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Abstract OBJECTIVES: Psychostimulants and cannabinoids can elicit so called behavioural 
sensitization after repeated administration, a gradually increased behavioural 
response to a drug. This phenomenon if conditioned by previous pre-treatment 
with different drug is termed cross-sensitization. The present study was focused 
on a possible sensitisation to antiaggressive effect of methamphetamine and cross-
sensitization to this effect after repeated pre-treatment with cannabinoid CB1 and 
CB2 receptor ligands with different intrinsic activity (CB1 agonist methanandamide, 
CB2 agonist JWH 015, and CB1 antagonist AM 251). 
METHODS: Behavioural interactions of singly-housed mice with non-aggressive 
group-housed partners were video-taped and behavioural elements of agonistic 
behaviour of isolates were recorded in four categories: sociable, timid, aggressive 
and locomotor. 
RESULTS: Repeated administration of methamphetamine elicited a significant 
sensitization to its antiaggressive effects. Methanandamide pre-treatment provoked 
cross-sensitization to this methamphetamine effect, whereas pre-treatment with 
JWH 015 did not. Combined pre-treatment with methamphetamine+AM 251 sup-
pressed the sensitization to antiaggressive effects of methamphetamine. 
CONCLUSIONS: Our findings have shown that it is possible to provoke sensitization 
not only to the stimulatory effects as stated widespread in the literature but also to 
inhibitory antiaggressive effects of methamphetamine. Furthermore, we confirmed 
our working hypothesis that it is possible to elicit either cross-sensitization to 
inhibitory effects of methamphetamine conditioned by repeated pre-treatment with 
cannabinoid CB1 receptor agonist methanandamide, or suppression of metham-
phetamine sensitizing influence by co-administration of CB1 receptor antagonist. 
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Abbreviations:
AM 251 	 – CB1 receptor antagonist, 
Al 	 – alert posture, 
At 	 – attack, 
Cl 	 – climbing over the partner, 
De 	 – defensive posture (upright), 
Es 	 – escape, 
Fo 	 – following the partner, 
JWH 015 	– CB2 receptor agonist, 
Re 	 – rearing, 
Ss 	 – social sniffing, 
Tr 	 – tail rattling, 
Ur 	 – aggressive unrest (threat), 
Wa 	 – walking

Introduction

Repeated administration of various substances can 
elicit a long-lasting increase in behavioural response, 
which is well known phenomenon termed behavioural 
sensitization, described consistently for the first time 
by Robinson and Berridge [1]. Since that time, behav-
ioural sensitization has been described for instance to 
cannabinoids [2], opioids [3] or psychostimulants [4, 5]. 

In addition it has been shown that this increased 
response to a certain drug can be also achieved by previous 
repeated administration of another drug, a phenomenon 
called cross-sensitization. It was documented among 
others after repeated exposure with THC to opioids [2, 
6] or with caffeine and amphetamine to nicotine [7]. 

The most frequently observed features of behav-
ioural sensitization are stimulatory effects of drugs. In 
laboratory rodents an increase in locomotor/exploratory 
activities is considered as the most common symptom 
of behavioural sensitization. Besides this augmented 
stimulation, sensitization can occur to some other types 
of behaviour – like defensive-escape activities [8] and 
there are also reports on sensitization to inhibitory drug 
actions such as catalepsy [9]. 

Results of previous study run in our laboratory sug-
gested an interaction between endocannabinoid system 
and methamphetamine brain mechanisms in the I.V. 
drug self-administration model in rats [10]. This was 
further confirmed by other experiments realised using 
the mouse open field test where we unambiguously found 
that pre-treatment with CB1 receptor agonist methanan-
damide elicited cross-sensitization to methamphetamine 
effect and on the contrary, combined pre-treatment with 
methamphetamine+AM 251 suppressed sensitization to 
methamphetamine [11]. All these findings speak in favour 
of the suggested interaction between endocannabinoid 
system activity and methamphetamine CNS mecha-
nisms and moreover they support further views of other 
authors that ligands blocking CB1 receptors offer a novel 
approach for treatment of addiction [12].

