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The effect of agmatine on memory formation in morphine-treated mice on the step-down inhibitory
avoidance test was examined. Pre-training and pre-test administration of agmatine (5, 10 and 20 mg/kg, s.c.)
facilitated memory formation and retrieval while post-training administration of agmatine (5, 10 and 20 mg/
kg, s.c.) had no effect on memory consolidation. Idazoxan (5 mg/kg, i.p.) inhibited the effect of agmatine on
memory formation and retrieval. Pre-training administration of morphine (1.25, 2.5 and 5 mg/kg, s.c.)
impaired memory formation while post-training and pre-test administration of morphine (1.25, 2.5 and
5 mg/kg, s.c.) had no effect on memory consolidation and retrieval. Pre-training agmatine treatment
reversed the impairment of morphine on memory formation. Moreover, pre-test administration of agmatine
inhibited morphine-induced amnesia. Pre-training and pre-test idazoxan (5 mg/kg, i.p.) treatment inhibited
the effect of agmatine on morphine induced memory impairment. In conclusion, agmatine inhibited
morphine-induced memory impairment on the mice step-down inhibitory avoidance test. The mechanism
was exerted, at least in part, through activation of imidazoline receptors.
Crown Copyright © 2010 Published by Elsevier Inc. All rights reserved.
1. Introduction

Morphine has beenwidely used in the clinical management of pain
for about 200 years, but its strong dependent potential is a serious
obstacle to its clinical practice. More andmore attention has been paid
to the mechanisms of opioid dependence. Several lines of evidence
suggest that the opioid system is involved in the acquisition and
storage of memory related to dependence (Introini et al., 1985; Saha
et al., 1991; Ragozzino and Gold, 1994; Vaccarino et al., 1999). That
means addiction is a malfunction of learning and memory induced by
long-term adaptation in specific neural systems. For example, chronic
morphine treatment impaired the formation and retrieval of spatial
memory (Ma et al., 2007; Pu et al., 2002). Opioid receptor agonists
have been shown to influence learning and memory in inhibitory
avoidance tasks (Itoh et al., 1994; Stone et al., 1991; Walker et al.,
1991).

Agmatine, an amine formed by the decarboxylation of L-arginine
by the enzyme arginine decarboxylase (ADC), exerts a wide range of
biological activities on several systems, including the CNS. It has been
shown to modulate the release of neurotransmitters or hormone (Li
et al., 1994; Kalra et al., 1995), and possibly act as a neurotransmitter/
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modulator in the brain (Regunathan et al., 1995; Reis and Regunathan,
2000). In various disease models, agmatine attenuates thermal, tactile
allodynia and has an anti-inflammatory effect (Fairbanks et al., 2000;
Regunathan and Piletz, 2003; Onal et al., 2004; Karadag et al., 2003). It
has a weak analgesic effect in tail flick test and enhances morphine-
induced antinociception (Kolesnikov et al., 1996; Yesilyurt and Uzbay,
2001). Furthermore, it inhibits tolerance to morphine (Fairbanks and
Wilcox, 1997) and attenuates morphine dependence in vitro and in
vivo (Aricioglu-Kartal and Uzbay, 1997; Li et al., 1998; Aricioglu et al.,
2003 a, b). Moreover, agmatine binds with high affinity to α2-
adrenergic and imidazoline receptors of all subclasses (Li et al., 1994;
Piletz et al., 1995). Agmatine also antagonizes NMDA receptors,
inhibits NOS and blocks calcium channels (Yang and Reis, 1999; Galea
et al., 1996; Zheng et al., 2004), which all play important roles in
learning and memory. These results suggest that agmatine also
influences memory and the effect of agmatine on morphine
dependence is related to its effect on learning and memory. Recently,
some evidence suggested that agmatine facilitates memory consoli-
dation in inhibitory avoidance tasks (Arteni et al., 2002). However,
other researchers suggested that systemically administered agmatine
selectively impairs behavioral inferences in contextual fear learning,
but had no effect on other memory models (McKay et al., 2002).

