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TO T GO!" ,

Or
NOT to “GO!”

(With apologies to Shakespeare)




NEUROJMAGING

I. “STOP!”

Neuroanatomy? P Neuroanatomy?

PET O-15

PET O-15 Neurochemistr)’.*
fMRI

fMRI i B Neurochemistry?
C-11 raclopride @
GABA B agonists




BLENDING

1.“GO!” finditys

L
2. “STOP/V” figdings
. 8

3. “BLENDING” Brainstorm







Vulner‘plllty To Disorders of Desire

”\(l(ll ction

WHY are some more vulnerable --
*To relapse?

eTo addiction itself?
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With a sudden return
to rehab, the star
disrupts a movie set
and sends Friends
scrambling to finish
the season
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Addiction Cycle
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Addiction Cycle

- Craving
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<<..my lover
was cold and cruel
and hardly faithful....
...But | never fell out
of love. Every time |
see a movie in which
people are doing
coke, lwant it. | can
almost taste it in the

back of my throat,
and | still love that

taste. You don’t get
over the drugs; you
don't ever fall out of

Patti Davis TIME
May 7, 2001




Drug cues




Drug cues

. 1

Ll GO! M
: ]

Relapse




How Do Drug Cues Come to
Trigger Drug Craving?

Drig Cues ---- signal --—-Cocalne

Deslre
“Craving”

H GO!H
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Cue Reactivity Paradigms

cPolygrapn Lap

sBrain Imaging Setting




What are the
Neuroanatomical

Substrates of

Cue-lnduced Desire
(GO!) 2

Limbic Structures as Candidate Circuit




Drug Cues Do Actlvaie
Mesocoriicolimplic Clrcultry

VTA
laturmn (NAc) Arnygdala
OFC MPrFC Ant.cingulaie



PET Session Timeline
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Scan 1 Scans 2 &3 Scan 4 Scans5 & 6
Baseline Neutral Videos Festing Cocaine Videos



Were we able

to elicit the

GOl state?

(Lnder these

Laboratory Condiilons)?




Subjective Response
During Cue-induced Cocaine Craving

Subjective Response
B Detoxified cocaine patients (N=14)

O Comparison subjects (N=6)
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Dicl we finc

limbic activation?




Amygdala . . .
Y9 Nature Video Cocaine Video

Anterior Cingulate

o?

Pt. 30023 Cocaine Pt. 30023




Bottom

Middle

Brain Activation
During Craving Triggered
By Cocaine Cues

Three views of the brain’s
activity* in cocaine patients
viewing a cocaine video
which triggered desire for
cocaine.

*Statistical parametric map showing brain regions
differentially activated by a cocaine video as
compared to a non-drug (nature) video.

Childress, et al. 1999
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Limbic activation:

Other : DLPFC, cerebellum



Differential Activation of L. Orbitofrontal, R. Ventral
Striatum(NAc)/ Amyg/Basal Forebrain, Insula and
Anterior Cingulate by Cocaine (vs. Non-Drug) Cues

) / \

AFNI; p< .05, corrected.



Desire Substrates

Other Desires?
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Heroin craving correlated with inf.
frontal, OFC, |. insula, and precuneus.
Sell, et al. Drug and Alcohol
Dependence, 2000

Ant. cingulate activation to smoking
video; craving correlated with OFC,
DLPFC and r.insula  Brody, et al.
Archives Gen Psychiatry, Dec. 2002

Ant. cingulate, mPFC, OFC, insular, and
occipito temporal cortices, amygdala

ventral striatum. Karama, et al. Human
Brain Mapping 16:1-13,2002.

Pleasant : subcallosal caudomedial
OFC, vs. aversive/satiey: caudolateral
/[parahipp.PFC Small, et al. Brain, 2001
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What are the
Neurochemical
Substrates of

Cue-Induced Craving?

DA Activation as One Candidate




DA Activation as One Candidate

“Subsecond dopamine
release promotes

cocaine seeking”

Phillips, Stuber, Helen, Wightman,
and Carelli

Nature, April 10, 2003




Can a Medication
Modulate Brain
Response during

Cue-lnduced Desire?

