
Agmatine attenuates acquisition but not the expression
of ethanol conditioned place preference in mice: a role
for imidazoline receptors
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The present study investigated the effect of agmatine on
acquisition and expression of ethanol conditioned place
preference (CPP) and its modulation by imidazoline agents.
Swiss albino mice were treated intraperitoneally with saline
or agmatine (20–40 mg/kg) before injection of ethanol
(1.25 mg/kg) during conditioning days or on a test day
(20–120 mg/kg), to observe the effect on acquisition or
expression of CPP, respectively. Agmatine inhibited the
acquisition but not the expression of ethanol CPP.
Furthermore, both the I1 receptor antagonist, efaroxan
(9 mg/kg) and the I2 receptor antagonist, BU224 (5 mg/kg)
attenuated the agmatine-induced inhibition of the ethanol
CPP acquisition. In contrast, the I2 receptor agonist, 2-BFI
(5 mg/kg) and I1 receptor agonist, moxonidine (0.4 mg/kg)
alone, or a combination of their subeffective doses,
significantly attenuated the effect of agmatine (20 mg/kg)
on acquisition of ethanol CPP. Agmatine or imidazoline
agents alone produced neither place preference nor
aversion, and at the doses used in the present study did
not affect locomotor activity. Thus, agmatine attenuates

the acquisition of ethanol CPP at least in part by
imidazoline (I1 or I2) receptors. In future studies,
agmatine or agents acting at the imidazoline
receptors could be explored for their therapeutic
potential in ethanol dependence. Behavioural
Pharmacology 24:87–94 !c 2013 Wolters Kluwer Health |
Lippincott Williams & Wilkins.
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Introduction
Alcohol abuse and dependence represent a worldwide
problem from the social and medical viewpoint. Ethanol-
induced withdrawal symptoms and reward are the major
predisposing factors leading to its dependence. Dopami-
nergic pathways prominently contribute to ethanol
reward and dependence (Koob et al., 1998). Indeed,
systemic and/or oral self-administration of ethanol
stimulates dopamine release (Weiss et al., 1993; Carboni
et al., 2000). Ethanol-induced conditioned place prefer-
ence (CPP) has been used as an index for the rewarding
effect of ethanol (Risinger and Boyce, 2002).

Endogenous agmatine has been identified as a novel neuro-
transmitter or neuromodulator (Reis and Regunathan,
1999) that antagonize the N-methyl-D-aspartate (NMDA)
receptor (Gibson et al., 2002), inhibits nitric oxide
synthase (NOS) (Galea et al., 1996), and binds to a2-
adrenoceptors (Sugawara et al., 2001) and imidazoline
binding sites (Reis and Regunathan, 2000). Systemic
administration of agmatine exerts anxiolytic (Gong et al.,
2006), antidepressant (Krass et al., 2008), antinociceptive
(Yesilyurt and Uzbay, 2001), and antiepileptic (Su et al.,
2004) effects. A growing body of evidence suggests a
significant role of agmatine in alcoholism (Morgan et al.,

2002; Wei et al., 2007; Zaniewska et al., 2008). Agmatine
inhibits ethanol withdrawal-induced behavioral signs
(Uzbay et al., 2000) as well as anxiety (Taksande et al.,
2010) and ethanol-induced locomotor hyperactivity in
rats (Ozden et al., 2011). Furthermore, agmatine also
reverses the effect of binge ethanol consumption in
neonatal rats on a cerebellar-mediated balance task
(Lewis et al., 2007) and reduces ultrasonic vocalization
deficit in female rat pups exposed neonatally to ethanol
(Wellmann et al., 2010). Agmatine is also found to be
critically involved in opioid and nicotine dependence
(Wei et al., 2005; Wei et al., 2007; Kotagale et al., 2010). In
addition to these effects in rodents, agmatine also has
beneficial effects on development and expression of
morphine-induced physiological dependence in beagle
dogs and rhesus monkeys (Su et al., 2008a). It has also
been shown that supraspinally-administered agmatine
inhibits the development of oral fentanyl self-adminis-
tration in mice (Wade et al., 2008).

