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Drug addiction refers to continued use of substance despite catastrophic
negative consequences1. It is increasingly recognized as a neurobiological
illness whereby repetitive drug use corrupts and reorganizes the normal
circuitry of rewarding and adaptive behaviour2. There is continued
vulnerability to relapse even after an extended period of sobriety and a reduced
drive to acquire biologically relevant natural rewards important for survival
and optimal psychosocial functioning in the society3.
Addiction is marked by long-term remitting and relapsing course and caused
by a complicated set of interactions such as genetic vulnerability, biochemical
changes and high novelty-seeking, it is understood as chronic brain illness.
In view of all these patho-physiological and clinical sign-posts, drug addiction
can be defined as a chronic, often relapsing and complex disease process of
the brain resulting from recurring drug-intoxication and modulated by genetic,
developmental, experiential and environmental factors. It causes compulsive
drug-seeking and using despite harmful consequences. It is a brain disease
as the drug leads to changes in structure and function of the brain. Initial
decision of drug-intake may be voluntary but repeated drug exposure affects
person’s self-control and ability to make sound decision4.
To understand the neurobiological basis, underlying neuro-circuitry and
neuro-pharmacology involved in biological rewarding adaptive behaviour
needs to be examined.

NEUROBIOLOGY OF REWARD
Organisms possess adaptive, evolutionarily determined systems that mediate
acquisition of pleasurable rewarding behavior needed for survival i.e. sex,
food and social affiliation and avoidance of aversive events. Three brain
areas mediate such adaptive behaviour: the nucleus accumbens which
mediates reward related activities (positive valence); the amygdala involved
in fear motivated behaviour (negative valence) and the prefrontal cortex
involved in decision making and prediction of rewarding behaviour by
determining salience attribuition of environmental stimuli and directing the
intensity of the behavioural response5. A balanced functioning of motivational
and affective states combined with external stimuli that predict reward,
determine the overall output of a given behavioural response in acquiring
natural reward6,7.

WHAT HAPPENS TO THE BRAIN WHEN
DRUG IS TAKEN?
Drugs tap into brain’s communication system and disrupt the normal
functioning of the brain cells – their sending, receiving and processing
information. There are two ways a drug can disrupt normal cell functioning:
1.) By imitating the brain neurotransmitters
2.) By over-stimulating the “reward circuit” of the brain.
Some drugs such as marijuana and heroin have structural similarity to some
neurotransmitters naturally produced by brain and fool the brain receptors
and activate the nerve cells to send abnormal messages.

Some drugs such as cocaine and methamphetamines stimulate the nerve
cells to release abnormally large amounts of natural neurotransmitters or
prevent normal recycling of these brain chemicals. It produces greatly
amplified messages and disrupts normal communication pattern.
Almost all addictive drugs target the brain’s reward system by flooding the
circuit with dopamine. These drugs activate the mesolimbic dopamine system
which reinforces both pharmacological and natural rewards. The mesolimbic
system consists of dopaminergic neurons in the ventral tegmental area (VTA)
and their axonal projections to terminal fields in the nucleus accumbens (NA)
and the prefrontal cortex (PFC). Addictive drugs act on this system to increase
synaptic levels of dopamine (DA). These drugs have specific receptors in
the brain and increase in dopamine levels in the mesolimbic system is the
final effect produced by them.

DOPAMINERGIC PATHWAY
Reward: It is widely accepted that increased levels of dopamine in the nucleus
accumbens mediate the reward effects or positive reinforcement of addictive
drugs7. In experimental mice, who had been knocked out of D2 receptors,
alcohol and morphine were found no longer rewarding. In humans, in a series
of neuroimaging studies using cocaine or methylphenidate that increased
dopamine levels in the brain were associated with euphoria and pleasure8.
Low levels of dopamine D

2
 receptors in drug-naïve individuals when

administered methylphenidate, were found to be associated with pleasure,
whereas high receptor levels in drug-naïve individuals were found with
unpleasant feelings.
Anticipation: The role of dopamine in addiction is critical in anticipation
and withdrawal as well. In primates trained to associate a cue with a
pleasurable experience (food), increased dopaminergic activity was seen in
response to the cue and not to the food9. If the food was not then presented,
dopaminergic function dropped.
Reduced dopaminergic function is associated with negative affect (e.g.
dysphoria). Thus, an individual with an addiction may see a ‘cue’ (e.g. a
public house, mirror or needle) and if their drug of choice is not available
may feel dysphoric, which is likely to increase the drive to obtain the drug.
Withdrawal: Reduced dopaminergic function has been seen in withdrawal
and early abstinence from many addictive drugs.
Neuroimaging studies in cocaine, opiate and alcohol addictions have revealed
reduced levels of dopamine D

