 
encounters began during the second hour of darkness (and 
therefore act ivity) for the mice. 

The ten behaviour categories analysed were as follows: 
a) body care; b) scratching; c) non-social explorat ion; d) 
explorat ion at  a distance; e) social research; f ) threat ; g) 
at tack; h) avoidance/lee; i ) defence/ submission, and j ) 
immobilit y. Each category represents a sum of dif ferent  
elements and postures. A more detailed descript ion of 
these categories, as well as their const ituent  elements 
can be found in Brain et  al.20 The behavioural assessment  
was performed only on the behaviour displayed by the 
experimental animal. The assessment  was blind; the 
researcher init ially did not  know the experimental condit ion 
of each animal assessed. 

Statistical analysis

In order to establish whether there were stat ist ical 
dif ferences between the two experimental groups (cont rol 
and t reatment ) in each of the behaviour categories assessed, 
non-paramet ric variance analysis was used (Kruskal-Wallis 
test ).  To draw comparisons between pairs of groups, a non-
paramet ric test  was used for independent  samples (Mann-
Whitney U test ). 

Results and discussion 

Table 1 shows the average values (with their intervals) of the 
t ime accumulated (in seconds) in each one of the behaviour 
categories for each t reatment  group. The Kruskal-Wallis 
test indicated that there were no statistically signiicant 
dif ferences between the dif ferent  experimental groups. 
Similarly, the Mann-Whitney test  did not  show stat ist ically 
signiicant differences between pairs of groups. 

The aggression model induced by isolat ion (offensive 
aggression model) appeared to have an apparent signiicant 
validity and, in part icular, excellent  predict ive validity in 
terms of human aggression.21 In this respect , the offensive 
behaviour assessed in this model has been compared 
with the impulsive/reactive/hostile violence deined in 
humans.22 However, many of the drugs that  have been 
useful for cont rolling aggression in humans have shown 
a clear anti-aggressive proile on their assessment in this 
aggression model.23 

Pharmacological studies assessing the funct ional role 
of mGluR8 receptors have been limited due to the lack 
of select ive ligands for said receptors. Recent ly, however, 
various drugs that  act  as agonists of said receptors and 
are act ive when administered systemically have been 
characterised.24 These receptors are mainly located at  
the presynapt ic level and it  is thought  that  they act  as 
autoreceptors; in recent  years, their involvement  in several 
funct ions has been described. Thus, it  has been suggested 
that  these receptors may have a potent ial role in regulat ing 
anxiety,24,25 the self-administ rat ion of alcohol26 and the 
modulat ion of pain in mice.27 

As shown in table 1, none of the doses of (RS)-3,4-DCPG 
used in this study (5, 10 and 20mg/ kg, i.p.) caused any 
statistically signiicant change in offensive behaviour (threat 
and at tack), in comparison with the control group. Similarly, 
nor were any signiicant differences observed in the other 
behaviour categories assessed. These results are in line with 
those found following the administ rat ion of enant iomer (S)-
3,4-DCPG16, which acts select ively on mGluR8 receptors, 
without showing afinity to the AMPA receptors. 

Table 1 Averages (intervals) for the t ime(s) assigned to the 10 behaviour categories assessed in mice t reated with  

(RS)-3,4-DCPG (5-20mg/ kg). 

Behaviour categories  Doses of (RS)-3,4-DCPG (mg/ kg)

Paramet res Cont rol (n = 14) 5 (n = 11) 10 (n = 11) 20 (n = 11)

Body care 8,9 (0-22) 10 (1,5-28) 10 (2-44) 12,4 (3-32)

Scratching 17 (1-56) 8,7 (0,5-52) 4,2 (0-48) 9,2 (0-57

Non-social explorat ion 376 (241-484) 328 (255-446) 361 (203-392) 416 (231-503)

Explorat ion at  a distance 14,3 (2,3-52) 16,9 (5,4-52) 14,2 (5,7-35) 20,4 (6-47,5)

Social research 76,6 (2-125) 75,7 (8-268) 60 (19-301) 59,6 (18-173)

Threat  89,8 (0-289) 84,4 (0-177) 116,7 (45-200) 49,1 (0-118)

At tack 6,6 (0-34) 11,3 (0-69) 23,7 (6-53) 6,7 (0-35)

Avoidance/lee 0 (0-21) 0 (0-12) 0 (0-5) 0 (0-19)
Defence/ submission 0 0 0 0

Inmobilit y 0 0 0 0



Effects of the administ rat ion of (RS)-3,4-DCPG, a mixed AMPA receptor antagonist / mGluR8 receptor agonist ,  
on aggressive behaviour in mice 137

To conclude, the results obtained in the present  experiment  
indicate that  the antagonism of the AMPA receptors by the R 
isomer and the st imulat ion of the mGluR8 receptors by the 
S isomer do not  seem to act  together on aggression in the 
racemic form of 3,4-DCPG. A limitat ion of this work is that  
it only assessed the behavioural proile of the racemic form 
of 3,4-DCPG. As such, addit ional experiments are required 
to compare both DCPG isomers. 
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