Along with the central nitrergic, a2-adrenergic and
glutamatergic receptors, the involvement of imidazoline
receptors has also been explored in relation to the
beneficial effects of agmatine in drug abuse. Imidazoline
I1 receptors are expressed in several regions related to
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opioid dependence throughout the central nervous
system (Ruggiero et al., 1998). Imidazoline I1 receptors
were found to be involved in the effects of clonidine,
which acts as an I1/a2-adrenoceptors agonist (Georges and
Aston-Jones, 2003) and exhibits antiaddictive properties
(Maldonado, 1997). Moreover, idazoxan, an imidazoline
ligand, reversed the inhibition of morphine-induced CPP
by agmatine in a dose-dependent manner (Wei et al.,
2005). Imidazoline I1 receptors are projected as the target
of agmatine-induced modulation in opioid dependence
(Wu et al., 2006). These findings led us to explore the
possible involvement of imidazoline receptors in the
beneficial effect of agmatine against ethanol reward.

Methods
Subjects
Swiss albino male mice (22–30 g) were group housed (five
per cage) in a temperature and light (12 : 12 h light : dark
cycle, lights on 07:00 h) controlled room. Food and water
were freely available. Animals were allowed to acclimatize
to the laboratory environment for 48 h before experiments.
All experiments were executed in accordance with the
guidelines for the care and use of laboratory animals by the
Committee for the Purpose of Control and Supervision
of Experiments on Animals, Government of India and
approved by the Institutional Animal Ethical Committee of
Shrimati Kishoritai Bhoyar College of Pharmacy (Kamptee,
Nagpur, India). All observations were made during
09:00–16:00 h to avoid circadian variations.

Apparatus
The CPP test box consisted of two equal-sized Plexiglas
chambers (20" 20" 20 cm) separated by a central gray
area (8" 20" 20 cm) (VJCPP-01; VJ Instruments, Kar-
anja, India). Both the side compartments were equipped
with a Perspex guillotine door that separated the central
gray corridor. Each compartment had distinct, yet neutral,
visual, and tactile cues. One compartment had a white
smooth floor and vertical black strips on the walls,
whereas the other compartment had a white textured
floor and horizontal black strips on the walls. The test box
was placed under conditions of dim illumination (40 lux)
and masking white noise (Do Couto et al., 2005). Time
spent in each compartment was monitored automatically
by the digital counter attached to the CPP box.

Procedure
The CPP procedure consisted of three phases.

Preconditioning phase (days 1–2)
Mice were placed in a central gray compartment and
allowed to move freely between the two ends of the
compartments for 15 min (900 s), and the time spent in
each compartment was recorded. Animals showing a
strong unconditioned aversion (< 33% of the session

time) or preference (> 67%) for any compartment were
discarded from the experiment.

Conditioning phase (days 3–5)
On each conditioning day, mice were administered
ethanol or saline [intraperitoneally (i.p.)] at a 4-h
interval, that is, at 09:00 h or 13:00 h and paired with
the nonpreferred (ethanol-paired) or preferred (saline-
paired) compartment for 30 min, respectively. The order
of ethanol and saline treatment was counter-balanced
across all the groups. The central area was blocked by
guillotine doors and never used during conditioning.

Postconditioning phase (day 6)
Mice were placed in the central compartment with the
guillotine doors open and the time spent in each
compartment was recorded for 15 min. The difference
between the time spent in the preconditioning and
postconditioning session in ethanol-paired compartment
was used as the measure of the degree of preference
induced by the ethanol (preference score).

Locomotor activity
Locomotor activity was measured using an actophot-
ometer (20" 20" 10 cm) made up of Plexiglas with six
laser beams 2.5 cm apart from each other. The animals
were kept in the actophotometer for about 30 min and
the total number of beams interrupted was counted.

Experimental design
Dose response effect of ethanol on conditioned place
preference
During conditioning (days 3–5), different groups of
mice were treated with saline or ethanol (1, 1.25, and
1.5 g/kg, i.p.) immediately before pairing to the respec-
tive compartments.

Effect of agmatine on acquisition and expression of
ethanol-induced conditioned place preference
To observe the effect of agmatine on acquisition of
ethanol CPP, different groups of mice were treated with
saline or agmatine (20 or 40 mg/kg, i.p.), 30 min before
ethanol (1.25 g/kg, i.p.) during conditioning sessions. For
studies on the expression phase, mice received saline or
agmatine (20, 40, 80, and 120 mg/kg, i.p.), 30 min before
the test session (day 6).

