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Neuroscience studies show the rewarding effect 
of drugs is based on their ability to increase dopamine 
(Hyman, Malenka, & Nestler, 2006; Volkow et al., 2012). 
One important pathway related to addiction is the meso-
limbic dopamine system. This system begins in the ven-
tral tegmental area (VTA), which is located near the base 
of the brain (see Figure 12.7).

These pathways connect with the nucleus accum-
bens, prefrontal cortex (PFC), dorsal striatum, and 
amygdala. Dopamine is released in these structures. 
Dopamine was initially thought to be the neurobio-
logical correlate of reward or pleasure. However, more 
recent research has clarified dopamine’s function, 
which includes signaling what the person can expect. 
That is, dopamine is not so much associated with plea-
sure as with the expectation of pleasure. In this sense, 
it is involved in driving motivated behavior. Thus, it is 
involved in predicting reward or non-reward as well 
as in facilitating consolidation of memory for salient 
events. The important point is that many drugs of 
addiction increase activity in the VTA and the nucleus 
accumbens.

Molecular mechanisms of many drugs leave excessive dopamine available in the brain 
(see Figure 12.8). This works by different mechanisms. Cocaine either blocks dopamine 
uptake in the synapse or increases dopamine released by the terminals of VTA cells, which 
increases dopamine signaling in the nucleus accumbens. Alcohol and opiates such as opium 
and heroin enhance dopamine release by quieting neurons that would otherwise inhibit dopa-
mine-secreting neurons. Nicotine induces VTA cells to release dopamine into the nucleus 
accumbens.

Thus, dopamine plays an important role in motivation, which includes activation, effort, 
and persistence. Drug addiction can be seen as one form of enhanced motivation. At this 
point, five dopamine receptors have been identified, which are labeled by the letter D and a 
number. Short-term exposure to drugs triggers the dopamine system. The release of dopamine 
in relation to addictive drugs changes drug use into drug-seeking behavior (Kalivas, 2009). 
Over time, other neurotransmitters such as glutamate and GABA become involved (Uys & 
Reissner, 2011).

Not only can drugs change your brain, but they can also take over the cognitive, emotional, 
and physiological mechanisms that we use for everyday life. They take over the brain mecha-
nisms that are involved in reward (Hyman et al., 2006). In addiction, compulsive drug use limits 
our level of human functioning. Our functioning is largely reduced to seeking means for obtain-
ing the drug. This results in a decrease in social functioning as well as personal creativity and pro-
ductivity. In addition, brain changes in certain areas such as the frontal lobe lead us to deny we 
even have a problem and reduce our desire to make changes.

The rewarding mechanisms are seen as the main reason humans and laboratory animals 
choose to self-administer drugs. The main mechanism for these rewarding effects is the abil-
ity of drugs to increase dopamine in the nucleus accumbens (Volkow et al., 2012). Dopamine 
appears to encode the prediction of reward, whereas endogenous opioids and cannabinoids 
mediate the experience of pleasure. Nicotine, alcohol, stimulants, and marijuana all increase 
dopamine in the dorsal striatum and ventral striatum (VS). Interestingly, research suggests 
that individuals with a low dopamine level—as seen in Parkinson’s disease, for example—when 
given dopamine as a treatment may show pathological gambling, hypersexuality, compulsive 

FIGURE 12.7 Addiction and the Brain:  
The Mesolimbic Dopamine Pathway
This figure shows the mesolimbic dopamine pathway, beginning with 
the VTA and ending in the prefrontal cortex. Dopamine is a critical 
component of the brain reward circuitry.

Source: Hyman et al. (2006, p. 571). Reprinted with permission from 
Annual Reviews.
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