In our earlier experiments acute methamphetamine 
administration elicited an inhibition of aggressivity in 
the model of mouse agonistic interactions [13]. Thus, 
we decided to test in the present study if the repeated 
administration of methamphetamine would more pro-
nounce this effect, i.e. elicit behavioural sensitization to 
its antiaggressive effects. Furthermore, the present study 

was designed to investigate the effects of pre-treatments 
with cannabinoid CB1 receptor agonist methanandamide 
and CB1 receptor antagonist AM 251 on sensitization to 
methamphetamine antiaggressive effects. Finally, as the 
presence of CB2 receptors was also confirmed in some 
areas of the brain [14, 15, 16] and we are experienced 
with behavioural effect of CB2 receptor agonist JWH 
015 in mice [17], we decided to test a possible effect of 
pre-treatment with CB2 receptor agonist JWH 015 on 
sensitization to methamphetamine antiaggressive effects. 
All these experiments were performed using the model 
of mouse agonistic behaviour. 

Material and methods
Animals
In all experiments mice males (strain ICR, TOP-

VELAZ s. r. o., Prague, Czech Republic) with an initial 
weight of 18–21 g were used. Animals were housed with 
free access to water and food in a room with controlled 
humidity and temperature, that was maintained under 
a 12-h phase lighting cycle. Experimental sessions were 
always performed in the same light period (8:00 – 11:00 
a.m.) in order to minimise possible variability due to 
circadian rhythms.

The experimental protocols of all experiments comply 
with the European Community guidelines for the use of 
experimental animals and were approved by the Animal 
Care Committee of the Masaryk University Brno, Faculty 
of Medicine, Czech Republic.

Model of agonistic behaviour
The model of agonistic behaviour used in this study 

was based on intraspecies social conflict in adult male 
mice [18, 19] and it consists of observation of behaviour 
in individually-housed mice on dyadic interactions with 
group-housed partners in neutral environment of the 
observational plastic box (base 30 x 20 cm, height 20 
cm). After 30 min adaptation of singly-housed mice in 
the neutral cages their four minute dyadic behavioural 
interactions of singly-housed mice with non-aggres-
sive group-housed partners were video-taped. After 
each interaction the neutral cage sawdust bedding was 
replaced. The behavioural element recording was per-
formed later by an experimenter who was unaware of 
treatment of the mouse groups using the keyboard of the 
computer-compatible system OBSERVER 3.1 (Noldus 
Information Technology b.v., Holland). 

Whereas the group-housed partner does not display 
aggressiveness, individually-housed mice can be accord-
ing to their behaviour in control interaction (vehicle 
treatment) divided into 3 categories: a) aggressive mice 
(showing at least one attack towards the opponents in the 
control interactions); b) timid mice (showing majority of 
defensive-escape behaviour even in absence of partner’s 
attacks and no attack); c) sociable mice (animals with-
out aggressive or defensive-escape behaviour, showing 
however high frequency of approaches to partner and its 
sniffing or climbing over the partner – acts considered 
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to be sociable. Behavioural elements of four subtypes 
were recorded: sociable – social sniffing [Ss], following 
the partner [Fo], climbing over the partner [Cl]; timid 
– defensive posture (upright) [De], escape [Es], alert 
posture [Al]; aggressive – attack [At], aggressive unrest 
(threat) [Ur], tail rattling [Tr]; locomotor – walking 
[Wa], rearing [Re]. Just aggressive singly-housed mice 
were chosen as subjects in the present study. 

Substances
(+)Methamphetamine, (d-N,α-Dimethylphenyleth

ylamine;d-Desoxyephedrine), (Sigma Chemical Co.) 
dissolved in saline. 

(R)-(+)-Methanandamide, (R)-N-(2-hydroxy-1-
methylethyl)-5Z,8Z,11Z-eicosotetraenamide) supplied 
pre-dissolved in anhydrous ethanol 5 mg/ml (Tocris 
Cookson Ltd., UK) was diluted in saline to the concen-
tration giving the chosen dose to be administered to ani-

Figure 1: The effect of methamphetamine “challenge dose” in singly-housed aggressive mice on agonistic interactions 
with non-aggressive group-housed partners: a) repeatedly pre-treated with saline solution (n1=11), b) repeatedly 
pre-treated with methamphetamine (n2=18), c) repeatedly pre-treated with methanadamide (n3=19).  
Behavioural acts: Sociable – Ss (social sniffing), Cl (climbing over the partner), Fo (following the partner); Timid: De 
(defensive posture), Es (escape), Al (alert posture); Aggressive: Tr (tail rattling), Ur (aggressive unrest), At (attack); 
Locomotor: Wa (walking), Re (rearing). i.p. – intraperitoneally, * = p < 0.05, * * = p < 0.01, the nonparametric 
Wilcoxon matched pairs test.
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mals in a volume of 10 ml/kg; vehicle therefore contained 
an adequate part of ethanol (a final concentration in the 
injection below 1%) to make effects of placebo and the 
drug comparable. 