Effect of efaroxan (I1 receptor antagonist) and BU224
(selective I2 receptor antagonist) on acquisition
of ethanol-induced conditioned place preference in
the presence of agmatine
Different groups of mice were treated with saline,
efaroxan (3–9 mg/kg, i.p.) or BU224 (2.5–5 mg/kg, i.p.)
alone or 30 min before agmatine (40 mg/kg, i.p.) treat-
ment and followed by ethanol (1.25 g/kg, i.p.) injection
during conditioning sessions.
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Effects of moxonidine (I1 receptor agonist), 2-BFI
(selective I2 receptor agonist), or their subeffective
combination with agmatine, on the acquisition of
ethanol-induced conditioned place preference
During the conditioning sessions, different groups of
mice were treated with saline or moxonidine (0.2–0.4
mg/kg, i.p.) or 2-BFI (2.5–5 mg/kg, i.p.) 30 min before
ethanol (1.25 g/kg, i.p.) injection. To observe the effect
of combining these drugs with agmatine during con-
ditioning sessions, mice were injected with saline or a
subeffective dose of moxonidine (0.2 mg/kg, i.p.) or 2-BFI
(2.5 mg/kg, i.p.) 5 min before agmatine (20 mg/kg, i.p.),
followed 30 min later by an ethanol (1.25 g/kg, i.p.)
injection.

Dose response effect of imidazoline ligands on
conditioned place preference
Different groups of mice were treated with saline or
agmatine (20, 40, 80, and 120 mg/kg, i.p.), efaroxan (3 and
9 mg/kg, i.p.), BU224 (2.5 and 5 mg/kg, i.p.), moxonidine
(0.2 and 0.4 mg/kg, i.p.) or 2-BFI (2.5 and 5 mg/kg, i.p.)
during conditioning sessions (days 3–5), immediately
before confinement in the saline or drug-paired compart-
ments.

Drugs
Agmatine, moxonidine and efaroxan were obtained from
Sigma Chemicals (St. Louis, Missouri, USA); BU224 and
2-BFI HCl were purchased from Tocris Biosciences
(London, UK). Ethanol (absolute ethyl alcohol) was
purchased from Merck Chemicals (Mumbai, India).
Moxonidine was dissolved in saline with a few drops of
1 mol/l HCl, and the pH was then adjusted to 7.4 by
1 mol/l NaOH. All other drugs were dissolved in saline
just before the experiment. All drugs were administered
i.p. in a volume of 10 ml/kg. Normal saline (0.9% NaCl)
was used as control.

Statistical analysis
The magnitude of place preference is presented as the
preference score, defined as the time spent in the
ethanol-paired compartment on the postconditioning day
minus time spent on the preconditioning day. Data were
analyzed using one-way analysis of variance (ANOVA)
followed by Bonferroni’s or Dunnett’s test. Data are
expressed as mean±SEM and a P value less than 0.05 was
considered to be statistically significant.

Results
Dose-related effect of ethanol on conditioned place
preference
In the present study, a biased preference was observed
during preconditioning sessions. Of the nine to eleven
mice in each group that were included in the precondi-
tioning session, at least three to five mice showed greater
than 67% or less than 33% preference for either
compartment and were therefore excluded. Thus, we

considered for statistical analysis data only from the five
to six mice per group that showed a preference between
67 and 33%, that is, between 600 and 300 s approximately
of the total of 15 min (900 s) during preconditioning
sessions. The actual range of preference shown was as low
as 244 s in the nonpreferred compartment and as high as
452 s in the preferred compartment.

Ethanol-treated mice produced a significant CPP to the
ethanol-paired compartment, as compared with the
saline-treated group, which did not show significant
preference to either compartment. One-way ANOVA
revealed a significant main effect of ethanol dose
[F(3,19) = 15.43, P < 0.05; n = 5]. Post-hoc comparisons
indicated that ethanol at a 1.25 g/kg dose significantly
(P < 0.05) increased the preference to the ethanol-paired
compartment, as compared with the saline-treated group,
whereas the 1 and 1.5 g/kg doses of ethanol failed to
produce significant CPP (P > 0.05) (Fig. 1).

