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Abstract
An unbiased conditioned place preference paradigm and the microdialysis technique was used to
evaluate the effect of (+)-morphine pretreatment on the conditioned place preference produced by
(−)-morphine and the increased release of the dopamine produced by μ-opioid ligand endomorphin-1,
respectively, in the posterior nucleus accumbens shell of the male CD rat. (−)-Morphine (2.5–10
μ2g) microinjected into the posterior nucleus accumbens shell dose-dependently produced the
conditioned place preference. Pretreatment with (+)-morphine (0.1–10 pg) given into the posterior
accumbens shell for 45 min dose-dependently attenuated the conditioned place preference produced
by (−)-morphine (5 μg) given into the same posterior accumbens shell. However, higher doses of
(+)-morphine (0.1 and 1 ng) were less effective in attenuating the (−)-morphine-produced
conditioned place preference. Thus, like given systemically, (+)-morphine given into the posterior
nucleus accumbens shell also induces an U-shaped dose-response curve for attenuating the (−)-
morphine-produced conditioned place preference. Microinjection of μ-opioid agonist
endomorphin-1 (1–10 μg) given into the ventral tegmental area dose-dependently increased the
release of the extracellular dopamine in the posterior nucleus accumbens shell in the urethane-
anesthetized rats. The increased dopamine caused by endomorphin-1 (10 μg) was completed blocked
by the (+)-morphine (10 pg) pretreatment given into ventral tegmental area. It is concluded that (+)-
morphine attenuates the (−)-morphine-produced conditioned place preference and the μ-opioid
receptor-mediated increase of extracellular dopamine in the posterior nucleus accumbens shell of the
rat.
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1. Introduction
We have previously demonstrated that (+)-morphine at an extremely low dose given
systemically attenuates the tail-flick inhibition and the conditioned place preference produced
by (−)-morphine given systemically (Wu et al., 2005, 2007a). The antagonistic effects of (+)-
morphine against the (−)-morphine-produced tail-flick inhibition and conditioned place
preference produced by (−)-morphine appear to be mediated by the activation of the naloxone-
sensitive sigma receptors. This view is evidenced by the findings that the attenuation of the
tail-flick inhibition and the conditioned place preference produced by (−)-morphine given
systemically is reversed by the (+)-naloxone or (−)-naloxone and by the sigma-receptor
antagonist BD1047 given systemically (Wu et al., 2007b; Terashvili et al., 2007).

The ventral tegmental area and nucleus accumbens represent two key structures of the
mesolimbic dopaminergic system for the reinforcing properties of opioids (Watson et al.,
1989; Wise and Rompre, 1989). The dopamine perikarya are located in the ventral tegmental
area and nucleus accumbens represents an important terminal field of the fibers arising therein.
μ-Opioid agonists such as (−)-morphine or endogenous opioid peptide, endomorphin-1 given
into the ventral tegmental area or posterior nucleus accumbens produces the conditioned place
preference (Bals-Kubit et al., 1993; Olmstead and Franklin, 1996; Terashvili et al., 2004).
Stimulation of μ-opioid receptors by (−)morphine or other μ-opioids in the ventral tegmental
area enhances mesolimbic dopaminergic neurotransmission, presumably by inhibition of
GABAergic interneuron, thereby disinhibiting mesolimbic dopamine neurons and increasing
both somatodendritic and axonal dopamine release (Stinus et al., 1980, 1982; Kalivas and
Duffy, 1990; Spanagel et al., 1992; Johnson and North, 1992; Klitenick et al., 1992; Devine
et al., 1993). Thus, activation of the μ-opioid receptors by (−)-morphine or other μ-opioids
produces conditioned place preference via the increased release of dopamine in the mesolimbic
dopaminegic regions.

