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HIGHLIGHTS

Dexmedetomidine (DEX) is an alpha-2 adrenergic agonist anesthetic agent.

DEX produces conditioned place preferences (CPP) in rats.

DEX-induced CPP was reversed by non-specific opioid antagonist naloxone treatment.
DEX-induced CPP seems to be related to opioidergic mechanisms.

Thus, DEX might have the potential to be addictive.
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Dexmedetomidine (DEX)is an alpha-2 adrenergic agonist drug recently introduced to anesthesia practice.
Certain agents used in anesthesia practice have been associated with abuse and addiction problems;
however, few studies have investigated the role of DEX on addictive processes. Here, the effects and
possible mechanisms of action of DEX on conditioned place preference (CPP), a model used for measuring
the rewarding effects of drug abuse in rats, was investigated. The CPP apparatus was considered “biased”
as the animals preferred the grid side to the mesh side. Male Wistar albino rats weighing 250-300g
were divided into several groups, including control (saline), morphine (10 mg/kg), DEX (2.5-20 p.g/kg),
naloxone alone (0.5 mg/kg) and a combination (0.5 mg/kg naloxone plus 20 pg/kg DEX) (n=7-8 for each
group). The CPP effects of morphine, DEX, saline and the combination were evaluated. All the drug and
Morphine saline administrations except naloxone were performed by intraperitoneal (ip) injections. Naloxone was
Opioids injected subcutaneously (sc) when given alone or in combination with DEX. Morphine (10 mg/kg) and
Rat(s) DEX (5-20 pg/kg) produced CPP that were statistically significant relative to saline-injected rats. DEX-
induced CPP was significantly reversed by pretreatment with naloxone, an opioid antagonist. Naloxone
alone treatment did not cause any significant effect on CPP. Our results suggest that DEX produces CPP
effects similar to morphine in rats and that opioidergic mechanism may be responsible for DEX-induced
CPP. Thus, DEX might have the potential to be addictive, and this possibility should be considered during
clinical application of this drug.
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of anesthetic agents, especially those used for premedication, has
been the subject of much debate in the scientific arena. Recently,
several reports have highlighted the abuse and dependence poten-

1. Introduction

Some anesthetic agents, such as certain inhalants, ketamine,

cocaine and short-acting barbiturates and benzodiazepines, have
the potential to be abused, and they can cause a pathological depen-
dence in animals and humans over time [1]. The addictive potential
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tial of propofol, a short-acting intravenous anesthetic drug that is
widely used for anesthesia induction and intensive care procedures
without any limitations [2-4]. Thus, detecting potential abuse of
anesthetic agents is of primary importance in clinical practice and
for public health.

Dexmedetomidine (DEX)is a highly selective alpha-2 adrenergic
receptor agonist drug that has recently been introduced to intensive


dx.doi.org/10.1016/j.bbr.2015.09.017
http://www.sciencedirect.com/science/journal/01664328
http://www.elsevier.com/locate/bbr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbr.2015.09.017&domain=pdf
mailto:uzbayt@yahoo.com
mailto:tuzbay@uskudar.edu.tr
dx.doi.org/10.1016/j.bbr.2015.09.017

164 T. Uskur et al. / Behavioural Brain Research 296 (2016) 163-168

care units and used as an adjuvant to local anesthetics for its seda-
tive and analgesic effects. It produces dose-dependent sedative,
anxiolytic and analgesic (spinal and supraspinal level) effects with-
out respiratory depression [5-7]. Studies investigating the abuse or
addictive potential of DEX in the literature are very limited. A few
studies have indicated that DEX may be helpful for the detoxifica-
tion process and for controlling some symptoms of the withdrawal
syndrome involved in with some addictive products. For example, it
has been suggested that DEX can successfully be used as a sedative-
analgesic to control withdrawal-related psychomimetic symptoms
and to facilitate smooth detoxification and weaning from opioids,
ethanol and nicotine [8-11]. In addition, it has been demonstrated
that DEX can attenuate the expression of tolerance to the analgesic
effect of morphine and enhanced morphine-induced analgesia in
rats [12]. The dependence potential of DEX itself has not been sub-
jected in detailed studies yet. Consequently, the safety and efficacy
of the use of DEX in the treatment of withdrawal symptoms or
addiction potential for itself are still uncertain.