Dose response effect of imidazoline ligands on
conditioned place preference
Conditioning with imidazoline agents including agma-
tine, efaroxan, BU224, moxonidine, and 2-BFI at the
doses used in earlier studies produced neither significant
preference nor aversion as compared with saline-treated
mice {one-way ANOVA [F(12,64) = 1.33, NS; n = 5]}
(Table 1).

Agmatine inhibited acquisition but not the expression
of ethanol-induced conditioned place preference
Figure 2a shows the effect on CPP of agmatine alone or in
combination with ethanol. Conditioning with agmatine
(20 or 40 mg/kg) produced neither preference nor

Fig. 1
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Dose-related effect of ethanol on conditioned place preference in mice.
The data shown are preference score in seconds, defined by the time
spent in the ethanol-paired compartment during the postconditioning
session minus the time spent in the ethanol-paired compartment during
the preconditioning session. Either saline 10 ml/kg or ethanol 1, 1.25,
and 1.5 g/kg was administered intraperitoneally before each of three
daily conditioning sessions. On the test day, the time spent in the drug-
paired compartment was recorded. *P < 0.05 compared with the saline
control group.
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aversion. However, agmatine (40 mg/kg) blocked the
acquisition of ethanol CPP. One-way ANOVA indicated
a significant main effect of treatment group
[F(5,31) = 81.68, P < 0.001; n = 5–6]. Post-hoc analyses
indicated that the increased preference for the ethanol-
paired compartment shown by the ethanol (1.25 g/kg)-
treated group was significantly (P < 0.05) reduced by
agmatine 40 mg/kg, but not 20 mg/kg.

Further, agmatine (20–120 mg/kg) did not significantly
affect the expression of ethanol CPP (Fig. 2b). One-way
ANOVA indicated a significant main effect of ethanol
(1.25 g/kg) treatment on preference score [F(5,29) =
22.33, P < 0.001; n = 5]. However, post-hoc tests revealed
no significant effect of agmatine (20, 40, 80, or 120
mg/kg) on the expression of ethanol (1.25 g/kg)-induced
preference.

Imidazoline receptor antagonists, efaroxan (I1) and
BU224 (I2), reversed the inhibition produced by
agmatine on ethanol-induced conditioned place
preference
Efaroxan, an I1 receptor antagonist reversed the inhibi-
tion of ethanol preference produced by agmatine
(Fig. 3a). One-way ANOVA indicated significant main
effect of treatment group [F(5,29) = 16.26, P < 0.05;
n = 5–6]. Post-hoc analyses indicated that preference
scores for the ethanol (1.25 mg/kg)-treated group were
reduced by agmatine (40 mg/kg), and that this effect was
significantly (P < 0.05) reversed by pretreatment of
efaroxan (9 mg/kg).

As shown in Fig. 3b, BU224, an I2 receptor antagonist,
also reversed the inhibition of ethanol preference
produced by agmatine. One-way ANOVA indicated a
significant main effect for the treatment group
[F(5,33) = 19.52, P < 0.05; n = 5–7]. Post-hoc analyses
indicated that BU224 (5 mg/kg) significantly (P < 0.05)

reversed the effect of agmatine (40 mg/kg) on ethanol
preference.

Imidazoline receptor agonists, 2-BFI or moxonidine
alone and in subeffective combination with agmatine
inhibited ethanol-induced conditioned place preference
Figure 4a shows significant effects [F(4,24) = 26.27,
P < 0.05; n = 5; one-way ANOVA] of moxonidine alone
and in subeffective combination with agmatine on the
ethanol preference. Post-hoc analyses indicated that the
ethanol (1.25 g/kg)-induced preference was significantly
reduced by pretreatment with moxonidine at 0.4 mg/kg
(P < 0.05) but not at 0.2 mg/kg, and by a combination of
subeffective doses of moxonidine (0.2 mg/kg) and agma-
tine (20 mg/kg) (P < 0.05), which, when administered
alone, did not significantly affect preference scores as
compared with the ethanol (1.25 g/kg) group (P > 0.05).