We have previously demonstrated that the tail-flick inhibition induced by (−)morphine given
intrathecally or given into the intracerebral ventral periaquaductal gray is attenuated by (+)-
morphine given into the same central sites, indicating that (+)-morphine attenuates the (−)-
morphine-produced antinociception at the central injected sites (Wu et al., 2005; Terashvili et
al., 2007). Present experiment was then undertaken to determine if (+)-morphine given into
the posterior nucleus accumbens attenuated the conditioned place preference produced by (−)-
morphine from the posterior nucleus accumbens and to determine if the increased extracellular
dopamine in the nucleus accumbens induced by the activation of the μ-opioid receptors by
endomorphin-1 can be attenuated by (+)morphine from the ventral tegmental area. We found
that pretreatment with (+)-morphine at an extremely low picogram dose attenuated the
conditioned place preference produced by (−)-morphine and the increase release of μ-opioid
agonist endomorphin-1-induced dopamine release in the posterior nucleus accumbens. Thus,
the posterior nucleus accumbens is one of the sites in the central nervous system, which is
sensitive to (+)morphine for attenuating the (−)-morphine-produced conditioned place
preference in the rat.

2. Materials and Methods
2.1. Animals

Male CD rats (Charles River Laboratories Inc., Wilmington, MA) weighing between 300 to
350 g at the time of surgery were housed in pairs before and after surgery. They were maintained
in a room at 22 ± 0.5°C with an alternating 12 h light/dark cycle. Food and water were available
ad libitum. All experiments were approved by and conformed to the guidelines of the Animal
Care Committee of the Medical College of Wisconsin.
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2.2. Surgical Procedures
Rats were pretreated with methylatropine bromide (5 mg/kg given intraperitoneally) and
anesthetized with pentobarbital sodium (50 mg/kg given intraperitoneally) and were mounted
in a stereotaxic apparatus (David Kopf Instrument, Tujinga, CA). The distance of heights
between the incision bar and the horizontal lane passing through the interaural line is 3.3 mm
(Paxinos and Watson, 1997). A 23-gauge stainless steel guide cannula 12 mm in length was
then implanted unilaterally 3 mm down from the surface of the skull and anchored to the skull
with three stainless screws and dental cement. Unilateral as opposed to bilateral placement of
the cannula was chosen for the reason that bilateral injections are more difficult to perform
symmetrically at the intended injection site, and previous reports suggest that unilateral
injection is sufficient to produce the conditioned place preference and conditioned place
aversion (Bals-Kubik et al., 1993; Suzuki et al., 1997; Zangen et al., 2002). The coordinate for
the placement of the cannula was AP 0.7–1.0 mm posterior to bregma and 1.0 mm lateral to
the midline for the posterior nucleus accumbens shell (Paxinos and Watson, 1997). After a
recovery period of at least 5 days, animals without motor defects were used for the experiments.

2.3. Conditioned place preference
An unbiased conditioned place preference paradigm was used to evaluate the effect of (+)-
morphine pretreatment on the conditioned place preference produced by (−)morphine. The
place conditioning experiment consisted of pre-conditioning, conditioning and post-
conditioning phases. Injections of vehicle or drugs were only done during the conditioning
phase. A two-compartment box (60 × 29.2 × 29.2 cm) with a transparent Plexiglas front
separated by a gray cylinder platform (10.3 cm in diameter and 12 cm in height) was used. One
compartment was white with a textured floor and the other was black with a smooth floor. For
pre-conditioning, rats were initially placed on the neutral cylinder gray platform and allowed
to step down off of the platform to either the white or black compartment. A sliding wall was
then put down on the platform and the rat was free to access either compartment through two
openings (9.5 × 12 cm each) on each side of the platform. The amount of time spent in the
black or white compartment was manually measured for 15 min. Rats which spent less than 5
min 50 s in either the white or black compartment were considered not to be neutral in
preference for either side and were excluded from further study (less than 5 % of rats). This
initial preference was measured once in the morning for each rat.

