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ABSTRACT

Background: There is only little information about the effects
of GABA receptors agonist and antagonist on morphine
self-administration. Present study was designed to assess role
of GABAB receptors in the regulation of morphine-reinforced
self-administration.

Methods: This study was performed in four groups of rats: (1) Saline
group, which received saline in the self-administration session. (2)
Morphine group, which received morphine in saline solution in
the self-administration session. (3) Baclofen + Morphine group,
which received both baclofen 20 min before self- administration
test and morphine in the self-administration session. (4)
Phaclofen + Morphine group, which received both phaclofen
20 min before self- administration test and morphine in the
self-administration session. The number of lever pressing and
self-infusion were recorded.

Results: Morphine significantly increased the number of active
lever pressing dose dependently in self-administration session in
comparative with saline group. Administration of baclofen, 20 min
before morphine self-administration produced significant decrease
in the initiation of morphine self-administration during all session.
Conversely, pre-treatment of phaclofen increased the number of

active lever pressing and self-infusion in this test.

Conclusion: Our results indicated a short-term treatment
by baclofen, reduced morphine-maintenance response in a
dose-dependent manner, suggesting that GABAB receptor agonists
could be useful for reversing the neuroadaptations related to
opiates.
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INTRODUCTION

Although drug addictive mechanisms in humans are
considerably complex, animal models of addictive behavior have
been useful in predicting the abuse liability of new compounds,
in assessing the medication for the treatment of drug addiction,
investigating the underlying neuropharmacological and molecular
mechanisms. Self-administration is one of most powerful tools for
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investigating the manner in which neurochemical
and neuropharmacological process influence
behaviors related to drug reinforcement.!!

It is well established reinforcing effect of drug
abuse to the mesolimbic dopamine (DA) system.
The mesolimbic dopamine (DA) system seems to
be primarily responsible for the reinforcing effect of
morphine.?

GABA is the primary inhibitory neurotransmitter
in the brain and spinal cord.’® The GABAergic
system is closely relevated to the mesolimbic
dopaminergic system, and is suppose involve in the
modulation of reinforcing effects of several addictive
drugs.”8  Importantly GABAergic receptors
modulation has been reported to participate in
drug-induced reinstatement of cocaine” and
alcohol-seeking!” as well as in the cue-induced
reinstatement of nicotine-seeking behavior in rats.!!!]
There are also evidences that GABAergic system is
involve to behavioral sensitization to morphine.[>16!
It has been shown that learning and memory play
an important role in the development of opioids
tolerance and dependence.!'”!*! In the other hand,
the GABAergic system has effect on the learning
and memory retention.?*?l Previous studies
administration of GABAergic receptors agonists
impairs memory and their antagonists facilitate
retrieval it?* and also memory acquisition and
extinction can be altering by GABAergic system.?!

Thus, the identification of new pharmacological
anti-craving treatments for use in prevent of opioids
relapse is a priority issue. There have been relatively
few studies examine the role of GABAB receptor
pathways in the extinction of opioids reward.?!
Manipulation of GABAB receptors transmission
may facilitate or impede extinction learning
depending on the time point of drug administration.
Hence, it is interesting to evaluate role GABAB
receptors in morphine self-administration test. Thus
present study was performed to further investigate
the role of GABAB receptors in morphine
self-administration.

METHODS

Animals

48 male wistar rats with weighing 270-300
gram at the beginning of the experiment were
used and housed in the cages with food and water
made available ad libitum. Rats were maintained in
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a climate-controlled colony room at23+1onal2h
light-dark cycle. All experiments were conducted
during the dark phase. The Ethic Committee for
Animal Experiments at Isfahan University of
Medical Sciences approved the study plan. All
animals care and experimental procedures were in
accord with protocols approved by the National
Institutes of Health Guide for the Care and Use of
Laboratory Animals.

Drugs

Morphine sulfate and GABAB receptors agonist
and antagonist’s dosages, time course of effects and
route of administration all selected based on previous
studies. Morphine sulfate (Temad, Iran), phaclofen
and buclofen (Sigma-Aldrich) was dissolved in
sterile %0.9 saline just before the experiment.