Table 1 Effect of imidazoline ligands on conditioned place
preference

Imidazoline ligands Preference scores

Saline – 31.50±9.64
Agmatine (20 mg/kg) – 38.60±24.40
Agmatine (40 mg/kg) – 40.80±13.97
Agmatine (80 mg/kg) – 32.60±28.56
Agmatine (120 mg/kg) – 25.40±25.94
Efaroxan (3 mg/kg) 02.00±13.59
Efaroxan (9 mg/kg) 09.00±20.37
BU224 (2.5 mg/kg) 44.8±09.29
BU224 (5 mg/kg) – 35.2±32.45
Moxonidine (0.2 mg/kg) 1.8±25.78
Moxonidine (0.4 mg/kg) – 6.8±23.13
2-BFI (2.5 mg/kg) – 21.40±32.07
2-BFI (5 mg/kg) – 8.00±26.91

Dose-related effect of imidazoline agents on CPP in mice. Mice were injected
with either saline (10 ml/kg, intraperitoneally) or the individual drug during three
daily conditioning sessions. On the test day, the time spent in drug-paired or
saline-paired compartment was recorded. Data are expressed as mean±SEM.
CPP, conditioned place preference.
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Dose-related effect of agmatine on acquisition (a) and expression (b) of
ethanol-induced conditioned place preference (CPP). In the acquisition
study, animals received saline (10 ml/kg, intraperitoneally) or agmatine
(20 and 40 mg/kg, intraperitoneally) 30 min before injection of ethanol
(1.25 g/kg, intraperitoneally) before each of three daily conditioning
sessions. In the expression study, animals received agmatine (20, 40,
80 or 120 mg/kg, intraperitoneally) 30 min before the CPP test and the
time spent in ethanol-paired compartment was recorded. *P < 0.05,
compared with saline control group. #P < 0.05, compared with ethanol
1.25 g/kg group.
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The effects of 2-BFI, alone and in subeffective combina-
tion with agmatine, on the ethanol preference are shown
in Fig. 4b. One-way ANOVA indicated that 2-BFI alone,
as well as its subeffective combination with agmatine
(20 mg/kg) significantly [F(4,27) = 19.28, P < 0.05; n = 5–7]
inhibited the ethanol preference. Post-hoc analyses
indicated that the ethanol (1.25 g/kg)-induced preference
was significantly (P < 0.05) reduced by 5 mg/kg, but not
2.5 mg/kg of 2-BFI, and by the combination of subeffec-
tive doses of 2-BFI (2.5 mg/kg) and agmatine (20 mg/kg)
(P < 0.05).

Effects on locomotor activity
As can be seen in Table 2, apart from ethanol (1.5 g/kg,
i.p.) (P < 0.05) no other drugs at the doses used in this
study affected locomotor activity as compared with

saline-treated mice {one-way ANOVA [F(15,79) = 4.07,
P < 0.05; n = 5]}.

Discussion
In the present study, we showed that agmatine, a novel
neurotransmitter, attenuates the acquisition but not the
expression of the ethanol-induced CPP in mice and both
imidazoline I1 and I2, receptor agents modulate this
effect of agmatine. Ethanol (1.25 g/kg, i.p.) produced
significant CPP, but a lower dose (1.0 g/kg, i.p.) was
devoid of this effect. At a higher dose (i.e 1.5 g/kg, i.p.)
ethanol impaired locomotion (Table 1), which may be
indicative of a sedative effect. Ethanol (1.25 g/kg, i.p.)
produced place preference associated with increased loco-
motion (albeit nonsignificant) that is usually observed

Fig. 3
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(2.5 mg/kg) was administered 5 min before the administration of
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the time spent in the ethanol-paired compartment was recorded.
*P < 0.05, compared with ethanol 1.25 g/kg group.
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with a rewarding effect of ethanol (Ozden et al., 2011).
We chose the minimal dose of ethanol that induced place
preference without affecting locomotor behavior.