The present study is intended to find out not only whether
agmatine has any effect on memory on the single-trial step down
inhibitory avoidance task in saline or morphine treated mice, but also
whether the effect of agmatine on memory is related to imidazoline
receptors.
hts reserved.
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2. Materials and methods

2.1. Animals

Male Kunming mice weighing 18–22 g were used. The mice were
acclimated to the housing conditions and handled for 3–4 days before
the experiments to minimize handling stress during the test. These
animals were maintained on a 12 h light/dark cycle (lights on between
7:00 A.M. and 7:00 P.M.) and kept on ad libitum access to food and
water. All experimental procedures were conducted in accordancewith
the guidelines for the use of experimental animals and approved by the
Institutional Review Committee on Animal Care and Use.

2.2. Drugs

Morphine hydrochloride was purchased from Qinhai Pharmaceu-
tical Factory, China. Agmatine sulfate was synthesized by Beijing
Institute of Pharmacology and Toxicology, China. Idazoxan was
obtained from Sigma Chemical Company (Sigma, St. Louis, MO,
USA). All the drugs were dissolved in 0.9% saline to the final
concentrations and injected in a volume of 10 ml/kg. Agmatine and
morphine were given subcutaneously (s.c.). Idazoxan was adminis-
tered intraperitoneally (i.p.).

2.3. Apparatus

The step down inhibitory avoidance apparatus consisted of a
Plexiglas box (12×12×18 cm high) with a steel-rod floor
(d=4.2 mm). A Plexiglas platform (d=4.8 cm, h=4.5 cm) was set
in the corner of the grid floor. Electric shocks (0.15 mA) were
delivered to the grid floor.

2.4. Procedures of the single-trial step down inhibitory avoidance task

During the 5 min training session, the mice were gently placed on
the platform facing the rear left corner. Themice that stepped down the
platform and touched the grid received a 0.15 mA electric shock. Mice
that stayed on the platform for more than 300 s or couldn't step up the
platform were not used in the experiment. 24 h after the training
session, the mice were tested in the same condition without electric
shock. The latency for themice to step down the platformwas recorded
automatically with an end-point of 300 s (Arteni et al., 2002).

2.4.1. Effect of agmatine on the formation, consolidation and retrieval of
memory

To study the effect of agmatine on memory formation, mice were
trained 30 min after agmatine (0, 5, 10 and 20 mg/kg, s.c., Arteni et al.,
2002; Aricioglu et al., 2004) administration and were tested 24 h later.
To study the effect of agmatine on memory consolidation, agmatine (0,
5, 10 and 20 mg/kg, s.c.) was administrated 30 min after the training
session and the mice were tested 24 h later. To study the effect of
agmatine on memory retrieval, agmatine (0, 5, 10 and 20 mg/kg, s.c.)
was administrated 30 min before the test 24 h after the training session.

To studywhether the effect of agmatine onmemory formationwas
related to activation of imidazoline receptors, idazoxan (5 mg/kg, i.p.,
Wei et al., 2005) was co-administrated with agmatine (10 mg/kg, s.c.)
30 min before the training. The mice were tested 24 h later.

To study whether the effect of agmatine on memory retrieval was
related to activation of imidazoline receptors, idazoxan (5 mg/kg, i.p.)
was co-administrated with agmatine (10 mg/kg, s.c.) 30 min before
the test.

2.4.2. Effect of morphine on the formation, consolidation and retrieval of
memory

To study the effect of morphine on memory formation, the mice
were trained 30 min after morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.,
Jafari-Sabet M et al., 2005; Jafari MR et al., 2006) administration and
were tested 24 h later. To study the effect of morphine on memory
consolidation, morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.) was
administrated 30 min after the training session and the mice were
tested 24 h later. To study the effect of morphine onmemory retrieval,
morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.) was administrated 30 min
before the test 24 h after the training session.