Surgery

Rats  were  anesthetized  with  chloral
hydrate (350 mg/kg i.p)? and followed by, if
necessary maintenance dose. A cannula was
inserted the jugular vein (for details see.?”” Cannula
was guided subcutaneously up to the skull where
it was fixed to a curved metal tube and secured
onto the skull with small screws, fixed with dental
acrylic cement and a styled cap was inserted into
the distal end of the catheter to prevent its clogging
and provide a closed system. Then a cannula was
implanted in the CV region in order to injection
GABAB receptors agonist and antagonist,
as described below. Animals were placed in
a stereotaxic frame in a flat-skull position and fixed.
A midline incision was made the skin and underlying
periostum retracted and the skull cleaned. Stainless
steel, 23-gauge guide cannula was implanted 1 mm
above the lateral cerebral ventricle. Stereotaxic
was coordinated according to the rat brain atlas
of Paxinos and Watson (CV: AP = 0.8 relative to
bregma, L = 1.5 relative to midline, V = 4.2 relative
to skull surface).?® Cannula was fixed with dental
acrylic cement and anchored by two screws placed
in the skull. A stylet (26-gauge stainless steel) was
placed into the guide cannula to allow it to maintain
patency. After surgery, rats were given 300,000 units
of procaine penicillin G (i.p) to prevent infection.
The animals were allowed 5-7 days of recovery
before beginning of the experiment

Experimental design
Male rats (N = 48) were randomly selected and
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divided into four groups (n = 12):

* Saline group, which received saline 5 uL icy,
20 min before each session and saline in the
self-administration session.

*  Morphine group, which received saline 5 uL
icv, 20 min before each session and morphine
in saline solution in the self-administration
session.

* Baclofen + morphine group, (BAC + M), which
received both GABAB receptor agonist (baclofen
100 nmol in volume: 5 uL icv)?! 20 min before
self- administration test and morphine in the
self-administration session.

* Phaclofen + morphine group (PHA + M),
which received both GABAB receptor
antagonist (phaclofen 100 nmol in volume:
5 uL icv)BY% 20 min before self- administration
test and morphine in the self-administration
session.

Saline, baclofen and phaclofen were injected by
microinjection and via cannula that before implanted
in the CV region and one end that attached to a 50
uL Hamilton micro syringe by a polyethylene
tube. Solution was infused slowly over a period of
5 min in per rat. Cannula was kept in place for an
additional 3 min to minimize the drug backflow
into the injection track.

Procedure

Briefly, to aid in acquisition of drug
self-administration, rats were initially trained
to press a lever using food as reinforcement
before being surgically implanted with a chronic
intravenous (i.e. chronic iv) jugular catheter.
Training and testing were done in standard operant
conditioning cages (21 x 21 x 28 cm) placed in
a sound-attenuated room, ventilated with fans,
based on the method used previously by others!!3!!
with minor modifications. The apparatus was
equipped with reinforcement lever (RL) and
non- reinforcement lever (NRL), 2 cm above the
floor, with a red light located 4 cm above the RL.
The iv cannula was connected to an infusion pump
via a swivel, allowing the animal to move relatively
freely. Pressing of the reinforcement lever (RL),
marked by a red light and resulted in 10 sec infusion
of 0.2 ml fluid through an infusion pump. The fluid
was saline in the control group and sulfate morphine
in saline solution (5 mg/ml) in other groups.

Seven days after the recovery, and following
24 hrs. of food restriction, rats were placed in the
operant chambers where a lever filled with food
pellets was available. Animals were placed in the
self-administration apparatus for 2 hrs. each day
on an FR-1 schedule for 10 days.? The number of
the RL and NRL were recorded by computer. In
this study, the number of active lever pressing and
number of infusion were regarded as a measure of
the reinforcing action of the drug.B32%!

By pressing the reinforcement lever, the rats
received 0.2 ml fluid and small pellets in the first
5 days and fluid without pellets in the final 5 days
of the experiment. Pressing the NRL did not deliver
fluid or food. In the first 5 day of self-infusion
period, the availability of food was restricted in
order to reduce body weight by 15% which has been
shown to facilitate the initiation of intravenous
self-administration.? On the next 5 days, the
animals had free access to their ad libitum food.
Catheters were flushed daily with 0.2 mL saline
containing heparin sulfate (50 IU/ml) during the
recovery period as well as before and after the
self-administration sessions. All operant sessions
were conducted during the animal’s dark cycle.
Cannula potency was tested by the injection of
sodium pentobarbital solution into the catheter
and observation of animal behavior. Animals
with patent catheters exhibit prominent signs of
anesthesia (loss of muscle tone) a few seconds after
the administration.