Similar to previous studies, agmatine (20–120 mg/kg, i.p.)
produced neither preference nor aversion in the CPP
model (Wei et al., 2005; Tahsili-Fahadan et al., 2006).
Similarly, the imidazoline agents efaroxan, BU224,
moxonidine, and 2-BFI produced neither significant
preference nor aversion at the doses used in this study.
However, agmatine (40 mg/kg, i.p.) significantly attenu-
ated the acquisition of ethanol place preference in
mice, whereas, in contrast, even at higher doses (up to
120 mg/kg, i.p.), it failed to affect the expression of
ethanol place preference. Thus, it may be possible that
agmatine affects the acquisition of ethanol reward but
may not alter its expression once learned, at least at the
current doses. However, it should be noted that agmatine
has been found to attenuate the development as well as
expression of morphine (Wei et al., 2005) and metham-
phetamine-induced (Thorn et al., 2012) place preference
in rats. Wei et al. (2005) observed the effect of
0.75–10 mg/kg of agmatine injected subcutaneously on
the expression of ethanol preference in rats, whereas
Thorn et al. (2012) used 10–32 mg/kg of agmatine i.p. in
rats as compared with 20–120 mg/kg of agmatine i.p. in
mice in the current study. Thus, differences between
these previous reports and the current study may result
from differences in rodent species, the drug used and the
dose of agmatine.

Interestingly, in another study, agmatine significantly
inhibited the acquisition but not the expression of
morphine-induced drug discrimination in rats (Su et al.,
2008b). However, Tahsili-Fahadan et al. (2006) reported
agmatine potentiated morphine reward in mice. Despite

this debate, the activation of the mesocorticolimbic
dopamine pathway by psychoactive drugs remains an
important mechanism for drug-induced reward. Ethanol-
induced augmentation of dopamine in the mesolimbic
system plays a major role in ethanol reward (Ortiz et al.,
1995; Koob et al., 1998). The brain regions, including VTA
and the NAc, that are involved in drug-induced reward
contain substantial numbers of agmatine immunoreactive
neurons (Otake et al., 1998). However, the involvement of
the mesocorticolimbic dopamine pathway in the inhibi-
tory effect of agmatine on ethanol reward is still
unknown.

Recently, it was suggested that the agonistic activity of
agmatine at imidazoline receptors (Reis and Regunathan,
1999) may be responsible for its beneficial effects on
ethanol withdrawal, as well as inhibitory effects on the
locomotor stimulation induced by a low dose of ethanol
(Uzbay, 2012). In fact, the role of imidazoline receptors
has been fairly well explored in drug abuse. Imidazoline
binding sites have been divided into three distinct
subtypes, the imidazoline I1, I2, and I3 binding sites.
Amongst these, I1 and I2 binding sites were found to be
involved in the addiction. I1 receptors are found to be
present in several brain regions related to opioid
dependence (Ruggiero et al., 1998). Importantly, emer-
ging evidence suggests that imidazoline I2 receptors may
also be involved in opioid dependence (Li and Zhang,
2011). Idazoxan reversed the inhibition produced by
agmatine on morphine-induced CPP in a dose-dependent
manner (Wei et al., 2005). Idazoxan also reversed the
inhibition produced by agmatine on morphine-induced
locomotor sensitization (Wei et al., 2007).

In the present study, we found that efaroxan (I1 receptor
antagonist) and BU224 (I2 receptor antagonist), adminis-
tered during conditioning sessions, significantly pre-
vented the inhibition of ethanol-induced CPP produced
by agmatine. These results indicate that this effect of
agmatine may be related to the activation of imidazoline
receptors. However, these results should be considered
with caution, as efaroxan binds nonselectively to a2-
receptors and I1 receptors (Eglen et al., 1998). Similarly,
BU224 although used as an I2 receptor antagonist also
acts as partial agonist (Macinnes and Handley, 2002;
Macinnes and Duty, 2004; Thorn et al., 2012) and
heterogeneity in I2 sites such as I2A and I2B subtypes
also has been proposed (Diamant et al., 1992). However,
all of the above studies utilized efaroxan and BU224 in
the investigation of pharmacological effects other than
reward.

