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Outline

= Definition
= reward
= reward deficiency

= Data
= PTSD
= GD
= SUDs




REWARD

Rodent, primate models & human neuroimaging
= mesoaccumbens dopamine pathway

= VTA (midbrain) — NAc (forebrain)

Mediates pleasure, contentment & motivation

T DA common element; nature is being debated
Homeostasis

= Regulators: determine set point for responding

= Homeostat (“Rewardstat?”): compare information
= Effector systems: change values of controlled variable




HOMEOSTATIC SYSTEM OF REWARD
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Anatomic

-PFC
-Amygdala
-Hypothalamus
-Habenula
-Insula

-VT
-NAc

-Postsynaptic DA receptors

-DA synthesis & release

-DA transporters

Neurochemical

-Opioids
-Glutamate
-GABA
-Serotonine
-Cannabinoids
-NE

-ACh

DA



REWARD DEFICIENCY

= 1117 DA — dysfunctional |DA state

= | Responsivity to natural reinforcers

= SUDs: clinical impression
= exogenous heurotoxicity
= sensitization, cross-sensitization & anti-reward

= ~ COPD
= | in sensitivity to CO,
= 1 in sensitivity to O,




REWARD DEFICIENCY & PTSD

® Preclinical studies
acute stress — DA neurotransmission
chronic stress — | DA neurotransmission
! motivation towards pleasurable stimuli




KEY PRESS TASK

= Offline tasks
= prior neuroimaging

key press (press various keys to change
viewing time)

= alternating “z” & “x” keys decrease viewing time
(up to 4 sec); the “n” & “m” keys increase time (up
to 12 sec)

measure of interest: # of key presses
rating task

measure of facial attractiveness: scale: 0-100, 0 is
“very unattractive” and 100 is “very attractive”







MALE VIETNAM COMBAT VETERANS’ RATINGS OF ATTRACTIVENESS OF FOUR
CATEGORIES OF FACES
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Probing reward function in post-traumatic stress disorder
with beautiful facial images
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Fig. 1. Male Victnam combat veterans® efforts fo increase or decrease viewing times of four categories of faces (values represent a subject’s net
key presses, as defined in the text).



ALCOHOL, OPIOID AND COMORBID
DEPENDENCE

 Fully detoxified male heterosexual
participants
 alcohol dependence (N=20; age + SD: 33.714.64)
* heroin dependence (N=18; 28.114.69)

« comorbid alcohol/heroin dependence (N=22;
27.613.28)

* health (N=24; 27.1+5.23)
» Diagnosis determined using SCID

« Study site: State Paviov Medical
University, St. Petersburg, Russia




REWARD FUNCTION IN DRUG DEPENDENCE
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MONETARY TASK

Intermediate

Wheel of fortune-type paradigm. Three different spinners are displayed: a “good”
spinner that generates a large gain ($10), a small gain ($2.5) or no gain ($0); a "bad"
spinner that generates a large loss ($6), a small loss ($2.5) or no loss ($0), and an
"intermediate” spinner that generates a small gain ($2.5), a small loss ($1.5), or neither
($0). When the black arrow came to a stop in one of the spinner’s sectors, the subject
experiences the indicated monetary gain or loss.
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Probing reward function in posttraumatic stress disorder:
Expectancy and satisfaction with monetary gains and losses
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Fig. 2. Means and standard errors for self-report ratings of expected Expectancy {model-estimated)

spmner outcomes, on '] 100 mm hun@n.ml.,w’m' analog scale w"h_lh‘: Fig. 3. Means and standard errors for self-report ratings of satisfaction
anchors “very negative™ and ““very positive’" at the far left (0) and right p S - - . _ UTIIE
. . . with spinner results as & tunction of group and expectancy. Satisfaction

(100), respectively. Ratings were made during the expectancy phase of . . .

T . . " - with each spinner outcome was rated ona 100 mm VAS, with anchors of
each trial, immediately after presentation of the spinner type for that trial .. . B . o
(Fig. 1). See Section 2 for details. not happy at 311 Hfld very happ}-’ at the far left (0) and right (100},

y. See Section 2 for details.
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Functional Neuroimaging of Reward Circuitry
Responsivity to Monetary Gains and Losses in

Posttraumatic Stress Disorder

lgor Elman, Steven Lowen, Blaise B, Frederick, Wan Chi, Lino Becerra, and Roger K. Pitrman

Background: Chrical imprassions and preclinical work suggest that postraumatic siress disorder IPTSC) might ks assodaied with
dysfunctional reward proosszing To pursua this ke, wa administened a validabad passiveviewing monstary rewand task during funcdoral
magnatc resorancs Imagirg (FMAD b subjects with chroric FTE0 and 1o mankally healiby indviduak.