The place conditioning session was carried out on days 2 to 4. The box was divided into two
equal-sized compartments by putting down the sliding wall after removing the gray cylinder
platform. Conditioning session was conducted twice daily, morning and afternoon, and
repeated for 3 days. Rats were placed in either the black or white compartment immediately
following the injection of (−)-morphine and left in that compartment for 40 min. Forty min is
in agreement with previous studies (Bals-Kubik et al., 1993; Shippenberg and Heidbreder,
1995; Terashvili et al., 2004). One half of rats from each group were confined to either the
black or white compartment after injection of (−)-morphine in the morning session of each
day, and were confined to the opposite compartment after the injection of vehicle for the
afternoon session. The other half of rats were confined to either the black or white compartment
after injection with vehicle for the morning session and were confined to the opposite
compartment after injection of (−)morphine for the afternoon session of the place conditioning.
Animals receiving vehicle in both sessions served as controls. The morning session was carried
out at 9–11 AM and the afternoon session was carried out at 3–5 PM of the day.

The post-conditioning session was carried out on day 5 and was exactly the same as the pre-
conditioning. The scores for the drug-paired place were then calculated by subtracting the pre-
conditioning score from post-conditioning score. A positive score represents conditioned place
preference, while a negative score represents conditioned place aversion.
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2.4. Histological Identification
At the end of the experiments, rats were injected with 0.5 μl of methylene blue solution (2%)
to mark the injection site and were then sacrificed with CO2. The brains were removed, frozen
and sectioned sagittally for microscopic identification of the injection sites. The stereotaxic
atlas of rats by Paxinos and Watson (1997) was used as a guide for the identification of
anatomical injection sites. Only the data obtained from rats, in which the injection sites were
accurately identified to be in posterior nucleus accumbens shell were used for further statistical
analysis.

2.5. Brain microdialysis and intracerebral injection
The microdialysis system including microdialysis probes, pump, and fraction collector, were
purchased from CMA/Microdialysis (Action, MA). Essentially, the microdialysis probes were
constructed to a concentric cannula design similar to that described (Hernandez et al., 1986)
except that fused silica tubing (75 μm i.d., 150 μm o.d. Polymicrotechnology) were used for
the internal cannula. The outer cannula was manufactured from 24-gauge thin-wall stainless
tubes. The active part of the probe consisted of a 2.0 mm length of hollow dialysis membrane
sealed at the tip with epoxy resin (Maidment et al., 1989). The molecular weight cutoff for the
microdialysis probe is 20,000 Dalton.

Rats were injected with 5 mg/kg of methylatropine and anesthetized with urethane (1.2 g/kg
given intraperitoneally) and mounted in rat stereotaxic apparatus. A microinjection guide
cannula was stereotaxically inserted into the ventral tegmental area site to be used for the drug
injection and anchored to the skull with three stainless screws and dental cement. The
microdialysis probe, which was connected to a CMA Microdialysis Pump, was stereotaxically
inserted into the posterior nucleus accumbens shell. The dialysis tube was perfused with
artificial CSF containing 147 mM Na+, 2.25 mM Ca2+, 4 mM K+, and 155.6 mM Cl- (pH 6.0)
at a flow rate of 2.5 μl/min. Perfusates were collected every 15 min in Eppendorf tubes
containing 5 μl of 0.1 M perchloric acid. Once dopamine in the perfusates was stabilized (about
60 min), two consecutive samples were collected for determination of basal levels of dopamine.
Rats were then injected intracerebrally into the ventral tegmental area with (+)-morphine,
endomorphin-1, (−)-naloxone or saline and perfusates from microdialysis probe were
continually collected every 15 min for 180 min. The body temperature (monitored rectally)
were maintained at 37 °C using a heating pad (Homeothermic Blanket Control Unit, Harvard
Inc.)

2.6. Neurochemical analysis for measuring dopamine and its metabolites
The concentrations of dopamine in the dialysis perfusates were determined using a high
performance liquid chromatography-electrochemical detection (HPLC-ECD) system. The
perfusates were collected and put on ice. Twenty μl of the perfusates will be injected onto the
HPLC-ECD. The HPLC system consists of a delivery pump (EP-10, Eicom, Japan), an
analytical column (EICOMPAK, MA-5ODS 4.6 f × 150 mm, Eicom) and a guard column
(Eicom). The electrochemical detector (EC-100, Eicom) with a graphite electrode (WE-3G,
Eicom) were used at voltage setting of +0.70 V vs. an Ag/AgCl reference electrode. The mobile
phase were 0.1 M sodium acetate/0.1 M citric acid buffer, pH 3.5, containing 14 % methanol,
sodium 1-octanesulfonate (0.74 mM) and EDTA (0.01 mM). The flow rate was set to 0.5 ml/
min with a column temperature of 25 °C. The HPLC-ECD system available was extremely
sensitive and reliable in measuring biogenic amines and amino acid neurotransmitters. The
sensitivity for dopamine was 1–2 pg/μl. The average retention time of dopamine was 14 min.