2
 receptors, which may recover to some extent

during abstinence, but have been shown to persist for months7. Early stages
of abstinence are associated with elevated levels of craving, drug-seeking
and risk of relapse and it is likely that hypodopaminergic function plays a
mediating role. Presumably the release of dopamine produced by the drug of
choice provides relief from withdrawal, although this needs to be
authenticated.
Because of the pre-eminence of the dopaminergic reward system in addiction,
this has been a target for pharmacotherapy, but with mixed results10. In cocaine
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addiction, the development of dopaminergic partial agonists at the D
3
 receptor,

such as BP-897, currently holds some promise. In rats, BP-897 inhibits
cocaine-seeking behaviour in response to cues11. As a partial agonist, this
drug stimulates the D

3
 receptor enough to keep withdrawal at bay, but not

enough to cause a ‘high’ or to be rewarding. It is currently in phase 1 trials.
One drug that affects the dopaminergic system and has proven efficacy in
the treatment of nicotine addiction is bupropion12. The exact mechanism
underlying this effect still needs to be fully understood; however, it has been
shown that bupropion increases dopamine and noradrenaline levels by acting
as an uptake inhibitor13.

NEUROBIOLOGY OF INITIATION OF DRUG
ADDICTION
All addictive drugs increase extra-cellular dopamine levels in nucleus
accumbens either directly by enhancing dopaminergic transmission through
reuptake inhibition or facilitating presynaptic dopamine release (ie cocaine,
amphetamines) or by indirect mechanisms that affect dopamine cells firing
(ie alcohol, opioids, nicotine cannabis)14.
Though dopamine is the primary mechanism of the initiation of drug
reinforcement, other neurotransmitters have been implicated indirectly in
acute reinforcing properties such as Gamma- Aminobutyric Acid (GABA),
opioid peptides, acetyl choline, endocannabinoids and glutamate15.
GABAergic interneurons provide afferent inhibitory modulation on the release
of dopamine in the ventral tegmental area and nucleus accumbens and the
drugs that enhance GABAergic functions are used in treatment of drug
addiction16,17.
Opioids modulate the activation of mu opioid receptors to increase dopamine
transmission by inhibiting GABAergic interneurons18. The opoid system is
also implicated in reinforcing properties of alcohol and cannabis and may
play role in impulse control disorder19. It is believed that serotonin compounds
possibly modulate the mesolimbic dopamine pathway20.
Cholinergic neurons from the pedunclo-pontine or latero-dorsal tegmental
nucleus provide excitatory input to the ventral tegmental area causing release
of dopamine in the projection from the ventral tegmental area to the nucleus
accumbens21. Nicotine cholinergic α4-β2 receptors have been strongly
implicated in reinforcing properties of nicotine, whereas M5 muscarine
receptors have been implicated in the rewarding effects of opoids and
cocaine19.
Cannabinoid type I (CB1 receptor) mediates the reinforcing properties of
cannabinoids that facilitate the release of dopamine in the nucleus
accumbens22.
Excitatory glutamatergic input from various cortical structures (including
prefrontal cortex) stimulates dopamine release in the ventral tegmental area
and nucleus accumbens23.

Dopamine, Nucleus accumbens and Neuroplasticity:
addiction as a disease of pathological learning and
memory
Neurobiological mechanism of learning and memory is corrupted by addictive
drugs resulting in maladaptive learning associated with drug-related
stimuli.[15] Regarding natural rewards and adaptive behavioural responses,
burst firing of dopamine neurons in nucleus accumbens begins a process of
reward related neuroplasticity or learning that initially serves to alert that a
novel salient stimulus has been encountered and start to encode this event.24

As the motivational behaviour becomes learned and familiar, dopamine
release is no longer induced by this fully predicted reward but instead occurs
in response to the most distal conditioned stimuli that come to predict the
rewarding event25. Therefore, dopamine alerts the individual through
associative learning that a natural reward is coming or that a adaptive
behavioural response can be predicted, and dopamine release gets transferred
from motivational to neutral stimuli. This is in contrast to addictive drugs
that are able to increase nucleus accumbens dopamine levels far greater than
that of biologically rewarding stimuli and continue to release elevated

dopamine levels up to each drug administration. This pharmacologically
induced, enhanced, and sustained dopamine increase relative to biological
stimuli causes more intense learned association with neutral environmental
stimuli; and the brain gets the message that these events are “better than
expected” and that drug related stimuli would theoretically be associated
with a more intense stamping in environmental stimuli that come to predict
reward over biologically relevant ones16 . This “over-learning” of drug
acquisition behaviour plays a significant role in initiation of addiction cycle.
It explains enhanced vulnerability to craving and relapse by cue-induced
environmental triggers26.

