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What is already known on 
this topic?

•	 Morphine withdrawal reduces 
dopamine activity and con-
tributes to reward-related 
behaviors.

What this study adds on 
this topic?

•	 Pramipexole, a D2/D3 ago-
nist, reduces morphine-
induced conditioned place 
preference. These findings 
support pramipexole’s role in 
opioid dependence.

Abstract
Objective: Pramipexole, a selective dopamine D2/D3 receptor agonist, has been implicated in modulating 
dopaminergic transmission in brain reward circuits. Morphine reward-related behaviors are associated with 
a reduction in dopamine levels in these regions. This study aimed to investigate the effects of pramipexole 
on morphine dependence in a rodent model, based on the hypothesis that enhancing dopaminergic activity 
may attenuate opioid dependence.

Method: Swiss albino mice with established morphine dependence were assessed using the conditioned 
place preference (CPP) test. Morphine conditioning was performed with 10 mg/kg morphine (IP) for 8 days. 
On the ninth day, animals received either 1 mg/kg or 4 mg/kg pramipexole (IP), and CPP expression was 
evaluated 30 minutes post-administration.

Results: Pramipexole (1-4 mg/kg) significantly reduced morphine-induced CPP expression by 9%-14% (P < 
.05 to .01). No significant dose-dependent differences were observed, indicating a potential ceiling effect.

Conclusion: These findings indicate that pramipexole, a dopamine D2/D3 receptor agonist, attenuates mor-
phine dependence-related behaviors. Pramipexole may represent a potential pharmacotherapeutic candi-
date for opioid dependence, warranting further investigation in preclinical and clinical settings.
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Introduction
 Addiction is characterized by the persistent use of a substance despite its detrimental physical, 

psychological, and social consequences.1 It involves an uncontrollable craving and the development 
of withdrawal symptoms when access to the substance is restricted.2 As a significant and growing 
medical and social issue worldwide, substance addiction requires urgent attention and research.

Morphine and other opioids are highly addictive substances associated with increased mortal-
ity rates due to their potential for misuse.3 Consequently, extensive research is being conducted to 
understand the anatomical regions implicated in opioid dependence, the neurobiological changes 
occurring during addiction and withdrawal, and the neurotransmitter systems involved in these 
mechanisms.

Morphine, an analgesic agent, is particularly used chronically in the management of cancer pain. 
Its effects are mediated through mu (μ), delta, and kappa opioid receptors. These receptors are found 
throughout the brain, including the ventral tegmental area (VTA) and the nucleus accumbens (NAcc). 
These regions are the anatomical localizations associated with morphine dependence.4

Dopamine is a neurotransmitter widely found in the central nervous system. It plays crucial roles 
in locomotor activity, cognitive functions, and reward mechanisms. The projections of dopaminergic 
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neurons, especially those in the VTA, are significantly involved in 
addiction. Opioids suppress inhibitory inputs coming to the VTA, 
thereby affecting the dopaminergic system and increasing dopa-
mine release.5 In opioid addiction, withdrawal from the drug acts 
as a significant stimulus for drug-seeking behavior. However, dur-
ing the withdrawal period, dopamine levels are low. During this 
period, D2 dopamine agonist injections into the NAcc can allevi-
ate withdrawal symptoms of opioids and induce strong locomotor 
activity.6

Pramipexole is a selective dopamine D2/D3 receptor agonist.7 
It is currently used in the treatment of Parkinson’s Disease8,9 and 
motor symptoms of Restless Leg Syndrome.10 It also shows effects 
on non-motor symptoms by stimulating D3 receptors in the meso-
limbic area. It has been demonstrated to be effective in bipolar 
depression11 and also exhibits weak agonistic activity on μ opioid 
receptors.12

An emerging area of research explores pramipexole’s poten-
tial in the treatment of substance addiction. Recent studies have 
shown its effectiveness in addressing methamphetamine addic-
tion.13 To evaluate the reinforcing effects of addictive substances 
and screen for susceptibility to substance abuse, the conditioned 
place preference (CPP) test is widely used.14 This test relies on clas-
sical conditioning principles, requiring the association of rewards 
with specific brain regions.15,16

Using this test, the addiction potential of various substances 
such as morphine, methamphetamine, alcohol, nicotine, and 
cocaine has been demonstrated in rodents. In CPP test, it is possi-
ble to study the potential for developing addiction to a substance17 
as well as the effects of another drug on the addiction symptoms 
induced by a dependency-causing substance.18

In this study, the effects of pramipexole on psychological depen-
dence in mice conditioned with morphine using the CPP test were 
investigated. Given the limited number of effective pharmaco-
logical treatments for morphine addiction, the research aimed to 
assess whether pramipexole, a selective dopamine D2/D3 recep-
tor agonist, could modulate addiction-related behaviors in mor-
phine-dependent rodents.