Conditioned place preference (CPP) is a learned behavior
revealed in numerous vertebrates, including humans. CPP is an
ordinary preclinical animal model for evaluating the rewarding
and aversive effects of drugs or other chemical substances. It is
a type of Pavlovian conditioning. This paradigm has been widely
used in psychopharmacology and behavioral neuroscience studies
for measuring the motivational effects and reinforcing properties
of addictive drugs [13-16]. There is a general assumption that an
acquired place preference is based on classical conditioning derived
‘incentive motivation’. However, this may be an oversimplification
of the multiple learning processes involved [16]. The drugs stud-
ied using CPP are the subject of numerous reports in the literature.
Systemic administration of psychostimulants [17,18], nicotine [19],
opiates [17], ethanol [20], some benzodiazepines, such as alprazo-
lam [21], and cannabinoids [22] reliably produce dose-dependent
CPP in animals. All of these agents are also addictive.

The involvement of alpha-2 adrenergic receptors in the mech-
anism of CPP has been the subject of several experimental studies.
Some studies demonstrated that clonidine, an alpha-2 adren-
ergic agonist, produced CPP in rodents [23,24]. Tahsili-Fahadan
et al. [25] also suggested that agmatine, an endogenous polyamine
metabolite formed by decarboxylation of L-arginine, potentiates
morphine-induced CPP modulation by alpha-2 adrenoceptors.
Interestingly, other studies have produced controversial results
suggesting that the drugs affect alpha receptors. For example, cloni-
dine, tizanidine and xylazine, alpha-2 adrenergic agonists, have
been proposed to decrease morphine-induced CPP in mice [26]. In
another study, it was shown that phenylephrine, a selective alpha-
1 antagonist, and clonidine decreased morphine-induced CPP and
that prazosin and yohimbine, selective alpha-1 and alpha-2 antag-
onists respectively, increased morphine-induced CPP in mice [27].
Thus, the contribution of alpha-2 receptors to CPP is still being
debated. Furthermore, the effect of DEX on CPP has not yet been
evaluated.

The primary objective of this study was to investigate the effects
of DEX on CPP in rats along with determining a potential mecha-
nism of action for these effects. To this end, we recorded the CPP of
rats after the administration of DEX plus naloxone, a non-specific
opioid receptor antagonist.

2. Material and methods
2.1. Animals and laboratory
Adult male (250-300g) Wistar albino rats were used as the

test subjects. The animals were obtained from the Research Insti-
tute of Experimental Medicine, Istanbul University (DETAE) and

Uskiidar University Experimental Research Unit (USKUDAB). Four
rats were housed per Plexiglass cage. The rats were placed in a
quiet temperature- and humidity-controlled room (22 42 °C and
60 + 5%, respectively)in which a 12/12 hlight-dark cycle was main-
tained (light from 7.00 a.m. to 7.00 p.m.). Food and water were
available ad libitum. All experiments were performed at the same
time of day during the light period (10.00 a.m.-02.00 p.m.).

All procedures in the present study were performed in accor-
dance with the Guide for the Care and Use of Laboratory Animals
of the National Institutes of Health (USA) (Publication No. 85-
23, revised 1985). Local ethical committee approval was also
obtained (Istanbul University, Institute of Experimental Medicine
Experimental Animal Ethics Committee, Approval No. 2012/74
02/01/2013).

2.2. Drugs

DEX and naloxone HCl were purchased from MEDITARA LTD.
(izmir, Turkey) and Sigma Chemical Co. (USA), respectively. Mor-
phine HCl was purchased from (Macfarlan Smith LTD., Edinburgh,
UK).

Morphine HCI and naloxone HCl were dissolved in 0.9% saline.
The DEX doses were administered by intraperitoneal (ip) injection
to the animals from direct pharmaceutical preparations in the same
volume of 0.5 ml/250 g by further dilution with saline. The doses of
morphine and naloxone were administered to the animals by ip
and subcutaneously (sc), respectively, in volumes of 1 ml/kg. The
control animals received saline.

Drug stocks were prepared fresh each morning.

2.3. Apparatus

A CPP apparatus was used in this study, and it consisted of a Plex-
iglas box (60 x 30 x 30 cm) with opaque black (grid)/white (mesh)
walls and a droppings tray 2.5cm under the floor. The chamber
was divided into two compartments. The floor of compartment
“A” was given a different texture by placing a stainless steel mesh
(4 x 4mm) sheet on the grid floor during the experiment, whereas
the floor of compartment “B” consisted of stainless steel grid rods
(3 mm diameter) mounted 7 mm apart.

