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Abstract

Abrupt cessation of morphine leads to withdrawal signs and cognitive deficits. Endocannabinoid system is
activated during withdrawal; therefore, the aim of the present study was to assess the effects of AM281,
cannabinoid antagonist/inverse agonist, on memory deficit following spontaneous morphine withdrawal.
Cognition was evaluated by using the object recognition task. The novel object recognition task was tested in
a square wooden open-field box using objects. The test was consisting of three sections: 15 min exploration,
first trial for 12 min and second one for 5 min. In the second trial the difference in exploration between a
previously seen object and a novel one, was considered as an index of memory performance (recognition
index - RI). Male mice were made dependent by increasing doses of morphine (30-90 mg/kg)
subcutaneously twice daily for 3 days. AM281 (0.62, 1.25 and 2.5 mg/kg) were used in chronic form
concurrent with morphine i.p. or acutely (2.5, 5 and 10 mg/kg) on the last day. RI was evaluated on the third
day 4 h after the last dose of morphine. Chronic administration of AM281 at 2.5 mg/kg improved RI to the
22.1 £ 4.8 and single dose of AM281 at 5 mg/kg improved the memory impairment to the 8.5 £ 4, as
compared with vehicle-treated which was 4.8 & 2.5. The results suggested that administration of AM281 at a
dose of 2.5 mg/kg in chronic form and 5 mg/kg in acute dose improved memory.
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INTRODUCTION actions through two main receptors CBI,

mainly in brain, CB2, located in immune cells;

Opiates are amongst the most helpful
medicines; although used as recreational drugs
(1). Chronic misuse of these compounds gives
rise to the tolerance and physical dependence
known as opiate addiction. Withdrawal
syndrome is likely to appear as physiological
and behavioral symptoms after prolonged
exposure to morphine (2).

Prolonged exposure to opiates also disrupts
brain function (3). Cognitive deficit exists
even after subsiding somatic withdrawal signs
that may arise from impairment of brain
function during chronic misuse (4). In human,
memory deficit leads to impairment of every
day function, therefore, it would be rational to
prevent memory impairment.

Prolonged misuse of morphine enhances the
density of cannabinoid CB; receptor mRNA in
brain areas activated during morphine
withdrawal (5). Cannabinoids exert their

both of them inhibit adenylate cyclase (6). It
has been suggested that chronic exposure to
the cannabinoid agonist disrupts memory (7).
Additionally, it is proposed that acute
use of natural canabinoids such as A9-
tetrahydrocannabinol or synthetic cannabinoid
analogues impairs cognition in laboratory
animals (8) and humans (9). Cannabinoid
antagonists reverse cognitive deficit memory
induced by MDMA (3, 4 methyl enedioxy
methamphetamine) withdrawal (10). Also it
has been suggested that long term-treatment
with CB; receptor antagonist attenuates
morphine withdrawal signs too (11). We
previously reported that AM281 ameliorates
memory deficit induced by naloxone
withdrawal (12), but the severity of signs are
different between spontaneous and naloxone
induced morphine withdrawal. Spontaneous
withdrawal is more similar to human
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withdrawal (13). Therefore, this study was
designed to assess the effect of AM28I,
cannabinoid antagonist, on mice performance
in object recognition task during spontaneous
morphine withdrawal.

MATERIALSAND METHODS

Animals

Male NMRI mice (Pasteur institute, Tehran,
Iran) with the weight of 25-30 g were used.
Mice were kept under controlled conditions
and a 12 h light/dark cycle. In order to reduce
the effect of circadian rhythm in a noise-free
room, all experiments were carried out
between 08:00 and 13:00 h. At least six mice
were used in each group. All experimental
procedures were approved by the Ethical
Committee of the Isfahan University of
Medical Sciences, and in accordance with the
international principles for use and care of
laboratory animals.

Object recognition task

The object recognition was designed as
explained by Bertaina-Anglade and coworkers
(14). The apparatus was made of a square
wooden open-field with base dimensions of 35
% 35 cm and walls of 40 cm. The test was
carried out in a dark room under the dim light.
To avoid the effect of odor in trials, the
apparatus and objects were cleaned by water
between the trials. Objects were logos with
different shapes and colors, equidistant from
the sides of the apparatus. The day before the
test, mice were placed in the box individually
and allowed to explore the arena barely for 15
min. On the second day, mice were submitted
to two trials with 20 min interval. During the
first trial (acquisition trial, T1), each animal
was placed in the arena containing two copies
of objects and allowed them to explore the
open field freely until spent 20 s exploring the
both objects, total time exploration of two
objects were recorded. Mice which not
explore the objects during 12 min were
excluded.