Terashvili et al. Page 4

Eur J Pharmacol. Author manuscript; available in PMC 2009 June 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



2.7. Drugs and Drug Administrations
(−)-Morphine sulfate and (+)-morphine base were obtained from National Institute of Drug
Abuse (Baltimore, MD). (−)-Morphine sulfate was dissolved in sterile saline solution (0.9%
NaCl solution). (+)-Morphine was initially dissolved in10 N hydrochloric acid and then titrated
with 1 N sodium hydroxide to pH 6 to 7, which then diluted to the intended dose in 0.9 %
saline. The injection volume for each microinjection was 0.5 μl. Injections were made by hand
with a 30-gauge injection needle attached to a microsyringe via polyethylene tubing and
administered over a 30 s period. The injection needle was left in place for an additional 60 s
to ensure complete distribution. The stereotaxic coordinates of the intended injection site were
AP 0.7–1.0 mm anterior to bregma, 1.0 mm lateral to the midline and 7.4 mm down from the
surface of the skull for posterior nucleus accumbens shell (MacDonald et al., 2003; Bari and
Pierce, 2005; Anderson et al., 2006); AP 2.70–2.96 mm anterior to interaural point, 0.5 mm
lateral to midline, and 8.4 mm down from the surface of the skull for ventral tegmental area
(Paxinos and Watson, 1997).

2.8. Statistical Analysis
Conditioning scores were expressed as means ± S.E.M. The Student paired t-test was used to
analyze the differences of the score between pre- and post-conditioning of each group of rats.
One-way analysis of variance (ANOVA) followed by Dunnett’s post-test was used to compare
the difference between drug treated groups and the vehicle treated group. The results of
dopamine release were expressed as percent of basal dopamine release and expressed as means
± S.E.M. The two-way ANOVA followed by Bonferroni post-test were used to test the
significance of the difference between groups. In all experiments, P < 0.05 was considered a
significant difference. The Prism statistical software was used to perform the statistics (version
4.1; GraphPad Software, Inc., San Diego, CA).

3. Results
3.1. Effect of (−)-morphine microinjected into the posterior nucleus accumbens shell on the
production of the conditioned place preference

Groups of rats were microinjected with different doses of (−)-morphine or vehicle given into
the posterior nucleus accumbens shell for place conditioning repeated for three days. (−)-
Morphine at a dose of 2.5 or 5 μg given into the posterior nucleus accumbens shell dose-
dependently produced conditioned place preference and at a higher dose of 10 μg, it produced
no further increase of conditioned place preference (Fig. 1). Microinjection of the vehicle did
not affect the baseline place conditioning response. Five μg of (−)-morphine was then used for
place conditioning in the following experiments.

3.2. Effects of (+)-morphine microinjected into the posterior nucleus accumbens shell on the
(−)-morphine-produced conditioned place preference

Groups of rats were pretreated in the home cage with different doses (0.1 to 1000 pg) of (+)-
morphine or saline vehicle given into the posterior nucleus accumbens shell for 45 min before
microinjection of (−)-morphine (5 μg) given into the same site for place conditioning repeated
for three days. Pretreatment with (+)-morphine at a dose from 0.1 to 10 pg dose-dependently
attenuated the (μ)-morphine-produced conditioned place preference. However, (+)-morphine
at a higher dose of 30, 100, and 1000 pg did not attenuate the (+)-morphine-produced
conditioned place preference (Fig. 2). Thus, (+)morphine produced a U-shape of the dose-
response curve with a maximal inhibition at 3 pg. (+)-Morphine (3 to 100 pg) microinjected
into the posterior nucleus accumbens shell given alone did not produce any conditioned place
preference in rats (Fig. 3). Histological examination verified that all the injection sites for (+)-
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morphine and/or (−)morphine intended for the posterior nucleus accumbens shell were within
the intended region of the brain site (Fig. 4).

