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ABSTRACT

A critical challenge of the investigation in the neurobiological mechanism of drug addiction is how acute actions become trans-
formed into chronic effects that underlie the compulsive drug-seeking and craving in addiction. Repeated administrations of psychos-
timulants can enhance the behavioral response upon reinstatement of the drug, a prominent phenomenon known as behavioral sensitiza-
tion. It has been implicated that the neuronal changes brought about by sensitization in the mesocorticolimbic pathways have close
relationship with compulsive drug seeking in addicts. Dopamine and glutamate are the two major neurotransmitters involved in the sen-
sitization of abused drugs. The authors reviewed literature pertinent to amphetamine and cocaine addiction in order to address the
recent important concepts and findings in dopaminergic and glutamatergic neurochemical systems of mesolimbic and mesocortical
circuits associated with drug-related behavior. The present review also discusses the role of associative learning as manifested in the
relationship between environmental cues of drug administration and intractable drug-seeking behavior.
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Figure 1. As depicted, above are the major brain areas and neuro-
transmitters involved in the motive circuit. Panel A illustrates the
primary neurotransmitters and the major interconnections under the
normal physiological state. Panel B shows the alterations in neuro-
transmission related to the expression of behavioral sensitization
(bold lines represent increases, while dotted lines indicate decreases
in neurotransmission). DA, dopamine; Glu, glutamate; GABA,
gamma-aminobutyric acid; NA, nucleus accumbens; VTA, ventral
tegmental area; PFC, prefrontal cortex; MD thal, mediodorsal
thalamus; VP, ventral pallidum. (Modified from Pierce & Kalivas,
1997)

(A) NORMAL STATE

(B) SENSITIZATION

Table 1. Modulation of dopamine release in the nucleus accumbens
by natural and drug rewards

Reward Acute Sensitization Withdrawal

Natural reward
Psychostimulants 
Opioids
Alcohol

, marked increase; , increase; , decrease; , no change.
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Figure 2. Possible relationships occur between neuronal plasticity of
the pertinent pathways and behavioral changes that result in
addiction. Drug-related behaviors may be contributed by several
aspects of neural plasticity that are associated with repeated drug use
in addicts. (1) Alterations in neurotransmission between VTA (ventral
tegmental area) and NA (nucleus accumbens) in sensitization may
increase the incentive-motivational effects of drugs and enhance
craving for drugs. (2) Stimulus-reward learning may be enhanced by
the changes in neurotransmission between BLA (basolateral
amygdala) and NA and further increases the tendency of drug-related
cues to drive drug-seeking behaviors. (3) Impairment of inhibitory
control gating that normally govern reward-seeking behavior may be
caused by alterations in neurotransmission between prefrontal cortex
and NA. 
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Table 2. Summary of distinction between involvement of dopamine
and glutamate neurotransmissions, and the major areas in mesocorti-
colimbic circuit in the induction and expression of sensitization to
psychostimulants and opioids

Amphetamine Cocaine Opioids

Induction
Dopamine transmission Yes No No
Glutamate transmission Yes Yes Yes
Ventral tegmental area Yes Yes Yes
Nucleus accumbens No Yes Yes/No
Prefrontal cortex Yes/No Yes Yes/No
Expression 
Dopamine transmission Yes Yes Yes
Glutamate transmission Yes/No Yes ?
Ventral tegmental area No No Yes
Nucleus accumbens Yes Yes Yes
Prefrontal cortex No Yes ?

�Yes� indicates substantial evidence of involvement; "No" indicates
lack of evidence of involvement.
�Yes/No� indicates roughly equivalent evidence supporting and
disputing involvement.
�?� indicates lack of pertinent data.
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