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Natural & Drug Reinforcers Increase Dopamine in NAc
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Drugs of abuse increase DA in the 

Nucleus Accumbens, which is believed 

to trigger the neuroadaptions

that result in addiction 
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DA increases induced by intravenous but not by oral
administration of MPH were associated with the “high” … WHY?

methylphenidate



Drug reinforcing effects result 
from FAST DA increases emulating 
phasic DA cell signaling (15-30 Hz), 
which are implicated in reward and 
conditioning rather than tonic DA 
signaling (2-10 Hz), which are 
implicated in cognitive, motivational
and motoric systems.

Pharmacokinetics of Oral and IV MPH 
in Baboon Brain

•D1R are predominantly stimulated by phasic DA and 

•D2R are stimulated  by phasic and tonic DA.

•Drug reward requires stimulation of D1R and is optimal when both 

D1R and D2R are stimulated
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Cocaine’s Rewarding Effects Entail Both Its 

Fast Stimulation of D1R & A Slower Stimulation of D2R

Luo Z et al., J Neurosci Sept 14, 2011 31(37):13180 –13190.

Smith RJ et al., Current Opinion in Neurobiology 2013, 23:546–552. 
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Cocaine abusers showed 
decreased DA increases and 

reduced reinforcing 
responses to MP  

Normal Control

Cocaine Abuser

Placebo MP

Methylphenidate-induced Increases in Striatal DA 
in Controls and in Detoxified Cocaine Abusers
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Active cocaine abusers showed a 
marked reduction in 

MPH-induced DA increases and 
in its reinforcing effects

Volkow et al., Mol Psychiatry 2014
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Control subjects

Cocaine abusers with CUE

Cocaine abusers with NEUTRAL

MP-Induced DA Change Controls vs Cocaine 
Abusers  (with and without cues)

P <0.001

MP increased DA in controls (p<0.001) whereas in cocaine abusers the effects were 
minimal and only significant in VS (p<0.05)
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Du et al J Neuroscience 2011
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Here we tested if, in addicted
subjects, changes in DA function
were linked with disruption of
frontal activity as assessed by
multiple tracer studies that
evaluated in the same subject
dopamine D2 receptors and
brain glucose metabolism
(marker of brain function).
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Dopamine D2 Receptors are Lower in Addiction

Cocaine

Alcohol

Heroin

Meth

control addicted Volkow et al., Neuro Learn Mem 2002.
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D2R Overexpression in Sprague Dawleys

Over-expression of D2 receptors in rats markedly reduces alcohol intake
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Expected Consequences of Reduced Striatal 
D2R Signaling in Indirect Pathway
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Brain glucose metabolism
is reduced in frontal cortex 

of cocaine abusers 
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D2R were associated with metabolism in PREFRONTAL regions 
the disruption of which results in impulsivity and compulsivity

D2R (Bmax/Kd)Correlations between Metabolism and D2R P <0.005

Volkow et al. Arch Gen Psychiatry 2006.



Non-Addicted Brain Addicted Brain
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Striatal D2R (PET) and Brain 
Reactivity (fMRI) to Drug & 

Food Cues in Cocaine Abusers (n=20)  

OFC

dACC

Tomasi et al., Human Brain Mapping, 2014.

Striatal D2R receptors correlated positively 
with Cue reactivity in rvACC and OFC 

and negatively in dACC

Methylphenidate Decreases 
Impulsivity in Cocaine Abusers

& Normalizes Cingulate Activity 
during Drug Stroop Test

Goldstein & Volkow Neuropsychopharmacology, 2010.  

Correlation between activation in ventral 
ACC and OFC and change in accuracy 

(MPH minus placebo) 

Methylphenidate > Placebo
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