JWH 015, (1 propyl-2-methyl-3-(1-naphthoyl)indole), 
(Tocris Cookson Ltd., UK), dissolved in ethanol+saline 
– 1:19; vehicle treatment as a control in this case con-
tained an adequate part of ethanol to make effects of 
placebo and the drug comparable. 

AM 251, (N-(Piperidin-1-yl)-5-(4-iodophenyl)-1-
(2,4-dichlorophenyl)-4-methyl-1H-pyrazole-3-car-
boxamide), (Tocris Cookson Ltd., UK), ultrasonically 
suspended in Tween 80 (1 drop in 10 ml saline); vehicle 
treatment as a control in this case contained an adequate 
part of Tween 80.

Vehicle and all drugs were always given in a volume 
adequate to drug solutions (10 ml/kg).

Figure 2: The effect of methamphetamine “challenge dose” in singly-housed aggressive mice on agonistic interactions 
with non-aggressive group-housed partners: a) repeatedly pre-treated with saline solution (n1=8), b) repeatedly pre-
treated with methamphetamine (n2=9), c) repeatedly pre-treated with JWH 015 (n3=11).  
Behavioural acts: Sociable – Ss (social sniffing), Cl (climbing over the partner), Fo (following the partner); Timid: De 
(defensive posture), Es (escape), Al (alert posture); Aggressive: Tr (tail rattling), Ur (aggressive unrest), At (attack); 
Locomotor: Wa (walking), Re (rearing). i.p. – intraperitoneally, * = p < 0.05, * * = p < 0.01, the nonparametric Wilcoxon 
matched pairs test.
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Procedures
Singly-housed mice were randomly allocated into 3 

groups in each of three experiments for the following 
5 day drug pre-treatment given intraperitoneally: the 
Experiment I) n1=11: saline solution 10 ml/kg/day, 
n2=18: methamphetamine 1 mg/kg/day, n3=19: meth
anandamide 0.5 mg/kg/day; the Experiment II) n1=8: 
saline solution at the dose of 10 ml/kg/day, n2=9: 

methamphetamine at the dose of 1 mg/kg/day, n3=11: 
JWH 015 at the dose of 10 mg/kg/day; the Experiment 
III) n1=11: saline solution at the dose of 10 ml/kg/day, 
n2=12: methamphetamine at the dose of 1 mg/kg/day, 
n3=14: methamphetamine+AM 251 at the doses of 1 
mg/kg/day and 5 mg/kg/day, respectively. There was 
a wash-out period on the Days 6–10, and on the Day 

Figure 3: The effect of methamphetamine “challenge dose” in singly-housed aggressive mice on agonistic interactions 
with non-aggressive group-housed partners: a) repeatedly pre-treated with saline solution (n1=11), b) repeatedly 
pre-treated with methamphetamine (n2=12), c) repeatedly pre-treated with methamphetamine+AM 251 (n3=14).  
Behavioural acts: Sociable – Ss (social sniffing), Cl (climbing over the partner), Fo (following the partner); Timid: De 
(defensive posture), Es (escape), Al (alert posture); Aggressive: Tr (tail rattling), Ur (aggressive unrest), At (attack); 
Locomotor: Wa (walking), Re (rearing). i.p. – intraperitoneally, * = p < 0.05, * * = p < 0.01, the nonparametric 
Wilcoxon matched pairs test.
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11 agonistic interactions were performed 15 min after 
the administration of saline solution to all subjects (10 
ml/kg). The “challenge doses” of methamphetamine (1 
mg/kg) were given to all subjects 15 min prior to second 
agonistic interactions on the Day 15 while Days 12–14 
present a wash-out. 

Statistical data analysis
As the data did not show normal distribution (ana-

lysed by Kolmogorov-Smirnov test of normality), the 
differences between the occurrence of behavioural acts 
in control and experimental interactions were evaluated 
by the non-parametric Wilcoxon test, two tailed.