2.4.3. Effect of pre-training agmatine administration on morphine-
induced memory impairment

To study the effect of pre-training agmatine treatment on
morphine-induced memory impairment, mice in the control group
received saline plus saline (10 ml/kg) while the mice in the other four
groups received agmatine (0, 5, 10 or 20 mg/kg, s.c.) 30 min before
morphine (5 mg/kg, s.c.) administration. 30 min after morphine
injection, the mice were trained in the step-down inhibitory
avoidance task. The mice were tested 24 h later.

To study whether the effect of agmatine on morphine-induced
memory impairment was related to activation of imidazoline
receptors, idazoxan (5 mg/kg, i.p.) was co-administrated with
agmatine (10 mg/kg, s.c.) and morphine (5 mg/kg, s.c.) 30 min before
the training. The mice were tested 24 h later.

2.4.4. Effect of pre-test agmatine administration on morphine-induced
memory impairment

To study the effect of pre-test agmatine treatment on morphine-
induced memory impairment, the mice in the control group received
saline (10 ml/kg) while the mice in the other four groups received
morphine (5 mg/kg, s.c.) 30 min before the training session. On the
test day, the mice pre-treated with morphine were injected with
agmatine (0, 5, 10, 20 mg/kg, s.c.) 30 min before the test. The mice
were tested 24 h later.

To study whether the effect of agmatine on morphine-induced
memory impairment was related to the activation of imidazoline
receptors, idazoxan (5 mg/kg, i.p.) was co-administratedwith agmatine
(10 mg/kg, s.c.) 30 min before the test. The mice were tested 24 h later.

2.5. Data analysis

The mice's latency of stepping down the platform was expressed
as mean±S.D. The data were analyzed using the Kruskal–Wallis non-
parametric one-way analysis of variance (ANOVA) followed by the
Mann–Whitney U test. Holmes Sequential Bonferroni Correction Test
was used when two independent groups were compared. A P value of
less than 0.05 was the critical criterion for statistical significance.

3. Results

3.1. Agmatine enhanced memory formation and retrieval, but not
memory consolidation

The latency for themice to step down the platform pre-treated with
agmatine (0, 5, 10 and 20 mg/kg, s.c.) before the training session was
shown in Fig. 1A, indicating that agmatine facilitatedmemory formation.
The latencyof themice in thecontrol groupwas207.60 s, comparedwith
290.27 s in the agmatine (10 mg/kg) pre-treated groups, was signifi-
cantly prolonged as compared to that in the control (u=1.98, Pb0.05).

The latency for the mice to step down the platform treated with
agmatine (0, 5, 10 and 20 mg/kg, s.c.) immediately after the training
session was shown in Fig. 1B, indicating that agmatine did not
affect memory consolidation. The latency of the mice was 217.50 s in
the control group and 204.73–246.11 s in the agmatine (5, 10 and
20 mg/kg) treated groups without significant difference.

In Fig. 1C, the latency for the mice to step down the platform
treated with agmatine (0, 5, 10 and 20 mg/kg, s.c.) 30 min before the
test session was shown, indicating that agmatine facilitated memory



Fig. 1. A. Effect of acute agmatine treatment on memory formation. To study the effect of
agmatine on memory formation, the mice were trained 30 min after agmatine (0, 5, 10
and 20 mg/kg, s.c.) administration andwere tested 24 h later. The latencies for themice to
step down the platform were expressed as mean±S.D. n=10–15, ⁎Pb0.05 compared to
control. B. Effect of acute agmatine treatment on memory consolidation. To study the
effect of agmatine on memory consolidation, agmatine (0, 5, 10 and 20 mg/kg, s.c.) was
administrated 30 min after the training session and the mice were tested 24 h later. The
latencies for the mice to step down the platformwere expressed asmean±S.D. n=9–14.
C. Effect of acute agmatine treatment onmemory retrieval. To study the effect of agmatine
on memory retrieval, agmatine (0, 5, 10 and 20 mg/kg, s.c.) was administrated 30 min
before test 24 h after the training session. The latencies for the mice to step down the
platform were expressed as mean±S.D. n=10–20, *Pb0.05 compared to the control.