Statistical analysis

The data obtained during self-administration
sessions, the numbers of active and passive lever
pressing and the numbers of infusion were analyzed
by using one-way analysis of variance (ANOVA)
and student’s z-test. All results have been expressed
as means * S.E.M. different with P < 0.05 was
considered significant.

RESULTS

In this study, the effects of GABAB receptors
agonist and antagonist (baclofen and phaclofen)
on morphine self- administration were studied in
rats. For this purpose, saline (control and morphine
groups) baclofen (baclofen + morphine group)
and phaclofen (phaclofen + morphine group)
injected(icv),20minbeforeeachsessionandreceived
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saline (control group) and morphine (morphine,
baclofen + morphine and phaclofen + morphine
groups) in self- administration. The number of
self infusion (SI), reinforcement lever (RL) and
non- reinforcement lever (NRL) were compared
between and within groups. In morphine
group that received morphine during 10 days
in comparison with control group that received
saline in self-infusion there was no significant
difference in the number of SI during first 4 days
between 2 groups. But in the last 6 days number
of SI increased significantly in the morphine
group [Figure 1].

The number of SI in baclofen + morphine
group decreased and in phaclofen + morphine
group increased significantly during
5-10 days in comparison with morphine
group [Figure 2] (*P < 0.05) (*P < 0.05).

The numbers of RL and NRL in control and
morphine groups were presented in [Figure 3].
The number of RL in morphine group increased
significantly in comparison with control group
except in the first 4 days in which the animals
had free access to food (*P < 0.05). There was no
significant difference in the NRL between 2 groups.

Numbers of RL and NRL between morphine,

—+— saline
60 -

—&— morphine

40 -

30 -

20 H

Number of self-infusion

10 A

1 2 3 4 5 6 7 8 9 10
Time (Days)

Figure 1: Comparison numbers of self-infusion (SI)
between two groups of control and morphine. Rats received
saline (control group) and morphine (morphine group) in
self-administration apparatus. Saline 5 UL injected (icv)
before each session and number of SI was compared among
2 groups using one-way ANOVA and student’s z-test.
Data are presented as mean = SEM. There was significant
difference between control and morphine groups. The
number of SI in morphine group increased significantly
except first 5 days (*P < 0.05)
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baclofen + morphine and phaclofen + morphine
groups were presented in [Figure 4]. Numbers
of RL in baclofen + morphine group decreased
and in phaclofen + morphine group increased
significantly during 5-10 days. No significantly
difference in the NRL was observed between three
groups (*P < 0.05), (*P< 0.05).

DISCUSSION

Results obtained in the present study
demonstrate that morphine treatment in a manner
of dose-dependent significantly enhanced morphine
self-administration. In agreement with previous
studies, which showed that morphine increased
number of self-infusion and number of active
lever pressing in self-administration session.!
Soleki et al., (2005) found that the enhancement of
GABAergictransmissionby GABA uptake inhibitors
potently reduces heroin discriminative stimulus.?*!
Xiand Stein (2000) also found that increasing GABA
concentrations in the VTA or VP blocks heroin
self-administration in a GABAB receptor dependent

80 - )
—&— morphine

—&— phaclofen
60 -

50 A

—&— baclofen

40 A
30 f
20 A
10 A

Number of self-infusion

Time (Days)

Figure 2: The number of self- infusion (SI) comparison
between morphine, (BAC +M) and (PHA +M) groups. In three
groups rats received morphine in self-administration apparatus
and saline (morphine group), baclofen (BAC + M group) and
phaclofen (PHA + M group) injected (icv) 20 min before
each session and number of SI was compared among three
groups using one-way ANOVA and student’s ¢-test. Data are
presented as mean £ SEM. This figure shows that pre-treatment
with baclofen (GABAB receptors agonist) (100 nmol icv),
decreased significantly SI in rats and pre-treatment with
phaclofen (GABAB receptors antagonist) (100 nmol icv)
increased significantly SI in comparative with morphine
group in during 5-10 days (*P < 0.05) (*P < 0.05)
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Figure 3: Comparison number of reinforcement lever
pressing and non-reinforcement lever pressing between saline
and morphine groups during morphine self-administration.
In the day testing rats received saline (saline and morphine
groups) in self-administration apparatus and saline 5 pL
injected (icv) 20 min before each session and number
of RL and NRL was compared among 2 groups using
one-way ANOVA and student’s ¢-test. Data are presented as
mean + SEM. This figure shows that number of RL increased
significantly in morphine group during 5-10 days. No
significantly difference in the NRL was observed between
two groups (*P < 0.05)