Results

In the Experiment I, administration of the metham-
phetamine “challenge dose” elicited:

a) non-significant changes in sociable and timid behav-
ioural acts in mice pre-treated with saline solution 
(group n1); changes in aggressive acts were also non-
significant (p>0.05), however there was an appar-
ent trend of decrease in tail rattling, aggressive unrest 
and attack; there was a significant (p<0.05) increase in 
walking, which represents one of two locomotor be-
havioural elements (see Figure 1a). 

b) non-significant changes in sociable and timid behav-
ioural acts in mice pre-treated with methamphetamine 
(group n2), highly significant (p<0.01) decrease in tail 
rattling and aggressive unrest, significant (p<0.05) de-
crease in attack, significant (p<0.05) increase in walk-
ing – (see Figure 1b).

c) non-significant changes in sociable and timid behav-
ioural acts in mice pre-treated with methanandamide 
(group n3), highly significant (p<0.01) decrease in tail 
rattling and aggressive unrest, significant (p<0.05) in-
crease in walking (see Figure 1c).

In the Experiment II, administration of the metham-
phetamine “challenge dose” elicited:

a) in mice pre-treated with saline solution (group n1) 
non-significant changes in sociable and timid behav-
ioural acts, as well as in all aggressive acts (tail rattling, 
aggressive unrest and attack), these, however, showed 
an apparent trend of decrease; there was a significant 
(p<0.05) increase in walking (see Figure 2a).

b) ) in mice pre-treated with methamphetamine (group 
n2) non-significant changes in sociable and timid be-
havioural acts, highly significant (p<0.01) decrease in 
tail rattling, significant (p<0.05) decrease in aggressive 
unrest, highly significant (p<0.01) increase in walking 
(see Figure 2b).

c) in mice pre-treated with JWH 015 (group n3) non-sig-
nificant changes in sociable, aggressive and timid be-
havioural acts, highly significant (p<0.01) increase in 
walking (see Figure 2c).

In the Experiment III administration of the metham-
phetamine “challenge dose” elicited:

a) in mice pre-treated with saline solution (group n1) 
non-significant (p>0.05) changes in sociable and timid 
behavioural acts, significant (p>0.05) decrease in tail 
rattling, aggressive unrest and a highly significant 
(p<0.01) increase in walking (see Figure 3a).

b) in mice pre-treated with methamphetamine (group 
n2) non-significant changes in sociable and timid be-
havioural acts, highly significant (p<0.01) decrease in 
tail rattling and aggressive unrest, highly significant 
(p<0.01) increase in walking (see Figure 3b).

c) in mice pre-treated with methamphetamine+AM 251 
(group n3) non-significant changes in sociable, aggres-
sive and timid behavioural acts and highly significant 
(p<0.01) increase in walking (see Figure 3c). 

Discussion

Presented results confirmed with methamphetamine 
the well known effects of amphetamine and its derivates 
disrupting aggressive behaviour in various animal species 
including male mice on agonistic interactions [20, 21, 
22]. The behavioural sensitization developed not only to 
stimulatory effects on locomotion, but also to the inhibi-
tory antiaggressive effects after repeated methamphet-
amine administration in the present study. Behavioural 
sensitization to psychostimulant effects of amphetamines 
and opioids has been already described [for review see 23, 
24], however, according to literature available, there is far 
less evidence on behavioural sensitization to inhibitory 
effects of substances. It has been described for instance 
sensitization to catalepsy in rats [25] and also sensitiza-
tion to suppression of defensive-escape behaviour in 
mice [8]. Our present experiments showed the develop-
ment of behavioural sensitization to methamphetamine 
inhibitory influences on naturally motivated behaviour 
– male mouse aggression. The results obtained from our 
study concerning impact of cannabinoid receptor ligands 
on sensitization to antiaggressive methamphetamine 
effects confirmed the working hypothesis that it is pos-
sible to elicit cross-sensitization to both stimulatory and 
inhibitory effects of methamphetamine conditioned by 
repeated pre-treatment with cannabinoid CB1 receptor 
agonist methanandamide. The data obtained from these 
our experiments confirmed an assumption published 
elsewhere of existing functional interaction between the 
activity of cannabinoid CB1 receptors and amphetamine 
[6, 26, 27, 28, 29] or methamphetamine [11, 30, 31] 
mechanisms in the CNS. 