Fig. 2. A. The relationship between idazoxan and agmatine on memory formation. To
study whether the effect of agmatine on memory formation was related to activation of
imidazoline receptor, idazoxan (5 mg/kg, i.p.) was co-administrated with agmatine
(10 mg/kg, s.c.) 30 min before the training. The mice were tested 24 h later. The latencies
for the mice to step down the platform were expressed as mean±S.D. n=23–28,
⁎Pb0.05 compared to the control; #Pb0.05 compared to the agmatine treated group.
B. The relationship between idazoxan and agmatine on memory formation and memory
retrieval. To study whether the effect of agmatine on memory retrieval was related to
imidazoline receptor, idazoxan (5 mg/kg, i.p.) was co-administrated with agmatine
(10 mg/kg, s.c.) 30 min before the test. The latencies for the mice to step down the
platformwere expressed asmean±S.D. n=9–13, ⁎Pb0.05 compared to control; #Pb0.05
compared to the agmatine treated group.
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retrieval. The latency of the mice in the control group was 190.90 s
while that of the mice in the agmatine (10 and 20 mg/kg) treated
groups was 269.23–277.14 s, which was significantly prolonged
compared with that of the control (u=2.24; Pb0.05).

3.2. Idazoxan inhibited the enhancement of agmatine on memory
formation and retrieval

Fig. 2A shows the latencies for the mice to step down the platform
pre-treated with idazoxan (5 mg/kg, i.p.) and agmatine (10 mg/kg, s.
c.) before the training session, indicating that idazoxan inhibited the
enhancement of agmatine on memory formation. The latency of the
mice in the control group was 232.48 s while that in the agmatine
10 mg/kg treated groups was 288.88 s, which was significantly
prolonged as compared to that in the control (u=2.03; Pb0.05).
Idazoxan (5 mg/kg, i.p.). Pre-treatment significantly inhibited the
effect of agmatine, for the latency decreased from 288.88 to 234.04 s
(u=1.99; Pb0.05).

Fig. 2B shows the latency for the mice to step down the platform
after pre-test idazoxan (5 mg/kg, i.p.) and agmatine (10 mg/kg, s.c.)
treatments, indicating that idazoxan inhibited the enhancement of
agmatine on memory retrieval. The latency of the mice in the control
group was 219.89 s. Idazoxan (5 mg/kg) alone had no effect on
memory retrieval compared to control, the latency is 202.69 s.
Agmatine significantly prolonged the latency to 293.69 s (u=2.77;
Pb0.01). Idazoxan (5 mg/kg, i.p.) pre-treatment significantly inhib-
ited the effect of agmatine, as the latency was decreased from 293.69 s
to 221.45 (u=2.18; Pb0.05).

3.3. Morphine impaired memory formation but not memory
consolidation and retrieval

The latency for the mice to step down the platform pre-treated
with morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.) before the training
session was shown in Fig. 3A, indicating that morphine impaired
memory formation. The latency of the mice in the control group was
240.60 s, while that of the mice in the morphine (2.5 and 5 mg/kg)
treated groups was 132.50–100.14 s, significantly different from that
of the control (u=2.20; Pb0.05).

The latency for the mice to step down the platform pre-treated
with morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.) after the training
session was shown in Fig. 3B, indicating that morphine did not
influencememory consolidation. The latency of the mice was 258.13 s
in the control group and 217.22–274.62 s in the morphine (1.25, 2.5
and 5 mg/kg) treated groups without significant difference.

image of Fig.�2


Fig. 3. A. Effect of acute morphine treatment on the formation of memory. To study the
effect of morphine onmemory formation, the mice were trained 30 min after morphine
(0, 1.25, 2.5 and 5 mg/kg, s.c.) administration and were tested 24 h later. The latencies
for the mice to step down the platform were expressed as mean±S.D. n=7–13,
⁎Pb0.05 compared to the control. B. Effect of acute morphine treatment on the
consolidation of memory. To study the effect of morphine on memory consolidation,
morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.) was administrated 30 min after the training
session and the mice were tested 24 h later. The latencies for the mice to step down the
platform were expressed as mean±S.D. n=8–13. C. Effect of acute morphine
treatment on the retrieval of memory. To study the effect of morphine on memory
retrieval, morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.) was administrated 30 min before the
test 24 h after the training session. The latencies for the mice to step down the platform
were expressed as mean±S.D. n=8–15.