3.3. Microinjection of endomorphin-1 into the ventral tegmental area increases the release
of dopamine from nucleus accumbens shell and the increased release of dopamine is
blocked by (−)-naloxone pretreatment given into the ventral tegmental area in urethane-
anesthetized rats

Groups of rats were microinjected with a various dose of endomorphin-1 (1, 3 and 10 μg) or
vehicle given into the ventral tegmental area and the release of dopamine from the posterior
nucleus accumbens shell were studied. Endomorphin-1 at a dose of 10 μg, but not 1 or 3 μg,
caused an increase of the extracellular dopamine in the posterior nucleus accumbens shell 15
min after injection given into the ventral tegmental area. The dopamine level returned to
baseline 60 min thereafter (Fig. 5A). To determine if the increased release of dopamine induced
by endomorphin-1 is mediated by the stimulation of μ-opioid receptors, the effect of (−)-
naloxone on the increased release of dopamine induced by endomorphin-1 was then studied.
Co-administration with (−)-naloxone at a dose 40 ng, but not 4 ng, for 45 min attenuated the
increase of the extracellular dopamine in the posterior nucleus accumbens shell induced by
endomorphin-1 from the ventral tegmental area (Fig. 5B).

3.4 (+)-Morphine pretreatment blocks the increase of the extracellular dopamine in the
posterior nucleus accumbens shell induced by endomorphin-1 from the ventral tegmental
area

To determine if the increase of the extracellular dopamine produced by the stimulation of μ-
opioid receptors from the ventral tegmental area can be blocked by (+)morphine, the effect of
(+)-morphine on the increased release of dopamine induced by endomorphin-1 was then
studied. Pretreatment with (+)-morphine (3 pg) given into the ventral tegmental area for 45
min completely blocked the increase of the extracellular dopamine in the posterior nucleus
accumbens shell produced by endomorphin-1 (Fig. 6). Microinjection of (+)-morphine given
into the ventral tegmental area did not affect the basal levels of extracellular dopamine in the
posterior nucleus accumbens shell.

4. Discussion
4.1. (−)-Morphine, but not (+)-morphine, given into the mesolimbic nucleus accumbens
produces the conditioned place preference

Unlike naturally occurring (−)-morphine, which produces analgesia and other μ-opioid
receptor mediated pharmacological effects, the synthetic (+)-morphine does not have any
affinity and efficacy for μ-opioid receptors and therefore does not produce analgesia and other
effects mediated by the stimulation of μ-opioid receptors (Jacquet et al., 1977). We have
previously demonstrated that only (−)-morphine, but not (+)morphine, given systemically
produces the conditioned place preference in rats (Wu et al, 2007a). The finding is consistent
with previous findings by Mucha and Herz (1986) that (+)-morphine (4 mg/kg) given
systemically does not produce any conditioned place preference or conditioned place aversion.
(−)-Morphine at the same dose, on the other hand, produces the conditioned place preference.
Thus, the conditioned place preference produced by morphine is stereospecific; it is only
produced by the opioid receptor active isomers, such as levorotatory (−)-morphine, but not
dextrorotatory (+)-morphine.

The ventral tegmental area and nucleus accumbens represent two key structures of the
mesolimbic dopaminergic system in the CNS for the reinforcing properties of opiates (Watson
et al., 1989; Wise and Rompre, 1989). The microinjection technique was then used to deliver
(−)-morphine or (+)-morphine into the posterior nucleus accumbens shell and the conditioned
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place preference produced by (−)-morphine or (+)-morphine given into the same posterior
nucleus accumbens shell was then measured. We found in the present study that only (−)-
morphine, but not (+)-morphine delivered into nucleus accumbens shell produced the
conditioned place preference (Fig. 1 and 3). The conditioned place preference produced by
(−)-morphine is blocked by co-administration with μ-opioid receptor antagonist naltrexone,
indicating that the effect is mediated by the stimulation of μ-opioid receptors (Olmstead and
Burns, 2005).