If increased limbic DA is a substrate
for cue-induced craving....
....GABA B agonists might be candidate medications




Can we modulate the “GO!” with
a Medication?

rlyooinesis:

If lirnbic DA re .
for cue-inducec COCEL] le craving, then
GCABA B agonlst medications rmignt
nelo olunt potn sugjecilve and orain
re2sponses (o cocel *
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Blunted Limbic Activation During Cocaine Cue Exposure in
Cocaine Patients (n=3) expressing Low Craving with
GABA B Agonist Baclofen

Limbic Activation During Cue-Induced Cocaine Craving in
Unmedicated Cocaine Patients (n=14)




Edward’'s

Story




QuickTime™ and a
Video decompressor
are needed to see this picture.
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L. Drug cues elicit a profound, affect -

positive state of drug desire - “GO!”
. Limplc acilvaiion occurs: Amygdzala

and anterior C]'ﬂglJJE[e
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Is “GO!" the
whole story?




Why don’t we ALL

suffer from
Disorders of
Desire?




Why do some
of us have more

trouble
with “STOP" ?




Lois of people nave
experienced GO! for sex,
chocolate, gambling, and
rewarding drugs.

Sorme continue to
addiction, but carn stog
ARyyithout interventior

Meziny people engage in i
activities regularly,
withiout proolems



Why it’s hard to say NO.........
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(Poor Frontal Endowrment)



srain “Dirrerences” .........

Ventrornedi rll orefrontal ( oucll) coriex nas peer
implicated in *future sensitivity” and adapiive
decision-rnaxing.

05

sLesions in ithis rEJIOH cause impealrrnent in
"gamblmg (Bechara) and “decision-making” (Rogers)

tasks

)

SStimulant aousers perform poorly on these tases,
including tests of “temporal discounting”.

sElegant pre-clinical data is supporiive: prirmates
(Taylor lap, Yale) given cnronic cocaine exposure
snow erosion of fronto-siriatal innipition...gpoorer
reversal learning.
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Resting VMPFC Flyooactvity in
| ilents (n=16) vs. Controls

AT PASL Perfusion TVIR]

Sagittal  view snowing  (in yellow) areas of significarnt
nyooperfusiorn ir (oggurw paiflents (n=16) vs. conirols (n=7);
AFNI t-pararneter map; t > 3.5; p <.006,



Resting VMPFC Flyooactvity In
Cocalne Patlents (n=10) vs. Conirols

ST PASL Perfusion TIVIR]

Sagitial views sr overJ (in plue) areas of nypoperfusion in cocaine
paiflents (n=10) vs. healiny “supercontrols” (n=10); t-pararneter
map (SPM 2) thresh oJrIed at t>2 for display (MRICro)



PET Oxygen -15
Perfusion (1999)

rellow indicates areas of
nypoperfusion in cocaire
oeflernis (n=14 VS,

(ogglme neve controls

1:6) -pararmeter rmap
(SPM 99) tnresnolded ati
0<..001 for display,

AT PASL Pert

-pararmeter rmeap
'thresholded at T >38.5 for

LSO
MR (2002)

Yellow Indicates areas of
ruoooerrluom In cocaine
oalflents (n=16 vs. non-
rJrlU user conirols (n=7);
(AFNI)

cdisplay.

ST PASL Perf

rfusion
MR (2005)

Blue Indicaies areas of
rJ/oooerrlblom In cocaine
patlents (n=21 O) VS,
negllrn/ “supercorirols”
(n=10); t-pararneter rmeap
(SPM 2) thresholded at t
>7  for  display  (oy
MRICro).



Can we show parts
of the brain

critical for
“STOP” ?




video video video video video video video

st uctons Ra&l/ugmlﬁerfusnon
' Plea"e watch the video, and go wit Scaﬂ

“Please we'ch the vide. and go with whatever you feel...”

{ D
4

nen

B Please try to inci ~ase yeur craving by focusing on the feeling of a hit...”

“Please try to reduce (Inhibit) your craving, using your Consecuences

Tool...” [[ Consequences Tool taught in week prior to imaging session]]



Bechara “ Gambling” Task

(Decision-Making)

“nad” (long terrm loss) “good” (long terrn gain)

1]

“You can come out anead oy avolding the oad decks....