Fig. 4. A. Effect of pre-training agmatine treatment on morphine-induced memory
formation impairment. To study the effect of pre-training agmatine treatment on
morphine-induced memory impairment, the mice in the control group received saline
plus saline (10 ml/kg), the mice in the other four groups received agmatine (0, 5, 10 or
20 mg/kg, s.c.) 30 min before morphine (5 mg/kg, s.c.) administration. 30 min after
morphine injection, the mice were trained in the step-down inhibitory avoidance task.
The mice were tested 24 h later. The latencies for the mice to step down the platform
were expressed as mean±S.D. n=12–18, ⁎Pb0.01 compared to control; #Pb0.05
compared to morphine. B. Effect of idazoxan on the pre-training agmatine treated mice.
To study whether the effect of agmatine on morphine-induced memory impairment
was related to imidazoline receptor, idazoxan (5 mg/kg, i.p.) was co-administrated
with agmatine (10 mg/kg, s.c.) and morphine (5 mg/kg, s.c.) 30 min before the training.
The mice were tested 24 h later. The latencies for the mice to step down the platform
were expressed as mean±S.D. n=7–10, ⁎Pb0.01 compared to the control; #Pb0.05
compared to morphine; @Pb0.01 compared to the agmatine+morphine treated group.
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Fig. 3C shows the latency for the mice to step down the platform
pre-treated with morphine (0, 1.25, 2.5 and 5 mg/kg, s.c.) before the
test, indicating that morphine did not influencememory retrieval. The
latency of the mice was 258.13 s, in the control group but 229.00–
278.77 s in the morphine (1.25, 2.5 and 5 mg/kg) treated groups
without much discrepancy.

3.4. Pre-training agmatine administration inhibits morphine-induced
memory impairment

The latency for the mice to step down the platform pre-treated
with agmatine (5, 10 and 20 mg/kg, s.c.) and morphine (5 mg/kg, s.c.)
before the training session was shown in Fig. 4A, indicating that pre-
training agmatine administration inhibited morphine-induced mem-
ory formation impairment. The latency of the mice in the control
group was 203.72 s, compared with 91.42 s in the morphine (5 mg/
kg) treated group, which was significantly shorter than that of the
control (u=2.86; Pb0.05). The latency of the mice in agmatine (10
and 20 mg/kg) and morphine (5 mg/kg) treated group was 184.54–
196.84 s, significantly different from that of the morphine treated
groups (u=2.01; Pb0.05).

Pre-training idazoxan treatment inhibited the effect of agmatine on
morphine-induced memory formation impairment. The latency of the
mice in the control group was 258.90 s and that of morphine (5 mg/kg)
treated mice was147.00±115.74 s, which was significantly shorter
than that of the control (u=2.49; Pb0.05). The latency of the agmatine
(10 mg/kg) and morphine (5 mg/kg) treated mice was 235.00 s, which
was significantly different from that of the morphine treated group
(u=2.00; Pb0.05). Pre-training idazoxan (5 mg/kg) treatment did not
influence the memory impairment induced bymorphine 10 mg/kg, but
significantly inhibited the effect of pre-training agmatine treatment on
morphine induced memory impairment. The latency of the mice
treated with idazoxan+agmatine+morphine was 102.00 s, which
was different from that of the agmatine+morphine treated group
(u=3.01; Pb0.01). See Fig. 4B.