4.2. (+)-Morphine at an extremely low picogram dose given into the mesolimbic posterior
nucleus accumbens shell attenuates the (−)-morphine-produced conditioned place
preference

We found in the present study that (+)-morphine at an extremely low picogram dose attenuated
the conditioned place preference produced by (−)-morphine. Paradoxically, a higher dose of
(+)-morphine was ineffective in attenuating (−)-morphine-produced conditioned place
preference (Fig 2.). Thus, (+)-morphine produced a U-shape dose-response curve with a
maximal attenuation at a dose of 3 pg. Similarly, (+)morphine given systemically also produces
a U-shaped dose-response curve in attenuating the (−)-morphine-produced conditioned place
preference (Wu et al., 2007a).

The U-shaped dose-response curve is also known as hormesis (Calabrese and Baldwin,
2003). A well-documented example of a U-shaped dose-response relationship concerns the
actions of corticosteroid hormones in the CA1 area of the hippocampus (Diamond et al.,
1992; Joels and de Kloet, 1994; Joels, 2006), a brain region that is important for learning and
memory formation. The neurosteroids have been proposed to be the endogenous ligand for
sigma-1 receptors in the central nervous system (Maurice, 2004; Maurice et al., 2001; Monnet
and Maurice, 2006). In a modified passive-avoidance learning task in mice, pretraining or
posttraining administration of neurosteroids, pregnenolone sulfate or dehydroepiandrosterone
sulfate enhances memory retention of passive-avoidance training. In both treatments, an
inverted U-shaped dose-response curve is obtained covering 2- to 5-fold dose range in a manner
typical for memory-enhancing substance. The neurosteroid-induced facilitation of memory
retention may involve central sigma receptors, because the effect of neurosteroids is completely
antagonized by sigma receptor antagonist haloperidol (Reddy and Kulkarni, 1998). It is
postulated that (+)-morphine may mimic the effect of endogenous neurosteroids to stimulate
the sigma receptors for producing the anti-addictive effect (see details in the next paragraph
below). The U-shaped dose-response curve for (+)-morphine to attenuate the (−)-morphine
conditioned place preference is consistent with this hypothesis.

It is hypothesized that (+)-morphine attenuates the (−)-morphine-produced conditioned place
preference via the activation of the naloxone-sensitive sigma receptor. The hypothesis is
supported by our previous findings that the attenuation of the (−)morphine-produced
conditioned place preference induced by (+)-morphine was reversed by the pretreatment with
the sigma receptor antagonist BD1047 (Wu et al., 2007a). We have previously demonstrated
that (+)-morphine pretreated systemically or given into periaqueductal gray attenuates the
antinociception produced by (−)-morphine given systemically. The attenuation of the (−)-
morphine-produced antinociception is blocked or reversed by the sigma receptor antagonist
BD1047 and by the (+)-naloxone or (−)-naloxone pretreatment, indicating that the anti-
morphine effects of (+)-morphine are mediated by the activation of the naloxone-sensitive
sigma receptor (Wu et al., 2007b; Terashvili, et al., 2007).
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4.3. (+)-morphine attenuates the increase of the extracellular dopamine in the nucleus
accumbens shell produced by μ-opioid agonist endomorphin-1 from the ventral tegmental
area