manner.?” Our results indicated that pre-treatment
with  GABAB receptor agonist (baclofen)
significantly decreased morphine self-infusion and
GABAB receptor antagonist (phaclofen) increased
morphine self-infusion [Figure 2]. These findings
are in agreement with the previous studies, which
have shown that stimulation of GABAB receptors
reduce self-infusion of the most common drug
abuse, including nicotine, methamphetamine,
heroine and cocaine.’® Baclofen also prevents
the increase NAc shell dopamine release after
acute administration of morphine, nicotine and
cocaine.”?” This regulatory effect of GABAB
receptors agonist on drug reinforcement is also
supported by earlier studies demonstrating that
baclofen antagonized morphine-induced increases
in synaptic neostriatal and nucleus accumbens
DA levels.'* Moreover similar conclusions
obtained in other studies, which baclofen reduced
heroine-induced DA release in the NAc and
inhibited heroine self-administration behavior in
a dose dependent manner. Microinjection baclofen
into the VTA inhibited morphine-induced CCP in
rats! and suppressed heroin self-administration

Figure 4: Comparison number of reinforcement lever
pressing and non-reinforcement lever pressing between
morphine, (BAC +M) and (PHA + M) groups. In three groups
rats received morphine in self-administration apparatus.
And saline (morphine group), baclofen (BAC + M) groups
and phaclofen (PHA + M) groups injected (icv), 20 min
before each session. The number of RL and NRL was
compared among three groups using one-way ANOVA
and student’s #-test. Data are presented as mean = SEM.
This figure shows that number of RL in (BAC + M) group
decreased and in (PHA + M) group increased significantly
during 5-10 days in comparative with morphine
group (¥*P < 0.05), (*P < 0.05). No significantly difference
in the NRL was observed between three groups

behavior and heroin-induced DA release.!'8
Others reported that this drug can modulate
self-administration of cocaine and attenuate
cocaine-maintenance responding and reinstatement
of cocaine-reinforced responding.*”y Moreover
baclofen, when administrated directly into the
VTA in rats, decreases somatodendritic dopamine
release in this area,*! extracellular dopamine
levels in VTA,B® inhibit morphine-induced place
preference in rats.['8 Results obtained in the present
study demonstrate that selective GABAB receptor
antagonist (phaclofen) reverse baclofen inhibition
of morphine-maintenance response [Figure 2].
Similar results were obtained by other
investigations which have been shown morphine
induce place preference in a dose-dependent
fashion® which this effect is blocked by
intra-VTA microinjection of the GABAB receptor
antagonist (2-hydroxy saclofen), administration
of the GABAB receptor agonist (baclofen) into
the VTA reduced heroin-induced DA release and
this inhibitory effect of baclofen was abolished by
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intra-VTA microinjection of the GABAB receptor
antagonist (2-hydroxy saclofen).?!

Previous studies suggested that change in brain
DA level are involved in the reward effects of opiates
drug-seeking and drug maintenance behaviors.*! The
mesolimbic dopamine system seems to be primary
response for reinforcing affects of morphine (7) so
that; morphine increases the mesocorticolimbic
dopaminergic system by inhibitory activity of
GABAergicinterneuron.'? It is possible that morphine
participates by stimulation of mu-opioid receptors
situated on inhibitory GABAergic interneuron.
Activation of these mu-opioid receptors hyperpolarizes
GABAergic interneurons in turn increase firing rate
and release of DA in the reward pathway. The present
results show that injection baclofen intra cranial
ventricle can have substantial effects on morphine
self-administration, also that the anti-craving effect of
GABAB receptor agonists may depend on their ability
to stimulate GABAergic transmission by reducing
the firing rate of DA neurons. However our findings
suggest GABAergic system plays a predominant role
in the attenuating the reinforcing effects of opiates
via modulation of DA transmission. Taken together,
these studies demonstrated a possibility that GABAB
receptor stimulation is sufficient to suppress craving
for morphine through modulation of the activity of
the mesocorticolimbic DA system.

In  conclusion, results indicate  that
a short-term treatment by baclofen reduced
morphine-maintenance response and suggest that
GABAB receptor agonists could be useful for
reversing the neuroadaptations related to opiates.
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