3.5. Pre-test agmatine administration inhibits morphine-induced
memory impairment

The mice pre-treated with morphine (5 mg/kg, s.c.) before the
training session were injected with agmatine (5, 10 and 20 mg/kg, s.
c.) 30 min before the test. The result indicated that pre-test agmatine
treatment inhibited morphine-induced memory formation impair-
ment. The latency of the mice in the control group was 195.29 s as
against 84.50 s in the morphine (5 mg/kg) treated group, which was
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significantly different from that of the control (u=2.88; Pb0.05). The
latency of the mice in agmatine (10 and 20 mg/kg)+morphine
(5 mg/kg) pre-treated group was 125.46–169.23 s, which was
significantly different from that of the morphine treated group
(u=2.04; Pb0.01). See Fig. 5A.

Pre-test idazoxan treatment inhibited the effect of agmatine on
morphine-induced memory formation impairment. The latency of the
mice in the control group was 244.80 s compared to 90.43 s of the
morphine (5 mg/kg) treated mice, which was significantly different
from that of the control (u=2.93; Pb0.01). The latency of the
morphine (5 mg/kg)+agmatine (10 mg/kg) treated mice was
177.33 s, which was significantly different from that of the morphine
treated group (u=2.20; Pb0.05). Pre-test idazoxan (5 mg/kg) did not
influence the impairment induced by morphine 10 mg/kg but
significantly inhibited the effect of pre-test agmatine treatment on
morphine induced memory impairment. The latency of the mice
treated with morphine+idazoxan+agmatine was 95.14 s, which
was different from that of the morphine+agmatine treated group
(u=2.08; Pb0.05). See Fig. 5B.

4. Discussion

There is growing evidence that agmatine inhibits tolerance to
morphine (Fairbanks and Wilcox, 1997) and attenuates behavioral
signs of morphine abstinence syndrome in vitro and in vivo. This
study provided evidence for the modulation of agmatine on
morphine-induced memory impairment and shed light on the
Fig. 5. A. Effect of pre-test agmatine administration on morphine-induced memory
impairment. To study the effect of pre-test agmatine treatment on morphine-induced
memory impairment, mice in the control group received saline (10 ml/kg), the mice in
the other four groups received morphine (5 mg/kg, s.c.) 30 min before the training
session. On the test day, the mice pre-treated with morphine were injected with
agmatine (0, 5, 10, 20 mg/kg, s.c.) 30 min before the test. The latencies for the mice to
step down the platform were expressed as mean±S.D. n=12–17, ⁎Pb0.01 compared
to the control; #Pb0.05 compared to morphine. B. Effect of idazoxan on the pre-test
agmatine treated mice. To study whether the effect of agmatine on morphine-induced
memory impairment was related to imidazoline receptors, idazoxan (5 mg/kg, i.p.) was
co-administrated with agmatine (10 mg/kg, s.c.) 30 min before the test. The latencies
for the mice to step down the platform were expressed as mean±S.D. n=7–10,
⁎Pb0.01 compared to the control; #Pb0.05 compared to morphine; @Pb0.05 compared
to the morphine+agmatine treated group.
possible mechanisms. The results suggested that acute agmatine (5,
10 and 20 mg/kg) treatment facilitated the formation and retrieval of
memory which could be antagonized by idazoxan. As in other studies,
acute morphine (5 mg/kg) treatment impaired the formation of
memory. Pre-training and pre-test agmatine treatment inhibited the
memory impairment induced by morphine, and these effects were
also antagonized by idazoxan.