2.4. Procedure

Wet and dry cloths were used to clean the apparatus thoroughly
between subjects. Preliminary experiments were performed to
assess the stimulus inconsistency of the floor of the apparatus,
demonstrating the average time spent by untrained animals on
the grid and mesh floors and how that deviated from expectations
based on chance. The apparatus was considered “biased” as the
animals preferred the grid side to the mesh side. Usually, place con-
ditioning is observed in a biased apparatus only when a drug has
been paired with the non-preferred compartment [28]. A biased
experimental design was used by pairing drugs with the mesh floor.
The CPP protocol used here are in accordance with previous studies
[29,30] followed by minor modifications.

A one compartment training protocol was used, followed by
habituation, pretesting, conditioning and preference test trials.
During each conditioning trial, the rat had free access to the entire
box with the same tactile cues and grid or mesh on both sides of
the box. An animal was operationally defined as “in mesh or grid
side of the box” once both forepaws were in contact with the same
side. All procedures were conducted between 10:00 a.m. and 02:00
p.m.

The study included 8 groups (n=7 or 8 for each group). After
the pretesting session, the animals were randomly assigned to
the control, morphine (10 mg/kg), DEX (2.5, 5.0, 10 and 20 p.g/kg),
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Fig. 1. Compartment preferences of all animals upon pretesting (*p <0.001, Stu-
dent’s t test).

naloxone (0.5mg/kg) or combination (0.5 mg/kg naloxone plus
20 pg/kg DEX) groups.

Saline injections (ip) were given to all animals just before being
placement in the apparatus during conditioning test trials. During
conditioning sessions, animals received saline and/or drug injec-
tions 15 min apart in accordance with the floor type used and were
placed in the apparatus soon after the second injection. The pro-
cedure lasted for 19 days with a 2-day break between the 4th and
5th conditioning sessions. The rats were habituated on days 1-7 to
adapt to the apparatus, handling and injections to reduce any effect
of experimental novelty. Rats were placed in the middle of the box
and allowed to freely explore the apparatus for 5 min. A pretest (day
8) experiment was used to revalidate the apparatus bias in which
the initial preference for a floor stimuli was determined. Animals
were placed in the center of the box and allowed free access to the
entire apparatus (grid and mesh floors) for 15 min.

During the observation period, the time spent by the rats on each
floor was taken into consideration. Conditioning was started 24 h
after the pretest session. Conditioning sessions were carried out
for 40 min durations in the appropriate compartment. All groups
received saline administrations with the grid floor on days 2, 4,
8 and 10, and CPP was induced after pairings of the drug(s) with
the mesh floor on days 1, 3, 5, 7 and 9 (Table 1). A post-test (day
11) was performed 24 h after the last conditioning session. After
saline injections, animals were placed into the center of the box
for 15 min, and the time spent on the mesh floor was recorded.
Rewarding and aversive effects were assessed according to the time
spent on the drug-paired floor.

2.5. Statistical analyses

Data are expressed as the mean &+ SEM and were analyzed using
Graph Pad Prism® (Version 5.0) software. The data for the treatment
groups, including the effects of morphine, naloxone and combina-
tion (naloxone plus DEX) doses on CPP, compared to the controls
were evaluated by unpaired (between groups) Student’s t test. The
effects of DEX on CPP were also analyzed by one-way ANOVA.
Tukey’s tests were used for all post-hoc analyses. The level of sta-
tistical significance was set at p <0.05.

3. Results

The place preferences of the animals between compartments
A and B on the pretest day are given in Fig. 1. During the pretest
trial, animals spent significantly (p <0.001) more time in the grid
floor than in the mesh floor. The preference made by rats clearly
indicates that the apparatus is biased.

The effect of morphine (10 mg/kg) on the acquisition of CPP is
shown in Fig. 2. Morphine (10 mg/kg, ip) significantly increased the
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Fig. 2. Effect of morphine on the acquisition of CPP (*p<0.001 relative to saline
group, Student’s t test; n =8 for each group).
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Fig. 3. DEX-induced CPP in rats (*p<0.01 relative to saline group, Tukey’s test;
n=7-8 for each group).
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Fig. 4. Effect of combination treatment on DEX-induced CPP (combination:
0.5 mg/kg naloxone plus 20 pg/kg DEX; *p <0.001 relative to control group, #p <0.01
relative to 20 wg/kg DEX, Student’s t test; n=7-8 for each group).

time the rats spent in the drug-paired compartment compared to
the saline-paired compartment (p < 0.001, Student’s ¢ test).

