A neural circuit selective for fast drug reward in humans
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Introduction . Methods

The faster that drugs enter the brain, the more rewarding
they are. Hence drugs that are administered quickly, n = 20 healthy adults (11/9 Male/Female; Age 36 += 10 years)
e.g., intravenously (IV) have greater abuse potential DESIGN
than when administered more slowly, e.g., orally. 12 | | _
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We used simultaneous PET-fMRI3# to examine brain ~
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) fMRI Results: GLM: Brain Activation to speed of dopamine increases )
For each fMRI session, we used two regressors to model the BOLD signal:

the speed of dopamine increases to slow (oral) and fast (IV) MP, as
estimated from dynamic PET analysis
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We fit a gamma regressor to fMRI data 5 1 — Oral MP B,
based on average speed of dopamine = = IHE N A .%F“,” "
increases from PET (plot to the right S 6 ..
shows average ‘speed of dopamine 2 0 30 - 60 90
increases’ for all 20 subjects — the a | Time (min)
derivatives of the curves in panel 3). <EE . Time BOLD: IVAACC : n =20
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Al  The ventromedial prefrontal cortex (vmPFC) showed graded decreases in
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Pl activation: modest decreases to slow (oral) and large decreases to fast (V) 025 & | ~ LN
Repeat this. procedure fgr every voxel .in the brain, dopamine increases. 00 ‘% LA ’
in whole-brain GLM analysis * In contrast, dorsal anterior cingulate cortex (dACC) and bilateral insulae | A A e
showed a selective increase to fast (IV) dopamine increases. ~0ido . . = .
Time (min)

5)

fMRI Results: Dynamic functional connectivity to speed of dopamine increases Summ ary
dACC seed region from “fast” dopamine analysis. Method: 5-min bins with 4-min overlap, for

an estimate of functional connectivity every 1 min. Then use same regressor as the prior « Two distinct mesolimbic circuits emerged for slow vs. fast dopamine kinetics
analysis. (i.e., which regions does dACC increase its connectivity to in association with speed of
dopamine increases?) « The ventral (vmPFC) and dorsal (dACC) nodes of these networks have homologous

dACC-Striatum Connect|V|ty
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regions in the rat brain (infralimbic and prelimbic cortex, respectively), suggesting
reverse translation potential.

In whole-brain analysis, only one
region emerged: the dorsal
striatum, which was significantly
connected with dACC only to
FAST (IV) but not SLOW (oral)
dopamine increases.

» Positive nodes (saliency network): possible location for focal lesions or for inhibition to
treat addiction. Negative nodes (vmPFC): brain stimulation target”?

Dynamic FC
(mean-subtracted)

* Further studies are needed to determine if repeated drug stimulation results in

o 20 1 50 neuroadaptation of positive (salience network) and negative (vmPFC) connections
P <.001 voxel, p < .05 FWE Time (min) that prOmote drug takmg
cluster-corrected
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