Matheds: The protocol evakusbed R signal changes that anticipated or acoom panied monetary gains and lossas under vanydng cond -
dore of cortrelled expeciadon Tha “avpeciancy phase” antallked prassrtation of a promizing, urpromilrg, o Intamadiats Whesl of
Faruna-typs spinrer, wharsas the “outzoma phase” was defined by the arrcw landing on one of three sectors of that spinrer, tharaby
datermining the subjecis’ gain or keas for that idal.

Fasults: Maurolmaging data from 20 PTSD and 26 heahhy subjects witteood quality corral proceduresand wara Inchaded. in voxalwiza
arvd aratornically dafined reglon-cf-Intersst analyses, when gains wane contrasied 1o ksses, betwsen-group companson revealed smalker
Eilacarsl sriatal activadore in the FTSD subjects. In the FTSD group, kas sriacal activadon o gains varsus kesses was assodatad with mona
saf-reported mothvational and social defichis.

Conclusions: The presert data suppart the hypothests that FTSD s assodated with abriormal processing of morstary outcomes ard that

this altaration might ke related to some apects of emotioral rumbing.

Ky Words: Conpus striatum, functional magnetic reso narca Imag-
Ing, motivadon, pastiraumatic, reward, stress disardars

pastiraumatic siress disoeder (FTSD) (13, and most fanc-

doral meurcimaging Investigadons In these padents have
fecused on the bram's fear sysem (2-4) However, receni
research (5.4] alse sappans the incuslon of PTSD within a
rewrd defldency specrum {78} comprising personalliy walis
ard mental disarders draracierized by bypofunaicrality of re.
ward circuley, and manfes 3 dminolen of mechation ard
capacky 10 experience pleasurs.

Several lines of evidence sugges) deficks in the brain reward”
re{rfaroemenit docuks in FTE0. From a clinical perspediive, in
addition o high prevalence of substance abuse (9, diagnostie
features of FTED ksef suggest reward sysiem dysfunctian. The
most mable of these are e “emotional mumbing™ sympeams,
Induding anhedoola (le, loss of Interes and pleasae) (10,
which has been linked with reward functian deficiks in clinical
110 ared merkally healdsy (11) samples. The assoclaiion between
PTED ard reward deflcis is also supported by animal findings of
sirlaml dapaminerglc bypoaaiviy (1213 and deaeased rewand-
seelcing € 14,15) resuliing from chronle siress sxpasure in proce.
dures ;ﬂ.l: h'r'palhﬂk::l?r (14 mode] the PTED re-experiencing
phenomenan (1773

To validare these clinkal Impressians and
In a lahoratery setitng, we previoushy appl

! rety sympioms are cansidered a key component o

eclinical Firdings
behawioral probes
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af reward funcilon o PTED mabjecis (5,00 In oo siudy, we
feurd that male heterasemaal combat velerans wih curent PTE0
exeried less effort io exiend the viewlng dme of atiracive female
fuces (53 In a second sudy, we Investigarsd anckdipaiary ard
corsummarary aspects of reward Ipm-u:—sshg. assessed by sub-
poive responses dudng a Wheel of Formne-ppe game chat
provided passhee manetary rewands The FTED cambar veterans
repocied bower sxpedancy of ind satefacion wih these rewards
(). Meuroimaging Invesiigadons have found that PTSD patiens
show less aml.m.lgl: 18 as well as smaller acchailons o temporal
and parahippocampal brain regions (191 when expossd m
Flr.uanl Ima gex, ared Jes= actvatian in veniral srianam o postilve
eedhack i decision-making task {2000

Eudding upen cur pike bebavioral findigs (2.6, In the pressne
expefment we used the same validaied Wheel of Forinne-type
maneary smull () in conjuncion wih Blood-moygen-eve
dependeni (BOLD) funcdoral magneilc resorance  Imaging
(FMRL) ta investigace the neural bask of deceased reward respon-
shify In FTSD. Mowbly, 1 previoas sivdy In healthy subjects
reported significare fMEL signal changes obtained from mine
terminul fields (sinatum, ammygdaly, and prefrontal comer ) induced
by processing of expecmncy and experience of monetary gains
and loszes an duis task (21). We bypathestoed that PTSD would
be assoclaved with decreased fMAL s Io reward-pedated baain
areas durlng both sxpecancy oulcame phasss of the
employed procedure.