Exploration was described as looking at,
touching or placing the nose on the objects.
For the second trial (retrieval, T2), one of the
objects was replaced with the novel one, each
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mouse was placed back in the task for 5 min
and exploration time for the novel (N) and
familiar (F) objects were recorded. Times were
finally analyzed.

Drugs

Morphine sulfate (Temade, Tehran, Iran),
and AM281 (Sigma, USA) were used.
Morphine was dissolved in saline 0.9%, whilst
AM?281 was dissolved in dimethyl sulfoxide
(DMSO) 4% and saline 0.9%, all the drugs
were prepared freshly. AM281 was injected
intraperitoneally (i.p.), however, morphine was
injected subcutaneously (s.c.). Test drug
concentrations were adjusted as each animal
received a volume of 10 ml/kg.

Drug treatments

Animals were made dependent by
increasing doses of morphine, twice daily.
Mice were injected with 30 and 45 mg/kg
morphine on the first day, 60 and 90 mg/kg on
the second day, and 90 mg/kg on the third day,
with 12 h intervals (15). Control group
received normal saline only twice daily for
three days. Vehicle group received morphine
and vehicle for three days. AM281 (0.62, 1.25
and 2.5 mg/kg) was administrated i.p. every
day concurrently with morphine except the day
of experiment. To assess the acute effect of
AM281 (2.5, 5 and 10 mg/kg), it was singly
injected 40 min before second trial (test trial).
Cognition was evaluated 4 h after the last dose
of morphine on the third day (16).

Data processing and statistical analysis

Time required for exploration the identical
objects (T1) in the first trial and time spent for
exploration of the N and F objects in the
second trial (T2) were calculated. Cognition
memory was evaluated by means of a
recognition index (RI). RI was calculated for
each animal using the following formula:
difference between the time exploring the N
and F object, divided by total time exploring
both objects: N-F/N+F by Ennaceur and
coworkers. Results were analyzed with one
way ANOVA. P<0.05 was considered as a
significant result. Results were expressed as
the mean + S.E.M. Sigma Stat Ver. 3.5 was
used as computing software.
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RESULTS

Effect of acute administration of AM281 on
memory performance

The dependent mice received AM281 at
doses of 2.5, 5 and 10 mg/kg 45 min prior to
T2. These results suggest that treatment at a
dose of 5 mg/kg was able to improve
acquisition time and change the exploration
time but not to the saline values (Fig. 1).

Fig. 2 shows that acute administration of
AM281 at a dose of 5 mg/kg, significantly
augmented RI. However, the RI for this
treatment was less than that of saline. We also

observed that AM28]1 at the dose of 2.5 and 10
mg/kg exerted no influence upon RI.

Effect of chronic administration of AM281
on memory performance

As depicted in Fig. 3, the simultaneous
daily administration of AM281 with morphine
significantly shortened the exploration time
(T1), as compared with morphine-dependent
mice receiving vehicle. Moreover, in contrast
to T1 in vehicle group, AM281 treatment at
doses of 1.25 and 2.5 mg/kg ameliorated T1,
whilst AM281 at 0.62 mg/kg had no effect
on T1.
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Fig. 1. Effect of acute administration of AM281 on duration of T1 (time required to achieve 20 s of object exploration)
during spontaneous morphine withdrawal in all groups (n=6). Results are expressed as mean = S.E.M. ***P<0.001,
#¥P<0.01 and *P<0.05 in comparison to normal saline, “P<0.05 in comparison to vehicle.
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Fig. 2. Effect of acute administration of AM281 on memory performance on two trial object recognition task, during
spontaneous morphine withdrawal. In all groups (n=6). ***P<0.001 in comparison to normal saline, "P<0.05 in

comparison to vehicle.
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Fig. 3. Effect of chronic administration of AM281 on duration of T1 (time required to achieve 20 s of object exploration
in the first trial) in morphine dependent mice. In all vehicle groups n=6. Results are expressed as mean + S.E.M.
**%¥P<(),001 and *P<0.05 in comparison to normal saline, “P< 0.05 in comparison to vehicle.