As a neurotransmitter and/or modulator, agmatine plays an
important role in CNS. Systemic agmatine treatment was found to
facilitate memory consolidation in inhibitory avoidance tasks (Arteni
et al., 2002). The mechanism involved the activation of imidazoline
receptors in the tractus solitarii (NST)–nucleus paragigantocellularis
(PGi)–locus coeruleus (LC) pathway. However, the effect of agmatine
on memory was not consistent. McKay found that agmatine (1, 5, 10
and 50 mg/kg, i.p.) did not affect latencies for the mice to find the
hidden platform or preference for the training quadrant during probe
trials. When administered 20 min prior to contextual or auditory-
cued fear-conditioning sessions, agmatine evoked a dose-dependent
impairment in the magnitude of learned fear to the contextual stimuli
when assessed during motor activity. Agmatine (50 mg/kg) along
with malaise-evoking agent following presentation to a novel sucrose
solution abolished learned taste aversions, which suggested that
agmatine selectively impairs behavioral inferences of specific types of
learning and memory related to specific brain regions (Mckay et al.,
2002). Unlike previous studies, we found that acute agmatine
treatment facilitated the formation and retrieval of memory; but
had no effect on the consolidation of memory in the present study.
Such discrepancy could be due to the different animal model used,
different experimental conditions and different drug treatment in the
studies.

Ferry and McGaugh (2008) found that consolidation of inhibitory
avoidance memory depends critically on prolonged activation of the
noradrenergic system in the basolateral nucleus of the amygdala and
indicated that this modulatory effect is mediated, in part, by pre-
synaptic α2-adrenoceptors. Namely, α2-adrenoceptors facilitate con-
solidation ofmemory. However,many studies failed to demonstrate any
physiological effect of agmatine by binding to α2-adrenoceptors
(Pineda, 1996; Pinthong, 1995). Other investigators have documented
memory enhancement of NMDA receptor agonists in different exper-
imental models (Flood et al., 1990; Myhrer and Paulsen, 1992). On the
other hand, it has been reported that both the competitive and non-
competitiveNMDAreceptor antagonists impair learning andmemory in
various behavioral tasks (Ward et al., 1990; Parada et al., 1992; Maurice
et al., 1994). To explain the cellular action of NMDA receptor
antagonists, it was suggested that the memory impairment induced
by NMDA receptor antagonists was due to their influence on NO and
subsequent cGMP production in the brain (Yamada et al., 1996a, b).
Agmatine was found to antagonize NMDA receptors, inhibit NOS, and
block calcium channels, which all play an important role in learning and
memory. Based on the above analysis, it can be asserted that agmatine
might also impair learning andmemory. However, our results indicated
that agmatine facilitated memory formation. Therefore, the effect of
agmatine on learning and memorymight bemediated by other targets,
such as imidazoline receptors. It was once proposed that drug addiction
is an aberrant formof learning,mediated bymaladaptive recruitment of
certain memory systems in the brain (Robbins and Everitt, 1999). In
agreement with previous reports (Valili et al., 2004; Zarrindast et al.,
2006),we found that pre-training administration ofmorphine impaired
formation of memory. Many studies have reported the effects of
agmatine in inhibiting morphine withdrawal symptoms (Aricioglu-
Kartal, 1997; Li et al., 1998; Aricioglu et al., 2003a, b), drug
discrimination (Su et al., 2008), conditioned place preference (Wei
et al., 2005), and drug self-administration (Su et al., 2009), but the
underlying mechanisms are unclear. Since agmatine binds to many
targets that play important roles in learning and memory, the effect of
agmatine in inhibiting morphine dependence might be associated with
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modulation on learning and memory. In our study, agmatine facilitated
the formation and retrieval of memory in morphine-treated mice, and
imidazoline receptor antagonist idazoxan inhibited the effect of
agmatine. Thus, we can make the hypothesis that agmatine modulates
memory formation impairment induced by morphine and that the
mechanism is related to activation of imidazoline receptors. Agmatine
can increase the concentration of beta-endorphin by activation of
imidazoline I (2A) receptors (Chang et al., 2010), which plays an
important role in morphine treated animals (Izquierdo, 1985).
However, the effect of agmatine on the memory of chronic morphine-
treated mice remains unclear and needs to be further studied.

In conclusion, agmatine facilitated memory formation and retrieval
in the step-down inhibitory avoidance test. Acute morphine treatment
impaired memory formation in the same model. Pre-training and pre-
test agmatine treatment reversed the impairment of morphine on
memory formation through activation of imidazoline receptors.
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