Methods

Experiment Animals
In the study, male Swiss albino mice with a weight range of 25–30 

grams were selected. (Approval No: 2021/37 from T.C. Bolu Abant 
İzzet Baysal University Experimental Animals Application and 
Research Center). The experiments were conducted at T.C. Bolu 
Abant İzzet Baysal University Experimental Animals Application 
and Research Center. The experimental animals were housed in 
separate cages in groups of 4, subjected to twelve-hour light/dark 
cycles with ventilation and humidity with ad libitum access to 
food and water. Experimental procedures were carried out in com-
pliance to the guidelines of T.C. Bolu Abant İzzet Baysal University 
Local Ethics Committee for Animal Experiments.

Treatment groups: Groups 1 and 2 are the control and positive 
control groups. The dose-dependent effects of pramipexole on the 
psychic addiction induced by morphine were investigated in groups 
3 and 4 (Table 1). The number of animals and the morphine dose are 
determined on the basis of the previous studies.19,20 For all treatment 
groups, the total injection volume was adjusted to 1 mL per animal.

Conditioned Place Preference
To assess CPP, a 2-compartment setup was used, featuring sur-

faces with different tactile and visual stimuli. The apparatus, mea-
suring 30 × 60 × 30 cm, was made of black plexiglass, including 
the walls and movable partition that separated the compartments. 
One compartment was white with a perforated floor, while the 
other was black with a striped floor pattern. The experimental 
protocol consisted of habitation, preliminary test (pretest), condi-
tioning and post-test, which is accordance with literature and our 
previous studies.19,21,22 

Habitation: The habitation phase was carried out to ensure that 
the animals could adapt to the researcher handling and laboratory 
environment. During this phase, the partition separating the com-
partments was removed, and the animals were allowed to freely 
explore the apparatus for 5 minutes to adapt to the environment.

Preliminary test: After habitation phase the animals were placed 
in the apparatus with the partition removed, and the time spent in 
each compartment was recorded for 15 minutes, that helped us in 
determining their natural place preference.

Conditioning: During this phase, the apparatus was divided 
into two compartments using a movable partition. In compart-
ments where animals spent less time during the pretest was desig-
nated as the drug-paired side and was associated with morphine 
administration, while the saline-paired side corresponded to the 
compartment they naturally preferred. This created a conditioned 
association between the rewarding effects of morphine and the 
stimuli in that compartment. During the conditioning phase, ani-
mals received intraperitoneal (IP) injections of either saline (1 mL/
kg) or morphine (10 mg/kg), followed by placement in the appa-
ratus for 40 minutes to undergo conditioning. This procedure was 
repeated over an 8-day period, with morphine injections on days 
1, 3, 5, and 7, and saline injections on days 2, 4, 6, and 8. The 
control group received saline every day.

Post-test phase: Twenty-four hours after the final conditioning 
trial (9th day), animals were placed in the apparatus with the parti-
tion removed, and the time spent in the compartment paired with 
morphine (white compartment) was recorded. To examine the 
effect of pramipexole on morphine-conditioned animals, prami-
pexole (1 or 4 mg/kg) was administered 30 minutes before the 
test.13 On the test day, a researcher who was blinded to the treat-
ment groups collected the data from the animals.

Statistical Analysis
All statistical analyses were performed using GraphPad Prism 

software version 8.0; (GraphPad Software; San Diego, CA, USA). 

Table 1.  Experimental Groups

Group Treatment Dose Number of Animals (n)

G1 Physiologic saline (control) – 7-8

G2 Morphine + saline (positive control) Morphine 10 mg/kg + saline 7-8

G3 Morphine + pramipexole (low dose) Morphine 10 mg/kg + pramipexole 1 mg/kg 7-8

G4 Morphine + pramipexole (high dose) Morphine 10 mg/kg + pramipexole 4 mg/kg 7-8

https://dx.doi.org/10.1055/s-2001-15872
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Data are expressed as mean ± SD. Prior to analysis, data were 
assessed for normality using the Shapiro-Wilk test and for homo-
geneity of variances using Levene’s test.

The time spent in the black and white compartments during the 
pretest phase and the effects of morphine on CPP were compared 
using a Student’s t-test. To assess the effects of pramipexole on 
morphine-induced CPP, one-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc test was performed to compare 
treatment groups. Statistical significance was set at P < .05 for all 
comparisons.

Results
Comparing the time spent in black and white compartments by 

all groups of animals during the pretest, the average time spent 
in the black compartment was significantly higher than the time 
spent in the white compartment (P < .001; Figure 1).

By the test phase (ninth day), animals in the morphine-treated 
group exhibited a pronounced preference for the white compart-
ment, indicating the establishment of CPP. In contrast, control ani-
mals administered saline spent significantly more time in the black 
compartment compared to the morphine group (P < .01; Figure 2), 
confirming that 10 mg/kg morphine effectively induces place pref-
erence, which is an indicative of morphine dependence.

A one-way ANOVA revealed a significant effect of treatment on 
the time spent in the white compartment during the test phase 
(F(3,26) = 150.8, P < .0001). Post hoc (Tukey’s) comparisons 
showed that morphine administration (10 mg/kg) significantly 
increased the time spent in the white compartment, confirming 
the establishment of morphine-induced CPP and indicating a 
strong preference for the drug-associated environment. In contrast, 
mice treated with pramipexole (1 mg/kg and 4 mg/kg) significantly 
reduced CPP expression compared to the morphine-only group 
(P < .05 and P < .01, respectively). However, no significant dose-
dependent differences were observed between the 2 pramipexole-
treated groups (Figure 3).