50 1

0.625

1.25 2.5

AM281 (mg/kg)

40 A 1
30 1

5

kS

=20 A

=

.2

‘§,10 A

=}

54

0
10 Saline Vehicle
220 -

Spontaneous Withdrawal

Fig. 4. Effect of chronic administration of AM281 on memory performance on two trial object recognition task, during
spontaneous morphine withdrawal. In all groups n=6. Results are expressed as mean = S.E.M. ***P<(0.001 and
*P<0.05, in comparison to normal saline, “P< 0.05 in comparison to vehicle.

Fig. 4 illustrates RI scores following the
concurrent treatments. We found that
treatments made their impacts dose-
dependently. Additionally, compared with RI
in morphine-treated animals, the RI score rose
as a consequence of chronic concurrent
administrations of AM281 (2.50 mg/kg) and
morphine. AM281 at 0.62 and 1.25 mg/kg did
not improve the RI score.

DISCUSSION

Memory impairment was evaluated during
spontaneous morphine withdrawal, 4 h
following the last dose of morphine while the
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influence of AM281 was investigated in the
object recognition task. Acute administration
of AM281 shortened exploration time and
improved memory performance, as did chronic
administration of AM281. Object recognition
test includes a rapid assessment of cognition
predicated upon rodents’ propensity to explore
new objects (17).

This test assesses memory performance
under normal environmental conditions such
as low stress. Therefore, this model is very
similar to human (18).

A previous research demonstrated that
spontaneous morphine withdrawal gives rise to
impairment of memory, 14 h subsequent to the
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last dose of morphine in mice (19). Mesripour
and coworkers showed that mifepristone and
metyrapone reversed recognition memory loss
induced by spontaneous morphine withdrawal
(16). Manzanares and coworkers found that
cannabinoid CB1 receptors were changed in
opiate dependence (20). In spite of the fact that
association between morphine withdrawal and
endocannabinoid release has not yet been
completely worked out, anandamide (an
endocannabinoid) release was shown during
spontaneous morphine withdrawal in the brain
(21). This may refer to the fact that AM404
(anandamide transport inhibitor) exerts no

impact upon naloxone-precipitated
withdrawal. In addition, aforesaid decrease in
anandamide secretion may highlight the

increased expression of striatal cannabinoid
CBj receptors in opiate-dependent rodents
(22). It was demonstrated that progressive
neuro adaption related to spontaneous
withdrawal brought about a normalization of
anandamide release, as reflected by the
attenuation of spontaneous withdrawal through
the administration of the AM404, a carrier
inhibitor. In fact, AM404 is likely to improve
the inhibition of this endogenous cannabinoid
on locomotors activity and anxiety. This may
be as a result of restricting the uptake of
anandamide (23). What we know mostly about
cannabinoids and activity-dependent changes
in synaptic strength is largely based upon
studies investigating excitatory synapses by
means of acute hippocampal slices as the
experimental model (24). Induction of long
term potential (LTP) was inhibited by
cannabinoid receptor activation in the
hippocampal slice. Using endocannabinoid
such as anandamide, inhibition of LTP was
shown in field potentials in the CAl region
(25, 26). Akirav and coworkers found that
cannabinoid antagonists such as SR141716A
block the impairment in the induction
of LTP of the CAl (27). Rubino and
coworkers argued that cannabinoid receptor
antagonists exerted a therapeutic effect upon
attenuating morphine withdrawal syndrome as
long term-treatment with CB; receptor
antagonist attenuates somatic withdrawal sign
also (11).
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CONCLUSION

The most striking result to emerge from this
study is that impairment of recognition
memory in spontaneous morphine withdrawal
arises from the activation of cannanbinoid
CB1 receptors. AM281 at the doses of 2.5
mg/kg in chronic form and 5 mg/kg in acute
form improved RI in spontaneous morphine
withdrawal higher doses had negative effect
perhaps because of their anxiety-like effect
(28). We highlight the positive role of CBI1
antagonist in  ameliorating spontaneous
morphine withdrawal syndrome, which was
consisting with our previous finding (12).
Finally, further investigation and
experimentation into the role of CB1 receptors
is strongly recommended.
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