Methcds and Matarlals

Procedura

The experimental procedurs 1= demiled elsswhers (210, Sub-
jects weere takd that an arrow woukd spin around a disk (splones)
ard come oo rest inoane of thiree differerilally cobared ssciors
represeniing monstary galrs or losses (Flgure 1) Thers weps
three diferent spinners: a “good” spinner thar generaced a large
galn (510,000, a mmall gain (§2.50), ar po galn (80003 a “bad”
spinner that generaied a large loss (85000, a small 1oss(§1.500, ar
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Caudate Nucleus Nucleus Accumbens Putamen

Putamen

y=1

Clusters of activation in bilateral ventral and dorsal striatum obtained
from voxelwise contrasts of monetary gains minus losses collapsed
across spinner type in Control (N=26) > PTSD (N=20) subjects against a
background representing the mean high-resolution anatomic image of
the subjects included in the analysis. (Apparent activation in a ventricle
represents artifact.) The x, y and z values are in accordance with the
Harvard-Oxford subcortical structural atlas. A. Coronal view, B. Sagittal
view and C. Axial views. (p<0.05 corrected)




Scatterplots relating individual BOLD signal changes within PTSD subjects to their CAPS scores

r(18) = -0.45, p < 0.05
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Subjective Responses on the Monetary Task
in Cocaine Dependence (n=13, both groups)

Expectancy self-ratings in response to the spinner
Healthy Controls Cocaine Subjects
S 5
4 4
3 3
2 2
1
-$10 -$5 -1 $5 $10 -$10 -$5 1 $5 $10
-2 2
-3 -3
® Good Spinner
4 -4 A haomedne
Spinner
-5 -5
Subjective Subj(_actlve
Rating Rating

more extreme range of responses to expectancy
information i.e., overactive expectancy assessment
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IAPS




AVERSIVE IMAGES (PTSD aversive — PTSD neutral) - (CONTROL aversive — CONTROL neutral)
+46 +32 +20 +14 -2 -4




PTSD > Controls (46-42°C)

+50 +10

PTSD < Controls (46-42°C)

Sensitized to pain
Emotional Circuits
Dysregulation of NAc




AVERSIVE IAPS STIMULI
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Psychosocial Stress and Its Relationship to Gambling Urges

in Individuals with Pathological Gambling

Igor Elman, MD, Evelyne Tschibelu, BS, David Borsook, MD, PhD

Clinical Psychopathology Laboratory, McLean Hospital and Harvard Medical School, Belmont, Massachusetts
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Monetary Stimulus

Gamblers (n=5)

Controls (n=26)

Orbito-
frontal
Cortex

Medial
Frontal
Cortex

Lenticular
Nucleus

Nucleus
Accumbens

Amygdala

Activation maps (significance p <0.05
corrected) in gamblers (n=5) and
controls (n=26) following a monetary
stimulus (best possible outcome was
contrasted with the worst possible
outcome). Note that the data indicate
potential differences in activation
patterns. For example, there are
differences in activation observed in
the regions of interest (e.g.,
orbitofrontal cortex, nucleus
accumbens and amygdala) in
Gamblers.

Social Stimulus
Gamblers (n=5)

Controls (n=12)

+32 Orbito-
frontal
Cortex

Lateral
Frontal
Cortex

¥
Lenticular
Nucleus

Nucleus
Accumbens

Amygdala

Ventral =
egmentum

Response to IAPS for rewarding
picture stimuli. As is the case for the
monetary stimuli, differences are
observed in the regions activated in
gamblers and in controls (p<0.05
corrected), The data seem to indicate
a blunted response in Gamblers in
regions such as the ventral
tegmentum.

Pharmacological Stimulus

Gamblers (n=4) vs. Controls (n=5)

+2 Anterior

Cingulate

Ventral py
Gyrus

Striatum
Lenticular
Nucleus

Amygdala

Orbito-

Ventral frontal
Striatum - Cortex

Difference map following
yohimbine infusion in 4 subjects
with gambling disorderand 5
controls. The data demonstrate
increased activation in the regions
of interestincluding ventral
striatum, amygdala, and
orbitofrontal cortex. p < 0.05,
corrected.
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Yohimbine-Induced Amygdala Activation in Pathological
Gamblers: A Pilot Study

Igor ElIman’*, Lino Becerra?, Evelyne Tschibelu?, Rinah Yamamoto?, Edward George?, David Borsook?

1 Bedford Veterans Administration Medical Center and Department of Psychiatry, Cambridge Health Alliance, Harvard Medical School, Somerville, Massachusetts, United
States of America, 2P.A.LN Group, McLean Hospital and Harvard Medical School, Belmont, Massachusetts, United States of America, 3 Clinical Psychopathology
Laboratory, McLean Hospital and Harvard Medical School, Belmont, Massachusetts, United States of America
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Imbalance?




CONCLUSIONS

= Reward deficiency is amenable for clinical
research using behavioral & neuroimaging
procedures

Reward deficiency is more readily demonstrable
in PTSD & in GD than in chemical addictions

Reward structures in the reward deficiency
syndrome may actually be physiologically
normal, but are not being adequately ‘recruited’
because of factors involved in their processing
of stress
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