Despite of the fact that the CB2 receptor agonist JWH 
015 has been shown earlier to produce at the acute dose 
of 10 mg/kg significant antiaggressive effect in our model 
of agonistic behaviour in singly-housed male mice on 
paired interactions with non-aggressive group-housed 
partners, the repeated pre-treatment with this compound 
however did not produce the cross-sensitization to these 
effects of methamphetamine given as a „challenge dose” 
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after the withdrawal of repeated treatment in the present 
study. Interestingly, some sign of cross-sensitization was 
registered in the case of methamphetamine stimulation 
of locomotion (walking) which occurred on a higher 
level of significance in JWH 015 pre-treated mice com-
paring to controls. The presence of CB2 receptors has 
been already reported not only in the immune system, 
but also in the CNS in mice [14] and rats [15], and using 
specific polyclonal antibodies they were detected in hip-
pocampus and cortex of Alzheimer’s disease patients, too 
[32]. Thus, our findings suggest, that at least some cross-
sensitizing processes during combined administration of 
CB2 receptor agonist JWH 015 and methamphetamine 
can exist due to cross-talks between not only CB1 but 
also CB2 receptors and methamphetamine pathways.

The CB1 receptor blockade attenuates the behavioural 
manifestations of methamphetamine sensitization in 
mice pre-treated repeatedly with methamphetamine+AM 
251(cannabinoid CB1 receptor antagonist) in the pres-
ent study. Just the significant increase of walking was 
apparent after methamphetamine „challenge dose”. Our 
findings obtained from the model of agonistic interac-
tions are to a large extent in accordance with some other 
papers. For instance, we have found [10], that AM 251 
decreased methamphetamine self-administration under 
a FR schedule in rats, and similarly the suppression of 
behavioural sensitization to morphine in the rodent 
model of drug-seeking behaviour was shown after pre-
treatment with another CB1 antagonist SR141716A [33]. 
On the other hand there is also a contradictory report 
available suggesting that endogenous cannabinoids and 
CB1 receptors are not involved in behavioural sensitiza-
tion to psychostimulants, namely cocaine [34]. 

The endocannabinoid system is thought to be the pri-
mary site of action for the rewarding and pharmacologi-
cal responses induced by cannabinoids [31, 35]. Despite 
the statement of above mentioned publication of Lescher 
et al. [34], there are multiple studies supporting that the 
common neurobiological mechanisms of most drugs of 
abuse participated in their addictive properties interact 
in bidirectional manner with the endocannabinoid sys-
tem involvement in regulation of drug rewarding effects 
[31]. 

The main principle of behavioural sensitization to 
methamphetamine and also of cross-sensitization with 
cannabinoid CB1 receptor agonist methanandamide 
is probably based on the potency of these substances 
to release dopamine in the nucleus accumbens [36], 
which is a property common to many drugs that can 
elicit sensitization, and dopamine activation of endog-
enous cannabinoid signalling in the CNS has been 
confirmed [37]. Although not all neurobiological bases 
of behavioural sensitization are fully clear yet, there are 
studies indicating that behavioural sensitization has a 
neural basis and that the neuronal circuit important for 
behavioural sensitization consists of various structures 
in the CNS. It involves not only dopaminergic, but also 
glutamatergic and GABAergic projections between 
ventral tegmental area, nucleus accumbens, prefrontal 

cortex, hippocampus and amygdala. The mesolimbic 
dopaminergic projection from the ventral tegmental 
area to the nucleus accumbens seems to be of crucial 
importance for reward-related effects of drugs of abuse 
[38]. Furthermore, the mesolimbic and nigrostriatal 
dopamine systems also participate at the reinforcing and 
locomotor-stimulating effects of psychostimulant drugs 
[39].

In conclusion, the present study can be summarized as 
follows: 1) repeated administration of methamphetamine 
produces behavioural sensitization to its stimulatory 
effects on locomotion and antiaggressive effects in the 
mouse model of agonistic behaviour. 2) pre-treatment 
with cannabinoid CB1 receptor agonist methanandamide 
elicited cross-sensitization to metamphetamine, whereas 
blocking of these receptors with antagonist AM 251 
inhibited this process; 3) pre-treatment with cannabinoid 
CB2 receptor agonist JWH 015 did not provoke cross-
sensitization to methamphetamine antiaggressive effects 
in this study. 

All presented findings received in the model testing 
antiaggressive drug effects in mice confirmed in fact the 
similar suggestion on interaction of methamphetamine 
mechanisms and endocannabinoid system activity we 
have published earlier [11, 40] using a differential behav-
ioural model, the open field test as a tool for registra-
tion of behavioural sensitization to methamphetamine 
psychostimulant effects. 
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