Transition from reward to addiction:
hypothalamicpituitary- adrenal axis and the stress-
system: Withdrawal and negative reinforcement
Addictive drugs activate the brain stress-system and lead to elevated
adrenocorticorticotrophic hormone, corticosterone and corticotrophin
releasing factor (CRF) in the amagdala during the acute withdrawal27. CRFI
antagonists decrease cocaine self-administration, drug withdrawal and stress-
induced re-instatement to opoid, alcohol and cocaine seeking behaviour in
rats28,29. Gluco-corticoid receptor antagonists decrease reinforcing properties
of stimulants30.

Reinstatement (conditioned relapse) paradigm:
Dopaminergic and glutamatergic alterations
In laboratory animals, after extinction of compulsive drug administration, 3
reinstatement paradigms (conditioned cues, drug priming, and stress) are
examined, all able to rapidly reinstate drugseeking behaviour or relapse to a
previously established addicted state31. The afferent dopaminergic projections
from ventral tegmental area to prefrontal cortex (mesocortical) and to the
amagdala (mesolimbic) are necessary in reinstatement process because
drugseeking behaviour (initiated by 3 reinstatement conditions) can be
inhibited by activation of ventral tegmental area32-34.

I-RISA Syndrome of Drug Addiction
It encompasses four clusters of behaviours that are interconnected in a positive
feed-back loop. These are as follows:
Drug Intoxication: Drug-intoxication is traditionally associated with higher
extra-cellular dopamine concentrations in limbic brain regions, in particular,
the nucleus accumbens35,36. There is also increased concentration of dopamine
in frontal regions37.
Drug Craving: Craving is associated with the learned response of the drug
to a pleasurable experience. The neuro-anatomical bases of this memory
involve amygdala 38,39,40 and hippocampus18.
Activation of thalamo-orbitofrontal circuit and anterior cingulate may be a
defining element in the actual experience of craving41.
Compulsive Drug Administration: Compulsive drug self administration
occurs even when the drug is no longer pleasurable and in the presence of
adverse physical reactions to the drug42.
Loss of control and drug bingeing is associated with dopaminergic,
serotonergic, and glutamatergic circuits43,44 and involves the activation of
the thalamo-orbitofrontal circuit and the anterior cingulate gyrus.
Drug Withdrawal: Drug withdrawal culminates in dysphoria, anhedonia,
and irritability [44] contributing to relapse45,46. These changes involve
disruption of frontal cortical circuits and neurotransmitters that include
dopamine, serotonin, and corticotropin-releasing factor47.

INVOLVEMENT OF THE FRONTAL CORTEX
Intoxication: Neuro-imaging studies have assessed the effects of drugs on
functional measures, such as glucose metabolism and cerebral blood flow
(CBF). Few have measured regional brain activity during drug intoxication
with the individual drugs. These studies have shown lower glucose
metabolism throughout the brain, including the frontal cortex, during cocaine,
morphine, or alcohol intoxication48-52. In marijuana intoxication there are
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higher levels of glucose metabolism in the prefrontal cortex, orbit-ofrontal
cortex, and striatum53.  Similarly faster metabolism in the prefrontal cortex,
anterior cingulate, orbito-frontal cortex, and striatum has been reported in
cocaine abusers after sequential administration of intravenous
methylphenidate19. Higher levels of prefrontal CBF during intoxication with
nicotine54, marijuana55, and alcohol56-57 are consistently observed. Activation
of the right prefrontal cortex during alcohol intoxication was associated with
euphoria58 and also with marijuana59, In contrast, cocaine lowered CBF
throughout the brain, including the frontal cortex perhaps due to
vasoconstricting effects60. Mapping during drug intoxication with functional
magnetic resonance imaging (fMRI) to measure the bloodoxygenation- level-
dependent (BOLD) response have reported activation of the prefrontal cortex
and anterior cingulate gyrus during cocaine intoxication, an effect that has
been strongly correlated with drug reinforcement properties61. Nicotine
administration has also shown activation in the frontal cortex and anterior
cingulate gyrus coinciding in time with the subjective experiences of “rush”
and “high”62.
Craving and Bingeing: Acute drug administration is not necessary for the
activation of the frontal cortex in individuals previously exposed to the drug
of choice, in whom because of prior exposure, craving alone is possibly
sufficient to activate fronto-limbic circuits.
Thus, higher levels of brain activation (CBF, glucose metabolism, or BOLD)
in fronto-limbic areas, primarily in the prefrontal cortex and anterior cingulate,
has been demonstrated in cocaine abusers exposed to drug related stimuli63-