The effects of DEX on CPP are shown in Fig. 3. DEX causes a
significant CPP in rats [F(4.35)=9.238; p<0.001, one-way ANOVA
test]. Post-hoc analysis by Tukey’s test revealed that while the low-
est dose of DEX (2.5 pg/kg) was ineffective, higher doses from 5
to 20 pg/kg produced statistically significant CPP in rats (p <0.001,
Tukey test) (Fig. 3).

Naloxone (0.5 mg/kg) reversed significantly DEX-induced CPP
without producing any significant effect on CPP when it was given
alone (p<0.001, Student’s t test) (Fig. 4).
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Table 1
Test groups and injection protocol.

Groups Grid floor (days 2, Mesh floor (days 1, Mesh floor (days 1,
4,8 and 10) I. and 3,7and 9) L. 3,7 and 9) 1L
IL. injections injections injections
Control Saline Saline Saline
Morphine (10 mg/kg) Saline Saline Morphine
Dexmedetomidine (2.5 pg/kg) Saline Saline DEX
Dexmedetomidine (5 jLg/kg) Saline Saline DEX
Dexmedetomidine (10 pg/kg) Saline Saline DEX
Dexmedetomidine (20 pg/kg) Saline Saline DEX
Naloxone (0.5 mg/kg) plus dexmedetomidine (20 pg/kg) Saline Naloxone DEX
Naloxone (0.5 mg/kg) Saline Saline Naloxone

DEX: Dexmedetomidine; days represent conditioning sessions; n=7 (combination and naloxone alone groups); n=38 (other groups).
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Fig. 5. Comparative effects of morphine (10 mg/kg) with DEX (5-20 pg/kg) on CPP
(n=7-8 for each group). No significant difference was detected between morphine
and DEX-treated groups.

Comparative effects of morphine (10mg/kg) with effective
doses of DEX on CPP have been shown in Fig. 5. No significant dif-
ference was detected [F(3,27)=0.3185, p=0.57, one-way ANOVA
test].

4. Discussion

This study is the first to investigate the effects of DEX on CPP.
The results of the present study clearly show that DEX produces
CPP in rats immediately following treatment starting at a dose of
5 pg/kg. This DEX-induced CPP was blocked by naloxone, which
is a non-specific opioid receptor antagonist. This reversing effect
of naloxone was not due to other non-specific effects related to
its psychotropic properties, such as sedation or muscle relaxation,
because it did not cause any significant impairments of locomotor
activity in naive rats in the present study (p=0.0965, Student’s t
test; data not shown). Furthermore, naloxone at the combination
dose (0.5 mg/kg) did not cause any significant effect on CPP. Thus,
the reversing effects of naloxone on CPP induced by DEX were spe-
cific. Overall, our results imply that opioidergic mechanisms might
provide a significant contribution to DEX-induced CPP in rats.

In this study, we observed that morphine (10 mg/kg) also pro-
duced significant CPP in rats. This finding is in line with results
from previous studies. Several authors have reported that sys-
temic administration of morphine at doses of 10 mg/kg produce
marked CPP in rats [31-34]. On the other hand, we did not observe
any significant difference between DEX (5-20 pg/kg) and mor-
phine (10 mg/kg)-induced CPP, which means that DEX produced
CPP effects in rats that are comparable to those of morphine.

Gursoy et al. [12] indicated that DEX and guanfacine, alpha-
2 adrenergic agonists, attenuated the expression of morphine