We found in the present study that endomorphin-1 given into the ventral tegmental area caused
the increase of the extracellular dopamine in the posterior nucleus accumbens shell. The
increase of the extracellular dopamine in the posterior nucleus accumbens shell by the
endomorphin-1 is blocked by (−)-naloxone pretreatment, indicating that the effect is mediated
by the μ-opioid receptor activation (Fig 5). Thus, stimulation of μ-opioid receptors by (−)-
morphine or other μ-opioids in the ventral tegmental area enhances mesolimbic dopaminergic
neurotransmission, presumably by inhibition of GABAergic interneurons, thereby
disinhibiting mesolimbic dopaminergic neurons and increasing both somatodendritic and
axonal dopamine release (Stinus et al., 1982;Kalivas and Duffy, 1990;Spanagel et al.,
1992;Johnson and North, 1992;Klitenick et al., 1992;Devine et al., 1993). An increase in the
extracellular dopamine in the nucleus accumbens has been reported by systemic (−)-morphine
and by intracerebroventricular injection of the μ-receptor agonist, D-Ala2-N-MePhe4-Gly-
ol5]enkephalin (Stinus et al., 1980;Spanagel et al., 1990). We found in the present study that
the increased release of dopamine in the posterior nucleus accumbens induced by the μ-opioid
receptor agonist endomorphin-1 was blocked by the (+)-morphine given into the ventral
tegmental area (Fig. 6). Thus, the behavioral response to (+)-morphine in attenuating the (−)-
morphine-produced conditioned place preference is correlated with the biochemical finding
that (+)-morphine blocks the increase of extracellular dopamine in the posterior nucleus
accumbens elicited by the specific μ-opioid receptor agonist endomorphin-1 from the ventral
tegmental area. The finding supports the hypothesis that (+)-morphine, which activates
naloxone-sensitive sigma receptors, inhibits the (−)morphine-produced conditioned place
preference by attenuating the increase of extracellular dopamine in the mesolimbic ventral
tegmental area-nucleus accumbens system.

The results of the present study indicate that (+)-morphine can be used for the treatment of
opiate addiction. The therapeutic window of the dose of (+)-morphine for the anti-addiction
therapy should be in the picogram dose range. Higher doses of (+)morphine are not effective
in providing the therapeutic effect.
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Fig. 1.
(−)-Morphine microinjected into the posterior nucleus accumbens shell produces the
conditioned place preference. After completion of the pre-conditioning measurement on the
1st day, groups of rats were place conditioned after microinjection with different doses of (−)-
morphine (2.5, 5 or 10 μg) or vehicle given into the posterior nucleus accumbens shell twice
a day for three days and the post-conditioning was measured on the 5th day. Each column
represents the mean of the conditioned place preference score and the vertical bar represents
the S.E.M.; n = 7–13. Paired t test was used to compare production of conditioned place
preference of individual dose; for the group of rats microinjected with 2.5, 5 or 10 μg of (−)-
morphine or vehicle, t = 1.8, 6.4, 2.9 and 0.04 and df = 7, 9, 6 and 6, respectively, # P < 0.01,
## P < 0.001. One-way ANOVA followed by Dunnett’s post-test was used to test difference
between groups, F(3, 34) = 6.12; * P < 0.05, ** P < 0.01.

Terashvili et al. Page 11

Eur J Pharmacol. Author manuscript; available in PMC 2009 June 10.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
(+)-Morphine pretreatment given into the posterior nucleus accumbens shell attenuates the
conditioned place preference produced by (−)-morphine from the posterior nucleus accumbens
shell. After completion of the pre-conditioning measurement on the 1st day, groups of rats were
pretreated with different doses (0.1 to 1000 pg) of (+)morphine or vehicle for 45 min and were
place conditioned after microinjection of (−)morphine (5 μg) or vehicle given into the posterior
nucleus accumbens shell twice a day for three days. The post-conditioning was measured on
the 5th day. Each column represents the mean of conditioned place preference score and the
vertical bar represents the S.E.M.; n = 6–17; Paired t test was used to compare production of
the conditioned place preference of individual dose: For the group of rats pretreated with
vehicle followed by vehicle or (−)-morphine challenge, t = 0.6 and 6.4 and df = 12 and 9,
respectively. For the group of the rats pretreated with different dose of (+)-morphine (0.1, 0.3,
1, 3, 10, 30, 100 or 1000 pg) followed by (−)-morphine challenge, t = 3.7, 2.9, 6.4, 0.8, 0.7,
4.4, 4.2 and 7.2 and df = 7, 5, 8, 6, 12, 5, 12 and 17, respectively. # P < 0.05, ## P < 0.01,
### P < 0.001. One-way ANOVA followed by Dunnett’s post-test was used to test difference
between groups, F(8, 91) = 3.02; * P < 0.05, ** P < 0.01.
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Fig. 3.
(+)-Morphine microinjected into the posterior nucleus accumbens shell does not have any
effect on the conditioned place preference. After completion of the preconditioning
measurement on the 1st day, groups of rats were place conditioned after microinjection with
different doses of (+)-morphine (3, 10 or 100 pg) or vehicle into the posterior nucleus
accumbens shell twice a day for three days. The post-conditioning was measured on the 5th