67. Self-reports of craving is correlated with glucose metabolism changes in
the dorsolateral prefrontal cortex65 and also with the spatial extent of activation
in the dorso-lateral prefrontal cortex and anterior cingulated. The mechanism
that underlies craving may entail recall of emotionally laden previous
experiences. Craving is associated with activation of the amygdala, and orbito-
frontal cortex66. The actual drug experience may be related with more
circumscribed activations than the anticipation phase42, in line with evidence
for a similar dissociation of anticipation from an actual sensory (tactile)
experience46. The role of the frontal cortex in craving is also found. Higher
regional brain glucose metabolism, including in the orbito-frontal cortex and
striatum, in cocaine abusers during early withdrawal (<1 week since last
cocaine use) has been demonstrated67. A central role for craving in orbito-
frontal cortex activation has also been suggested in a study in which
methylphenidate increased orbito-frontal cortex and striatal metabolism only
in the subjects in whom it enhanced craving19.
The cocaine craving is not a direct measure of compulsive cocaine use, and,
in fact, its association with drug use and relapse continues to be challenged.68

WITHDRAWAL
During cocaine withdrawal in regular cocaine abusers, abnormalities in the
cortex were first documented in 198869 that the relative CBF values for the
prefrontal cortex and the left lateral frontal cortex were significantly lower
in the cocaine users. Differences were found in active cocaine abusers in
regional brain glucose metabolism tested within 1 week of last cocaine use
and cocaine abusers tested 2–4 weeks after last cocaine use67. During
prolonged withdrawal (1–6 weeks since last use), brain metabolism was found
to be lower in cocaine abusers than in normal comparison subjects, an effect
that was most accentuated in the frontal cortex70. Glucose metabolism
abnormalities (including in the frontal cortex) were documented in otherwise
healthy alcoholic subjects with mean duration of alcohol withdrawal of 11
days71. Persistent lower striatal metabolism has been shown in regional
metabolism studies after more protracted alcohol withdrawal72. In addition,
alcoholic subjects have shown less sensitivity to the lower metabolism induced
by lorazepam, a benzodiazepine that facilitates ã-aminobutyric acid
neurotransmission in the striatal-thalamo-orbito-frontal cortex circuit during
early (1–4 weeks) detoxification73 and in the orbito-frontal cortex during
protracted (8–11 weeks) detoxification74, suggesting long-lasting drug-related
adjustments in these brain regions. Persistent abnormalities after alcohol
detoxification were also documented for the anterior cingulated. Lower
activity in the prefrontal cortex in alcoholic subjects during detoxification