We also used the imidazoline receptor agonists moxoni-
dine (I1 receptor agonist) and 2-BFI (I2 receptor agonist).
Both these agents significantly inhibited the ethanol-
induced CPP, when administered during the conditioning
session. In addition, combinations of subeffective doses
of agmatine and moxonidine/2-BFI significantly inhibited

Table 2 Effect of drugs on locomotor activity

Treatment groups Ambulation

Saline 254.4 (±28.38)
Ethanol (1.0 g/kg, i.p.) 347.00 (±71.25)
Ethanol (1.25 g/kg, i.p.) 313.60 (±33.0)
Ethanol (1.5 g/kg, i.p.) 70.80 (±16.07)*
Agmatine (20 mg/kg, i.p.) 287.60 (±29.40)
Agmatine (40 mg/kg, i.p.) 275.8 (±45.99)
Agmatine (80 mg/kg, i.p.) 305.76 (±19.29)
Agmatine (120 mg/kg, i.p.) 299.38 (±25.87)
Efaroxan (3 mg/kg, i.p.) 302.80 (±29.65)
Efaroxan (9 mg/kg, i.p.) 253.3 (±12.15)
BU224 (2.5 mg/kg, i.p.) 331.30 (±40.83)
BU224 (5 mg/kg, i.p.) 245.60 (±17.53)
2-BFI (2.5 mg/kg, i.p.) 319.54 (±15.90)
2-BFI (5 mg/kg, i.p.) 296.8 (±19.78)
Moxonidine (0.2 mg/kg, i.p.) 307.00 (±35.40)
Moxonidine (0.4 mg/kg, i.p.) 354.3 (±24.00)

Dose-related effect of ethanol and other drugs on locomotor activity in mice. Mice
received either saline (10 ml/kg, i.p.) or individual drug and were tested in an
actophotometer. Total ambulatory counts were measured for 30 min. Data are
expressed as mean±SEM.
i.p., intraperitoneally.
*P < 0.01 vs. saline.
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the ethanol-induced CPP. Efaroxan, BU224, moxonidine,
or 2-BFI administered alone in the same doses did not
impair locomotor activity in mice, which shows that these
agents do not affect general behavior because of muscle
relaxation or sedation. Our results confirm the involve-
ment of imidazoline receptors in the effect of agmatine
on ethanol-induced CPP. In agreement with our
findings, Wei et al. (2005) reported that agmatine inhibits
acquisition of morphine place preference associated
with activation of imidazoline receptors rather than
a2-adrenoceptors.

Previously, it has been shown that agmatine inhibits the
morphine-induced increase in the extracellular striatal
dopamine level and this effect of agmatine was related to
the activation of imidazoline receptors (Wei et al., 2007).
Similarly, it is possible that agmatine may inhibit the
ethanol-induced increase in the mesocorticolimbic dopa-
mine level at least in part through activation of imidazo-
line receptors. In fact, Uzbay et al. (2000) suggested that
agmatine may be an effective agent for counteracting
mechanisms involved in the development of physical
dependence on ethanol in rats, and that it may have a
curative potential in the treatment of ethanol depen-
dence. Moreover, evidence also suggests a significant role
of agmatine in nicotine and morphine dependence
(Morgan et al., 2002; Wei et al., 2007; Zaniewska et al.,
2008).

In the context of the above literature and the results of
our study, it can be concluded that agmatine shows an
interaction with ethanol reward. In addition, the present
study demonstrates attenuation of ethanol reward by
agmatine through imidazoline (I1 and I2) receptors.
However, it should be noted that the other receptor
substrates such as NOS, NMDA, and a2-adrenoceptors,
have also been investigated as potential effectors in the
action of agmatine. For example, NOS inhibitors produce
a marked attenuation of the signs of ethanol withdrawal
syndrome in rats (Adams et al., 1995; Uzbay et al., 1997).
Moreover, Morgan et al. (2002) have attributed the action
of agmatine to its blockade of NMDA receptors,
and Yananli et al. (2007) have shown an indirect
involvement of NOS in the effect of agmatine on
morphine dependence. In addition, changes in glutama-
tergic neurotransmission in the NAc affected opioid
abuse and dependence (LaLumiere and Kalivas,
2008; Wang et al., 2011) and beneficial effects of agmatine
on ethanol withdrawal were proposed to be associated
with a direct interaction with NMDA-type glutamatergic
receptors (Uzbay, 2012).

Thus, although we cannot rule out the possible involve-
ment of other targets such as NMDA receptors, calcium
channels, and NOS activity, it can be concluded that
activation of imidazoline receptors, at least in part, may
mediate the effects of agmatine on ethanol place
preference. The results of present study suggest the

possible use of agmatine and imidazoline agents in the
prevention and treatment of ethanol dependence. How-
ever, extensive studies are required to extrapolate the
present result to the clinic.
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