day. Each column represents the mean of the conditioned place preference score and the vertical
bar represents the S.E.M.; n = 7–13 rats. Paired t test was used to compare production of
conditioned place preference of individual dose: For the group of rats microinjected with
vehicle or 3, 10 or 100 pg of (+)-morphine, t = 0.6, 1.7, 1.8 and 1.5 df = 12, 7, 7 and 9,
respectively. One-way ANOVA followed by Dunnett’s post-test was used to test difference
between groups; F(3, 34) = 0.267.
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Fig. 4.
Coronal section of the atlas of Paxinos and Watson (1997) showing the injection sites for drug
or vehicle at the posterior nucleus accumbens shell for experiments shown in Fig. 1 through
Fig. 3.
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Fig. 5.
Endomorphin-1 given into the ventral tegmental area increases the extracellular dopamine in
the posterior nucleus accumbens (A) and the increase of the extracellular dopamine in the
posterior nucleus accumbens by endomorphin-1 was blocked by (−)-naloxone given into the
ventral tegmental area (B). Groups of rats were microinjected with endomorphin-1 (1, 3 or 10
μg) or vehicle into the ventral tegmental area (A). In other groups of rats, (−)-naloxone (4 or
40 ng) or vehicle was co-microinjected into the ventral tegmental area with endomorphin-1
(10 μg). The perfusates from the microdialysis probe at the nucleus accumbens shell were
collected every 15 min from 30 min before microinjection and continuously collected for
another120 min (A) or 105 min (B) after microinjection. The perfusates were then analyzed
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their dopamine level. Each point represents the percent basal dopamine release and the vertical
bar represents the S.E.M.; n = 3–9. Two-way ANOVA followed by Bonferroni post-test was
used to test the difference between groups; (A) For the groups of the rats injected with different
dose of endomorphin-1 versus vehicle Finteraction (24, 189) = 1.573, Ftreatment (3, 189) = 4.44,
Ftime (8, 189) = 2.141, * P < 0.005. (B) For the group of rats injected with different dose of (−)-
naloxone + endomorphin-1 versus vehicle + endomorphin-1, Finteraction (18, 150) = 3.338,
Ftreatment (2, 150) = 7.671, Ftime (9, 150) = 11.17, * P < 0.01; only the data of the dopamine level
after the 0 min time point were used for the statistic analysis; the group of rats microinjected
with vehicle alone in (B) was not included in the statistic analysis.
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Fig. 6.
Effect of (+)-morphine on the extracellular dopamine release at the nucleus accumbens shell
induced by endomorphin-1 microinjected into the ventral tegmental area in rats. Groups of rats
were microinjected with (+)-morphine (3 pg) or vehicle into the ventral tegmental area 45 min
before endomorphin-1 (10 μg) was microinjected into the ventral tegmental area. The
perfusates from the microdialysis probe at the nucleus accumbens shell were collected every
15 min from 15 min before first microinjection and continuously collected for another 105 min
after last microinjection. The perfusates were then analyzed their dopamine level. Each point
represents the percent basal dopamine release and the vertical bar represents the S.E.M.; n =
3–9. Two-way ANOVA followed by Bonferroni post-test was used to test the difference
between groups. For the groups of the rats injected with (+)-morphine and endomorphin-1
versus vehicle and endomorphin-1, Finteraction (7, 80) = 11.47, Ftreatment (1, 80) = 26.03,
Ftime (7, 80) = 11.58, * P < 0.05, ** P < 0.005; only the data of the dopamine level after the 0
min time point were used for statistic analysis; the vehicle pretreatment followed by vehicle
microinjected group was not included in the statistic analysis.
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