was also documented75.
Alcoholics show less sensitivity in the striatal-thalamo-orbito-frontal cortex
circuit to the serotonin agonist m-chlorophenylpiperazine, which provides
evidence for the relevance of serotonin in these abnormalities69. In cocaine
abusers during early (up to 1 month since last cocaine use) and protracted
(up to 4 months since last cocaine use) withdrawal, striatal dopamine response
or receptor availability was significantly lower4,77,78 than in normal comparison
subjects. Lower striatal dopamine D2 receptor binding in heroin is aso
reported79 and methamphetamine80 abusers and in alcoholic subjects81.
Moreover, the lower levels of striatal  D2 receptors were found to be associated
with lower metabolism in the orbito-frontal cortex and anterior cingulate
gyrus in cocaine addicted subjects58 and in the orbito-frontal cortex in
methamphetamine abusers82.
Finally, higher metabolism in the anterior cingulate gyrus has been shown in
response to methylphenidate, which increases dopamine by blocking the
dopamine transporter19, providing further support for the role of lower
dopamine activation in frontal hypometabolism in drug addiction.
I-RISA Syndrome and Dopamine circuits: The mesolimbic and the
mesocortical dopamine systems are classically associated with drug
reinforcement and addiction. The mesolimbic dopamine circuit, which
includes the nucleus accumbens, amygdala, and hippocampus, has been
traditionally associated with the acute reinforcing effects of a drug and with
the memory and conditioned responses that have been linked to craving.
Involved in the emotional and motivational changes seen in drug abusers
during withdrawal is also there83. The mesocortical dopamine circuit, which
includes the prefrontal cortex, orbito-frontal cortex, and anterior cingulate,
is likely to be involved in the conscious experience of drug intoxication,
drug incentive salience, drug expectation/craving, and compulsive drug
administration. Because these circuits operate in parallel and interact with
one another, it is likely that a given behavior involves, to a greater or lesser
extent, their joint participation. For example, the activation of memory circuits
(the hippocampus and amygdala) in association with a drug-related context
activates the orbitofrontal cortex and anterior cingulate in expectation of the
reinforcer, which in turn activates the dopamine cells84, leading to a further
increase in the craving sensation and a possible decrease in inhibitory control.
There is the circular nature of this interaction: the attribution of salience to a
given stimulus, which is a function of the orbito-frontal cortex, depends on
the relative value of a reinforcer compared to simultaneously available
reinforcers85, which require knowledge of the strength of the stimulus as a
reinforcer, a function of the hippocampus and amygdala. Consumption of
the drug in turn will further activate cortical circuits (the orbito-frontal cortex
and anterior cingulate) in proportion to the dopamine stimulation by favoring
the target response and decreasing nontarget- related background activity86.
The activation of these interacting circuits may be indispensable for
maintaining the compulsive drug administration observed during bingeing
and to the vicious circle of drug addition.
The neurobiological mechanisms of why some particular individuals become
addicts and others do not, is poorly understood. The underlying vulnerability
to drug addiction is likely to involve a balance between factors that confer
vulnerability and those that protect against it. It is hypothesized that the
decrease in activity of D2 receptors may put individuals at risk for addictive
behaviors as a means of temporarily compensating for the fewer D2-regulated
reward circuits87. This is also seen that over-expression of D2 receptors in
the nucleus accumbens of rats previously trained to self-administer alcohol
markedly reduces their alcohol intake88. Since D2 receptor availability is
positively associated with frontal activity in the human brain, this suggests
that one of the mechanisms by which D2 receptors regulate drug self-
administration, and possibly the potential for addiction, is by modulating
frontal activity.
Neurocognitive Mechanisms: The functional neuroimaging studies
conducted in healthy comparison subjects or non-drug-abusing populations
have implicated the striatal-thalamo-orbito-frontal cortex circuit in the I-RISA
components. The four components can be viewed as intricately related to the
four dimensions of drug-addiction model each potentially predisposing to
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drug addiction:
1. Drug intoxication is associated with the experience of its strong positive

and negative reinforcement effects, an association that is strengthened
through repeated self-administration and that possibly hinders the
formation of similar associations; attribution of primary salience to the
drug occurs at the expense of less powerful reinforcers.

2. Impairment in response inhibition is conceived as underlying the
experience of relapse and bingeing. When response reinforcement
regulation is down because of impaired salience attribution, response
disinhibition, or impulsive responding to immediately salient, drug-
related rewards is expected.

3. Expectation of the effects of the drug of abuse, whether it is the “high”
or a lower negative state, is integral to drug craving.

4. Dysthymia is a core symptom of withdrawal, possibly reflecting
adaptation responses to repeated dopamine enhancement by drugs of
abuse in the reward circuits that render the latter less responsive to natural
reinforcers89-92. Behaviorally, this lower sensitivity in the reward circuits
may represent a generalized impairment in the ability to derive pleasure
from non-drug-related stimuli, leading to a state of anhedonia, which
puts drug-addicted individuals at greater risk for seeking drug stimulation