Lower Resting Perfusion in VMPFC, VLPFC and
Armygdala gredicts goor rleguom meing®

amoJJrJ Task :
snirment)




Affect-Congruent Go-NoGO Task
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Lower Resting Perfusion in VMPFC and Amygdala
pred] s Cormrmission Errors
In Affect-Congruent Go-NoGo Task




Balloon Analog Risk Task (BART)

Earned $00.00

Press to Press inls outton to
Collect $9% ournp up tne palloon

Taske 30 valloons, average bursting point: 64 presses
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“STOP!" Summary

Lower resting perfusion in limbic
regions (VMPFC, amygdala, ventral
sriatum, and insula) may be

assoclated with:

 Poor Decision-making

e Poor Inhibition to an Affect-
congruent NoGo signal
* Increased Risk-taking




But ...Can we
capture

the brain struggle
to “STOP”
Drug Craving?




New paradigm:
Capture both

*STOP" and *GO!”"

...as potentially distinct
treatment targets




“GO! - STOP!” Session Timeline
ASL Perfusion ftMRI

"Please try to "Please watch
reduce (inhibit) the video, and
i go with whatever

*Cocaine patients (N=15 thusfar)

In the week prior to scanning, patients are taught the
“Behavioral Consequences” Tool from the “Coping with
Cocaine Craving” manual...intended to engage VMPFC
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Visualizing Our Patlients

During Cue-Incuced

Successful “STO

Pl



SUMMARY

Drug cues trigger drug desire (“GO!") and limbic activation.
This cue-triggered craving may lead to relapse.

DA release may be a neurochemical substrate for the “GO!”.
GABA B agonists (baclofen) may be able to blunt both drug
desire and limbic activation (“GQO!”) to cocaine cues.

“STOP!” defects may also be critical in understanding the
vulnerability to addiction, and to relapse during cue-induced
“GO!" A significant subgroup of cocaine patients have
functional and structural defects in the STOP! circuitry...

Attempted STOP activates caudoo-lateral OFC; successful
STOP requires ventromedial OFC -- aregion where defects
have been found.

Both “GO!” and ”STOP!” substrates are critical for our
understanding of vulnerability to relapse and to addiction.




Take- Home Message:

Both “GO!" And “STOP" brain substrates are likely
important in decision-making, in relapse
vulnerability, and -- potentially -- in the
vulnerability to addiction itself. Both are deserving
treatment targets.

Defects in the “STOP!" circuitry of the medial and
ventromedial PFC may help explain our cocaine
patients’ struggles to inhibit cue-induced craving --
and thus their very poor decision-making,
especially in the domain of their addiction.




BLENDING

Screening / Prevention Implications
of our brain imaging findings

e Are some adolescents more
responsive to reward (“GO!”)cues?

e Do some adolescents have “STOP!”
deficits, even before exposure to
drug (chicken vs. egg)?




BLENDING

To address “GO!”

« Can novel medications help cocaine
patients to inhibit cue-induced
craving“GO!" (fMRI)?

» The GABA B agonist, baclofen?

GVG?
The new non-stimulant ADHD medication , atomoxetine?

The DA partial agonist, aripiprazole?




BLENDING

To address “STOP!”

e Do “STOP!” deficits recover

over time? How much? How
soon?

e Can we “re-train the brain” to
INhIDbIt -- (Coping with Craving tools)
Can we “bulk up” the frontals?...




New rFlope:

Car We
“Re-Train”
OLUT

Patlents
Bralns?



BLENDING

To address “STOP!"” and “GO!” problems --
we will try a combined approach:

i n
° FlT (Frontal Inhibitory Training --

using our Coping with Craving tools to

“retrain the frontal brain” to “STOP!” ) +

e Baclofen casas agonist to

help blunt the “GQO!” to drug cues....




BLENDING

“FIT" Plus Baclofen

“FIT" --to
strengthen

frontal
“STOP!”

Baclofen --
to blunt

response to
“GO!" cues




TO T GO!" ,

Or
NOT to “GO!”

(With apologies to Shakespeare)
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