Discussion
In this study, it was demonstrated that pramipexole administra-

tion significantly attenuated the expression of morphine-induced 
CPP in mice. Morphine treatment produced a robust CPP, indi-
cating the rewarding properties of morphine, while pramipexole 
(administered prior to the post-test session) reduced this preference. 

Figure  1.  Time spent by the rats in the black and white 
compartments during the pretest phase of conditioned place 
preference. During this phase, mice had free access to both 
compartments for 15 minutes. Data are presented as mean ± SD 
(n = 7-8 per group). Statistical comparisons were performed using 
Student’s t-test. *P < .001.

Figure  2.  Effect of morphine on conditioned place preference. 
Morphine treatment (10 mg/kg, IP) induced a significant increase 
in time spent in the white compartment compared to control 
(saline-treated) animals, indicating the establishment of CPP. Data 
are presented as mean ± SD (n = 7-8 per group). Statistical 
comparisons were performed using Student’s t-test. *P < .001.

Figure 3.  Effect of pramipexole on the expression of morphine-
induced conditioned place preference. Thirty minutes prior to 
testing, pramipexole (1 or 4 mg/kg, IP) or saline was administered 
to the control, morphine groups. During the post-conditioning test 
session, the guillotine door was removed to allow free access to 
both compartments, and the time spent in the white (drug-paired) 
compartment was recorded over a 15-minute session. Data are 
presented as mean ± SD (n = 7-8 per group). Compared to the 
morphine group, *P < .05; **P < .01; Mor, Morphine; Pram, 
Pramipexole.
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These findings suggest that pramipexole may modulate dopamine-
related mechanisms involved in opioid reward behavior.

The potential for addiction is high for both morphine and other 
opioid analgesics thus, there is a significant need for the investi-
gation of new drugs to treat morphine and other opioid depen-
dence. Morphine addiction is known to alter dopamine receptor 
signaling, contribute to decreased receptor activation during with-
drawal, and reduce dopamine levels in brain reward centers.

Morphine/opioid μ receptors are predominantly located in the 
VTA, a key brain reward center. Activation of these receptors acti-
vates the mesocorticolimbic dopaminergic system and signifi-
cantly increases dopamine levels.23-25 In the CPP paradigm, D1 
and D2 receptors play significant roles in reward-related learning. 
The present findings strongly support the D2 receptors, although 
the role of D1 receptors appears to be less clearly defined and 
may warrant further investigation. When a D1 receptor agonist 
is administered to the nucleus accumbens, CPP is established.26 
However, when administered systemically, aversive (CPA) behav-
ior develops.

It is known that dopamine plays a significant role in the develop-
ment of morphine-induced place preference.27 When a D3 recep-
tor agonist is administered, it reduces morphine-induced place 
preference.22 On the other hand, a D1 receptor agonist has been 
shown to prevent the development of morphine addiction.28 In a 
similar study, the D3 receptor agonist 7-OH-DPAT prevented the 
development and expression of morphine addiction.29

In this study, we evaluated the effects of pramipexole in com-
bination with morphine on CPP. The literature indicates that in 
the CPP paradigm, animals typically spend more time in environ-
ments previously associated with rewarding drugs; however, when 
a compound possesses aversive properties, they exhibit avoid-
ance behavior toward those environments, reflecting CPA.14,29 
These observations are in accordance with our findings. Studies 
have shown that arrangements with different wall and floor stimuli 
(Rezayof et al,30 2006), as well as variations in floor31,32 or wall 
characteristics33 are sufficient to reveal place preference. In this 
study, a box with different wall and floor characteristics was used 
to evaluate CPP. Since conditioning protocols, like apparatus, can 
vary, studies utilizing boxes with similar characteristics were taken 
into consideration, and a protocol suitable for biased designs was 
selected.21,31 To ensure that the animals associated the rewarding 
effects of morphine with specific environmental cues, 4 days of 
saline conditioning were followed by 4 days of morphine condi-
tioning. Place preference assessments were conducted 1 day after 
the final conditioning. Various approaches exist for place prefer-
ence assessments: in biased designs, the time spent in the drug-
paired compartment is compared with that of control animals34 
whereas in unbiased designs, either the difference between time 
spent in the drug- and saline-paired compartments or the change 
in preference (i.e., test day versus pretest) is evaluated6,27,34 In the 
present study, we used a biased CPP design, in which the drug 
was paired with the non-preferred compartment to evaluate the 
shift in preference induced by morphine and its modulation by 
pramipexole.

In conclusion, this study demonstrated that the selective 
dopamine D2/D3 receptor agonist pramipexole attenuates the 
expression of morphine-induced CPP. The findings suggest that 
pramipexole may have therapeutic potential in the treatment of 
morphine and other opioid addictions. However, before drawing 
clinical implications, it is important to acknowledge the study’s 
limitations. These results are preliminary and require further valida-
tion through more extensive preclinical and clinical investigations.
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