tolerance and increased morphine analgesia, whereas MK-467, an
alpha-2 antagonist, decreased morphine analgesia and increased
morphine tolerance. In a previous study [27], it was suggested that
intraperitoneal administration of selective agonist and antagonists
of alpha adrenergic receptors (i.e., phenylephrine, clonidine, pra-
zosin and yohimbine) did not produce a motivational effect such as
CPP in mice. However, in the same study, intraperitoneal adminis-
tration of phenylephrine and clonidine decreased the expression
of morphine-induced CPP. In contrast, after application of pra-
zosin or yohimbine, the expression of morphine-induced CPP was
increased. Administration of lower (0.03 mg/kg) and higher doses of
phenylephrine (0.1-0.3 mg/kg) during the acquisition of morphine-
induced CPP decreased and increased morphine-induced CPP,
respectively. Similarly, the administration of prazosin and cloni-
dine decreased whereas yohimbine increased morphine-induced
CPP in mice [27]. In addition, it has been suggested that cloni-
dine itself produced conditioned place aversion (CPA), disrupted
the establishment of heroin-induced CPP [35], and produced CPP
[23,24] in animals. File [36] showed that yohimbine, an alpha-
2 selective antagonist, produced CPA in mice. Overall, although
these results suggest that alpha-adrenoceptor mechanism(s) influ-
ence CPP processes and morphine-induced CPP in experimental
animals, the effects seem to be dose dependent and not entirely
clear. Further studies are necessary to clarify the role of alpha-2
receptors in CPP processes. In the present study, we also showed
that DEX, a known alpha-2 adrenergic agonist drug, produced CPP
in rats. Because DEX-induced CPP was reversed by pretreatment
with naloxone, a nonselective antagonist of opioid receptors, DEX-
induced CPP may be related to opioidergic mechanisms. However,
we do not know if DEX has any affinity for opioidergic receptors,
and we did not test the effects of specific alpha-2 antagonists on
DEX-induced CPP. Thus, additional studies are needed to clarify this
hypothesis.

The Rhodopsin family of G-protein coupled receptors includes
alpha adrenergic and mu-opioid receptors that mediate antinoci-
ceptive effects through similar signal transduction pathways.
Previous studies have demonstrated direct functional interactions
between both synergistic and additive effects of the receptor dis-
tributed throughout the brain, including the second messenger
system [37]. DEX exerts both alpha-2 adrenergic receptor medi-
ated and alpha-2 adrenergic receptor independent effects on the
central nervous system. Alternatively, there are a number of lines
of evidence relating DEX to important cellular effects mediated
by pathways other than that of alpha-2 adrenoceptor adenylate
cyclase [38]. It inhibits neuronal Na* and delays K* inward recti-
fier currents [39], which accounts for the inhibitory action of DEX
on neuronal activity. DEX also enhances extracellular signal con-
trolled kinase phosphorylation, a key mitogen-activated protein
kinase involved in neuron survival and memory. This effect is medi-
ated by activation of protein kinase C and probably by imidazoline
receptors [38].
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A possible unique role of imidazoline receptors in the reward
system has been suggested [40]. In a recent study, Samer et al.
[41] suggested that agmatine, which is an endogenous polyamine
metabolite, interacts with alpha-2 and imidazoline receptors to
attenuate the acquisition of ethanol-induced CPP at least in part
by imidazoline (I; or I;) receptors. Yesilyurt and Uzbay [42] also
showed that agmatine potentiated morphine-induced analgesia via
alpha-2 adrenergic receptors.

Physical dependence produced by morphine is directly related
to its agonistic activity on opioidergic receptors [1,43]. Sys-
temic administration of naloxone, a nonspecific opioid receptor
antagonist, causes enhanced abatement of withdrawal signs in
experimental animals. Therefore, this model has been used in the
evaluation of opioid dependence in several experimental studies
[44-46]. Our findings involved in blocking DEX-induced CPP by
naloxone, an opioid antagonist, may be an important aspect to the
addictive potential of this drug. Although the data from this study
alone are not sufficient to suggest that DEX can be an addictive
drug, it should be considered. Investigating other effects of DEX,
such as discriminative stimulus properties and whether the signs
of withdrawal are precipitated by naloxone treatment after chronic
administration of DEX may be helpful for understanding whether
DEX causes addiction. On the other hand there are not any preclin-
ical or clinical reports regarding the effects of DEX due to opioid
receptors. Thus, this study is the first to suggest an interaction
between DEX and opioid receptors.

The doses of drugs used in our study and their administra-
tion times were selected based on the results of our preliminary
experiments and previous studies [8,12,30,44]. In our previous
experiments, higher doses of naloxone than 0.5 mg/kg produced
conditioned place aversion, we did not select these doses for com-
bination.

In conclusion, our findings show that DEX produces CPP at a
similar level to that of morphine in rats. Because naloxone reversed
DEX-induced CPP, opioidergic mechanisms may be responsible for
this effect. DEX appears to have the potential to be addictive, and
this prospect should be considered during the clinical application
of this drug.
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