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Gradual adaptations of the brain to repeated drug exposure may induce addiction. Brain mesolimbic
dopaminergic pathway is the site of the effect of addictive drugs. The dopamine receptors in peripheral blood
lymphocytes may reflect the status of homologous brain receptors. In the present study, the effects of opioid
addiction on mRNA expression of dopamine D3, D4 and D5 receptors in human peripheral blood lymphocytes
were investigated, using a real-time PCR method. Four groups each comprising 30 individuals were enrolled
in the study: opioid addicted, methadone maintained, long-term abstinent and normal subjects. The results
indicated that dopamine D3 receptor mRNA expression was increased in addicted and methadone
maintained subjects by a factor of 1.74 and 1.98, respectively, but no change was observed in the abstinent
group. The dopamine D4 receptor mRNA expression was reduced in abstinent and addicted subjects (but not
in the methadone group) and reached 0.44 and 0.53 the amount of the control group, respectively.
Expression of dopamine D5 receptor mRNA showed a significant reduction in abstinent subjects (0.41 the
amount of the control group). However, in the addicted and methadone maintained groups, the change of
expression level was not statistically significant. It can be concluded that persisting deficiency of dopamine
D4 and D5 receptors may be a risk factor urging individuals to addiction, and methadone may exert its
therapeutic effects through normalizing mRNA expression of these receptors. The dopamine D3 receptor may
have a negative feedback role in addiction; however, we have no explanation for the persisting up-regulation
of this receptor in methadone subjects.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Drug addiction is considered as a chronically relapsing disorder
characterized by compulsion to seek and take drugs of abuse
(Shippenberg et al., 2007). The mesolimbic pathway has been
considered as an important key component in drug addiction. The
pathway originates with dopaminergic cell bodies in the ventral
tegmental area, whose axons project primarily to the nucleus
accumbens in the ventral striatum. The axons of this pathway also
extend into the amygdala, bed nucleus of stria terminalis, lateral septal
area, and lateral hypothalamus (Gardner and Ashby, 2000). Natural
rewards such as food or sex and also most drugs of abuse activate the
mesolimbic dopaminergic pathway and enhance dopamine secretion

in the nucleus accumbens which lead to the experience of reward and
pleasure (Di Chiara, 1998).

Methadone hydrochloride is a synthetic opiate that has been used
to treat heroin addiction for more than 30 years. Taken orally once a
day, the drug occupies the opioid receptors and may be a stabilizing
factor that permits addicts on this drug to change their behavior and
to discontinue heroin use. Withdrawal from this drug is much slower
than that from heroin, thus it is possible to maintain an addict on
methadone without harsh side effects. It should be considered that
many patients require continuous treatment with methadone, some-
times over a period of years (Kreek and Vocci, 2002).

Involvement of the mesolimbic dopamine in reward phenomenon
makes each dopamine receptor an important target for the studyof drug
taking and addiction. Dopamine is a principal central nervous system
neurotransmitter, which is involved in several functions such as
behavior, control ofmovement, endocrine regulation and cardiovascular
function. It acts through five G-protein coupled receptor subtypes
named D1–D5, each arising from a different gene. These receptors have
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