Reinforcement relations and salience attribution response: Regarding
perception of response-reinforcement relations, several recent fMRI studies
have monitored brain hemodynamic changes during performance of game-
playing tasks with monetary reinforcers.
Responses to monetary gains and losses or to winning and losing game points
have been noted in the prefrontal cortex, orbito-frontal cortex, anterior
cingulate, and thalamus. Activations of these areas in guessing, compared to
reporting (the orbito-frontal cortex was exclusively activated in the guessing
task in the more difficult condition, in which probability of being correct
was down to 25% from 50%), point to a unique role of the correctness of a
response and greater dependence on feedback under conditions of inherent
uncertainty93,94. A fMRI study documented that unpredictability of a reward
(water or juice) correlated with activity in the orbitofrontal cortex, thalamus,
and nucleus accumbens95. PET studies have demonstrated striatal-thalamo-
orbito-frontal cortex activations (including the anterior cingulate and
dorsolateral prefrontal cortex) in association with gambling96,97, receiving a
salient feedback98, or receiving a monetary reward99. The processing of
emotionally salient and behaviorally adaptive information may be at the core
of advantageous assessment of response-reinforcement relations. The role
of the frontal cortex, and specifically the anterior cingulate, in emotional
processing has been demonstrated in several PET studies100-106 and the orbito-
frontal cortex in recognizing fearful, angry, and disgusted emotional facial
expressions compared to neutral expressions106. Of interest, in a PET study107,
angry but not sad faces specifically activated the orbito-frontal cortex,
proportionally with the increasing intensity of the emotion, while the anterior
cingulate cortex was co-activated by both expressions.
Taken together, the results of these studies suggest an important integrative
role for the orbito-frontal cortex and anterior cingulated in the analysis of the
information that carries emotive, evaluative, and, in the long-term, survival
significance for an individual, which comprise salience attribution, an integral
part of I-RISA syndrome of drug addiction.

RESPONSE INHIBITION
The other component of the proposed I-RISA syndrome is the control of
behavior, which is assumed to break down in periods of relapse and drug
bingeing. Response inhibition has been relatively well studied in
neuroimaging paradigms. The orbito-frontal cortex, anterior cingulate cortex,
and striatum were activated in a go/no go task in two fMRI studies108,109.
Better response inhibition was associated with greater volume of activation
in the orbito-frontal cortex and a smaller magnitude of activation in the anterior
cingulated cortex, possibly implicating the orbitofrontal cortex in the effort
exerted when inhibiting a response and the anterior cingulate cortex in error
detection108. Further support for the role of the anterior cingulate in response

inhibition, including response competition and selection, is provided by other
fMRI 104,110-114 and PET studies of the go/no-go paradigm. In addition, the
role of the anterior cingulate in response inhibition has been established in
studies of the suppression of prepotent response tendencies by using the
Stroop effect. More direct evidence for the role of the prefrontal circuit in
response inhibition in drug addiction115. We examined the association between
Stroop interference and relative glucose metabolism in selected prefrontal
brain regions in cocaine-addicted subjects, alcoholic subjects, and comparison
subjects. The results revealed that for the cocaine-addicted subjects and
alcoholic subjects, higher levels of orbito-frontal cortex metabolism at baseline
was associated with lower conflict (higher Stroop interference score), while
for the comparison subjects, higher orbito-frontal cortex metabolism was
associated with higher conflict (lower Stroop interference score), suggesting
a change in the role of the orbitofrontal cortex as a function of addiction.
Expectation: Supporting the role of the frontal cortex in expectation is an
fMRI study that demonstrated distinct brain regions and different response
characteristics in anticipation of pain versus the experience of pain, with the
former activating more anterior regions (including the anterior medial frontal
cortex) than the latter46. Activation of the orbito-frontal cortex has also been
associated with expectation in several PET studies, including expectation in
tasks of visual attention106 and in tasks involving a shock107, 108 .
Dysthymia: Finally, an association between depression and prefrontal
abnormalities has been demonstrated in neuroimaging studies conducted in
depressed patients, with suggested disruptions of fronto-striatal109 and cortico-
limbic100 networks. Results of these studies revealed resting abnormalities in
the dorsolateral, ventrolateral, and medial aspects of the prefrontal cortex
and the anterior cingulate, blunted responses in the anterior cingulate and
medial prefrontal cortex to behavioral and pharmacological challenges, and
abnormalities localized to the orbito-frontal cortex110,111. Lower activity in
the striatum of depressed patients in the resting state and in response to a
reaction-time task and feedback have also been reported112,113.
With the increasing evidence, the neurobiology of addiction disorders has
become clearer. Such characterization not only provides a greater
understanding of why people become addicted and what happens to the brain
after a period of substance misuse, but also allows better understanding of
current pharmacotherapies and the development of new treatments.
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