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Abstract:

Background: Morphine induces adaptive changes in gene expression throughout the reward circuitry of the brain. Here, we investi-

gated the acute and chronic effects of morphine on mRNA levels of k-opioid receptor in the rat mesocorticolimbic system.

Methods: Three groups of rats received ip injection of saline, acute morphine (8.0 mg/kg) and repeated morphine (8.0 mg/kg, once

daily for 5 consecutive days) and the k-receptor mRNA expression was examined using real-time quantitative PCR method.

Results: We found that k-receptor mRNA in medial prefrontal cortex (mPFC) increased after acute and repeated morphine treat-

ment. However, the mRNA levels in nucleus accumbens (NAc) and ventral tegmental area (VTA) were upregulated after acute mor-

phine treatment and returned to basal levels after repeated morphine treatment.

Conclusions: These results suggest that morphine dependence was associated with regionally specific changes in mRNA levels of

k-opioid receptor in mesocorticolimbic system.
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Introduction

Opioid analgesics remain the mainstay in the manage-

ment of moderate-to-severe pain. However, prolonged

or repeated administration of opioids induces depend-

ence, which is a major limitation of their clinical ap-

plication. Opioid dependence is considered to be as-

sociated with adaptive changes initiated by activation

of µ-opioid receptor [8, 18, 19]. Although activation

of µ-opioid receptor is mainly responsible for mor-

phine dependence [2], morphine also induces adapta-

tion of k-opioid receptor system [18]. Actually, the

dysregulation of endogenous k-opioid receptor sys-

tem is a consequence of repeated morphine treatment

and affects morphine dependence [13].

Mesocorticolimbic system is a critical component

involved in drug reward and dependence. Dopamine

(DA) neurons in this system, which originate in ventral

tegmental area (VTA) and project to nucleus accum-

bens (NAc) and medial prefrontal cortex (mPFC),

have been demonstrated to play a fundamental role in

mediating opioid reinforcement. Morphine, the prototype

µ-agonist, activates DA neurons by hyperpolarizing the

GABAergic interneurons in the VTA [3]. In addition to

DA, other neurotranmitters such as glutamate and GABA

also contribute to the functional interaction within these

brain regions [4, 15].

k-Opioid receptor is distributed throughout the

mesocorticolimbic system and its activation usually

antagonizes µ-receptor-mediated actions, including
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reward and dependence [10]. Systemic administration

of µ-agonist induces place preference, whereas k-ag-

onist induces place aversion [1]. In contrast to µ-ago-

nist, k-agonist is considered to inhibit the DA neuro-

transmission, by acting not only at the terminal re-

lease sites, but also at cell bodies of DA neurons [5, 7,

14]. In addition, k-opioid receptor was also demon-

strated to be involved in modulating glutamate trans-

mission [6].

Although the regulatory role of k-opioid system on

DA transmission and addiction has received intense

research interest, the expression of k-opioid receptor

within the mesocorticolimbic system is not thor-

oughly understood after morphine treatment. In this

study, we assess the effects of acute and repeated mor-

phine treatment on k-opioid receptor mRNA levels in

VTA, NAc and mPFC by the real-time quantitative

PCR method.

Materials and Methods

Animals

Eighteen male Wistar rats initially weighting 220–260 g

were supplied by Beijing Animal Center (Beijing,

China). Animals were maintained on a 12 h light-dark

cycle and had free access to food and water. All experi-

mental procedures were conducted in accordance with

the guidelines for the use of experimental animals ap-

proved by the local ethical committee and the Institu-

tional Review Committee on Animal Care and Use.

Drug treatment and tissue preparation

After 3 days of acclimatization to the experimental en-

vironment, rats were randomly divided into 3 groups.

Group 1 rats were treated with saline (1.0 ml/kg, ip)

once daily for 5 consecutive days. Group 2 rats were

treated with saline (1.0 ml/kg, ip) once daily for

4 consecutive days and injected with morphine (8.0 mg/

kg, ip) on the fifth day. Group 3 rats were treated with

morphine (8.0 mg/kg, ip) once daily for 5 consecutive

days. Three hours after the last drug administration,

the animals were sacrificed and the brains were re-

moved quickly. According to the brain atlas [11], the

brain areas were dissected quickly on ice after coronal

sectioning. The mPFC (prelimbic/infralimbic cortex)

was dissected from a 1 mm section extending from

approximately bregma +4.0 to bregma +2.7. The Nac

was punched from a 2 mm section immediately cau-

dal to the mPFC section with a 1.5 mm punch cen-

tered over each anterior commissure. To obtain the

section containing the VTA, the remaining portion of

the brain was placed ventral side up and two parallel

cuts were made at the level of the mammillary body

and the medial interpeduncular nucleus (approxi-

mately bregma –5.0 to bregma –6.0). The VTA was

isolated using a 1.0 mm punch. The tissues were

placed in individual tubes, snap frozen in liquid nitro-

gen, and stored at –80°C for later use.

Real-time RT-PCR

Total RNA was extracted from various tissues using

TRIzol (Invitrogen, Carlsbad, CA, USA) according to

the manufacturer’s instructions. RNA concentration

was determined by absorbance at 260 nm, and RNA

quality was analyzed by agarose gel electrophoresis

and 260:280 nm absorbance ratios. First-strand cDNA

was synthesized using Oligo dT primers and M-MLV

RTase (Takara, Dalian, China). The primers for

k-opioid receptor (forward, 5’-GGTCTTCATCTT-

TGTGTATCGG-3’, reverse, 5’-GCCATCCCTGTT-

ATCATCAC-3’) were synthesized according to Vats

et al. [16]. The primers for b-actin were: forward, 5’-

TCTGTGTGGATTGGTGGCTCTA-3’, reverse, 5’-CTG-

CTTGCTGATCCACATCTG-3’. Real-time RT-PCR

was carried out using SYBR Green PCR Master Mix

(Applied Biosystems, Foster City, CA, USA) on an

ABI Prism 7300 Sequence Detection System (Ap-

plied Biosystems). Relative quantitation values were

calculated using the 2-DDCt method with b-actin as an

internal control.

Data analysis

The data were expressed as the mean ± SEM. Statisti-

cal analysis was performed by one-way ANOVA fol-

lowed by Newman-Keuls test with GraphPad Prism

4.0 (GraphPad Software, San Diego, CA, USA). The

level of statistical significance was defined as p < 0.05.

Results

As shown in Figure 1, acute morphine treatment

upregulated the mRNA levels of k-opioid receptor in
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all regions examined. Compared with saline-treated

rats, the k-receptor mRNA levels in mPFC, NAc and

VTA were significantly elevated by 64, 86 and 106%,

respectively, in acute morphine-treated rats (p < 0.05).

After repeated morphine treatment, the elevated

mRNA levels in NAc and VTA returned to basal lev-

els, whereas the k-receptor mRNA in mPFC main-

tained at a high level.

Discussion

In this study, we observed the effects of morphine on

mRNA levels of k-opioid receptor in the mesocortico-

limbic system. Either acute or chronic morphine treat-

ment elevated the mRNA level of k-opioid receptor in

mPFC, while the acute morphine-induced mRNA in-

creases in NAc and VTA returned to basal levels after

repeated morphine treatment. These results are con-

sistent to some extent with previous report [18]. Com-

pared with previous studies, the morphine dose used

in this study was relatively low and was commonly

used in psychological studies. Intraperitoneal admini-

stration of 8 mg/kg morphine produced acute excita-

tory effect and induced locomotor sensitization and

conditioned place preference after repeated admini-

stration in rats [8, 9], although it was not sufficient to

induce significant tolerance and physical dependence.

Therefore, the changes of k-receptor expression in

this study represented the specific neuronal adaptation

to the psychological effects of morphine, which may

be different from those in the processes of tolerance

and dependence.

Morphine, as well as other drugs of abuse, acti-

vates DA neurotransmission and upregulates endoge-

nous k-opioid receptor system [12]. As can be seen

from the result, the morphine’s effect on k-receptor

mRNA levels was time-dependent and regional spe-

cific in mesocorticolimbic system. The acute increase

in k-receptor expression, as well as its endogenous

ligand dynorphin [12], is able to oppose to some ex-

tent the morphine-induced excessive DA release. This

can be considered as an adaptive change to the distur-

bance of DA homeostasis. Compared to mPFC, the

activation of k-receptor expression was transient in

NAc and VTA. After five consecutive daily treat-

ments, the morphine’s effects on k-receptor expres-

sion were tolerated in NAc and VTA. Under these cir-

cumstances, the morphine-induced DA release in NAc

would be exaggerated and uncontrolled. This result is

consistent with the finding that repeated morphine

treatment enhanced its stimulatory effects on DA

utilization in NAc but not in mPFC [17], and explains

part of the mechanisms underlying it. Although ef-

forts are needed to address the mechanism, this re-

gional specific change is very likely to be related to

the addiction pathology.

This study described the adaptive changes of

k-opioid receptor expression in the mesocorticolimbic

system, which may be related to the development of

morphine psychological dependence. The results

showed that acute and repeated morphine treatment

differentially affected the mRNA levels of k-opioid

receptor in mPFC, NAc and VTA. The regionally spe-

cific changes in k-receptor expression after acute and

repeated morphine treatment indicated that these

brain regions may be differentially altered in the

opioid addiction.
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Fig. 1. Effects of acute and repeated morphine (mor) treatment on
mRNA levels of k-opioid receptor in mPFC, NAc, and VTA. The
amount of k-receptor mRNA, normalized to b-actin and relative to
saline-treated rats, was calculated for each sample. Data were ex-
pressed as the mean ± SEM of eight experiments; * p < 0.05, com-
pared with saline-treated rats; # p < 0.05, compared with acute
morphine-treated rats
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